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THURSDAY, NOVEMBER 7, 1889. 


TWENTY YEARS. 

A REMINDER that to-day is 'the twentieth anni- 
versary of the first issue of Nature, will not, 
perhaps, be without interest to our readers, and certainly 
affords food for reflection to those who in various capaci- 
ties have been more or less closely connected with this 
journal from the first. 

“When another half-century has pjissed,” said Prof. 
Huxley in our first number, “curious readers of the back 
numbers of Nature will probably look on our best ‘ not 
without a smile.’ " 

It will probably be so, but though twenty years is 
hardly a sufficient interval to make our smiles at our 
earlier efforts supercilious, it is enough to test whether 
progress has been made, and whether the forward path 
is pursued with growing or with waning force. 

As regards this journal itself, we may claim that it has 
not disappointed the hopes of its founders, nor failed in 
the task it undertook ; and we make this claim all the 
more emphatically because we feel that what has been 
accomplished has not been due to our own efforts so 
much as to the unfailing help we have always received 
from the leaders in all branches of natural science. This 
help has not been limited to their contributions to our 
columns, but has consisted also of advice and suggestions 
which have been freely asked and as freely given. Not 
the least part of our duty, and even privilege, to-day is 
to state openly how small our own part' has been, and 
to render grateful thanks to those to whom it is chiefly 
due that Nature has a recognized place in the machinery 
of science, and has secured an audience in all parts of the 
civilized, world. 

We do not wish, however, to narrow our retrospect of 
VoL. XLi. — No. 1045. 


the last twenty years by confining our attention to the 
measure of success which these pages have won. It has 
been attained, as we have shown, by the aid of nearly all 
the best-known scientific writers and workers, not in Britain 
only but in many countries old and new ; and we cannot 
believe that they would thus have banded themselves 
together if evidence had not been given of an honest 
I desire for the good of science and for the “ promotion of 
{ natural knowledge,” 6r if the attainment of these objects 
j had not been regarded by us as of more importance than 
i a journalistic success. Thus, on its twentieth birthday, 
we would think not so much of the growth of Nature 
as of the advance which in the last twenty years it has 
chronicled. 

A formal history of science for that period would be a 
formidable task, but it is already possible to discern what 
will probably appear to posterity to be the most salient 
characteristics of the last two decades. 

In the physical sciences, the enormous development 
of the atomic theory, and the establishment of a con- 
nection between the theories of electricity and light, are 
perhaps the two main achievements of the years we are 
considering. Methods of accomplishing the at first 
sight impossible task ’of measuring atomic magnitudes 
have been devised. Our own volumes contain some of 
the most interesting papers of Sir William Thomson on 
this subject, and the close agreement in the results 
attained by very different methods is sufficient proof th^t, 
if only approximations, they are approximations we may 
tfust. The brilliant vortex atom theory of Sir William 
Thomson has not as yet achieved the position of a proved 
hypothesis, but has stimulated mathematical inquiry. , A 
number of very powerful researches have added to our 
knowledge of a most difiicult branch of mathematics, 
which may yet furnish the basis ^f a theory which shall 
deduce the nature of matter and the phenomena of 
radiation from a single group of assumptions. 

The theory of gases has been extended in both direc- 
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tions. The able attempt of Van der Waals to bring both 
vapour and liquid within the grasp of a single theory is 
complementary to the extension by Crookes, Hittorf, and 
Osborne Reynolds of our knowledge of phenomena which 
are best studied in gases of great tenuity. 

The gradual expansion of thermodynamics, and in 
general of the domain of dynamics from molar to mole- 
cular phenoifiena, has been carried on by Willard (libbs, 
J. J. Thomson, and others, until, in many cases, theory 
seems to have outrun not only our present experimental 
powers, but almost any conceivable extension which they 
may hereafter undergo. , 

The pregnant suggestion of Maxwell that light is 
an electro-magnetic phenomenon has borne good fruit. 
Gradually the theory is taking form and shape, and the 
epoch-making experiments of Hertz, together with the 
recent work of Lodge, J. J. Thomson, and Glazebrook, 
furnish a complete*proof of its fundamental hypotheses. 
The great development of the technical applications of 
electricity has stimulated the public interest in this science, 
and has necessitated a more detailed study of magnetism- 
and of the laws of periodic currents. The telephone and the 
microphone have eclipsed the wonders of the telegraph, and 
furnish new means of wresting fresh secrets from Nature. 

Science has become more than ever cosmopolitan, 
owing chiefly *to the imperative necessity for an early 
agreement as to the values of various units for a com- 
mon nomenclature, and for simultaneous observations in 
widely separated localities. International Conferences 
are the order of the day, and the new units which they 
have deflned are based upon experiments by many first- 
rate observers in many lands, amongst whom the name of 
Lord Rayleigh stands second to none. 

On the side of chemistry the periodic law of Mendeleeff 
has become established as a generalization of the first 
importance, and the extraordinary feat of foretelling the 
physical properties of an as j^t undiscovered element has 
attracted to it the attention of the whole scientific world. 

The once permanent gases are permanent no more. 
Dulong and Petit’s law has found a complement in the 
methods of Raoult. The old doctriife of valency is giving 
way to more elastic hypotheses. The extraordinary pro- 
gress of organic chemistry, which originated in the work 
and influence of Liebig and the Giessen school, has con- 
tinued at an accelerated rate. The practical value of even 
the most recondite investigations of pure science has again 
been ' exemplified by the enormous development of the 
coal-tar industry, and by the numerous syntheses of 
organic products which have added to the material re- 
sources of the community. 

The increase of our knowledge of the sun by means of 
localized spectroscopic observation, the application of 
p)iot<^raphy to astronomy, and more recently still the 
extension and generalization of the nebular hypothesis 
are (l^hflps the most remarkable developments of those 


branches of science which relate to astronomy. Stars 
which no human eye will ever see are now known to"ps as 
surely as those which are clearly visible. The efforts 
to reduce nebulae, comets, and stars under one common 
law, as various cases of the collision or aggregation 
of meteoritic swarms, and the striking investigations of 
Prof. Darwin on the effects of tidal action, and on the 
application of the laws of gases to a meteoritic plenum, 
give promise of a fuller knowledge of the birth and 
death of worlds. 

In the biological sciences, the progress during the last 
twenty years has consisted chiefly in the firm establish- 
ment of the Darwinian doctrine, and the application of 
it and its subordinate conceptions in a variety of fields of 
investigation. The progress of experimental physiology 
has been marked by increasing exactitude in the appli- 
cation of physical methods to the study of the properties 
of living bodies, but it has not as yet benefited, as 
have other branches of biology, from the fecundating 
• influence of Darwin’s writings ; hence there is no very 
■ prominent physiological discovery to be recorded. The 
generation of scientific men which is now coming ta 
middle age has been brought up in familiarity with Mr. 
Darwin’s teaching, and is not affected by anything like 
hostility or a priori antagonism to such views. The 
result is seen in the vast number of embryological re- 
searches (stimulated by the theory that the development 
of the individual is an epitome of the development of the- 
race) which these twenty years have produced, and in the 
daily increasing attention to that study of the organism as- 
a living thing definitely related to its conditions which 
Darwin himself set on foot. The marine laboratories- 
of Naples, Newport, Beaufort, and Plymouth, have come 
into existence (as in earlier years their forerunners on 
the coast of France), and served to organize and facili- 
tate the study of living plants and animals. The 
Challenger and other deep-sea exploring expeditions 
have sailed forth and returned with their booty, which 
has been described with a detail and precision unknowni 
in former times. The precise methods of microscopic 
study by means of section-cutting — due originally to 
Strieker, of Vienna — have within these twenty years made 
the study of cell- structure and cell-activity as essential a 
part of morphology as it had already become of physio- 
logy. These, and the frank adoption of the theory of 
descent, have swept away old ideas of classification and 
affinities, and have relegated the Ascidian 
old days to the group of Vertebrata, and the'Sponges to- 
the Coelenterates. The nucleus of the protoplasmic cell 
— which twenty' years ago had fallen from the high> 
position of importance accorded to it by Schwann — 
has, through the researches of Biitscbli, Flemming, andi 
Van Beneden, been reinstated, and is now shown to be 
the seat of all-important activities in connection with cell- 
division and the fertilization of the egg. The discovery oF 
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the phenomena of karyokinesis and their. relation to fer- 
tilization will be reckoned hereafter as one of the most, if 
not the most, important of the biological discoveries of 

the past twenty years.* 

« 

Apart from Darwinism, the most remarkable deve- 
lopment of biological studies during these “twice ten 
tedious years ” is undoubtedly the sudden rise and 
gigantic progress of pur knowledge of the Bacteria. 
Though the foundations were laid fifty years ago by 
Schwann and Henle, and great advances were made 
by Pasteur and by Lister just before our period, yet 
it is within this span that the microscope and precise 
methods of culture have been applied to the study of the 
“ vibrions,” or “ microbes,” and the so-called “ bacterio- 
logy ” established. We now know, through the labours 
of Toussaint, Chauveau, Pasteur, and Koch, of a num- 
ber of diseases which are definitely caused “by Bac- 
teria. We also have learnt from Pasteur how to control 
the attack of some of these dangerous parasites. Within 
these twenty years the antiseptic surgery foundgd by 
Sir Joseph Lister has received its full measure of 
trial and confirmation, whilst his opportunities and 
those of his fellow-countrymen for making further dis- 
covery of a like kind have been ignorantly destroyed by 
an Act of Parliament. 

To particularize some of the more striking zoological 
discoveries which come within our twenty years, we may 
cite — the Dipnoous fish-like creature Ccratodus of the 
Queensland rivers, discovered by Krefft ; the jumping 
wheel-animalcule Pedalion^ of H udson ; the development 
and the anatomy of the archaic Arthropod Peripatus 
worked out by Moseley, Balfour, and Sedgwick ; the 
Hydrocorallinae of Moseley, an entirely new group of 
compound animals ; the fresh-water jelly-fish Umno- 
codium of the Regent’s Park lily-tank ; the Silurian 
scorpion of Gotland and Lanarkshire ; the protozoon 
Chlamydomyxa discovered by Archer in the Irish bogs ; 
the Odontornithes and the Dinocera4a of the American 
paleontologists ; the intracellular digestion obtaining 
in animals higher than Protozoa, and the significance of 
the “ diapedesis ” of blood-corpuscles in inflammation, and 
the general theory of phagocytes due to Meeznikow ; the 
establishment of the principle of degeneration as of equal 
generality with that of progressive development, by Anton 
Dohrn ; the demonstration by Weismann and others that 
we have no right to mix our Darwinism with Larmarckism, 
since no one has been able to bring forward a single case 
of the transmission of acquired characters. Perhaps the 
attempt to purify the Darwinian doctrine from -Lamarckian 
assumption will hereafter be regarded— ^whether it be 
successful or not — as the most characteristic feature of 
biological movement at the end of our double decade 
Its earlier portion was distinguished by the publication 
of some of Darwin’s later works. Its greatest event was 
his death. 


In botany, twenty years ago, the teaching in our Uni- 
versities was practically sterile. In one of our earliest 
numbers, Prof. James Stewart defended with some vigour 
tjie propriety of intrusting botany to a lecturer at Cam- 
bridge who was also charged with the duty of lecturing 
on electricity and magnetism. It is startling to compare 
a past, in which botany was regarded as a subject which 
might be tacked on anywhere, with its present*condition, 
in which there is scarcely a seat of learning in the 
three kingdoms which is not turning out serious work. 
The younger English school would be ungrateful if it 
did not acknowledge its debt to jhe eminent German 
teachers^ from whom it has derived so much in the 
tradition and method of investigation. Sachs and De 
Bary have left an indelible mark on our younger 
Professors. But it would be a mistake to suppose 
that English modern botany has simply derived from 
Germany. It has developed a character of its own, in 
which the indirect influence of Darwin’s later work can 
be not indistintly traced. There has been a gradual re- 
volt in England, the ultimate consequences of which have 
still to be developed, against the too physical conception 
of the phenomena of plant life which has been prevalent 
on the Continent. Darwin, by his researches on insecti- 
vorous plants and plant movements from a purely bio- 
logical point of view,* prepared the way foil’ this ; Gar- 
diner followed with a masterly demonstration of the 
physical continuity of protoplasm in plant tissues. This 
has thrown a new light on the phenomena studied by 
Darwin, and we need not, therefore, be surprised that 
his son, F. Darwin, has started what is virtually a new 
conception of the process of growth, by showing that its 
controlling element is to be sought in the living proto- 
plasm of the cell, rather than in the investing cell-wall. 
On the whole, English botanists have shown a marked 
^disposition to see in the study of protoplas m the real key 
to the interpretation of the phenomena of plant life. The 
complete analogy between the processes of secretion in 
animals and vegetables, established by Gardiner, and the 
essential part played by ferments in vegetable nutrition, 
illustrated by Green, are examples of the results of this 
line of inquiry. To Germany we owe a flood of informa- 
tion as to the function of the cell-nucleus, which it is 
singular has met with general acceptance but little 
detailed corroboration in this country. 

In morphology a review would be ineffective which di‘d 
not go somewhat deeply into detail. The splendid h>^o- 
thesis of Schwendener, of the composite nature of lichens 
as a commensal union of Alga: and Pungi, has graduaUy 
won its way into acceptance. In England there^s little 
of the first rank which calls for note e.xcept the re- 
searches of Bower on the production of sexual organs on 
the leafy plant in ferns without tlie intervention of an 
intermediate generation. 

In vegetable physiology there seems a pause ; the 
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purely physical line of inquiry, as already suggested, 
seems to have yielded its utmost. The more biological 
line of inquiry has only yet begun to yield a foretaste 
of the results which will undoubtedly ultimately flow 
from it. 

Something must be added as to systematic and geo- 
graphical ])otany. The “ Genera Plantarum ” of Hentham 
and Hooker, the work of a quarter of a century at Kew, 
affords a complete review of the higher vegetation of the 
world, and has been accepted generally as a standard 
authority. To Bentham also we owe the completion of 
the “ Flora Australiensis,” the first complete account of the 
flora of any great continent. •* 

In geographical liotany, perhaps the most interesting 
results have been the gradual elaboration of a theory as 
to the distribution of plants in Africa, and the botanical 
exploration of China, of the vegetaible productions of 
which, twenty years ago, almost nothing was known. 

In the classification of the lower plants, perhaps the 
most interesting result has been the happy observations 
of Lankcster upon a coloured Bacterium, which enabled 
him to show that many forms previously believed to be 
distinct might be phases of the same life-history. 

In geology probably the greatest advance has been in 
the application of the microscope to the investigation of 
rock structure, which has given rfse to a really rational 
petrology. All except the coarser-grained rocks were 
only capable of being described in vague terms ; with 
modern methods their crystalline constituents are deter- 
minable, however minute, and the conditions under which 
they were formed can be inferred. 

It is, impossible, even in a brief review of this kind, 
to think only of what has been won, and to ignore 
the loss of leaders who were once foremost in the fray. 
In England three names which will never be forgotten have 
Ijeen removed from the muster-roll. Darwin, Joule, and 
Maxwell can hardly be at once replaced by successors of 
equal eminence. As the need arises, however, men will 
no doubt be found adequate to the emergency, and it is 
at least satisfactory to know that they will appeal to a 
public more capable than heretofore of appreciating their 
efforts. 

The support afforded by the Governments of Western 
Europe to scientific investigation has been markedly in- 
creased within the period which we survey. France has 
largely extended her subsidies to scientific research, whilst 
Germany has made use of a large part of her increased 
1 mperial revenue to improve the arrangements for similar 
objects existing in her Universities. ^ The British Govern- 
ment 'nas shown a decided inclination in the same direc- 
tion : the grant to the Royal Society for the promotion of 
scientific research }ia,s been increased from £1000 to 
';^40oo a year ; whilst subsidies have been voted to the 
Marine Laboratory at Plymouth, to thoCommittee on Solar 
Physics, to the Meteorological Council, and quite recently 


to the University Colleges throughout the country, of 
which last it is to be hoped that a fair proportion yvill be 
devoted to the promotion of research rather than to the 
reduction of class fees. 

Twenty years ago England was in the birth-throes of a 
national system of primary instruction. This year has 
seen the State recognition of the necessity of a secondary 
and essentially a scientific systenx of education, and the 
Technical Instruction Act marks an era in the scientific 
annals of the nation. 

The extension of scientific teaching has gone on rapidly 
within and without our Universities. Twenty years ago 
the Clarendon Laboratory at Oxford was approaching 
completion, and was the only laboratory in the country 
which was specially designed for physical work. Now, not 
only has Cambridge also its Cavendish Laboratory, but 
both Unfversities have rebuilt their chemical laboratories, 
both have erected buildings devoted to the study of biology, 
and the instruction of students in both zoology and botany 
has ^aken a characteristic practical form which we owe 
to the system of concentrating attention on a series of 
selected “ types ” introduced by Rolleston and by Huxley. 
Oxford has been furnished with an astronomical obser- 
vatory by the liberality of Warren De la Rue, and 
Cambridge has accepted the noble gift of the Newall 
telescope. Nor have such proofs of the vitality of science 
been confined to the Universities. 

Twenty years ago the Owens College was a unique 
institution: now, united with two thriving Colleges in Leeds 
and Liverpool, it forms the Victoria University; while 
science is studied in appropriate buildings in Birmingham, 
Newcastle, Nottingham, and half a dozen towns beside. 

A race is thus springing up which has sufficient 
knowledge of science to enforce due recognition of its 
importance, and public opinion can now, far more than in 
the past, be relied on to support its demands. F ortunately, 
too, these can be authoritatively expressed. The Royal 
Society wields, if ‘It chooses to exercise it, an enormous 
power for good. Admitted on all hands to be the su- 
preme scientific authority in this country, its decisions 
are accepted with a deference which can spring only from 
respect for the knowledge and scrupulous fairness by which 
they are dictated. If sometimes it moves slowly, pur se 
muovet and it is delightful to turn from the babble of the 
politicians to the study of an institution which does its 
work well, and perhaps too noiselessly. But even the ' 
House of Commons, hitherto ignorant and therefore apa- 
thetic in matters scientific, is awakening to the fact that^ 
there are forces to be reckoned with and impulses to 
be stimulated and controlled which are of more endur- ^ 
ing import to the national welfare than mere party 
politics. And the people, too, are beginning to see that 
it is to the economic working of these forces, and to 
the right direction of these impulses, that their repre- 
sentatives are bound to g^ve attention. True it is that 
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another generation may possibly pass away before either 
the House of Commons or even Ministers* are sufficiently 
instructed in science to recognize fully their responsibility 
in this direction. , 

Whatever, then, the future may bring, the last twenty 
years have been characterized by progress both steady 
and rapid. The tide flows on with no sign of checks 
and we accept the success of Nature in no spirit of 
self-gratulation, but as a straw by which the speed of the 
current may be gauged. 

MODERN VIEWS OF ELECTRICITY. 

Modern Views of Eleciricity. Ry Oliver J. Lodge, D.Sc., 
LL.D , F.R.S. (London: Macmillan and Co., 1889.) 

I N this interesting book Prof. Lodge gives a very lively 
and graphic account of many of the most recent 
speculations about the nature of electrical phenomena. 
A work with this object was urgently needed, as the 
method of regarding these phenomena given in popular 
treatises on electricity is totally different from that used 
by those engaged in developing the subject. 

The attention called by Faraday and Maxwell ^o the 
effects produced by and in the medium separating electri- 
fied bodies has had the effect of diverting attention from 
the condition of the charged bodies in the electric field 
to that of the medium separating them, and it is perhaps 
open to question whether this of late years has not been 
too much the case. To explain the effects observed in 
the electric field we should require to know the condition 
not only of the ether, but also of the conductors and in- 
sulators present in it ; just as a compiete theory of light 
would include the state of the luminous bodies as well as 
of the ether transmitting the radiations excited by them. 
Since matter is more amenable to experiment than the 
ether, it seem> most probable that we shall first gain an 
insight into the nature of electricity from a study of 
those cases where matter seems to play the chief part — 
such as in the electric discharge through gases, and 
the phenomena of electrolysis — rather than from specula- 
tions, however interesting, as to what takes place in the 
ether when it is transmitting electrical vibrations. Prof. 
Lodge, however, in the work under censideration, devotes 
most of his space to the consideration of the ether. In 
his preface he says, “ Few things in physical science 
appear to me more certain than that what has so long 
been called electricity is a form, or rather a mode, of 
manifestation of the ether 5 ” and he proceeds to give 
precision to this somewhat vague statement by developing 
a theory that electricity is a fluid, and a constituent of a 
very complex ether. In the first few chapters he sup- 
poses that all insulators, including the ether, have a 
cellular structure the cells being filled with a fluid which 
is electricity, and which is not able to get from one cell 
to another unless the walls of the cells are broken down ; 
in conductors, however, there are channels between the 
cells, so that the electricity is able to flow moj:e or less 
freely through them. A flow of this fluid is an electric 
current. But if this is the case, anything which sets the 
ether in motion will produce an electric current. Now, 
Fizeau’s experiments show that moving bodies carry the 
ether with them to an extent depending on their index 


of refraction ; so tha.t a disk made of glass or other 
refracting substance, if set in rapid rotation about an 
axis through its centre, and at right angles to its plane, 
ought to act as if currents were circulating in the disk, 
and produce a magnetic field around it. In order to 
avoid the allied difficulty that nothing has ever been 
observed which indicates that a magnet or a current 
flowing through a coil possesses gyroscopic properties. 
Prof. Lodge assumes, in subsequent chapters, that the 
fluid in the cells of the ether is a mixture of two fluids, 
and that these two fluids arc positive and negative elec- 
tricity : and that, in order to exhibit any electrical effect, 
the compound fluid has first to be decomposed into posi- 
tive and negative electricity by the application of an 
electromotive force. A current of efectricity, on this view, 
consists«of the flow of equal quantities of positive and 
negative electricity in opposite directions. Thus this, the 
most “ modern view of electricity,” is in its most im- 
portant features almost identical with the old two-fluid 
theory published by Symmer in 1759. We confess we do 
not think the theory in its present fgrm advances the 
science of electricity much : it does not suggest new phe- 
nomena, nor does it lend itself readily to explain the 
.action of matter in modifying electrical phenomena ; it 
demands, too, a very artificial ether. It would seem that 
the first steps required to make a theory of this kind a 
I real advance on the old two-fluid theory would be the dis- 
covery of a structure for the ether, which would possess 
the same kind of properties as the mixture of the two 
electricities on that theory. A great deaj, too, is left 
indefinite in the theory: thus, for example, we are not 
told whether for a given current these streams are moving 
slowly or with prodigious velocities. In fact, there is 
throughout the book rather a want of definite conclusions, 

I and this is rather hidden by the vigorous style in which 
Prof. Lodge writes : he develops his ideas in such an 
enthusiastic and interesting way that on the first reading 
they seem to be a good deal more definite than they prove 
to be on calmer reflection. 

But whatever may be thought of Prof. Lodge’s theory 
of electricity, there can be, we think, no two opinions of 
' the value of the numerous models illustrating the proper- 
ties of electrical systems whv:h he has invented. These 
must prove of the greatest assistance in enabling the 
student to gain a clear and vivid idea of electrical pro- 
cesses, and ought to be largely employed by all teachers 
of electricity. 

In a work dealing ^ briefly with such a multitude of 
different and difficult subjects it is natural that there 
should be many statements to which exception might be 
taken. Prof. Lodge disarms criticism by his frank ad- 
mission of this ; sometimes, also, by an amusing vagueness 
of statement : thus, on p. 206, in speaking of the’eondi- 
tiott of the ether iu-ide a strongly-magnetizable substance, 
he says : “ Perhaps it is that the atoms themselves revolve 
with the electricity ; perhaps it is something quite differ- 
ent.” There are, however, some statements of a loss 
theoretical kind wHich seem to us likely to mi^ead the 
student Thus it is stated that the amount of the Peltier 
effect shows that the difference of potential between zinc 
and copper is only a few micro-volts. The Peltier effect, 
diowever, without further assumption, cannot tell us any- 
thing about the absolute magnitude of the difference of 



6 


NATURE 


[^ Nov . 7, 1889- 


potential between the metals ; it can only give us the 
value of the temperature coefi^cien^, which is equal to the 
Peltier effect divided by the absolute temperature. Then, 
again, the pyro-electricity of tourmaline is explained by 
the unilateral conductivity of a tourmaline crystal whose 
temperature is changing, discovered by the author and 
Prof. Silvanus Thompson. If this unilateral conduc- 
tivity is regarded as proving the existence of an electro- 
motive forf e in a crystal which is increasing or decreasing 
in temperature, the explanation is valid, but in the text 
nothing is said about an electromotive force, and the 
student might be led to infer that a mere difference in 
resistance could explain pyro electricity. The way in 
which a current flows jiast an insulating obstacle, the lines 
of flow closing in on the obstacle, and leaving nothing 
corresponding to “dead water” behind it, is given as a 
proof that the electric current has no mechanical mo- 
mentum ; but unless the corners of the obstacle were 
infinitely sharp, a slowly- moving fluid might flow in the ' 
same way as electricity, even though it possessed inertia, j 
so that the proof 4 s not conclusive. It is also stated that i 
the effects on light produced by a magnetized body, dis- i 
covered by Dr. Kerr, of Glasgow, have been deduced by ■ 
Prof. Fitzgerald from Maxwell’s theory of light. As a 1 
matter of fact, however, the results deduced from this 
theory by Fitzgerald do not coincide with those observed 
by Dr. Kerr and Prof. Kundt. The production in an 
unequally-heated conductor of an electromotive force is 
explained by supposing the atoms in such a body to be 
moving fastes' in one direction than the opposite^ and 
therefore, since they arc supposed to drag the ether with 
them, producing a flow of ether in the direction in \yhich 
they are moving fastest ; but, on the dualistic theory of 
electricity adopted in this book, this ether stream would 
consist of equal quantities of positive and negative elec- 
tricity moving in the same direction, and this would not 
produce any electrical effect. 

At the end of the book are three popular lectures de. 
livered by Prof. Lodge, the first on the relation between 
electricity and light, the second on the ether and its 
functions, and the third his admirable one at the Royal 
Institution, on the discharge of a Leyden jar, which is a 
model of what such a lecturt ought to be. 

Taken as a whole, we think that the book is one which 
ought to be read by all advanced students of electricity ; 
they will get from it many of the views which are guiding 
those who are endeavouring to advance that science, and 
it is so stimulating that no one can read it without being 
inspired with a desire to work at the subject to which it 
is devoted. 


■ THE CALCULUS OF PROBABILITIES. 

Cal'cul ties Probabilitis. Par J. Bertrand. (Paris : 
Gauthier-Villars, 1889.) 

“'PJ' VERYBODY makes errors in Probabilities at times, 
rnd big ones,” writes De Morgan to Sir William 
Hamilton. M. Bertrand appears to form an exception 
to this dictum, or at least to its severer clause. He 
avoids those slips in the philosophical part of the subject 
into which the greatest of his mathematical predecessors* 
hhve fallen.. Thus he points out that, in' investigating the 


“ causes ” of an observed event, or the ways in which it 
might have happened, by means of the calculus of prob- 
abilities, it is usual to make certain unwarranted assump- 
tions concerning the so-called a prtgri probability of those 
causes. Suppose that a number of black and white balls 
have been drawn at random from an urn, and from this 
datum let us seek to determine the proportion of black 
and white balls in the urn. It is usual to assume, without 
sufficient grounds, that a priori one proportion of balls, 
one constitution of the urn, is as 'likely as another. Or 
suppose a coin has been tossed up a number of times, and 
from the observed proportion of heads and tails let it be 
required to determine whether and in what degree the 
coin is loaded. Some assumption must be made as to 
the probability which, prior to, or abstracting from, our 
observations, attaches to different degrees of loading. The 
assumptions which are usually made have a fallacious 
character of precision. 

Again, M. Bertrand points out that the analogy of urns 
and dice' has been employed somewhat recklessly b> 
Laplace and Poisson. It is true that the ratio of male to 
female births has a constancy such as the statistics of 
games of chance present. But, before we compare boys 
and ^rls to black and white balls taken out at random 
from an urn, we must attend not only to the average pro- 
portion of male to female births, but also to the deviations 
from that average which from time to time or from place 
to place may be observed. The analogy of urns and balls 
is more decidedly inappropriate when it is applied to 
determine the probable correctness of judicial decisions. 
The independence of the judges or jurymen which the 
theory supposes does not exist. 

“ Quand un juge sc trompe il y a pour cela des raisons : 
il n’a pas rdellement mis la main dans une time oil le 
hazard I’a mal servi. Il a ajoutd foi li une faux t< 5 - 
moignage, le concours fortuit de plusieurs circonstances a 
eveill6 il tort sa defiance, un avocat trop habile I’a ^mu, 
de hautes influences peutetre Pont dbranld. Ses collogues 
ont entendu les memes t^moins, on les a instruits des 
memes circonstances, le mcme avocat a plaidd devant 
eux, on a tentd sur eux la me.ne pression.” 

j With equal force does M. Bertrand expose the futility 
[ of the received reasoning by which it is pretended to deter- 
j mine the probability that the sun will rise to-morrow from 
I the fact that it Has risen so many days in the past. 

These Reflections are just and important ; but their 
} value is somewhat diminished by the fact that they have 
been, for the most part, made by previous writers with 
whom our author seems unacquainted. Thus Prof. 
Lexis has more carefully considered the extent of the 
error committed by Laplace and Poisson in applying to 
male and female births and other statistics rules derived 
from games of chance. The fundamental principles of 
Probabilities have been more fully explored by Dr. Venn. 
M. Bertrand, like Laplace, starts by defining the prob- 
ability of an event as the ratio of the number of favour- 
able cases to thf number of possible cases. He does not 
explain what constitutes a “ favourable case ” — that, when 
a die is thrown, the probability of obtaining the 3 or 
4 is one-sixth, because as a matter of fact each side in 
the long run turns up once out of six times. Accordingly, 
when he argues that in a . great number of trials each 
event is most likely to occur with a frequency correspond- 
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ing to its probability, he lays himself open to the charge whom this argument may be derived, has not himself 
of circularity which Dr, Venn has bronght against Ber- used it very directly. But in a writer on the method of 
nouiUi's theorem. Without pronouncing on this delicate least squares we may expect some conversance with more 
•question, we may safely say, with respect to the first recent works, in particular with Mr. Glaisher’s classical 
principles of the siibject, that no point which has been paper in the Memoirs of the Astronomical Society 
left obscure by Dr. Venn has been cleared up by M. f (London). Moreover, Laplace does employ the mathe- 


Bertrand. 

It is with respect to the purely mathematical portion of 
the calculus, or that part of its metaphysics which is 
inextricably mixed with mathematics, that we expected 
and have found most assistance from M. Bertrand. 
Hitherto the study of Probabilities has been barred by 
the dilemma which M. Bertrand thus states : — 

“ On ne peut bien connaitre le calcul des probabilitds 
sans avoir lu le livre de Laplace ; on ne peut lire le livre 
de T.aplace s.ans s’y prdparer par les Etudes math^matiques 
les plus profondes.” , • 

Much of Laplace’s analysis which must have affected 
many eager students like stickjaw has been simplified 
by M. Bertrand. He is in general more readable than 
Poisson. Several of the theorems which he gives seem 
to be new. His methods of determining from a given set 
of observations the characteristic, or modulus, appertain- 
ing to the source of error are specially interesting* 

M. Bertrand’s mathematical power enables him to carry 
the torch of common-sense to those perplexed parts of the 
subject where less qualified critics, awed by the imposing 
mass of symbols, have hesitated to differ from Laplace or 
Poisson. Of this kind is the simultaneous determination 
of several quantities from a great number of eejuations. 
When Laplace computes that the odds are a million to 
one against the occurrence of an error of assigned magni- 
tude in the determination of Jupiter’s mass, M. Bertrand 
shows reasons for suspecting the accuracy of such com- 
putations. In fact, he carries out Poinsot’s witty direction : 

“ Apris avoir calculd la prob.abilit^ d’une erreur il 
faudrait calculer la probabilitd d’une erreur dans le 
calcul.” 

The true import and proper application of the theory of , 
errors of observation are thus well expressed : — ' 

“ On peut accepter sans crainte le nfsultat, mais il esP 
tdm<5raire d’dvaluer en chiffres la confiance qu’il doit 
inspirer.” 

M. Bertrand teaches with authority — and not like those 
who have not followed the higher mathematical reason- 
ings of the calculus - in what spirit its conclusions should 
be accepted. 

Still, even with regard to those parts of the subject 
where a first-rate mathematician has so great an advant- 
age, we venture to think that the work would have been 
much more valuable if the writer had taken the trouble to 
acquaint himself more fully with what his predecessors 
had done. For example, in discussing the reasons for taking 
the arithmetic mean of a set of observations (presumed to 
be equally good) re'atingto a single quantity, M. Bertrand 
does not dwell on the argument that the probability-curve 
— with which the arithmetic mean iS specially corre- 
lated — is apt to represent the grouping of errors for this 
reason, that an error may be regarded as a function of a 
great number of elements each obeying some definite law 
of facility, and that the values of such a function conform 
to the probability-curve. It is true that Laplace, from 


matical theorem which we have indicated, not indeed to 
prove that the law of facility for errors of observation in 
general is the probability-curve, but that, whatever that 
law of facility be, the most advantageous com*bination is a 
certain linear function. A treatise in which this celebrated 
argument is not discussed cannot be regarded as exhaust- 
ive. But it is remarkable that with respect to the com- 
bination of observations, M. Bertrand seems to defer 
more to Gauss than to his oum eminent countryman. 

M. Bertrand has indeed slipped in a doctrine for which 
the authority of Laplace may be quoted, that in choosing 
the best combination of a set of observations “ there is 
an essential difference between the most probable 
value of a quantity and the value which it is best to 
adopt” (Bertrand, Art. 138); the latter being the mean 
(first power) of the observations (Art. 155) — which M. 
Bertrand rather awkwardly terms “ la valeur probable,” 
M. Bertrand does not seem to realize the gravity of the 
assumption which is contained in the latter clause. Later 
on he employs Gauss’s criterion of erroneousness— namely, 
the mean square of error. But the groun^l, nature, and 
relation of these two principles are not very clearly 
explained by the writer. With respect to the philosophical 
foundation of the method of least squaj-es he has not 
superseded the necessity of studying Laplace. 

With these reservations, M, Bertrand’s work may be 
rejflrded as one of the most complete treatises on the 
subject. Nowhere else are the two elements so pecu- 
liarly combined in the science of Probabilities — common- 
sense and mathematical reasoning — to be found existing 
together in such abundance. F. Y. E. 


A RGENTINE ORNITHOLOG K 

Argentine Ornithology. By P. L. Sclater, Ph.D., F.R.S., 
and W. H. Hudson, C.MjZ.S. 'V^ol. 11. (London: W. 
H. Porter, l88q.) 

T he completion of this important work is an event 
of considerable importance to every lover of neo- 
tropical zoology, and the authors have both performed 
their parts well, whife the ten plates by Mr. Keulemans 
are beautifully drawn and admirably coloured. Among 
the increasing number of Englishmen who settle in the 
Argentine Republic, there are sure to be many who will 
pursue natural history studies, and to all such a well-exe- 
cuted book like the present will be invaluable. The joint 
authors of the work are happy in their association, for 
while Dr. Sclater brings to the work a vast experience, 
and a sound scientific knowledge of his subject, it is 
certain that never was there a better describer of«the 
habits of birds tfian Mr. Hudson. Although gf English 
parentage, he is a native-born Argentine, and he has 
grown up among the birds whose life and history he so 
well knows how to portray. la turning over the pages 
of this volume, we have found many interesting extracts 
which we should have liked to present to our readers* 



8 


//A ru RE 


[N’ov. 7, 1889 . 


and we feel that we should not be doing justice to Mr. 
Hudson if we did not quote for their benefit one speci- 
men of this naturalist’s writing. He is describing the 
habits of the Ca rancho {Polyborus tharus ) : — 

« 

“ When several of these birds combine they are very 
bold. A friend told me that while voyaging on the 
Parand River a black-necked Swan flew past him hotly 
pursued by three Caranchos ; and I also witnessed an attack 
by four bird« on a widely different species. I was standing 
on the bank of a stream on the Pampas watching a great 
concourse of birds of several kinds on the opposite shore, 
where the carcass of a horse, from which the hide had 
been stripped, lay at the edge of the water. One or two 
hundred Hooded Gulls and about a dozen Chimangos were 
gathered about the cart^ss, and close to them a very large 
nock of Glossy Ibises were wading about in the water, 
while amongst these, standing motionless in the water, 
was one solitary white Egret. Presently four Caranchos 
appeared, two adults and two young birds in brown 
plumage, and alighted on the ground near the carcass. 
The young birds advanced at once and began tearing at 
the flesh ; while the two old birds stayed where they had 
alighted, as if disinclined to feed on half-putrid meat. 
Presently one of them sprang into the air and made a 
dash at the birds in the water, and instantly all the birds 
in the place rose into the air screaming loudly, the two 
young brown Caranchos only remaining on the ground. 
For a few moments I was in ignorance of the meaning of 
all this turmoil, when, suddenly, out of the confused black 
and white cloud of birds the Egret appeared, mounting 
vertically upwards with vigorous measured strokes. A 
moment later, and first one, then the other, Carancho also | 
emerged from the cloud, evidently pursuing the Egret, and 
only then the two brown birds sprang Into the air and joined 
in the chase. For some minutes I watched the four birds 
toiling upwards with a wild zigzag flight, while the Egret, 
still rising vertically, seemed to leave them hopelessly far 
behind. But before long they reached and passed it, and 
each bird as hedid so would turn and rush downwards, strik- 
ing at the Egret with his claws, and while one descended the 
others were rising, bird following bird with the greatest 
regularity. In this way they continued toiling upwards 
until the egret appeared a mere white speck in the sky, 
about which the four hateful black spots were still 
revolving. I had watched them from the first with the 
greatest excitement, and now began to fear that they 
would pass from sight and leave me in ignorance of the 
result ; but at length they began to descend, and then it 
looked as if the Egret had 16st all hope, for it was drop- 
ping very rapidly, while the four birds were all close to it 
striking at it every three or four seconds. The descent 
for the last half of the distance was exceedingly rapid, 
and the birds w'ould have come down almost at the very 
spot they started from, which was qbout forty yards from 
where I stood, but the Egret was driven aside, and sloping 
rapidly down struck the earth at a distance of two 
hundred and fifty yards from the starting point. Scarcely 
had it touched the ground before the hungry quartette 
were tearing it with their beaks. They were all equally 
hungiy no doubt, and perhaps the old birds were even 
hungrier than their young ; and I am quite sure that if 
the flesh of the dead horse had not been so far advanced 
towards putrefaction they would not have attempted the 
conquest of the Egret. 1 have so frequently seen a pure 
white bird singled oat for attack in this way, that it has 
alwhys been a great subject of wonder to me how the two 
common'^species of snow-white Herons in South America 
are able to maintain their existence ; for their whiteness 
exceeds that of other white waterfowl, while, compared 
with Swans, Storks, and the Wood-ibis, they are small 
and feeble. I am sure that if these four Caranchos hadi 
attacked a Glossy Ibis they would have fpund it an easier 


conquest ; yet they singled out the egret, purely, I believe, 
on account of its shining white conspicuous plumage.” 

In his introduction Dr. Sclater gives a r<fj«w/6f the 
number of genera and species inhabiting the Argentine 
Republic, and shows that the avifauna of that portion of 
South America belongs to the Patagonian sub-region. A 
little sketch-map would have been useful, to show the 
configuration of the country and the proportions of the 
mountain-ranges, as it is evident that a district which can 
boast of a Dipper, and be at the same time the home of 
two Cariamas, must possess elements of two very different 
avifauna:. Some day, no doubt, an exact exploration, such 
as that now being undertaken in Mexico by Messrs. 
Salvin and Godman, will trace the limits of the avifaunae 
of the Pampas and the mountain regions. If Mr. Hudson 
could only be induced to resume his work of exploration 
and visit the interior of the Argentine Republic, the 
results would be, we venture to say, of the first importance 
to science. 

Dr. Sclater, we notice, draws his comparisons of the 
different orders of Argentine birds from the “ Nomenclator 
Avium Neotropicalium ” of 1873, which is rather ancient 
history. The statistics of American birds must have 
altered considerably since that date, if we may judge 
from the Tanagers alone, which numbered 302 species in 
1873, and in 1886 had reached 377 in number, according 
to Dr. .Sclater’s own estimate. In dividing the Neotropical 
Region into the sub-regions he adopts the conclusions of 
Prof. Newton in the “ Encyclopaedia Britannica,” but the 
names of one or two of them are changed. The bound- 
aries seem to be extremely natural, according to our 
present state of knowledge, though we would scarcely 
consider the Central American sub-region (or the Trans- 
panamic sub-region, as Dr. Sclater renames it) to be 
bounded on the north by Tehuantepec I The author 
probably intended to give only a general outline, for the 
northern boundaries of the Central American sub-region 
are much more elaborately defined in fact. 

R. BoWDLEk Sharpe. 


OUR BOOK SHELF. 

The Chemistry 0/ thf Coal-tar Colours. P'rom the Ger- 
man of Dr. R. Benedikt. Translated, with Additions, 
by Dr. E. Knecht. Second Edition. (London : George 
Bell arid Sons, 1889.) 

Dr. Benkdikt's little book is a standard treatise in 
Germany, where the literature of the coal-tar colours is 
fast becoming a most important branch of the general 
literature of applied chemistry ; and Dr. Knecht has 
done excellent service in making the work more gener- 
ally known to English readers by means of his transla- 
tion. It is remarkable that, although England may be 
said to have originated the coal-tar colour industry, she 
has contributed comparatively little to the general liter- 
ature of the subject Practically, all the systematized 
information we possess has come to us through the 
medium of French and German manuals. A number 
of our chemists could be named who have communicated 
original memoirs on the constitution of organic colouring- 
matters to the recognized organs of chemical research, 
but their work is very special in its character, and ap- 
peals rather to the pure chemist than to the technologist, 
and hence is seldom read by the latter. The want of a 
good, sound, and comprehensive treatise on the subject 
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of the coal-tar colour industry has, we think, not been 
without its influence on the development of this branch 
of applied organic chemistry in this country. Dr. 
Knecht’s translation merits a place on the bookshelf of 
every person engaged in the manufacture and use of the 
so-called coal-tar colours. 

A Bibliography of Geodesy. IJy J. Howard Gore, B.S., 

Ph.D. (Washington : Government Printing Office, 

1889.) 

This valuable work forms Appendix No. 16 to the 1887 
Report of the United States Coast and Geodetic Survey 
and is another example of the disinterested energy dis 
played by our Transatlantic cousins in scientific matters 
With great perseverance, and at the cost of much time 
and trouble, Mr. Gore personally explored thirty-four of the 
principal libraries of America and Europe, and numerous 
minor libraries by proxy ; and, in addition, he checked 
and completed many of his references by corresponde«ice 
with the living authors of both continents. The extent of 
his labours is shown by the four hundred columns of 
references, and short remarks where the title alone is not 
sufficiently explanatory. An alphabetical arrangement is 
adopted, and this includes authors, abbreviations, and 
subjects. 

It is gratifying to note that our own country, besides 
the assistance rendered by its libraries, lends its^aid to 
such an important work in the shape of a manuscript 
supplement by Colonel Herschel to his pendulum biblio- 
graphy, which was placed unreservedly at Mr. Gore’s 
disposal, through the courtesy of the Royal Society. 
After the offers of publication made by various institu- 
tions, including the International Geodetic Association at 
Berlin, no further testimony to Mr. (lore’s fitness for the 
work is needed, and the compiler is justly proud ‘‘to see 
the results of his labours issuing from an institution of his 
own country, which throughout the world is the recognized 
advance guard in geodetic science.” 


LETTERS TO THE EDITOR. 

\^Tht Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part oj Nature, 
No notice is taken of anonymous communications. 'I 

The Method of Quarter Squares. 

I OMITTED any reference to Leslie ia niy review of Mr* 
Blater’s table (Nature, vol. xl. p. 573), as J have never sup- 
posed that he was an independent discoverer of the method, or 
an independent calculator of a table, of quai ter squares. I have 
eferred to his table in my Report on Mathematical Tables 
Brit. Assoc. Report, 1873, p. 23) ; and the passage quoted by 
Prof. Carey Foster (p. 593) is given in full in the preface to Mr. 
Blater*s table. It seems to me that the words in question — 
This application of a table of quarter squares, as it is derived 
from the simplest principles, might have readily occurred to a 
mathematician ; yet I have nowhere seen it brought into prac- 
tical use till, last summer, I met with, at Paris, a small book by 
Antoine Voisin, printed in 1817’' — do not indicate an inde- 
pendent discovery ; and this view is confirmed by the fact that, 
in the first edition of the “ Philosophy of Arithmetic” (1817), 
Leslie makes no mention of q\iarter squares’. It was only in 
the second edition (1820), after having seen Voisin’s work in the 
previous year, that he added, at the end of thf vofome, an ac- 
count of the method, and a table extending to 2000. The table 
was copied, I presume, from Voisin, as Leslie does not claim^ it 
as the result of his Qwn calculation. In the British Association 
Report I have described it as ** reprinted from Voisin,” and 
have pointed out that it did not appear in the first edition. In 
the preface to Mr. Blatei*s letter it is described as an extract 
from Voisin’s table.” Althoagh we.may, I think, infer, almost 


with certainty, that the table is only a reprint ^ it is to be 
legrelted that Leslie did not say so explicitly. 

J. W. L. Glaisher. 
Trinity College, Caml ridge, October 26. 


Darwinism. 

MRk* Romanes states that it is absurd ” to call his essay on 
physiological selection an elaborate (I said ^Maborious ”) attack 
upon Mr. Darwin’s theory of the origin of species. In that 
essay I find these words (p. 345), “ the theory of natural selection 
has been misnamed : it is not strictly speaking a theory of the 
origin of species" ; and on p. 403, the theory of physiological 
selection [i.e. Dr. Romanes’s theory] has this advantage over 
every other theory that has ever been propounded on the origin 
of species” ; and again, *'the problem of the origin of .species 
which, as shown in the preceding paper [viz. the laborious essay], 
his [Mr. Darwin’s] theory of natural^ selection serves only in 
small pait to explain.” 

On the other hand, Mr. Darwin entitled his great work, **The 
Origin of Species by means of Natural Seleciion, or the preserva- 
tion of favoured races in the struggle for life." He considered 
his theory of natural selection to be a theory of the origin of 
species. Mr. Romanes says it is not. I say that this is an attack 
on Mr. Darwin’s theory, and about as simple and direct an attack 
as possible. Why Mr. Romanes wishes i» to believe that he 
did not attack Mr. Darwin’s theory it is difficult to conceive. 
That he should hope to persuade anyone that it is absurd to call 
his essay an attack on Mr. Dflrwin’s theory when this is what it 
distinctly professes to be is curious. I trust you will not permit 
an empty discussion on this matter, but leave it to your readers 
to find out by reference to the Proc. Linn. S :»c., vol. xix., where 
the absurdity exists. E. Ray Laxkester. 

42 Half-moon Street, November i. 

Record of British Earthquakes. 

Will you allow me tS ask your readers to help me in com- 
piling notes of the earthquakes felt in this country during the 
present and following years? 

Mr.* Mallet’s great Catalogue of all recorded earthquakes ends, 
as is well known, with the year 1842. Previously to this, Mr. 
David Milne had published a series of papers on the earthquakes 
of Great Britain in the Edinbur^^h Netu rhilosophical fournal 
(vols. xxxi. to xxxvi. for the years 1841-44). These papers, 
which are of very great value, bring down our record to the end 
of August 1843. In recent years we have had the Catalogues 
of Prof. J. P. O’Reilly (Trans. Roy. Irish Acad., vol. xxviii. 
pp. 285-316 and 489-708) and the late Mr. W. Roper (published 
by T. .Bell, Observer Office, Lancaster). The latter is a useful 
chronological list of shocks felt during the Christian era, down 
to February 10, 1889 ; but, except in a few cases, it is little 
more than a list. Prof. O’Reilly’s important catali)gues are 
arranged alphabetically according to the localities affected, and 
do not pretend to give detailed information with reference to the 
shocks themselves. 

To make our seismic record more complete, I propose, there- 
fore, to compile a descriptive list of British shocks noticed in 
newspapers and scientific' journaiS from the time at which Mr. 
Milne’s Catalogue closes down to the end of the year 1888 ; and 
I should be very grateful if your readers can in any way help 
me in this work. 

What I wish particularly to ask for, however, is information 
relating to the shocks of the present and future years. For our 
knowledge of British earthquakes we must at present rely to a 
great extent on newspaper accounts ; and these accounts, .which 
for some points are fairly trustworthy, become difficult of access 
in after years. If any of your readers are willing to apist. me 
in preserving these notices in a convenient and systematic form, 
may I ask if they would be good enough to send, to the address 
below, the names and dates of newspapei;^, and ihore especially 
local ones, in which any descriptions, however short, are givemof 
British shocks ? It is nardl v necessary to say that any oth^r notes, 
communicated by those who have lelt the shocks or observed 
their effects, would be of great value, and would be most thank- 
Tully received. 

The days are past for compiling earthquake catalogues for the 

After quoting the full title of Voisin*! table, Leslie refers to htsown 
table as **tne specimen girbich 1 have given.** 
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'whole surface of the earth, and the value of an attempt' at such 
^ task would now be extremely doubtful. But for limited dis- 
tricts, like this country, the case is very difTerent. It would 
inde<^ be difficult to over-estimate the value of a seismic record 
which can claim any approach to completeness for a definite 
earthquake a’*ea, however feeble the shocks which visit it may be* 

I may add that I hope shortly to publish some notes or direc- 
tions for the study of earthquakes, with special refereni-e to those 
which occur in this country. Ciiarlks Davison. 

38 Charlotte Road, Birmingham, October 10. 


Effects of Lightning. 

I HAVE knowm of the following case since July last, but owing 
to absence from this place have only been able to get particulars 
during the last few days. 

During the terrific sto'^m of the I2th of July last, a labourer’s 
collage was struck bytlightning at Leagrave, near here. The 
lightning descended, according to an eye-witness’s report, like a 
“spout of fire,” and struck and descended ihechimneV, which it 
destroyed. In the room below there was an old shepherd, an 
invalid woman, a child, and a shepherd^s dog. The shepherd 
was sitting in a chair leaning on a stick, a kettle was boiling on 
the fire, and the door was open. The lightning entered the room 
simultaneously by the chimney and an adjoining window. The 
window was utterly destroyed, and the kett*e was thrown from 
the fire across the room, the stick on which the shepherd was 
leaning was torn from his hand and also thrown across the room, 
the lightning entered a cupboard containing glass and crockery 
and destroyed every article, and planter was torn from the walls. 
The man and woman remained unhurt, but the child was thro^u 
down and its knees stiffened. The dog was struck perfectly stiff, 
“like a log of wood,” and was considered dead. The room 
seemed full of fire, water, and sulphur, and the occupants said 
the smell of sulphur was so strong that they would certainly have 
been suffocated had it not been f >r the open door. After the 
storm had abated, the dog, with all its limbs stiff, vva> laid in a 
barn, where very slowly and partial]/ recovered. It long re- 
mained both deaf and blind, an I was entirely dependent up >n 
smell for its recognition of persons and things. 'I’o the present 
day it has not entirely recovered its injured senses. 

Dunstable. W. G. S. 


Electrical Cloud Phenomenon. 

A SHORT description of a curious cloud appearance observed 
by me this summer may be of interest to your readers. It was 
noticed in Kiushii, the southernmost of the three great islands of 
Japan, early in July, at a distance of ten or twelve miles from 
the sea. 

The season had been, .and was, after the time of the observa- 
tion, an exceptionally rainy one, severe floods being produced in 
almost all parts of the country, hut it was not raining in the place* 
where I made the observation a^ that particular time. Time shortly 
after midday, thermometer about 8a“ F. 

The sky was clear overhead, but there was a great bank of 
heavy “ thunderous ” looking clouds to the south. It is most 
difficult to judge even approximately of the distance of clouds, 
but these might be from one to two miles off ; the lower edge 
was represented by a very nearly straight line, and there was an 
amount of blue sky visible under the clouds that would perhaps 
subtend from ic"* to 15®. 

My attention was attracted to a sort of ‘‘tail” of cloud 
stretching itself downw'ards from the straight under side of the 
cloud-bank. It gradually extended till it reached some two- 
thirds of the distance from the cloud to the earth. It remained 
of about constant length for a little over ten minutes, the 1 )wer 
end continually waving about in a most curious way, giving the 
impression almost that it was feeling for something. 

Quite suddenly the filament of cloud straightened itself out, 
and extended itself towards the earth. The lower end t>ecame so 
rery thin that, from the dista ice, it was impossible to see whether 
it*actual]y made contact with the earth or mot, but 1 have not the 
smallest doubt that it did, and that a silent discharge took place 
at the time. There was certainly no sound heard. Immediately 
after the contact the filament rapidly drew itself up to the cloud, 
and was incorporated w^th it. Almost immediately after this, 
whether as a mere coincidence or not I cannot tell, the cloud 
discharged a great amount of rain. l^VV. K. Burton. • 

Imperial University, Tokio, Japan. t 


I 

P.S. — The appe^ance was not unlike the illustrations of 
“water-spouts”. that I have seen, but there was no whirling 
motion such as is always described as accompanying these, nor, 
indeed, was there any evidence of violent disturbance* of any 
kind at all. 


The Use of the Word Antiparallel. 

The following note on the use of the word antiparallel may 
prove of interest to the readers of Nature. 

In the second edition of “ A New Mathematical Dictionary ” 
by E. Stone, F.R.S. (London, 1743), appears a short article on 
antiparallels, the whole of which I will quote : — 

“Antiparallels, are those lines, as FE, BC, that make the 
same angles AFE, ACB, with the two lines AB, AC, cutting 
them, but contrary ways, as parallel lines that cut them. But 
Mr. Leibnitz, in the Ac/a Erudit.^ An. 1691, p. 279, calls 
antiparallels those lines (see Fig. 2) as EF, GH, which cut two 
parallels AB, CD ; so that the outward angle AIK, together 
with the inward one AKII, is equal t> a right angle. When 



the sides AB, AC, of a triangle, as ABC (Fig. i), are cut by 
a line EF antiparallel to the base BC, the saW sides are 
cut reciprocally proportional by the said line EF ; that is, 
AF : BF : : EC : AE,‘thc triangles AFE, ABC being similar or 
equiangular.” 

The error in regard to the ratios of the segments of the 
sides is the same as the one noted in llutton^s “Miscellanea 
Mathematica,” as quoted by Mr. Langley. I have no doubt that 
earlier instances of the use of this word can be found, and I 
would like to know whether the word is used in the first edition 
of “Stone’s Dictionary.” W. J. James. 

Wesleyan University, Middletown, 

Conn. U.S. A., October 15. 


Fossil Rhizocarps. 

In Bennet and Murray’s “Cry ptogamic Botany,” at p. 115, 
I am surprised to find in a reference to my paper on “ Fossil 
Rhizocarps” (in Bull. Ac. Sciences, Chicago) the statement, with 
reference to the macrospores of Ftoios ilvinia, that “inasmuch 
as they are borne on LepidodenJron scales this reference is in- 
admissible.” Now no such fact has come to my knowledge, 
and on the contrary these bodies are found inclosed in cellular 
sporocarps like those* of Salvinia, and are so described in the 
paper in question. If anyone has found them on “ scales of 
Lepidodendron,” the authority should have been stated, 

Montreal, October 15. J. Wm. Dawson. 


Specific Inductive Capacity. 

On p. 669 of Ganot’s “Physics” (eleventh edition) the 
following statement is found: — “At a fixed distance above a 
gold-leaf electroscope, let an electrified sphere be placed, by 
which a certain divergence of the leaves is produced. If now, 
the charges remaining the same, a disk of sulphur or of shellac 
be interposed, the divergence increases, sho ving that inductive 
action takes place through the sulphur to a greater extent than 
through a layer of air of the same thickness.” 

If this statement were correct, there should be less electric 
action on the side of the ball furthest from the electroscope when 
the dielectric is interposed. To test this I arranged an experi- 
ment as follows : — 

The knob of a charged Leyden jar was placed midway 
between two insulated plates of metal, each plate being in 
connection wdth an electroscope. The leaves of each electro- 
scope now diverged to an equal extent. 

A plate of ebonite was no,w placed between the knob of the 
jar and one of the plates. If the statement above quoted is 
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correct, the leaves of the electroscope in* connection with this 
plate should show an increased divergence, but the reverse effect 
was observed. The teazles partially ctllapseiL In all experi- 
ments that I have made by inserting dielectrics between a charged 
body and an electroscope, less electric action has been the result. 
If while the charged ball be near the electroscope the plate of 
it be touched with the finger, the leaves collapse, and on removing 
the finger and then the charged ball they again diverge. 

Now let a dielectric be placed between the ball and the 
electroscope, touch the latter, and remove the finger and ball as 
before, and much greater divergence will be produced. In l>oth 
cases the electroscope is-charged by induction. Without putting 
the electroscope to earth, I fail to see theoretically why any 
greater divergence should occur. I suppose someone must have 
made the experiment as quoted, but if a greater effect was 
produced it must have been caused by the substance used for a 
dielectric being charged itself. I have found very great difficulty 
in preventing plates of ebonite, paraffin, sulphur, &c., becoming 
electrified when placed near a charged body. 

I should like to know if anyone has experimented in this 
direction, became either the text-books or myself must bewr^ng. 

In Guthrie’s book (p. 10 j) there is a statement similar to 
Ganot’s. W. A. Rudge. 


Who discovered the Teeth in Ornithorhynchus ? 

On returning from Central Arizona, where I have been engaged 
in biological explorations, I find upon my desk an important 
paper entitled “ On the Dentition of Ornithorhynchus,^^ by my 
friend Mr. Oldfield Thomas, Curator of Mammals ^n the 
British Museum (see Proc. Royal Soc., vol. xlvi , 1889, 126-131, 
pi, 2). 

The opening sentence of this paper is as follows : “At the 
meeting of the 9th of Felruary, 1888, Mr. E. H. Poulton com- 
municated to this Society the first discovery of the presence of 
teeth in Or 7 nthot hyuchus, a discovery which naturally awakened 
extreme interest throughout the scientific world. ” A few lines 
further on Mr. Thomas continues : “ 'I'hc grand fact of the pre- 
sence of teeth in Monotremes, and their mammalian nature, are 
discoveries on which Mr. Poulton may well be congratulated.” 

From the ahove I infer that considerable stir has been made 
by the assumed new “discovery” that the young Ontithorhymhus 
has teeth. 

If my British colleagues will turn to the masterly work of 
their illustrious countryman. Sir Everard Home, they will find 
in the second volume of his “ I ectures on Comparative 
Anatomy” (published in 1814), no less than three beautifully 
engraved plates, containing eight figures, of the skull and mouth 
parts of Ornithorhynchus. Four of these figures show the teeth 
— t wo on each side of each jaw. The explanation accompany- 
ing Fig. I, Tab. lix,, is as follows : “ A view of the upper jaw and 
palate, to show that there are two grinding teeth on each side.” 
Fig. 2 is “a similar view of the under j.iw.” 

Washington, D.C., October 12. C. Hart Merriam. 

ON THE HARDENING AND TEMPERING OF 

STEEL} 

I. 

nr HE fact that the British Association meets this year 
at Newcastle no doubt suggested to the Council 
that it would be well to provide, for the first time since 
1848, a lecture on a metallurgical subject. In that year 
a discourse was delivered at Swansea by Dr. Percy, one 
of the most learned metallurgists of our time, who has 
recently passed away, after having almost created an 
English literature of metallurgy by the publication of his 
well-known treatises, without which it would have been 
comparatively barren. It was to him that the country 
turned in 1851 when it became evident that our metal- 
lurgists must receive scientific training. 

1 know that it has occurred to many that the various 
problems involved in the “ hardening and tempering of 
steel must be incapable of adequate treatment in the 
brief limits of a discourse like this, while others will think 

* A Lecture delivered on Septemher 13, by Prof. W. C. Robert»-.Attsten, 
P.R.S., before the in:inL-er4 of the Britiah A>«oci»tion. 


that the details of the process, which is practised daily in 
thousands of workshops, are so well known that it is un- 
necessary to devote a lecture to the subject. It seemed 
to me that the entire question was the most important I 
could choose, partly because it will enable a large number 
*of people who are engaged in industrial work, and who 
are not expected to think about it in a scientific way, to 
I know how such facts as we shall have to examine have 
been dealt with by scientific investigators ; while those of 
our members who do not consider that their thoughts or 
work are scientific in its strictest sense, may perhaps be 
interested to see how absolutely industrial progress de- 
pends upon the advancement of science. This consider- 
ation has led me to deal with the subject in a somewhat 
comprehensive way. The treatment of iron in its several 
forms is the thing that we as a nation do well. If it be 
true that national virtues are manifestly expressed in the 
industrial art of a people, we may recall the sentence in 
Mr. Ruskin’s “ Crown of Wild Olive” in which he says, 
“ You have at present in England only one art of any con- 
sequence — that is, iron-working,” adding, with reference 
to the manufacture of armour-plate, “ Do you think, on 
those iron plates your courage and endurance are not 
written for ever, not merely with an iron pen, but on iron 
parchment ? ” It may be well, therefore, to consider what 
properties iron possesses which entitle its application to 
industrial use to specially represent the skill and patience 
of the nation. 

* In 1863, Lord Armstrong, in his address as President 
of this Association, expressed the hope “ that when the 
time again" comes round to receive the British Association 
in this town, its members will find the interval to have 
been as fruitful as the corresponding period,” since the 
previous meeting in 1838, “on which they were then 
looking back.” In qne way at least this hope has been 
realised, for the efforts of the last twenty years have re- 
sulted in the development of an “ age of steel.” When 
the Association last met here, steel was still an expensive 
material, although Bessemer had, seven years before, 
communicated his great invention to the world through 
the British Association at its Cheltenham meeting. The 
great future in store for Siemens’s regenerative furnace, 
which plays so important a part in the manufacture of 
steel, was confidently predicted in his Presidential address 
by Lord Armstrong, than whom no one was better able to 
judge, for no one had done ' more to develop the use of 
steel of all kinds. 

Steel, we shall see, is modified iron. The name iron is 
in fact a comprehensive one, for the mechanical behaviour 
of the metal is so singularly ohanged by influences acting 
from within and without its mass, as to lead many to 
think, with Paracelsus, that iron and steel must be two 
distinct metals, their properties being so different Pure 
iron may be prepared in a form as pliable and soft as copper, 
steel can readily be made sufficiently hard to cut glass, 
and notwithstanding this extraordinary variance in the 
physical properties of iron and certain kinds of steel, the 
chemical difference between them is comparatively very 
small, and would hardly secure attention if it were not for 
the importance of the results to which it gives rise. We 
have to consider the nature of the transformations which 
iron can sustain, and to see how it differs from stbel, of 
which an old writer has said,* “ Its most useful and ad- 
vantageous property is that of becoming extremely hard 
when ignited and plunged into cold water, the hardness 
produced being greater in proportion^as the steel is hotter 
and the water colder. The colours which appear on Ufe 
surface of steel slowly heated direct the artist \xijeinper- 
ing or reducing the hardness of steel to any determinate 
standard.” There is still so much confusion between the 
words “ temper,” “ tempering,” aiul “ hardening,” in the 
writings of even very eminent autnorities, that it is well 

“ The Fim Princjfles of Chemieity,” ty V. Nichokon, p. 31a (London, 
1790X 



12 


NATURE 


[Nov. 7, 1889 


to keep these old definitions carefully jn mind. I i^all 
emidoy the word tempering in the sense of softening, as 
Fa^tafT uses it when he says of Shallow : — 

I have him already tempering between my finger and my 
thumb, and shortly will I seal with him.” * • 

softening, that is, as brittle wax does by the application 
of gentle heat. Hardenings then, is the result of rapidly 
cooling a strongly heated mass of steel. Tempering con- 
sists in re-keating the hardened steel to a temperature far 
short of that to which it was raised before hardening : this 
heating may or may not be followed by rapid cooling. 
Annealing consists in heating the mass to a temperature 
higher than that used for tempering, and allowing it to 
cool slowly. 

First, let the prominent facts be demonstrated experi- 
mentally. ^ 

[Three sword-blades of identical quality, made by an 
eminent sword-smith, Mr. Wilkinson, were taken. It 
was shown by bending one that it was soft ; this w'as 
heated to redness and plunged into cold water, when it 
became so hard that it broke on the attempt to bend it. 
Another was bent into a bow, the arc of which was four 
inches shorter thkn the sword itself, a common test for 
“ temper,” and it sprang back to a straight line when the 
bending force was removed ; this had been tempered. A 
third, which had been softened by being cooled slowly, 
bent easily and remained distorted J 

The metal has been singularly altered in its properties 
by comparatively simple treatment, and all these changes 
it must be remembered have been produced in a solid ( 
metal to which nothing has been added, and from which I 
nothing material has been taken. The theory of this j 
operation w|jich I have just conducted has l)een i 
Laboriously built up, and its consideration introduces i 
m.any questions of great interest both in the history of ! 
science, and in our knowledge of molecular physics, i 
First as regards the history of the subject. The know- 
ledge that steel might be hardened must have come to us 
from remote .antiquity. Copper hardened with tin was its | 
only predecessor, and it continued to be used very long j 
after it was known that steel might be hardened. It 
would, moreover, .appear th.at a desire to appreciate the 
difficulties of a people to whom cutting instruments of 
hard steel were unknown, seems to have induced 
experimenters in quite recent times to fashion imple- 
ments of bronze, and a trustworthy authority tells us that 
“ Sir Francis Chantry formed an alloy containing about 
16 parts of copper, of rinc, and 24 of tin, of which 
he had a razor made, and I Dclieve even shaved with it.” * 
The Greek alchemical manuscripts which have been so 
carefully examined by M. Berthelot give various receipts 
from which it is evident that in the early days the nature 
of the quenching Iluid was considered to be all-important. 
There were certain rivers the waters of which were 
supposed to be specially efficacious. Pliny, who says 
that the difference between waters of various rivers can 
be recognized by workers in steel, also knew that oil mi^ht 
be used with advantage fur hardening certain varieties 
of the metal. It is sad to think how many of the old 
receipts for hardening and tempering have been lost. 
What would we not give, for instance, for the records of 
the Gallic prototype of our Iron and Steel Institute, the 
Collegium Fabrorum Ferrariorump^ a guild with similar 
aims, formed in the time of the Roman Republic, for the 
advancement of knowledge, for the good of the State, and 
not for ^hat of its individual members*? The belief, how- 
ever, in the efficacy of curious nostrums and solutions for 
hardening steel could hardly have been firmer at any 
period than in the sixteenth century of our era, Shake- 

* King Henry IV , Part II,, Act iv., Scene 3. * 

* *• Engine* of War," by H. Williinwn, p. ig^ (iStt), 

^ ” La Kerronnerie," par F. Liger, t. ii. p. 147 (Pari*, 1873). 


speare suggests jtha’t Cthello’s sword " of Spain ” had been 
hardened in a cold stream for he says it had 

“ the ice brook’s temper ” j ' 

but cold water was far too simple a material for many d 
sixteenth century artificer to employ, as is shown by the 
quaint recipes contained in one of the earliest books 
of trade secrets, which, by its title, showed the existence 
of the belief that the “ right use of alchemy ” was to bring 
chemical knowledge to bear upon industry. The earliest 
edition was published in 1531,* and the first English 
translation'^ in 1583, from which the following extracts 
may be of interest. “ Take snayles, and first drawnc water 
of a red die of which water being taken in the two firste 
monetbs of haruest when it raynes,” boil it with the 
snails, “ then heate your iron red hote and quench it therein 
and it shall be hard as Steele.” “ Ye may do the like with 
the blood of a man of xxx yeres of age, and of sanguine 
complexion, being of a merry nature and pleasaunt .... 
distilled in the middst of May.” This may seem trivial 
enough, but the belief in the efficacy of such solutions 
survived into the present century, for I find in a work 
published.in 1810 th.at the artist is prettily directed® “ to 
take the root of blue lilies, infuse it in wine and quench 
the steel in it,” and the steel will be hard ; on the other 
hand, he is told that if he “ takes the juice or water of 
common beans and quenches iron or steel in it, it will be 
soft air lead.” I am at a loss to explain the confusion 
which has arisen from this source. As must always be 
the case when the practice of an art is purely empirical, 
such procedure was often fantastic, but it is by no means 
obsolete, for probably at the present day there is hardly a 
workshop in which s’ome artificer could not be found with 
a claim to possess a quaint nostrum for hardening steel. 
Even the use of absurdly compounded baths, to which 1 
have referred, was supported by theoretical views. Otto 
Tachen,'* for instance, writing of steel in about the year 
1666, says that steel when it is “quenched in water 
acquires strength because the light alcaly in the water is 
a true comforter of the light acid in the iron, and cutlers 
do strengthen it with the alcaly of animals,” hence the 
use of snails. Again, Lemery ® explains in much the same 
way the production of steel by heating iron in the presence 
of horns of animals. 

I have dwelt so long on these points in order to bring 
out clearly the fact that the early workers attached great 
importance to the nature of the fluid in which hot steel 
was quenched, and they were right, though their theories 
may have been wrong. The degree of rapidity with 
which heat is abstracted from the steel during the opera- 
tion of hardening is as important at the present day as it 
ever was. Roughly* speaking, if steel has to be made 
glass-hard, ice-cold water, brine, or mercury, is used ; if it 
has only to be made slightly hard, hot water or o'l may be 
employed ; while, as “rhomas Gill ^ suggested in 1818, 
both “ hardening ” and “ tempering ” may be united in a 
single operation by plunging the hot metal in a bath of 
molten lead or other suitable metal, which will of course 
abstract the heat more slowly. 

We must now trace the development of theories relating 
to the internal constitution of steel. The advent of the 
phlogistic school with the teaching of Becher and Stahl 
led to the view that iron gained phlogiston during its con- 
version into steel. By phlogiston we know that the early 
chemists really meant energy ^ but to them phlogiston was 
represented to be a kind of soul possessed by all metals, 

' /•Rcchter Gebr^uch d. Alchimei/' 1531. There were many English 
editions 

^ '* A profitable boke declaring dyuersapprooued remedies/* &c. (London, 
1^83). See Prof. Fergusf n*M learned pat>er ** On some Early Treatises on 
Technological Chemistry/’ Phil. Soc., Glasgow, January i886. 

^ ** llie J.4iboraroiy or Schcol of Arts/’ oth edition, 1799* p. aaS. There 
is a later edition of 1810. 

4 ** His Key to the Ancient Hippocratical Learning/' p. 68 (I^ndon, 
1690). 

5 A Coorseof Chenistiy/' snd edition, i68^, p. 131. 

6 Tk 0 t 9 iMOH*M AnnaU 0/ Phih ophy^ xii., 1818, p. 58. 
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which they could lose by burning and Vegi^in by the pro- 
cess they called “ revivification.” “ Hardness [in metals] 
is caused by the jeiunenese of the spirit and their imparity 
with the tangible parts,” said Francis Bacon;* while, 
according to Stahl, ^ steel was merely iron possessing, in 
virtue of its phlogiston, the characteristics of a metal in a 
higher degree; and this view prevails in the writings 
of Henckel, Newmann, Cramer, Gellert, Rinman, and 
Macquer. This opinion survived with wonderful per 
sistence, but it did not influence the teaching of Reau- 
mur,'* who, in 1722, was, so far as I know, the first to 
suggest a physical theory which has been in. any way 
justified by modern research. He assumed that when 
steel was heated “ sulphurs and salts ” were driven out 
from the molecules, which he represents diagram- 
matically, into the interstitial space between them. Tne 
quenching of the steel and its sudden cooling prevented 
the sulphurs and salts from returning into the molecules, 
which were thus firmly cemented by the matter between 
them, and hard rigid steel was the result. I n tempering, 
the sulphurs and salts partially returned into the mole- 
cules, and the metal became proportionately soft. I have 
elsewhere shown ‘ that he used the Torricellian vacuum to 
demonstrate that the hardening of steel is not accom- 
panied by the evolution of g.as, and he concluded that 
since the hardening of steel is neither due to the 
intervention of a new substance nor to the expulsion of 
air, it only remains to seek its cause in the changes 
occurring in its structure.” Notwithstanding this, the 
phlogistic school were not daunted, and this brings me 
to the work of Torbern Bergman, the great Professor at 
the University of Upsala, who in 1781 showed '^ that steel 
mainly differs from iron by containing about per cent, 
of plumbago, while iron does not. Read in connec- 
tion with modern research, his work seems wonderfully 
advanced. He was so forcibly impressed by the fact that 
the great difference in the mechanical propertiesof different 
specimens of iron is due to the presence of small quantities 
of impurity, and that the properties of iron do not vary, as 
he says, unless by chance the iron has gathered foreign 
matter, “ nisi forte peregrimim paullo uberius inluerat 
vtetallum." We find, even, the dawn of the view that under 
the influence of small quantities of foreign matter iron is, 
as he calls it, polymorphous, and plays the part of many 
metals. “ Aaeo ut jure diet queat, polymorphum ferrum 
piurium simul metal iorum vices sustinere.” ^ Unfortun- 
ately he confounded the plumbago or carbon he had 
isolated with phlogiston, as did Rinman in 1782, which«{ 
was strange, because, in 1774, the latter physicist had 
shown that a drop of nitric acid simply whitens wrought 
iron, but leaves a black stain on steel.,Bergman tenaciously 
held to the phlogistic theory in relation to steel ; it was 
inevitable that he should. The true nature of oxidation 
had been explained ; no wonder that the defenders of the 
phlogistic theory should seek to support their case by 
appealing to the subtle and obscure changes produced in 
iron by such apparently slight causes. Bergman’s view 
was, however, combated by Vandermonde, Berthollet, and 
Monge,^ who showed in a report communicated to the 
Acaddmie des Sciences, in 1786, that the difference be- 
tween the main varieties of iron is determined by varia- 
tion in the amount of carbon, and further that steel must 
contain a certain quantity of carbon in order (bat it might 
possess definite qualities. Bergman died in 1784, and the 
report to which 1 have referred is full of respect for this 

' '*Sylva Sylvarum/’ 2nd edition, 1628, p. 215. 

a Fundamenta Chemias," Part 3, p. 451, auoted by Guyton de Morveau 
in the article ** Acier," ** Encyc. Mdehodi^ue,*' p. 421 (Paris, 1786). 

3 “ L*arl de convertir le fer forgd en acier,*' p. 321 ot stq, (Paris, 1722), 

4 Proc. In4t. Mech, Engineers, October i88t. p. 706. 

5 Opiiscula Phy.sica ct Chemica,” vol. Hi. “ De Analysi Ferri ** (Upsala, 
1783)* A dissertation delivered June 0, 1781. 

* *• De Analyst Ferri," p. 4. 

^ Histoire de TAcade-nie Royale des Sciences,*' 1786 (printed 1786), p. 
* 3 *. 


grand chemist,” as its authors call him, “ whom science 
had loAt too soon.” 

Kirwan’s essay on phlogiston,* in which Bergman's 
views were defended, elicited a reply from Lavoisier him- 
self^ and brought down the French school in strength to 
Contest almost the last position occupied by the believers 
in phlogiston.* 

An entire lecture might be profitably devoted to 
Bergman’s work. His was almost the first calorimetric re 
search, and is specially interesting when takei^in connec- 
, tion with the calorimetric investigations of Lavoisier and 
I Laplace in 1780, and it is impossible to read it without 
' feeling that in paying the just tribute to Lavoisier’s genius 
Bergman has been overlooked. He desired to ascertain 
whether pure iron, steel, and cast iron contain the same 
amount of heat. He therefore attacked the materials with 
a solvent, and noted the heat evolved. He says the 
solvent breaks up the assemblage of the aggregation of 
molecules and forms other unions. If the new body 
demands more heat than the body which has been dis- 
united, then the thermometer will fall. If, on the other 
hand, the degree of heat required is less, the environ- 
ment will be heated, which will result in the rise of the 
thermometer. The modern development is that, when a 
chemical compound is formed, heat is evolved and energy 
is lost, but if one substance, say a metal, simply dissolves 
another, the solution is attended with absorption of heat, 
and the product when attacked by a suitable solvent 
should evolve practically the same amount of heat, but 
certainly not less than would be evolved by the individual 
metals present in solution.* This is specially interesting 
from its relation to the calorimetric work of Lavoisier 
and Laplace in 1780 and of Lavoisier in 1782, which led 
the latter to explain the nature of oxidation, and to show 
that a metal could be as truly “ calcined*’ or oxidized 
by the action of a solution as by the action of air at an 
elevated temperature. Now that the importance of thermo- 
chemistry is beginning to be recognized in relation to 
industrial chemistry and metallurgy, it is to be hoped that 
Bergman’s merits will be more fully considered. We are, 
however, mainly concerned with the fact that he taught 
us that the difference between iron and steel consists in 
the to li per cent, of carbon which steel contains. It 
was only natural that Black, writing in 1796, should have 
attributed the hardening of steel to the “ extrication of 
latent heat ” ; “ the abatement of the hardness by the 
temper ” being due, he says, “ to the restoration of a part 
of that heat.” * Black failed to see that the work of 
Bergman had entirely changed the situation. The ne.xt 
step was made in France, k was considered necessary 
to establish the fact that carbon is really the element 
which gives steel its characteristic properties, and with 
this object in view, Clouet,' in 1798, melted a little 
crucible of iron, weighing 57 '8 grammes, containing a 
diamond, weighing o'm 7 gramme, and obtained a fused 
mass of steel (Fig. i). 

His experiment was repeated by many observers, but 
the results were open to doubt from the fact that furnace 
gases could always obtain access to the iron, and might, 
as well as the diamond, have yielded carbon to the metal. 

' R. Kirwan, ** Essay on Phlogittoii and the Constitution of* Acids/* 
p. 134 (1787). 

^ ** Essrii surle Phloglstique.'* tradiiit de PAnglots dc M. Kirwan, avec des 
notes de M M. de Morveau, Lav^is.er, de la Place, Mjnge, Berthollet, et de 
Fourcroy (Paris, 1788). 

^ French translation of Bergmin’s work (Paris, ;i783>, p. 72. The 
question is, however, so imp^irtant that I append the original Latin text : — 

** Menstruo Imxatur compages molecularum, eF nova f jrmantur c^r.nuMa, 
qua:, si niajorem, quain diruta^ ^gont materia: caloris quantitatem, in vicinia 
calor ad rcstituendum ^equilibrium d^mintiatiir oportet, et i^iermometri 
hydrargyrum ideo aubsidet : st minorem, differentia liberator et viciniam 
calefacit, undeetiam ad.scendit thermometri liouor; si denique niva connnbia 
eamdem praccise quantitatem postulart, nuoa raro acc'dit, nulla in thermo- 
metro videbiiur variatio.’* — Torberni Bergman, "Opuscula Physica et 
Chemica," vol. iii. p. j8, 1783 (“ Dc AnalysP Ferri * ). 

4 ** Lectures on the Elements of Chemistry," vol. ii p. 505 (1803).. 

5 EaiiMtrtmcnt described by Guyt.n de Morveau, Ann, de Ckhn,^ xxal. 

»799» P* 3*8. • 
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The carbon might have been presented to the iron in the sphere of gas, ai^d employing the form of apparatus shown 
form of a gas capable of yielding carbon, and this element in this diagram (Fig. 3). [The carburized iron which was 
would as surely have found its way into the steel. the result of the experiment was thrown upon the screen.] 

Margueritte,' for instance, in 1865, repeated Clouet’s The diamond by union with iron has passed partially at 
experiment, and showed that, although carburization can least to the other form of carbon, graphite, while treatment 
be effected by simple contact of iron and carbon, it i^ with a solvent which removes the iron shows that carbon 
nevertheless true that in the ordinary process of ccmenta- has entered into intimate association with the iron, a fact 
tion the gas carbonic oxide plays an import.'int part, , which leads us to the next step in the study of the relations 
which had until then been overlooked. The discovery by ■ between carbon and iron. 

Graham,'* i^n 1866, of the occlusion of carbonic oxide by I Hempel ‘ has shown that, in an atmosphere of nitrogen, 

i iron appears to assimilate the diamond form of carbon 
•jjoN ^ DIAMOND more readily than either the graphitic or the amorphous- 



Fig. 1.— Plan of iron rrucible and diamond from the drawin^j in Guyton 
de M* rvcaids paper. In the original, the d.amtitid and the crucible are 
drawn, in plan, .separatef^’. 

iron, gave additional support to this theory. I am glad 
to remember that he intrusted the experiments to me. 

The question, however, of the direct carburization of 
iron by the diamond has never been doubted since 1815, 
when a working cutler, Mr. I’cpys,^ heated iron wire 
and diamond dust together and obtained steel, the heat 
being afforded by a powerful electric battery. 1 am 
anxious to make this absorption of carbon in the diamond 
form clear byjthis diagram (Fig. 2). 



Fig*. 2 represent* a gla** vessel which mny either he rendered vacuoiin or 
may be ftllcd with an atmosphere of gas through the tube //. An iron wire, 
placed between the terminals of a battery, c, €\ is heated to redness, and 
remains glowing until it is touched by pure diamond dust, which is 
eifected by rai.s ng the cup a. The iron combines with the diamond dust 
and fuses. 

t 

Do n<tf think for a moment that the steel owes its 
hardness to the passage of diamond into the iron, as 
diamond. I have repeated Margueritte’s form of Clouet’s 
experiment, using, however, a vacuum instead of an atmo- 

* Siir Taci^ration,*' Ann. Ckim, et Phys.^ t. vi. [4I, 1865. 

* PhJ. Trans. Roy, Soc., 1866, pp. 399-439. ^ 

^ ^ 18x5, p. 371. 


f'lc. 3 represents an arrangement for heating the diamotid and iron A 
7UICUO, A strip of pure iron, i.s placed Ijetviern iwo terminals, c , c\ which 
are connected with a dynamo The vessel (of gla^s) is rendered vacuous 
hy connecting the lube </ v\ ith a Sprengclpiimj). '1 he iron is then heated 
hy the dynamo, and maintained glowing uniil all occluded gas is expelled 
fiom the iron, uhich is then allowed to t ool ift Small pure 

dian^nds, /r, a', rt", arc then placed on the t)f iron through the 

orifice into w'hich the tube d fits, 'fhe vessel is rendered vacuous, and 
when the iron i.s again heated in contact with the diam* nds it fuses and 
combines with them. 

forms, but directly carbon is associated with molten iron it 
behaves like the protean clement it is, and the state w'hich 
this carbon assumes is influenced by the rate of cooling 
of the molten mass, or even by the thermal treatment to 
which the solidified mass is subjected. Let me repeat, 
all are familiar with carbon in the distinct forms of 
diamond, graphite, and soot: all are alike carbon. It 
need not be considered strange, then, that carbon should 
be capable of being present in intimate association with 
iron, but in very varied forms. 

Now the mode of existence of carbon in soft annealed 
steel is very different from that in which it occurs in hard 
steel. I believe that Karsten was the first to isolate, in 1 827, 
from soft steel a true compound of iron and carbon. 
Berihier* also separated from soft steel a carbide of iron, 
to which he assigned the formula FeC ; but to attempt 
*to trace the history of the work in this direction would 
j demand an entire lecture. I will only add that within the 
; last few years Sir F. Abel has given much experimental 
evidence in favour ofi<he existence in soft cold rolled steel 
! of a carbide, FcsC, which he isolated by the slow solvent 
action of a chromic acid solution. His work has been 
i generally accepted as conclusive, and has been the starting- 
: point of much that has followed. 

1 1 will occur to you that the microscope should reveal 
wide differences between the structure of various kinds of 
iron and steel, and I am happy to be able to give you en- 
larged diagrams made from the drawings of Mr. Sorby, 
the eminent microscopist, which illustrated his very 
delicate investigations into .the structure of steel,* 

The point I am mainly concerned with is the existence 
of a substance which Soiby called the “ pearly constituent” 
in soft steel. This pearly constituent is closely related to 
the carbide of iron, Fe,C of Abel,^ and is probably a 
mixture of FcsC and pure iron. I have diagrammatically 
indicated its presence in Fig. 4, which will enable me 
to summarize the work of many experimenters. The 
diagram (Fig. 4) will serve, for the purpose of illustration, 

* Ber. der denisch. chem, GeselUcka/tf vol. xvlii. p. 998, 

® Ann. des Mimt. t. iii , 1833, p. 229. 

3 The reader must refer to the Journal of the Iron and Steel Institute^ 
No. i., r887, »55* 

4 Proc. Intt. Mech. Engineerf, January 1883. 
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to indicate the appearance when soft, hardened, and 
tempered steel are respectively treated with a solvent 
which acts gently on the mass. * 

IRON ANP CARBON. 


(0'2 TO 1*5 pen CENT OF CARBON^ 


Heated to ii^o ht redness 

SLOWLY^COOLED 
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SOFT” 


OUlCKiy COOLED 


HA 


RD” 


APPEARANCE OF METAL VEHEN 
ETCHED WITH A SOLVENT 


CONTAINS 

Carude-carbon" 
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CHANGE OF CARBON 
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TEMPERATURES VARYING / ^ S 
FROM 200 ^C. TO 400‘’C. / 

I M is ^ 

O ij 


•J 

S' 


TEMPERED' 


4N ANNEALED STEEL THE 
CARBIDE 1% IN UREY. 
iCALE^ 



TEMPFREO AT <00 C, 
THE CARBIDE IS FINELY DIVIOEU. 


Fig. 4 . 

A study of the above diagram and of the admir- 
able work of Ledebur ‘ will show how complex the 
relations of carbon and iron really are, but, for the 
purposes of the present inquiry it may fairly be asked, 
Does a change in the “ mode of existence” of carbon in 
iron sufhciently explain the main facts of hardening and 
tempering? It does not. It is possible to obtain by rapid 
cooling from a certain temperature steel which is per- 
fectly soft, although analysis proves that the carbon is 
present in the form which we have recognized as 
“ hardening carbon.” No doubt in the hardening of steel* 
the carbon changes its mode of existence, but we must 
seek some other theory to explain all the facts, and in 
order to do this we will turn to the behaviour of the iron 
itself. 

In approaching this portion of the subject a few elemen- 
tary facts relative to the constitution of matter must be 
recalled, and in doing so I must again appeal briefly to 
history. It is universally accepted that metals, like all 
elements, arc composed of atoms of definite weights 
and volumes grouped in molecules. In order actually 
to transmute one metal into another it would be 
necessary to discover a method of attacking not the 
molecule but the atom^ and of changing it, and this, so 
far as is known, has not yet been done ; but it is possible, 
bv influences which often appear to be very slight, to 
change the relations of the molecules to each other, and 
to alter the arrangements or distribution of the atoms 
within the molecules, and by varying in this sense the 
molecular arrangement of certain elements, they may be 
made to pass into forms which are very different from 
those in which we ordinarily know them. Carbon, for 
instance, when free, or when associated with iron, naay 
readily be changed from the diamond to the graphitic 

f . j • Stahl UHii EisiH^ vol. viii,, i883, p«74^ j 


form, though the converse change has hot as yet been 
effected. 

Sulphur, again, with which you are familiar as a hard, 
brittle, jrellow solid, may be prepared and maintained for 
a little time in the form of this brown viscous mass, but 
this latter form of sulphur soon passes spontaneously and 
•slowly at the ordinary temperature, and instantaneously 
at 100°, to the solid octahedral yellow modification with 
evolution of heat. The viscous form of sulphur is an 
allotropic modification of that element. A few cases of 
allotropy in metals have already been established, and 
when they do occur they give rise to probldhis of vast 
industrial importance. Such molecular changes in metals 
are usuilly produced by the addition of a small quantity 
of foreign matter, and I have elsewhere tried to show that 
the molecular change produced by the action of traces 
upon masses is a wide-spread principle of nature, and one 
which was recognized at the dlwn of the science of 
chemislry, even in the seventh century, although distorted 
explanations were given of well-known facts, and gave rise 
to entirely false hopes. But it is the same story now as 
in mediaival times : the single grain of powder which 
Raymond Lully said would transmute millions of its 
weight of lead into gold — the single grain of stone that 
.Solomon Trismosin thought would secure perpetual 
youth — had their analogues in the 'small amount of 
plumbago which, to Bergman’s astonishment in the 
eighteenth century, converted iron into steel. By his 
time it was recognized that the right use of alchemy con- 
sisted in the application of its methods to industry, and 
we still wonder at the minuteness of the quantity of 
certain elements which can profoundly affect the proper- 
ties of metals. The statements are true, and are not 
derived from poetical literature, early or late. Even in 
the moral world the significance of the action of traces 
upon masses has b^en recognized, and the method of 
the alchemist survives in the administration of the small 
quantity of powder which, in the imagination of Robert 
Louis Stevenson, will produce the malevolent Hyde 
modification of the benevolent Dr. Jekyll. In thus 
borrowing an illustration from one of the most refined 
and subtle writers of our time, 1 do not fear the taunt of 
Francis Bacon,* that “ sottishly do the chymics appro- 
priate the fancies .and delights of poets in the transforma- 
tion of bodies to the experiments of their furnaces ; ” for, 
although it may not be possible to transmute metals, it is 
easy so to transform them, by very slight influences, that 
as regards special service required from them they may 
behave either usefully or entirely prejudicially. 

In attempting to illustrate this part of the subject I 
cannot take the most strikit^g cases, as it is difficult to 
demonstrate them in the time at my disposal. The 
following experiment, which does not, however, depend 
.ipon the action of a trace upon a mass, will enable me 
;o lead up to the point I wish to insist upon. It consists 
n the release of gol I from its alloy with potassium. 
When the alloy is tPeated with water, the gold comes 
down in a finely divided, dark brown, chemically active 
tate. [Experiment shown on the screen.] 

I have chosen this experiment because it was a similar 
one that first roused suspicion that pure iron could exist 
in more than one form. 

The question at once suggests itself, Can iron Ijehave 
in a similar manner : is an allotropic form of iron known ? 
Joule afforded experimental evidence for an affirmative 
answer to this question nearly forty .yeare ago by 
communicating to the British Association in 1850 a 
paper on some anjalgams. The resiflt of his experimeifts, 
published in detail later,* in a paper which J^as been 
sadly neglected, showed that iron released from its 
amalgam with mercury is chemically active, as it com- 

‘ Praface to tha " Wisdom of the AnctonA.’' 

* •* Qn so ns An’ilgaais** Mem-.LU. Pnil. Soc. Manchester, vol# ii« [3* 
p. 
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bines readily with the oxygen of the air at the ordinary 
temperature, and he claims that the iron so set free is 
allotropic ; but Joule did much more than this. Magnus 
had shown (1851) that the thermo-electric properties of 
hard and soft steel and iron differ. Joule, in a paper on 
some thermo-electric properties of solids, incidentally 
shows that the generation of a thermo-electric current 
affords a method of ascertaining the degree of carburiza- 
tion of iron, and he appeals to the “ thermo-electricity of 
iron in different states ” as presenting a “ fresh illustration 
of the extraordinary physical changes produced in iron by 
its converlion into steel,” and he adds the expression of 
the belief “ that the excellence of the latter metal might : 
be tested by ascertaining the amount of change in j 
thermo-electric condition which can be produced by the j 
process of hardening.” ’ It is by a thermo-electric method | 
that the views as to the existence of iron in allotropic i 
forms has been confiribed. Jullien seems to have inclined j 
to the view that iron is allotropic in his •‘Thddrie de la | 
Trempe,” “ published in 1865, but he cannot be said to have 
added much to our knowledge, although he certainly 
directed attention to the importance of hardening and 
tempering steel. 

The next step was made in Russia, in 1868. Chernoff, 
who has found an^adtnirable exponent to English readers 
in Mr. W. Anderson, President of Section G, showed that 
steel could not be hardened by rapid cooling until it had 
been heated to a definite temperature — to a degree of 
redness which he called a. Then in 1873, Prof. Tait-' ' 
used this expression in a Rede Lecture delivered at 
Cambridge : “ It seems as if iron becomes, as it were, a 
different metal on being raised above a certain tempera- 
ture ; this may possibly have some connection with the 
ferricum and ferrosum of the chemists.” He also 
published his now well-known “ first approximation to a I 
thermo-electric diagram,” which if of great interest in j 
view of recent work. At about this time those specially 
interested in this question remembered that Gore^ had 
shown that a curious molecular change could be produced 
by heating an iron wire, which sustains a momentary 
elongation on cooling. Barrett repeated Gore’s experi- 
ment, and discovered that as an iron wire cools down 
it suddenly a phenomenon to which he gave the 

name recalescence^ and these investigations have been 
pursued and developed in other directions by many skil- 
ful experimenters." In 1879, VVrightson" called attention 
to the abnormal expansion of carburized iron at high 
temperatures. 

The next point of special importance seems to me to 
be that recorded by Barns, who, by a thermo-electric 
method, showed, in an elaborate paper published in 1879,^ 
that “ the hardness of steel does not increase continuously 
with its temperature at the moment of sudden cooling, but 
at a point lying in the dark-red heat the glass-hard state ” 
may suddenly be attained by rapid cooling. I shall have 
again to refer to the remarkable series of papers published 
by Barus and Strouhal,® embodying the results of laborious 

* Phil. Tran*? , c.xltx., 1859, p 9 ^* 

- ** Annexe au trair*^ dc la Mdtallurgie du Fer/' iS^^s. 

^ Nati’RK, viii., 1873, pp. 86, 122; and Tran.s. Koy. Soc. Edin., xxvtt., 
1873, P* * 25 - 

4 Proc Roy. S>c , xvii., 1S69, p. 260, 

5 G. ForbeH, Proc. Roy. Soc. Edin., viii., 1874, 363; Norris, Proc. Roy. 

Soc., xxvi., 1877, 127 ; Tomliiv^on, RAU. xxiv., 1887, 256; xxv., pp. 45, 

io3t and 37a ; xxvi. p. 18 ; Newall, xx«v., 1887, 435 ; xxv , i8i88,, 

P- 51 ' 

^ Journ. Iron and Steel Inst., No. ii. 1879; No. i. i88o. 

7 Barus. /'A/V. Mag % viii., 1879, p. 341. 

« ** Hardness (Temper), it-* Electrical and other Cha^acteri^tics,’* 
Barus, /'A/ 7 , Mag.^ viii p. 341, 1879: WUd, Ann., vii, p. 383, 1879; 
Strouhal and Barus, IVied* Ann., xu p« 030. 1880; / 7 vV/., xx. p. 525, 1003. 
''Hardness and Magnetizatton,*' Ivied. Ann,^ yx. pp. 537, 66a. x88^. 

** Density and (Internal) Structure of Hard Steel and of Quenched Glass, 
Barus American J out xxxi. p. 386, 1886; ibid,, p. 439; 

ibid.^ xxxi. p. 181, 1886. ** Temper and Cnemical imposition/' Am, 

Jeum,^ xxxii. p. 276, x886. "Temper and Viscosity,*' /D/r. xxxit. 
p. 4^4, 1886; ibid,^ xxxiii. p. 20, 1887: Barus, ibid,, xxxiv. p. r, 1887; ibid,, 
xxxiv. p. 175, 1887. These pa^r.*, systems* ically discussed and enlaraed, 
are emoodied with new matter in the Ballitins of the United States Geo* 1 
‘ * logical Survey, VIZ. :—/y«///.. No. 14, pp. 1-226, tSSKiBtdi, No. 27, 

’^61, 1BS6:* BtM, No. 33, pp. 11*60, i 836 ; Bni/., Ne.42, pp. 98-131, 18&7 


investigations, to which, in the limited space of this lec- 
ture, I can do t)ut' scanty justice ; and finally, within the 
last few years, Pionchon ' showed that at a temperature of 
700° the specific heat of iron is altogether exceptional, and 
Le Chatelier ‘ has detected that at the same temperature a 
change occurs in the curve representing the electromotive 
force of iron — both experimenters concluding that they had 
obtained evidence of the passage of iron into an allotropic 
state. 

Osmond, in France, then made the observations of 
Gore and Barrett the starting-point of a fresh inquiry, 
which will now be considered -at some length, -as 
Osmond has arrived at conclusions of much interest and 
importance. 

( To be continued.) 


ON A NE IV APPLJCA TION OF PHO TOGRAPHY 
TO THE DEMONSTRATION OF CERTAIN 
PHYSIOLOGICAL PROCESSES IN PLANTS. 

IV/f R. WALTER GARDINER, Lecturer on Botany in 
the University of Cambridge, who delivered the 
evening address at Newcastle on “ How Plants maintain 
themselves in the Struggle for Existence,” has discovered 
a new method of printing photographic negatives, employ- 
ing living leaves in place of sensitive paper. Mr. Gardiner 
read a^paper on the subject before the British Association. 
Before dealing with the immediate subject of his paper, the 
author described how prints may be obtained from Proto- 
cocci, or the free-swimming swarm-spores of many green 
Algce. It is possible to take advantage of their sensitive- 
ness to light. Into one end of a water- tight box, a thin 
glass plate is securely fitted. The negative to be printed 
is then placed next the glass, film side nearest. The box 
is filled with water containing a fairly large quantity of 
swarm-spores. The lid is shut down, and the whole is 
exposed to diffused light. In the case of a strong and 
well-developed negative, the swarm-spores swim towards 
the most highly-illuminated parts, and there in the 
greatest numbers come to rest, and settle upon the 
glass, so that, after some four or six hours, on pouring 
out the water and removing the negative, a print in green 
swarm-spores can be obtained. The print may be dried, 
j fixed with albumen, stained, and varnished. The author 
I then dwelt upon the well-known fact that the whole of the 
animal life upon the globe depends directly or indirectly 
upon the wonderful synthetic formation of proteid and 
protoplasm which takes place in the living tissue of 
plants containing chlorophyll, i.e. green plants, or, to be 
more exact, in the green chlorophyll corpuscles. He 
stated that, whatevei^ is the exact chemical nature of the 
process, this is at least clear, that the first visible product 
of the assimilatory activity is starch, which, moreover, is 
found in the chlorophyll grains. The presence of this 
starch can be made manifest by treating a decolorized 
leaf with a water solution of iodine dissolved in potassic 
iodide. This formation of starch only takes place under 
the influence of light ; the radiant energy of the sun pro- 
viding the means of executing the profound synthetic 
chemical change, and building up proteid from the car- 
bonic acid of the air which is taken up by the leaves and 
the salts and water of the soil absorbed by the roots. If 
a plant (and preferably a plant with thin leaves} be placed 
in the dark over-night, and then brought out into the 
light next morning, the desired leaves being covered with 
a sharp and well-developed negative, starch is formed 

• ComUt* rendm, di., ifSC, pp. 675 and 1454, dii. p. 

« Ibut., cil p. 810. 

3 1 he reader will find the principal part of Osmond'a work in the following 
paper! ; Osmond et Werth, *‘TW rie Cellulatre dcs Propritfids de rAcier/ 
Ann, dei Mine*, vii\, 1B85. p. 5 ; /* Tranafcrmatirmii dii Feret du Carbone/' 
Paha, Baudoin et x888 ; " Etudes Mdtallurgiquea/* Ann* dee Mines, 
Tuillet-AofiL i888. Toere ii ali^ a very iotcresiing paper, **Sur lea 
Nouveaux Procd 4 ^s de Tremp^/' which he communicated to the Mining and 
Metallurgical Congreasi Paria, 1889. 
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when light is transmitted, and in greatest quantity in the 
brightest areas. Thus a positive in starch is produced 
which . can be developed by suitable treatment with 
iodine. [A leaf was then developed, and handed round 
to the audience for inspection.] The author showed that 
it might be possible to obtain a permanent print by suit- 
able washing and treatment with a soluble silver salt, 
silver iodide being formed. The author regards this dis- 
covery as a most striking illustration of the way in which 
plants are working for themselves, and so for all living 
things, and points out. that the extraordinary manner in 
which the green parts of plants (so to speak) catch the 
radiant energy of the sun, and employ it for analytical 
and synthetical chemical processes, may be easily and 
clearly demonstrated. 


NOTES. 

We understand that the late Mr. John Ball, F.R. S., has 
bequeathed his botanical library and herbarium to Sir Joseph 
Hooker, to the Director of the Ro}al Botanic Gardens at Kew for 
the time being, and to the President of the Royal Society for the 
time being, requesting them to give the same to such person or 
persons or public institution in this country, the British colonies, 
or elsewhere in the world, as they or any two of them may 
select, with the sole object of promoting the knowle^e of 
natural science. Right is, however, reserved for Kew to select 
previously such specimens or books as it may want. 

The following is the list of names recommended hy the Pre- 
sident and Council of the Royal Society for election into the 
Council for the year 1890, at the forthcoming anniversary meet- 
ing on the joih inst. President : Sir George Gabriel Stokes, 
Bart. Treasurer: Dr. John Evans. Secretaries; Prof. Michael 
Foster, the Lord Rayleigh. Foreign Secretary ; J 3 r. Archibald 
Geikie. Other Members of the Council; Prof. Henry Edward 
Armstrong, Prof. William Edward Ayrton, Charles Baron 
Clarke, Prof. W. Boyd Dawkins, Dr. Edward Emanuel Klein, 
Prof. E. Ray Lankester, Dr. Hugo Miiller, Prof. Alfred 
Newton, Captain Andrew Noble, C. B., Rev. Stephen Jo eph 
Perry, Sir Henry E. Roscoe, Dr. Edward John Roulh, William 
Scovell Savory, Prof. Joseph John Thomson, Prof. Alexander 
William Williamson, Colonel Sir Charles William Wilson, 
R.E. 

In the list of Englishmen decorated in connection with the 
BritWi Section of the Paris Exhibition, the names of the follow- 
ing men of science arc included : — Grand Olhccr of the Legion 
of Honour: Sir William Thomson, F.p.S. Offices of the 
Legion of Honour: Sir Douglas Galtoh, K.C. B., Sir Henry 
Roscoe, M.P., F.R.S., Mr. W. H. Preece, F.R.S. Cbevalieis 
of the Legion of Honour : Prof. Francis Elgar, Prof. W. Roberts- 
Austen, F.R.S., Dr. C. Le Neve Foster. Officer of Public In- 
struction : Mr. C. V. Boys, F.R.S. 

The Naturforschende Gesellschaft at Emden is to celebrate its 
seventy-fifth anniversary on December 29 next. The Society was 
founded in 1814 by twenty-four burgesses of Emden., The 
festivities in December will consist of a general meeting of the 
Society and the Society’s correspondents at noon in the Museum, 
and a Festessen at four o’clock. 

A REPORT of the proceedings of the International Zoological 
Congress, held in. Paris two months ago, will be published 
shortly. 

A French translation of Dr, Wallace’s “Darwinbm” will 
be published next year. 

The greater part of the ethnographical collect ipn sent to 
the Paris Exhibition is to remain in Paiis, in the Colonial 
Museum, 


The following botanical appointments are announced : — The 
Directorship of the Botanic Garden at Berlin, vacant by the 
death of Dr. Eichler, having been conferred on Prof. Engler, of 
Breslau, Prof. Urban becomes Second Director of the Berlia 
Botanic Garden ; and Prof. Prant), of Aschafifenburg, succeeds- 
IVof. Engler as Director of the Botanic Garden at Breslau. 
Prof. Sadebeck, of Hamburg, is appointed Director of the 
Botanic Garden in that town, in the place of the late Dr. 
Reichenbach. Dr. G. von Lagerheim vacates the Professor- 
ship at Lisbon, to which he was lately appointed, jnd goes to- 
Ecuador as Professor of Botany and Director of the Botanic 
Garden at Quito. Dr. H. Moliscb, of Vienna, takes the Chair 
of the late Dr. Leitgeb in the Polytechnic at Gratz. Dr. F. 
Hueppe is appointed Professor of Bacteriology at the University- 
of Prague, and is succeeded in the same Chair at Wiesbaden by 
Dr. G. Frank, of Berlin. The venerable Professor von NaegcH 
retires froti the Directorship of the Botanic Garden at Munich. 
Mr. F. S. Earle, Prof. E. S. GofT, and Prof. L. R. Taft have 
been appointed special agents in the Section of Vegetable 
Pathology of the United Slates Department of Agriculture. 
Mr. H, H. Rusby has been appointed Professor of Botany and. 
Materia Medica in the New York College of Pharmacy. 

The Economic Museum, Calcutta, has ^completed and de- 
spatched the first instalmentjof important Indian fibres required/ 
by the India Office for presentation to the Museums of the 
Royal Botanical Gardens at Kew and Edinburgh, and to the 
Chambers of Commerce at Dundee and Manchester. 

A PKIZE of about ;^20 is offered by the Geographical Societies 
of l.)resden and Leipzig, for “ a physico geographical descriptioiv 
of the course of the Elbe between Bodenbach and its entrance 
on the fiat country, with special reference to depth, quantity of 
water and its variationsf ice, and changes in thfe form of the 
banks.** The date is the end of 1890. 

In his addres-s at the opening of the winter session of the Uni- 
versity of "I'orunio, Sir Daniel Wilson, the President of the 
University, referred to the recent Toronto meeting of the 
American Association for the Advancement of Science. 
“Everything available for the special requirements of the 
I Association,** he said, “w’as placed at the disposal of the Sec- 
tions ; and we are gratified by the assurance that, at the close of 
I a highly successful meeting, our visitors carried away with them 
pleasant memories of their reception here.** The meeting of the 
representatives of science in the buildings of the Toronto Uni- 
veisiiy was in some respects, as the President pointed out, 
peculiarly opportune. “The iong-felt need of adequately 
furnished and equipped laboratories and lecture-rooms for our 
scientific staff was anew brought into prominence by the restora- 
tion to the University of its Medical Faculty ; and we now enter 
on the work of another year provided with buildings admirably 
adapted for biological physiological study and research. 

Plans, moreover, have been approved of, which, when carried 
out to their full extent, will furnish equally satisfactory accom* 
modation for the departments of botany, chemistry^ geology,, 
and palaontology, along with laboratories, work-rooms, museum, 
and other requisites for efficient instruction in the various 
branches of science. *’ 

The thirty-fourth general meeting of the Society for Psychical 
Research was held on Friday afternoon, October 25, at the 
Westminster Town Hall. The President (Prof.'Sidgwick) gave* 
an account of ihe International Congfess of ExperimentRl 
Psychology held in Yaris last August. The Cong^^ess had 
adopted the scheme of a census of hallucinations, already set 
on foot by the Society for Psychical Research in England, 
France, and the United States, and it •was hoped that ihe col- 
lection of statistics might gradually be extended to other Euro- . 
pean countries, l^uch matter valuable to psychologists was- 
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thus being collected ; and he trusted that fresh light would be 
thrown on the subject of coincidental or veridical hallucinations, 
which specially interested their Society, He would be glad to 
"Supply information in reply to letters addressed to him at Hill 
“Side, Cambridge. A paper on recent telepathic experiences 
was also read. • 

We learn from Humboldt that the project of a lacustrine bio- 
logical station on Lake Phin, in East Holstein, is likely to be 
soon carried out, thanks to the energy of Dr. Otto Zacharias, 
and the lilferality of the Hohemian Baron Bela Dertcheni. This 
station is to afford Prof. Anton Fritsch, of Prague, and his 
assistants, constant opportunities of research on fresh-water 
fauna. The scheme finds a good deal of favour in Berlin, and 
it is hoped that the researches at the station may prove of 
considerable benefit to ^sheries. 

We send to America some return for the Colorado ^beetle and 
the Canadian water-weed. The “weed-law** of the State of 
Wisconsin requires from farmers, under penalties, the destruc- 
tion of the following weeds : — Cnicus arvensis^ Arctium Lappa^ 
‘Chrysanthemum l.eucanthemum^ Sonchus arvensis^ Xanthium 
striimarium^ Linaria and Rumex crispus. Only one of 

these is a native of the United States ; all the rest being natural- 
ized importations from Europe, and common wild plants in this 
country. 

Prof. Righi showed, last year, that ultra-violet radiations 
reduce to the same potential two conductors, a plate and a piece 
of netting, applied to each other, the rays being thrown on the 
netting-side. He now points out {Riz\ Sci, Ind.j July- August) 
that this suggests a very simple and c ^nvenient way of measuring 
differences of potential of contact. One notes the deflection of 
an electrome^r connected with the ^Dlate (the netting being 
permanently connected with earth) ; then, having connected the 
electrometer for an instant with earth, makes the radiations act a 
suflicient time. He used a zinc electric lamp, and the metals 
examined were placed in some cases in a bell jar, to which some 
gas or vapour was admitted. From measurements of different 
plates with the .^ame metallic net (copper, zinc, or platinum), 
the differences of potential of pairs of metals could be deduced. 
Prof. Righi found the differences sensibly the same in dry and 
moist air and in carbonic anhydride ; but with hydrogen, very 
different values (from those in air) appeared, where one of the 
metals examined was platinum, palladium, nickel, or iron 
(doubtless owing to absorption). In ammonia all the metals 
examined with zinc net, seemed to have become less oxidizable ; 
and in coal gas, carbon afid platinum behaved like more 
oxidizable metals. A memoir on the subject will shortly 
appear. 

In an interesting paper on the management of aquaria, printed 
in the Bulletin of the United States Fish Commission, Mr. W. 
P, Seal points out that, in the feeding of the fish, care must be 
taken to introduce no more food than they can eat in a short | 
time, as what is not eaten will soon decompose and make the 
water cloudy, and generate noxious gases as well. If due care 
is observed in regard to quantity, it does not matter how often 
fish are fed, except that if fed abundantly they will grow rapidly, 
which is not generally de^-ired. Fish may be fed every day, or 
but two or three times a week, with equally good results appar- 
ently. They will always find a small amount of food in the 
aquarium in the vegetation. Where they arc not fed sufficiently, 
fhey are apt to strip the plants of their tleaves. In a natural 
-conditidla fish are feeding continually and grow very rapidly. 

On November 2 a slight shock of earthquake was felt in St. 
Louis, U.S.A., and the vicinity. 

The following summary of the phases of Vesuvius during tke 
jpast year has been supplied by Prof. Palnveri, of the Vesuvian 


Observatory of the .University of Naples, to the British Consul 
there, and is appended by the latter to his last Report. Mount 
Vesuvius, during the past year, has continued its moderately 
eruptive activity, which began in the month of December 1875. 
There were various emissions of small lava streams, which did 
not reach farther than the base of the cone. An additional cone 
was gradually formed, caused by the activity of the motive power 
of the crater which, towards the end of the year, had reached a 
height of 100 metres (equal to 328 feet) above its original level. 
On various occasions the detonations and the red-hot projectiles 
thrown up with the large quantities of smoke indicated greater 
eruptive power. During the whole year no ashes were thrown 
up, and consequently the crops in the surrounding country were 
not destroycil. The sublimations on the smoke issues were 
relatively scarce, and did not present any product that called 
for attention. The seismographic instruments at the Observa- 
tory did not show an activity proportionate to that of the 
volcano. All the lava streams that issued during the year 
flowed towards the eastern slopes of the mountain. 

The Meteorological Council have published Part T. of the 
Quarterly Weather Report for 1880. The work is (as before) 
divided into three sections : (i) a general summary of the chief 
features of the weather for the quarter ; (2) tables showing the 
movements and peculiarities of the principal cyclonic and anti- 
cyclO(Uic systems ; and (3) remarks on the distribution of the 
various elements for each month, illustrated by charts. An 
appendix contains tables and diagrams illustrating the diurnal 
range of the barometer in Great Britain and Ireland during the 
years 1876 80, by F. C. Bayard. The data used are the hourly 
observations at seven Observatories in connection with the 
Meteorological Office, and at Greenwich and Liverpool Observa- 
tories. The paper shows that, even in these high latitudes, the 
daily range is well marked during all months, notwithstanding 
the interference caused by non-periodic changes. Important 
seasonal differences are shown, the morning maximum being 
distinctly higher than the evening maximum in winter, while in 
summer the evening maximum is the higher of the two. The 
values exhibit the influence of locality on the amplitude and 
epoch of the diurnal inecpialilies, and furnish material for more 
minute inquiry. 

It is interesting to read of a part of the world where the buffalo 
is not dying out, but increasing in numbers. A journal of Perth, 
in Western Australia, says that few Australians are aware that 
certain parts of Northern Australia have vast herds of the wild 
buffalo {Bos bubalus) careering over its plains and wallowing in 
its shady pools. The Sydney Mail states that the animals are 
massive and heavy, with splendid horns, and afford sport of a 
sufficiently dangerous nature to possess charms for the most 
daring hunter, a wounded buffalo being one of the most dangerous 
animals known, his great weight, prominent horns, and splendid 
courage, making him as well respected as sought after. The first 
buffaloes were landed at Port Essington, North Australia, about 
the year 1829. 

The Naturalises Gazette has issued an excellent series of 
what it calls “label lists.** On one sheet there is a list of British 
birds’ eggs ; on another, a list of dragon-flies ; on another, a list 
of British butterflies ; and so on. The names are printed in 
suitable type on gummed paper, and collectors, in labelling 
their specimens, will find the lists of considerable service. 

The next volume of Messrs. Ward, Lock, and Co.*s “Minerva 
Library of Famous Books ** will be “ Travels on the Amazon 
and Rio Negro,*’ by Dr. Alfred Russel Wallace. 

I F. A. Brockhaus, 16 Querstrasse, Leipzig, has issued a 
catalogue, in four parts, containing lists of works relating to 
various branches of botany. 
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The Colonies and India states that a discovery has recently 
been made on a Fiji plantation, which win probably prove 
extremely valuable in all tropical countries where the cultivation 
of bananas is regarded as a settled industry. The banana disease 
had for some time been causing much havoc on a plantation on 
Vanua Levu, and it appears that the discovery of an antidote 
was due to an accidental occurrence. On a flat near the sea- 
shore there was a patch of bananas much diseased, and some 
time ago the sea swept into it and remained on it for about an 
hour. All the plants were killed as far as the standing stems 
were concerned, but vigorous young shoots came up freely from 
the roots, and were not only quite free from disease, but soon 
began to bear much larger bunches of fruit than the parent 
plants ever did. Upon noting this effect the planters deter- 
mined to try the experiment upon a number of badly diseased 
plants which the sea had not reached. They cut down the 
diseased plants, and, having stirred the ground about them, 
poured from one to four buckets of sea water over each. The 
result was that, while the parent stems withered, vigorous young 
shoots came freely away, without a sign of disease. 

A SERIES of successful experiments upon the simullaneous 
production of pure crystals of sodium carbonate and chlorine gas j 
from common salt are described by Dr. llempel in the current 
number of the Beric/ih\ The experiments siuiply consisted in 
passing a current of carbon dioxide gas through a solution of 
salt contained in a special form of electrolytic cell, through 
which an electric current from a few Hansen’s cells or a smill 
dynamo was circulated. The kathode founl m^st convenient 
consisted of a plate of iron or carbon perforated with numerous 
holes about 4 millimetres in diameter, bored obliquely, so that 
bubbles of gas couM readily escape upwards. For anode a 
similar plate of thin perforated carbon was employed. Bath elec- 
trodes were circular in shape, and betw’een them was placed a 
diaphragm of thick asbestos paper, which was directly squeezed 
between the two plates. This arrangement was found to pois^ss 
the double advantage of bringing the two electrodes within 
I millimetre of each other, and so greatly diminishing the 
internal resistance, and of affording such excellent support to 
the asbestos diaphragm that any rupture of the latter was 
entirely prevented. The electrodes and their enclosed dia- 
phragm were supported in a circular glass cell in such a manner 
that they divided the cell into two distinct chambers. To the 
glass wall of the cell on the positive or anode side was fitted a 
wide side tube, through which the salt was supplied as often as 
necessary in solid pieces, a little water being also from lime to 
time added to replace that taken up in the crystallization of the 
sodium carbonate. A delivery tube wal also attaclied to the 
upper portion of the anode chamber in order to conduct away 
the liber.atcd chlorine gas. The negative or kathode chamber 
was supplied at its upper end with an opening serving on the 
one hand to introduce the carbon dioxide delivery tube, and on 
the other to extract the crystals of sodium carbonate. The 
apparatus was thus found to work continuously for weeks to- 
gether, the asbestos diaphragm withstanding the pressure very 
satisfactorily. The separation of the soda crystals is readily 
explained by the well-known fact of the difficult solubility of 
sodium carbonate in solutions of sodium chloride ; as fast as the 
electric current decomposes the sodium chloride into chlorine 
and sodium, the carbon dioxide converts the sodium hydrate 
formed by the reaction of the sodium upon water into the normal 
carbonate, which, in presence of the constantly-replenished com- 
mon salt, at once separates in the usual monoclinic form of 
NajCOj . 10H3O. The total resistance of the cell is only about 
five and a half volts, which may be still further reduced by 
constructing both electrodes of carbon. Using a small dynamo- 
electric machine, 64*5 grams of chlorine and 259*8 grams of 
NajCOg . loHjO per horse-power of 6S0 volt-amperes were pro- 


duced per hour, so that the experiments, in addition to their 
interest from a purely chemical point of view, may turn out to 
bear fruit technically. The soda produced is stated to be 
chemically pure, and the chlorine to contain but a very small 

admixture with other gases. 

• 

The additions to the Zoological Society’s Gardens during the 
! past week include a Patas Monkey {Cercopithecus patas 6} 

' from West Africa, presented by the Rev. Janies Vernall ; a 
I Cheetah {Cynivlurus jubaitts 6) from South Africa, presented 
* by Captain M. P. Webster, s.s. /\osl/n Castle ; a Ring- tailed 
I Coati {Nasua rufa 9 ) from South America, presented by Mr. 

1 J. A. Martin ; two Short-toed Larks (Calandrclla brachydactyla'^ 

; from Devonshire, presented by Commander W. N. Latham, 
i R.N., F.Z.S. ; a Sharp-nosed Crocodile {Crocodilus acutus) fron> 

I Jamaica, presented by the Jamaica •Institute ; two Tuatera 
j Lizards (^p/tenodon punctatns) from New Zealand, presented by 
j Rear-Admiral Henry Fairfax, R.N., C.B., P'.Z.S. ; a Smooth- 
i headed Capuchin {Cebns vionachus 6) from Brazil, deposited; 
a Collared Peccary {Dicotyles taja<,'U 9 ), four Rosy-billed Ducks- 
{Metopiana peposaca d d 9 9 ) from South America ; two Grey 
Squirrels {Sciurus cimreus) from North America ; four 
Finches {Mnnia nann) from Madagascar, purchased. 


OC/B ASTRONOMICAL COLUMN. 

• Stei.lar Parallax by Means of PHuT<^GRArHY. — ProC 
Pritchard has sent us his eminently successful “ Researches ii> 
Slcllar Parallax ” by the aid of photography, from observations 
made at the Oxford University Observatory. The advantJige in 
i point of convenience and rapidity in the multiplication oJ 
observations which this method possesses over all others is in- 
calculable, and it is interesting to note that in the case of fiij 
Cygni the parallax obt^fined was ©"*4294 ± o''*&i62, and that 
Bessel’s probable error is practically identical with this here 
stated. Hence, as far as the present results are concerned, 
photographic and heliometric measures of parallax may be 
regarded as possessing an equality of accuracy. 

The follov^ing list contains the stars whose parallax has been 
determined by this novel method, and some of the results- 
obtained : — 


6i| Cygni 

. * • 

+ o '429 

± 0 016 

613 ,, 

/i Cassiopeia’ 

... 

+ 0-432 

± 0019 

... 

+ 0021 

± 0-023 

Polaris 

... 

+ 0-052 

± o-oii 

a Cassiopeia 

... 

+ 0 035 

± 0 024 


... 

+ 0-157 

± 0-036 

y 

. . . 

- 0-032 

± 0-026 

a Cephei 

• • • 

... + 0073 

± 0 03 1 


The almost identical parallax of the two com]:onenls of 61* 
Cygni is worthy of note. The average of eight determinations 
gives a value o"*437, which is a close approximation to Dr. 
Belopolsky’s value of 0*50 as the absolute parallax of 6i Cygni. 

Bessel determined a small negative parallax for ^ Cassiopeiae, 
but Dr, Struve .’assigned It a value -I- o"*342. The very small 
positive parallax given by Prof. Pritchard may be explanatory of 
Bessel’s negative determination. 

The small negative parallax found for 7 Cassiopeia would 
indicate that it and the comparison stars arc in the same group, 
although its bright line spectrum points to a constitution different 
from that of other stars in this constellation. 

Even a cursory examination of the summary of results renders 
it evident that no relation exists between the lustre and parallax 
of stars, and indeed, since we probably view bodies which are 
still in various stages of condensation, we should* hardly expect 
to find any such relation. • * 

Measurements efr Double Stars. — Asironomische Nach- 
richten^ Nos. 2929-50, contain a series of double star^observa- 
tions made with the 36-inch refractor of the Lick Observatory 
by Mr. S. W. Burnham. The discovery is claimed of two very 
faint stars in the trapezium of Orxon,*and an excessively faint 
llcuble lyis also been detected by Mr. E. E. Barnard just outside 
and preceding the trapezium. The observers believe that, ii> 
spite of the iiumerdUs alleged discoveries of faint stars in this- 
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region, it is impossible to see such as these now found with an 
aperture much less than that of the Lick telescope. A list is 
therefore given of the principal communications to astronomical 
periodicals relating to the alleged discovery of faint stars in the 
trapezium of Orion. 

Barnard’s Comet, i888‘-89. — CompUs ratdus, No. 
October 21, 1889, contains some observations made by MM. 
Rayet and Courty of the motion of Barnard’s comet, the posi- 
tions of the comparison j*tars being also given. The series of 
observations extend from September ii, 1888, to September 27, 
1889. • 

Biographical Note on J. C. Houzeau. — M. A. Lan- 
caster, the collaborator with Houzeau of the most comprehensive 
bibliography extant, has proved himself, in this note, to be 
the most capable of writing his deceased friend’s biography. 
Houzeau’s .scientific and literary labours cover an extensive 
field : astronomy and gepdesy. mathematics and meteorology, 
geology and geogr.iphy, are all represented in his works ; and 
when but a young man, he directed the triangulati^n of his 
country. In politics Houzeau wa^ an enthusiast, and whilst in 
America, about 1861-69, he gave a considerable amount of atten- 
tion to the subject of the emancipation of the slaves, and wrote 
numerous and important articles upon it. In 1875, Houzeau 
completed a series of astronomical and meteorological observa- 
tions made at Jamaica, and in the following year was appointed 
Director of the Brusfels Observatory. His crowning work — the 
‘‘ Vade Mccum of Astronomy,” was finished in 1882. It repre- 
sented the work of a lifetime, and as a guide to astronomers is 
invaluable. Such a compilation, however, calls for continual 
additions, and a general bibliography was published in 1887, 
with the assistance of M. A. Lancaster. This was Houzeau’s 
last work, but before his death, on July 12, 1888, he earnestly 
expressed the wish that it should be carried on by his colla- 
borator. Houzeau’s life was full of vicissitudes, and his biography 
is most interesting. 

Jhe Karlsruhe Observatorv.— The third volume of the 
Publications oPthe Granl-Dacal Obseiwatory of Karlsruhe has 
recently been published by Dr. W. Valentiner, the Director. 
The bulk of the volume is by Dr. E. von Rebeur-Paschwltz, and 
consists, first, of a series of measures with the 6-inch refractor of 
the two star-clusters M. 35 and M. 25 ; secondly, of a discussion 
of the orbit of Comet Wells, 1882 I., and the derivation of 
definitive elements ; and lastly, of auxiliary tables fur the com- 
putation of parallax for 169 different observatories. 

Dr. Boy Maitheissen adds a short paper on the orbit of Comet 
Denning, 1881 V. 

The volume contains three plates, the first two being maps of 
the star-clusters under observation,* whilst the third gives photo- 
graphs of the same two clusters as taken by Dr. E. von Gothard 
at Hereny. 

Objects for the Spectroscope. 


Sidereal Time at Greenwich, at lop.m. November 7= ih. 9m. 9«. 


Name. 


Mag 


<1) Nebula in Andromeda, 
<2) y Cassiopeia 
O) 47 Piscium ... 

•<4) < Ceti 

(slyPegasi 
<6)I).M. -f 34“ 5V 
h)T Herculis ... 


2 
5 

3 

3 

8 

Var. 


Colour. 


R.A. Deck 
j 1890*0. ,1892*0. 


Greenish-white. 
Bluish'wflite. 
Yell iwish-red. 
Yellowish-white. 
While. 
Deep red. 
Reddi.sh. 


' h, m. s. ' „ , 

! o 35 4 +40 3o’*4 

I o 50 I 4 -to 7 

o 42 58 4 * 6 59'2 

o 13 48 - 9 26 

I o 7 34 + 14 34 

i o 21 42 -1-34 5' 

j 18 4 56 4-31 o 


• * Hemarks. 

(i) Dr. Huggins notes that the spectrum ends abruptly in the 
orange. Maxima of brightness have since been recorded by 
tnyself at, approximately, 468-474, 517, and 546, and the latter 
tiyo have also been confirmed by Mr. Taylor. Further con- 
firmation is required. For comparison, a j^unsen or spirit-lamp 
flanne wi[I be found convenient for the first two, and the brightest 
fluting seen when lead chloride is introduced into the flame for 
the third. Mr. Lockyer suggests that' since the central C3nden- 
satiqn is probably at a higher temperature than the surrounding 
i>ortions of the nebula, dnferent pa^ of the nebula should show 
ifliflerences in their spectra. Observing with -Mr. Lockyer*s^ 30^ 
unch reflector at Westgate-on-Sea, on Octe^r 20, 1 suspected 


some change in the spectrum away from the nucleus, but was 
unable to complelte tne observation on account of clouds, and 
have not since had an opportunity of repeating it. 

(2) The bright lines most constantly seen in the spectrum of 
this star are C, F, and Dg, but their appearance is somewhat 
irregular. Continuous observations, with special reference to 
the relative intensitie.s of the lines, are suggested. The lines are 
well seen in a lo-inch equatorial with a Maclean spectroscopic 
eye-piece. Bright fluting^ of carbon have also been suspected, 
and comparisons should be made with the Bunsen or spirit- 
lamp to confirm these. The continuous spectrum should also be 
carefully examined for maxima. D, and other absorption- 
lines, have also been recorded. 

(3) This is a star which gives a spectrum of dark flutings 
fading away towards the red. Dunt?r records bands 2 to 9, and 
describes the spectrum as superb. Band 3, near D, is of extra- 
ordinary width. The spectra of this type have been explained 
as mixed metallic fluting absorption and carbon fluting radiation. 
The carbon flutings probably present are 5 17 and 468-474, which 
again may be determined by comparison with the spirit-lamp, 
517* being the brightest green fluting. 

Dimer’s notation and mean wave-lengths of the dark bands 
are as follows : — (i) 648-666, (2) 6 16*2-629 ’8, (3) 586 7“S9h'8, 
( 4 ) S59’8-S64'9. CS) S45'2-SSI ’5. (6) S 24 ‘ 3 -S 28 t, (7) 5 « 6 - 8 ' 
522*2, (8) 495 •9-503*0, (9) 476*0-483*0, (10)460*7-473. TJi.- 
bright spaces between 7 and 8, and 9 and lo arc probably due 
to carbon. 

(4) This is a star of Class II.«, which is now divided into two 
groups, one having spectra of the type of a Tauri (Group III.), 
and thO other of the sun (Group V.). The lines should be care- 
fully observed, and differences from the solar .spectrum, if any, 
noted, so that the star can be classed in one group or the other. 
The principal criteria so far determined for Group HI. are 
strong lines at 4^9 and 540. 568 and 579. The line at 540 
forms with E (5268), and the iron line at 5327 (both solar lines), 
an equi-distant Irio. The difiference between the two groups 
may perhaps best be observed by a comparison of Aldebaran 
and Capella. 

(5) The spectrum of this star is Class ha (Group IV.). The 
relative intensities of the hydrogen and metallic lines should be 
noted, in order that the star may be arranged with others in 
order of temperature. 

(6) Duner gives the spectrum of this star as Class 1 1 1. ^ (Group 
VI.), in which the main features are three dark carbon flutings 
fading away towards the blue. Other absorptions, if any, should 
be carefully observed, and their relative intensities recorded. 

(7) This is a variable star, which reached its maximum on 

November 6. The magnitude at maximum is given by Gore as 
6 *9-8*3, and the period as 165*1 days. The spectrum has not 
yet, so far as I know, been recorded. A, Fowler. 


GEOGRAPHICAL NOTES. 

The telegrams in the papers of Monday and Tuesday from 
Mr. Stanley are of the* most suggestive and interesting character. 
For one thing, Emin, Casati, and others who have been holding 
out, are safe, though the brave Pashk has evidently been deserted 
by most of his men. That Mr, Stanley's expedition was needed 
the result has proved. He reached the Albert Nyanza for the 
third time, not a moment too soon to rescue the retreating 
party. We need not dwell on the sacrifices that have been en- 
tailed ; they might to some extent have been avoided, but pei^ 
sonally Mr. Stanley is not to blame. The geographical results 
of the expedition, as shadowed in the too brief telegram in 
Tuesday’s papers, are evidently of the highest interest. There 
is now no doubt that there is a southern Albert Lake, Muta 
Nzig^, which Mr. Stanley has named Lake Albert Edward. 
From the time when he himself discovered what he called Beatrice 
Gulf until the present, no one had seen this lake. At first it 
was thought to be a part of the northern lake, Albert Nyanza, but 
that idea had to be given up. Now^ it is clear that it is connected 
with that lake by the River Sempliki. The southern lake is 
900 feel higher than the northern, and so is about 3200 feet 
above sea-level, and 450 feet above Lake Tanganyika, with 
which it is unlikelj^ to have aiw connection. Mr. Stanley skirted 
the snowy mountain range referred to in his letters of six months 
ago, and found that they send down fifty streams to feed the 

'Roy. Soc. Proc.i vot. xlv. pp, 380-392. 
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Sempliki. Awambn, Usongora, Toro, AHaiyama, Unyampaka, 
and Anhori, are all districts around the weA, north, and east 
shores. of the Lake Albert Edward, three sides of which Mr. 
Stanley says he has traversed — probably the cast, west, and north 
sides, though it is possible he may have gone round the south 
side. It is probable that the. lake as laid down on our maps is 
much too large, and that it is comparative! v small Mr. Stanley 
found it to be 15 miles wide at Beatrice Gulf. From the lake 
he struck south-east to Karagwe and Uzinze, on the south-west 
and south of Victoria Nyanza, and no doubt found at Mslala the 
stores which have been accumulating for many months. Thus 
it will be seen Mr. Stanley has solved one of the few remaining 
problems of African geography. He has found the south-west 
source of the Nile, and established the true relations which exist 
among the great lakes of Central Africa. He has filled up an 
important blank in our maps, and collected observations which 
will enable us to understand the physical geography of one of 
the most interesting regions on the continent. Probably he 
will be able to tell us what has become of the Alexandra Lake 
of his former expedition. It mav be as well to state that the 
telegram of Monday was in effect the first part of that of Tue^ay, 
and therefore Emin’s safely was not again referred to in the 
latter. 

The Zanzibar Correspondent of the 7 )ffies telegraphed on 
November 5 that authentic news had reached Lamu that Dr. 
Peters and the whole of his party had been massacred, except 
one European and one Somali, wounded, who are at Ngao. 
Some say they were killed by Masais, and some hy Somalis. 

From the Journal of the Anthropological Society in^ienna, 
we take the following conclusions of Dr. B. Hagen, respecting 
ihe Malay peoples : — Their great predilection for the sea, 
which makes them pray to Allah that they may die on sea, 
seems to render the Malay race adapted for the Polynesian 
and Further Indian Archipelago. The centre from which 
they migrated is to be sought in the highlands of ^ West 
Sumatra, particularly in the old kingdom of Menang-Kabau. 
Thence the peoples extended slowly eastwards ; at first prob- 
ably the races now to be found only in the interior of the 
great islands (the Battas in Sumatra, the Sundanese in Java, 
the Dayaks in Borneo, the Alfurus in Celebes, &c.). These 
“aborigines” of the islands crushed out a population already 
in possession, as remains of which the Negritos may be taken. 
The Malays in the narrower sense occupying Sumatra, Malacca, 
and North Borneo, are to be regarded as the last emigration 
from the centre referred to, occurring from the twelfth to 
the fifteen! h century A.n. With the Indians and Chinese, 
who have been long in intercourse with the archipelago, arose 
mixtures and crosses, in less measure also with the Arabs. 
One must not therefore expect the pure racial type, especially in 
the coast population. The crania of the anthropological collections 
are too imterfectly determined in respect of their /oca/f to b« 
of any service for a judgment of the Malay^ peoples. Of 
more value are the measurements of the living begun by 
Dr. Weisbach and executed by Dr^ Hagen in 400 cases. 
The latter’s conclusions are: — (i) The peoples in the interior 
of Sumatra— the Battas, the Allas, and the Malays of Menang- 
Kabau — compose a closely allied group always in direct contrast 
with the hither- Indian peoples, and yet showing just as little 
community with the Chinese. We must therefore lake them fer 
the pure original type, characterizable as follows : — Small, com- 
pact, vigorous figure of less than 1600 mm. average size ; long 
arms ; very short legs ; very long and broad mcsocephalous 
skull of very great compass, with high forehead ; a pvog^nalhous 
face 10 per cent, broader than long, with large mouth, and uncom- 
monly snort, flat, and broad nose with large round nostrils opening 
mostly frontwise, and with broad nasal root. (2) The Malays of 
the east coast of Sumatra and those of the coasts of Malwca 
indicate a much greater affinity to the Indians than to their 
tribal peoples of Menang-Kabau. They are plainly therefore 
thoroughly mixed with Indian blood. (3) The Javanese peoples 
stand much nearer to the original type of the Sumatrans than 
to the Malays just mentioned. They show therefore less mjxturte 
with Indian, but on the other hand more mixture with Chinese, 
blood, and the Javanese more so than the Sundanese. 

The second number of this year’s ** Information respect- 
ing KaUer Wilhelmsland and the Bismarck Archipelago,# 
issued by the German New Guinea Company, contains a de* 
scription of the north coast of New Guinea, from Cape 


Cretin to the Legoarant Islands, by the former Governor, Vice- 
Admiral Freiherr von Schleinitz, with a map designed by 
him. According to this account, Kaiser Wilhelmi-lana is sub* 
ject to the south-east trade vind. This is, however, occasionally 
relieved by the opposite wind, when, viz., the sun in southing 
Jmparts to the Australian continent a temperature higher than 
that of New Guinea. The temperature, averaging 26* to 27® C., 
is not so high as might be infened from the equatorial situation 
of the fano, a fact due in part to the prevalence of the trade 
wind, which also brings with it a cooling sea* current to the 
coast, and in part to the considerable elevation of most of the 
island. The north-west, blowing especially froA January to 
April, comes on the whole with greater force than the south- 
east. Calms often occur from March to May and from October 
to December. Precipitation is on the whole copious, but there 
are many differences according to the local variations in the 
configuration of the land. The navigation of the coast offers no 
particular dangers and difficulties, eitl^^r for steamers or sailing- 
vessels. Serious storms are extremely rare, nor are there any 
reefs in the channel proper. Sea currents do not strike direct 
on the coast, and they are not generally very strong. The tides 
are inconsiderable, the spring floods keeping under i metre. 

Some interesting remains have been found in Hamburg on 
the site of the new Raihhaus. At a depth of o to 0*7 metre 
the ground was covered to a height of jo to 15 centimetres 
with dams of thin willow twigs {Sa/ix fragtiis)^ in many places 
two, sometimes even three, layers above one another, and 
separated from one another by equally thick earth layers. 
The building rests on clay, f.<r. submerged ground, which con- 
tained heaps of freshwater shells, e.g, Valvaia piscinalis^ 
Bythinia ientacniata^ &c., as also Cardium eduU^ lellina baltica^ 
Mactra solida^ &c. When therefore the clam was made, the 
water must have been strongly brackish. The interest in this 
discovery was heightened when there was found, under St. 
Anne’s Bridge, at a depth of 0*5 metre, a regularly paved street 
of small boulders, such as were still used for stone pavement 
in all North German Uwns in the last century. • The stone dam 
was about 5 metres broad, and encased on both sides by thick 
wooden planks, in order, in the swampy ground, to prevent 
the slipping out of the stones sideways. The ascertained 
changes in the level of the North Sea give no positive clue 
to the age of the Hamburg finds. 


THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

Monday evening the first annual dinner of the Institution 
of Electrical Engineers took place at the Criterion Re- 
staurant, Sir William Thomson, the President, occupying the 
chair. Many different branchqis of science were represented on 
the occasion, and some of the after-dinner speeches rose to a 
high level of excellence. 

Due honour having been done to the usual loyal toasts, and 
Major Webber and Captain Wharton having responded for the 
Army and Navy, the Chairman propose “Her Majcsty’.s 
Ministers” Lord Salisbury said, in response:— 

Sir William Thomson and Gentlemen,— I have to thank you 
on behalf of my colleagues in the Goverment and myself for the 
exceedingly kind reception you have given to the kind words in 
which Sir William Thomson has proposed this toast. I do not 
feel that I can accept the guise in which he put mjj name forward. 
On the contrary, though recognizing, as every individual must 
do, and as I have especial reason to do, the enormous beoefits 
which electrical science confers upon mankind, I feel that I have 
r^son rather to apologize for my appearance in this assembly. 
When I look round on so many learned and distinguished men; I 
feel rather in the position of a profane person who has got inside 
the Eleusinian mysteries. But I have^an excuse. The gallant 
gentlemen who replied for the Army and Nay y were able to show 
nianp particulars m which their special professionaUvicalion was 
sustained and pushed forward by the discoveries of electrical 
science. But I will venture to say that there is no department 
under the .Government so profound|jr indebted to the discoveries 
of tbosd who have made this science as the ^oreign Office, whh 
which I have the honour to be connected. I may w that we 
pt^tively exist ky virtue of the electric telegraph. The whole 
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work of all the C’aan^ellerie? in is niw p:*ac‘ictlly C'>n- 

dactei by th? light of that great science, which is no" so old as 
the century in which we live. And there is a strange feeling that 
you have in comnanicating constantly and frequently day by day 
with men whose imioU thoughts you know by the telegraph, but 
whose faces you have never seen. It is something m^re th\n a 
mere departmental effect which these great discoveries have ha f 
upon the government of the world. I have often thought that if 
history were more philosophically written, insteud of being 
divided according to the domination of particular dynasties 
or the supremacy of particular races, it would he cut off into 
the comparftnents indicated by the influence of particular 
discoveries upon the destinies of mankind. Speaking only of 
these modern times, you would have the epoch m irked by 
the discovery of gunpowder, the epoch marked by the dis- 
covery of the printing-press and you would have the epoch 
marked by the discovery of the steam-engine. And those 
discoveries have had an influence infinitely more powerful, not 
only upon the large ccfllective destinies, but upon the daily 
life and experience of multitudes of human beings, than even 
the careers of the greatest conquerors or the devices of the 
greatest statesman. In that list which our ignorance of ancient 
history in its essential character forbids us to make as long as nn 
doubt it might be made, the last competitor for notice and 
not the least would be the science of electricity. I think the 
historian of the future when he looks back will recognize that 
there has been a laPger influence upon the destinies or mankind 
exercised by this strange and fascinating discovery than even 
in the discovery of the steam-engine itself, because it is a 
discovery which operates so immediately upon the moral and 
intellectual nature and action of mankind. The electric tele; 
graph has achieved this great and paradoxical result, that it has* 
as it were, assembled all mankind upon one great phne where 
they can see everything that is done, and hear everything that is 
said, and judge of every policy that is pursued at the very 
moment when those events take place ; and you have by the 
action of the electric telegraph, combine ! together almost at 
one moment, and acting at one moment upon the agencies which 
govern mankind, the influences of the whole intelligent world 
with respect to everything that is passing at thU timj on the 
face of the globe. It is a phenomenon to which nothing in the 
history of our planet up to this time presents anything which is 
equal or similar, and it is an effect and operation of which the 
intensity and power increases year by year. When you ask 
what is the effect of the electric telegraph upon the condition 
of mankind, I would ask you to think of what is the most 
conspicuous feature in the politics of our time, the one 
which occupies the thoughts of every statesman, and which 
places the whole future of the whole civilized world in a con- 
dition of doubt and question. It is the existence of those 
gigantic armies held in leash by the various Governments of the 
world, whose tremendous power may be a guarantee for the 
happiness of mankind and the maintenance of civilization, but 
who, on the other hand, hold in their hands powers of destruc- 
tion which are almost equal to^the task of levelling civilization 
to the ground. What gives these armies their power? What 
enables them to exist ? By what power is it that one single will 
can control these vast millions of men and direct their destructive 
energies at one moment on one point ? What is the condition of 
simultaneous direction and action which alone gives to these vast 
armies this tremendous power ? It is nothing less than the electric 
telegraph. And It is from that small discovery, worked out by 
a few distinguished men in their laboratories upon experiments 
of an apparently trivial character, on matter and instruments 
not, in the first instance, of a very recondite description — it is 
on that discovery that the huge belligerent power of moleru 
States, . which marks off our epoch of histoiy &om all that have 
gohe before, must be held, by anyone who investigates into the 
causes of things, absolutely to depend. I would venture to hope 
that this is not all, in its great effect upon the history and govern- 
ment of our race, that electricity may achieve. Whether it so 
far is good or evil in tl^e main, it must be for the future to deter- 
nitne. ^ We only know that the effect, whatever it is, will be 
gigantic. , But in the latter half of the short life of this young 
science another aspect of it has been developed — an aspect which 
I cannot help hoping maybe connected witn great benefits to the 
vast community of industrious and labouring m?n— 1 mean that 
facility for the distributifin of power of which electricity ha4 
given such a splendid instance. The event of the la^t century^ 
was the discoveiy of the steam-engine. Ba;f the steam-sngine 


was .such that the forces which it produced could only act in 
its own immediate neighbourhood, and therefore those who were 
to utilize its forces and translate them into pnactical work were 
compelled to gather round the steam-engine in va^t factories, in 
great manufacturing towns, and in great establishments where 
men were collected together in unnatural, and often unwhole- 
some, aggregation. Now an agent has been discovered, by 
which the forces of the steam-engine, stiff, confined to its own 
centre, can be carried along, far away from its original sources, 
to distances which are already great, and which science promises 
to make more considerable still. I do not despair of the result 
that this distribution of forces may scatter those aggregations of 
humanity, which I think it is not one of the highest merits of 
the discovery of the steam-engine to have produced. If it ever 
does happen that in the house of the artisan you can turn on 
power as now you can turn on gas — and there is nothing in the 
essence of the problem, nothing in the facts of the science, as 
we know them, that should prevent such a consummation from 
taking place — if ever that distribution of power should be so 
organized, you will then see men and women able to pursue in 
thejr own homes many of the industries which now require the 
aggregation at the factory. You may, above all, see women 
and children pursue these industries without that disruption of 
families which is one of the most unhappy results of the present 
requirements of industry. And if ever that result should come 
from the discoveries of Oersted and Faraday, you may say that 
they have done more than merely to add to the physical forces of 
mankind. Th^^y will have done much to sustain that unity, that 
integrity of the family, upon which rest the moral hopes of our 
race arxjl the strength of the community to which we belong. 
These are some of the thoughts which electricity suggests to one 
of my trade. Pardon me if I have wandered into what may 
seem to be speculative and unfamiliar fields. But, after all, the 
point of view from which we must admire the splendid additions 
to our knowledge which the scientific men of the world, and 
especially of England, during this century have hiade, is, that 
they have enabled mankind to be more happy, to be more con- 
tented, and therefore to be more moral. 

Sir Frederick Abel proposed, and Sir George Gabriel Stokes 
responded for, ^‘The Learned Societies'^ ; and Sir John Coocle 
responded for the toast of The Professional Societies," which 
was proposed by Mr, Latimer Clark, The toast of “ The In- 
stitution of Electrical Engineers " was then proposed by Lord 
.Salisbury, In the course of his response, S r William Thomson 
said : — 

One very renarkable piece of work they should think of 
especially this year, and during the last few weeks, when they 
deplored the loss of one of the greatest workers in electrical 
science and its practical application that the world had ever seen 
— Joule. The great scientific discoveries of Faraday, which 
were prepared almost delibeiately for the purpo.^e of allowing 
others to turn them to account for the good of man, ha i been 
going on for about fifteen years, when a young man took up the 
subject with a profound and penetrating genius most rare in any 
branch of human study, and perceived rel itions with mechanical 
p:>wer which had nevec been suspected before. Joule saw the 
relations between electricity and force, and his very first deter- 
mination of the mechanic d equivalent was an electrical measure- 
ment. His communication to the British Association, when it 
met in Cork in the year 1841, pointed out for the fir^t time the 
distinct mechanical relation between electric phenomena and 
mechanical force. Joule was not a mere visionary who saw and 
admired something in the air, but he pursued what he saw to the 
very utmost practicil point of work, and he it was who deter- 
mined the mechanical equivalent of heat. Afterwards he 
thoroughly confirmed the principle of his first determination of 
the mechanical equivalent of heat. Both in electricity and 
mechanical action he laid the foundation of the great develop- 
ment of thermodynamics, which would be* looked upon m 
future generations as the crowning scientific work of the present 
century. It was not all due to Joule, but he had achieved one 
of the very greatest monuments of scientific work in the present 
century. For an. Institution of Electrical Engineers it was 
interesting to think that the error relating to one of the most 
important electrical elements, the unit of resistance (now called 
the ohm), as determined electrically in the first place by a Com* 
mittee of the British Association, and by purely electrical 
method, was first discovered by Joule’s mechanical measurement. 
It was Joule’s mechanical measurement which first corrected the 
British Association unit, and gave the true ohm. 
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UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Camhridgk. — T he following examiners have been appointed : 

Natural Sciences Tripos : Physics, Prof. Carey Foster and W. 
N. Shaw ; Chemistry, Prof. w. A. Tilden and Prof. Liveing ; 
Mineralogy, Prof. Lewis and L. Fletcher; Geology, Prof. 
Green and W. W. Watts ; Botany, F. Darwin and D. H. 
Scott ; Zoology, Prof, Lankester and S. F. Harmer ; Human 
Anatomy, Drs. Hill and Windle ; Physiology, Prof. Stirling 
and C, S. Sherrington, 

First M.B. and Special B.A. : in Elementary Physics, S. L. 
Hart and H. F. Newall ; Elementary Chemistry, F. H, Neville 
and S. Kuhemann ; Elementary Biology, S. F. Harmer and 
Prof. H. M. Ward ; Special B.A. in Geology, Prof. Green and 
W. W. Watts ; in Pharmaceutical Chemistry for Second M.B., 
M. M. Pattison Muir and H. Robinson. 

The following are Moderators (Mathematical Tripos) for the 
year beginning May i, 1890: — W. W. R. Ball and A. J. 
Wallis. Examiners in Part I., W. L. Mollison and K. G. 
Gallop ; in Part II., Prof, Darwin, J. Larmor, and R. 
Lachlan. • 

W. B. Hardy, of Gonvillc and Cains College, has been 
appointed lunior Demonstrator of Physiology. 

L. R. Wilberforce, M.A., of Trinity College, is approved as 
a Texcher of Physics for M.B. lectures. 

There has been a serious discussion of the financial manage- 
ment and prospects of the mechanical workshops at Cambridge. 
Whatever be the merits of the points in dispute, such division of 
opinion and feeling is very unfortunate, and much to be deplpred 
in the interests of mechanical science and engineering in the 
University. It was unfortunate that the University declined to 
establish an advanced examination or Tripos in engineering sub- 
jects ; and it is calamitous that the Museums work should not 
be given to the Department located within their own borders. 
We trust a cordial understanding may soon be re-established ; 
for this division is very unlike the strong action by which, even 
when opinions have been divided, scientific teaching has steadily 
progressed of late years at Cambridge. 

The managers of the John Lucas Walker Fund, have made the 
following grants in aid of original research in pathology 

2 s . 3</. to J. G. Adami, Demonstrator of Pathology, for ex- 
penses of his investigations on the pathology of the heart ; ^^35 
to William Hunter, M.D. Edin., John Lucas Walker Student, 
to defray expenses incurred in his research on the pathology of 
the blood ; £30 to K. Hanbury Hankin, to defray expenses 
of his research on the nature of immunity from infectious diseases. 

Mr. J. W. Clark has been re-elected President of the 
Philosophical Society. 

.St. John’s College. — At the annual election of Fellows, on 
Nov. 4, the choice of the Council fell upon the following members 
of the College : John Parker, Seventh Wrangler, 1882, well 
known as the author of numerous papers, in the Philosophical 
Magazine and elsewhere, on thcrmodyn.amics and electricity ; 
Humphry Davy Rolleston, First Class Natural Sciences Tripos 
(Human Anatomy and Physiology), 1886^ who has been Uni- 
versity Demonstrator in Pathology, in Human Anatomy, and in 
Physiology, author of memoirs on endocardiac pressure and on 
other anatomical, physiological, and pharmacological subjects, 
now one of the Assistant Demonstrato s of Anatomy at St. 
Bartholomew’s Hospital ; Alfred William Flux, bracketed 
Senior Wrangler, 1887, and First Class (Division l) Mathe- 
matical Tripos, Part 11., i888, Marshall Prrizeman in Political 
Economy, 1889, author of papers on physical optics. Mr. 
Rolleston is the son of the late Prof. Rolleston, of Oxford. The 
success of students of physical and biological science at this 
College is striking. 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, October 28. — M. Des Cloizeaux, 
President, in the chair. — M. Bertrand presented a volume 
entitled Lectures on the Mathematical Theory of Electricity, 
delivered at the College of France.**— On some hybrids observed 
recently in Provence, by M, G. De Saporta. Three are de- 
scribed: (i) between Pinus haUpensis^ Mill., and P, pinaster^ 
L. ; (2) between Quercus Mirheckii and Q^uhescens^ Wild. ; (3) 
between* Tilia platyphylla^ Scop., and 7 . ar^enUa^ Desf. ; in 
each case, the pollen of a preponderating species acting on that 
^f a subordinate ooe, or one accidentally introduced, being 


carried by wJrd or inreetp, while the agency of man, birds, or 
wind, disseminated the hybrid seeds. — On the relation of certain 
magnetic pertuil aliens to earthquakes by M. Mascart. The** 
foimer, in the Faik of St. Maur, and the latter, at Gallipoli, 
seem to have occuricd simultaneously at 11.3S p.m. on October 
25* The suspended copper bar was* not in the least deflected, 
and the magnetic disturbance cannot be attributed to mechanicaF 
tiansmission of the shock.— On certain harmonic linear elements,, 
by M. Raffy. — On a foimula connecting vapour- pressure \vitl> 
temperature, by M. N. de Saloff. — On the equilibrium of dis- 
tribution between chorine and oxygen, by M. H. L^Chatelier. 
He shows that the value of all the coefficients may be calcu- 
lated a prioH^ ard supplies the required foimulae. — On some* 
double nitrites of ruthenium ard potassium, by MM. A. Joly 
and M. Virzes. In contact with alkaline nitrites, the brown* 
sesquichloride of luthenium is transformed into a red salt. 
According to the temperature, and according as the nitrite 
or the red chloride predominate, a deposit is formed either oF 
yellow crj^stalline powder, sparingly soluble in cold water, 
or of large, very soluble orange-red crystals. These two .sub- 
stances are double nitrites of potassium and ruthenium. I'he 
formuloe obtained do not at all agree with those for similar 
comjiounds obtained by Claus. — Fixation of nitrogen by 
the Leguminosae, by M. Breab Having before found that 
nodosities full of Bacteria could be easily produced on the 
roots of a leguminous plant, by pricking with |i needle previously 
inserted in a nodosity, he here shows that such plants, with 
nodosities, flourish on soil poor in azotized matter ; yielding crops 
rich in nitrogen^ and fixing this element in the soil by their roots. 
— On air in the soil, by M. Th. Schloesing, fils. Ploughed 
land was found to contain a relatively large amount of oxygen 
at least to the depth of 50 or 60 cm. The carbonic acid gener- 
ally increased with the depth ; but in two cases the reverse 
occurred, when high wind (renovating the upper layer) had been- 
followed by hot and calm weather, and more COj was generated 
in the soil than in the sub-soil. In sloping pplures, most 
CO2 was found at the bottom. The mobility of air in the soil 
should be taken into acetrunt. — On sorbite, by MM Vincent 
and Delachanal. This subsiance very frequently occurs ir> 
nature; it is found in all fruits ofRcsacese, and is especially^ 
abundant in ] ears (8 grammes per kilegramme), cherries and 
prunes (7 grammes). Acted on by h>driodic acid it )ields 
fl-hexylene and other products (the same as are thus ob- 
tained from mannite). The fcrniation of a hexacetyl deri- 
vative from sorbite proves that it is a hexatomic alcohol. 
The formula of anh}drous sorbite is CeHg(0 II Ig.—* Researches 
on crystallized digitaline, by M. Arnaud. He regards it as a 
definite chemical species ; and it appears to be the type of a 
whole series, including tanghinine (one of the active principles 
of the tanguin. — Experimental researches on the metamor- 
pkosis of Anoura, by M. E, Balaillon. He finds acceler- 
ation of the rhythm of respiration (65 to 120), and re- 
tardation of that of the heart (70 to 45) during metamorphosis. 
Before appearance of the fore-lc^s, the two irovements were 
nearly synchronous. At the stage of this appearance, further,, 
the production of carbonic acid was found to have diminished 
considerably, and the' cuive rose suddenly when aerial respiration 
was established.— On the earthquake of July 28, 1889, in the 
island of Kiushiu, in Japan, by M. J. Wada. This was pre- 
ceded by exceptional rains^during July. The longer axis of the 
ellipse of land affected was north-east to south-west, and cut in 
t)ie middle, at right argles, the line joining two volcanoes, ico 
kilometres apart. 

Berlin. 

Physiological Society, October 18. — Prof. diiBois-Rcyroond, 
President, in the chair.— Prof. Kossel spoke on the application 
of the microscope in connection with physiological chemistry. 

It has long been the practice to seek for and identify any minute 
crystals in tissues which occur either naturally or as the result of 
treatment with reai^nts, in order to arrive at a qualitative deter- 
mination of the localized distribution of certain well-known 
substances in the organism. To identify it crystal by measure- 
ment of its angles is a laDorious process, and to determine it J)y mere 
comparison of its appearance with drawings of known crystals is 
insufficient. The optical properties of crystals arc extremely 
well adapted to assist in their identification ; this is exemplified 
in the case of delcrminirg the plane of Vibration of the ordinary 
fmd extraordinary rays when crystals are examined ^ between* 
crossed Nicols. To carry out the determination by this means,, 
the field of view of the microscope is provided with cross-wires,. 
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whose directions are parallel to the principal planes of the two 
Nicols. The crystal under examination is then placed with one 
edge under one of the cross-wires ; if the field of visioni remains 
•dark, then the planes of vibration in the crystal are known to 
correspond to the chief planes of the two Nicols. If, however, 
the field of vision becomes bright the crystal must be rotated, -by 
means of a graduated object-carrier until it is again dark. The 
angle through which the carrier has been rotated is a measure of 
the angular inclination of the planes of vibration to the edges of 
the crystal. When convergent polarized light is use<l, the majority 
of crystal* of organic substances, which are mostly biaxial, I 
exhibit a lemniscate whose poles are at varying distances apart 
for various crystals. The distance between the poles of the 
lemniscate may be measured by suitable methods, is extremely 
characteristic for those crystals of greatest physiological im- | 
portance, and may be used, in conjunction with the measurement ; 
•of the planes of vibration, as a very certain means of determining ; 
the crystal. The pleoChromatism of many crystals is itself in ! 
many cases sufficiently characteristic — Dr. Virchow^ described , 
the distribution of blood-vessels in the eye of Selachians, and j 
the several types according to which the vessels are developed in I 
the eyes of various classes of animals. — Dr. Benda made a com- 
munication to the effect that the coiled glands which are so widely i 
distributed as sweat-glands in the skin when they exhibit an | 
enlarged secretory part, and a more complicated structure, are 
Icnown as cerumenous and as mammary glands. They are 
characterized specially by the fact that during secretion there is 
no destruction of their epithelium. These modifications of the 
typical coiled glands have been found by Dr. Benda in large 
numbers and widely spread in the skin of Protopterus. — Dr. 
Schneider spoke on the distribution and significance of iron' in 
the animal organism. He was able to find iron in greater or less 
•quantity in the cell protoplasm and nucleus of all classes of 
animals, the liver and spleen being the organs in which its , 
occurrence was most marked. The connective tissues were very | 
rich in iron, and it was found with similar constancy in the cuticular 
layers and quite constantly in the extreme tips of fishes’ teeth. 
The mDre he^extended his investigatiSns over the most widely 
differing classes of ani nals, whether on land, or in fresh-water, or 
in the sea, and the more widely different were the organs he 
examined, by so much the more was it seen that iron is universally 
pre^nt in the animal organism. Its importance is pre eminently 
physiological. 

Amsterdam. 

Roy#l Academy of Sciences, September 28.— Prof, van 
der Staals in the chair. — M. Suringar dealt with the Melocacti 
of Aruba, stating what he had himself observed concerning the de- 
velopment of those plants from seed and their subsequent growth. 
He spoke also of tne manner in which the Melocacti might be 
classified according to their natural affinities, and sketched a 
pedigree of the species. — M. Schoute spoke of tetrahedra, 
bounded by similar triangles, and described a new species withH 
pairs of opposite edges i and r*, r and r, and 

Stockholm. 

Royal Academy of Sciences, Octobzr 9.— Musci Asiae 
Borealis (second part) : feather mosses, by the late Prof. S. O. 
Lindberg, of Helsingfors, and Dr. II. W. Arnell. — On the per- 
manent committee for a photographic map of the heavens and 
Its work, one of its members, Profc Duner. — On the Metre 
Congress in Paris, September 14-28, this year, and on the 
prototypes of the metre and the kilogramme, by Prof. Thalen. — : 
Emanuel Swedenborg as a mathematician, by Dr. G. Enestrom. 

— On naphtoe acids, oy Dr. A. G. Ekstrand. — Chemical investi- 
gation 01 some minerals from the neighbourhood of Langesund, 
by Herr H. Biickstrom. — An attempt to determine the velocity 
os light from observations on variable stars, by Dr. C. Charlier. 
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SCIENCE AND THE FUTURE- INDIAN CIVIL 
SERVICE EXAMINATIONS. 

T he following memorial, signed by a numerous and 
highly*distinguished body of resident graduates of 
the University of Cambridge, has been presented to the 
Civil Service Commissioners : — 

“ We, the undersigned resident graduates of the 
University of Cambridge interested in the study of 
natural science, understanding that a reorganization of 
the open competitive examination for the Civil Service of 
India is under the consideration of the Civil Service 
Commissioners, beg respectfully to urge on the Coip- 
missioners the desirability of widening the range of the 
examination so as to include the several branches of 
natural science. We think it especially important that 
the maximum number of marks obtainable by ‘a candi- 
date in natural science in the examination should be the 
same as that obtainable by a candidate in classics or 
in mathematics. In support of this opinion we venture 
to point out that the Natural Sciences Tripos, both from 
its numbers and from the rewards assigned by the*Col- 
leges to those of their members who distinguish them- 
selves therein, is now of equal importance with the 
Classical or Mathematical Tripos. 

“ We have the honour to append a statement of the 
numbers who have during the last five years taken 
honours in natural science, classics, and mathematics. 
We inclose a copy of the Cambridge University Reporter 
of June 12, 1888, containing a report to the Senate and a 
-schedule of the numbers examined in each branch of 
natural science in the years 1883-87. 

“ We would desire to call attention to the acknowledged 
educational value of the study of natural science, and to 
point out that the training which it affords, combining as 
it does both theory and practice, is such as peculiarly to 
fit a student for the pursuits of practical life. 

“ We beg to state that a deputation would be happy to 
wait on the Commissioners to explain more fully our 
views on the subject should it be their pleasure to receive 
them.” 

This memorial is signed, among others, by two Heads 
of Houses, t thirteen Professors, and twenty Fellows. 
The memorialists, as will be 'Seen, urge that in future 
competitions the position of a candidate offering natural 
science shall be not less favourable than that of those 
who offer classics or mathematics. And in a highly 
instructive schedule they show how important a place 
the study of the natural sciences has now attained in the 
University of Cambridge^ 

It may be unknown to many of our readers that the 
subject to which this memorial relates has lately become 
one of great importance, in consequence of a proposed re- 
organization of the higher branches of the public services 
in India. A Commission, which we believe sat in India, 
known as the Public Service Commission, has advised 
that the following changes should be made with the object 
of admitting natives of India to higher and more extensive 
employment in the public services : — 

(i) That the strength of the Covenanted Civil S^ice 
should be reduced to what is necessary to fill the chief 
administrative appointments of jtl|ie Govpitiment,and such 
n proportion of smaller hppdm^entf as will secure a 
complete, course of training for, jqpidr Civilians. This 
.'y4Nt^3ai.r-NO. 1046. '.’V,, 


branch of the service to continue to be recruited by 
means of open competitions in England, at which natives 
of India should be allowed to compete unreservedly, and 
for uitiebthe maximum age of the Native candidates, and 
therefore presumably of the English candidates, should 
be raised to twenty-three years. 

(2} That a certain number of appointments should be 
transferred from the Covenanted Civil Service to a local 
Civil Service, which is to be recruited, locilly, from 
Natives and resident Europeans who satisfy certain 
prescribed preliminary conditions. 

We do not know how far these proposals have been 
adopted by the home authorities, though we understand 
that they have received the genes-al approval of the 
Indian Government. We will therefore only say, in 
passing, that they appear to be open to two serious 
objections. 

First, that it seems a dangerous thing to select so 
limited a number of young men for the higher branch 
of the service by open competition, sin^e doing so will 
give to each one of those who succeed almost the certainty 
of the reversion of one of the prizes of the public ser- 
vices. Under such a condition there will be far too little 
inducement for zeal in the service, and too little oppor- 
tunity for selection and rejection when age and experience 
have developed the administrative powers of the selected 
men. 

Secondly, unless care be taken to regulate the previous 
training of the candidates, as, for example, l^y requiring 
that every candidate %hall have taken a University 
degree in England or India before presenting himself at 
the competitive examination, it is likely that well-taught 
rather'than well-educated men will be selected, and that 
an inferior order of men will offer themselves, since many 
of the ablest men would be unable to submit to some 
years of private tuition, and to give up, as they would 
probably have to do, a University education for the 
chance of obtaining an appointment in India. 

Whatever decision may have been made, however, it 
is of the utmost importance that the representatives of 
Cambridge who have addressed themselves to the Civil 
Service Commissioners should pe supported in every pos- 
sible way, and at once, by all those who have the interest 
of science and education at heart. For there is reason to 
fear that the Commissioners have contemplated the com- 
plete withdrawal of science from these examinations ; 
and unfortunately many of the various regulations for the 
Army examinations which have been brought forward 
with their sanction in recent give an air of 

probability to this suggestion. This is in no way 
weakened when we consider the extremely unfortunate 
positiozl that science candidates for the Indian Civil 
SerV^ 'have occupied under the administration of the 
Comdsissioners for many years past. This position, it 
should be said, has been due, not so much to the marks 
allotted to science in the present ^heme, as to the* 
methods adopted b/ the Commissioners in conducting- 
their examinations, which have long caused it to be 
recognized by those who are engaged in the instruction 
of Civil Service candidates that, a« a rule, only those 
c^pdidates who are excellent either in classics or mathe- 
matics, or -those w^o are distinctly good in both, have a 
really good chance of success. 

C 
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But though all these facts give reason for regarding 
the rumour we refer to as very possibly correct, they 
need by no means prevent those who are interested 
in the question from entertaining strong hopes of avert- 
ing such a national disaster as that which we fear. 
We have only to remind them of the very consider- 
able degree of success that followed the efforts recently 
made by ftir Henry Roscoe and other leaders in science 
in the case of the examinations for admission to the Royal j 
Military Academy at Woolwich. These efforts, we may ' 
remind our readers, not only resulted in an advantageous 
revision of the Woolwich e.xaminations, but brought 
about satisfactory cljanges in the case of the Sandhurst 
competitions. In connection with this result it is satis- i 
factory to observe, in the Report of the Civil Service 
Commission for 1888, that the Commission, in a letter 
directed to the Director-General of Military Education on 
July 10 in that year, have described the changes that had 
been submitted to them as likely to influence beneficially 
the education of officers in the army before they begin 
their professional studies. 

Whatever difficulties there may be in the way of ob- | 
taining just treatment for science candidates under the | 
new scheme for the selection of Indian civil servants,* it 
has, we fear, become again imperative that men of science 
should unite to protest against the assumption that 
natural science studies are in themselves inferior as a 
mental training to the classical languages and mathe- 
matics, and to insist, so far as* they may, upon such 
studies being placed upon a proper footing in this particular 
examination. This should be done in the interests of 
education, and still more of our Indian fellow-subjects, 
whose administrators should be men of as wide and 
liberal an education as possible, as has, indeed, been 
recognized in more than one public investigation of the 
regulations for these appointments. 


THE LUND MUSEUM IN THE UNIVERSITY 
OF COPENHAGEN. 

E Museo Lundii : En Smmlinff a/ Afhandlinger om de i 
det indre Brasiliens Kalkstenshuler af Professor P. V. 
Lund udgravede Dyre-og Menneskeknogler. Udgivet 
af Dr. Lutken. (Kjobenhavn : H. Hagerup, 1888.) 

T his work, as its title indicates,' consists of. various 
monographs, descriptive of the collections made by 
Dr. Lund in his interesting exploration of the limestone 
caverns in the interior of Brazil. These important finds 
are the fruits of nearly ten years’. unremitting labour in 
the neighbourhood of Lagoa ' Santa, on the Rio das 
Veihas, in the province of Minas Geraes, where Dr. Lund 
prosecuted his researches from 1835 to 1844. On the 
completion of his cave explorations he presented the 
whole of his incomparable collections to the Danish 
nation. The giff has been duly appreciated, and now 
conAitutes, under the name of the Lund Museum,” 
one of the most important palaeontological sections of the 
Zoological Museum in the University of Copenhagen. 

Dr. Lund inspected as many as 800 of the Brazilian 
lapas, or bone-caves, of which he had discovered iboo. 
Of these only sixty yielded any vefy interesting results, 
while scarcely half that number contained a sufficient 


quantity of bodes to demand any very prolonged investi- 
gation. In some instances, on the other hand, the mass 
of broken bones was so enormous that from the earth 
collected in a packing-case whose dimensions did not 
exceed half a cubic foot, he extracted 400 half jaw-bones 
of a marsupial and 2000 belonging to different rodents, 
besides the remains of innumerable bats and small birds. 
This discovery led to further research, and, after fifteen 
weeks’ continued exploration, he found that one cave, which 
he had at first estimated to be about 25 feet deep, had a 
depth of nearly 70 feet, and was so densely packed with 
bones that the yield of 6500 barrels, of the size of an 
ordinary biuter-firkin, justified the assumption that this 
special hipn contained the remains of seven and a half 
millions of animals, belonging for the most part to Cavia, 
Hystrix, and small rodents and marsupials, the estimate 
being based on the numbers of half jaw-bones extracted 
from the mould. 

In the^e enormous cave deposits we have, according to 
Dr. Lund, and his biographer Dr. Reinhardt, a prehis- 
toric ornithological kokken modding, birds of prey having 
resorted to the /apas of Brazil as suitable retreats in 
whi<5h to devour their innumerable victims, whose frac- 
tured bones, belonging in almost equal proportions to 
extinct and living animals, have revealed to us many 
long-hidden secrets in the history of the changes which 
the Brazilian fauna has experienced in the course of .ages. 
Comparatively few remains of the larger living mammals 
have been found, three caves only having yielded evidence 
of the presence of bears, of which, moreover, the bones 
of only five individuals were recovered. But while various 
groups, as e.g. the Ungulata, were sparsely represented, 
several families among the Edentata have contributed so 
largely to the bone remains of the Brazilian lapas that this 
order would appear to have constituted the most im- 
portant section of the local fauna, both in past and recent 
times. Among the cave armadillos, Lund recognized 
several forms, differing only by their larger size from 
Dasypus punctatus, and D. sulcatus ; but besides these 
he found one of colossal dimensions, which, with a body 
of the size of an ox, and a tail 5 feet in length, ex- 
hibited differences of dentition which induced him to 
assign it to a special genus, to which he gave the name 
Chlamydotherium. A peculiar characteristic of this fossil 
animal, whose food he believes was leaves, and not 
insects, was the fusion or overlapping of several of the 
vertebrie into nodes, or tangles. In this respect ' it 
resembles the still more remarkable armadillo, of whose 
scales and bones he foun'd enormous quantities, and 
which he described under the name of Hoplophorus. This, 
animal, of which the different species varied from the size 
of a hog to that of a rhinoceros, was described about the 
same time by Prof. Owen, to whom various specimens df 
its bones had been sent from La Plata, and who estab- 
lished a new species for its reception, to which he gave 
the name of Giyptodon. The extraordinary rigidity of 
the shields ‘ of some of the Brazilian armadillos, the 
apparent immobility of the head, and the interlock- 
ing of the vertebral bones, make it difficult to under- 
stand how these unwieldy animals could have obtained 
their food. The mcMit fvobable solution of the problem 
seems to be sqppUfd by it Study of the dMVt massive 
hind legs, which, wUb tbflr ibarp and poyrnM clAwS,. 



Wov. 14, 1889] 


NATURE 


27 


may have served to grub up roots and tubers, and 
tear off the branches of trailing plants. There is no 
evidence that our living tardigrades had appeared among 
the cave fauna of Brazil, where their place was supplied 
by gigantic gravigrades, resembling the Megathenum. 

The results yielded by a careful study of the enormous 
and varied materials obtained by Dr. Lund in his explora- 
tions would appear, generally, to indicate that in post- 
Pliocene ages the Mampialian fauna of Brazil was richer 
than in recent times, entire families and sub-orders having 
become extinct in the intervening ages, or at all events 
greatly reduced as to the numbers of their genera and 
species. This is more especially the case in regard to 
the Edentata, Ungulata, Pachydermata, and Carnivora, 
which still continue to be characteristic representatives 
of the South American fauna. In two cases only there 
is evidence that species which arc now exclusively 
limited to the Old World once inhabited the American 
continent. A far more marked difference between extinct 
and living animals is . to be observed in the western 
than in the eastern hemisphere. Thus while the existing 
Brazilian fauna comprises very few large animals, the 
predominant forms being almost dwarf-like when com- 
pared with their Eastern analogues, the post-Pliocene 
Brazilian Mastodons, Macrauchenians, Toxodons, and 
gigantic armadillos and tardigrades, may rank in size 
with the elephant, rhinoceros, and hippopotamus, which 
were their contemporaries in Europe at that period of the 
world’s history. 

There is no ground for assuming that the change in 
the South American fauna was due to any natural j 
cataclysm, and it would rather seem to be the result of 
some regular and 'slow geological changes, which, by 
affecting , the then existing climatic relations, may have 
disturbed the conditions of animal life, and thus brought 
about the destruction, or deterioration, of the larger 
mammals, which, according to Owen, succumb where 
the smaller ones adapt themselves to altered conditions. 

It was not till near the close of his explorations that 
Dr. Lund succeeded in finding human bones in such 
association with fossil remains as to justify the conclu- 
sion that man had been the contemporary in Brazil of 
animals long since extinct in South ^America. Only 
seven of the 800 lapas examined by him contained any 
human bones, and in several instances these were either . 
not associated directly with fossil bones, or there were I 
grounds for suspecting that they might have been carried 
into . the caves in comparatively recent ages with the 
streams that traverse them. In one of these, however, 
the Suniidouro Lapa, remains of as many as thirty indi- 
viduals of all ages were found so intermingled with the 
bones of the gigantic cave Jaguar, Felts protopanther, and 
the monster Cavia, Hydroch<erus sulcidens, together with 
several extinct ungulates, that whatever may have been 
the reason of their presence, there seems to be no ground 
for doubting that primaeval man was contemporaneous 
with these animals. 

The crania, of which admirably drawn illustrations are 
given, are of a dolichocephalic type, characterized by 
strongly-marked prognathism, and remarkable for the 
excessive thickness of the cranial walls. The first com- 
munication byl Lund of his discovery of human remains 
in the Lapa di Lagoa do Sumidouro was made (in 1840) 


in a letter addressed to Prof. Rafn, in which his fear of 
being accused of recklessness in attaching too high an 
antiquity to man in Brazil is shown by the pains he takes 
to indicate every possible means by which these bones 
might have found their way into the cave. Thus it re- 
mained for his annotator, the late Dr. Reinhardt, whose 
descriptive history of the caves and their exploration has 
added largely to the interest of the volume before us, to 
be the first to accept without reservation the co-existence 
of man with extinct animals which, according to Lund 
himself, occupied parts of South America more than 5000 
ye.ars ago. 

The monograph treating of the human remains found 
by Lund is from the pen of Dr. I.iitken, the editor 
of the p/esent work, who also supplies a resumt in 
French of the treatises contributed by his colleagues, 
Drs. O. Winge and H. Winge, the former of whom 
writes on the birds of the Brazilian lapas, and the 
latter on the living and extinct rodents of the Minas 
Gcraes district. Besides these important contributions 
to the work, the reader is indebted to the late Dr. Rein- 
hardt for a detailed description of the situation and 
geological character of the Brazilian bone-caves, and for 
an-interesting biographical notice of Dr. Lund. 

We learn from the preface that this collection of mono- 
graphs owes, if not its publication, at any rate the com- 
plete and elegant form in which it has been produced, 
to the liberality of the directors of the Carlsberg Trust, at 
whose cost, with the sanction of the Danish Royal Society, 
it now forms one of those editions dc luxe which have of 
late years so largely enriched the scientific literature of 
Denmark. The objection that may be advanced against 
this, as well as others of the series, is that the writers 
appear to be moved by an uncalled-for impulse to write 
down to the level of the general reader, and to explain 
the origin and progress of each special branch of natural 
history they are concerned with. .Such efforts to popularize 
the subject lead only to an inconvenient addition to the 
bulk of the volumes, and are wholly at variance with the 
scientific aim and object of such publications. 

HYDRAULIC I/O TORS. 

Hydraulic Motors : Turbines and Pressure Engines. By 

G. R. Bodmer, A.M.I.C.E. “ The .Specialist’s Series.” 

(London : Whittaker and Co., 1889.) 

T he essential detail which lifts the mere water-wheel 
to the rank of a turbine consists, according to the 
author, in some arrangement for directing the water over 
the buckets in the most advantageous manner, instead of 
allowing the water merely to follow its own course. Again, 
in a water-wheel only a small part of the wheel is reaflly. 
at work at a time, the buckets of the remaining part 
being empty ; while a turbine is arranged, as a rule, with 
a vertical axis, and all parts of the wheel are simultane- 
ously taking their fair share of the worki In this respect 
there is agreat resembfknce and analogy to the distinction 
between the two chief instruments of ship propulsion by 
steam— the paddle-w'heel and the screw propeller. In the 
paddle-wheel only a few of the floats act on the water at 
a tisne ; while in the screw propeller, completely sub- 
merged, all parts ar^ equally at work, implying a great 
saving of weight in the propelling instrument. Mr. 
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Thomycroft, with his turbine propeller, is able to em- 
phasize this economy of weight still further, and, but for 
difficulties of going astern not yet surmounted, wof^ld be 
able to save considerable weight and space in sea-goipg 
steamers with this contrivance. 

As regards their construction, turbines are divided into 
three classes (p, 24) — the radial, axial, and mixed-flow — 
according to the mode in which the water enters and 
passes through the turbine ; but as regards the dynamical 
principle on which the turbines work, they are divided 
into two classes (p. 25), the reaction and the impulse 
turbine. 

In the reaction qr Jonval turbine, described in chap- 
ters iii. to vi., the passages are completely^ filled with 
water, and the changes of pressure play an important 
part in the work performed. This turbine possesses the 
advantage of being able to work when drowned by the 
tail race, or when elevated above the tail water to a height 
anything less than the height of the water barometer, a 
suction tube of*properIy adjusted shape being fitted below 
the turbine to carry off the water at pressure gradually 
increasing downwards to the atmospheric pressure. 
Against this arc the disadvantages of imperfect regula- 
tion for varying load, and that with a high fall this turbine 
must be made so small and must run so fast as rapidly to 
wear out, as in the Fourneyron turbines at St. Blaise 
(p. 422) ; but this disadvantage the author professes (p. 
263) to avoid by compounding the turbine, just as we 
compound the steam-engine with high-pressure steam. 

The impulse or Girard turbine, on the other hand 
(chapters vii. and viii.), derives its power entirely from 
the change of momentum of the water without change 
of pressure ; the buckets are freely ventilated, and 
consequently this turbine can only work in communic<a- 
tion with the surrounding air. It possesses, too, the 
great advantage of complete regulation of power by 
merely altering the supply of water. Girard turbines are 
divided into outward flow (Fourneyron) turbines, and 
inward flow (James Thomson) ; the latter, although more 
weighty and costly, possessing the advantage of greater 
stability of motion. 

In their difference of action we may compare the 
Jonval turbine with the screw propeller, which works 
entirely immersed, and derives its reaction partly from 
the change of pressure in the water ; while the Girard 
turbine resembles the paddlq-wheel in working at the 
surface of separation of the water and air, so that no 
appreciable change of pressure is manifest. Against this 
analogy, however, we find the screw propeller" far less 
susceptible to changes of immersion than the paddle- 
lyheel, whence the manifest superiority of the screw for 
long voyages. 

In chapters ix. to xi. the author gives a very valuable 
collection of numerical applications of bis theories to 
actual turbines on a large scale. In designing a turbine 
to utilize a fall, ihe first important measurement is that of 
thb quantity of the stream of water ; the speed of the 
turbine is next determined from the consideration that 
the best theoretical speed is half (or a little more than 
half) the speed at which the turbine would run if un- 
loaded ; and then various practical considerations ‘inter- 
vene in deciding whether the turbine should be reaction 
. or impulse, outward, inward, or mixed flow. 


At Holyokd, Mass., the Water-Power Company, under 
Mr. James B. Francis, controlling the falls, of the 
Connecticut, undertake the commercial testing of 
turbines submitted to them, and have checked to some 
extent the wild claims of efficiency, reaching and even 
exceeding 100 per cent., which American turbine makers 
are said to have claimed in their advertisements. There 
is still, however, an efficiency claimed for American 
turbines which has not been rivalled in Europe : this 
cannot be attributed to defect in our designs, and the 
author thinks must be attributed to the less care bestowed 
in America on the measurement of the quantity of water 
consumed. It is noticeable that the American turbines 
are generally of the reaction Jonval type, which is more 
suitable for their unlimited supplies of water by reason of 
^ts smaller weight and cost ; here in Europe, where water 
is scarcer, the impulse Girard turbine is more in favour. 

For mining purposes, especially in California, with 
great falls of 400 or 500 feet and small quantities of 
water, the hurdy-gurdy or Pelton wheel (p. 419) is a 
favourite, and in a paper by Mr. Hamilton Smith, Jun., 
of the American Society of Civil Engineers, the efficiency 
of ‘this wheel and its practical advantages are declared to 
be very high. Similar small impulse turbines seem likely 
to come into general domestic use. 

The author concludes (chapter xiii.) with a description 
of the various hydraulic pressure engines and motors of 
Armstrong, Rigg, and others. These engines act by 
pressure only, like the steam-engine, with the disadvant- 
age of using the same quantity of water whether working 
at high or low power, except in the case of Mr. Rigg’s 
motor. Such motors are, however, coming into great 
use on ships, not only for working the guns, but for 
steering, loading, and discharging cargo. 

Although designed, and amply fulfilling its purpose, as 
a practical treatise on hydraulic motors, this book will 
provide the pure theorist with some of the most elegant 
applications of relative velocity, aberration, dynamical 
principles, and of hydromechanics ; and it is instructive 
to notice that, as in all practical mechanical treatises, 
gravitation units of force only are employed, even in the 
hydrodynamical equations of Borda and Carnot, or of 
Bernoulli, as we think they should be called. All this 
is in direct opposition to the theoretical text-books ; 
theorist or practical man, which is to give way ? 

A. G. G. 


PHYSIOLOGY OF EDUCATION. 

Physiological Notes on Primary Education atui the 
Study of Language. By Mary Putnam Jacobi, M.D. 
(New York and London : G. P. Putnam’s Sons, 1889.)" 

T his is a remarkable book. The authoress is an , 
original thinker who knows how to express her 
thoughts clearly and strongly. It is worthy of being read 
by all interested in the science of education, though few 
perhaps even of the advocates of the present educationaV 
renaissance would be prepared to receive every one of 
her conclusions. 

The work consists of four distinct essays. The first 
two are entitled An Experiment in Primary Education,” 
and describe the way in which Dr. Mary Jacobi taught 
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her own little girl. She commences the. account with 
some very valuable remarks on the right order of studies. 

** The first intellectual faculties to be trained are per- 
ception and memory. The subjects of the child’s first 
studies should therefore be selected, not on account of 
their ultimate utility, but on account of their influence 
upon the development of these faculties. What sense is 
there then in beginning education with instruction in the 
• arts of reading and writing ? . . . From the modern stand- 
point, that education means such an unfolding of the 
faculties as shall put the mind into the widest and most 
effective relation with the entire world of things — spiritual 
and material, — there is an exquisite absurdity in the time- 
honoured method. To study words before things tends 
to impress the mind with a fatal belief in their superior 
importance.” 

As forms and colours are the elements of all visual 
impressions. Dr. Jacobi began to teach her child geome- 
trical forms before she was four years of age. At four 
and a half the little girl began elementary colours,. After- 
wards she made acquaintance with the points of the 
compass, the main ideas of perspective, and then maps 
and geography. The study of number, of course by 
concrete illustrations, followed that of form and ou^inc 
The observation of natural objects, especially that of 
plants and plant-life, was then commenced. The growth of 
beans and hyacinths was carefully watched, and the daily 
observations made by the child were written down by 
the mother, till she attempted them herself, and became 
gradually initiated into the mysteries of writing. This 
led her on easily to the art of reading when she was about 
six years of age. The progress of the child’s mental 
development during these early years is fully described, 
with many pleasant recollections of her sayings. 

The third part consists merely of a criticism of Miss 
Youman’s views on the teaching of botany, and an 
argument in favour of commencing in a child’s education 
with the flower rather than the leaf. 

Half the book, however, is occupied by the fourth essay, 
in which the authoress tre.ats of “ The Place for the Study 
of Language in a Curriculum of Education.” Of course she 
places it after the mind has been trained to deal with sense 
perceptions of external objects ; but she contends earnestly 
for the importance of the study of words, especially for 
the power it possesses of enabling the child to form 
abstract conceptions. The authoress enters largely into 
the brain action involved in the use of verbal signs or 
complex ideas, and illustrates her views of the matter by 
means of physiological diagrams. She also describes a 
little device for the comparison of verbal roots, which she 
terms “ language tetrahedrons,” and which are intended 
to show the relation between Latin, French, German, and 
English. She would devote to literary studies, including 
English, the best part of the time between the Kinder- 
garten training and the age of fourteen. 

“ To the study of words may be brought the scientific 
methods used in the study of things — observation, analysis, 
comparison, , classification ; and the child may thus begin 
to be trained for physical science -at a time when 
the pursuit of most physical sciences is impossible.” 

It may 1^ that Dr. Mary Jacobi claims too much time 
for the study, of languagOybutthe old-fashioned education- 
alists win gef little consolation from her concessions ; for 
she not' only pfaCis the study of words after that of things, 


but she would have several forms of Aryan speech 
studied simultaneously, and she would postpone the 
study of grammar till two years after the serious study 
of language has commenced. She believes that the 
pmver of abstraction and the general mental training 
gained by these philological studies will enable the young 
person at an early age to enter upon more serious matters 
of study or those of more immediate practical utility. 

J.*H. G. 

OUR BOOK SHELF. 

Steam-Engine Design. By Jay M. Whitham, Professor of 

Engineering, Arkansas Industrial University. (London; 

Macmillan and Co., 1889.) • 

In this work the author treats of the application of the 
principles of mechanics to the design of the parts of a 
steam-engine of any type or for any duty. He acknow- 
ledges that he has culled as much information as he has 
required from well-known sources, both English and 
American ; and he has embodied, as a sort of foundation 
for his work, a course of lectures given tq his class at the 
United States Naval Academy by P.A. Engineer John C. 
Kafer, U.S.N. 

After careful study, we can say that the book appears 
to be well suited for its purpose. The arrangement of 
information, both principles and details, is much the 
same as that in Mr. A. E. Seaton’s excellent work on 
marine engineering ; but the field covered is of far less 
extent, and the boiler and its accessories are not included. 
The author being a Professor of Engineering in an 
American University, we expected to find some variations 
from our own practice in steam-engine design. In this, 
however, we were disappointed. A few of the woodcuts 
represent parts of engines differing in insignificent details 
from those used in this country, but the main design is 
practically the same. It is gratifying to find many of our 
own engineers quoted as authorities in the volume — viz. 
D. K. Clark, A. E. Seaton, R. Sennett, and many other 
well-known English authorities. 

It must not be supposed that there is no original work 
in this book. Chapters ii. and iii. for instance, on the 
design of slide valves and reversing gears, are ample 
evidence of hard work on the part of the author : his 
descriptions and diagrams of the various motions are 
excellent. Chapter iv. deals with the general design and 
proportions of the steam-chest, valves with their various 
connections. Chapters v. anckvi. are on compound and 
triple-expansion engines, and contain also a theoretical 
treatment of indicator diagrams of a compound engine. 
These chapters are well written, and contain much useful 
information, but as a whole they do not teach anything 
new. To chapters vii. and viii., written by P.A. En- 
gineer Asa M. Mattice,*U.S.N., the same remarks will 
apply. The remaining chapters deal with the design of 
the various other parts of a steam-engine. The methods 
used are those well understood in every drawing-office 
worthy of the name, and they need not be further noticed 
here. 

Taken as a whole, the book deserves praise for ^^ood 
and careful work ; and we may especially call attention to 
the theoretical considerations, which are always clearly 
expressed. Although published by Messrs. Macmillan, 
the work is from an American pres^ that' of Messrs., 
Ferris Bros., New Ymrk. The printing and woodcuts are 
excellent — far better, as- usual, than English work ef the 
same class. N. J. L. 

Coloured Analytical Tables. By H. 'W. Hake, Ph.D., 
^F.I.C., F.C.S. (London : George Phillip and Son, 1889.) 

Novelties in text-books of elementary qualitative ana- 
lysis are usually conspicuous by their absence, but the 
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book before us takes an entirely new departure. The 
idea of representing the various coloured reactions by 
tinted imitations is, so far as we know, quite new. Apart 
from this, the usual well-worn paths are followed. The 
tables arc of the simplest -character, and are only sufficient 
for the detection of common bases in salts or oxides, 
no attempt being made to separate the members of the 
various groups. The second part is devoted to reactions 
for the detection of a few acids and organic substances. 

The book is apparently primarily intended for the use 
of students preparing for the preliminary examination of 
the Conjoint Board of the Royal College of Physicians 
and Surgeons, but it will no doubt have a much wider 
field of usefulness if it survives the test of experience. 
The new method of representation seems excellently 
adapted for young s^idents, and certainly no harm can 
be done by giving it a fair trial. 

The reactions illustrated include precipitates, charcoal 
reactions, borax beads, and flame colorations, most of 
which are fairly well represented. 

The Story of a Tinder Box, By Charles M. Tidy, M.B.M.S., 
K.C.S., &c. (London : Society for Promoting Chris- 
tian Knowledge, 1889.) 

Popular lecturers have discovered for some time that the 
history of the methods that have been used for obtain- 
ing alight is an excellent subject wherewith to please 
the public mind, and this book contains the reports of 
three such lectures delivered to a 'juvenile auditory last 
Christmas. An attempt has also been made to describe . 
the experimental portion of the lectures, and' the author 1 
has not committed the common error of giving a mul- 
tiplicity of pretty but' irrelevant experiments conveying 
a paucity of information. In fact, in some parts the reverse 
seems the ‘case, for we must confess our inability to 
discover why a consideration of the allotropic modifica- 
tions of carbon should necessitate a detailed description 
of the manufacture of black lead pencils. • This digres- 
sion, however, does not detract from the interest and 
general merit of the work, which certainly contains the 
explanation in simple language of some elementary 
physical and chemical phenomena. 

Majrnetism and Electricity. ' Part ’ I. Magnetism. By 
Andrew Jamieson, M.I.C.E. (London: Griffin and 
Co., 1889.) . . ' 

Although elementary text-books of physics continue to 
increase in number, there is still room for one of such 
general excellence asiPrO^ Jamieson’s elementary manuaf. 
'fhe book is speciallj^ arranged for the use of first year 
.Science and Art Department' and other electrical students. 
Numerous questions and specimen answers are distributed 
throughout the -book, and though^ this may be rather 
suggestive of cram, there is,nqtbing.in.the text to justify 
such a suggestion.; ‘-■It’ is unnecessary: to go into details, 
but it may be stated that tl^e# artangemci>t of subjects is 
as good as if well can b'ef, arjH^on^th^e’whol^ the descrip- 
tions are very clear. The i^uf^erous' diagrams are also 
excellent, those of the mariners 'compass bein^ especially 
good ; indeed, the w'hole chapter on terrestrial magnetism 
IS the- best elementary account of the subject which has 
qome under, our notice. 

The subjMt is throughout considered as an essentially 
practical- 0fie, gnd vpjff clear instructions' are given . for 
the tnakiiig.of compass and dipping needles. 

If the succeeding^' part's of the . book confirm the, good 
‘ opinion created by* the first, teachers of the subject are to 
be cqpg^tulat^ oil having such* a thoroughly, trustworthy 
text-book' at their disposal..' 

Time and 'Tide : A Romance, of the Moon. ■ By Sir Robert 
S. Ball, tL.D.'*j F.,R.S.''.j' (London Society for Promoting 
Christian" Knowledge,^ 1889.}' c 

. The ability of the author of this W4>rk to give a lucid 
expAslti<Fi of an abstruse subject Is a matter of common 


knowledge ; and hence the fact that the book contains ttvo 
of his lectures delivered at the London Institution last 
N ovember is in itself sufficient commendation. However,, 
be this as it may, we have no hesitation in saying there 
could hardly be a clearer explanation of Prof. George 
Darwin’s theory of tidal evolution than that contained in 
the work before us. The hypothesis being accepted, every 
feature of the past and future condition of our satellite 
is described in a most comprehensive manner. It is first 
shown how, when the earth was rotating on its axis with 
an enormous velocity, the tidal ‘action set up by the 
sun caused a portion to become detached and form our 
satellite. The employment of the term “conservation 
of spin ” facilitates considerably the demonstration of 
the fact that as by tidal action the spin of the earth 
decreases — as our day lengthens — so must the dimensions 
of the moon’s orbit be increased, and the length of the 
month therefore become proportionally greater. The ap- 
plication of Prof. Darwin’s theory to other members of 
our system is also inquired into ; and although the author 
does not attempt to go back to the first stage in the 
evolution of celestial species, he shows that tidal evolution 
is an extension of the hypothesis that does so. Indeed, 
the book is replete with information, and by the generiii 
scientific reader will be found e-xceedingly interesting. 


LETTERS TO THE EDITOR. 

\Tht Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertaki 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of NatURK, 
No notice is taken of anonymous communiccUions,\ 

Specific Inductive Capacity. 

Pkriiap.s a belter mode of performing the experiment quoted' 
by Mr. Kudge (p. 10) is to have two insulated parallel metal 
plate-s, one connected with an electroscope, the other with a 
slightly-charged Leyden-jar. On now interposing a thick slab 
of paraffin or ebonite (recently passed through a flame) between 
the plates, a very decided increase of divergence will be per- 
ceived. Unless, indeed, the electroscope should happen to 
have overflowed to earth during the charging of the jar, in which 
case it will be opoositely charged and a decreased divergence 
will be caused. To interpose the slab is, in fact, virtually to 
diminish the distance between the plates, and its effect is there- 
fore the same as that of pushing the plates closer together. 

The advantage of the Leyden-jar is that it keeps the potential 
practically constant. If an isolated plate or sphere is used a.s- 
the charged body, the circumstances are not so simple, for the 
insertion of the slab veiluces the potential and slightly increases 
the charge on the near face of the plate, so that, whether the 
divergence of the leaves is increased or diminished depends on- 
several unimportant considerations, of which the size of the slab 
may be one. - A slab of atya comparable to that of the plates 
between -which' it is put would in this ca'-c be the most suitable ; 
and in’any.case it should be supported by a long insulator, sa 
that . the qi^rator’s arm, as it approaches, shall not complicate 
and mask' th*e'efrect. Oliver J,* Lodge.* 

University College, Liverpool, November 9. 


**La Pietra Papale.” 

Above Stresa,.on the western bank of Logo Maggiore, there is 
an enormous granite boulder, which deserves the attention' of 
geologists. It lies on the left slope of an old moraine; near; the 
little village of. Gignese, and not far from the Hotel A|phvb,^ at 
an elevation of about 2500 feet above the sea-level. ' It is roughly 
oblong in shape, and measures some 75' feet ■ in length,'^ agd 
perhaps half as much in breadth and thickness. The prbjeicted 
mountain railway from Stresa to the summit of .Monte Motterone 
will pass close to the spot where it lies,ia,^;the* masunsVace?> 
already engaged in converting the smaller' bodlaers' into buildiomr 
stones. It IS to be hoped, however, that la pietra" papesu, 
os this splendid example of the corrying powers of ice*!* 
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called by the vill^ers, will not suffer the like fate. The Italian 
Alpine Club, will, we may trust, interest th^emselves in this 
rc\:itttT. l\ L. SCLATER, 

Hotel .du Parc, Lugano, October 21. 

Who discovered the Teeth in Ornithorhynchus ? 

As Dr. Hart Merriam’s letter on the above subject in your 
issue of the 7th inst. (p. 1 1) will be read by many who have not 
access to Sir Everard Home’s “ Lectures on Comparative 
Anatomy,” allow me to point out that the description and figures 
in that work referred to by Dr. Merriam have no bearing whatever 
upon the very interesting discoveries recently made. They 
represent, not the real teeth of the young animal discovered by 
Mr. Poulton, and fully described by Mr. Oldfield Thomas, but 
the well-known horny plates which functionally take their place 
in the adult, and which are called “grinding teeth” by Sir 
Everard only in a very general sense. W. H. Flower. 

British Museum (Natural History), November 9. 

The account of the teeth of Ornithorhynchus, given by Jsr 
Everard Home in “ Lectures on Comparative Anatomy,” vol. i. 
P* 305, explanatory of Tab. lix. vol. ii., referred to by Mr. Hart 
Merriam in your last issue (p. ii), shows, even more clearly 
than the figures, that the /me teeth had not been noticed at that 
time (1814). The passage is as follows: — “In the posterior 
portion of the mouth, both in the upper and low’er jaw, are 
placed grinding teeth with broad flattened crowns, four in num- 
ber, one on each side of each jaw. TJuy are romposed of a j^orny 
(the italics are my own), only embedded in the gum, 
to which they are connected bv an irregular surface in the place 
of fangs. When cut through, the substance appears fibrous, 
like that of nail ; the direction of the fibres being perpendicular 
to the crown, similar to that of the horny crust of the gizzard. 
The teeth in the young animal are .^mailer, and two on each 
side, so that the first teeth are probably shed, and the two small 
ones replaced by one large one.” 

It is perfectly evident that here no reference is made to the 
ime teeth, and, moreover, the figure of the two smaller “teeth” 
of young specimens represents merely the immature horny 
plates. The honours, therefore, still remain with Mr. Poulton 
and Mr. Oldfield Thomas. Oswat.d II. Latter. 

Anatomical Department, The Museum, Oxford, 

November 8. 


On a Mite of the Genus Te/ranychtis found infesting 
Lime-trees in the Leicester Museum Grounds. 

About the 13th of last September my attention was called to 
the strange appearance of a row of lime-trees standing in front 
of the School of Art buildings in Hastings Street. On examina- 
tion I found that the whole row, with, I think, only one excep- 
tion, were almost entirely devoid of leaves, the trunks and 
branches being covered with a fine web, very closely spun, 
giving them the appearance of being coated with a thin layer of 
ice, this glazed look being specially noticeable when standing in 
such a position as to catch the reflected rays of the sun. At first 
sight I imagined that I was examining the work of a spider, 
though I was unable to recollect any whose webs would accord 
with the character of those under observation. However, a 
close inspection revealed the webs to be tenanted by an in- 
numerable number of yellowish or orange-coloured mites which 
were in some places associated together in dense masses or 
clusters, and more or less abundant over the whole of the trunks 
and branches. 

These miles appeared, on being subjected to a careful 
microscopical examination, to be identical with Tetranychus 
Hliarum^ Mull., a species which it seems that Claparide con-* 
siders to be only a variety of T. telarius^ the common “red 
spider.” However that may be, they are at any rate closely 
allied forms — members of the family Trombidiida^ which pos- 
sess, as one of their distinguishing characteristics, a pedipalpus 
with a claw and a lobe-like appendage. In the genus 
Tetranychus the palpi are chelate, the mouth is furnished with a 
bibbed sucking apparatus for the extraction of plant juices, and 
spinning organs are usually present. It is needless to comment 
upon. their destructiveness to vegetation, for most keepers of 
jgai^dens and hothouses are familiar with their ravages in one 


direction or another, and the difficulty experienced in thoroughly 
extirpating them. 

In connection with the species which forms the subject of the 
present communication, I notice that Murray, in his work on 
the “ Apt era,” says : “It occasionally occurs in such numbers 
as almost to denude the trees of their foliage ; and it has been 
noted that the stems and branches of such trees seemed covered 
with a bright glaze. Can this he a fine web? ” It was so, most 
I certainly, in the present instance, which afforded me a most 
j favourable opportunity for examination. Again, it appears that 
the mites are normally found on the under-surface of the leaves, 
which they cover with a fine web of silk, on whichs (to again 
quote Murray) “they are sometimes crowded together in vast 
I numbers ; for example, we have seen them so thick on the leaves 
j that they looked as if they were not merely sprinkled with a yellow 
1 orange coloured powder, but as if it was actually in parts heaped 
j up on them, so that none of the green colour of the leaf was visible.” 
Their presence is of course highly injurious, causing the leaves 
to shrivel and drop ; and it seems to mt that the fact of iheir 
occurrence on the bare bark of the trunks was attributable to the 
death of the leaves causing them to retreat to that position, 
uncongenial though it would seem to be. Such trees as pre- 
served their foliage presented no abnormal appearance on the 
branches, &c., notwithstanding which, in one or two instances, 
I believe the parasites were present on the leaves, though seem- 
ingly not in such extraordinary profusion. 

Duges, writing of 71 telarins^ states his belief that that species 
passes the winter under stones, and instances the finding of 
several active individuals so situated in a garden near Baris in 
the month of October. Regarding this point I may say that my 
specimens of 7 . /iliantm^ which I placed in a box immediately 
after removal from the trees, speedily ensconced themselves 
in the most convenient nooks and crannies, in which they spun 
fine webs. It may be worth noting that the days on which . my 
observations were made were warm and damp, with scarcely 
any wind, quite typical early autumn days in fact. 

F. R. Rowley. 

Leicester Museum. 

Retarded Germination. 

I SHALL be much obliged to any of your readers who can give 
an explanation of the probable cause of the above phenomenon, 
which I have remarked this year. I sowed a number of patches 
of seeds of various hardy annuals in the garden in the last week 
of April ; about half of them came up after the usual interval, 
strongly and regularly. Such were Calendula Pongei^ Con» 
volvulus minor ^ Lavatera trimes/ris, Colli us la bicolot\ /be»is 
white and red, Specularia speculum^ Linum rubrum^ 

Then there were some of which a few scattered seedlings made 
their appearance at this time, and after an interval of about six 
weeks the greater pari of them also came up ; among these were 
^ufoca viscidfij Nigelia damascena^ Sphenagyne^ and Clarkia 
puhhella. Thirdly, there were some of which I quite despaired ; 
mignonette, however, appeared U^inly about the end of June, 
and at intervals till August ; and in the middle of June a few 
plants (in proportion to the seed sown, a few) of Linaria bipartita^ 
Madia elegans^ and Xeranthemum came up — one consequence 
being that the last named has not yet flowered. Some of the 
seeds were obtained this spring from seedsmen, some were my 
own collection of the la%t year or two — of the latter were 
Calendula^ Lavatera^ Convolvulus^ Specularia^ Eutoca^ Nie/ella^ 
Sphenogyne^ and mignonette — so that cannot be said to give any 
clue. The conditions for germination and growth were favour- 
able, and the season also. I have never remarked before any 
annuals so long in appearing above ground ; though in some 
herbaceous plants I have noticed it, e.g. Gaillardia^ Myosotis 
alpestris^ and Anemone coronaria. E. A. . 

Herefordshire, September 19. 


The Relation of the Soil to Tropical Diseases. 

As a humble subsertber to and student of Nature,^ will yon 
bear with me while I ask your help, as shortly and plainly as I 
can ? I am in a very secluded cornerof one of the Native States 
of Rajpootana, and 1 am collecting facts and making observa- 
tions on the relation of the soil to tropical diseases ; my ambition 
being to discuss it not so much from a statistical and geo8[raphical 
standpoint! as from the geological, in its chemical and biological 
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aspects ; though, as I conceive, the geographical, climatological, 
and geological elements in the problem are not to be arbitrarily 
distinguished. Now I am far away from all books of reference, 
and it is of course essential that I make m3fself acquainted with 
what has already been done in these subjects, and I ventvre to 
ask for any hints as to the bibliographer of them. Can you tell m^if 
anyone has done for geology what Hirsch, of Berlin, has done fo*" 
geography (in his work on the distribution of disease) ? Is there 
any authority on the chemistry of soils, and what I roughljr call 
their physiology and pathology, their structural and functional 
changes idider influences — climate notably — and their own in- 
trinsic, and the deeper geological interactions ? 

A. Ernest Roberts. 

Meywar Bheel Corps, Kherwara, Central India, 

September 9. 


The Earthquake of Tokio, April 18, 1889. 

Dr. von Kebeur-Paschwitz’s letter, which appeared in 
Nature, vol. xl. p. 294, is of special interest to us in Japan, 
countenancing as it does the conjecture that the very peculiar 
earthquake felt and registered here on April t8 was the result of 
a disturbance of unusual ms^itude. It was m^ good fortune 
on the day in question to be engt^ed in conversation with Prof. 
Sekiya in the Seismological Laboratory at the very instant the 
earthquake occurred. We at once rushed to the room where 
the self-recording instruments lay, and there, for the first time in 
our experience, had the delight of viewing the pointers mark 
their sinuous curves on the revolving plates and cylinders. At 
first sight it seemed as if the pointers had gone mad, tracing put 
sinuosities of amplitudes five or six times greater than the 
greatest that had ever before been recorded in Tokio. There 
was not much sensation of an earthquake ; indeed, after the 
first slight tremor that attracted our attention, we felt nothing 
at all, although in the irregular oscillations of the seismi^raph 
pointers we had evidence enough that an earthquake was 
passing. VSry few in Tokio were aware that there had been 
an earthquake till they read the report of it in the next day’s 
papers. Thas the motion, though large, was too slow to cause 
any of the usual sensations that accompany earthquakes, and 
suggested a distant origin and a large disturbance, with a con- 
sequent wide extension of seismic effect. Excepting the slight 
tremors recorded at Potsdam and Wilhelmshaven, there has 
been, so far, no evidence of any such far-reaching action. 

My object in writing this note, however, is to correct an error 
of calculation which Dr. von Kebeur-Paschwitz has unwittingly 
made. He has assumed that Tokio standard time is mean local 
time. On the contrary, the standard time for all Japan is the 
mean solar time for longitude 135° E., — that is, nine hours in 
advance of Greenwich mean time. Hence, instead of the Tokio 
earthquake having preceded the German disturbance by ih. 
4*3m. it preceded it by only 45m. This correction increases tne 
velocity of transmission to 30TO metres per second. We must 
assume, then, either that large disturbances in the heart of the 
earth travel with exceptionally high speeds, or that the origin of 
the disturbance was a considerable distance from Tokio. The 
latter assumption seems sufficiently satisfactory, if in other 
respects Dr. von Rebeur-Paschwitz’s views meet with approval. 

Cargill G. Knott. 

Imperial University, Tokio, Japan, September 25. 


A Brilliant Meteor. 

Yesterday evening, November^, at 7.55 p.m., I "was for- 
tunate enough to observe a very brilliant meteor. It 'became 
visible almost exactly at the zenith, or a little west of it, and 
moved, as nearly as I could judge, due east, magnetic ; it re- 
mained visible for about from one to two seconds, disappearing, 
finally, rather low down on the eastern horizon. For the first 
half of its journey it. was of a dazzling white brightneu, and then 
it suddenly became a dull red spark. The light emitted from it 
wheif brightest reminded me of the light from an arc lamp, and 
was very much brighter than any of the fixed stars. 

As it was so short a time in view, and there were no stars 
visible, I could only approximately estimate its point of appear- 
ance and path. There were a few clouds about, mostly in the 
west, and the moon was behind them. Paul A. CoBBOLlti 

Warwick School, November $. r 


I 


ON THE HARDENING AND TEMPERING OF 

STEEL} 


II. 


T he following considerations appear to have guided 
Osmond in beginning his investigations (see antet 
p. 16). Bearing in mind the fact that molecular change in a 
body is always accompanied by evolution or absorption of 
heat, which is, indeed, the surest indication of the occur- 
rence of molecular change, he studied with the aid of a 
chronograph what takes place during the slow cooling 
and the slow heating of masses of iron or steel, using, as 
a thermometer to measure the temperature of the mass, a 
thenno-electric couple of platinum and of platinum con- 
taining 10 per cent, of rhodium, converting the indica- 
tions of the galvanometer into temperatures by Tail’s 
formula;. 

« 



Kic. 5. 



In the next diagram (Fig. 7} temperatures through which 
a slowly-cooling mass of iron or steel passes, are arranged 
along the horizontal line, and the intervals of time during 
which the mass falls through a definite number ^6'6) of 
degrees of temperature are shown vertically by ordinates. 
See what happens while a mass of electro-deposited iron 
(shown by a dotted line), which is as pure as any iron can 
be, slowly cools down. From 2000* to 870* it falls uni- 
formly at the rate of about 2*2° a second, and the intervals 
of temperature are plotted as dots at the middle of the 
successive points of the intervals. When the temperature 
falls down to 858°, there is a sudden arrest in the fall of 
temperature, the indicating spot of light, instead of falling 
at a uniform rate of about 2” a second, suddenly takes 26 

A Lecture delivered on September 13, by Prof. W. C. Roberts-Auften^ 
F.R.S.I before the members 01* the British AisocUtion. Continued from 
p. x6. 
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seconds to fall through an interval of temperature which 
hitherto and subsequently only occupies about 6 seconds. 
Turn to the dia^p-am, and see what actually^ happens when 
the iron contains carbon in the proportion required to 
constitute it mild steel (shown by thin continuous line, 
7) • there is not one, but there are two such breaks in 
the cooling, and both breaks occur at a different tempera* 
ture from that at which the break in pure iron occurred. 


As the proportion of carbon increases in steel, ^ the first 
break in cooling travels more and more to the right, ''^and 
gradually becomes confounded with the second break, 
which, in steel containing much carbon, is of long dura- 
tion, luting as much as 76 seconds in the case of steel 
containing 1*25 per cent, of carbon (thick ^continuous 
line, (Fig. 7). 

[In the experiments shown to the audience the spot of 



light moved slowly and uniformly along a screen ten feet | 
in length. It halted for a few seconds as the temperature 
of the cooling mass of steel fell to about 850^ C., and 
when the metal was at dull redness, the spot of light 
remained stationary for 68 seconds, and then resumed its 
course.] • 

Now, it may be urged, evidently the presence of carbon 
has an influence on the cooling of steel when left to itself : 
may it not affect molecular behaviour during the rapid cool- 
ing which is essential to the operation of hardening ? We 
know that the carbon, during rapid cooling, passes from 
the state in which it is combined with the iron into a state 
in which it is dissolved in the iron ; Mne also know that, 
during slow cooling, this dissolved carbon can re-enter 
into combination with the iron so as to assume the form 
in which it occurs in soft steel. Osmond claims that this 
second arrestation in the fall of the thermometer corre- 
sponds to the recalescence of Barrett, and is caused by 
the re-heating of the wire by the heat evolv^ when 
carbon leaves its state of solution and truly combines with 
the iron. I 

If it is hoped to harden steel, it must be rapidly cooled ! 
before the temperature has fallen to a definite point, not | 
lower than 650% or the presence of carbon will be un- : 
availing. But what does, the first break in the curves , 
mean? You will see that a break occurs in electro- ; 
type iron which is free from carbon (thin dotted 
line. Fig. 7) ; it must then indicate some molecular I 
change in iron itself, accompanied with* evolution of 
heat — a change with which carbon has nothing what- 
ever to do, for no carbon is present ; and Osmond ; 
aigues thus : — There are two kinds of iron^ the atoms of j 
which are respectively arranged in the molecules so as to j 
constitute ke^d and soft iron^ quite apart from the 1 
presence or absence of carbon. In red-hot iron the mass j 
inay be soft but the molecules are hard — let us call this I 


^ iron ; cool such red-hot pure iron, whether quickly or 
slowly, and it becomes soft ; it passes to the a soft modi- 
fication — there is nothing to prevent its doing so. It 
appears, however, that if carbon is present, and the metal 
be rapidly cooled, the following result is obtained ; a 
certain proportion of the molecules are retained in the 
form in which they existed at a high temperature — the 
hard form, the ^ modification — and hard s/eet is the result. 

• IRON. 


a, OR SOFT 
IRON 



WHENy^lRON COOLS 
DOWN FROM BRIGHT 
REDNESS TO 855^ C. 
IT CHMHSES TOC6 IROH 


fi, OR HARD 
IRON 



PURE IRON AT TEMPERATURES 
BELI^858*‘C. AND IRON 
CONIAMINQ CERTAIN OTHER 
ELEMENTS IF COOLED SLOWLY. 

(PSMONO) 


IRON AT HIGH TEMKRAnmCS 
0R» IF CERIAiN OTH« 
ELEMENTS BE PRESENT $ . 

AFTER BEING RAPIDLY COOLED. 

(pSMONO) 


Fig. 8. 


The main facts.of the case may, perhass, be made clearer*^ 
by the aid-of this diagram (Fig. 8} which shows the relation 
between a and /3 iron. This molecular change from /3 
iron to a iron during the slow cooling of a mass of iron or 
steel is, according to Osmond’s theory, indicated by the 
first break in the curve, representing the slow cooling of 
iren, a8 is proved by the fact that it occurs alqne in electro- 
iron. A second break, usually one of mijich, longer dura- 
tion, marks the point at which carbon itself changes from 
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‘he dissolved or hardeninff carbon to the combined 
carbide-carbon. It follows that, if steel be quickly cooled 
after the chatti^c from to a has taken place but before 
the carbon has altered its state — that is, before the change 
indicated by the second .break in the curve has been 
reached — then the iron should be soft, but the carbort, 
hardening carbon ; and as such, the action of a solvent 
should show that it cannot be released from iron in the 
black carbide form. This proves to be the case, and 
affords strong incidental proof of the correctness of the 
view that two modihcations of iron can exist. 

It will be seen, therefore, that, although the presence of 
carbon is essential to the hardening of steel, the change 
in the mode of existence of the carbon is less important 
than has hitherto been supposed. 

The a modification of iron maybe converted into the /3 
form by stress applied to the metal at temperatures below 
a dull red heat, provided the stress produces permanent | 
deformation of the iron,* but the consideration of this 
question would demand a lecture to itself. I am anxious 
to show you an experiment which will help to illustrate 
the existence of molecular change in iron. 

Here is a long bar of steel containing much carbon. > 
In such a variety«of steel, the molecular change of the iron j 
itself, and the change in the relations between the carbon j 
and the iron, would occur at nearlvthe same moment. It | 
is now being heated to redness, ^ut if you will look at i 
this diagram (Fig. 9), you will be prepared for what I want ! 


Fi(i. g. — The har of steel, J inch in section and iS inches lonjj, heated to 
bright-redness and firmly fixed in a vice or other supp >rt at /». A weight 
of about 2 pounds is rapidly hung on to ihe free end. and A light 
pointer^ U added to magnify the motion ol the btr. It remains per- 
fectly rigid for a pcr.od varying from 30 to 40 seconds, and then, when 
the bar has cooled down to very dull redness, it suddenly bends, the 
pointer falling from 6 to 8 inches to the position c\ 

you to see in the actual experiment. One end of the red- 
hot bar a will be firmly fixed at b, a weight not sufficient to 
bend it is slung to the free end, which is lengthened by the 
addition of a reed, r, to magnify any motion that maytake 
place. Now remember that as the bar will be red-hot it 
ought to be at its softest, you w’ould think, when it is freshly 
withdrawn from the furnace, .ind if the weight was ever to 
have power to bend it, it \v«uld be then ; but, in spite of the 
rapidity with which such a thin bar cools down in the air 
and becomes rigid, points of molecular weakness come 
when the iron changes from to a, and the carbon passes 
from hardening carbon to carbide-carbon ; at that moment, 
.It a temperature much below that at which it is withdrawn ' 
from the furnace, the bar will be^in to bend, as is shown 
by the dotted lines o', c'. It has been found experimentally 
that this bend occurs at the point at which, according to 
Osmond’s theory, molecular change takes place. Mr. 
Coffin takes advantage of this fact to straighten distorted 
steel axles.2 

‘ There is a sentence in the address which has just been 
delivered before Section G, by Mr. Anderson, which has 
direct reference to molecular change in iron. He says 

When, by the t^ency of heat, tnolecnlar motion is raised to 
‘ a pitch at which incipient fluidity is obtained, the particles of 
two pieces brought into contact will Itoterpenetrate or difliise 
into each other, the two pieces will unite into a homogeneous 
whole, and we can thus grasp the full meaning of the operation 
known as * welding.’ ” 

It is, however, possible tp obtain evidence of inter- 
change of molecular motion, as has been so abundantly | 

* “ Etudes Miullurgiques." PM Osmond, p.% (Paris: Dunod, 1888.) 

Trans. American Sm. Civil Enxineers, xvi., 1887, p. 3x4. 




shown by Spring, eVen at the ordinary temperature, while, 
in the case of steel, it must take place far oelow incipient 
fluidity — indeed, at a comparatively low temperature, as is 
shown by the following experiment on the welding of steel. 
Every smith knows how difficult it is to weld highly 
carburized hard tool-steel, but if the ends of a newly- 
fractured y*ff-inch square steel rod, a (Fig. 10), are placed 



together and covered with platinum foil, so as to exclude 
the air, and if the junction is heated in the flame of a 
Bunsen burner, <r, the metal will weld, without- pressure, 
so firmly that it is difficult to break it with the fingers, 
although the steel has not attained a red-heat.* 

The question now arises, What is the effect of tic 
presence of other metals in steel, of which much has been 
heard recently ? (t) Manganese. Osmond has shown that 
this metal enables steel to harden very energetically, as is 
well Jjnown. If much of it be present, 12 to 20 per cent., in 
iron, no break whatever is observed in the curve which re- 
presents slow cooling (see line marked “manganese steel” 
(Fig. 7). That is, the iron never shows such a change as 
that which occurs in other cooling masses of iron. Then 
you will say such a material should be hard however it is 
cooled. So it is. There is one other important point of 
evidence as to molecular change connected with the 
addition of manganese to submit to you. Red-hot iron 
is not magnetic. Hopkinson ^ has shown that the tem- 
perature of recalescence is that at which iron ceases to be 
magnetic. It may be urged that /3 iron cannot therefore 
be magnetized. .Steel containing much manganese cannot 
be magnetized, and it is therefore fair to assume that the 
iron present is in the form. Hadfield* has given 
metallurgists wonderful alloys of iron and manganese in 
proportions varying from ‘7 to 20 per cent, of manganese. 
This core of iron round which a current is passing, 
attracts the sphere of iron, but if nothing is changed, 
except by replacing the core of iron with a core of 
Hadfield’s steel, it is impossible to make a magnet of it. 
[Experiment shown.] 

Prof. Ewing, who has specially worked on this subject, 
concludes that, “ no magnetizing force to which the 
metal is likely tOt be subjected in any of its practical 
applications would produce more than the most infini- 
tesimal degree of magnetization ” in this material. 

It has been seen that quantities of manganese above 7 
per cent, appear to prevent .the passage of iron into the 
a form. In smaller quantities manganese seems' merely 
to retard the conversion, and to bring the two loops of 
the diagram nearer together. 

Time will not permit me to deal with the effect of 
other elements on steel. I will only add that tungsten 
possesses the same premerty as manganese, but in a 
more marked decree. Chromium has exactly the re- 
verse effect, as it enables the change of hard 0 iron 
to a soft iron to take place at a higher temperature 
than would otherwise be the case, and this may explain 
the extreme hardness of chromium steels when hardened 
in the same way as ordinary steels. 

■There are a few consideraitlons relative to the actual 
; working of steel with which I c^indeal but briefly, notwith- 
standing their industrial impohance. The points a and 
b, adopted in the celebrated memoir of Chernoff to which 


< Trarg. American Society Mechanical Engineerg, ix.» t888» p. 255. 
^ Free. Roy. Soc.. xlv.. 2889, pp. 3x8, 44g« and 45; 

3 Froc. Ingt. Civil En^neeri, xciii. Part fli., 2886. 



I / av , 14, 1889] 


NATURE 


35 


I have referred already, change in position with the 
degree, of carburization of the metal. It is useless to 
attempt to harden steel by rapid cooling if it has fallen in 
temperature below the point (in the red) <1, and this is the 
point of “ recalescence ” at which the carbon combines 
with the iron to form carbide-carbon : it is called V by 
Brinell. In highly carburized steel, it corresponds exactly 
with the point at which Osmond considers that iron, in 
cooling slowly, passes from the /3 to the a modihcation. 
Now with r^ard to the point b of Chernoff. If steel 
be heated to a temperature above a, but below b, it 
remains fine grained however slowly it is cooled. If the 
steel be heated above b, and cooled, it assumes a crystal- 
line granular structure whatever the rate of cooling may 
be. . The size of the crystals, however, increases with the 
temperature to which the steel has been raised. 

Now the crystalline structure, which is unfavourable to 
the steel from the point of view of its industrial use, may 
be broken up by the mechanical work of forging the liot 



Fio. It thow* the way in which the tenacity <ft steel containing varying 
amountt of carbon is increased by oil hardening,' while at the same time 
the elongation rapidly diminishes. 


mags ; and the investigations pf Abel* of Maithmid^ ai^d QjC 
Npble'^ have shown ^ow imppr(%nt ^ work” op the n^tpl is; 
W.ben . small masses of hot . steel) ate quepched in oil^they 
are hardened just, as they would be if water were used as 
a cooling fluid. With large masses, the effect of quench- 
ing, in oil is different. Such cooling of large hot masses 

,■ *, This was well shown in Prof. Akennaii't celebrated pamr on ** Harden* 
ing Iron and Steel," Joum. Iron and Steel InstituU. 1879. Pert u. p. 501. 


appears to break up this crystalline structure in a manner 
analogous to mechanical working. If the mass of metal 
is very large, such as a propeller shaft, or tube of a large 
gun, the change in the relations between the carbon and 
the iron, or true “hardening” produced by such oil 
treatment is only effected superficially — that is, the 
hardened layer does not penetrate to any considerable 
depth, but the innermost parts are cooled more ({uickly 
than they otherwise would have been, and the develop- 
ment of the crystals, which would have assumid serious 
proportions during slow cooling, is arrested. It depends 
on the size of the quenched mass, whether the tenacity of 
the metal is or is not increased, but its power of being 
elongated is considerably augmented. This prevention 
of crystallization I believe to be the great merit of oil 
quenching, which, as regards large masses of metal, is 
certainly not a true hardening process. 

There has been much divergence of view as to the 
relative advantages of work on the metal, and of oil- 
hardening, but I believe it will be possible to reconcile 
these views, if the facts I have so briefly stated be 
considered. 

The effect of annealing remains to be dealt with. In a 
very complicated steel casting, the cast metal probably 
contains much of its carbon as hardening carbon, and the 
mass which has necessarily been poured into the mould 
at a high temperature is crystalline. The effect of an- 
tvealing is to permit the carbon to pass from the “ harden- 
ing” to the “ carbide ” form, and, incidentally, to break 
up the crystalline stucture, and to enable it to become 
minutely crystalline. The result is that the annealed 
casting is far stronger and more extensible than the 
original casting. The carbide-carbon is probably inter- 
spersed in the iron in gne crystalline plates, gnd not in a 
finely divided state. It would obviously be impossible to 
“work”— thatis, to hammer— complicated castings, and the 
extreme importance of obtaining a fine crystalline struc- 
ture by’ annealing, with the strength which results from 
such a structure, has been abundantly demonstrated by 
Mr. J. W. Spencer, whose name is so well known to you 
all in Newcastle. 

The effect of annealing and tempering is in fact very 
complicated, and 1 can only again express my wish that it 
were possible to do justice to the long series of researches 
which Barus and Strouhal have conducted in recent 
years. They consider that, annealing is demonstrably 
accompanied by chemical change, even at temperatures 
•slightly above the mean atmospheric temperature, and 
that the “ molecular configuration of glass-hard steel is 
always in a state of incipient change, ... a part of 
which change must be of a permanent kind.” Barus 
says “ that during the small interval of time within which 
appreciable annealing occurs, a glass-hard steel rod sud- 
denly heated to 300^ is almost a viscous fluid.” * Barus 
considers that glass-hard steel is constantly being 
spontaneously “ tempered ” at the ordinary tem^rature. 
whicbi he says, “ acting on freshly quenched [that is 
hardened] steel for a period of years, produces a diminu- 
tion of hardness about equal to that of 100® C., acting for 
a period of hours.” 

The nature pf the molecular change is well indicated m 
the long series of researches which fed them to conclude 
that tn steel “there is a limited interchange of atoms 


between molecules under stress, which must be a property 
common to solids, if, according to Maxwell’s conception. 
soUcjlii., ate inade un of configuratloifs in all degrees of 
iboIq^§fr sti^ility.’^ • 

.. Strouhal attach but little importance to the 

:bange in the relations between the carbon and the iron 
luring the tempering and annealing of hard steel. They 
;bnsid(br that fn harttening steel the “ strain once applM 
8 stdel ' is locked up in the metal in virtue of its 




FkiL xxvt.» i8$8, p. 209. 
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viscosity ” ; tempering is the release of this molecular 
strain by heat. 

Highly carburized steels harden very energetically by 
very slight modifications in thermal treatment, and ijt will 
be evident that a very hard material is unsuitable for 
industrial use if the conditions of its employment are such 
as to render it desirable that the material should stretch. 
To turn to very “ mild ” steel which does not harden, it 
is certain that, although wrought iron passes almost 
insensibl/ into steel, there can be no question that not 
merely the structural but the molecular aggregation of 
even steel containing only A per cent, of carbon is 
profoundly different from that of wrought iron. F ormerly, 
as Sir F. Bramwell pointed out in a lecture delivered at 
the Royal Institution in 1877, “by the year 1830 . . . from 
small beginnings ir» Staffordshire and at Birkenhead 
sprang a wonderful wrought-iron navy, but steel was a 
luxury : it was made in small portions sold at high prices, 
as much as a shilling or eighteenpence a pound. It was 
employed for swords, cutlery, and tools, needles and other 
purposes where the quantity used was but trifling, and 
where the importance of the superior material was such 
as to justify the large expenditure incurred. It was felt 
in those days thdt steel was worth paying for because it 
was trusted ; indeed its trustworthiness had passed into 
a proverb ” — “ as true as steel.” 

The class of steel which was formerly employed, as I 
have just indicated, for weapons and tools belonged.to 
the highly carburized, readily-hardening class. It was 
the “ mild steel ” containing but little carbon which was 
destined to replace wrought iron, and when attempts were 
made to effect the general substitution of steel for iron, 
fears as to its character and trustworthiness unfortu- 
nately sooq arose, so that from about the year i860 
until 1877 steel was viewed with luspicion. We can now 
explain this. Doubts as to the fidelity of steel, even when 
it was obtained free from entangled cinder, arose from 
ignorance of the fact that, on either side of a com- 
paratively narrow thermal boundary, the iron in steel can 
practically exist in two distinct modifications. The steel 
was true enough, but from the point of view of the special 
duties to be intrusted to it, its fidelity depended on which 
modification of iron had to be called to the front. 
Artificers attempted to forge steel after it had cooled 
down below the point a of Chernoff, at which recal- 
escence occurs, and they often attempted to work highly 
carburized steel at temperatures which were not sufficiently 
low. '1 

Steels may be classified from the point of view of their 
industrial use according to the amount of carbon they 
contain, and I have attempted to arrange in this trophy 
certain typical articles, grouped, under certain definite 
percentages of carbon ranging from to i J per cent. 
[This was a trophy 18 feet square, with various typical 
articles of steel arranged in ^ order according to the 
amount of carbon they contained. I am greatly indebted 
to Mr. J. W. Spencer, of Newcastle, who kindly [ent me 
the fine series of specimens of which the “trophy” is 
built up.] Each class merges into the other, but the 
members at either end of the series vary very greatly. 
It would be impossible to make a razor which would cut 
from boiler plate ; and conversely, a boiler made of razor 
steel would possibly fracture at once if it were super- 
heated and subjected to any sudden pressure of steam. 
Speaking > generally, if the steel contains, in addition to 
carbon, per cent, of manganese, each class of steel, as 
at present arranged, would have ‘to be shifted a class 
backwards towards the left of the trophy. 

At the present day, instead of steel being manuf^tur^ 
and used in small quantities, about . 4,000,000 tons are 
annually employed in this countiy. Let us see how it is 
used. A steel fleet, the finest fleet in the world, tes 
recently assembled at Spithead. The material of which 
it was made contained t'lAi to per cent, of carbon, and 


when steel faces are used for the armour plates, the 
material contains A to per cent, of carbon. 

It has been pointed out that the crews of the flMt at 
Spithead numbered no less than 21,107 men. ^ This it has 
been shown is “ a remarkable figure, considering the great 
economy in men which prevails in a modem navy as com- 
pared with the navy of Nelson’s day. A hundred years 
ago the normal requirements of a fleet were one man to 
a little over four tons, but now, thanks to the part played 
by steel and hydraulic power, we require but one man to 
every seventeen tons. Thus it may roughly be said that an 
aggregate of 20,000 men at the present day corresponds 
to an aggregate of 80,000 men in the days of Nelson.” 
The latest type of battle-ship weighs, fully equipped, about 
10,000 tons, there being about 3400 tons of steel in the 
hull, apart from her armour, which, with its backing, will 
weigh a further 2800 tons.^ 

From the use of steel in the Royal Navy and in the 
mercantile marine, let us pass on to its most notable use 
in construction. If the President of the French Republic 
was justified in appealing, in a recent speech, to the Eiflel 
Tower as “a monument of audacity and science,” * what 
are we to say of the Forth Bridge, the wonders of wliich 
will be described by Mr. Baker on Saturday ? By his 
kindness I am able to place in the position in the trophy 
justified by the carbon it contains, a plate from the Forth 
Bridge, which fell from a height of some 350 feet, and, 
being of excellent quality, doubled itself on the rocks 
below. A single span of the Forth Bridge is nearly as 
long as two Eiflel Towers turned horizontally and tied 
together in the middle, and the whole forms a complicated 
steel structure weighing 1 5,000 tons, erected without the 
possibility of any intermediate support, the lace-like fabric 
of the bridge soaring as high as the top of St. Paul’s. 
The steel of which the compression members cif the 
structure are composed contains iHild per cent, of carbon 
and per cent, of manganese. The parts subjected to 
extension do not contain more than P®*” 
carbon.* 

Time will not permit me to pass the members of each 
class in review. I can only refer to very few. Steel for 
the manufacture of pens contains about ih per copt- of 
carbon, and 16 to 18 tons of steel are every weik let 
loose on an unoffending world in the shape of, steel 
pens. 

Steel rails contain from to A per cent, of carbon, 
and, in this class, slight variations in the amount of car- 
bon are of vital importance. An eminent authority, Mr. 
Sandberg, tells us that in certain climates a variation of 

per cent, in the amount of carbon may be very seVious. 
The great benefit avhich has accrued to the country from 
the substitution of more durable steel rails for the old 
wrought-iron ones may be gathered from the figures 
which Mr. Webb, of Crewe, has given me, which ^ show 
that “the quantity of steel removed from the, rails 
throughout the London and North-Western system by 
wear and oxidation is about 15 cwt. an hour, or 18 tons 
a day.” 

Gun-steel contains i\f to per cent, of carbon, and it 
may contain per cent, of manganese. It is in relation 
to gun-steel that oil-hardening becomes very impdrtant. 
The oil-tank of the St. Chamond Works (on the Loire) 
is 72 feet deep, and contains 44,000 gallons of oil, which 
is kept in circulation by rotary pumps, to prevent the oil 
being unduly heated locally when the heated mass of 
steel is plunged into it. 

Now with regard to projectiles. To quote some recent 
remarks of Lord Armstrong,* “ the heaviest shot used in 
the Victory was 68 pounds, while in the Victoria- it will 
be 1800 pounds ; and, while the broadside-fire from- the 

. * Address by Mr. Baker, Section G, British Association Report, 18^5, 
p. ii8a. 

^ Twtes^ August 19, 1889. 

^ 3 .fotifna] of die Iron end Steel Institute, 1888, IL p. ‘94. 

4 August 3, 1889. 
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Victory consumed only 325 pounds of ppwder, that from 
the Victoria ytWX consume 3000 pounds. The most for- 
midable projectiles belong to the highly carburized class 
of steel. Shells contain o*8 to o 94 per cent, of carbon, 
and, in addition, some of these have 0*94 to 2 per cent, 
of chromium. The firm of Holtzer shows, in the Paris 
Exhibition, a shell which pierced a steel, plate 10 inches 
thick, and was found, nearly 8co yards from the plate, 
entire and without fiaw, its point alone being slightly dis- 
torted. Compound armour-plate with steel face, which 
face contains 0*8 per cent, of carbon, is, however, more 
difficult to pierce than a simple plate of steel. 

[A prominent feature in the “ trophy,” among the class 
of highly carburized steels which contain over ,’’jj per 
cent, of carbon, was a fine suspended wire yg® of an 
inch diameter, of remarkable strength, supporting a weight 
of 2i cwt., or a load of nearly 160 tons to the square 
inch. The strength of the same steel undrawn, would 
not exceed 50. tons to the square inch. A similar yire 
manufactured by the steel company of Firminy attracted 
much attention in the Paris Exhibition by supporting a 
shell weighing i8co lbs., or a load of 158 tons per square 
inch.] 

Lastly, I will refer to the highly carburized steel used 
for the manufacture of dies. Such a steel should contain 
0'8 to I per cent, of carbon, and no manganese. It is 
usual to. water-harden and temper them to a straw colour, 
and a really good die will strike 40,000 coins of average 
dimensions without being fractured or deformed ; but I 
am safe in saying that if the steel contained per cent, 
too much carbon, it would not strike too pieces without 
tracking, and if it contained per cent, too little carbon, 
it would probably be hopelessly distorted, and its engraved 
surface destroyed, in the attempt to strike a single coin. 

The above examples will be sufficient to show how 
diverse are the properties which carbon confers upon iron, 
but as Fai,aday said, in 1822, “ It is not improbable that 
there may be other bodies besides charcoal capable of 
giving to iron the properties of steel.” The strange thing is 
that we do not know with any certainty whether, in the 
absence of carbon, other elements do play the part of 
that metalloid, in enabling iron to be hardened by rapid 
cooling. Take the case of chromium, for instance: 
chromium-carbon steels can, as is well known, be ener- 
getically hardened, but Busek * has recently asserted that 
the addition of chromium to iron in the absence of car- 
bon docs not enable the iron to be hardened by rapid 
cooling. So far as I can sec, it is only by employing the 
electrical method of Pepys that a decision can be arrived 
at as to the hardening properties of elements other than 
carbon. . 

Pi. few words must be devoted to tne consideration of the 
colours which, as I said (see ante, p. ii), direct the artist 
in tempering or reducing the hardness of steel to any deter- 
minate standard. The technical treatises usually give— 
not always accurately, as Reiser * has shown-^a scale of 
temperature ranging from 220” to 330% at which various 
tints appear, passing from very pale yellow to brown yellow, 
purples, and blues, to blue tinged with green, and finally to 
grey. Barus and Strouhal * point out that it is possible 
that the colour of the oxide film may afford an indication 
of the temper of steel of far greater critical sensitiveness 
than has hitherto been supposed. It is, however, at 
present uncertain how far time, temperature, and colour 
are correlated, but the question is being investigated by 
Mr. Turner, formerly one of . my own students at the 
School of Mines. . • . . 

That the colours produced are really duo to oxidation 
was shown by Sir Humphry Davy in 1 81 3>* but the nature 


Stahl und Eisen^ ix. 1889, p. 728. 


^ **Das HflrtendcR StahIe8.**|>*7B, (Leipzig, 1881). 
ZeiUchr^ifar tHstrumtHttHhuHat^ ix., 1889, p. 32a. 


See also Loewenherz, 


^ BulL U.S* G€0. Survey^ No. 27, 1886, ... . 

♦ Sir HuiMhry Davey, Tkomtotis Ann. PhiL. 1., 18x3, p. 131 ; quoted 
by Turner, Proc* Phil. Soc., Birmingham*, vl, 1889, part a. 


of the film has been the subject of much controversy. 
Barus points out that *‘the oxygen molecule does not 
penetrate deeper than a few thousand times its own 
dimensions,^ and that it probably passes through the film 
by a ^process allied to liquid diffusion. The permeable 
depth increases rapidly with the temperature, until at an 
incipient red heat the film is sufficiently thick to be 
brittle and liable to rupture, whereupon the present phe- 
nomenon ceases, or is repeated in irregular succession. 

Looking back over all the facts we have dealt with, it 
will be evident that two sets of considerations are of 
special importance : (i) those which belong to the rela- 
tions of carbon and iron, and (2) those which contem- 
plate molecular change in the iron itself. The first of 
these has been deliberately subordinated to the second, 
although it would have been pofsible to have written 
much in support of the view that carburized iron is an 
alloy of carbon and iron, and to have traced with Guthrie 
the analogies which alloys, in cooling, present to cooling 
masses of igneous rocks, such as granite, which, as the 
temperature of the mass falls, throws off “ atomically 
definite ” ^ bodies, leaving behind a fiuid mass of indefi- 
nite composition, from which the qqartz and feldspar 
solidify before the mica. This view has been developed 
with much ability in relation to carburized iron by Prof. 
Howe, of Boston, who even suggests mineralogfical 
names, such as “ cementite,” “ perlite,” and “ ferrite,” for 
the various associations of carbon and iron. 

I am far from wishing to ignore the interest presented 
by such analogies, but I believe that the possibility of mole- 
cular change in the iron itself, which results in its passage 
into a distinctive form of iron, is at present the more im- 
portant subject for consideration, not merely in relation 
to iron, but as regards the wider question ef allotropy in 
metals generally. 

Many facts noted in spectroscopic work will have, as 
Lockyer has shown, indicated the high probability that 
the molecular structure of a metal like iron is gradually 
simplified as higher temperatures are employed. These 
various simplifications may be regarded as allotropic 
modifications. 

The question of molecular change in solid metals 
urgently demands continued and rigorous investigation. 
Every chemist knows how much his science has 
gained, and what important discoveries have been made 
in it, by the recognition of the fact that the elements 
act on each other in accordance with the great law of 
Mendeleeff which states that the properties of the elements 
are periodic functions of their atomic weights. I firmly 
believe that it will be shown that the rwation between 
small quantities of elements and the masses in which they, 
are hidden is not at variance with the same law. I have 
elsewhere tried to show * that this may be true, by exa- 
mining the effect of small quantities of impurity on the 
tenacity of gold. 

In the case of iron, it is difficult to say what property 
of- the metal will be most affected by the added matter. 
Possibly the direct connection with the periodic law will 
be traced by the effect of a given elenrent in retarding or 
promoting the passage of ordinary iron to an allotropic 
state ; but “ the future of steel ” will depend on the. care 
with which we investigate the nature of the influence 
exerted by various elements on iron, and on the thermal 
treatment to which it may most suitably be subjected. 

Is it not strange that so many researches should hfive 
be^n devoted to the relations betv/een carbon, hydrogen 
and oxygen in organic compounds, so few to thi relations 
of iron and carbon, and hardly any to iron in association 
with other elements ? 1 think that the reason for the com- 
parative neglect of metals as subjects of research arises 

, * BulL 'U.S, Gfo, Surttty^ NoJ 35, 1886, P* 

3 PhU. June 1884, p. 462. > 

3 Trans. Hoy. Soc., dxxlr., x888, p, 339. 
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from the belief that methods which involve working at 
high temperatures are necessarily inaccurate ; but the 
school of Ste. Claire-Deville has shown that they are not, 
and there are signs among us that our traditional love for 
the study of metals is reviving. Of course it cannot be 
that chemists and physicists are afraid “that science will 
be degraded by being applied to any purpose of vulgar 
utility,” for I trust that I shall at least have shown that 
the empire over matter, and the true advancement of 
science, whiph I suppose is the object of all research, may 
be as certainly secured in the held of metallurgy as in 
any other. 


PROF. H^EISMANN’S “ ESS A VS.” 

P ROF. WEISMANI^’S suggestions are, with reason, 
universally recognized as being most important and 
valuable ; nevertheless certain questions treated of by him 
seem to me to reouire further solution, and at present to 
constitute difficulties which oppose themselves to an 
entire acceptance of his hypotheses. 

Death in the Metazoa is, according to him, due (new 
translation. Clarendon Press, p. 21) to the cells of their 
tissues having ceased to be able to reproduce themselves — 
in “the limitation of their powers of reproduction.” Such j 
a cessation may be an inevitable result of an excessive 
amount of work or efficiency on their part, and “ the 
advantages gained by the whole organism ” might, as he ‘ 
says (p. 01), “ more than compensate for the disadvantages j 
which follow from the disappearance of single cells. ’ ' 

But granting all this, how did such a process begin ? 
Some Metazoon must have been the first to die through 
this failure of reproduction in its component tissue-cells. 
Yet if the Protezoa were, and are (as*Prof. Weismann re- 
presents), naturally immortal, the first Met.azoa must have 
been entirely composed of immortal cells, and therefore 
themselves potentially immortal. Granted that cell- 
aggregations become every now and then accidentally 
dissolved, that would be “ accidental death.” Why should 
natural death arise, and, if it did, what advantage could 
ensue from the failure of cell-rcproduction ? It could not 
benefit the race, because as yet there was no race, but 
only individual clusters of naturally immortal cells which 
had happened to divide imperfectly. The Professor tells 
us (p. 29) it is “ conceivable that all cells may possess the 
power of refusing to absorb nutriment, and therefore of 
ceasing to undergo further division.” But how and w hy 
should a cell begin, for the very first time, to practice this 
abstinence.^ That it should* do so, is, of course, like 
many other things “ conceivable,” but to my judgment it 
does not appear credible. Of course when once we have 
a race of mortal organisms propagating by germ cells, it 
is easy enough to understand how such a race would be 
benefited by the death of the “ useless mouths ” belong- 
ing to it, and therefore by the cessation of the tissue- 
reproduction which leads to such death. The difficulty 
lies in the natural death of the very first Metazoa whitn 
ever lived. Here, as in so many cases, it is “ the first 
step which tries us. How, from this perennial race of 
microscopic immortals, are we to obtain our first Metazoon 
naturatty mortal? 

By the hypothesis, each component cell consists of a 
form of protoplasm which has the power of growing and 
dividing. It is not easy to see how the mere coalescence 
of ;uch cells can lead ^any one, or any set, of such cells 
to acemire an altogether new power — that of reproducing 
the, whole complex organism of which it has come to be 
a part ? > The Professor tells us (p. 27) that probably 
“ these units soon lost their primitive homogeneity; As 
the ' result i of mere relative position, some of the cells 
were especi^ly fitted to provide for the nutrition of the 
colony^ while others undertook the work of reproduction." 

' ng to Magospherra planula, he lays (p, 75):— 


“ Division of labqur would produce a differentiation of the 
single cells in such a colony : thus certain cells would be set 
apart for obtaining food and for locomotion, while certain 
other cells would be exclusively reproductive." '• But how 
can the fact of a cell happening to fall into a position 
“ especially fitted ” for the performance of a certain func- 
tion, lead to its performing this function? Supposing 
that the physical influences of the environment' have 
modified the arrangement, or cohesion, size, or number of 
molecules in a cell, or, modified their molecular motions, 
how can such influences give it a‘ power, not of repro- 
ducing its thus “ acquired ” characters, or the characters 
of the cell before it becomes thus differentiated, but of 
reproducing the whole organism wherepf it forms a part ? 
Is it credible that any impacts and reactions thus occa- 
sioned should produce so marvellous a result ? ' I do not 
know any phenomena in Nature which could warrant us 
in entertaining such a belief. 

j Of course, if we were dealings with races of creatures 
I sexually reproduced, it is conceivable enough that, out of 
I multitudinous, indefinite, minute accidental changes in the 
; arrangements of the molecules of their germs, favourable 
i arrangements might be selected in the struggle for life. 

I But we are here concerned with nothing of the kind, but 
with the first appearance of the earliest Metazoa repro 
duced. If we meditate on the conditions affirmed by the 
Professgr to have produced that origin, it will, I think, 
be clear that no hypothesis suggested by him will answei 
the question how any of the cells of the first coherent 
colonies came to reproduce, not such cells as their ances- 
tors (or, rather, the earlier living portions of their very 
selves) had by countless processes of fission produced, 
but a whole “ cell-colony,” such as that whereof they had, 
by the hypothesis, for the first time come to form a part. 

With respect to the immortality of Monoplastides and 
the question of death generally, he (the Professor) makes 
various remarks which do not appear to be satisfactory. 
The process of spontaneous fission, he says (p. 35), 
“ cannot be truly called death. . . Nothing dies, the body 
i of the animal only divides into two similar parts possessinj.. 
j the same constitution.” Where such a perfect similar ity 
I exists we may say not only that there is no death, but also 
1 that there is no birth. In some of the Monoplastides, how 
I ever, the relationship between parent and offspring does 
exist, but this, of course, need not necessarily involve 
I death ; as we see in higher species and in our own. But 
; the fact that death does not take place during, or soon 
i^ter, fission, does not prove that death never naturally 
i occurs at all, and that the cell can balance its metabolism 
j indefinitely. Very likely it may be able so to do, but this 
j can hardly be affirmedgto be an absolute certainty. What 
! may be certainty affirmed is that reproduction by fission 
' does not entail death to the degree that sexual reproduction 
i entails it. But reproduction by gemmation may equally 
I fail to entail death ; as we see in the parthenogcnetic 
I Aphis and many Hydrozoa. 

! In Etiglypha we can, as Prof. Weismann admits (p. 64), 
recognize the daughter cell (which is for a time without a 
nucleus, and we also find a very marked distinction 
between the segments of transversely dividing Infusorians ; 
where one has to form a new mouth and the other a 
new anus. 

After all that can be urged, then, in contrasting the 
I multiplication by fission of Monoplastides with reproduc- 
I tion in the life- cycle of Polyplastides, there seems to nic 
to be more of a true reproductive process in,, the fomer 
than the Proieasor is disposed to alloW. In soi^e‘//f/f0.s(fa 
and Ciliata wtB. have all the complexity of indfrect.iiucleus 
divisio||t, by karyokineMSf while m Euglppha we'^ave’cell 
divis^^ without any antecedent separatiph.of the nucleus . 
intn^^KNip parts. Of course it is easy ehppgh to.understatid 
«hqw a mere augmentation in bplk may overcopie coheidon, . 
how J|pternal molecular arran^ment may cause; cle,^vage 
alp^^definite lines, and, perhsps^ even such cl^vage 

V V . 
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may be insured through an increase of mass in proportion 
to a relatively diminishing surface nutrition. But such a 
division would be much simpler than a process of karyo- 
kinesis, and certainly than the formation of a new mouth 
and a new anus. Here there is no question of a part (p. 73) 
growing “ to resemble the whole,” comparable to the re- 
growth, by crystallization, to replace Ji fragment broken 
from a crystal. We have a whole which divides itself in 
such a way as to initiate and carry out a progressively 
increasing tiifference — a difference between the two parts 
dividing, and a difference (but a different kind of difference) 
between each such part and the previously existing 
whole. 

Passing from the consideration of the immortality of 
Monoplastides to the mortality of Polyplastides, I cannot 
see my way to accept the Professor’s definition (p. 114) 
of death : “ An arrest of life, from which no lengthened 
revival, either of the whole or any of its parts, can take 
place,” nor can I agree to his assertion {he. e//.) that 
death “ depends upon the fact that the death of the ^ells 
and tissues follo^vs upon the cessation of the vital func- 
tions as a whole.” If we cut up a Begonia plant or a 
Hydra into small parts, such an individual Hydra or 
Begonia cannot surely be considered as still alive, because 
fresh Hydra: or Begoniie may spring from such frag- 
ments. Similarly with higher organisms, it would be pre- 
posterous to say that a man was not dead because a 
post-mortem, inferior kind of life — such as can ^one be 
manifested in very lowly structures — was still persisting 
in the cells of his tissues ! 

No doubt, as the Professor says, we cannot have death 
without a corpse, but the tissues and cells of the corpse 
may still retain a certain sort of life without the corpse 
being any the less a corpse on account of that cir- 
cumstance. 

But if life of some sort may be, as we agree, affirmed 
of such cells, can we deny it absolutely (since no one 
comprehends it) even to the molecules of the cells ? But 
body-tissues of lower Vertebrates may retain such life for 
a very long time. If, then, such a Vertebrate be devoured 
by another animal, who would venture to affirm that it is 
impossible that some of the micellae or tagmata, or at least 
the molecules of some of the cells of the creature devoured 
may.not pass, while still retaining a sort of life, into the 
tissues of the devourer.^ Even tagmata must be small 
enough to traverse the tissues, and can the possibility that 
they may enter into their composition while still living be 
dogmatically denied ? May we not affirm the certainty 
of the death of the animal devoured till we are sure at 
the impossibility of the survival of any of the molecules 
of its cells ? 

No doubt the Professor would rdfer us to Magosphiera 
as presenting phenomena (so far as regards its cells) 
which support his view. He says (p. 120);— “The dis- 
solution of a cell colony, with its component living 
elements, can only be death in the most figurative sense, 
and can have nothing to do with the real death of 
the individuals ; it only consists of a change frorn a 
higher to a lower stage of individuality. . . . Nothing 
concrete dies in the dissolution of Magosphara ; there is 
no death of a cell colony, but only of a conception.” But 
surely it cannot be the same thing “ to exist in a coherent 
interrelated mass bound together by a common jelly,” and 
“to exist in separate parts, living inde|)endently without 
interrelations, and not bound together by a common 
jelly.” If there is here “death of a conception,” there 
rhust be an external objective death corresponding there- 
with. ' , Magosphardxs a very lowly organism, and its life 
can be very little better than that of a Monoplastid, 
because its structure is very little more complex. It is 
not.'wdnderful,' then, that' there is very little difference 
between its existence and the existence of its post-mortem 
surviving cells. Yet the difference must be allow^ t<r 
be, however diverse in degree, like that in the higher 


animals. Let us suppose that half a dozen higher animals 
could be so divided that no two cells remained in con- 
tiguity, yet that every cell could retain a post-mortem life 
such that by reuniting they could build up other indi- 
viduals. Would it be reasonable to affirm that the higher 
jinimals thus segmented had not been kiUed,ox that when 
their cells had reunited — possibly in very different com- 
binations — the individual animals were the same ones as 
before ? An extreme illustration often best seems to bring 
out the force and significance of a principle. 

The Ort/ionectides, rei&rrtd to (p. 126) by the Professor 
in controversy with Gotte, hardly illustrate the question 
here discussed, but we note with much interest and satisfac- 
tion that he is inclined to regard them as arrested larvae, 
Leuckart having found them ‘ greatly to resemble the 
new-born young of Distoma, as Gegenbaur has found 
that the Dicyemids are like a sta^ in the development 
of the Platyhelminthes. If this interpretation is, as it 
probably is, correct, we have here an interesting example 
of what we find in such Batrachians as Axolotl and 
Triton alpestris. I am inclined to look at Menobranchus, 
Proteus, and Siren as larval forms which have now alto- 
gether ceased to assume what was once the adult stage 
of their existence.® 

I Prof. Weismann’s hypothesis concerning heredity is 
j certainly the best which has yet been proposed, but I 
j have not met with any reference to that proposed by Sir 
Richard Owen forty years ago.* It is now out of date, 
.and his references are not of course expressly to “ germ- 
plasm,” but to the contents of germ-cells. Nev’ertheless, 
there is an undeniable resemblance between the two hypo- 
theses, and any interested in Prof. Weismann’s would do 
well to read over Owen’s small volume on the same 
problem. 

But the contplexity of Prof. Weismann’s hypothesis is 
such as to approacn, if it does not even Exceed, that of 
pangenesis itself 

He tells us (p. 191) : “ Every detail of the whole organism 
must be represented in the germ-plasm by its own special 
and peculiar arrangement of the groups of molecules,” 
and (p. 146) that “ the number of generations of somatic 
cells which can succeed one another in the course of a 
single life, is predetermined in the germ.” Moreover 
none of these circumstances can be explained by any 
difference of quality,* but must be exclusively due to the 
size, number, and arrangement of the component parts. 
Now, if we consider what must be the complexity of con- 
ditions requisite to determine once for all in the germ the 
precise number of all the succeeding cells of epithelial 
tissue, including every one of the rapidly succeeding cells 
of glandular epithelium, an 3 every blood corpuscle of the 
whole of life ; to necessitate also every modification of 
structure which may successively appear in polymorphic 
organisms, which change again and again profoundly 
between the egg and the imago ; to arrange, at starting, 
the successive very, complex changes of arrangement 
which must be necessary to build up reflex mechanisms 

* “Zur Kntwicklungsgeschichte des Lcberegcls," Anzeis^r^ 1881, 

p, 09. 

* In this connection may be noted a passage which occurs on p. a66 of 
Prof. A. C. Haddon's excellent intix>ductton to the study of embyolo^. 
SoUas is there quoted as saying that a longer mature life is possessed tw 
those forms which are “ saved from the drudgeiy of a larval existence/’ It 
would be interesting to know whether Rana opntkodon is longer lived than 
its congeners, s nee it has nj tadpole stage of life. 

3 See his work **On Parthenogenesis ’* (Van Voorst, 1849). There we 
read Not all the progeny of the primary impregnated germ-cell ^are 
required for the formation of the body in all animals. Certain of its deriva- 
ti^ germ-cells may remain unchanged and become included in the body 
whibh has been composed of their metamoiphoaed and diversely combined or 
confluent brethren ; sfl included, any derivative germ-cell or the nucleus 


a new germ-process from a »econ<fary, tertiary, or quaternary dertvattw 
gemi-cell or nucleus, 1 do not profess to e^lain ; neither is it known how it 
ope>ares in developing the primary germ inass from the impregnated germ- 
vesicle of the ovum. In both we witness centres of repulsion and of attraction 
antagoo z*ng to produce a definite result.'/ 

4 p, lox, where else existence of ** quality is denied. 



40 


NATURE 


\Nov. 14, 1889 ' 


capable, not only of compelling complex instinctive 
actions occurring at one time of life, but of so successively 
changing as to be able successively to make necessary 
the successively occurring very different instinctive actions 
of different periods of life, as e>g. in Sitans. But this is by 
no means all. The arrangement of the molecules must be; 
such as not only to effect all this, but also all the consti- 
tutional pathological inherited modifications which are to 
arise at different periods of life, and all the capabilities 
of reaction upon stimuli of every cell, of every tissue, 
and every ‘predisposition an organism may possess — 
“predisposition” and “capacity” being nothing more 
than names for a certain collocation of particles so built 
up as inevitably to fall down into other collocations — upon 
shock and impact — the original collocation again being 
such as to insure not only that the first ensuing collocation 
from impact shall be ot an appropriately definite kind, but 
that its definiteness shall be such as to insure that all the 
succeeding varied collocations from successive impacts 
shall also be appropriately definite. I confess I do not 
believe that such a collocation of particles is possible.^ 
This, however, is, after all, only a portion of the difficulty 
from complication, necessarily involved in Prof. Weis- 
mann’s hypothesis of germ-plasm. F or we have to consider 
the modifying effect on the germ-plasm produced by its 
effecting those developmental changes which it is its 
own business to effect. After speaking of the great 
complexity of the germ-plasm in higher animals, he goes 
on (p. 191) to say: — “This complexity must gradually, 
diminish during ontogeny, as the structures still to be 
formed from any cell, and therefore represented in 
the molecular constitution of the nucleoplasm, become 
less in numbers ; . . . the complexity of the molecular 
structure decreases as the potentiality for further deve- 
lopment also ^decreases, such potentiality being repre- 
sented in the molecular structure of the nucleus.” 

According to the hypothesis, the whole otganism at 
every stage of its existence is but a collocation of mole- 
cules of different sizes most complexly arranged. Amongst 
them, during development, are the portions of germ- 
plasm, everywhere building up the increasingly complex 
structures of the developing body, while they themselves 
are simultaneously decreasing in complexity of compo- 
sition. Now, it seems somewhat difficult to conceive of 
such a mass, which may thus be said to both decrease 
and increase simultaneously in complexity, both centri- 
petally and centrifugally, and yet to preserve its com- 
plexity both centrally and sporadically, as must be the 
case in order to effect sexual reproduction and such repair 
of tissues after injury, as the organism may be capable of. 
Prof. Weismann continues : — “ The development of the 
nucleoplasm during ontogeny may be, to some extent, 
compared to an army composed of corps which are made 
up of divisions, and these of brigades, and so on. The 
whole army may be taken to represent the nuceloplasm of 
the germ-cell : the earliest cell-division (as into the first 
cells of the ectoderm and endoderm) may be represented 
by the separation of the two corps, similarly formed, but 
with different duties : and the following cell-divisions by 
the successive detachment of divisions, brigades, regi- 
ments, battalions, companies, &c. ; and as the groups 
become simpler so does their sphere of action become 
limited. It must be admitted that this metaphor is im- 
perfect in two respects : first, because the quantity of the 
nucleoplasm is not diminished, but only its complexity ; 
and, secondly, because the strength of an army chi^y 
defends upon its numbers, not on the^ complexity of its 

C 

* Prof. Weismann sees dearly enough the fatal complexity of the parallel 
hypothesis of N&geli, who would explain all this by '^conditions of tension 
ana movement/* **How many different conditions of tension,** our author 
remarks (p. 182), *' ought to be possessed by one and the same idioplasm, in 
order to correspond to the thousand different structures and differentiations 
of cells in one of the higher organisms? In fact, it would be hardlv pos« 
‘'sible to form even an approximate conception of an explanation based upon 
mere conditions of tension and movement/* * 


constitution.” A better illustration of the Professor’s con- 
ception would sdem to be that of an army very complexly 
organized sending off successively regiments of different 
kinds, but always retaining in the centre a few men of 
all arms, and always being recruited by rustics (the food 
of the germ-plasm), who become organized by the central 
reserve of all arms retained for that purpose. 

But how, according to this or any other conceivable 
illustration, are we to understand the germ-plasm becom- 
ing simplified by forming tissues and organs, and then 
regaining its complexity so as to be able to effect the 
various reparative growths which constantly take place 
after non-fatal injuries ? Or if we are to deem that the 
germ-plasm only regains a portion of its complexity — one 
portion in one place, another in another — how can we 
conceive of the germ-plasm being so divided that each 
part of the body has just that portion of germ-plasm 
which is needed for its reproduction, in spite of that being 
the^very portion which we might expect to have been 
exhausted, since it is it which has built up that part of 
the body. 

Moreover, all these processes of succession, pro- 
gression, simplification, and possible recomplication, of 
the germ-plasm itself, must, according to the hypothesis, 
have been laid down and necessitated in the first original 
collocation of the molecules of the germ. This seems to 
me to exceed the bounds of credibility.' 

But ?f the hypothesis of germ-plasm be deemed one 
involving too much complexity for belief — that is, if the 
conditions supposed by it are deemed inadequate to explain 
the results of sexual ontogeny — the hypothesis seems yet 
more unsatisfactory with respect to processes of repara- 
tive growth and reproduction by gemmation. This is a 
subject the Professor has not yet expressly treated, and 
therefore some suggestions with respect to its difficulties 
may be welcome to him, as showing what elucidations 
some minds seem to require. He, however, tells us (pp. 
197, 21 1 , and 322) that such processes of growth are due 
to the presence of germ-plasm, and of course not so to 
hold would be to abandon his hypothesis. It is, however, 
difficult to understand how we can thus account for the 
reproduction of a human elbow with a joint structurally 
and functionally much as the old one (see “ On Truth,” 
pp. 1 70-171). Are we to understand that germ- plasm in 
all its complexity was there ? If so, is it universally dif- 
fused through the organism as well as present in the sexual 
glands, and why does it not produce rather an embryo 
^than an elbow-ioint ? If ftff/, how comes it that the germ- 
plasm present happened to have the complexity needed 
to effect that which was, anatomically and physiologic- 
ally, effected ? With respect to germination generally, the 
Professor says (p. 322J “ The germ-plasm which passes 
on into a budding individual, consists, not only of the 
unchanged idioplasm of the first ontogenetic stage (germ- 
plasm), but of this substance altered so far as to corre- 
spond with the altered structure of the individual which 
arises from it, viz. the rootless shoot which springs from the 
stem or branches. The alteration must be very slight, 
and perhaps quite insignificant, for it is possible that the 
difference between the secondary shoots and the primary 
plant may chiefly depend upon the changed conditions of 
development,^ which takes place beneath the earth in the 
latter case and in the tissues of the plant in the former.” 


' The term ** ZielitrebtR,*' at one used to denote a pra9tically teleoloaical 
procetf which it not really teleological, tt a remarkable example of the mode in 
which we are led to regard the invention of a new name as an explanation^ 
a The remarkable readiiie.%s with which the fertile mind of Prof. Weismann 
excogitates hypotheses on hypotheses to explain away difficulties is rather 
remarkably shown by the w^y in which he tnes to obviate the objection to 
his view as to parthenogenesis, which aiites from the fact that in the bee the 
same ega will develop into a drone or not, according as it has or has not 
been fertilized. This would seem to emphatically contradict his doctrine, that 
the one cause of parthenogenesis is the greater amount of germ-plasm which 
exists in parthenogenetic eggs chan in ordinary ones. He meets this by sug- 
gesting (p. 937) that if the spermatozoon reacnes the egg it may, under the 
stimulus of internal catuee^ grow to donbU its ' size ^ thus obtaining the 
dimensions of the segmentation nucleus.** What may not be thus explained? 
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Surely this is a very inadequate and even misleading state- 
ment of the matter. It is surely inconceivable that a por- 
tion of protoplasm should be affected in these diverse but 
most definitely diverse ways by the environment of earth 
and plant-tissues respectively. The radicle and plumule 
are formed (^e.g, in the bean) while still surrounded by the 
tissues of the parent plant, but no radicle is formed in a 
growth by gemmation. Even if in all cases a radicle was 
formed, w&ch radicle became largely developed under 
the stimulus of earth-environment, it would be difficult to 
understand why it should atrophy or metamorphose itself 
within those very plant-tissues under the influence of 
which it was itself first formed. 

Again, as regards the Begonia leaf, if it is such germ- 
plasm as Prof. Weismann conceives of, which determines 
the development of such a leaf into a plant, what can be sup- 
posed to make it different from the germ-plasm of the seed ? 
However complex may be the germ-plasm of Begonia, 
it must be a definite complexity. The germ-plasm cagnot 
be simultaneously built up in two different ways. But a 
molecular arrangement which compels growth from a 
seed cannot possibly be the same as a molecular arrange- 
ment which compels growth from a leaf. The initial 
stages of the two processes are quite different. 

Certainly the influence of the environment is sometimes 
very surprising ; but these surprising results hardly, at 
least at first sight, seem to harmonize with Prof. Weis- 
mann’s views. Thus the effect of the movenfonts of 
the young of Cymps, newly hatched from an egg de- 
posited in the tissues of a plant (p. 302), is to cause it to 
produce a gall — a result “ advantageous to the larva but 
not to the plant.” It causes “ an active growth of cells ” 
around the larva, much to that larva’s advantage. Now 
surely it is too much to ask us to believe that the germ- 
plasm of the plant, in the first instance, before even, say, 
a single Cynips had visited it, had in the complex collo- 
cation of its molecules, an arrangement such as would 
compel the plant which was^ to grow from it, to grow 
these cells and form a gall as just mentioned.* However 
this may be, the production of the gall is certainly a 
curious effect of the action of the environment on an 
out^owth from germ-plasm, conceived of as Prof. 
Weismann conceives of it. 

But the question of the actual or possible influence of 
the environment suggests some further difficulties which 
can hardly fail to occur to any critical reader of what 
Prof. Weismann says concerning the inheritance of 
acquired characters. Although he absolutely denies that 
changes induced in the soma by the action of the environ- 
ment, can be transmitted to a succeeding generation, he 
yet allows (p. 98) that the germ-plasm itself may be 
modified through the action of thi environment^ on the 
soma increasing its nutrition, and such m^ifications, on 
his hypothesis, would be inherited. But if it is true, as 
stated, t^t oysters transported to the Mediterranean 
become rapidly modified, that the Satumia imported to 
Switzerland from Texas become modified so as to trans- 
mit new characters in one generation, and that cats m 
Mombas, turkeys in India, and greyhounds in Mexico, 
have also been modified, their modifications being tran^ 
missible, it is very difficult to_ understand how such 
changed climatic conditions, or increased or diminished 
nutrition, could change the molecular structure of the 
germ-plasm in such a way as to compel the production m 
a second generation of modifications either so induced in 
the soma of ^he first, or of a nature appropriate to the 
conditions presented by a changed envii^onment. 

That the wild pansy does not change at once when 
planted in garden soil, and yet in the course of genera- 


* It would bo very Interostlng to know how " natural selection (to the 
action of which, as everybody Tenows, Prof. Weismann constantly apM^O 
could have caused this plant to perform actions which, if not 
(and there must be some expenditure of energy), are at Iwt m diimtMestea. 
No doubt the Professor has an hypothesis to produce, though he only »ys 
(1^ 30a) here that “ it would bo out of place to discuss here the question. 


tions gains new characters which are propagated by seed, 
he explains (p. 433) by a modification of germ-plasm thus 
induced. But such an admission is enough to satisfy 
much of what is demanded by those who assert the 
inheritance of acquired characters. After all, such an 
inheritance must be due to the soma^ since it is only 
through it that the germ-plasm can be modified. 

If this effect on the germ-plasm itself is thus cumulative, 
may it not be partly due to a cumulative effect on the 
soma which transmits to the germ-plasm the actions which 
modify the latter? Can this be declared to be abso- 
lutely impossible ? Anyhow, it is plain that effects of the 
environment on Polyplastides may be transmitted to suc- 
ceeding generations. There are, however, still more 
striking phenomena amongst mammals which do not 
seem to accord with Prof. Weismann’s theories. I refer 
to the production of offspring which resemble not their 
father, but the father of preceding offspring — as in the 
well-known case of Lord Zetland’s brood mare, and the 
puppies of thoroughbred bitches which have once been 
coupled with a mongrel. How can the germ-plasm of 
the first father have been acquired by the offspring of a 
subsequent father? I have ventured to propose these 
questions, which must of course have occurred to many 
other naturalists, feeling sure that Prof. Weismann will 
be glad to have his attention drawn to a few points, a 
further explanation of which seems necessary for the 
acceptance of his most interesting hypotheses. 

September 2. St. George Mivart. 


NOTES. 

The Medals of the Royal Society have this year been awarded 
as follows : — The Cogley Medal to the Key. Dr. Salmon, 
F.K.S., for his various pajiers on subjects of pure mathematics, 
and for the valuable mathematical treatises of which he is the 
author ; a Royal Medal to Dr. W. H. Gaskell, F.R.S., for his 
researches in^cardiac physiology, and his important discoveries 
in the anatomy and physiolc^y of the sympathetic nervous 
system; a Royal Medal to Prof. Thorj^, F.R.S., for his re- 
searches on fluorine compounds, and his determination of the 
atomic weights of titanium and gold ; and the Davy Medal to 
Dr<,W, H. Perkin, F.R.S., for his researches on magnetic rota- 
tion in relation to chemical constitution. Intimation has been 
received at the offices of the Royal Society that the Queen 
approves the award of the Royal Medals. 

We regret to learn that another officer of the Geological 
Survey of India has fallen a viftim to the Indian climate. Mr. 
E. J. Jones, who joined the Survey in 1883, died of dysentery 
at Darjiling on October 15, at the age of thirty. Mr. Jones was 
an Associate of the Royal School of Mines, and having also 
studied chemistry at Zurich and Wurzburg, he was a valuable 
member of the Survey, to the publications of which he contri- 
buted several geological and chemical papers. 

To add to the many obligations under which he has laid Cam- 
bridge University, Prof. Sidgwick has offered to give £iS^ 
towards the completion of the new buildings urgently required 
for physiology, on condition that the work is undertaken forth- 
with. The Financial Board has accordingly recommended a 
scheme by which this can be effected. The alliance between 
meptal science and physiology which this gift represents fa a 
bright feature of Cambridge studies at present. 

The University of St. Andrews is to be congratulated on an 
extraordinary piece of good fortune. The sum of j^ioo,ooo> has 
been bequeathed to it by Mr. David Berry, who died last Sep- 
tember. Mr. Berry was a native df Cupar, Fife, and in 1836 
went to Australia, where he ultimately inherited the estate ol 
his brother, Dre Alexander Berry.. The latter had been a’ 
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student of the St. Andrews University, and at the time of his 
death it was understood that he had left an unsigned will be* 
queathing a quarter of a million to his alma mater^ but giving 
permission to his brother David to carry out the provisions as he 
might think proper. The legacy will not come into the pos- 
session of the University until 1894. • 

In addition to the botanical appointments named last week, 
the following are announced from Russia : — Prof. Faraintzin 
having resigned his post of Professor of Botany in the 
University oY St. Petersburg. Prof. Borodin has been ap- 
pointed in his place. M. W. Palladin succeeds the late 
Prof. Pitra as Professor of Botanical Anatomy and Physiology 
in the University of Charkow ; and is himself succeeded in the 
Botanical Chair in the Agricultural Academy at Nowo- Alexandria 
by M. Chmielewski. \V. Rothert has been appointed 

Lecturer on Botanical Anatomy and Physiology at the University 
of Kasan. 

In the November number of the K’tw Bnlktin a curious 
correspondence is printed which illustrates very well the nature 
of some of the duties undertaken by the Kew officials. Towards 
the end of December 1876, Dr. Hooker received from the 
Colonial Office a letter inclosing a despatch in which the 
Governor of Labuan suggested that it might be well to pro- 
mote in Labuan the cultivation of the African oil palm. A 
long correspondence followed, the result of which was that full 
and accurate information as to the palm oil industry was ob-* 
tained from the Gold Coast, and transmitted to Labuan. Palm 
oil nuts were also obtained, and in due time planted in the 
fertile island of Daat, where no fewer than 700 healthy trees 
were soon raised. It recently occurred to Mr. Thiselton 
Dyer to make inquiry as to the later history of this inter- 
esting experiment. A despatch from* the Acting Governor 
of Labuan to the Colonial Office, dated August i, 1889, and 
forwarded to Kew, closes the correspondence. It is as fol- 
lows : — ‘^As reported in Mr. TreacheFs despatch No. 72, of 
August, 26, 1878, it appears that 700 of these palms were 
raised in the island of Daat, and in due time produced nuts. 
No attempt, as far as I am aware, was ever made to manufac- 
ture any oil from the nuts, and last year the palms were all 
removed to make room for cocoa-nut trees. Daat, a depend- 
ency of this colony, is private property, and I venture to 
suggest that, should any farther information be required by Mr. 
Thiselton Dyer, he should apply to the owner, Dr. Peter Leys, 
who is now in England, and who would no doubt be glad to 
supply it. The experiment, s^ far as I am in a position to 
judge, was a success.” 

The authorities of the Royal Gardens, Kew, are always glad 
to aid any dependency of the Empire in introducing and 
establishing any new plant which promises to serve as the 
foundation of a new industry. The documents relating to the 
oil palm in Labuan show how much work may be involved in 
the carrying out even of a simple scheme of this nature, and 
how disappointing the results may be. ** The enterprise,” says 
the Bulletin^ ** is suggested ; it is considered ; a plan for carry- 
ing it out has to be matured ; all the necessary incidental infor- 
matfon has to be collected ; and then the plan is carried into 
execution. Sometimes it fails the first time, and then a second 
attempt has to be made, and so on till success is secured. All 
that then remains is to wait for the result ; and this, in any 
appreciable shape, will In most cases not l^e reached for years. 
But in the interval Governors and officials change. It may be, 
though it is not always so, that the ardour with which the 
experiment was launched evaporates with the individual whom 
it inspired. A new Colcmial Government rigime may regard 
with apathy and even hostility the work of its predecessor, and 
whole enterprise may fail into oblivionc, till some chance 


inquiry on the same subject leads to the digging out of the file 
of papers containing its record from the Kew archives.” 

The remaining contents of the AVrt' Bulletin relate to Phyl- 
loxera regulations at the Cape, Ramie or Rhea, and the 
collecting and preserving of fleshy Fungi. 

The Manchester Field Naturalists' Society has formed a 
special committee, with Mr. Leo Grindon, the President of the 
Society, as botanical referee, and Mr. C. J. Oglesby, as con- 
vener, for the purpose of determining which trees, shrubs, and 
flowers will succeed in the squares and streets of the city. The 
opinion prevails that, notwithstanding the unfavourable climatic 
conditions, several forest trees, climbers, and hardy plants would 
grow' if special care were taken in planting and tending them. 
The planting of the quadrangle at Owens College, of the in- 
firmary esplanade (in the centre of the town), and of several 
churchyards, has been attended with success. 

The following money-grants have been lately made by the 
Berlin Academy of Sciences : — to Prof. Brieger, for con- 
tinuation of his researches on the ptomaines ; £60 to Dr. 
Krabbe, for investigation of the Cladonincene of the Hartz ; 
jC^o to Dr. von Dankelmann, for utilization of meteorological 
observations at Finschhaven in New Guinea ; ;^20 to Dr. 
Assmann, for measurements of air-temperature on the Santis ; 
;^ioo for publication of Prof. G. Finsch's w»ork on Torpedine.o ; 
;^5o for publication of a memoir by Dr. Heiden, on the deve- 
lopment oi Ilydrophilus piccus ; ;^loo to Dr. Strehlmann, in 
Zanzibar, for prosecution of his faunistic researches in East 
Africa; £12$ to Prof. Lepsius, of Darmstadt, for preparation 
of his geological map of Attica ; £$0 to Prof. Conwentz, for 
investigation of silicified wood in the island of Schonen ; £j$ 
to Dr. Fleischmann, of Erlangen, for researches in development ; 
and the same to Dr. Zacharias (Silesia), for micro-faunistic 
studies. . 

The first meeting of the one hundred and thirty-sixth session of 
the Sociely of Arts will be held on Wednesday, November 20, 
when the opening address will be delivered by the Duke of 
Abercom, Chairman of the Council. Before .Christmas there 
will be four ordinary meetings, in addition to the opening 
meeting. The following arrangements have been made : — 
November 27, Dr. J. Hall Gladstone, F.R.S., “Scientific and 
Technical Instruction in Elementary Schools ” ; December 4, Dr, 
•Armand Kuflfer, “Rabies and its Prevention”; December ii, 
Mr. H. Trueman Wood, “The Paris Exhibition”; December 

18, Sir Robert Rawlinson, “London Sewage.” 

( 

A NOVEL and interesting application of science to art may 
now be seen at the Arts and Crafts Exhibition, where Mrs. 
Watts Hughes shows specimens of what she calls “ voice 
figures ” (Catalogue, No. 723). These are practically Chladni's 
figures produced in a viscid medium. Semi-fluid paste is spread 
on an elastic membrane stretched over the mouth of a receiver. 
A single note steadily and accurately sung ” into the receiver 
throws the paste into waves and curves. The patterns formed 
are either photographed immediately after production, or are 
transferred as water-colour impressions while the membrane is 
still vibrating. Fanciful names, ** wave, line, flower, tree, 
fern,” are given to these ; the effect, especially in transparencies,' 
is very beautiful. Some of the forms would repay the study o'f 
physicists as well a, of artists ; the most interesting are perhaps the 
** daisy forms,” in which we are told that ** the number of .petals 
increases as the pitch of the note which produces them rises.” 
The apparatus employed is not exhibited, and the descriptive 
label is not very clear, but we understand that Mrs.' Hughes 
would be most pleased to explain the matter to anjrone iicie^- 
fically interested in it : her address is 19 Barnsbniy Perk, N.'^ 
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For determination of the air-temperature^ at great heights, 
the Berlin Society for Ballooning (we learn from Humboldt) is 
going to try a method of Herr Siegsfeld, who uses a thermo- 
meter, which, by closure of an electric circuit when certain tem- 
peratures are reached, gives a light-signal. Small balloons, 
each containing such a thermometer, will be sent up by night, 
and the light will affect photographically a so-called “ photo- 
theodolite," while the height then attained will be indicated in 
a mechanical way. It is hoped that more exact formula> for the 
decrease of temperature with height may thus be obtained. 

The rapid decrease in the number of kangaroos is beginning 
to attract the attention of scientific Societies in Australia. From 
the collective reports of the various stock inspectors it was 
estimated that in 1887 there were 1,881,510 kangaroos. In 188S 
the number fell to 1,170,380, a decrease of 711,130. The chief 
obstacle to the adoption of measures for the effectual protection 
of the kangaroo is his vigorous appetite. One full-gis^wn 
kangaroo cats as much grass as six sheep ; and graziers — who as 
a class are not, it is to be feared, readily accessible to the in- 
fluence of sentiment — find that the food eaten by this interest- 
ing animal might be more profitably utilized otherwise. In a 
communication on the subject, lately submitted to the Linncan 
Society of New* South Wales, Mr. Trebeck suggested that the 
National Park might be used for the preservation not only of 
kangaroos but of very many members of the Australian fauna 
and flora. 

At the monthly meeting of the Royal Society of Tasmania on 
September 9, the President (His Excellency Sir Robert G. C. 
Hamilton ) said he desired to bring before the Society a matter 
relating to the young salmon at the Salmon Ponds. These w^ere 
the undoubted product of the ova brought out by Sir Thomas 
Brady, which had been stripped from the male and female fish 
and artificially fertilized, and the utmost care had been taken to 
keep them apart from any other fish bred in the ponds, lie re- 
cently visited the ponds, accompanied by the Chairman of the 
Fisheiies Board, the Secretary, and two of the members, when 
they carefully examined a number of the young salmon, among 
w'hich they were surprised to find marked differences existing, 
not only in size, but in their characteristics. It has often been 
held that the SalmonidiC caught in Tasmanian waters cannot 
be true Salmo salar because so many of them have spots on the 
dorsal fin, and a tinge of yellow or orange on the adipose fin, but 
nearly half of the young salmon they examined, which had neve» 
left the ponds, had these characteristics. Again, many of them 
were almost ‘‘bull-headed " in appearance— another character- 
istic which is not supposed to distinguish the true Salmo salar. 
He would suggest to the Chairman of the Fisheries Board, whom 
he saw •present, that the Secretary should be asked to make a 
formal report of the result of this visit, and to obtain some speci- 
mens of the young fish, which could be preserved in spirits, and 
perhaps sent to Sir Thomas Brady to be submitted for the 
consideration and opinion of naturalists at home. 

At the same meeting of the Tasmanian Royal Society, Mr. 
James Barnard read a remarkably intcrestmg paper on the last 
living aboriginal of Tasmania. It has hitherto been generally 
believed that the aboriginal Tasmanians are extinct. Mr. 
fiahiard, however, contends that there is still one survivor— 
Fiiny Cochrane Smith, of Port Cygnet, the mother of six sons 
five daughters^ all of whom are living. She is now about 
fiftyifive years of age. Fanny's claims to the honour of being a 
purd repltMh(ative of the ancient race have been disputed, but 
Mr, Bamaitf snakes out a good case in her favour. He himself 
reiiahmbers hto as she was forty years ago, when there were still 
ajimf forty natives at Oyster Cave ; y and certainly at^ 

tha? thiin,^he saysV 1 never heard a doubt expressed of her not 
belrtg a tme aboriginal.'' 


The Caucasus is a region of great interest in the study of pre- 
historic times, and a fresh impulse was lately given to its ex- 
ploration, by Beyern's discovery of an extensive burial-ground 
south of Kura (in the district of the Anticaucasus). At the 
recent annual meeting of the German Anthropological Societ)-, 
Dr. Virchow gave some account of this bed (which Beyern has 
named after General Repkin). The region is rich in ores, but 
bronze articles are absent ; for, while copper is plentiful, there is 
no tin. On the other hand, various ornaments of pure antimony 
have been met with ; also antimony buttons (or knobs), like 
those of Beni-Hassan in Egypt. The ground is largely of 
volcanic nature, and many articles of obsidian (chiefly knives 
and arrow-heads) have been found in the graves. One curious 
find was that of a skeleton having an arrow-head of obsidian 
in one of the leg-bones, partly oveigrown by a callus. The 
metallic girdles in this burial-ground have figures of animals 
engraved on them ; in the Koban ground, such figures are con- 
fined to the clasp, but this, in the Repkin ground, is wanting. 

Prof. Edwin J. Houston contributes to the November 
number of the Journal of the Franklin Institute a short paper 
on a hail-storm at Philadelphia, October i, 1889. After noting 
various points common to most hailstones, he refers to a charac- 
teristic w’hich he had never before observed. ‘‘On some of the 
hailstones," he says, “ though not in the majority of them, well- 
marked crystals of clear transparent ice projected from their 
outer surfaces for distances ranging from an eighth to a quarter 
of an inch. These crystals, as well as I could observe from the 
evanescent nature of the material, were hexagonal prisms with 
clearly-cut terminal facets. They resembled the projecting 
crystals that form so common a lining in geodic masses, in 
which they have forn[\pd by gradual crystallisation from the 
mothcr-li<iuor. They differed, however, of course, in being on 
the outer surface of the spherules." 

In /?as irolhr for October, Dr. W. J. van Bebbcr discusses 
a paper, by the late Prof. Loomis, on the rainfall of the earth. 
The following are noted as some of the conditions favourable to 
rain: (i) an unsettled state of the atmosphere, caused by 
unusually high temperature, with great humidity, a condition 
which occurs when the pressure is below the average value ; 
(2) cold northerly or westerly winds on the west side of a 
depression, by which the winds on the east side receive a stronger 
impulse ; (3) proximity to mountains, the ocean or large lakes ; 
(4) deep depressions of small area and steep gradients. With 
regard to the rainfall which accompanies barometric depressions, 
it is found that in the United States, south of latitude 36® N., 
a rainfall of 2 ’5 inches occurs oftener on the east side than on 
the w'cst side of a depression in the ratio of 2*6 : i ; on the 
eastern side of the Rocky Mountains, a rainfall of 9 inches occurs 
more frequently on the east than on the west of a barometric 
minimum, in the ratio of 6*2 : i. In the North Atlantic Ocean, 
th9 ratios of large rain areas on the east and west sides of a 
depression areas 2*6 : i ; while in Europe a rainfall of 2*5 inches 
in twenty-four hours on the east and west sides of a depression 
occurs in the ratio of 2 : 1. The rainfall with a falling or rising 
barpmeter is also investigated. * • 

SVe have received the fifth and last part of vol. i. of M. 
Fabre’s comprehensive "Traite Encyclop^ique de Photo- 
graphic " (Paris: Gauthier-Villars, 4889). The subject of 
lenses is considered*in great detail, and the theory and use of 
diaphragms are fully gone into. The relation of the time of 
exposure to the subject and lens employed is also considered, 
and studios, dark rooms, and their various accessories are fully 
desibribed and illustrated. From botn the theoretical and prac- 
ticid point of view the work still bears out its original promise ^ 
of hecomffig the fiiost complete one on the subject. 
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A SECOND edition of Prof. Tail’s Light ” (A, and C, Black) 
has been issued. The author says that in revising the work he 
has made use of various notes jotted down from time to time on 
his own copy, mainly as the result of questions asked, of of 
difficulties pointed out, by students who were reading the book 
with care. Suggestions of this kind he has found to be almost 
always of value, as they tend to make the book better suited to 
the wants of the class of readers for whom in particular it was 
designed. 

Persons interested in ferneries and aquaria will find much j 
to attract them in a little volume entitled ^‘Ferneries and ( 
Aquaria : a Complete Guide to their Formation, Construction, 
and Management,” by George Eggett, Sem This is one of a 
series of ^‘practical guide-books ” issued by Messrs. Dean and 
Son. • 

The third volume (new series) of the Reliquary (Bemrose and 
Sons) has been issued. It opens with an interesting illustrated 
article on two Assyro- Phoenician shields from Crete, by the Rev. 
Joseph Hirst. Mr. John Ward contributes three illustrated 
papers of scientific value — on Rains Cave, T.ongcliffe, Derby- 
shire ; on relics of the Roman occupation. Little Chester, 
Derby ; and on recent <liggings at Harborough Rocks, 
Derbyshire. 

Messrs. Dulau and Co. have sent us a ‘‘Catalogue of Zoo- 
logical and Palaeontological Works.” It includes works on 
Reptilia and Amphibia, and on Pisces. 


being formed. The absorption of hydrogen occurred so readily 
that it was only necessary to warm one end of the boat when the 
heat of the reaction was found sufficient to complete the reduc' 
tion of the whole. Pd(NHg),Cl, + Hg = Pd + 2NH4CL Af er 
raising the temperature so as to volatilize the ammonium 
chloride, the finely divided palladium adhered together in the 
form of a porous bar having the shape of the boat# It was 
allowed to cool before weighing until just below a red heat in the 
current of hydrogen so as to prevent oxidation, and afterwards 
the hydrogen was displaced by dry air to. prevent its occlusion. 
Two series of determinations were made, the salt for the second 
series being prepared from the reduced palladium of the first. 
The mean of eleven experiments in the first series gave the num- 
ber io 6’352, and of eight in the second series 106*350. The 
maximum value obtained was 106 '459, and the minimum 
j 106*286. The mean result 106*35 practically confirms that 
I obtained by recalculating the results of Berzelius’s second 
analyses. 

In our note in these columns three weeks ago (vol. xl. p. 655), 
upon pinol, the new isomer of camphor, it was pointed out that the 
nitrosochloride of pinol forms with iS-naphthylamine an interest- 
ing base, C 2 on 24 N 20 a, isomeric with quinine. This base, how- 
ever, is not the first isomer of quinine which has been prepared, 
for an artificially prepared base of the same empirical formula 
was des6*ibed by Dr. Kohn, of University College, Liverpool, in 
the Journal of the Chemical Society for 1886, p. 500. 


The atomic weight of palladium has been redetermined by 
Dr. E. H. Reiser {Amer. Cltem, yourn,). Among all the 
atomic weights at present adopted by chemists, that of palladium 
has been one of the most imperfectly determined, for the dis- 
crepancy betweeh the results of the variftus previous investiga- 
tions is most unsatisfactory. In 1826, Berzelius obtained the 
value 113*63 from a consideration of the proportion in which 
palladium combines with sulphur. Two years later, the'same 
distinguished chemist derived a much lower value from analyses 
of potassium palladious chloride, 2KCI . PdClj ; known quan- 
tities of this salt were heated in a current of hydrogen, and the 
residuary potassium chloride and reduced palladium weighed. 
Recalculated by Profs. Meyer and Seubert, utilizing all the re- 
fined corrections of the present day, these analyses yield the 
value io6*2 — a number which is almost identical with the atomic 
weight obtained by Dr. Reiser. In 1847, however, Quintus 
Icilius also investigated the subject, and, from determinations of 
the loss in weight which potassijjm palladious chloride under- 
goes when heated in a current of hydrogen, obtained the value 
111*88. No other determinations having since been attempted, 
and the number 112 or 113 being certainly too high from con- 
siderations of the position of palladium among the metals, the 
number 106*2 obtained from Berzelius’s second analysis recalcu- 
lated by Meyer and Seubert has been universally adopted. To 
place the subject out of all doubt, Dr, Reiser has re-examined 
it from a totally different standpoint. The double chlorides 
of palladium and the alkalies, such as 2RCI . PdClj and 
2NH4CI . PdClj, are found to be unsuitable for atomic weight 
determinations ; they retain water of decrepitation with great 
tenacity, and, after drying, are too hygroscopic for accurate 
weighing. On the other hand, the yellow crystalline 
S4lt, palladammonium chloride, Pd(NH,)2Cl2, is a much 
mo^e suitable substance^. It is eminently stable, can be 
obtained in a state of practically perfect purity, contains no 
water of cfystallization, does not retain water after drying in a 
desiccator, and the dried salt is not hygroscopic. Weighed 
quantities of it contained in a platinum boat were introduced into 
a combustion tube and helted in a stream of pure hydrogen# 
T3ie hydrogen was rapidly absorbed, changing the bright yellow 
colour into black, metallic palladium and ammonium chloride 


The additions to the Zoological Society’s Gardens during the 
past week include three Rhesus Monkeys {Macacus rhesus 
6 6 6) from India, presented respectively by Colonel Cuthbert 
Larking, Mr. James T. Wilson, and Mrs. Charles Sainsbury ; 
a Hairy-rumped Agouti {Dasyprocta prymnolopha) from Guiana, 
presented by Mr. Henry E. Blandford ; a Common Polecat 
(^his^ela putorius) from Norfolk, presented by the Earl of 
Romney ; a Northern Mocking Bird {Afimus polygloilis) from 
North America, presented by Miss E. Breton ; two White 
Pelicans {Pelecanus onocrotalus)^ a Crested Pelican {Pclecanns 
crispus) from Roumania, a Common Boa (Poa constriefop')^ 
a Neck-marked Snake (Geoptyas coliaris) from Panama, a 
Mocassin Sn:iVQ{Tp'opi(ioptoius fascial us) {rom North America, 
deposited ; two Common Siskins {Chrysomitris spinus)^ two 
Twites (IJnola flavirostris)^ two Lesser Redpoles (Liptola 
rufescepis), four Snow Buntings {PUcltophaues pnvalis)^ two 
l^nots (Tringa canutus)^ a Bar-tailed Godwit {Lipnosa lapponica)^ 
British, a Rosy-billed Duck (Aiefopiaua pepo.mca 6 ) from South 
America, purchased. 
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Objects for the Spectroscope. 

Sidereal Time at lo p.m. at Greenwich, November 14 =s ih. 
36m. 45s. 


Name. 



Mag. 

Colour. 

K.A 

1890 . 

DecL 

1890. 




b. tn. B. 

» 35 30 

• / 
+5050 


— 


X 36 *9 

+50 5^*5 


6 

Yellowith-red. 

X 54 36 

-ax x6 


3 

Yellow. 

X 45 39 

-10 55 


3 

Bluieh-white. 

I ib 36 

+5940 



ReddUh-yellow. 

Red. 

1 10 5 
23 I 7 

+85 11 
+ 9 57 

••• 

Vmr. 

Reddish. 

4 45 50 

+ 17 af 


Remarks. 

(i) This is one of Herschel’s double nebulae. ' Pr. Huggins 
notes that both components give a gaseous spectrutn, but could 
only be certain of the presence 6f the chief nebula line near cqo, 
although 495 was strongly suspected. He notes, also, that there 
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is a faint continuous spectrum at the preceding edge of No. 386. 
The point chiefly requiring attention at present is the character 
of th^ line near 500. Many recorded observations describe this 
line as having a fringe of light on the more refrangible side, 
whilst others state that it is perfectly sharp on both edges. Low 
dispersion only should be employed in making this observation. 
T he observation of continuous spectrum in a special part of the 
nebula 386 is also worthy of attention ; the spectrum should be 
examined for maxima of brightness, as in the case of the nebula 
in Andromeda. 

(2) DuncV records this as a star of Group II. (see below), but 
states that the spectrum is very feebly developed. The star is 
probably, therefore, either just condensing into a fully-developed 
star of Group II., or is just passing into Group III. If the 
former, there will practically be nothing but very narrow bands, 
and if the latter, absorption lines will accompany the bands. In 
the earlier stages of this group, the bands in the blue are 
strongest, whilst in the later stages red bands are strongest, 
and this point should also receive attention. As a check, the 
colour of the star should be noted at the time of observation. 

(3) This star belongs to either Group III. or to Grouf) V., 
and the criteria (see p. 20) should be observed in order to 
determine which. 

(4) According to Vogel, the spectrum of this star is of the 
same type as a Lyrae, i.e. Group IV. The relative intensities of 
the metallic lines and those of hydrogen, which vary from star 
to star, should be noted for future classification of the stars of 
this group according to temperature. 

(5) This is a star of Group VI. Duner describes the spectrum 
as consisting of four zones, the zones being the bri^t spaces 
between the dark carbon flutings. The presence of slight traces 
of carbon absorption in the solar spectrum indicates that stars of 
this group only differ in temperature from stars like the sun. 
The passage from one group to the other will probably be found 
to be very gradual, and the widths of the carbon flutings and 
the presence or absence of other absorptions should therefore be 
noted. 

(6) Period given by Gore as 382 days, and magnitude at 
maximum (November 13) as 6‘9-77. The spectrum has not 
yet been recorded, and the present maximum may, therefore, 
conveniently be taken advantage of. 

(7) Period given by Gore as 168 days, and magnitude at 
maximum (November 15) as 8*3-9. Spectrum not yet recorded. 

Note. — Lockyer’s classification will, in future, be exclusively 
used, so that there will be no necessity for a double reference. 
The relation of this to VogePs classification is shown in the 
following diagram : — 

Group IV. (Class I.a). 



The temperature increases from Group I. to Group IV,, and 
then decreases to Group V. On the ascending side of the 
••temperature curve'’ we have probably to deal with con- 
densing metcoritic swarms ; and, on the descending side, with 
gradually condensing masses of metcoritic vapours. 

A. Fowler. 


Large-Scale Charts of the Constellations. — Mr. 
Arthur Cottam has projected a series of thirty-six most excellent 
charts of the constellations from the North Pole to between 35® 
and 40^ of south declination, and showing stars in half m^- 
nitudes down to 6^ by disks of various sizes* Although the 
primary object in constructing these charts was to make them 
companions to Webb’s •‘Celestial Objects for Common Tele- 
scopes” and Smyth's “Cycle of Celestial Objects,” their scope 
has been considerably enlarged, and a number of double, miy- 
tiple, and variable stars have been laid , down which arc not 
included in either of the above-mentioned works. The Earl of 
Crawford's (Dun Echt) summaiy of F. G. W. Struve’s Dorpat 


Catalogue included 2248 double and multiple stars, and of them, 
2130 are shown uf>on these charts. In addition to this, 275 of 
the double stars discovered by Mr. S. W. Burnham have been 
mapped, this being the whole of those included in his first four 
catalogues, and a selection from his other catalogues. The maps 
^ have been drawn to a scale of one-third of an inch to a degree, 

' which is a much larger scale than any hitherto published, and 
as each map includes but a small portion of the heavens, there 
is practically no distortion, whilst the epoch being 1890, 
the positions will hold good, without any serious errors, for 
fifteen or twenty years beyond that date. The projection is 
conical, or, in those charts which extend any distance both north 
and south of the equator, cylindrical. Hence it will be easy to 
lay down any additional objects that may be required. There 
is no doubt that these charts will be eminently useful, one of 
their great advantages being that they will enable possessors of 
telescopes mounted on altazimuth stands or without circles to 
find with case a large number of iiUeresting objects, and thus 
will help to extend the knowledge of the heavenly bodies and to 
popularize the most fascinating of sciences. We may say that 
the publisher of the.se charts is Edward Stanford, Cockspur 
Street, S. W., and that the first issue is limited to 200 sets, 
many of which have been already subscribed for. 

Barnard's Comet, II. 1889, March 31. — The following 
ephemeris is given in Astronomisc/ie Nachrichten^ No. 2931 : — 


18^. 

R.A. 
h. in. s. 

Dccl. 

0 / 

1889. 

R.A. 

h. m. ii. 

Decl. 

• / 

Nov. 6 

..I 8 54 
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7 
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8 
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24 
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9 
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10 
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26 
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27 
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12 
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28 
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13 
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29 
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*4 
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30 
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IS 
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Dec. I 
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16 

41 17 

... 17 17-4 

2 
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.. -17 163 

17 
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... -17 197 

3 
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18 
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4 

. 8 13 

.. - 17 12-0 

*9 
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5 

6 56 

.. -17 97 

20 
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... -1724-0 

6 
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.. -17 7*1 

21 

•• 30 5 

... -17 24 9 

7 

4 29 

.. -17 44 

22 

.. 28 2 

... - 17 25-4 

8 

3 20 
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The Structure ok Jupiter's Bei 3, III. — This dark 
band appears under ordinary conditions to be made up of two 
parallel bands, but Dr, Ter by (Astrononiische Nachrichten^ No. 
2928} says this appearance of parallelism is the result of the 
special structure represented in the accompanying figure, and 



Structure of Jupiter. 

that, therefore, the band 3, III., is composed of a lot of dark 
bands inclined in the same direction. Ihe circular parts A are- 
distinguished by Dr. Terby as emitting a sort of diffused light of 
an entirely different character from the white equatorial spots,, 
properly so called ; these luminous balls seem always to occur at 
the interval between two of the inclined bands, and touching 
what is generally their darkest part, B. The brilliant white 
spots D also appear at the dissolution of two successive bands, 
and occupy by preference their northern extremities. • W|ien the 
definition was very good, Dr. Terby observed that the interval 
between two of these fragmentary bands had the appearance 
of a series of globules, as shown in the figure. The structure 
appears so general and regular that it may be the means of 
adding considerably to our knowledg<iof the physical constitution 
of this planet. * 

GEOGRAPHICAL NOTES. 

At the first meeting of the sessipn of the Royal Geographical 
Society, the paper was on Cyprus, by Lieut. -General Sir Robert 
Biddufph, G.C.M.G., C.B. The island of Cyprus is the third 
largest in the Mediterranean, being inferior in size only to Sicily 
and Sardinia. Its area is 3584 square miles. Its principal 
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features are two mountain ranges, running pretty well parallel to 
«ach other from east to west. The northernmost of these two 
ranges extends almost the whole length of the island from Cape 
Kormakiti on the north-west to Cape St. Andrea at the end of 
the horn-like promontory which stretches for 40 miles fronj the 
•north-east of the island. This promontory is called the Carpas, 
and the low mountain chain running through it is called the* 
Carpas range. The westernmost and higher portion of the 
northern range is called the Kyrenia range, and rises to an 
altitude of 3340 feet. This range is of a remarkably picturesque 
-outline, in some parts extremely rugged. It is mostly a single 
ridge withouf any remarkable spurs, and its summit is about two 
miles from the northern coast. It can be crossed in many places. 
The chief mountain peaks of this range are Kornos, 3105 feet ; 
Buffavento, 3140 ; and Pentedaktylos, 2400. The last named is 
a remarkably shaped rock in the centre of the Kyrenian range, 
owing its name to its shape, the word Pentedaktylos signifying 
in Greek “ five -fingered.” Beneath this rock there rushes out 
southward from the moiftitain side, at an altitude of 870 feet, 
a torrent of water, which never ceases to flow summer or 
winter, and which, descending into the great plain in the centre 
of the island, carries its fertilizing streams to the lands of several 
Ullages, its course marked by mills, gardens, and trees, until its 
water is exhausted by various irrigating channels. A similar 
stream of water gushes from the northern side, about 12 miles 
west of the Kyrenia Pass. Smaller streams descend on either 
side of the range at various places ; their waters arc used for 
irrigation in the valleys. The southern range of mountains is 
of a much more extensive nature than the northern range. The 
-easternmost point of this range is the mountain of Santa Croce, 
so called from the .church of the Holy Cross which stands on its 
summit. This mountain, which is 2260 feet in height, is of a 
peculiar shape. Beginning then from this point the southern 
range rapidly rises to considerable altitudes, finally culminating 
in Mount Troodos, the highest point in Cyprus, being 6406 feet 
above the sea-level. The other chief peaks in the southern range, 
are Adelphe, 5305 feet ; and Machera, 4674 feet. But it is not 
only in altitude that the Troodos range is distinguished ; numerous 
spurs run down ft) the north and south, aifd as we proceed further 
west these radiate out^o greater distances, so that half way be- 
tween Troodos and the sea, the mountain range is not less than 
20 miles wide. Here there are very considerable forests, many 
miles in extent, rarely visited save by wandering flocks and by 
wood-cutters, and affording shelter to the moufflon, or wild sheep 
of Europe, some 200 or 300 of which still roam over these hills. 
On the map it will be seen that numerous rivers descend from 
both sides of the southern range. These are mostly diy in 
summer, but after rain their waters descend with violence, filling 
up the river-beds in the plains, carryiny away trees and cultivated 
patches, and often rushing in a turbid stream into the bays of 
Famagusta and Morphou. Between the two mountain ranges 
there lies a great plain called the Mesaorea, which is the most 
fertile pan of Cyprus, growing large cfops of wheat, barley, and 
cotton. It was evidently once the bottom of the sea, for in 
many parts are large beds of martne shells— gigantic oysters and 
others— all clustered in masses. A noticeable feature of this 
plain is the number of flat-topped plateaux of various sizes, 
where the rock seems to liave resisted the action of the water. 
The tops of these plateaux are clothed with short herbage, afford- 
ing a scanty provision for flocks, and are usually from lOO to 200 
feet above the plain. The rivers which descend from the hills 
carry down large quantities of alluvial soil, and this f jrms in the 
eastern part of the Mesaorea a rich deposit, something similar fo 
the Delta of the Nile. The two rivers which mainly contribute 
to this plain are the Pediseus and the Idalia, the former taking 
its rise from the northern slopes of Mount Machera, and the 
latter from the eastern slopes of the same mountain. The beds 
of these fivers have, however, become so choked up with alluvial 
deposit towards the end of their course, that their waters over- 
flow the plain and mingle together, so that their separate mouths 
can with difficulty be distinguished. The normal condition of 
these rivers is to be without water, but whenever there is a heavy 
rainfall in the mountaii/s, the river **coti^s down,” as it is 
called, and runs for one, two, or more days. It occasionally 
happens tnat the water descends with great suddenness and 
violence, causing disastrous floods. Considerable supplies of 
water for irrigation purposes are obtained by sinking wells. A 
long chain of wells are sifnk at distances of five or six yards 
apart, and being connected by underground galleries, a channel 
i^ thus formed which conveys the water to a resgrvoir constructed 


at the foot of the Ia8^well, and it is thence raised to the surface 
by a water-wheel*; or in some cases the level of the ground 
admits of the channel being brought out on the surface. Jn this 
way the town of Nicosia is supplied with excellent water/ which 
is brought in two aqueducts from a distance of some miles. 
Larnaca and Famagusta and other towns have similar aqueducts. 
Closely connected with the water supply is the forest question. 
Sir Robert Biddulph then entered into detail with reference to 
the denudation of Cyprus of its forests, and the great locust- 
plagues which have been so successfully treated since the British 
occupation. 


THE FLORA OF CHINAS 

CINCE the last meeting of the British Association, two addi- 
^ tional parts of the “Index Florae Sinensis” have been 
published, bringing the enumeration of known, and the descrip- 
tion of new, species as far as the Loganiacett. The Committee 
now« therefore, look forward with some confidence to the com- 
pletion of their labours at no distant date. 

Further extensive and valuable collections have been received 
from China in aid of the work, more especially from Dr. Augus- 
tine Henry, late of Ichang. The novelty and richness of the 
material obtained by this indefatigable botanist far exceeds any 
expectations the Committee could have formed. It is to be re- 
gretted that his duties as an officer of the Chinese Imperial 
Maritime Customs have necessitated his removal to Hainan. It 
is probaiile, however, that he had practically exhausted the im- 
mediate neighbourhood of Ichang, and that without opportuni- 
ties of travelling over a wider radius, which the Committtee 
regret they were unable to procure for him, he would not have 
been able to add much of material novelty to the large collec- 
tions already transmitted by him to Kew. 

The Committee have met with the kindest sympathy and 
assistance in their labours from Dr. C. J. de Maximowicz, of 
the Academic Imperiale of St. Petersburg, who has long been 
engaged on the elaboration of the collections made by Russian 
travellers in China, and from M. Franchet, of the Museum 
dTIistoire Naturelle at Paris, who is describing and publishing 
the extremely rich collections made by the French missionaries 
in Yunnan. 

The Committee have received striking proofs of the apprecia- 
tion of their labours by botanists of all countries. They permit 
themselves to quote the following passage from a letter received 
early in the present year from Baron Richthofen, than whom no 
one is more competent to estimate the value of work connected 
with the scientific exploration of China : — 

“ It is of great value to have, now, a Flora of China, embody- 
ing all the species known from that country. You have evi- 
dently succeeded at Kew in getting a very complete, collection. 
At the same time, in looking over the localities mentioned in 
the book, it strikes me that large portions of China are still 
unexplored botanically. There remains a splendid field for a 
good collector in the Tsingling Mountains, the province of 
Sz'chuen, and chiefly its elevated region west of Ching-tu-fu. 
Work in those parts will be greatly facilitated by the solid 
foundation laid through the work of Forbes and Hemsley.” 

Tde Committee derive an independent existence as a Sub- 
Conrimittee of the Government Grant Committee of the Royal 
Society. They are at present in possession of sufficient funds 
to enable them to carry on the work. They do not therefore 
ask for their reap|)ointment at the hands of the British Associa- 
tion. 


SCIENTIFIC SERIALS. 

American Journal of Science^ October. — Assuming that the 
earth’s crust rests on a layer of liquid as a floating body, Mr. Le 
Conte here offers an explanation of normal faults. The crust is 
supposed to be raised into an arch, by intumescence of the 
liquid, caused by steam or hydrostatic pressure ; it is thus broken 
by long more or less parallel fissures into oblong prismatic 

' Third Reoort of the Comntttee, consisting of Mr. ThUelton-Dyer 
^Secretary), Mr. Cernithers, Mr. Ball. Pr^f. Oliver and Mr. Forbes, ap- 
pointed for the yurpoie of continuing the preparation of a Report on our 
present knowledge of the Flm of China. 
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blocks, which, bn relief of the tension Gy escape of lava or 
vapour, are readjusted by gravity, in new positions. The blocks 
may be .rectangular in section, but are more likely to be rhom- 
boidal or wedge-shaped ; giving level tables with fault cliffs (as 
in the plateau region) in the one case, and tilted blocks with 
normal faults (as in the basin region) in the other. The author 
considers the Sierra and Wahsatch to have been formed by 
lateral crushing and folding ; and the region between to have 
been arched, broken, and readjusted, as described, in the end of 
the Tertiary. — Two determinations of the ratio of the electro- 
magnetic to the electrostatic unit are furnished from the Johns Hop- 
kins University ; one made this year, by Mr. Rosa, by Maxwell^s 
method of measuring a resistance, the other ten years ago, by 
Messrs. Rowland, Hall, and Fletcher, by measuring a quantity 
of electricity electrostatically, and then measuring it electro- 
magnetically with a galvanometer. The former gives v = 
2*9993 X 10^® centimetres per second ; the latter, 2*9815 x 10^^ 
centimetres. It seems certain, according to Mr. Rosa, that v is 
within a tenth per cent, of 300 million metres per second. — M r 
Long continues his account of the circular polarization of certain 
tartrate solutions ; and his experiments point to a law that® the 
rotation of a double tartrate may be made to approach that of a 
neutral tartrate of either of the metals present, by addition of a 
salt of that metal (the effects being apparently explained by 
substitution). — Mr. Eldridge proposes a new grouping and 
nomenclature for the middle Cretaceous in America. — There are 
also papers on the gustatory organs of the American hare (Mr. 
Tuckerman) ; on the output of the non-condensing engine, as a 
function of speed and pressure (Mr. Niphcr) ; and on some 
Florida Miocene (Mr. Langdon). • 


SOCIETIES AND ACADEMIES. 

London. 

Physical Society, November i. — Prof. Reinold, F.R.S., 
President, in the chair. — The following communications were 
read : — On a new electric-radiation meter, by Mr. W. G. Gregory. 
The meter consists of a long fine platinum wire attached to a 
delicate magnifying spring of the Aryton and Perry type, and 
•stretched within a compound tube of glass and brass. At the 
junction between the wire and spring a small mirror is fixed. 
When the tube is placed parallel to a Hertz’s oscillator in action, 
the mirror is turned in a direction indicating an extension of the 
wire. The arrangement is so sensitive that an elongation of 
of a mm. can be detected, and when placed at a dis- 
tance of 4 metres from the oscillator the apparent extension is 
such as would correspond to a change of temperature of o’* *003 C. 
By its aid the author has roughly verified Hertz’s statements 
that at considerable distances the intensity of radiation varies as 
the inverse distance ; but before he can proceed further it ij 
necessary to greatly increase the sensibility of the apparatus ; 
and with a view of obtaining some suggestions in this direction, 
he exhibited it before the Society. Prof. Perry asked if the 
E.M.F. required to produce the observM results had been cal- 
culated ; he also believed that the sensibility might be increased 
by using copper instead of platinum wire, and replacing the spring 
by a twisted strip. Mr. Blakesley inquired whether the effect 
of increasing the capacity of the ends of the wire had been tried. 
Mr. Boys said that if the observed effect was due to rise of 
temperature he would like to see it measured thermally. He 
also thought the effect might be due to extension caused by 
rapid electric oscillations in some such way as the elongation of 
an iron bar caused by magnetization. In answer to this, Prof. 
S. P. Thompson said the matter had been investigated experi- 
mentally, but with negative results. Prof. Herschel suggested 
the use of a compound spring such as is used in Breguet’s 
metallic thermometers. In reply, Mr. Gregory said he had 
estimateil the E.M.F. by observing that a Leclanche cell 
through SO ohms produced about the same result. No improve- 
ment in sensitiveness was obtained by using copper wire or by 
increasing its capacity, and attempts to measure the rise of 
temperature by an air thermometer had been given up as hope** 
less. The President, in thanking the author lor his paper, con- 
gratulated him on the ingenuity and courage displayed in pro- 
ducing an apparatus to measure such microscopic quantities as 
are here involved. — On a method of driving luning-forkSg 
electrically, by Mr. Grego#. In order to give the impulses 
about the middle of the stroke, the fork is arranged to make 


and break the primary circuit of a small transformer, the 
secondary circuit of which is completed through the electro- 
magnet actuating the fork. The prongs of the fork are magnet - 
ized and receive two impulses in each period. Another device 
was Suggested, where the prongs respectively operate contact^ 
which ‘ successively charge and discharge a condenser through 
{he coils of the actuating magnet. Prof. S. P. Thompson saict 
the methods, if perfect, would be of great service, and suggested 
that a fork so driven be tested optically by comparison with n 
freely vibrating one. He regarded the mercury contacts used 
as objectionable, for their capillarity and adhesion would 
probably cause the impuFes to lag behind the appointed epochs. 
Prof. McLeod remarked that Lissajous’ figures gave a satis- 
factory method of testing the constancy of period, and could be 
readily observed without using lenses, and in reference to liquid 
condensers suggested by the author for his second device, said 
that platinum plates in sulphuric acid were found to disintegrate 
when used for this purpose. He thought lead plates would 
prove suitable. Prof. Jones, who read a paper on a similar 
subject in March last, said he now used bowed forks, with which 
to synchronize the speed of the disk there described, and the 
frequency is determined by causing the disk to complete th<- 
circliit of his Morse receiver once each revolution. — On .n 
physical basis for the theory of errors, by Mr. C. V. Burton. 
After pointing out that the law of error for any particular 
measurement depends on the nature of the conditions governing 
such measurement, the author considers several simple cases, ami 
deduces their curves of error. A kinematic method of combin- 
ing two or more independent errors, each following known laws, 
is then described and applied, and the general formula obtaine<l 
.leads to Laplace’s law of error in the case of an infinite num- 
ber of similar errors. Referring to Most Advantageous Com- 
binations of measures, it is shown that the method of least 
squares is only a particular solution of the general equation, 
and is derived by assuming the individual errors to conform to 
Laplace’s law. Subjective errors are next considered, and ir 
conclusion the author says that ‘‘the law of error in a set of 
observations depends on the nature of each special case, and 
what may be called the probable law of error is determined by 
our knowledge of the conditions. The combination of three or 
more sources of error of comparable importance gives in general 
a law not seriously differing from that of Laplace, so that the 
method of least squares will be practically the most advantage- 
ous, except where a single source of error with a very different 
law is predominant above all the rest.” — A note on the 
behaviour of twisted strips, by Prof. J. Perry, F.R.S., had 
been prematurely announced by mistake, and he accordingly 
gave only a brief outline of the paper. In a previous com- 
munication, Prof. Ayrton and the author enunciated a working 
hypothesis in which the strips were imagined to be split up into 
pairs of filaments, each pair acting as a bifilar suspension. The 
resulting formula for the rotation produced by a given load did 
not agree with experiment, and quite recently the author had 
recognized why the formula was^incorrect. The bifilar law they 
had assumed was only true for small twists, but he now saw 
another xnethod’of treatment by which he hoped to verify the 
formula derived from experiment before the next meeting. Prof. 
Fitzgerald reminded Prof. Perry of a method of attacking the 
problem suggested by the speaker some time ago, in which each 
filament was supposed to be wrapped round a smooth cylinder ; 
and said that on working it out the formula was found to be 
very complicated. Mr. Trotter thought the pairs of strips 
might be regarded as twisted ladders, and Mr. Gregory said this 
suggestion reduced the problem to a series of bifilar suspensions 
which had already been worked out. — On electrifications due to 
contact of gases and liauids, by Mr. J. Enright. For some 
time past the author has been studying the electrical phenofnena 
attending solution, by connecting an insulated vessel in which 
the solution takes place with an electrometer. As a general rule, 
no effect is observed if nothing leaves the vessel, but when 
gases are produced and allowed to esca|)e the vessel becomes 
charged with + or - electricity, depending on the nature of the 
liquid from which the gas passes into the air. As an example^ 
when zinc is placed in hydrochloric acid, the dcflecrion of the 
electrometer is in one direction whilst the liquid is chiefly acid, 
but decreases and reverses as more and more zinc chloride i 
produced. From such observations ^he author hopes to obtain 
some information relating to atomic charges. Owing to the 
lateness of the hour, the latter portion of the paper and the 
discussion on it were postponed until next meeting. 
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Paris. DIARY OF SOCIETIES, 

Academy of Sciences, Nov. 4. — M. Des Cloizeaux, Presi- ’ London. 

dent, in the chair. -Ins^ment for mewuring the coeffident of m*th»,at,cai. Soc«fvf : R.^Tudeer.-Oa 
elasticity of metals, by Ms. Phillips. This is a large spiral ^nng Euler's ^•Functioo : H. F. Baker. — On the Extension and Flexure of a 

and balance wheel, the former made of the metal to be exannhed. 1'hin Elastic Plate : A. B. Basset, F.R.S. 

— R 6 U and mechanism of the local lesion in infectious diseases, by Institution of Electrical Engineers, at 8.— On the Lighting of the 
M. Ch. Bouchard. Whereas in absolute immunity, there is, after Melbourne Centennial ImemMional Exhibition ; K, L. Murray. 

inoculation, neither general infection nor local lesion, and in -Phvsical Society, at s.-On the ElScadon^due to the Contact of 
total absence of immunity, general infection, often without local Gases and Liouids : J. Enrieht.— On the Effect of Repeated Heating and 

lesion, in relative, normal, immunity there is local lesion mostly Cooling on the E:cctrical Resistance and Temperature Coefficient of 

without general infection ; in the last case, as experiment shows, ParTiu Prof. 's.^P. Th?m”SIl: Geometrical Optics, 

it is not the local lesion that causes the immunity, but wV/ Institution of Civil Engineers, at 7.^0.— The New Harbour and 
Inoculating vaccinated and unvaccinated rabbits with Breakwater at Boulogne-sur-Mer : S. C. Bailey, 
pyocyanic Bacillus, the author found, in the former, rapid appear* MONDAY^ NovEMnsR 18. 

ance of leucocytes, all having many Bacteria, which were soon Aristotelian Society, at 8.— Scepticism : S. Alexander, 
resolved into granulations, and in sixteen hours were quite gone : , ^ November 19- , ^ 

while the free Bacteria soon dccre^ed in number In the other Eng?ne.?Joha h Ste.m-Bo.Ier. for 

animals, few leucocytes, no Bacilli in them, and free Bacteria Royal Statistical Society, at 745.— Opening Address by the President, 
multiplying. — Statistics of preventive treatment of rabies, from T. Graham Balfour, F.R.S. 

February 9, 1888, to September 15, 1889, at the Pasteur In- WEDNESDAY, November qo. 

stitute of Rio de Janeiro (Dr. Ferreira dos Santos), by the G*|f»-ootcAt. Society, at ^—On the Occurrence of the Striped Hymn, in 

Em^ror of Brazil. Of 156 who underwent full treatment, only kSmroriklArment': ML^F m! Corp*' Comtunfo.tIX^“ir?iudlt 

one died, and not certainly from rabies ; this gives a mortality of ston, F.R.S.—On a New Genus of Siliceous Sponges from the Lower 

0 *64 per Cent. — On the velocity of wind at the top of the Eiffel « Calcareous Grit of Yorkshire : Dr. J. G. Hinde. 

Tower, by M. A. Angot. Three months’ observations give a of thc l-hunder- 

^ ^ *.1. . A A t storm Committee — Distribution of Thunderstorms over England in d 

mean of 7 05 m. as compared with 224 in. at the Central Wale-, 1871-87 ; William Marriott.— On the Change of Temperaim-e . 

Meteorological Ofnee (21 m. from the ground). While at low which Accompanies Thunderstorms in Southern England : G. M. Whipple, 

stations there is a minimum at sunrise and a maximum at —Note on the Appeanmee of St. Elmo's Fire at Walton-on- ihe-Na^, 

1 n ITI tb#* FifT^l HikA mnuntains) September 3, 1889 : W. H. Dines.— Notes on Cirrus Formation : H. Helm 

p. ., ine Llitel (like mountains) snowed a minimum about Clayt ^. — a Comparison between the Jordan and the CainpbelFStokes 

10 a.m. and a maximum at II p.m. (while at midday there was Sunshine Recordens : F. C. Bayard. — Sunshine: A. B. MacDowall — 

but a slight upward bend of the curve). — On phenybthiophene, Climatological Observations at Ballybolcy, Co. Antrim ; Prof. S. A. 

prepared by pacing through an iron of Arts, at 8.-0pening Address by the Chairman, the Duke of 

tube, heated to dark redness, vapours of toluene and of sulphur, Abercorn, C.B. 

and distilling the condenset^ product. Analysis gave the formula Univf.rsity College Chemical and Physical Society, at 4.30.— 
— C4H3S. With bromine, nitric acid, and sulphuric acid. Pyridine and the Alkaloids : Dr. N. Collie, 
substitution products are obtained. — Researches on digitaline 

and tanghinin^ by^M. Amaud. By heating digitaline with CONTENTS. PAGE 

baryta-water to 180® for several hours, St combines with water Science and the Future Indian Civil Service Exa- 

yielding the compound CaiHg^On, from which the formula minations 25 

is deduced for digitaline. The formula of tanghinine, The Lund Museum in the University of Copen- 

similarly deduced, is €37^1^0^. This formula differs from that hagen 26 

of Schmiedeberg for digitaline, viz. — Studies on Hydraulic Motors. By A. O. Q . 27 

the embryology of the axolotl, by M. F. Iloussay. He Physiology of Education. By J. H. G 28 

describes the mechanics of segmentation, the origin and de- Our Book Shelf : — 

velopment of the peripheral nervous system, and the morpho- Whitham : “Steam-Engine Design.^' — N. J. L. • . . 29 

logy of the head. — On the cytoplasm and the nucleus in Hake: “ Coloured Analytical Tables ” • 29 

Noctiluci, M. G. Pouchet. Flemming’s chromatine seems Tidy: “ The Story of a Tinder Box ” 30 

to be formed of two substances, chromatoplasm and hyaloplasm ; Jamieson : “ Magnetism and Electricity ” 30 

and the proportion of the former increases as gemmation pro- Ball ; “ Time and Tide ; a Romance of the Moon” • * 30 

ceeds ; hence ^ the more and more lively colour of the seg- Letters to the Editor :— 

mented nuclei. — On the parasitic castration of Typhlocyba by Specific Inductive Capacity. — Prof. Oliver J, Lodge, 

a Hymenopterous larva (ApAe/o/us fntlaUucus, Dalm.), and F.R.S 30 

a Dipterous larva {Atelenevra spuria, Meig.), by M. A. Giard. Who discovered the Teeth in Ornithorhynchus ? — Prof. 

In T. hippocastani, the leight terminal branches of the W. H. Flower, F.R.S. ; Oswald H. Latter . . 30 

penis are reduced to six, four, or three. A pair of curious “ La Pietra Papale.”— Dr. P. L. Sclater, F.R.S. .31 

invaginations on the ventral surface of the body are idso On a Mite of the Genus Tetranychus found infesting 

shortened.^ Action of serum of diseased or vaccinated animals Lime-trees in Leicester Museum Grounds. — P. R. 

on pathogenic microb^, by MM. Charrin and Roger. Operat- Rowley 31 

ing with the pyocyanic Bacillus and rabbits, they founa the Retarded Germination. — E. A. *31 

^rum of vaccinated animals more adverse to growth of the The Relation of the Soil to Tropical Diseases.— 

Baallus than normal serum, but somewhat less than that of Surgeon A. Ernest Roberts 31 

the disea^d animals. — Contribution to the semeiological and The Earthguake of Tokio, April 18, 1889. — Pro£ 

pathogenic study of rabies, by M. G. Ferr^. Inoculating by Cargill O. Knott 32 

trepanation, and with stronger vims than before, they found that A Brilliant Meteor. — Paul A. Cobbold 3a 

the respiratory acceleration appeared on the fourth instead of the On the Hardening and Tempering of Steel. II. 
fifth da^ ; the respiratory centres being invaded correspondingly {.Illustrated,) By Prof. W. C. Roberts- Austen, 

sooner. The symptoms could not be attributed to thermal F.R.S. ..... . • • • 32 

elevation, the maximum of this occurring later.— Statistkii* of Prof. Weismann’s “Essays.” By Dr. St. George 

preventive inoculations against yellow fever, by Dr. Domj^os Mivart, F.R.S. • 38 

Freirc. From 1883 lo there were 10,524 persons inocu- Notes • 41 

l^ed in Bmil ; and the mortality was 0*4 per cent. The deaths Our Astronomical Column : — 

ofnon- vacillated during the four epidemics were over 6500.*-— On OUects for the Spectroscope. (Wit A Diagram.)^ A. 

the modifications in normal gaseous exchanges of plants by the Fowler i ....44 

presence of organic acids, by M. L. Mangin. He injected malic. Large* Scale Charts of the ConsteHations 45 

citric, and tartaric acids into leaves of Japanese prick-wood, bay Barnard’s Comet, II. 1889, March 31 • 45 

rose, and lilac, and found these leaves to behave like Cacteae and The Stmeture of Jupiter’s Belt 3, III. (Illustrated,) • 45 

Crassulacese. In the darl^, the volume of carbonic acid liberated Geographical Notes 45 

IS grater than that of oxygen absorbed ; and in the light, there . The Flora of China 46 

, ij emission of oxygen without correlative absorption of carbonic ( Scientific Serials 46 

acid — On. the existence of < numerous zeolitbs 'in the gnehsic Societies and Acadsmisa 47 

roclwofUpperAriige, by M. A. Lacroix. ’ Diary of Societies .48 
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THURSDAY, NOVEMBER 21, 1889. 

ROCK METAMORPHISM, 

Chemical and Physical Studies in the Metamorphism of 
Rocks f based on the Thesis written for the D.Sc. Degree 
in the University of London, 1888. By the Rev. A. 
Irving, D.Sc.Lond., B.A., F.G.S. (London : Longmans, 
Green, and Co. 1889.) 

D r. IRVING is well known as a. writer on Bagshot 
beds. He appears in a new light as the pro- 
pounder of theories dealing with the metamorphism of 
rocks. His ideas on this subject are classified under 
three heads: paramorphism, metatropy, and metataxis. 
Paramorphism, according to the author, includes those 
changes within in the rock-mass, involving changes in the 
chemical composition of the original minerals and the 
formation of new minerals ; metatropy denotes changes 
in the physical character of rock-masses ; and metataxis, 
mechanical changes, such as the development of cleavage. 
Changes brought about by the introduction of a new, or 
the removal of an old mineral {e.g. dolomitization) are 
treated under the head of hyperphoric change. • 

The author writes, he tells us, for those who are willing 
to look at geological phenomena “ in the light of physical 
and chemical ideas.” To all others his dissertation 
“must read rather like romance than sober science.” 
He is not far wrong when he complains that the chemical 
side of geology has been neglected since the time of 
Bischof. The reason for this is to be found in the fact 
that geologists have been too busily engaged in reaping 
golden harvests in the demesnes of palteontology and 
stratigraphy to be much tempted by the allurements of 
chemical geology. With the resuscitation of petrology, 
however, the chemical constitution of rocks begins again 
to present problems of great interest and importance. 
But the author turns his chemical knowledge to bad 
account, we think, in applying it to the elaboration of 
sweeping generalizations. The views he puts forward 
may or may not be founded on sound chemical and 
physical axioms ; but mere test-tube reactions will not 
suffice to explain the operations of Nature in the vast 
laboratory of the tiniverse. The phenomena of meta- 
morphism represent the net result of numerous and often 
antagonistic forces ; and are not always simple reactions 
that may be expressed by a neat chemical equation. 

Dr. Irving appears to be highly gifted with what he 
terms a scientific imagination,” the meteoric flights of 
which carry him far above the solid ground of fact or 
even justifiable theory. An instance of this faculty of the 
author’s will be found on p. 66, where he seeks to explain 
the origin of foliation in Archaean rocks by the influence 
of “ solar and lunar tides upon the non-consolidated 
magma in the Archman and pre- Archaean {sic) stages of the 
earth’s evolution.” He proceeds j — 

“ In such an unequally viscous mass there would be ^ 
tension, contortion, and shearing to any extent during 
the tidal pulsations which the magma was suffering. . . . 
Portions already solidified, or nearly so, by segregation 
qr otherwise, as time went on, would by their vis inertia 
present obstacles around which a fluxion structure would 
develop itself in the contiguous portions of the yielding 
™*8**^» giving us perhaps in some cases * Augengneiss.’ 

■the local tension of parts of the viscous lithosphere, 
VoL. XL!.— No. 1047. 


especially near the crests of the waves, would imply 
stretching and consequent lowering of temperature, a 
circumstance favourable to local solidification. Who 
shall say that in the later and feebler struggles of this 
kind, as secular cooling went on, and the magma 
approached nearer and nearer to the conditions required 
for consolidation, some of these tidal waves may not 
have become in situ sufficiently rigid to outline some 
of the earliest lines of elevation?” 

• 

This is speculative enough in all conscience. On 
p. 29, the author discusses the influence of the salts 
dissolved in sea-water on submarine lava-flows, and 
suggests that serpentinization and the conversion of 
orthoclase into albite are the result of some process of 
“ submarine paramorphism ” effeefed by this agency. 
This, again, is pure hypothesis, there being no facts to 
support such a view. 

There is a flavour of pedantry in the use of such 
expressions as “ burnt hydrogen ” for water (p. 64), or in 
such sentences as “ orthoclase is probably the embryonic 
silicate of the terrestrial lithosphere” (p. 67). As the old 
lady is said to have remarked of the word Mesopotamia, 
there is something especially comforting and satisfying 
about this last sentence. 

•The pages bristle with “ hard words,” some of which 
are new to science. “ Vitreosity ” has an uncanny 
sound ; “ apophytic ” is curious ; and “ dehydrodevitrifica- 
tion ” is as inelegant as it is long. Indeed, so technical is 
the author’s language that a clear understanding of his 
meaning involves con^ant reference to hi% definitions. 
Unfortunately such reference is rendered impracticable 
by the absence of an index. 

The book bears witness to Dr. Irving’s extensive 
acquaintance with foreign chemical and geological 
literature ; references to foreign sources being abundant, 
sometimes superfluous. Indeed, there is more evidence 
of the author’s acquaintance with literature than with 
facts derived from original observation. Good ideas 
may here and there be picked out ; and the work no 
doubt contains some plausible explanations of geological 
|)henomena ; but of this we are assured, that the science 
of geology will not be advanced by those who spend 
their time in manufacturing wride-reaching generaliza- 
tions or attractive theories in the library, but rather by 
those who are content to labour, with the hammer in the 
field, the microscope in the cabinet, and the balance 
in the laboratory at the oft times wearisqme task of 
unravelling details. 

This book may be placed in the same category as 
Sterry Hunt’s “ Chemical and Geological Essays.” Such 
books can be recommended to those with a taste for 
speculation and rumination. To others they may be 
productive of mental confusion and headache. • . 

HAND-BOOK OF DESCRIPTIVE AND 
PRACTICAL ASTRONOMY, 

Hand-book of Descriptive and Practical Astronomy. By 
G. F. Chambers, F.RA.S. Part I. The Sun, Planets, 
and Comets. (Oxford: Clarendon Press, 1889.) 

T he avowed aim of the author of this work, since the 
publication of the first edition in 1861, has been to 
keep its pages up •to date— to make it a sort of vade 
mecum to astronomers ; and, regarded as a book en- 

D 
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deavouring to effect a compromise between purely ele- 
mentary works on astronomy and advanced treatises, it 
is worthy of some praise. With the many remarkable 
developments of astronomical science during the last 
quarter of a century, the bulk of the original volume has 
been somewhat increased by additions, and it has now 
been decided henceforth to publish the work in three 
divisions, viz. — 

(1) The* sun, planets, and comets. 

(2) Instruments and practical astronomy. 

(3) The starry heavens. 

The first division of the work is now before us, and 
viewed as a handy book of reference it has many com- 
mendable features ;• but all that could be said in its 
praise would be the reiteration of comments upon former 
editions. 

The most important application of spectroscopy to 
astronomy is too well known to need any enlarging upon. 
It may be said to be almost entirely a creature of the last 
quarter of a century, but by far the greater amount of 
this spectroscopic work has been directed to the sun, 
whilst many new and important discoveries have been 
made in connection with it. In pre-spectroscopic times 
a spot on the sun was only that, and nothing more ; and 
a solar prominence was a stupendous flame, the observa- 
tion of which was only possible at eclipses. Nothing 
was known of their constitution ; and, in fact, all we now 
know of the physical and chemical condition of the sun 
has been gained by spectroscopists. However, it is not 
necessary here to consider the enormous work that has 
been done in this direction, but it is our duty most em- 
phatically to protest against a compilation such as the one 
before us — purporting to be a completely revised account 
of astronomical labours and advances, and yet render- 
ing terribly conspicuous by its absence everything that 
relates to spectroscopy. It is like a book on loco- 
motion leaving out all about railways because they 
were not prominent when the first edition was pub- 
lished. The pictorial representations of the corona, the 
solar prominences, the surface of the sun and the spots 
upon it, are well discussed in their respective sections^ 
but no room has been giv^n to an examination of their 
constitution by means of the spectroscope ; and indeed, 
as far as this book is concerned, the whole work that has | 
been done in connection with solar physics might have 
been left undone. 

But these remarks apply not only to the chapters re- 
lating to the sun ; those on the planets and comets re- 
spectively are in the same incomplete condition. Without 
the spectroscope, the source of luminosity of a comet was 
far beyond human ken, and its whole constitution was a 
iXiatter of considerable doubt ; with this instrument, how- 
ever, much has been added to our knowledge — the comet’s 
light has been analyzed, and the whole sequence of 
changes, as it goes from aphelion to perihelion and back 
‘-again, is now unc(^stood. Yet the spectroscope might 
never^have been turned to these bodies, or indeed utilized 
in any way, if the utility and importance of the work 
done were measured by the brief notice with which the 
author has seen fit to dispose of it, and the following may 
be said to be the reason for his grievous omissions : — ^ 

" The study 'of the sun has during^ the last few years 
taken a remarkable start, owing to the fact that, by the | 


aid of the spectroscope, we have been enabled to obtain 
much new information about its physical constitution. 
The subject being, however, a physical rather than an 
astronomical one, and involving a great amount of optical 
and chemical details, it cannot conveniently be discussed 
at length in a purely astronomical treatise, though some- 
thing will be said concerning it later on in the portion of 
this work dedicated to spectroscopic matters.” 

This explanation, however, only aggravates the fault. 
The importance of the work that. has been done is as- 
sented to, but, instead of including that part of it relating 
to the sun in a chapter on that body, instead of consider- 
ing the spectroscopy of comets as inseparable from a 
chapter devoted to their discussion, the author has rele- 
gated the whole work to an unpublished section devoted to 
astronomical instruments. Such an arrangement is un- 
doubtedly wrong. A chapter on the sun must contain all 
that is known about that body, if it strives to be at all com- 
plete ; similarly, a chapter on comets cannot approach 
completion unless their spectra are considered ; thus this 
work cannot lead the general public to a just appreciation of 
the many advancements that have been made. The most 
elementary text-books rightly include the spectroscopic 
laboKTS and discoveries, whereas this so-called hand-book, 
although aiming at being an historical account of the 
work that has been directed to the sun, planets, and 
comets respectively, leaves a vast array of facts out of 
consideration altogether. 

There are a few minor faults, one of which is the 
figure relating to Foucault’s pendulum experiment for 
determining the rotation of the earth. The author ap- 
pears to have discarded the method of suspension 
adopted by Foucault, and the pendulum is sketched as 
if rigidly attached to a beam. The accompanying text 
also leaves this most important experimental detail out . 
of consideration. 

But apart from these points, the work is worthy 
of some commendation. An addition has been made to 
the chapter on comets, viz. a method of determining the 
elements of the orbit of a comet by a graphical process. 
The catalogue of comets whose orbits have been com- 
puted has also been brought up to date, and similar ad- 
ditions have been made to the chapters on periodic and 
remarkable comets. Doubtless the book will prove to be 
what it has been heretofore — a handy reference to some 
astronomical facts. 


ELECTRICAL UNDERTAKINGS, 

Proceedings of the National Electric Light Association 
at its Ninth Convention, 1889. Vol. VI. (Boston, 
Mass., U.S. : Press of Modern Light and Heat, 1889.) 

W £ have before us, in this volume, an account of the 
proceedings of the National Electric Light Asso- 
ciation in the United States during the Convention held 
at Chicago on certain days in Februarj' 1889. 

This body is one which, in the United States, has been 
brought into existence by the growing necessities and 
rapid expansion of the electric light and power industry. 
Probably its nearest English analogue is the Iron and 
Steel Institute. It is essentially a commercial associa- 
tion, and its aims may be said to be comprised within 
the limits of the exchange of practical information 



NATURE 


51 


Nov, 21 , 1889 ] 


^ • 
amongst its members, and of such joint .action as will 

further the use and success of these electrical trades. 
Hence Its objects are not, exactly speaking, scientific* 
at least in the usual sense of the word, and the inter- 
mixture of genuine desire to exchange veritable expe- 
rience, with a certain element of effort to push into notice 
particular personal “ interests,” renders a discriminating 
mind necessary in dealing with its Reports. At the time 
of writing, when the work of practically providing London 
with distributed electric current is being carried on with 
energy in diverse directions, and the various Electric 
Supply Companies are laying down mains and establish- 
ing stations, this Report serves a useful purpose of 
enabling us to judge the present state of the industry in 
the country where, of all others, it has had the most 
unhindered development. • 

In his opening address, the President, Mr. S. A. Dun- 
can, gave some figures which are significant of the 
immense extent to which the electric lighting business 
has now progressed in the United States. The total 
number of arc lights in daily use is about 220,000 ; of 
incandescent lamps, some 2,500,000. There are approxi- 
mately 5700 central stations and isolated plants, supply- 
ing electric current to single buildings or groups, or 
sections of towns. There are 53 electric railways in 
operation, and 44 in progress, on which 378 electric 
tram-cars travel over 294 miles of track. The total 
capital employed and sunk in these various undertakings 
is probably not under fifty millions sterling. When we 
consider that this is the growth of ten years, we are 
bound to admit, not only that this youngest of the applied 
sciences is of vigorous growth, but that, its commercial 
basis must be sound. The Proceedings of the Conven- 
tion take the form of a series of Reports on various 
points of interest which are drawn up by individuals or 
Committees, and then discussed by the whole body. 

One of the important questions which in this meeting 
received consideration was that of underground con- 
ductors. It has been evident for a long time that arc-light 
wires, telephone, telegraph, fire-signal, and incandescent- 
lamp wires cannot be permitted to increase without limit 
in the form of overhead conductors. In the early days of 
the telephone and arc light the inconvenience of overhead 
wires did not present itself as a formidable one ; but, with 
their rapid growth, the dangers to life and property arising 
from an indiscriminate collection of electric wires strung 
on poles or attached to roofs in large cities became ap- 
parent. Hence has arisen a demand that they shall be 
put underground. 

Unfortunately this is not so easy in practice as it seems. 
The distributing companies in many cases desire to avoid 
the cost of making the exchange in those cases in which 
they are operating overhead wires. The expense of an 
underground system of conductors is from five to ten 
times that of adrial lines. Moreover, the various methods 
suggested for sub-laying the conductors in streets and 
roads have all peculiar merits and demerits. * Mr. Edison, 
as is well known, places the copper conductors in steel 
pipes, insulating ^em with a bituminous compound, and 
lays these like gas-pipes in the streets. This system has 
been operated for years in New York, Milan, Boston, 
•and Chicago, with a high degree of success. Other in- 
ventors have advocated a conduit system ; others, again. 


the use of bare copper conductors insulated in a subway. 
It is thus seen that the necessary experience for satis- 
factorily laying down underground systems of conductors 
for the conveyance of large electric currents is only slowly 
being collected. 

The city of Chicago has one of the most completely 
developed systems ofunderground conductors for arc-light 
wires. There are some seventy-eight miles pf under- 
ground cable conveying currents under a pressure of 
1000-1800 volts. The members of the Convention not 
unnaturally exhibited considerable differences of opinion 
on this question of underground conductor systems. 
A Committee appointed for the purpose had issued a 
circular to about 1066 managers of Central stations and 
lighting systems and others, with the object of eliciting 
their opinions on the subject of underground conductors. 
Out of this number 130 returned very full answers to the 
various questions, and the diversity of opinion seems 
very great. It is difficult, however, to believe that the 
process of collecting information was that which would 
lead to the best results, and although the various views 
put forward in the discussion on the Report are interest- 
ing, they do not indicate a solidarity of opinion on any 
one point. It is perfectly certain, however, that in 
England electric conductors for systems of town light- 
ing by electricity will have to be placed underground, 
and it is also equally certain that those responsible 
for this work will have to exercise the greatest dis- 
cretion and take the ^llest advantage of existing ex- 
perience. The question of the fire risks of electric 
lighting also occupied the attention of the members. In 
the United States, as with us, the opinion based on 
experience is that when the work of installing the electric 
light is carried out under all known proper precautions, 
and by the best guidance, there is greater safety in it 
than in gas illumination, but that when these known 
precautions are disregarded then danger ensues. Minor 
questions, such as the disruptive discharges in lead 
cables and fuel oil, attracted briefer attention. The im- 
portance of such a gathering in guiding the experience of 
mose who are fostering an industry like that of electric 
lighting, in which invention ‘advances by leaps and 
bounds, is very great. We in England, thanks to the 
revision of the Electric Lighting Act, are now entering on 
a period of great electrical activity, and already if has 
been found that the commercial side of electrical engin- 
eering requires the association of those engaged in it for 
mutual advice and joint action, and the London Chamber 
of Commerce has now an active Electrical Section which 
fulfils to some extent the functions of the National Elec- 
tric Light Association in America. 

J. A. F. 


DIANTHUS. 

Enumeratio Specierunt Varietatumque ^Generis Dianthus, 
Auctore F. N. Williams, F.L.S. Pp. 23. (Loifilon: 
West and Newman, 1889.) 

O NE of the things most wanted iy species-botanists 
at the present time is a set of monographs of a 
number of the faipiliar large genera of Polypetalous 
Dicotelydons. The natural orders of Polypetalae were 
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monographed by De Candolle in the “ Prodromus ” be- 
tween 1824 and 1830, and the scattered material relating 
to many of the orders and genera has not since been 
brought together and codified. As instances of genera 
now involved in great confusion for want of a more recent 
elaboration, we may cite Ranunculus, Viola, Papaver, I 
Alyssutn, Draba, Dianthus, Geranium, Galium, and : 
many others. The present paper is, unfortunately, not j 
a monograph of Dianthus, but only a list of the known 1 
species classified into groups, accompanied by general | 
remarks on the structure of the different organs in the ' 
genus, and on their range of variation, so that, though , 
it is interesting and useful as far as it goes, it still leaves 
very much to be dc&ired. Although, on the one hand, 
Caryophyllaceas are dried for the herbarium very easily, 
and suffer little in the process, yet Dianthus is a very 
difficult genus for botanists to deal with and to under- 
stand. There are 230 species for a monographer to 
characterize. The range of variation between the ex- 
treme types is not great, and some of the commoner 
species (e.g. D. Seguteri, plumarius, and Carthusian- 
arum) are very variable, the consequence being that, j 
one often sees them named in gardens very incorrectly, 
forms of plumarius especially, which is hardy and 
spreads readily, doing duty for many totally dUtinct 
species. 

Dianthus is a genus quite characteristic of temperate 
and sub-temperate climates. It has its head-quarters in 
Europe anc| Western Asia. There are several species at 
the Cape ; a few are Himalayan, Chinese, and Japanese ; 
none reach Australia, New Zealand, or the Andes; and 
only one just touches the extreme north-western tip of the 
American continent. There are two principal sub-genera : 
Caryophyllastrum, of which the carnation may be taken 
as the type, which is far the largest ; and Armeriastrum, 
or Carthusianastrum, of which the flowers are numerous 
and clustned, as in the sweet-william. There is a third 
small sub-genus, intermediate between Tunica and the 
true pinks, which is classified by Bentham and Hooker 
with Tunica, and by Mr. Williams, following Linnaeus 
and Koch, as a third sub-genus of Dianthus. Within the 
bounds of the genus, Mr. Williams finds his primary 
characters — those which mark groups — in the form of the 
calyx, the nature of the margin of the lamina of the 
petals, the presence or absence of a beard at the Junction 
of the blade and claw of the petals, filaments, and styles, 
the shape of the leaf, and the disposition of the flowers ; 
and his secondary characters — those which distinguish 
species — in the number and shape of the bracts of the 
epicalyx, the form of the lamina of the petals and their 
apposition, the character of the calyx-teeth, the form and 
Stcucture of the capsule, the form and structure of the 
seeds, and the disposition of the fascicles of veins in the 
leaves of the barren shoots and flowering stems. His 
groups and species do not differ materially from those 
given in his paper in the Journal of Botany for 1885, 
p. 340. The list would have been hnore useful if he had 
stated the native country of each species, and added a 
reference to where it was first described. We hope, how- 
ever, that he will see his way to publish, before long, the 
monograph of which this is a mere outline sketch. , 

J. G. B. 


• OUR BOOK SHELF. 

Magnetism and Electricity. By Arthur W. Poyser, M.A. 

(London : Longmans, Green, and Co., 1889.} 

Since the amount of knowledge that is supposed to con- 
stitute an elementary scientific education increases every 
year, there is sufficient justification for the publication of 
a series of science manuals designed to meet the growing 
requirements of the Science and Art Department examina- 
tions, and this work is an excellent representation of such 
a series. Apart, however, from the value of this book 
as an examination manual, it possesses considerable 
merit. The matter contained in it is just about as much 
as would cover the course usually taken in a year's 
school work ; the explanatory text is couched in the 
clearest language, and the experiments described are 
capable of being easily brought to a successful termination, 
.^so the 235 illustrations will be of considerable assist- 
ance to the student, whilst the many exercises and 
examination questions interspersed throughout the book 
may be useful tests of his knowledge. The text-books 
that in their day have been eminently successful, if un- 
revised, must be supplanted by others which take a more 
extended view of the subject ; hence it is that this book' 
will compare most favourably with any written for the 
purppse of imparting a rudimentary knowledge of mag- 
netic and electrical phenomena and the laws by which 
they are governed. 

The Engineer's Sketch-book. By Thomas Walter Barber. 

(London : E. and F. N. Spon, 1889.) 

Engineers and draughtsmen generally keep note-books 
in which are jotted down most things they wish to 
particularly reiiiember, accompanied by rough sketches 
when necessary. The author of this book is no excep- 
tion to the rule. He tells us he has made many notes 
and sketches during his experience as an engineer, and 
has often found the want of such a collection for refer- 
ence. This volume consists of about 1936 sketches, 
classified under different headings, of devices, appli- 
ances, and contrivances of mechanical movements. The 
book is certainly unique in its way, and will prove useful 
to those who have machinery to design, who may require 
suggestive sketches of mechanical combinations to ac- 
complish some desired end. The author truly remarks 
that a sketch properly executed is to a practical man 
worth a folio of description. Hence the descriptions given 
are generally mere names, with occasionally a concise 
statement of purpose. Each sketch bears a number, and 
on the opposite page this number is to be found with the 
description, &c., — a very good arrangement. 

These sketches are clearly printed, and are probably 
executed from scale drawings in most cases. Taken as a 
whole, they fairly represent what they profess to do. 
Sketch 1636, however, is supposed to represent a Rams- 
bottom safety valve, but it gives a radically wrong im- 
pression of this valve. The lever is shown resting on the two 
valves certainly, but the spring is attached to the lever at 
a point considerably above the assumed straight line 
joining the points resting on the valves — an impossible 
position. Again, one of the two points of the lever 
resting on the valves is usually loose and connected with 
the lever by a pin. The sketch shows the lever and the 
two projecting points made solid. This example is the 
most unpractical sketch discovered in the book, and 
should be rectified in a future edition. A fairly good 
index adds to the usefulness of the volume. There is 
ample evidence of careful work on the part of the author, 
and he is to be congratulated on writing a book which 
will probably be of use to many engineers and those 
connected with the profession. N. J. L. 
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A Lifo of John Davis. By Clements R. Markham, C.B., 
F.R.S. (London: George Philip and Son, 1889.) 

This is. the first volume of what promises to be a series 
of great value and interest. The object of the series, as 
explained by the editors, is to provide a biographical 
history of geographical discovery. Each of the great 
men who “have dared to force their way into the un- 
known, and so unveiled to us the face of mother earth,” 
will form the subject of a volume ; and an attempt will be 
made, not only to present a vivid picture of the character 
and adventures of these heroes, but to estimate exactly 
the scientific value of their work. If the scheme is carried 
out in a manner worthy of the stirring tales to which it 
relates, the series will be a source of much wholesome 
pleasure to all who care to understand how our present 
knowledge of the earth's surface came to be built up, and 
who are capable of appreciating the splendid qualities, 
moral and intellectual, of all who have won for them- 
selves a place in the list of illustrious explorers. T^e 
subject of the present volume could not have been in- 
trusted to a more suitable writer than Mr. Clements 
Markham. He tells in a simple and natural style the 
tale of Davis’s life, displaying at every stage of the story 
full and accurate knowledge, and summing up clearly the 
achievements which entitle the discoverer of Davis 
Straits to be ranked “ among the foremost sea-worthies 
of the glorious reign of Queen Elizabeth.” Two admirable 
chapters are devoted to the following-up of the w%rk of 
Davis, and in an appendix the author gives all necessary 
information as to authorities. Mr. Markham has done 
his work well, and it will be no easy task for the writers 
of the succeeding volumes to maintain the series at the 
same high level. 

The Brook and its Banks. By the Rev. J. G. Wood. 
(London : The Religious Tract Society, 1889.) 

The Zoo. Second Series. By the Rev. J. G. Wood, 
(London : Society for Promoting Christian Knowledge, 
1889.) 

The first of these two books was written for the GirW 
Own Pafer^ and a few chapters of it have been printed 
in that periodical. Now the complete work is issued 
separately, and it will no doubt be welcomed by many 
readers who have already profited by the late author’s 
well-known writings. The reader is supposed to be con- 
ducted along the banks of an English brook, and to learn, 
as he advances, the characteristics of the living creatures J 
which are to be found by the way. The idea is carried ^ 
out brightly, and — we need scarcely say — with ample 
knowledge. There are many illustrations, and they add 
considerably to the interest of the text. 

“ The Zoo ” contains an account of animals of the 
weasel tribe, the seal tribe, the rodent family, and various 
kinds of pxen. The descriptions are clear, compact, and 
lively, and cannot fail to interest the young readers 
for whose benefit the book was originally planned. 
Mr. Harrison Weir contributes a number of excellent 
illustrations. 


LETTERS TO THE EDITOR. 

\J%t Editor dots not hold himstlf responsible for opinions ex- 
pressed by his eorrespotsdents. Neither can he undertake 
to return, or to correspond with the writers <f, rejected 
wsanuseripts intended for this or any other part of Naturx, 
No notice is taken of anonymous commssnications.^ 

Protective Coloration of Eggs. 

The following letter records a very interesting observation 
which is new to me, and I should be glad to hear if any similar 
fact has been noted lefore. If not, it would be very interesting 


if those who have the opportunity would, in the coming spring, 
seek for as many nests as possible of the red-backed shrike, and 
see if they can find any correlation between the colours of the 
eggs and the lining material of the nest. 

Parkstone, November I. Alfred R. Wallace. 

. “ Merchant Taylors' School, Crosby, Liverpool, 

“ October 15, 1889. 

“ Dear Sir, — wish to bring before your notice an observa- 
tion of mine relative to the purpose of colour in animals. 

“ The red-backed shrike [Lanins coUurio). Colour of eggs— • 
either pale blue or green, white ground with zone of spots at 
larger end ; or, pink ground with reddish spots. 

“ Observation. — The colour of the lining substance of the 
nest — such as roots — assimilates to the colour of the eggs, being 
dirty gray material when the eggs are to be pale (blue or green) 
white, but being of red-brown roots, &c., when the eggs are to 
be pink. , 

“ Evidence for above statement. About sixteen years ago I 
was a lad of fifteen, an enthusiastic birds’-nester, living at Maid- 
stone, and found several (I forget how many) nests, and noticed 
this ; and it so puzzled me — because I could not make out how 
the bird knew what coloured lining to select, because she made 
her nest before she laid her eggs — that I have never forgotten it. 
In those days I had never heard of ‘ The Origin of Species,’ 
nor did I trouble myself about evolutionary theories, knowing 
nothing about them, so that there was no predisposing cause in 
me to make a wrong observation. Yet I remember it was only 
a school-boy's observation, and therefore it needs confirmation. 

“ Assume the fact. Protective, obviously. Yet, how does the 
bird know ? We know birds build nests from observing other 
nests, and not by instinct wholly. 

“ (a) Have we here incipient species, in which the young, 
emerging from pink eggs, remember their own infancy in a red- 
dish nest ? 

“(,b) Has the sight of the red lining an influence over the 
mother to tinge the eggs pink — i.e. would a shrike brought up 
in a pink cage be more lively to lay pink eggs ? qf a gray rabbit 
in a black or white hutch have a greater proportion of black or 
white variants in her litter ? 

‘*(c) A mere coincidence ; too few observations. 

“Will you forgive one who intends to be amongst your au- 
dience on October 29 and 30, if not prevented, thus trespassing 
on your time — time which, spent in research, is so valuable to 
the whole scientific world ? Yet, I do think my boyhood’s obser- 
vation is worth recording, if only to direct other observers. 

" B.g. has the amount of white quartzite veins in a cliff, or 
chalk, any influence in the percentile of white, as against blue, 
eggs of the common guillemot ? 

“ Believe me, yours faithfully, 

“ (Rev.) Fred. F. Grensted.” 

Science and the India Civit Service Bxtminations. 

The position of science candidates in the Civil Seivice com- 
petitions is largely in the hands of the science examiners. In 
some cases they have practically struck their subject out of the 
schedule by requiring, or by acquiescing in, the demand for a 
standard of knowledge far beyond the proportion of marks as- 
signed. Even in the last India Civil Service competition the 
first two men in chemistry only scored 196 and 195 respectively, 
whilst the first two in German, out of the same maximum, 
gained 359 and 353. If the eminent men of science who un- 
dertake these examinations would see that science had fair play, 
many more candidates would be encouraged to stady it. What- 
ever the private views of the Civil Service Confci«ioners may.be, 
their absolute justice and honourable impartiality are unassailable. 
Even if they did not altogether concur in the opinions of the 
examiners, they would give their arguments careful consideration, 
and see that afl interests should be duly regarded. 

It will not advance the claims of science to weight them with 
the very doubtful prdposiiion that “ the Universities of England 
and India ” are the only places where “well educated ** men are 
to be found. Many most distinguished men of spience have not 
had the advantage of a University degree in Early life. No 
one would venture to class them for this reason in “an inferior 
order of men.” Henry Palin Gurney. 

a Powis Square, W., November 1$. 
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The Physics of the Sub-oceanic Crust, 

In the new edition of his ** Physics of the Earth’s Crust/* 
Mr. Fisher has made a great advance on his former position, for 
he secs his way to explain the formation of mountain chai^i and 
all the phenomena of compression which are so strikingly 
exhibited in the crust of the earth, without depending on pis 
former theory of columnar expansion, and without falling back on 
the contraction hypothesis. 

He believes that the existence of a liquid substratum beneath 
a thin crust is consistent with the physical conditions of the 
universe ;<and argues that no appreciable tide would be produced 
in it if the liquid magma consisted of an intimate association of 
fused rock and dissolved gases. He further concludes that this 
magma is not an inert or motionless liquid, but one in which 
convection currents are constantly bringing up heat from below, 
and leading to frequent internal displacements of mass. 

In this hypothesis he finds a means of explaining the move- 
ments of the earth’s rtust. Whether Mr. Fisher’s position can 
be maintained must be decided by those who are accustomed to 
deal with the physical problems involved, but geologists will be 
glad if it should prove that the objections to the existence of a 
liquid substratum have been successfully met, for they have 
always found a difficulty in explaining geological phenomena 
without having recourse to the supposition of a liquid layer. 

One of the most important chapters in the book is that on the 
sub-oceanic crust, and it is on this that I propose to offer a few 
remarks, taking it for granted that a truly liquid substratum with 
a play of convection currents does really exist. 

Mr. Fisher’s object is to ascertain the thickness and density of 
those parts of the crust which lie beneath the oceans, and to see 
whether in these respects they differ from the continental 
portions. This he does by making a series of assumptions, and 
considering how far the results are compatible with known facts 
and conditions. This process involves the dismissal of certain 
hypotheses, but although he eventually finds one which fulfils the 
requisite conditions, it does not follow that no other equally 
satisfactory hypothesis can be found. Consequently his results 
though intcr<^iting cannot be regardecFas final. The suppositions 
he is obliged to introduce before obtaining satisfactory results 
are, that the density of the subtratum beneath the continental 
and the sub-oceanic portions of the crust is different, and that the 
sub-oceanic crust consists of two layers of different densities. 

It is conceivable, however, that the lower part of the crust is 
everywhere denser than the upper part, and consequently that two 
layers of continental crust should be introduced into the problem ; 
whether this hypothesis would likewise fulfil the conditions, and 
whether it would lead to the same results as that which Mr. 
Fisher adopts, could only be ascertained by trial. Mr. Fisher 
informs me that he has not made this trial, and that every 
additional assumption introduced increases the great labour of 
the calculations. 

Let us assume, however, that no other hypothesis would satisfy^ 
the conditions so well as that which he has adopted, and let us 
see to what conclusions it leais. Mr. Fisher derives from it the 
following important results : — 

(1) That the sub-oceanic crust dips more deeply into the 
substratum than the continental crust. 

(2) That its lower part is more dense than the substratum. 

(3) That the density of the liquid substratum is less beneath 
the oceans than beneath the continents. 

This last result leads to the conclusion that the differences of 
density in the substratum must give rise to ascending and descend- 
ing convection currents, and that the ascending currents will rise 
beneath the oceans while the descending currents will occur 
beneath the continents. *^Tbat the former occupy so much 
larger an area is,” he says, ‘*no more than we might expect, 
because to whatever immediate cause they may be due, they are 
ultimately the result of secular cooling. . . . The descending 
being merely return currents will be confined to the smaller area, 
but on that account they will move the more rapidly.” 

Finally he says that these conclusions confirm the theoiyof the 
^permanence of oceans, ** because it is difficult to conceive how 
the subjacent crust, once more dense, can have subsequently 
passed into the less dense condition which would be requisite to 
render it continental.” I venture to think he is hardly justified 
in making this unqualified statement, and purpose to show that 
his results only confirm*^the theory of the permanence of oceans 
in a limited and partial manner. c 

In the firet place, if chapters xvH. and xxiv. are read carefully, 


it will be obvious tliat Mr. Fisher uses the terms oceanic and sub- 
oceanic ina spepial sense. On p. 233 he classes areas having less 
than two vertical miles of water as “ extensions of the elevations 
that produced the continents,” and even those with depths of two 
to three miles of water he regards as ” sometimes connected with 
and prolongations of the first.” In other words, he looks upon 
the shallower parts of the great oceans from a continental coast- 
line to a depth of at least 2000 fathoms as extensions of the 
continental elevations. 

Again, on p. 331 we find him saying that New Caledonia and 
the Seychelles are not properly speaking oceanic islands, because 
the first is a prolongation of the submerged ridge which connects 
New Zealand with North Australia, and because the latter 
belongs to an extension of the Madagascar ridge into the Indian 
Ocean. Now a reference to the physical chart of the oceans 
given in the ” Narrative of the Cruise of the Challenger'^'* 
(vol. i.) shows that the looo-fathom line completely encircles 
New Caledonia and the adjacent islands, and that the submerged 
ridge which he speaks of would be a very narrow one unless we 
regard it as extending to the line of 2000 fathoms ; but this line 
includes also the Solomon Islands, the Fijis, and the Friendy 
Islands, so that if New Caledonia cannot be considered as an 
oceanic island neither can the other islands just mentioned^ 
though no one would reject them from that category on other 
grounds. Similarly, the Seychelles and Amirantes are surrounded 
by water of more than (ooo fathoms, and are usually regarded as 
oceanic islands. The same may be said of Barbados, where^ 
stratified Neozoic rocks are found. 

The contour-line of 1000 fathoms has, I think, been generally 
takei^ by recent writers as the approximate limit of the 
continental elevations, the space outside this being regarded as 
oceanic ; the islands which rise from depths of over 1000 
fathoms would on this view be necessarily classed as oceanic, 
and as a matter of fact all such islands come within the terms of 
Sir A. Wallace’s definition of an oceanic island except that a 
few of them are not entirely of volcanic or coralline composition. 
To exclude all the islands which rise from within the 2000-fathom 
limit would necessitate the division of oceanic islands into tw^o 
classes, the definition of which would be difficult. 

I am not saying that such a distinction would be incorrect, or 
that Mr. Fisher has no right to assign larger limits to the 
continental elevations and narrower limits to the oceans : I only 
desire to show that he takes a special view, and that he declines 
to regard islands which rise from less than 2000 fathoms as 
specimens of the sub-oceanic crust. His discussion of the 
probable structure of the sub-oceanic crust deals therefore with 
areas which are covered by water of three miles or more in depth — 
that is to say, from about 2500 to 5000 fathoms, and the 
comparison which he makes between patches of sub- continental 
and sub* oceanic crust is really between a piece of continental 
land and a piece below an area of deep ocean at a considerable 
distance from the continents. 

With regard to this point, I have had the advantage of a 
further explanation from Mr. Fisher ; writing to me he says : — 
•• My sub-oceanic patch may be anywhere under the ocean, but 
you must remember that all the quantities are subject to change 
except r, p, /i, (T, as ^ diminishes ; i,e. as the ocean grows 
shallower toward the coast-lines, the thicknesses and densities 
merge into those at the sea-level, the second layer of the sub- 
oceanic crust at the same time thinning away to nothing. You 
are quite right in thinking that in a general way in discumng 
the sub-oceanic crust I am dealing with the crust at a consider- 
able distance from the continents I do not profess to 

explain the structure of the crust of the earth in those parts which 
appear to have sometimes been land and sometimes sea. I 
should, however, guess that having been at times land the 
crust there resembles the present continental crust. Still the 
equations (p. 242) must apply to these parts if only we knew 
what assumptions to make.” 

Since, therefore, there are rqgions of sub-oceanic crust the 
structure of which may resemble that of the continental crust 
rather than that beneath the central parts of the oceans, it is 
clearly of importance to consider the position and extent of these 
regions. Let us first take that part of the Pacific Ocean in which 
New Caledonia is situate ; if we are to regard it as a submerged 
plateau which may once have been continental land, it acquires 
a special interest. The contour of 2000. fathoms which unites 
New Caledonia to Australia and New Zealand extends from the 
north coast of New Guinea by the Solomon Islands to Samda, 
and then bends southward to New Zealand, but curves out again 
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rso as to include the Chatham and Antipodes Islands^ some 600 
fniles to the south-east of New Zealand. "Southwaid it has a 
•connection with the Antarctic continent, but a deep gulf of over 
2000 fathoms runs far up outside the east coast of Australia. 
The area within the 2000-fathom line measures about 2500 
miles across its northern portion, and has an extreme length of 
about 3600 miles from its northern border to the south end of 
New Zealand. 

If this large area is not to be regarded as strictly oceanic — that 
is to say, if the physical structure of the crust beneath it differs 
from that of the crust beneath the deeper ocean outside it — and 
if its geological history is different from that of this deeper 
oceanic area, and is comparable with that of a continent, then a 
very important modification is introduced into the theory of the 
permanence of oceans and continents. 

We learn that an area now covered with oceanic deposits may 
not have been always ocean, and this is precisely what Lyell and 
his followers have always maintained ; for if so large a part of 
the Pacific may have been land (say in the Cretaceous period), 
there has been what most geologists would consider to be a 
change from continental to oceanic conditions ; and if, being such 
a transmutable region, it may eventually be raised again lill 
large parts of it become land surfaces, round which shallow 
water deposits could be formed, it would exhibit strata of deep- 
sea origin (usually called oceanic) intercalated between forma- 
tions of the ordinary continental type. 

Another region where similar transmutations appear to have 
* taken place is that of the West Indian Islands with the adjoining 
area of the Caribbean Sea and a portion of the Western Atlantic. 
Of this region the structure of Barbados is an illustration. 
That island conforms to the ordinary definition of an oteanic 
island ; it is separated from South America and the rest of the 
Antilles by water of over looo fathoms, and the scanty fauna 
which it possesses is not such as would have been introduced by any 
former land connection. Its geological structure is simple but 
striking : there are no volcanic rocks, but a basal series of 
sandstones and clays that are similar to the older Tertiaries of 
Trinidad, and may be regarded as testifying to a former northern 
extension of the South American continent ; above these are 
oceanic deposits, consolidated radiolarian and foraminiferal oozes, 
which appear to be of very late Tertiary age (Pliocene or 
Pleistocene). Capping the whole are raised coral reefs. Here, 
therefore, is part of a continental (or shallow sea) area which has 
sunk into oceanic depths during the Tertiary period, has received 
a burden of oceanic deposits, and has risen again to be invested 
with a formation of essentially shallow water origin. Certainly 
geologists have no proof of greater geographical changes than 
this, though Europe affords evidence of quite as great a change, 
for in the area of the European chalk we have an instance of 
similar oceanic conditions to those under which the Barbados 
earths were deposited ; yet this area was continental land before 
the Cretaceous period, and has again become so since that 
period. 

The other oceanic areas which have less than 2000 fathoms of 
water over them are the Arctic Ocean, the southern part of the 
Indian Ocean, and part of the North Pacific between America 
and Kamchatka. It would appear then that we may claim 
these regions, together with the Caribbean area and a large part 
of the Western Pacific, as areas which have been interchangeable 
with the present continental surfaces.^ 

Mr. Fisher does not discuss the subterranean structure of the 
shallow ocean areas, but in his letter already quoted he inclines 
to think that the crust beneath them is similar to the continental 
crust, and this view is borne out by the structure of certain 
oceanic islands ; but though the density and general structure of 
the crust may be similar to that of the continents, the condition 
of the liquid substratum may not be exactly the same, or rather 
there may be differences in the force and direction of the 
eonvection currents which traverse the substratum. 

In chapter xxiv. Mr. Fisher does briefly consider the condition 
•of the substratum in the tracts that lie l^tween the continents 
and the [deep] oceanic regions. Having shown that, if the 
density of the substratum is less beneath the ocean than beneath 
the land, the convection currents must rise beneath the oceans 
and descend beneath the continents, he points out that there 
must be a certain space between the lines of ascent and descent 
where the currents will move more or less horizontally. In this 
horizontal movement he finds a force capable of exerting strong 
pressure on the continental crust. Now in some parts of the 

^ * Th« ridges in the Central and Southern Atlantic do not come within the 
4 ;ategory of shallow oceans. 


world the space along which these horizontal currents move may 
be narrow, but in others it is probably broad : thus, on the east 
side of the Pacific, where the change from ocean depths to moun- 
tain heights is rapid, this space is doubtless small, but on the 
west side of the same ocean, as we have seen, there is a broad 
intervening area of shallow ocean, and beneath this the currents 
that move westward may continue to be mainly horizontal till 
they reach Australia. 

The behaviour of convection currents is so little understood 
that one cannot predicate much about them ; there would prob- 
ably be a certain play of ascending and descending currents 
beneath the broad semi-oceanic area as well as horizontal 
currents, and very slight changes may cause these ^o vary in 
volume and to alter their positions ; such a region is therefore 
likely to be in a state of unstable equilibrium, and its upheaval 
or further subsidence would depend on the balance that is 
established between the three sets of currents in the Jiquid 
substratum beneath it. 

Another question suggests itself— nam^y, whether the oceans 
have always been as deep as they are now. According to Mr. 
Fisher's results, the mass of the sub-oceanic crust is greater than 
that of the sub-continental crust, but he gives reasons for thinking 
that its thickness is not greater, and if this is so, then its density 
must be greater ; and it is from this he deduces the permanency 
of the oceans, because it is difficult to conceive of the denser crust 
becoming less dense, which would be necessary before any part 
of it could be converted into a continent. But though this 
difficulty certainly exists, it does not preclude the possibility 
of the sub- oceanic crust having been originally less dense than it 
is now ; it may have been growing denser, and there may have 
been a corresponding increase in the size and depth of the oceans 
at the expense of the continents. Ilis results, in fact, do not 
involve the permanency of the present continents, or of the pre- 
sent relative proportions of land and water surfaces. We are at 
liberty to imagine a time when there was much more land than 
there is at present, and when all the oceans were comparatively 
shallow ; there being at this early period less difference in the 
comparative density of the sub-oceanic and sub-continental crust. 

We may, in fact, postu(jite a secular increase in (he size of the 
oceans and in the depth of the ocean basins corresponding to a 
secular increase in the density of the sub-oceanic crust ; and 
possibly as a consequence a general increased stability of the 
whole crust. 

The supposition of a secular increase in the depth of the 
oceans is in accordance with the evidence of geological history, 
for if there had been such an increase we should expect to find 
that oceanic deposits of the modern type were essentially Neozoic 
formations, and would not occur among Palaeozoic rocks ; and 
such appears to be the case. At present we do not know of the 
existence of any purely oceanic limestone that is older than the 
Cretaceous period ; and among the Palaeozoic rocks there are none 
which appear to have been formed at any great distance from 
continental land. 

I think it has now been shown that Mr. Fisher's conclusions 
do not give unqualified support to t jje theory of the permanence of 
oceans, but that, on the contrary, they are consistent with two 
important limitations of the theory— limitations which had 
already been suggested by geologists before the publication of 
Mr. Fisher^s book. Thus, Prof. Prestwich has expressed the 
opinion^ '*that it is only the deeper parts of the great ocean- 
troughs that can claim the high antiquity which is now advocated 
for them by many eminent American and English geologists" ; 
and I have suggested the probability that the tendency of all 
recent geographical changes has been to deepen the ocean- 
basins, and to raise the mountain -peaks to higher and higher 
elevations."® 

It is therefore satisfactory to find that the results of purely 
physical and mathematical reasoning, on the one hand, an^ pf a 
consideration of the geological evidence, on the other hand, are 
$0 closely in accord. The importance of this agreement consists 
in the way it opens for the reconciliation of two opposing 

f eological schools: unimportant limitation is imposed on the 
.yellian belief in the past interchange of beanie and continental 
areas ; while the extreme view, held by Dana and others, that 
there has been no such interchange at all, may be eqiiallv far 
from the truth ; the probability being that truth lies midway 
between the two extremes. 

It is also worthy of note that the^ hypothesis of a secular 
increase in the deptn.of the oceans and the heights of the moun- 

* Geology,** vol. ii. p. 547., 
a ** The Building of the mitish Isles,** p. 334* 
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tains brings the whole succession of past geological changes 
within the scope of a general theory of geographical evolution. 

A. J. Jukes-Browne. 


The Composition of the Chemical Elemen s* 

My excuse for troubling your readers with this well-worn them^ 
is that a definite hypothesis is possible, which, should it be fully 
borne out by the facts, appears to afford a remarkably complete 
explanation of the periodic law, as set forth in Prof. MendeleefTs 
table. 

1'hc periodicity exhibited by this table is double, alternate 
series presenting members which have high or low atomic 
volumes, are fusible or infusible, &c. 

Should the elements be really simple atoms, it w’ould be im- 
possible to account for thi-^ fact without introducing occult differ- 
ences of quality, from which it has been all along the aim of 
chemical science to free itself. Undoubtedly periodical variations 
in the size and shape oK the atoms might account for the dual 
periodicity of their properties, but nothing satisfactory can be 
gleaned from such an explanati *n. Besides, we are accustomed 
to regard differences of properties in compounds as dependent on 
composition, even should their molecular weights be similar. It 
may also be urged that, if the elements are supposed single, their 
properties should vary with increase of weight in some con- 
tinuous manner, and not sway to and fro so remarkably. 1 am 
aware that Profl Mendeleeff himself does not take this view (cf. 
Chem. Soc. J^ourn., October 1889), but it is one that is widely 
spread, and is held by other eminent chemists. 

It is, however, possible to push too far such analogies as that 
of a series of orgaiiic compounds. Important differences exist 
between such a series and that of a natural family of the ele- 
ments : for example, the specific refraction equivalents are not 
at all analogous in the two cases. Specific heat determinations 
show that, as a rule, an element moves as a single ^olid mass. 
But these considerations need prove nothing more than that we 
must be prepared to deal, in the case of the elements, with 
affinities of a different order — perhaps brought into play by vastly 
different conditions — from those found tn ordinary compounds. 

If the elements are assumed to be composite radicles, then, in 
stating their hypothetical composition, there is material ready to 
hand. The famous principle known as “Occam’s razor” 
applies here as elsewhere. Hypothetical elements should only 
be introduced where other considerations are plainly in favour of 
the suppositions involved. 

ihe elements form natural families of two groups each, six of 
them having for their types the following : Li, Be, B, C, N, 
and O. 

Since the properties of the typical element run all through the 
members of a family, then (on the hypothesis that properties 
depend upon composition) we should expect it to be found in the 
formulae of the remainder. 

The hypothesis here advanced is, that the periodicity of the 
properties of the elements is due to the dependence of the pro 
perties of each element upon those of the typical element ot the 
family to which it belongs, together with the mode of its c »m- 
bination with oxygen. In other words, that the elements, with 
the exception of the first six, are, in a qualified sense, compound 
oxygen radicles. 

The reasons for the adoption of oxygen are : (i) the remark- 
able coincidence of the figures for each family upon this hypo- 
thesis ; (2) that the atomic weights of the oxygen family of 
elements are whole multiples of that of oxygen ; (3) the relations 
disclosed between the numbers of atoms composing the ele- 
ments, which cannot be other than the result of law ; and (4) 
the fact that all the elements combine with oxygen, which is also 
the most plentiful element in Nature. 

Supposing any natural family complete, its two groups are 
given by the following formulae, R being its typical element : — 


^ ( Group (a) : RO.„ RO5, RO^, RO,4. 

I Group (d) : KO, R3O,, R^O^, R^O^, 


The seventh and eighth families are ve^y incomplete, but may 
be reprf^sented in the same way. 

It will be noted that the numbers of atoms in these formulae 
are as follow : — 




3, 6, 9, 12, 15. 
2, 5 $ 8, II, 14. 


The common difference in each group being 3, and the numbers 
7 f wd 13 being absent. * 


The resemblance of these figures to the atomic weights of the 
ten typical elements ‘(including four hypothetical ones) is very 
close. One is almost tempted to regard them as the primitive 
forms of the combination of matter, and to return to, Front’s 
hypothesis. 

The existence of four elements between H and Li is indicated 
as well by the gap which exists between them as by this hypo- 
thesis. That Fe. Co, N 5 , &c., have formulae commencing 
with Rj, is shown by the fact that they recur regularly in the 
series having these formulae, their comparative infiisibility and 
low atomic volume indicating also this composition, as well as 
the fact that, if it were otherwise, the rule observable in the first 
six families would be broken through. It is, again, hardly pos- 
sible to suppose that the seventh family, the halogens, should 
contain the electropositive hydrogen, although the latter would 
then lose its unique position, and in this case the difference be- 
tween the calculated values of Ag and I (18*9) agrees very nearly 
with that between those observed (18*87), the ratio of these 
latter being very exactly determined by Stas. This, how^cver, is 
a matter which may well be left undecided for the present. 
Should fluorine be a fundamental element, the halogen series 
wifi break the rule which holds for at least six out of the 
remaining seven families. 

The following table is constructed on the lines of MendeleefTs. 
The seventh and eighth families are placed first in order, and 
the calculated and observed atomic weights are placed under- 
neath their respective formula*. Want of data is indicated by 
blanks, but the rarer metals are omitted, although they mostly 
correspond to the formulae RgOg. It will be no ed that the 
arrangement gives Mn, Fe, Co, Ni, and Cu an intelligible 
positiOT in the series. 

It is not to be expected that the calculated and observed 
figures will perfectly agree, although in some thirty cases the 
average variation is 0*5 of a unit. The chief variations occur in 
two series, in which, however, the natural order is preserved, 
viz. Ti, V, and Cr, with an average error of 4 5, and all the 
elements containing Ojj, from tungsten to bismuth, in which the 
mean difference is 9. It will be noted that this difference holds 
even in the case of the eighth family, in which the f ^rmulse con- 
tain the hypothetical R**, R***, and showing that the errors 
arise from a common cause. The atomic weights, since the dis- 
covery of the periodic law, have not been decided upon without 
reference to one another. This wrhole series is separated by a 
huge gap from the rest of the atomic weights, which is only 
filled in at intervals by the less common metals of the earths, &c.,. 
and consequently an error in one of them would certainly affect 
the whole. Similarly, the differences of 4 betw^een the observed 
atomic weights of Ca and Sc, and Sc and Ti, are anomalous. 

On the other hand, the coincidences exhibited by the table 
cannot be the work of chance, and, considering the inexactitude 
of the determinations of many of the atomic weights, the fact 
that the average of the differences between the observed and 
calculated numbers in the large majority of the elements is only 
one unit, and that the remainder appear to arise from a single 
cause, is remarkable, especially when we consider the facts 
which are brought to light by this mode of representation. The 
law that elements essentially similar differ only by an atomic 
weight of Ojj, or its multiple, surely deserves attenti in. When, 
again, the difference between the two groups of any natural family, 
and the periodicity of the properties of the elements, are ex- 
hibited as the result of composition, the conclusion becomes 
apparent that we have in the hypothesis at least a guide for 
future research. 

The atomic volumes of the groups commencing with RO are 
smaller than in those commencing with RO«. These correspond 
to the “ even ” and “ odd ” series of Mendeleeff. Other proper- 
ties follow, thus affording a possible clue as to how the charac- 
teristics of the elements depend upon their composition. 

Without trespassing further upon your valuable space, I will 
conclude by quoting Dr. Gladstone (Pres. Address, Chemical 
Section, Brit. Assoc., Southport, 1883): — 

“ The remarkable relations between the atomic weights of the 
elements and many peculiarities of their grouping, force upon 
us the conviction that they are not separate bodies created with- 
out reference to one another, but that they have been originally 
fashioned, or built up from one another, upon some general 
plan. This plan we may hope to understand better ; but if we 
are ever to transform one ot these supposed elements into an- 
other, or to split up one of them into two or three dissimilar 
forms of matter, it will probibly be by the application of some 
method of analysis hitherto unknown.” 
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Is Greenland our Arctic Ice Cap ? 

The result of Dr. Nansen's journey across Greenland, estab- 
lishing, as it practically does, that this Arctic continent is cover^ 
by a huge ice cap, promises to be a matter of some interest in 
several ways. 

Among other things it may possibly yield a clue as to the* 
cause of the south polar cap of Mars being so very excentrically 
placed. 

Since the time of the elder Herschel this has been a subject of 
speculation, iand various ingenious suggestions have been put 
forward by astronomers to account for the presumed anomaly. 

Webb, in his ** Celestial Objects," p. 147, tells us that 
Herschel found that the caps were not opposite each other ; 
and says himself that “one would expect that they might have 
been diametrically opposite." 

“ Madler and Secchi found the north zone concentric with the 
axis, but the south considerably excentric " ; and “it has been 
suggested by Beer and Madler that the poles of cold may not 
coincide with the poles of rotation." 

Later on, at p. 148, he tells us that “ Secchi found the appear- 
ances at the poles irreconcilable with the idea of circular caps, 
and was forced to adopt the supposition of complicated and 
lobate forms. Schiaparelli alludes to the possibility of a mass of 
floating icef' 

Apparently it was taken for granted that the ice or snow caps 
of Mars, should not only be truly circular in form, but centrally 
laced over the axis of rotation, like the cloud caps of Jupiter and 
aturn. 

But it seems to me that Dr. Nansen's journey will go a long 
way towards solving this problem, by demonstrating that Greem 
land is practically one of our two polar ice caps. On our South 
Pole we have one, more or less centrally placed over the axis of 
rotation, and which certainly does not float about, having two 
laige active volcanoes on it. It corresponds fairly well to the 
northern pole of Mars. But on our North Pole — as far as we can 
see — there is no large permanent ice cap, and in its place we 
have an irreguRir, extensive polar basim 

Roughly speaking, we may say that the character of the Arctic 
and Antarctic ice l^ars this out, for in the south we see the im- 
mense flat-topped bergs of 2000 feet thickness, and several miles 
long, which are obviously portions of the southern ice cap broken 
adrift. In the north we see a preponderance of floe, or thin 
field-ice, a few flat- topped bergs near Franz Joseph Land 
(Young), and the angular bergs of the Atlantic, mainly from , 
West Greenland (Greely). 

If our Arctic basin is deep and has few islands in it, it stands ' 
to reason that a permanant icc cap could not form, or become | 
anchored, there ; the floe would be perpetually broken up by j 
storms and tides, carried away, and melted. A floating ice cap | 
would be impos^-ible. The presence of a polar continent — even | 
excentrically placed — would seem to be necessary, as in the | 
case of Greenland. This would indicate the solution for the 
supposed anomaly, re the position, of the south polar cap of 
Mars, and for the lobate appearances remarked by Secchi 
in 1858. 

If the foregoing remarks are at all likely to be correct. Dr. 
Nansen's journey may have quite unexpectedly solved for us an 
interesting astronomical problem, and thereby afforded another 
clue to the condition of Mars, a proof almost of partial 
glaciation. 

I believe that M. Fizeau regards the so-called “canals" as 
evidence of the “ movement and rupture " of a glacial crust. 

But if this crust is formed on, and attached to, any extensive 
/and surface (such as Greenland, say), it is not easy to account 
for such enormous ruptures, and the lateral movement. 

l\ the canals are looked on as huge lanes of open water in a 
floating ice-pack, they would vary in size and form almost daily. 

Sibsagar, Assam, India, September 25. S. E. Peal. 


Globular and other Forms of Lightning. 

Mr. X. T. Hare's account in Nature, vol. xl. p. 415, of 
a flash of globular lightning seems to illustrate so well the 
explanation which I gave, many years ago, of the formation of 
fire-ball lightning, that the following extract from my pamphlet 
“ On Atmospheric Electricitv" (London, Hardwicke, Piccadilly^ 
1863) and the remarks whicn I have appended to it, may per- 
haps not be ^without interest at the present time. The pamphlet 


is not now on sale. The quotation, is from pp. 45-46 ; I omit 
a few references 

“A slip of tin-foil was formed into a hollow cylinder, and 
thrust tightly into one end of a glass lube which was about /i, 
inch in external diameter, and the glass was not very thick. 
A brass ball was fixed to the end of the glass tube, and the tin- 
foil extended from the ball to the distance of about 12^ inches 
from it, and all the tin-foil was inside the glass tube. The 
remainder of the glass tube served for an insulating support to 
the part which held the tin-foil. On electrifying the ball, the 
electricity is conveyed by the tin-foil to the inside surface of the 
lined part of the glass tube ; and at the same moment the out- 
side of this part of the tube is electrified inductively, and with 
the same sort of electricity as that with which the interior of the 
tube is charged. The part of the tube which held the tin-foil 
was supported horizontally. There was also a copper hook 
which could be set on any part of the outside of the lined portion 
of the glass tube. 

“ The copper hook was set at a distance of inches from the 
brass ball on the end of the tube, and was connected with the 
outkide of a Leyden-jar which was charged so as to be nearly 
able to give a spark ^ inch long between two other brass balls 
each of which was i| inch in diameter. The knob of the jar 
was next brought to the ball on the end of the glass tube ; the 
, discharge readily passed over the 7^ inches of the electrified 
j outer surface of the glass tube. Sometimes the spark could 
I pass when the hook was at 8i inches from the ball. When 
j the hook was placed at a distance of 12 J inches from the ball, 
j the spark passed between the ball and the hook with a much 
I lower (Charge in the jar than was necessary to produce a spark 
! 3 inch long between the pair of balls before mentioned, 
i “These experiments show that the length of an ordinary 
' electric spark, can be much increased • by causing the spark to 
' pass over an electrified surface. Instances of this are seen in the 
spontaneous discharge of I,eyden-jars, and in the long sparks 
which flash over the revolving glass of the electrical machine. 

“ Let a ball be attached to the prime conductor of the elec- 
trical machine so that the ball may give electrical brushes to the 
air. Much longer sparks may be drawn from the ball along the 
path of the brushes than from the other parts of the prime con- 
ductor. The brush discharge electrifies the air in the neigh- 
bourhood of the ball, and the spark is longer because it passes 
near to, or through, a mass of previously charged particles. 

“ It is w^ell known that atmospheric electricity not unfre- 
quently forms an electric fire-ball which moves but slowly, and 
which, on striking an object, explodes and produces all the usual 
cflccts of a flash of lightning. Sir William Harris writes : — 

‘ Now, it is not improbable that, in many cases in which distinct 
balls of fire of sensible duration have been perceived, the appear- 
ance has resulted from the species of brush or glow discharge 
already described, and which may often precede the main 
L shock.' And Dr. Noad says of the electrical fire-ball that ‘ it 
is no doubt always attended by a diffusely- luminous track ; this 
may, however, be completely eclipsed in the mind of the ob- 
server by the great concentration and density of the discharge in 
the points immediately through which it continues to force its 
way.' A more perfect explanation can, as I suppose, be given 
by the aid of the experiments of this chapter. 

“ A thunder-cloud may produce both the electric glow and the 
electric brush, at the end of one of its cloudy branches. And since 
electricity trasses freely along a charged surface, therefore the 
glowing discharge by electrifying the air in front of the aerial 
conductor, adds continually to the length of the conducting 
column, and so the electrical fire-ball advances. Little drops of 
water, or any other conductive matter which the column finds 
in its course, must facilitate the transmission of the electricity 
to the fire-ball ; and without doubt, too, the electricity of the 
column continues to spread laterally, and so it increases the con- 
ductive capacity of the column. The electricicity travels through 
the electrified column^ as a series of luminous disruptive dis- 
charges ; but the light is brightest at the head, because there the 
diameter of the column is least, and the discharge is most closely 
packed ; and because there the air is unelectrified, and conse- 
quently opposes so great resistance to the passage of the elec- 
tricity. As soon as the fire-ball has arrived at a conducting 
mass on the earth, the aerial conductor has been completed, and 
a flash of lightning may instantly follow along the path of the 
fire-ball." 

Since the Leyden-jar, with a charge somewhat less than that 
required to give a spark i inch long between the ij,-inch brass 
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balls, gave a spark about 8 inches long over the excited glass 
lube ; and since the Leyden-jar, with a charge much lower than 
that required to produce a spark | inch long between the two 
brass bills, was sufficient to give a spark about 13 inches long 
over the excited glass tube ; it was at once seen that the length 
of the spark over the excited glass tube, increases faster than the 
intensity of the charge of the Leyden-jar. Of course the law 
which connects the length of the spark over the excited glass 
tube, with the intensity of the charge of the Leyden-jar, 
can only be determined by experiment. It is, however, to 
be noticed that, from the experiments of Harris and others, 
the length of a spark \n air of a Leyden-jar varies directly 
with the Intensity of the charge — that is, with the quantity 
of electricity in the jar as measured by any such con- 
trivance as the unit-jar. And further, that the length of the 
spark over the excited glass tube depends (i) on the length of 
the spark which the charge of the Leyden-jar can produce 
between the i^-inch brass balls ; and also (2) on the degree of 
electrification of the glass tube; and that both these two 
quantities — namely, (x) and (2)— increase together. From these 
considerations, I should expect to find that the length of ihe 
spark over the excited glass tube increases in some way with the 
square of the intensity of the charge of the Leyden-jar — that is, 
with the square of the potential. 

^ I dare say that the sparks over the excited glass tube, would 
become very brilliant by using an induction coil to charge the 
Leyden-jar. But to produce the maximum effect, the glass tube 
should, I think, be lined, as in the following experiment, with 
tin-filings instead of the tin-foil. 

A piece of hard German glass tube was taken, and cae end 
closed at the blow-pipe and the other end bordered to receive a 
cork. After these operations, the tube was found to be just 
2 feet 2^ inches long ; the external diameter of the tube was 
lA inch, and the glass was inch thick. Next, the closed end 
of the tube was filled with tin-filings to the height of 6 inches- 
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the tin-foil to a distance of inch or more. These sparks were, 
I think, best seen in a subdued daylight. They were very 
numerous with each discharge of the tube ; I estimated the 
number of sparks in different discharges as varying between one 
and two dozens. The sparks were sinuous, very bright at the 
tin-foil, and tapering away to nothing at the further end. Some 
•f the sparks, however, were not so bright as the others, and 
rather ruddy ; they were probably inside the glass tube, and 
coloured by the varnish on the tube. 

In the Leisure Hour, November 1888, p. 777 (56 Paternoster 
Row), there is a photographic picture of a lightning- blaze, 
wherein the bright ends of several of the flashes are* seen to be 
' sitting upon what appears to be rock, and the flashes bear a 
strong resemblance to the little sparks whose bright bases rest 
upon the edge of the tin-foil. 

In the Leisure Hour, November 1886, p. 786, there is an- 
other representation of a flash of lightning from a photograph. 
In this instance, the flash is thick in^the middle, but on ap- 
proaching the earth, it tapers off to a fine point. Like as a river 
may be only a small stream at its source and by gathering water 
as it leads on to the sea, become a bulky stream at its mouth ; so 
the sparks on the Leyden-tube gather up electricity from the 
Leyden-tube, and so brighten away to the tin-foil. But in this 
flash of lightning, the very reverse appears to take place. The 
flash is greatly weakened before it reaches the earth, through a 
transverse discharge to the air. For around the brighter portions 
of the flash, the air is shining, and streamers are darting earth- 
wards from the flash into the air. At the upper part of the flash, 
there are also streamers acting manifestly as feeders from the 
cloud to the flash. The flash rather resembles a long spark from 
the prime conductor of an electric machine, than the spark of a 
Leyden-jar; but the prime conductor being metallic, can only 
imperfectly represent the much lower conduction of a cloud. 

In the Leisure Hour, September 1889, p. 641, there w an 
engraving from a photograph of the so-called ribbon-lightning- 
i«'#vK«nincT iQ rlparlv oroduced by a succession o 
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a screw having been cut on the other end, was screwed into a 
cork which nicely fitted into the glass tube, and, by means of 
the rod, the cork was thrust into the tube until it pressed upon 
the tin-filings, and since the point of the rod was sharp and pro- | 
jected beyond the cork, the end of the rod entered a little way j 
into the tin-filings. The knob of the brass rod now stood just at ! 
the mouth of the glass tube, and the mouth of the tube also con- , 
tained a cork through which the brass rod passed. Of the out- j 
side of the glass tube, the part surrounding the tin-filings was ; 
painted over with lac varnish, and, as soon as it became suffi- j 
ciently sticky, a thin piece of tin-foil was wrapped around the 
tube so as to cover the tin-filings, and no more. Lastly, the 
remaining portion of the outside of the glass tube was painted 
over with lac varnish. To charge this tubular Leyden-jar, it 
was laid with the tinned end on one conductor and with the 
knob of the brass rod on the other conductor of a Wimshurst 
influence machine. I may mention, in passing, that the capacity 
of this tubular Leyden-jar was surprisingly great in comparison 
with its size ; thus showing that Leyden batteries, both cheap 
and compact, can be made with the aid of glass tube and 
metallic filings. The capacity is no doubt due, more or less, to 
the uniform thinness of the glass, and to the close contact of the 
tin-filings and the glass. The specific inductive capacity of hard 
German glass does not seem to have been ascertained. But of 
course, for the construction of Lcycleu-jars, and also for the 
plates of the Wimshurst machine, glass of the highest available 
specific inductive capacity should be used. It may not be amiss 
to remark that, owing to the high specific inductive capacity of 
glass as compared with air, the efficiency of a Wimshurst 
machine is probably much more increased by diminishing the 
thickness of the stratum of air between the glass plates than by 
diminishing the thickness of the plates. 

Now, the Leyden-tube produces a class of sparks which I do 
not think have been shown by any other Leyden-jar. The 
Leyden-tube was laid, as before mentioned, on the^ two con- 
ductors of a Wimshurst influence machine, and the discharging 
balls belonging to the conductors were set i inch apart. These 
two discharging balls were each lif inch in diameter. On turn- 
ing the handle of the machine, the Leyden-tube continued, of 
course, to become charged and then to be discharged by the 
1 i i_ Kails. But besides the 


! motion given to the caipera by the nana 01 inf opciiitY& , 

I indeed is there pointed out. The question is, How comes it that 
the flash so repeatedly passes along the same path ? The answer 
there given is that suggested by Mr, Cowper Ranyard, “That ap- 
parently the first flash would heat the air and slightly rarefy it, 
leaving a path of least resistance, along which subsequent dis- 
charges would flow as certainly as water follows the twists and 
turns of a pipe.'^ It seems to me, however, that a far more im- 
portant cause for making a second flash to pass along the path of 
its predecessor is to be found in the action of the transverse dis- 
charge, whereby a tubular mass of air becomes electrified around 
the path of the first flash ; and through the electrified air, the flash 
readily passes, as previously shown. In the woodcut, the efful- 
gence of the surrounding air and the streamers show that the 
lightning was distributing electricity along its path. The trans- 
verse discharge is perhaps never absent from the flash of lightning. 
In Nature, vol. xl. p. 543, a flash of lightning which struck 
a windmill, is described as “ a mass or network of flame, which 
threw off thousands of sparks like fireworks.'' 

The discharging balls of the Wimshurst .machine were set one 
inch apart, everything else remaining as before. The sparks 
now extended along the glass tube to a distance of about 3^ 
inches from the tin-foil. The general character of the sparks was 
the same as before, when the discharging balls were set half an 

inch apart. . . , 

The discharging balls were set li inch apart. When the dis- 
charge occurred, the sparks extended along the tube to about 54 
inches from the tin-foil. The sparks were straighter, and not 
nearly so numerous as when the discharging balls were set at 
half an inch ; they were also very much brighter, but like Ae 
others, they all tapered away to nothing. In this expenmat, 
the Leyden-tube was charged to about the highest potential that 
the machine would give it ; and the matter was not any further 
pursued. Reuben Phillips. 

I Bay View Terrace, Northam, Bideford, October 9» • 


“ Darwinism.” 

What my ** laborious essay ” “ distipctly professes to be ” is, 
as its title-page announces, “an additional sup[gestion on the origin 
*of species ” ; and this additional suggestion is forthwith^ stated to 
be that of anotheer factor in the mnnation of species, which. 
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although quite independent of natural selection, is in »a way 
opposed to natural selection, and may therefore be regarded as a 
factor supplementary to natural selection.” This passage occurs 
in the most conspicuous part of the paper, viz. at the close of 
the introduction. In the next most conspicuous part — viz., 
at the close of the paper itself — it is said, '* Without natural 
selection, physiological selection would be powerless to create 
any differences of specific type, other than those of mutual sterility, 
and trivial details of structure, form, and colour.” 

So much for distinct professions. But as I am tired of contro- 
verting th^statement that I both intended and peri^trated an 
"attack ” on Mr. Darwin’s theory, I will not now burden your 
columns by supplying the context, or otherwise easily explain- 
ing the passages which Prof. Lankester quotes in support of 
this statement. On a future occasion, however, I h 'pe to avail 
myself of a mor- fitting opportunity fully to display the relation 
in which my " laborious essay ” stands to the work of Mr. 
Darwin ; and then I titist it will be clearly seen that, whatever 
we may severally think about the "complementary principle” of 
physiological selection, at all events it is in no way hostile to 
the cardinal principle of natural selection. 

Edinburgh, November 19. Gkorge J. Romanes. 

How not to Teach Geometry. 

As I have come across an almost unforeseen development of the 
above heading, I take the liberty of brinsfing it before your 
readers. For myself, I may stale that I have considered the 
learn a proposition off by heart” method was sufficiently bad, 
but what is to be made of the method described in the following 
extract from a note which I recently received from my friend — 
" We have half of a proposition written on the board, and then 
we write it at home from memory ; then the other half is 
written on the board, and we write that at home from 
memory. Then we have to learn the whole proposition at once, 
to be able to write or say it with different letters. We are not 
allowed to h^ve a printed Euclid book — we are only allowed to 
have a book of Enunciations.” * 

Of course this refers to Euc. i. i. 

I beg to commend the above extract to the Association for 
the Improvement of Geometrical Teaching. I do not know 
whether to add the name of the school where the above system 
is followed by one of the teachers. 

Herbert J. Woodall, 
Normal School of Science, South Kensington, 

November ii. 

P.S. — I should like to see opinions on the teaching described. 


A Brilliant Meteor. 

Is not the meteor seen from Warwick School on November 4 
the same as that mentioned in the following from my daughter, 
written from the school at Bcookficld, Wigton, Cumberland ? 

"On Monday night (November 4}, at 7.55 p.m., when out 
on the playground viewing the stars, I saw a most beautiful 
meteor. It seemed to be very near, and was in sight for quite a 
long time. It appeared just over Skiddaw — that is to say, due 
south — and went towards the south-east. It had a long tail of 
light, and burst, and sent out beautiful colours, and disappeared 
near the horizon.” 

I may add that, last Sunday, November 10, at about 5.56 
p.m., I saw here a very bright meteor pass from a point perhaps 
south-south-west, and altitude about 25 , to a point perhaps south 
by east, and altitude about lo" or 12". It was brighter than 
Venus when the planet is at its brightest, I think ; and it seemed 
to. flash out still more brightly just before disappearing ; but the 
colour did not change perceptibly from its former soft white 
light, and there was no appearance of bursting. At the time of 
disappearance, its train of light must have extended over several 
degrees. Wm. Scarnell Lean. 

Ackworth, November 16. 


THE CAUSES AND CHARACTER OF HAZE. 

U N LIKE fog, hazd commonly occurs in this country 
when the lower air is in a state of unusual drynesr. 
It is not only a frequent accompanimqpt of a spell of fine 
drj( weather, but may be, when in combination with certain 


other conditions, a sign of its approach. Night or morn- 
ing fogs, and in winter persistent fogs, often signify a calm 
and settled condition of the air and the prevalence of fair 
weather. Heavy dews, especially in the autumn, likewise 
portend fine weather, but usually of shorter duration. 
Fogs appear usually in one of two conditions : either the 
air is nearly saturated up to a considerable height, or else 
is unusually dry, except in a stratum immediately above 
the ground. In the first case, radiation or condensation 
from some cause produces, by a slight lowering of 
temperature, a large precipitation of vapour ; and in the 
second case, radiation from the earth’s surface being 
excessive, owing to the diathermancy of the dry atmo- 
sphere, the stratum next the ground rapidly reaches its 
dew-point, fog is formed, and this fog continues to radiate 
to the clear sky and further to reduce temperature. Haze, 
on the other hand, appears often in weather distinguished 
by unusual dryness, on the surface as well as at a con- 
siderable altitude above the ground. The air remains for 
many days uniformly dry, the nights being nearly dew- 
less, and the sky often free from clouds. The chief differ- 
ence to be observed, then, is this, that fog requires 
saturation where it occurs, while haze seems to bi. 
favoured rather by a dry atmosphere. 

Haze does not prevail on the continent of Europe or in 
the interior of North America to anything like the same 
extent as in England ; nor, probably, in mid-ocean to the 
same extent as neartheshoresof northern countries. On the 
east coast of Scotland, and, indeed, overall North Britain, 
it is exceedingly common, especially in the spring, and 
during the prevalence of east wind, although with west 
winds the atmosphere is frequently clearer in summer 
than in Southern England. Over Southern England it is 
a common accompaniment of winds between east- south- 
east and north-east inclusive. It appears to prevail more 
on the eastern than on the western coasts when east 
winds are blowing. In Western Surrey, when the lower 
air moves from a westerly direction or is calm, the ap- 
proach of east wind is announced by a light haze obscur- 
ing distant views, before the east wind has actually 
arrived on the spot of observation. This is not in all 
cases due to the descent of London smoke from a higher 
stratum, where the east wind first gains ascendancy, for the 
phenomenon maybe observed in other localities. The haze 
produced on the first arrival of the east wind is thicker than 
that which remains when the east wind has gained a strong 
hold, and the neutral band where cairn prevails between 
a south-west and a north-east current is marked by the 
thickest mist. In winter a dark fog frequently marks this 
neutral zone, often not more than one or two miles in 
breadth, and the zone moves eastwards or westwards 
according as the west or east wind exercises the strongest 
pressure. I have frequently observed this phenomenon 
with great distinctness. In winter, the approach of the 
equatorial after the prevalence of the polar current is 
often betokened by a damp fog and the contrary change by 
a dry fog ; the same changes in summer are respectively 
marked by a great increase of transparency and by a 
spreading haze or mist. The following observations taken 
in Scotland illustrate the phenomena accompanying a 
change from west to east in August. St. Fillan’s Hill is 
a small, steep, isolated volcanic cone about 300 feet in 
height, standing in the middle of the valley of the Earn, 
about two miles from the lower end of Loch Earn, in 
Perthshire. The air was clear, and a fresh westerly 
breeze was blowing when I was on the summit, about 5 
p m. The breeze suddenly began to slacken, and in about 
five minutes had dropped altogether. Then down the 
valley eastwards a blue haze began swiftly to climb the 
glens tributary to Stratheam, and the whole air eastwards 
grew obscure. The calm only lasted a little more than 
two minutes, and then suddenly a strong wind from the 
east set in, and soon the air, westwards as well as east* 
wards, was robbed of its transparency. The east wind 
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<ontinued, and in a few minutes the tops of the hills, 
which rise precipitately from Strathearn to a height of 
about <2<^ feet, were obscured with cloud-banners grow- 
ing continuously and descending till in about two hours 
not only the hills above a level of about 1000 feet, but the 
whole sky, were covered with gray cloud. The duration 
of the neutral calm, from two to four minutes, seems to 
be about the usual time occupied by a moderate east wind 
in driving back the opposing current, according to mv 
observations in the neighbourhood of London. In the 
suburbs south-west of- London such a change is signalized 
in the neutral band of calm by a dense yellow haze, pro- 
ducing great darkness, the result of a banking up of 
smoke to some altitude, together with the condensation 
of aqueous vapour by the mixture of currents differing in 
temperature. With lighter winds about equal to each I 
other in momentum, such a band often lasts much longer, 1 
and I have known a west wind prevail at Richmond 
simultaneously with an east wind in London, both wtth- 1 
out fog, while at Wandsworth, between the two, a calm 1 
continued for many minutes, with dense, almost noc- 
turnally-black, smoke-fog, the pressure in each direction 
being apparently equal. Generally speaking, the mist 
. thus produced at the junction of the two winds is exceed- 
ingly dense in winter, moderately dense in spring and 
autumn, and thinnest in summer, varying, in fact, from a 
black fog in the cold season to a mere haze in the warmest 
weather. Hence we have an ascertained condition for 
the production of haze — the mixture of two opposite 
winds. It may be here remarked that a very sudden 
squall of wind from the north, displacing an equatorial 
or south-westerly current, produces a somewhat similar 
dense wall of mist, which it soon drives away before it. 

Haze very frequently prevails during a north-etist or 
east wind in all parts of Great Britain ; in the east of 
Scotland it is, perhaps, more marked than in other locali- 
ties, and attends both wet and dry weather. A dense 
blue mist or haze brought by the east wind sometimes 
invests the landscape for days before a continuous down- 
pour from that quarter. This haze extends far out to 
sea eastwards. The southern parts of England are less 
troubled than the northern by this disagreeable infliction, 
and the northern parts of France less still. In the east- 
ern counties, and probably in other parts of England, 
the density of the haze seems to increase in some pro- 

E ortion to the dryness of the air, when only a slight wind 
lows. On thoroughly rainy days, such as the north-east 
wind sometimes brings to the London district, the amount < 
of haze is below the average ; and when the north-east 
wind is accompanied by snow-showers, as it ofteii is in 
February and March, or by rair\-showers later in the 
year, it is remarkably and conspicuously clear. I cannot 
remember any showery days with a steady north-east I 
wind showing a true haze, beyond the influence of Lon- 
don, but have often observed the extraordinary clearness 
of such days, and the apparently dissipative action of the 
air on London smoke. 

Generally, the density of the haze is less as the strength 
of the wind increases. A gale from the north-east is 
seldom accompanied by much haze inland, although on 
the east coast the combination is not uncommon. Haze 
appears to diminish as the north-east wind grows more 
ostablished, and in winter a long period of this wind may 
be experienced without the continuance of haze. It is 
also important to observe that, when high upper clouds 
are seen to be moving from a direction between east and 
north inclusive, but especially from north'-east, the air is 
usually clear, and a long continuance of the polar wind 
may be expected. It is a sign of the Arm establishment 
of the north-east wind when high cirro-cumulus is seen 
passing over from that direction, whatever deviations 
may take place temporarily on the earth’s surface. The 
oxtension of the north-east wind to a great altitude seems 
to deprive it of its accustomed haziness. When, on the 


other hand, thick haze accompanies the north-east wind, 
if upper clouds are in view, they are generally seen to be 
borne by a different current, and in Winter the lower wind 
docs not, in such conditions, often remain long in Ae 
same quarter. Hence we have the means of making 
forecasts with tolerable safety as follows : — 

(1) If the lower air be clear, whether clouds at a high 
. level be seen to move from the north-east or none be 
I visible, the lower wind from north-east will probably last 
I some days, perhaps some weeks. 

(2) If the lower air be very thick and misty, the north- 
east wind is not strongly established, and is likely soon 
to be succeeded either by variable airs and calitis, or by 
breezes from a different quarter. 

In spring and summer, haze prevails sometimes for 
many days together, with a dry qtmosphere, over the 
whole or a large part of Great Britain. The wind is 
either easterly or variable, the barometer high, tempera- 
ture high by day and low by night, and the deposition of 
dew either small or heavy. The haze seems to be uni- 
formly distributed through the atmosphere, and varies 
neither from one day to another, nor from day to night. 
The sky is pale blue, the sun rises and sets red and ray- 
less, and the moonlight reveals the blue mist unchanged 
by the absence of the sun’s rays. 

Haze has been known to affect a great part of Europe 
during a period corresponding with the prevalence of 
drought. 

The formation of haze seems to be more common and 
more sudden in mountainous regions than on the plain. 
I had once an opportunity of observing the rapid pro- 
duction of a very dense haze from the top of Cader Idris, 
in Wales. The morning was bright, fine, and clear, but 
the heat very oppressive. About midday, signs were seen 
of an approaching tlfUnderstorm, which, hOwever, spent 
its force at some distance down the valley. Before the 
storm, a haze quickly gathered, and completely obscured 
even the nearer ranges. This haze resembled that which 
prevails sometimes during many hours before the occur- 
rence of a thunderstorm in the level country. 

The conditions favourable to the production of haze 
may be conveniently summed up as follows : — 

(1) A gentle wind from east-south-east to north-east 
inclusive, and east wind in general, especially with dry 
weather in spring and summer. If the east wind be 
established up to a great height, the lower air is usually 
clear, but if the upper current is from a westerly direc- 
tion. haze prevails. 

(2) Fine settled weather, with variable currents, a dry 

air, and little dew. * 

(3) Opposition of currents — such as occurs when several 
shallow barometric depressions exist over the country — 
and the atmospheric state preceding thunderstorms. 

(4) Damp weather, with light winds and varying tem- 
perature, as thaw after frost, with snow on the ground. 

Turning to those conditions which are most unfavour- 
able to the production of haze, or in which the air is most 
transparent, we find them to be — 

(1) A state of great humidity, such as that which 
occurs often before bad weather, the wind being between 
south and west. 

(2) Strong winds and showery weather. * '* 

(3) Winds between south-west and north. 

(4) Fine settled summer weather, with westerly or 
southerly winds. 

(5) Settled easterly or northerly winds, with either clear 
sky, or high cloudaP moving from those directions. 

(6) Easterly or northerly winds, with a high continuous 
cloud canopy moving in the same direction, small range 
of temperature, and steady conditions ; or, with detached 
cumulus in the daytime, and clear*nights. 

I (7) North-west following a wind between north-west 
and south is particularly clear, except in thundery 
weather. 
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It thus appears that the most striking characteristic 
which may accompany the formation of haze is an un- 
usual dryness of the air, and that a total absence of haze 
is often observed when the air is unusually charged with 
vapour. It does not follow that haze, or a light fog 
much resembling it, is not also seen in a damp state of 
the air, or that a saturated air is always free from haze ; 
indeed, something much resembling a dry haze does occur 
with sudden changes of temperature in all ordinary hygro- 
metric states in our climate. But the very condition to 
which haze in England is commonly, and in a certain 
sense correctly, attributed — namely, atmospheric humi- 
dity — is, if sufficiently uniform and extended, least favour- 
able to its manifestation. A constant moisture-laden 
westerly breeze would give a climate nearly as clear as 
that of the south-west comer of France. 

Two principal factors go to the production of ordinary 
haze : the first, a rather large amount of vapour between 
the earth and a great altitude, say 60,000 feet ; and the 
second, a mixture of two heterogeneous masses of air. 
Evidence of the correctness of this proposition is to be 
found in the geographical distribution of haze and the 
state of the winds when it occurs. 

The causes of fog are either radiation of heat from the 
earth into space and cooling of the overlying humid strata 
of air to a temperature below the dew-point, or else the j 
mixture of two winds, differing in temperature and other 
conditions, one of the currents being usually near its 
point of saturation previous to contact with the other. * 

If the above-mentioned statement of the causes of 
haze be correct, we shall be enabled to account for the 
appearance of haze in certain conditions, which have 
been given, and for its absence in others. Taking them in 
order — 

(i) A gentle wind from east lo north-east inclusive 
is favourable to haze, especially if it extends to no very 
great height. Often the approximate depth or height of the 
psterly current is difficult to ascertain ; but, in general, 
if it be of short duration, it is shallow, and sometimes 
upper clouds from a westerly direction may be observed. 
In these cases especially haze prevails. Considering the 
shallowness of lower winds compared with their extent — 
an easterly wind, for instance, which has travelled 300 
miles beneath a westerly wind only four miles above the 
eanh’s surface — it is quite certain that a very large ad- 1 
mixture of the two currents must take place. And 
we may be sure that in the majority of cases the easterly 
surface wind has above it an upper current from a westerly*! 
direction. Mr. William Stevenson {Edinburgh Philo- ’ 
sophtcal Magazine^ July 1 ®S 3 ) observed the cirrus cloud 
at Dunse, Berwickshire, for eight years, and from his 
summary of the direction of the motions of that cloud 
we derive the following figures : — 

Direction of motion of cirri from between south- 
west and north-west inclusive 7 S '2 

Direction of motion of cirri from between north 

and east inclusive 10 

Other directions 14-8 

Direction of wind at surface of the earth from 

south-west to north-west inclusive 54’6 

Direction of wind at surface of the earth from 

north to east inclusive ... 32*4 

Other directions 13 

Thus there remains a difference of over 20 per cent, excess 
pf westerly upper current over westerly surface wind, and 
at the level of the Cirrus a wind between north and east 
only prevails once to every three occasions of a surface 
wind from that quarter. The significance of these figures 
is not seriously affected by the idea, first suggested by 
Admiral Fitzroy, that* visible cirrus is less likely to form 
in the polar than in the equatorial current, and any 
careful observer can easily satisfy himself that westerly 
winds are more common and easterly ^inds less common 


at the cirrus .level than on the surface. Mr. Buchan 
(“ Handy Boot of Meteorology,” p. 230) remarks that, as 
the north-west current advances into southern latitudes, 
the increasing heat of the sun will tend to dissolve the 
cirri which mark its course, and he therefore thinks that 
the north-west upper current is the most prevalent in 
Great Britain. The actual numbers obtained by Mr. 
Stevenson during the eight years were 243 for north-west, 
and 256 for south-west direction of cirrus. 

I Mr. Ley (“Laws of the Winds,” Part I. p. 154) re- 
, marks: — “The fact, indeed, that the observed westerly 
i upper currents prevail over the observed easterly upper 
: currents, even more than the westerly surface winds do 
[ over the easterly surface winds, has been admitted by 
i most of the observers who have investigated the subject 
; in different parts of Western Europe ; and the same 
phenomenon is noticed in similar latitudes of North 
; America. ... Be this as it may, the theory of prevalent 
i pelar upper currents derives no suppoit from our own 
I collection of examples. Again, the results of the obser- 
! vations classified in Table IV. appear altogether adverse 
j to the supposition that an easterly upper current is 
common over the northern portions of those depression 
systems whose westerly winds are the strongest at the . 
earth’s surface. . . . Instead of easterly upper currents, we 
find a great preponderance of southerly currents.” 

Oitf of nine balloon ascents recorded in Glaisher’s 
“Travels in the Air,” in which the wind at starting from 
the surface was easterly, there was not one in which a 
different current was not encountered at a moderate 
elevation. The changes were as follows : — 

Date. Surface Wind. Wind at 

April 18, 1863. N. E. A moderate height, N. 

July II, 1863. E. A moderate height, N. 

5400 feet, N. N. VV. 

May 29, 1866. N. by E. Above 2000 feet, N. by \V. 

5100 feet, nearly calm. 

Mar. 31, 1863. E., gentle. Between 10,300 and 15,400 feet, W. 

About 15.400 feet, N.E. 

Higher still, S.W. and W. 

Jan. 12, 1864. S.E. 1300 feet, strong S.W. 

4000 feet, S. 

8000 feet, S.. S.W. 

April 6, 1864. S.E. About 9000 feet, N. W. 

June 10, 1867. Surface calm, Higher, N. N.E. 

low elevation Higher still, N. 

N.E. 

Aug. 12, 1868. N.E. 5000 feet, S.W. 

June 16, 1869. N.E. 10,000 feet, S. W. 

On one occasion — ^January 12, 1864— the temperature 
from 3000 to 6000 feet was higher than on the surface, but 
at 1 1,500 feet it was more than 30’ colder — namely, ii*. 

A large number of balloon ascents show not only a variety 
of currents, but large and sudden variations of tempera- 
ture within a few thousand feet. 

Thus we may confidently assume, in the majority of 
cases of east wind, and es^cially when this wind is of 
brief duration, local, or gentle, that a westerly wind flows 
above it at no great distance from the surface of the 
earth. Considering the perpetual rapid interchanges 
(hardly to be called diffusion) going on in the atmosphere, 
the lower wind must be largely mixed with air of a dif- 
ferent condition derived from the westerly current. If a 
cold dry east wind be permeated by patches and fila- 
ments, however minute, of moister and warmer air, they 
must be cooled by contact with the polar wind, and a 
slight deposition of vapour may take place. Or the 
countless invisible dust particles may, by increased radia- 
tion towards space through a drier air, either cause a 
slight deposition of moisture upon themselves or collect 
still smaller particles together, as dust is known to collect 
on cold surfaces in a warm air. If deposition of moisture 
take place, the dryness of the air prevents the water 
particles from growing to anything like the size of the 
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particles of a fog ; a relatively small diffused quantity of either of these events. Moreover, a clearing away of 
vaporous air in minute parcels could not pfoduce by con- haze is a good indication of a strengthening of the polar 
densatiqn any but extremely small and transitory water current or its expulsion by the equatorial ; other signs, 
particles, in the aggregate visible through long distances, such as the motion of cirrus and the aspect of the clouds, 
but probably individually beyond the power of the micro- plainly informing us which of the two changes will occur, 
scope to discern. They may be compared to the blue ,(2) The second favourable state for the production of 
mist escaping from the safety-valve of a boiler under high haze was given as “ fine settled weather, with variable 
pressure : the invisible steam turns for a moment blue, currents, a dry air, and little dew." This state prevails 
and then to the ordinary white of visible steam. The often with anticyclones, and the movement of the air is 
haze may possibly be equally momentary in duration, dis- to a great extent vertical, an interchange talyng place 
solving long before reaching the white stage, but fresh fila- between upper and lower strata. Consequently, there is 
ments are perpetually keeping up the process and giving a great mixture of portions of air at dinerent tempera- 
the appearance of a persistence like that of smoke or dust, tures, with a result like that already described. The 
According to Espy, every cloud is either forming or dis- heterogeneous character of the lower atmosphere in a 
solving (Buchan’s “ Handy Book of Meteorology,” p. 175). horizontal direction declares itself by the poor transmis- 

The action of a north-east wind setting in over sion of sound- But a great deal remains to be explained 
England would be represented by a trough of water, say in the production of haze in these cofiditions. The cause 
2 feet square and 2 inches deep, containing warm water is probably the same as that which sometimes covers the 
flowing in one direction, while cold water enters from the whole of the British Isles with a damp fog, extending 
whole length of the opposite side. The cold water would high into the atmosphere. This occurs when two winds 
force its way under the warm, and the two opposite of a different character meet in such a manner as to 
currents would continue to flow ; but through friction and interdiffitse gradually over a wide area. But in the case 
diffusion there w’ould be a great deal of mixture of of haze, how can it endure when the general dryness 
portions of the upper with the lower stream. of the air is far above the point of saturation? Haze 

A haze similar to that accompanying the east wind is sometimes continues in summer right through the day, 
frequently seen where two currents of the same wind when the dry and wet bulbs show a difference of 12” to 15°. 
meet at different temperatures, as at the junction of two It would seem as if our methods of estimating the dew- 
valleys, or at projecting headlands (Buchan’s “ Handy point do not altogether hold for air in a certain condition 
Book of Meteorology,” p. 171). It is also common with and for certain particles in it. Is it not possible that 
a humid wind, otherwise clear, when it passes over ranges condensation to a slight degree may occur upon some 
of hill and valley of moderate elevation, owing probably minute crystalline particles, such as the salt-dust which 
to the mixture of parcels of air of different temperatures pervades our atmosphere, at temperatures above the dew- 
by alternate upward and downward thrusts. The thin point ? Such action would only be consistent with the 
white mist which appears in gales from the south-west effect of crystals in hastening the boiling and congelation 
on sunshiny days is probably due to the forcible and of water. It is probable that, if means were available for 
rapid mixture of air warmed by the ground with colder testing the temperature of successive minute portions or 
portions from a higher level, the deposition of minute strands of air passing over a thermometer, we should find 
particles of dew being aided by the abnormal amount of a great variation from one moment to another. A differ- 
salt carried up from the sea in spray, and borne to great ence of 12° between the dry and wet bulbs may represent 
distances inland. a mean between much higher and much lower values ; 

A very good instance of the powerful influence of the and on the driest days, when haze prevails, there may be 
mixture of two currents of air, not greatly differing in extremely minute portions with a temperature at the 
temperature and other conditions, to produce haze oc- dew-point — that is, containing more vapour than, at the 
curred on August 26, 1889, in southern Surrey. The wind particular temperature to which it is a certain moment 
over a wide area, including the south of England, was exposed, can remain uncondensed. That volumes of 
variable and gentle from west to north-west. At the air at different temperatures take a long time to become 
place of observation it had been about west-north-west thoroughly incorporated, may be regarded^ as certain, 
during the afternoon, and the views were fairly clear, ^breads of smoke in a still room often remain for many 
Cirro-cumulus, both at a moderate and at a great eleva- minutes unbroken, and behave as if they were held toge- 
tion, moved from north-west. At about 5.30 p.m. the ther by some cohesive force, and, generally, strains of air 
landscape was suddenly invested with haze, which, during or gas at widely differing tempemtures, when mixed, tend 
the following hour, was thick enough to obscure altoge- to hold together rather than to diffuse. Thus, small sur- 
ther hills about six miles off. Simultaneously the wind faces, of which the vapour-particles are at different tern- 
dropped a good deal and shifted to north-west and north peratures, are frequently in contact. When we consider 
for a short time, but soon backed, and the air again that different currents of air frequently prevail within a 
became clear about 7.30. It would thus seem sufficient a few thousand feet of the earth’s surface, and that within 
that a reduction of temperature a little more than the five miles a temperature of — 2® may exist early in Septem- 
ordinary about the time of sunset should occur, in order ber,^it seems possible that, in so bad a conductor of heat as 
to precipitate visible moisture upon the dust-particles of air, temperature at different points on the same level may 
the air. Both the sensation and the appearance of the vary greatly. On September i and 2, 1889, the condition 
sky resembled that during a disagreeable misty east wind, of the air was instructive with regard to the formation of 
and, just before the change, a very dark bank of cloud fog and haze. The night of August 31 -September I'wais 
appeared in the north, which, on passing over, was seen fine, and radiation rapid, so that in the morning there 
to be more mist than a well-defined cloud stratum. It was a copious dew. From 6 to 8 a.m. there was thick 
seems not unlikely, judging from the experience of aero- fog, which, as the sun’s power increased, lightened and 
nauts, that in this case a current from north or north- lifted, but the sun did not finally break through till past^ 
east was driven like a wedge into the general north-west ii. The wind was fresh from north- 4 ast. A thin blue 
wind a few thousand feet or less above the nound. haze remained after the fog had dissipated, and dM not 

If the account of the formation of haze in an easterly altogether disappear during the day. The air was not 
wind given in the foregoing pages be correct, there should damp, even before the fog had lifted, though there was a 
be a clearing of the atmosphere when either the east very slight drizzle about 9 a.m. On September 2 the 
wind extends itself to the upper regions or the westerly qjght had been very fine and clear, but in the morning 
wind succeeds in drivinjp^ back its opponent out of the 

lower space. In point of fact, the air does clear itself in • See “ Travels in thi Air,” Gtaisher’s ascent of September 5, t86s. 
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a thick wet fog, with fresh north-east wind, prevailed. 
This fog cleared, and the sun shone through, about 9 a.m. 
A mist, however, remained much later. Now, in these 
cases, the fog was due to the cooling of the earth by 
radiation (for it did not appear till after midnight) and to 
the cool north-east wind co-existing with higher currents 
from a different quarter.^ The persistence of the haze 
much beyond the fog reveals the difference between a 
general saturation and what might be termed molecular 
saturatioi^ The fog breaks, decreases rapidly, and has 
gone when the last few shreds of clouds lifted from the 
earth vanish in the blue, but the haze looks unchanging 
and uniform over the country. When we see volumes of 
vaporous air separated, without any apparent reason, into 
dense clouds and clear intervals, et^. cumulus in a blue 
sky, it becomes easy to understand that very small micro- 
scopic clouds, in whitrh condensation is only momentary, 
may permeate air otherwise far from saturation. 

It would hardly be reasonable to exclude electricity as 
a possible agent in the otherwise not wholly accountable 
phenomena of mist and cloud. It may be that the dust- i 
particles of two currents of air differing in electric quality j 
or quantity may be attracted to each other, or that the 1 
mixture of currents of different temperature may in some j 
way set up molecular aggregations. 

Whatever the cause, we should bear in mind the small 
quantity of non-transparent matter required to produce 
the dimming effect of haze. If the eye can observe the 
colour produced in a drop of water by the fifty-millionth 
of a gramme of fuchsine, possibly a weight of water or 
dust not much greater would suffice for visibility in a 
column of air 1000 feet long. The atmosphere is at all 
times charged with dust- particles to a degree which it is 
difficult to realize. The purest air tested by Mr. Aitken 
previous to bis measurements on <he top of Ben Nevis, 
contained about 34,000 dust-particles to the cubic inch — 
this was on the Ayrshire coast. In every cubic foot there 
would be 3S,232|000 particles, and, in a horizontal column 
of 1000 feet, 35,232,000,000 particles. It is manifest that 
a condensation upon a small proportion of these, or an 
agglomeration of a small proportion into larger groups, or 
a momentary adhesion by electric attraction, would suffice 
to produce optical effects. 

The evidence concerning the appearance of haze by 
irregular transmission of light due to unequally heated 
currents of transparent air seems to be quite insufficient, 
and however great the heat near the surface of the 
ground, say in the desert, with consequent distortion, 
of images, it does not, as a rule, bring about the haze so 
common in temperate climates. 

Haze of an abnormal kind need barely be mentioned 
here— namely, that due to smoke, palpable dust, and the 
products of volcanoes. It may, however, be very widely 
spread and very dense. In 1783 Europe was for months 
covered by the dust ejected by an Iceland'c vohano, and 
the Atlantic for 900 miles west of the north-west coast of 
Africa is every year subject to a haze composed of fine 
particles of sand from the Great Desert. 

(3) Opposition of currents, such as takes place when 
several shallow barometric depressions pass over the 
country, results in mixture of differing air, partial con- 
detisation, sultriness, haziness, and frequently thunjler- 
storms. Not at all improbably, the differing electric 
conditions of two winds, the rapid condensation of 
vapour, and the projection of highly vaporous air to a 
great height, accelerate the growth of water-particles, 
until they fall to the earth in large «drops. The saying 
that thSinderstorms advance against the wind is merely a 
way of asserting that two winds are adjacent, one above 
the other, and that the clouds move in the upper current 
The haze preceding thunderstorms announces beforehand 

c 

* **On Saturday evening. August 3% a balloon, a4 it ascended, crossed 
And recrossed Luton several times.**— ember a, i!8>. 


the contention whfeh is going on, and the conglomeration 
of dust or water particles by electric attraction or rapid 
cooling. 

(4) Damp weather with light winds and varying tem- 
perature, as thaw after frost, with snow on the ground. 
The cause of haze in this condition is obviously the con- 
tact of warm moist air with air cooled by contact with, 
and by radiation towards, the ground. In this case, 
again, it is mixture of portions of air of different tem- 
peratures which produces partial condensation and haze. 
It must be remembered that the air is always charged 
with an immense quantity of fine dust, such as particles 
of salt,' that these are capable of radiating, and that 
when they fall i'^ or a'’ below the temperature of the air, 
moisture may be deposited upon them sufficiently to 
become visible. In the case supposed, of an equatorial 
current supervening after frost and snow, the mist pro- 
duced by mixture of parcels of air at different temperatures 
will be thin and blue if the filaments in which saturation 
and deposition occur are very small in proportion to the 
surrounding unsaturated air, and white if the proportion 
of saturated air is large. For the blue mist or haze 
indicates deposition in very minute clusters of water- 
molecules, and instant reversion to the invisible state by 
the contact of unsaturated air, while the white mist is the 
result of condensation in much larger quantities in air 
on thg whole very near or at the point of saturation. 

Consider next the conditions of weather in which the 
air is most transparent. 

(1) A state of great humidity, such as that which occurs 
often before bad weather, the wind being between south 
and west. What does this clearness signify, according to 
the views of the causation of haze above detailed ? Chiefly 
that the air up to a great height is fairly homogeneous — 
that is, of the same kind and quality as regards moisture, 
electricity, and temperature, with due allowance for the 
normal changes depending on altitude. The humidity is 
not owing to this homogeneity, but often accompanies it, 
simply because the south-west and westerly winds have 
passed over a large extent of ocean. In fact the air 
throughout has been subjected to the same influences, 
and nothing has occurred to disturb its uniformity, so 
that it can for some considerable time carry a large 
amount of aqueous vapour without precipitation. When 
precipitation does occur, it is usually by the thrusting up- 
wards of the warmer strata into cold upper strata, and 
then condensation proceeds without check and rapidly 
from invisible particles to rain-drops. Thus, on reaching 
the first mountainous region, or in passing over land 
heated to a temperature much above that of the sea 
surface, the ascent of the most humid strata into the cold 
upper air is often followed by rain. The remarkable 
transparency before rain signifies a correspondence in 
direction as well as in qualities between the upper and 
lower strata. If the wind be between west and south, as 
it usually is in these cases, we are informed of a similar 
wind at a high level — that is, that the upper current, as 
well as the lower, is more than commonly humid, and its 
vapour tending to condense by passing towards higher 
latitudes. It only requires slight disturbances in a 
vertical direction to precipitate the abundant vapour, and 
hence the frequency of showers, especially where large 
columns of heated air rise from the land, at a distance 
from the south coast, and in hilly country. The south- 
westerly wind being a warm one, is more likely to ascend 
and to have its vapour condensed to rain than a colder 
current. The clear lower air indeed owes its clearness 
partly to its ascending movement. 

(2) Strong winds and showeiy weather. Strong winds 
usually prevail when the air up to a great height 
partakes more or less of the same movement. There is 

* Salt ih shown to be present everywhere in the Atmosphere by the 
spectrum of a flame. 
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also no opportunity for the filtering through of small por- 
tions of dissimilar air, and, if portions do descend into 
the lower levels, they are broken up, diffused, and dis- 
persed. ■ Still, in the colder half of the year, if the lower 
wind blows from between east and north, and does not 
extend to a great height, a strong mist may be pro- 
duced by its being mixed with detached portions of the 
westerly upper current, which take a long time to be 
thoroughly incorporated and dissolved, and contain more 
vapour than they can hold invisible in contact with the 
cold surface-breeze. Thus the prevalence of much haze 
with a north-easterly ^ale indicates an equatorial upper 
current, and the polar wind is apt to be replaced by it 
before long. With regard to showery weather, it may 
almost be said to be the opposite of hazy weather, and for 
the following reasons : — First, as we have seen above, 
showers are produced by the upward projection of lower 
air, containing a good deal of vapour, into upper cold air 
of the same kind. Then, they are often the expression of 
a state of the atmosphere when the interchange betwdfen 
the upper and lower strata proceeds by large ascending 
columns and large down-rushes, instead of by small con- 
vection currents, and ascending and descending filaments 
over a very large area. The clearness of the air with a 
•showery north-east wind is quite surprising, for it is 
sufficient to banish to a great extent even London smoke. 
Here, again, the north-east wind prevails to a great 
height, and the air is homogeneous and rathe# dry. 
When a shower or even a cumulus cloud passes over a 
large town, the smoke is seen to be drawn up in a moving 
column to the height of the cloud. Probably the chief 
cause of the clearness of a showery north-east wind is the 
prevalence, as in other cases, of the same wind in the 
upper regions, so that there is no admixture of strange 
threads in its composition, no strands of extra-humid 
particles to be rendered visible by incipient condensation. 

(3) Winds between south-west and north. These are, 
on the whole, clear for a similar reason, for it has 
been shown that the upper currents in Great Britain 
usually move from between south-west and north-west. 
If, as occasionally happens, an east wind blows overhead, 
they are very far from transparent. 

(4) Fine settled summer weather, with westerly or 
southerly winds, is clear not only for the reason above 
stated, but on account of the general moderate dryness 
of the atmosphere. In such weather, barometric pressure 
is frequently highest over Spain or France, and our upper 
currents are accordingly from north-west, becoming 
warmer as they advance southwards and increasing in 
capacity for moisture. There would be no condensation 
if portions of these currents were to descend into the 
lower air. 

(5) Settled easterly or northerly winds, with either clear 
sky or high clouds moving from those directions. Haze 
does not form where the wind is steady, the air dry and 
homogeneous up to a great height, and equilibrium 
stable, for there is nothing to lead to condensation except j 
at the particular level of saturation where clouds are 
manifested. 

(6) Easterly or northerly winds with a high continuous J 

cloud canopy moving in the same direction, small range . 
of temperature, and steady conditions ; or, with detached i 
cumulus in the daytime, and clear nights. The same ! 
remarks apply here as to the last. j 

(7) North-west wind, reaching that point from west or 
south, is particularly clear. Great transparency in this 
case is not a sign of rain, but rather of fajr weather. It 
is probably due to its agreement in general direction 
with upper currents, the increasing dryness as it reaches 
warmer latitudes, and to the uniformity and equilibrium 
attained by passing over the ocean. 

F. A. R. Russell. 


THE PULSION MECHANICAL TELEPHONE. 

(From a Correspondent.) 

A new mechanical telephone of extraordinary power 
has recently been exciting considerable attention In 
London and some other cities and towns in this country, 
ft is of American origin, like so many other modern im- 
provements of exceptional character, being the invention 
of one Lemuel Mellett, I believe of Boston, U.S. There 
have been many previous mechanical telephones, as your 
readers are aware, some of which have obtained much 
publicity for a short time, and then have been heard of 
but little more ; but having had opportunities of experi- 
menting frequently with the new instrument, and observing 
its vocal power, so to speak, under very various circum- 
stances, I cannot doubt that it has a great future before it. 

It may be clearly stated at once that the pulsion instru- 
ment is absolutely independent of all electrical aids or 
appliances, and therefore needs neither battery power to 
bring it into play, nor insulation of any of its parts to 
keep them effective. It consists solely of two cheap and 
simple instruments connected by an ordinary non-insu- 
lated wire of copper, or, better still, of a double steel wire, 
the two parts being slightly intertwisted, say with about 
a single turn in a couple of feet. The wire (or wires) is 
simply looped to the instrument at either end, the con- 
nection being made in a few seconds. The instrument 
consists of a disk in combination with a series of small 
spiral springs inclosed in a case of some three or four 
inches in diameter. These springs, arranged in a manner 
that has been determined by experiment, and so as to 
produce harmonized vibrations, appear to possess the 
power of magnifying or accumulating upon the wire the 
vibrations which the voice sets up in the disk, and the 
wire seems to posses^— undoubtedly does jpossess — the 
power of transmitting to great distances, and giving out 
upon a second pulsion instrument, the sounds of the 
voice. 

The ability of this simple system of springs, disks, and 
wires to convey conversational and other sounds to con- 
siderable distances with great clearness and distinctness, 
reproducing the very tones of the voice and the qualities 
of musical sounds with but little reduction or modifica- 
tion, is most surprising, and to none more so than to the 
many men of science who have been recently experiment- 
! ing with it. 

I The writer of this notice cannot, perhaps, do better 
, than state his own experiences with this system. After 
^examining and experimenting over several short lengths 
of wire, some of them exceeding a mile and a half, he 
: last week went to the Finchley Road Station of the Mid- 
land Railway, from a point near to which a line had been 
conveyed to near the Welsh Harp Station, a distance of 
three miles by the line of railway, and of more by the 
track of the wire, which for the larger part was carried 
by the telegraph-posts, to which it was attached by very 
simple means. Conversation through this length of line,, 
of over three miles, was exceedingly easy ; indeed, so- 
powerfully was the voice transmitted, that an ordinary 
hat sufficed for all the purposes of the second instrument^ 
without going near to which conversation was carried on 
repeatedly by means of the hats of three gentlemeq w^a « 
were present, the tops of which were merely placed 
against the telephone wire. 

I then went into the garden of the “Welsh Harp,*^ 
where a short length of wire had been led between two 
points, the wire on its way from on» point to the otheF 
being twice tightly twisted, at an interval of som^yards^ 
round small branches of trees, of about 1 inch in diameter, 
being wound round and round the branch three times in 
each case. Strange to say, this tight twisting of the 
wires round the branches in no way interfered with the 
transmission of the voice from end to end of the wire. 
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A third and last experiment was made with a wire laid 
obliquely across the Welsh Harp lake, and allowed to 
sink to, and rest upon, the lake bottom. The length of 
the line was roughly estimated at about one-third of a 
mile, and from end to end (excepting a few yards at each 
end where the wire was led from the water’s edge to the 
telephone box) the wire was completely immersed, and 
without any other support than the bottom of the lake 
offered it. Yet, notwithstanding this immersion of the 
whole wire, conversation was carried on through it by 
means of ‘ihe pulsion instruments without the least 
difficulty. In fact, the voice came through the immersed 
wire, and the longest wire (of over three miles) previously 
mentioned, with greater purity and mellowness than 
through shorter lengths. 

I must leave to others to explain, and if necessary to dis- 
cover, the scientific gipunds of the success of this extra- 
ordinary little instrument. Looking, however, at its prac- 
tical capabilities as exemplified above, it is not surprising 
that Post Office, police, railway, and other commercial 
people, are already overwhelming with applications those 
who are arranging to supply the new telephone, which 
from its extreme simplicity is manifestly a cheap one. 


NOTES. 

No fewer than 1810 patients bitten by dogs were treated at 
the Pasteur Institute in the year ending October 31. There 
were thirteen deaths. 

The Daily Graphic^ the first number of which will appear 
on January 4, will be interesting from a scientific as well as 
from a popular point of view. Twenty years ago, when the 
Graphic was Parted, so bold an enterprise would have been 
impossible. At that time the pictures in illustrated journals 
were produced only by the old method of wood-engraving, which 
could not, of course, supply all the needs of a daily illustrated 
paper. By means of various scientific processes, drawings can 
now be so rapidly and effectively reproduced, that the issue 
even of a daily illustrated journal may be safely undertaken. 
The new paper is likely to afford a very striking instance of 
the influence of these processes on art and journalism. 

The Government of New South Wales has adopted an en- 
tirely new scheme of technical education. The present Board 
of Technical Education is to be abolished, and technical schools 
will be placed under the direct control of the Education De- 
partment. A sum of ;^5i>,ooo is to be expended in the 
erection and equipment of a new Technical College and Mu- 
seum in Sydney, while branch technical schools will be esta- 
blished throughout the country districts. It is estimated that 
;^50,ooo will be required annually to carry out the new 
arrangements. 

Mr. E. W. Collin has been deputed by the Government of 
Bengal to make inquiries as to the present condition of technical 
education in Bengal, and to find out what steps should be taken 
by the Government towards its advancement in that Presidency. 
The Civil Engineering College at Seebpore, an institution for 
the training of overseers and civil engineers, is supported by the 
Bengal Government, but it does not appear that there are any 
means at present in Bengal for the technical training of artisans. 
ftr. Collin has addressed a circular to^various public bodies 
asking dor information, and he will submit a report on the 
.question about the end of the year. 

Mr. G. Bertin is tojjeliver, at the British Museum, a series 
of four lectures on the religion of Babylonia. The first lecture 
will be given on November 26, and the others on the threS 
following Tuesdays, at 2.30 p.m. ^ 


Mr. G. B. Scott, of the Indian Survey Department, who 
has lately been employed on a survey of the Wards Estates in 
Bengal, has been placed in chaise of the new Cadastral Survey 
of Upper Buimah. 

The next conversazione of the Royal Microscopical Society 
will be held on Wednesday, the 27th instant, at 8 o’clock. 

Mr. Thomas Child, who has just returned from Pekin, has 
sent us very beautiful photographs of the two interesting old 
astronomical instruments at the Pekin Observatory. These 
instruments are the most ancient of the kind in the world, 
having been made by order of the Emperor Kublai Khan in the 
year 1279. They are exquisite pieces of bronze work, and are 
in si>Iendid condition, although they have been exposed to the 
weather for more than 600 years. They were formerly up on 
the terrace, but were removed dowm to their present position to 
make way for the eight instruments that were made by the 
Jeshit Father Verbiest in 1670, during the reign of the Emperor 
K’ang Hsi, of the present dynasty. 

The metric system of weights and measures having been 
adopted in the Photographic Office of the Indian Survey, a 
series of tables for the conversion of these measures to British, 
and vice versd, has been prepared by Colonels Thuillier and 
Waterhouse, Surveyor- General and Assistant-Surveyor-General 
of Ind&. The scope of the tables, however, has been extended 
so as to meet, as far as possible, the ordinary requirements of 
general and scientific reference. The multiples and fractions of 
the British and metric units have each their equivalent expressed 
in the other, so that the number requiring to be converted may 
be multiplied directly by the decimal fraction representing the 
equivalent value of one unit of the required denomination. The 
relative equivalents are given for the conversion of measures of 
length, weight, and capacity, cubic and square measures, and 
also of British-Indian and metric weights. There are also a few 
miscellaneous tables that may be found generally useful. 

It is well known that whales can remain a long time under 
water, but exact data as to the time have been rather lacking. 
In his northern travels, Dr. Kiickenthal, of Jena, recently 
observed that a harpooned white whale continued under water 
45 minutes. 

The elephant skeleton set up in the front hall of the Madras 
Museum is 10 feet 6 inches high, and it has been stated that this 
is the skeleton of the largest elephant ever killed in India. Mr. 
Edgar Thurston, Superintendent of the Museum, in his latest 
Report, says that this is a mistake. Mr. Sanderson gave 10 feet 
7^ inches as the largest elephant he had met, and there is a still 
larger one in the Indian Museum, Calcutta. 

Some fragments of a gigantic elephant’s tusk (we learn from 
the Rivisla Sci. Ind , ) were lately obtained by Signor Terrenzi, 
the tusk having been found in the yellow Pliocene (marine) 
sands of Camartina, Narni. It must have been about 10 feet 
long. One piece (which seems to have been near the base) 
measured about 2 feet round at the thickest. The tusk had been 
broken up by the peasants, and distributed as an infallible 
remedy for tooth-ache and for belly pains in cattle ! It probably 
belonged either to E, meridionalis^ Nesti, or to antiquus^ 
Falc. The finding of elephant remains in the Pliocene marine 
sands of Italy is not new, but it is rare. 

A REMARKABLE paper on The Ethnologic Affinity of the 
Ancient Etruscans,” by Dr. Daniel G. Brinton, was read before 
the American Philosophical Society on October 18, and has now 
been issued separately. Dr. Brinton’s attention was specially 
called to the subject during a sojourn of some months in Italy, 
early in the present year, when he had an opportunity of study- 
ing many museums of Etruscan antiquities. The object of the 
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paper is to prove that the Etruscan^ probably came from North- 
ern Africa, and belonged to the same stock as the Kabylest 
on the borders of whose country Dr* Brinton had spent some 
time before his visit to Italy. He thus sums up his conclusions : — 
(i) The uniform testimony of the ancient writers and of their 
own traditions asserts that the Etruscans came across the sea 
from the south, and established their first settlement on Italian 
soil near Tarquinii ; this historic testimony is corroborated by 
the preponderance of archoeologic evidence as yet brought for- 
ward. (2) Physically, the Etruscans were a people of lofty 
stature, of the blonde type, with dolichocephalic heads. In these 
traits they corresponded precisely with the blonde type of the 
ancient Libyans, represented by the modern Berbers and the 
Guanches, the only blonde people to the south. (3) In the 
position assigned to woman, and in the system of federal 
government, the Etruscans were totally different from the 
Greeks, Orientals, and Turanians ; but were in entire accord 
with the Libyans. (4) The phonetics, grammatical plan, vcKa- 
biilary, numerals, and proper names of the Etruscan tongue pre- 
sent many and close analogies with the Libyan dialects, ancient 
and modern. (5) Linguistic science, therefore, concurs with 
tradition, archgeology, sociologic traits, and anthropologic evi- 
. dence, in assigning a genetic relationship of the Etruscans to the 
Libyan family. 

A LAKE-DWELLING has been discovered in the neighbc3«rhood 
of Somma Lombardo, north-west of Milan, through the drain- 
ing of the large turf moor of La Lagozza. The Berlin Corre- 
spondent of the Standardy who gives an account [of the dis* 
covery, says that this relic of civilization was found under 
the peat- bog and the underlying layer of mud, the former being 
1 metre in thickness, and the latter 35 centimetres. The build- 
ing was rectangular, 80 metres long and 30 metres broad ; and 
between the posts, which arc still standing upright, lay beams 
and half-burnt planks, the latter having been made by splitting 
the trees, and without using a saw. Some trunks still retain 
the stumps of their lateral projecting branches, and they have 
probably served the purpose of ladders. The lower end of 
these posts, which have been driven into the clay soil, is more 
or less pointed, and it can be seen from the partly still well-pre- 
served bark that the beams and planks are of white birch, pine, 
fir, and larch. Among other things were found polished stone 
hatchets, a few arrow-heads, flint knives, and un worked stones 
V ith traces of the action of fire. 

Mr. R. Etheridge, Jun., contributes to the Report of the 
Australian Museum, just received, an interesting appendix on 
the limestone caves at Cave Flat, junction of the Murrutnbidgee 
and Goodradigbee rivers, county of Harden, Having recorded 
the observations made by him in these remarkable caves, Mr. 
Etheridge offers some remarks on the Murrumbidgee limestone. 
This, he says, is of a dense blue-black colour. It is much 
jointed and fissured, highly brittle in places, with a hackly 
conchoidal fracture, and crammed with fossils, especially corals. 
As a display of these beautiful organisms in natural section, he 
has never seen its equal. Large faces of limestone may be seen, 
with the weathered corals, and particularly Stromatopora, stand- 
ing out in relief and in section also. Many of these masses of 
coral, particularly those of Stromatopora and Favosites, are as 
much as 4 feet in djameter. The Murrumbidgee limestone has 
been classed as Devonian by the late Prof, de Koninck, but 
Mr. Etheridge has not yet sufficiently examined the fossils of 
this deposit either to gainsay or confirm this view. He thinks 
it not improbable, however, that Prof, de Koninck's view may 
be correct. 

The Campus rendus of the Paris Academy of Sciences, of 
November 4, contains a note by M. A. Angot, on the mean 
hourly velocity of the wind at the summit of the Eiflel Tower, 


measured during 101 days, ending with October i, by means of an* 
anemometer placed at 994 feet above the ground, and compared* 
with the results of a similar instrument at the Paris Meteoro- 
logical Office, placed at 66 feet above the ground. The average 
velocity on the tower was 16 miles an hour, being over three 
times the amount registered at the Meteorological Office, where 
it was only 5 miles an hour. At the lower station the diurnal 
variation showed a single minimum about sunrise, and a single 
maximum about X h. p.m. On the tower the minimum occurred 
about loh. a.m., and the maximum about iih. p.id., while the 
characteristic maximum of lower regions about the middle of 
the day was hardly perceptible on the tower. It is remarkable 
that this inversion, which is usual upon high mountains, should 
occur at so small a height as that of the Eiffel Tower. The ratio 
of increased velocity was constant at about 5 : i between mid- 
I night and Sh. a.m.; it then decreased rapidly and became 2 : i 
I at about loh. a.m., and maintained this value until ah. or 3h. 

! p.m., when it again rose regularly until midnight. These results 
‘ are of considerable importance to the study of aerial navigation. 

i 

The new number of the Mineralogical Magazine opens with 
I an important paper, by Mr. L. Fletcher, F.R.S., on the 
meteorites which have been found in the desert of Atacama and 
its neighbourhood. This paper is accompanied by a map of the 
district. Prof. McKenny Hughes, F.R.S., has a paper on 
the manner of occurrence of Beekite and its bearing upon 
the origin of siliceous beds of Palaeolithic age. There are alsa 
three short papers by Dr. M. F. Hcddle, and one by Mr. R. 
II. Solly. 

Some experiments on the photography of the red end of the 
spectrum, by Colonel J. Waterhouse, appear in the Proceedings 
of the Asiatic Society qf Bengal for April i88p. In order to 
renderjthe ordinary commercial gelatine dry plates sensitive to the 
red rays they are bathed for one or two minutes in a solution of 
I part of alizarin blue (C]t. ri 9 .N 04 ) to 10,000 parts of distilled 
water with I per cent, of strong ammonia added. Plates treated 
with this dye show very intense action through the violet and 
blue regions as far as b ; from E to C there appears to be 
a minimum of action ; the sensitiveness, however, increases 
between C and A, and is strongest between C and B and a 
to A. Below A the sensitiveness quickly diminishes. Colonel 
I Waterhouse finds that plates saturated with a special preparation 
of cyanin and sulphate of quinine have their maximum sensitive- 
^ ness between D and B, but between B and A the action is much 
weaker than that obtained by using alizarin blue, hence the 
latter dye is valuable as a ready aifd simple means of photograph- 
ing the spectrum between C and A with ordinary dry plates. For 
orthochromatic photography, rhodomine was found to be almost 
as efficient as erythrosin, and to be especially useful for photo- 
graphing the region immediately about D. The photographs were 
taken by means of Rowland’s plane and concave diffraction 
gratings. 

A NEW mode of preparing manganese, by which the metal 
can be obtained in a few minutes in tolerably large quantities 
and almost perfectly pure, is described by Dr. Glatzel, of Bres- 
lau, in the current number of the BerichU. A quantity of man-^ 
ganous chloride is first dehydrated by ignition in a porcelain dish, 
and the pulverized anhydrous salt afterwards intimately mixed 
with twice its weight of well-dried potassium chloride. The 
mixture is then closely packed into a Hessian crucible and fused 
in a furnace at the lowest possible temperature, not sufficient to* 
volatilize either of the chlorides. A quantity of metallTc mag- 
nesium is then introduced in small portions at a time, the total 
quantity necessary being about a sixth of the weight of the man- 
ganous chloride employed. Provided tfie crucible has not been 
Heated too much above the melting-point of the mixture oX 
chlorides, the action 4 s regular, the magnesium dissolving with 
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merely a slight hissing. If, however, the mixture has been 
heated till vapours have begun to make their appearance, the 
reaction is extremely violent. It is therefore best to allow the 
contents of the crucible, after fusion, to cool down to a low red 
heat, when the introduction of the magnesium is perfectly safe. 
When all action has ceased, the contents of the cfucible are 
again heated strongly, and afterwards allowed to cool until the 
furnace has become quite cold. On breaking the crucible, all 
the pota.ssiu|ri chloride and the excess of manganous chloride is 
found to have been volatilized, leaving a regulus of metallic 
manganese, fused together into a solid block, about three parts 
by weight being obtained for every two parts of magnesium 
added. The metal, as thus obtained, is readily broken up by 
hammering into fragments of a whitish-gray colour possessing a 
bright metallic lustre. ^The lustre may be preserved for months 
in stoppered glass vessels, but, when exposed to air, the fresh 
surface becomes rapidly brown. The metal is so hard that the 
best files are incapable of making any impression upon it. It is 
so feebly magnetic that a powerful horse-shoe magnet capable of 
readily lifting a kilogram of iron has no appreciable effect U|X)n 
the smallest fragment. It was noticed that the introduction of a 
small quantity of silica rendered the manganese still more brittle, 
and caused it to present a conchoidal fracture, that of pure man- 
ganese being uneven. The specific gravity of the metal, former 
determinations of which have been very varied, was found 
to be 7*3921 at 22® C. This number, which was obtained with 
a very pure preparation, is about the mean of the previous de- 
terminations. Dilute mineral acids readily dissolve the pul- 
verized metal, leaving a mere trace of insoluble impurity. It is 
also satisfactory that practically no magnesium is retained alloyed 
with the manganese, and the introduction of carbon is altogether 
avoided by thfe use of this convenient method. 

The additions to the Zoological Society’s Gardens during the 
past week include a Common Marmoset {Hapale jacchus) from 
South-East Brazil, presented by Mr. O. Burrell ; a Common 
Squirrel (Saurus vulgaris)^ British, presented by Miss B. 
Tatham ; a Common Stoat {MusU/a ertninea) from Northampton- 
shire, presented by Mr. Cuthbert Johnson ; a Wattled Crane 
{Grus carunculata) from West Africa, presented by Mr. Robert 
Sinclair, Jun. ; a Redshank ( Tetanus calidris) from Devonshire, 
presented by Mr. R. M. J. Teil ; a White-backed Piping Crow 
{Gymnorhina Uuconota) from Australia, presented by Mr. W. H. 
Felstead ; a Grey-headed Porphyrio (rorphyrio poltocephalus') 
from India, presented by Dr. Gerard Smith ; a Common 
Chameleon (ChamaUon vut^ris) from North Africa, presented 
by Mr. G. W. Alder ; a Dwarf Chameleon {CAamceleon pumilus) 
from South Africa, presented by Mrs. Leith ; a Green Lizard 
(Laceria viridis\ European, presented by Mr. C. H. Whitlow ; 
2ii:,oxsimovi]^y {Garrulus glandarius\ European, purchased; five 
Carpet Snakes (Morelia variegata) from Australia, received in 
exchange. 
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I . Remarks* 

( 1 ) Sir John Hbrschel’s description of this nebula is as follows : 

. — ! Bright, very large, very much extended. The spectrum has 
I not yet been recorded. 

(2) This is a star of Group II., in which Duner records bands 
2-8, but states that they are neither wide nor dark. The star 
falls in species 13 of the subdivision of this group, and is 
well advanced towards Gniup III. Metallic lines, and possibly 
hydrogen lines (dark) may therefore be expected. In the earlier 
stages of the group, no hydrogen lines appear, the radiation from 
the interspaces between the meteorites being balanced by the 
absorption of the gas surrounding the .incandescent stones ; but 
in the more advanced members, as in a Orionis, the absorption 
will probably be found to slightly predominate. The presence 
or absence of the F line, and of metallic lines, and their relative 
intensities, should therefore be noted. 

(3) This is a star of either Group III. or Group V., and the 
umal criteria (see p. 20) should be observed in order to deter- 
mine which. At the same time, the relative iniensitie'< of the 
hydrogen lines and the metallic lines (say b and D) should be 
reSorded. so that the star may be placed in a line of temperature 
with others. 

(4) According to Gothard this is a star of Group IV. The 
usual observations are required. 

(5) I tuner classes this with Group VI. stars, but states that 
the type of >pectrum is a little doubtful. Further observations 
are therefore required. As the most advanced stars of the group* 
are very red, the colour of this star indicates that it probably 
belongs to an early stage of the group, in which the carbon 
band^ would be narrow, and therefore somewhat difficult to 
observe with certainty i in that case traces of b and D might be 
expected. The colour should also be checked. 

(6) Gore gives the period of this variable as 325*6 days, and 

the range as 7*4-9*o at maximum to < 13 at minimum. The 
maximum will occur on November 30. The spectrum is of the 
Group II. type, and belongs to species 9. Duner slates 
that the dark bands, especially ^ and 8, are very wide. In 
several variables of this class (R Leonis, R Andromedae, &c.), 
Kspin has observed bright hydrogen lines near maximum, and 
the question is, Is this common to all the variable stars of this 
type? As stated with reference to 15 Arietis, under normal 
conditions the hydrogen lines in the earlier species of the group 
are absent, because the interspacial radiation balances the ab- 
sorption ; but if through some cause the temperature increases at 
maximum, more hydrogen would be driven into the interspaces 
and radiation would predominate. It may be mentioned that, 
according to the meteor itic theory, the increase of temperature 
and luminosity is brought about by the periastrion passage of a 
secondary swarm through the outliers of the central one. It is 
not unlikely that slight variations of colour will take place from 
maximum to minimum, and it is important therefore that the 
colour should be noted when the spectroscopic observations are 
made. A. Fowler. 


! The Minimum Sun-spot Period. — M. Brugui^re, in 
I LAstronomie, November 1889, gives a series of observations 
: made with a view to determine the exact date of the minimum 
! sun-spot period. The following tables show the condition of the 
i sun*s surface with respect to spots from the beginning of January 
I to the end of July of this year : — 


i 

I 

i 


I 


Date, 

188^. 


Jan. 


8-21 
2-6 

* 7 - 3 * 

11-30 

10-26 
28-31 

*-*5 
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July 1-1 1 
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Feb. 

Mar. 

»» 

April 
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June 


No. of 


Nd. of 

dayH with- 

Date, 

days with 

out spots. 

t889. 
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... 

*3 

Jan. 16-17 

... ^ 2 

... 

*4 

Feb. 1-7 

... 7 

••• 

*4 

M 22-29 

... 8 

... 

5 

Mar. land 8-16 

... 10 

... 

*5 

April 1-10 

... 10 

... 20' 

■2S 

May 6-9 

... 4 

••• 5 . 

»» 2J If 

... I 

... 

*7 

June 16-28 

• *3* 

... 3 l 

^18 

July 12-24 

... 13* 

... 15 ) 

n 28-31 

... 4 

... 2l 
... 11 J 

^*3 



... 

3 

* The same spot. 



If the small spots that were seen from May 6-91 and also on 
Majr 27, be neglected, it will be seen that there would be a 
period without spots extending’ from April it to June 13— that 
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is, sixty-six days ; but if these small spots be considered we find 
an interval of twenty-five days without spots — nhmely, from April 
1 1 to May 5. The minimum period, therefore, appears to have 
passed about the end of April, this being the time when the 
greatest number of days passed without spots being observed on 
the sun. The new period opened with the appearance of a large 
spot on June 16. 

Return of Brorsen’s Comet.— The following elements 
and ephemeris for this comet are given by Dr. E. Lamp in 
Astronomische Nachrichten^ No. 2933 : — 

T = 1890 February 24*1358 Berlin midnight. 

« = 14 55 3S’89 ) 
a = loi 27 3374 > Mean Eq. 1890*0 
t = 29 23 48*25 ) 

= 54 7 46*19 

M = 650" -3693 


Ephemeris for Berlin Midnight, 
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The Companion of tj Pegasi. — A companion to t; Pegasi 
was discovered by Sir William Herschel in 1780, and sub- 
sequently observed by South in 1824. Its ma'jnitude has been 
rated from twelve to fifteen. Mr. S. W. Burnham, however, 
notes {Astronomische Nachrichten^ No. 2933) that, using the 
36-inch refractor at the Lick Observatory, the Herschel com- 
panion appears as a close double. South’s mean of two measures 
IS given in his catalogue as : — 

1824*84 338^*9 89" *82 2n S. ^ 

The following is the mean of four measures made at Mount 
Hamilton : — 

17 Pegasi. 

B and C. A and BC. 

*889*53 83^*3 o"*29 10*1 10*1 I 1889*53 zyf o 9o"*38 
The close pair is difficult, and can hardly fail to be a physical 
system, and Mr. Burnham thinks that, although it is not a test 
for the large telescope, it will not be seen with any small instru- 
ment. 

General Bibliography op A.stronomy. — The second 
part of Vol. I. of this comprehensive bibliography has been pub- 
lished. It represents Houzeau’s last work, and hence it is well 
that his biographical note, by A. Lancaster, should be included. 
The first part of Vol. I., published in 1887, contained the 
references to historical works and those relating to astrology ; 
the part just published contains the references to biographies of 
astronomers and their epistolary commiinications, general astro- 
nomical works, astronomical societies and their proceedings, and 
everything relating to spherical astronomy. Works on theoretical 
astronomy are also well represented. The third and last part of 
Vol. I. is now in press, and contains references to all the pub- 
lished matter on the ^ mechanism of the heavens, physical, 
practical, and descriptive astronomy, and the systems of cos- 
mogony. The utility of this bibliography, when completed, 
needs no comment. 

J. C. Houzbau’s ••Vade Mecum.” — With reference to our 
biographical note on J. C* Houzeau (p, 20), M. A. Lancaster 


writes to remind us that Houzeau’s ** Vade Mecum ” was issued 
after the appearance of the second volume of the ** Bibliographic 
Gencrale de TAstronomie,” the publication of which began in 
1879. Moreover, the ‘‘Vade Mecum” was only a second 
edition of the Repertoire des Constantes de TAstronomie,” in- 
serted in 1877 in the first volume of the new series of the 

Annales Astronomiques ” of the Brussels Royal Observatory. 
The numerous materials brought together for the “ Bibliographic 
Generale ” suggested to Houzeau the idea of issuing a new 
edition of the “Repertoire” considerably corrected and en* 
larged. > 

A New Comet. — A new comet was discovered on Novem- 
ber 17 by Mr. Lewis Swift, of the Warner Observatory, Roches- 
ter, New York. Place at November 17, 6h. 35m. 2s. G.M. T.; 
R.A. == 22h. 42m. 24s. ; N.P.D. = 78*9'. Daily motion in 
R.A., -f 2m. ; in N.P.D., — 15'. The comet was only faint. 


MIRAGE IN THE SOUTH AMERICAN 
PAMPAS. 

T WAS staying in the Pampas of the Argentine Republic, near 
^ Melincue, a small town of the Province of Santa Fe, from 
September 1888 to March 1889. During my stay I had the 
opportunity of observing certain mirage phenomena. It is 
possible that my notes may contain something of interest. 
They were, designedly, taken without reference to any previous 
knowledge of the theory of mirage that I might possess. 

To illustrate my observations I had drawn eight diagrams ; 
but, for the purpose of insertion in Nature, I have been 
dbliged to reduce these to tivo. Hence I fear that my descrip- 
tions ipay not be as clear as I should wish. 

The most general conclusion at which I arrived was that 
there were troo classes of mirage of very different character. 
The one I shall call “the summer mirage,” the other “the 
winter mirage.” I would observe that, without a telescope of 
some sort, one would be unable to make observations of much 
value ; and that, as I llad but a binocular tel^cope, in many 
details I failed to make out as much as I could had I possessed 
a larger telescope steadily mounted. 

I. The Summer Mirage. 

(1) This mirage is seen in full day. I was told that in normal 

years it is most remarkable in the extreme beat of summer. 
The summer of December, January, and February 1888 and 
1889 was abnormally wet, however. And I myself saw the 
mirage most frequently in spring (September, October, and 
the earlier part of November), the grass being then short and 
very dry. Later on the grass became very long, and unusually 
green and damp, owing to the heavy rains. And then I saw 
the mirage but rarely in the grass plains, though on the several 
occasions on which I passed, in the blaze of a summer day, the 
dry sandy bed of an old laguna, the mirage was there to be 
seen very clearly. • 

On one or two occasions in spring I saw the mirage when there 
was a fairly cold wind and no perceptible sunshine, but still in 
full day. 

(2) This kind of mirage usually appeared as a strip of ” water ” 
running more or less parallel to the horizon, at one end narrow- 
ing to a point, and at the other end opening out into the sky. It 
appeared much as an arm of the sea, or an estuary, seen near the 
horizon, and running parallel to it. The “ water ” was of the 
same colour as the sky above it near the horizon. 

(3) Viewed through glasses, the whole of the land seen above 

and beyond the “water,” the “water” ibelf, and to a less 
extent the land seen just this side of it, appeared wavy and ill- 
defined, flocculent, and (when there was any breeze) pdssedsed 
of a drifting movement down the wind. At the thin end of the 
“ water,” and just beyond it in the line of the layer, one could 
see broken fragments of “ water ” drifting over the land; and, 
in like manner, the peninsula of land appeared to end in a l^e 
of drifting fragments^ * 

(4) It appeared to me that the land seen beyond the watery 
layer was either within the limits of the natural horizon, or not 
much beyond them. One did not, as one did in the “winter 
mirage,” see houses, &c., that were normally out of sight. 

(5) Cattle, &C., seen in the Watery Htyer were ill-denned. But 
on the whole.it seemed that their legs were hidden, and bodies 
were reflected invjsrted, much as if they had beea standing in 
shallow water. 
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(6) When I mounted higher, a mirage, if seen at all, was 
further off than when I stood lower. 

If, when looking at the watery layer of a mirage. I mounted 
'higher, the water narrowed, and the strip of land beyond it 
widened, until at a certain height of my head the “water had 
narrowed into a wavy line of fragments. Further mounting 
caused the “ water " to disappear. If, on the contrary, I stooped, 
the “water** appeared to widen, the strip of land above it to * 
narrow, until at last the mirage joined the sky. I 

On one occasion, when the mirage was about a mile and a j 
half distant,^ and on another occasion when about 250 yards i 
distant, I caused the “water** to appear and disappear by ■ 
a vertical movement of my head not exceeding i foot. I 


(7) Objects situated in the watery layer but rising out of it, 
or on the strip of land beyond it, were reflected in the “water** 
much as in true water ; but all was ill-deflned, and the inverted 
reflections often broken and lengthened. 

(8) It appeared to me that objects on the strip of land beyond 
the watery layer were also to be seen faintly reflected in the 
land that lay between them and the ‘ water.** And when, as 
in (6), I had raised my head until the “water** had just 
dwindled away, objects near the horizon were reflected inverted 
in the region from which “ water ** had vanished. 

(9) By the aid of my glasses I came to the conclusion that 
objects Jwere not really, as they appeared to the naked eye, 
“drawn up*’ by the mirage. But it seemed rather that, an 
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object being seen above its (often elongated) reflected image, and 
both being ill-defined, to the naked eye the whole appeared 
like the object “drawn up.** In this way clumps of grass 
appeared as trqps. ^ 

(10) In (i) I have mentioned the usual form of the mirage. 
But with various slopes, &c., of the ground, the form of the 
mirage varied. Sometimes the “water** opened out into the 
sky both ways ; and several times I saw an isolated patch of 
“ water** over an isolated patch of bare hot earth. 

Conclusions as to Summer Mirage , — It seemed, then — 

(1) That this mirage was due to a layer of relatively warm air 
close to the earth. 

(2) That this mirage-giving layer was not more than about 
teet in depth, and that it may have been less. 


(3) That there were not, to any noticeable extent, vertical 
elongations of objects nor extensions of normal horizon. 

(4) That in this mirage there were no images, erect or 
inverted, seen above the real object. 

In fact, it seemed that the sky and terrestrial objects were 
simply reflected in a sheet of warmer air lying close to the 
ground. (Of course the paths of the rays would be curved.) 

II. The Winter Mirage. 

[I was told that this mirage is seen in winter, and best on fine 
mornings after hard frost. What I saw were, it seemed, but 
poor specimens.] 

(i) I saw this mirage several times, always about sunrise and 
after a frost. Before sunrise, as soon as there was any light, I 
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looked out into the plains with my binoculars. It appeared as 
if the horizon were higher than usual, and that one could see 
ti^cts of land, with houses and other objects, that were usually 
concealed below the hbrizon. c 

Further, it seemed that this extension of horizon was not 
really continuous, as it at first appeared, but that it was divided 
into layers. ^ As far as I could judge, the line («) was beyond 
the nonnajl limits of the horizon, the tract from (a) to the limit 
(/9) was more or less a repetition of the tract below (a), and 
from (/ 3 ) to (7) was again more or less a repetition of the same 
tract. As to what one could see above tlie line (7), I could 
make no trustworthy observations. 

^Befoi^ sunrise, this extension of the horizon was seen all 


round ; and, though the layers referred to could be distinguished 
fairly well, there were as yet no “ waterv layers ** to be seen. 

The land seen just above the lines (a; and (i9) was paler than 
that seen just below these lines. 

, (2) Thanks to a most convenient distribution of cattle of 

I various colours, and of other objects, I was able, with the aid 
; of my glasses, to make out a good deal. 

But the images changed as the cows moved, the wpearances 
varied as time went on, and were so different in different parts 
of the horizon, that I could only, arrive at some general con- 
clusions. 

There would be, for example, just below, or on the edge of, 
the line (o), a cow. This I will call the “yfrx/ co 7 o,'^ or the 
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original cow.’^ Just below or on the* line (/9), vertically 
above first ccw^ and, like it, erect, would be a second cow ^ a 
repetition of the first. And often, above this again, below or 
on the line (7), would be a third cow, also erect. 

Sometimes there were confused images hanging from the 
second cow and joining other confused images piled on the first 
cozu ; sometimes the first cow was clear of images, while they 
hung down from the second cow ; sometimes the second cow 
wcw clear, and there were images piled on the first. Often the 
third cow was missing (see Fig. i). As the original cow moved, 
these images changed their disposition or vanished, and the third 
cow appeared or vanished. But in all these changes it seemed 
to me that the first cozv, second cow^ and (when visible) the 
third cozo, were the permanent images. These, it appeared, 
were always erect. 

(3) After the sun had risen, all continued in statu quo for a 
short time. But soon, at various parts of the horizon, the land 
just above the edges (a), (i8), and {7) paled away, and finally 
melted into the appearance of ‘‘sky’* or ‘‘ water/' There were 
left, in the later stages of the mirage, first, the plain itself, with 
an extension, the limits of which were not sharp, beyond fhe 
normal horizon ; secondly, above this a strip of land, apparently 
suspended in the air ; thirdly, in some parts of the horizon 
another strip of land suspended in the air above this again. 
The interval between (a) and O) was in all stages greater than 
that between (i8) and (7). One of the appearances in the later 
Stages is indicated in Fig. 2. 

Other changes crept in, too. Very often the original objects 
were wholly or partly sunk out of sight ; the images were less 
defined ; and the confused images hanging from the secotM cow^ 
e,g,^ or piled on the first cow, were now seen in the watery layers, 
sometimes bridging it over. 

(4) As time went on, the watery layers widened. The images, 
too, became still vaguer, and the original objects were usually 
out of sight or only just indicated above the line (a). Moreover, 
the aerial images, with their confused trails of images hanging 
from them, began to assume more the appearance of inverted 
images suspended over objects hidden below the horizon." 

(5) In these later stages, no doubt, anyone would have guessed 
that the aerial images were indeed very vaguely defined inverted 
images. But to me, as I followed the phenomenon from the 
beginning, it seemed that they were not so. It seemed to me 
that each aerial image was really topped by an erect image, 
which, with the trails hanging from it, seemed like an inverted 
image. At least I can say that, so long as the images were well 
defined at all, I never made out a clear case of the main, or 
permanent, aerial images being inverted. Thus, as the first c<nv 
moved, it was the erect second (and sometimes third) cozvs that 
remained clear. 

(6) In these later stages it was only trees and houses that 
could be seen in the mirage, and these were ill-defined. 

(7) The mirage lasted until about an hour and a quarter after 
sunrise. The last traces of aerial images of land appeared just 
under the sun, and in that part of the horizon that lay just 
opposite to it. Whether the abnormal extension of the horizon 
entirely ceased at the same time, I cannot say ; but there did 
not remain any noticeable extension. 

(8) As with the summer mirage, I found I could alter appear* 
ances by altering my level above the earth. But the change in 
level had to be more considerable. 1 have no good notes on 
this matter ; but I believe that usually I could recover a past 
stage of the mirage by a sufficient descent down a ladder from 
my post of observation. 

General Conclusions as to Winter Mirage 
(i) It is due to the earth, and the air near it, being con- 
siderably chilled below the temperature of the rest of the 
atmosphere. 

(2} The phenomena of extended horizon and multiple images 
are to be observed. 

(3) The “ drawn up " appearance of objects is really due to 
a number of images piled upon one another, only to be separated 
by the use of a telescope. 

(4} No case of a terrestrial object having above it a single 
inverted image, or images of which the uppermost was inverted, 
came under my notice. W. Larden. 

SCIENTIFIC SERIALS. 

Ameidcan /ournal of Mathematics, vol. xii. No. i, and index 
to vols. i.-x. (Baltimore, 1889).— This volume opens with 


an instalment of sixty pages of a memoir by A. R. Forsyth, 
F.R.S., on Systems of Temariants that are Algebraically 
Complete." In this the writer has found it convenient to use 
* ternariant ’ as a generic term for concomitants of ternary 
quantics, instead of giving it the signification which Profi Sylves- 
ter proposed {Amer. J. of Math., vol. v. p. 81) to give to it, 
viz. the leading coefficients of those concomitants." The memoir 
is divided into three parts, and deals with the theory of the 
algebraically independent concomitants of ternary ^antics, 
taking as the starting-point the six linear partial dinerential 
equations of the first order satisfied by them. References are 
supplied to numerous memoirs on the subject. — Captain (now 
Major) P. A. Macmahon continues (pp. 61-102) his investiga- 
tions (vol. xi. No. I) in a ** Second Memoir on a New Theory 
of Symmetric Functions." Herein he is engaged with functions 
which are not necessarily integral, but require partitions, with 
positive, zero, and negative parts for their symbolical expression. 
The author thus summarizes his results: (i) a simple proof of 
a generalized Vandermonde-Waring power law which presents 
itself in the guise of an invariantive property of a transcendental 
transformation ; (2) the law of ‘‘groups of separations (3) the 
fundamental law of algebraic reciprocity ; (4) the fundamental 
law of algebraic expressibility which asserts that certain in- 
dicated symmetric functions can be exhibited as linear functions 
of the separations of any given partition ; (5) the existence is 
established of a pair of symmetrical tables in association with 
every partition into positive, zero, and negative parts, of every 
number, positive, zero, or negative. — The closing portion of the 
number (pp. £03-114) is taken up with an article entitled 
“ De THomogrMhie en Mecanique,^' by P. Appell. — A likeness 
o(M. Poincar^ feces p. r. — The index is of a twofold descrip- 
tion — of authors and of subjects. From the forewords we 
learn that papers have been published from eighty-nine con- 
tributors ; these comprise “most of the leading mathematicians 
of the world." 

SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, November ii. — M. Hermite in the 
chair. — Presentation of Report of Proceedings of the permanent 
International Committee for preparing a photographic chart of 
the heavens, by M. E. Mouchez. Fifteen Observatories will be 
ready by the middle of next year ; and five others before the end. 
The zones are indicated. — Note of M. Daubree with descriptive 
catalogue of the meteorites of Mexico prepared by M. Antonio 
del Castillo. Meteorites are abundant in Mexico. A remarkably 
wide area of dispersion is indicated by three portions of one 
mass, found at the angles of a triangle, whose two longer sides 
were 90 km. and 60 km. In one of these places two plates were 
jp found 250 m. apart ; and they seem to have formed one huge 
plate over 24,000 kgm. weight, which broke near the ground. — 
On the incineration of vegetable anatters, by M. G. Lechartier. 
Trying various methods, he finds, that in the carbonization and 
incineration of a plant, there is considerable loss of sulphur, 
volatilized in various combinations ; and special precautions are 
necessary in determining this constituent. Under the same 
conditions, and care being taken to prevent loss of solid 
matter^ carried away mechanically with the issuing gas, 
there is no sensible loss of phosphorus. — M. Picard was 
elected member in Geometry, in place of the late M. 
Halphen.' — On a rotating magnetic field formed with two 
Ruhmkorif coils, by M. W. De Fonvielle. A current from 
accumulators is sent through the primary of one coil, the 
secondary of which is connected with that of the other coil, 
which is in a line with the first, and the primary of which^may 
be open or closed. — On certain ellipsoidal areas, by M. G. 
Humbert. — On a new calculating machine, by M. L. Bollee. 
While in previous machines, multiplication^ e.g., are done by 
successive i^ditions, this one has a multiplying apparatus which 
determines immediately, in one function, the piquet of a numbA 
by each figure of the multiplier. — On the solubility of the qhlorides 
of potassium and of sodium in the same solution, by M. Etard. The 
results of experiment are shown in graphic form ; the curves of 
solubility of each salt sepiuately being compared with those of 
the mixed salts, &c. llie sum of the dissolved salts is re- 
(iresented by a continuous straight line. The curves for the mixed 
salts cross at temperature 97^ ; that for NaCi falling while the 
other rises. — On an application of thermo-chemistry, by M. A. 
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Colson. The formation of nicotine monohydrochloride liberates 
about twice as much heat as that of the dihydrochloricle under 
like conditions ; hence a probable difference in constitution 
•of the two nitrogen groups of nicotine. The action of 
nicotine on coloured reagents shows at once a difference 
in the two basicities. — On the myelocytes of fishes, Ijy 
M. J. Chatin. Jn fishes, as in other zoological groups, the 
nervous elements termed myelocytes, arc not to be referred 
to a special histic type, but to the nerve cell ; which is simply 
modified, chiefly by enlargement of the nucleus, and correspond- 
ing reductidn of the somatic part. — On the continuity of the pig- 
mented epithelium of the retina with the external segments of 
the cones and rods, and the morphological value of this arrange- 
ment in vertebrates, by MM. R. Dubois and J. Renaut. ^ This 
new fact makes it probable (according to the authors) that in the 
retina of vertebrates a similar process occurs to that in the light- 
sensitive apparatus of Mollusks like Pholas ; by mechanism of 
impression and transforfhation of luminous movement into con- 
tractile, then sensorial. — On strabismus, by M. H. Parinaud. The 
immediate cause of the deviation (in squinting) is a disorder of 
innervation, excess in convergence, defect in divergence, caused 
generally by the accommodative effort in one case (hypermetro- 
pia), and the little use made of accommodation in the other 
'(myopia). The deviation, when sufficiently fixed and prolonged, 
induces anatomical changes both in the brain* connections and 
the tissues of the eye (in the latter case, not only shortening 
of muscles, but retraction of all relaxed fibrous parts, especially 
Tenon’s capsule). This has important bearings on treatment. — 
On the morphology and the biology of the fungus Oidium 
^albicans (Robin), by MM. G. Linossier and G. Roux. Besides 
^tyeast form, and the globidojilanuntous^ he finds a third, 
similar to chlamydospores^ and prot>ahly needing some new 
'natural habitat for full development. This fact, with the absence 
of ascospores^ &c., suggests removal of the organism from the 
genus Saccharomyces. Again, it is found, that in culture of the 
fungus, the complication of form increases with the molecular 
weight of the aliment ; there is a growing tendency to form long 
•thin filaments.* This tendency is also f&voured by high tempera- 
ture, excess of oxygen, a trace of nitrates, and antiseptics. — 
Comparative activity of various digitalines, by M. Bardet. He 
compares crystallized and amorphous digitaline, prepared accord- 
ing to the French codex, German digitoxine^ French digitedeine^ 
aod German digitaline (the power of the two last is much less 
than tho^e of the others). 


DIARY OF SOCIETIES. 

London. 

THURSDAY^ November 21. 

'Royal Socibty, at 4.30— (i) Further Discussion of the Sun-spot (!)bserva- 
tiona at South Kensington ; (2) on the Cause of Variability in Condensing* 
Swarms of Meteorites: J. Norman Lockycr, F.R.S.-On the Local 
Paralysis of Peripheral Ganglia, on the Connection of Different Classes 
of Nerve Fibres with them ; J. N. I.angley, F.R.S., and W. Lee Dickin- 
son, — On the Tubercles on the Roots of I .eguminous Plants, with Special 
Reference to the Pea and the Bean (Preliminary Paper) ; Profl H. M. 
Ward, F.R.S. 

Linnban Society, at 8.-— External Anatomical Characters indicating Sex 
in Chrysalids, and Development of the A/ygos Oviduct and its Accessory 
Orgaus in Vanessa lo : Prof. W. Hatchett Jackson.*— Anatomy of Lepido- 
ptera: £. B. Poulton. — Lepidoptera of Ichang. North China: John H. 
Leech. 

•Chemical Socibtv, at 8.— The T^w of the Freezing-points of Solutions : 
S. U. Pickering. 

MONDAY^ November 25. 

Royal Geographical Society, at 8.30.— The Bahrein Islands, Persian 
Gulf : J. Theodore Bent. 

Society op Arts, at 8. — Modem Developments of Bread-making ; William 
Jago. 

TUESDAY^ November 26. 

Amthropological Institute, at 8.30. — The Ethnology of the Western 
Tribe of Torres Straits : Prof. A. C. lladdon. 

1 n«titution of Civil Engineers, at 8.— Water-Tube Steam-Boilers Ibr 
Marine Engines : John I. Thoraycroft. (Discussion.'^ 

yNiVERSiTV College Biological Society, at 5.15.— A New Genus of 
Po]ycha:t Worm : Florence Buchanan. 

^ WEDNESDAY, November 27. 

Society or Aets, at 8.— -Scientific and Technical Instruction in Elementary 
Schools; Dr. J. Hall Gladstone, F.R.S. 

THURSDAY, November 27. 

Institution op Electrical Engineers, at 8.— Electrical Engineering in 
America : G. L. Addenbrooke. ^ 

FEiDAY, November 29. 

IftRTiTUTioif OP Civil Enoinebrs, at 7.3o.«-Pri(iciples of Iron Foundry 
Practice : G. H. Sheffield. 


BOOKS, pamphlets, and SERIALS RECEIVED. 

Piihblicazioni del Real Osservatorio di Palermo, vol. iv. (Palermo).— Obeah ; 
Witchcraft in the West Indies : H. J. Bell (Low).— Through Atolls and 
Islands in the Great South Sea : F. J. Moss (Low). — 1 he Lesser Antilles : 
O. T. Bulkeley (Low).— Humanitism : W. A. Macdonald (IVftbner).— 
Memoirs and Procredings of the Manchester Literary and^ PhtI 'Sophlcal 
Society, vol. ii., 4th serie.s (Manchester).— Report on the Mining Industry of 
New Zealand, 1889 (Wellington).— Reports on Mining Machinery and 'freat- 
ment of Ores in Australian Colonies and America (Wellington). —Die Laby- 
rinthodonten der schw&bischen Trias : E. Fraas (Stuttgart, E. Schweizer- 
bart’sehe). — ^The Butterfly; its History, &c. : J. Stuitard (Unwin). — A 
Glos*^ary of Biological, Anatomical, and Physiological Terms : T. Dnnman 
and V. H. W. Wingrave (Griffith, Farran). — An Introduction to the Study of 
Shakespeare: Dr. H. Corson (Boston, Heath). — On the Animal Alkaloid.^: 
Sir W. Aitken, and edition (Lewis) — Matebele I..and and the Victoria 
Falls, and edition ; F\ Oate«, edited by C. G. Oates (K. Paul).— Euclid’s 
Kletnents of Geometry, books i. and ii. : H. M Taylor (Cambridge Uni- 
versity Press). — ^'IVavels in India by Jean Baptiste Tavernier, a vols. : 
V. Ball (Macmillan). — Results of Meteorological Observations made in 
New South Wales during 1887; H. C. Russell (Sydney, Potter). — 
Ethnographische Beitrdge zur Kenntniss des Karolinen Arcnipels : J. S. 
Kubary (Leiden. Trap). — Les Animaux et les V^gdtaux Lumineux ; H. 
Gadeau de Kerville (Paris, Bailliere).— Bibliographic Gcnerale de T Astro- 
nomic, tome preini-r. ande partie : J. C* Houzeau and A. Lancaster 
(Bruxelles, Hayez). — The Evolution of Sex, Prof. P. Geddes and J. A. 
THbmson (Scott).— Synthase Scientihque et Philosophique : A H. Simonin 
(Paris, E. Leroux) — The State : W. Wilson (Boston, Heath). — Notes on 
Sport and Ornithology: late Crown Prince Rudolf of Austria; translated 
by C. G. Danford (Gurney and Jackson).— Blackie'sGe ^graphical Manuals ; 
No. a, the British Empire ; Part t. The Home Countries: W. G Baker 
(Blackie). — Gold-Fields of Victoria ; Reports of the Mining Registrars for 
the (Quarter ended June 30, 1889 (Melbourne). — Victoria ; Annual Report on 
the Working of the Registration and Iri.spcction of Mines and Mining Ma-. 
chincry Act during the Year 1888 (Melbourne). — Magnetism and Eleciri9ity, 
Advanced and Honours Questions : A.^ Jamieson (Griffin). — •l^lectrical En- 
gineering, ordinary and Honours Questions : A. Jamieson (Griffin). — Results 
of Raig, River, and Evaporation Observations made in New South Wales 
during 1888: H. C. Russell (Sydney, Potter). —Astronomical and Meteoro- 
logicsu Workers in New South Wales, 1778-1860 : H. C. Russell (Sydney, 
Potter). — The Thunderstorm of October 26, 1888 : H. C. Ru- sell. — On a 
Self-recording Thermometer: H. C. Russell.— President’s Audress by H. 
C. Russell at the First Meeting of the Australian Association. — The Source 
of the Underground Water in tne VVcslem Districts : H. C. Russell. 
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MR. STANLEY. 

M r. STANLEY’S latest letters, which have been 
exciting universal attention, present as fascinating 
a record of travel, adventure, and geographical discovery 
as any that has ever " awakened the interest of civilized 
mankind. It is impossible to read them without the 
wannest admiration for the writer’s resolute energy, in- 
exhaustible resource, and dauntless courage. No previous 
traveller can have been confronted by a greater number 
of formidable — often apparently insurmountable — diffi- 
culties. Mr. Stanley never allowed himself to be dis- 
heartened by the obstacles in his way, but pressed ste.adily 
on, varying his methods to meet changing needs, until 
the immediate object of his great enterprise was attained. 
Not the least serious of his perplexities ^sprang from the 
•reluctance of Emin Pasha to be “rescued.” It was not 
unnatural that Emin should hesitate to quit a region for 
which he had made so many sacrifices, and with regard 
to which he had entertained so many hopes ; but it is 
certain that if he had remained he would soon have 
fallen a victim to treachery. Happily, Mr. Stanley, after 
many an argument, succeeded at last in overcoming 
his scruples and hesitations, and on April 10 the two 
men, accompanied by a party of about 1500 persons, 
including native carriers, started from the southern 
shore of Albert Nyanza on their homeward journey. No 
part of Mr. Stanley’s narrative is more interesting than 
that in which he tells the story of his efforts to persuade 
Emin that he might with honour resign a task which had 
already been practically taken out of his hai\ds. The 
tale brings out vividly a most striking contrast between 
two types of character, each of which in its own way 
commands our sympathy and respect. 

The scientific results of Mr. Stanley’s journey are full 
of interest, and form a most important addition to our 
knowledge of Central Africa. On April it (Nature, 
vol. xxxix. p. 560) we gave an account of his geographical 
discoveries so far as they were then known ; and anyone 
who will consult the map which we printed on that occa- 
sion will be able to trace without difficulty the main lines 
of the explorer’s later course. In 1877 Mr. Stanley dis- 
covered Muta Nzige, which he now calls Lake Albert 
Edward. This lake is less extensive than was originally 
supposed. At the time of its discovery it could not be 
determined whether its waters were discharged into the 
Nile or the Congo, but now Mr. Stanley has found that 
it is one of the feeders of the former river. It receives 
all the streams of the south-western part of the Nile 
basin, just as Victoria Nyanza receives all the streams 
of the south-eastern part of the Nile basin. The two 
lakes discharge their waters into Albert Nyanza, whence 
flows the White Nile. Lake Albert Edward and Albert 
Nyanza are connected by a river called the Semliki, 
whose valley Mr. Stanley vividly describes. 

Lake Albert Edward occupies the south-western end of. 
a great i^rea of depression, at the north-eastern end of 
which lies Albert Nyanza. This area of depression lies 
between 3® N. lat. and i" S. lat., and is from 20 to 50 
Vol. XLi.— N o. 104& 


miles broad. East and west of it rise extensive up- 
lands, those on the. western side forming the water- 
parting between the Nile and the Congo. Towards 
the east, beyond the valley of the Semliki — that is, 
the central part of the line of subsidence— is a great 
mountain range called Ruwenzori, “ the Mountains of 
the Moon,” culminating in peaks which Mr. Stanley 
estimates to be between 18,000 and 19,000 ^feet. Past 
this splendid range the party advanced on their way 
southwards. Says Mr. Stanley : — “ Much as we had 
flattered ourselves that we should see marvellous scenery, 
the Snow Mountain was very coy, and hard to see. On 
most days it loomed impending over us like a tropical 
storm-cloud ready to dissolve in -rain and ruin on us. 
Near sunset a peak or two here, a crest there, a ridge 
beyond, white with snow, shot into view, jagged clouds 
whirling and eddying round them, and then the 
darkness of night. C ften at sunrise, too, Ruwenzori 
would appear fresh, clean, brightly pure ; profound 
blue voids above and around it ; every line and 
dent, knoll, and turret-like crag deeply marked and clearly 
visible ; but presently all would be buried under mass 
upon mass of mist until the immense mountain was no 
more visible than if we were thousands of miles away. 
And then, also, the Snow Mountain, being set deeply in 
the range, the nearer we approached the base of the 
range, the less wc saw of it, for nigher ridges obtruded 
themselves and barred the view. Still we have obtained 
three remarkable views — one from the Nyanza Plain, 
another from Kavalli^, and a third froi!i the South 
Point.” 

Lieutenant Stairs tried hard to reach the loftiest 
summit, but succeeded only in attaining a height of 
10,600 feet, which was separated from the snow-covered 
peaks by deep ravines. He is of opinion that the central 
mass of the Ruwenzori range is an extinct volcano, and 
that certain jutting pinnacles on the sides of the moun- 
tains are survivals of the time when volcanic forces were 
in full activity. So much of 'the <Ubris is borne along by 
the Semliki that the southern part of Albert Nyanza is 
being rapidly tilled up. 

Mr. Stanley has much thjit is new to tell us, not 
only about Albert Nyanza and Lake Albert Edward, but 
about Victoria Nyanza, a great south-western extension of 
which he has discovered. About the many tribes through 
whose territories he passed he has also, a vast amount 
of curious and suggestive information, offered with all the 
freshness due to his immediate contact with the facts he 
describes. Nothing could be better in its way than his 
account of the Wakonju, a tribe from whom he and his 
people received much kindness. They occupy the slopes 
of the Ruwenzori Mountains, on which some of their 
villages are built at a height of 8000 feet. Here they have 
taken refuge from their enemies the Warasura. It is note- 
worthy that in many parts of the Central African uplands 
which he visited Mr. Stanley found a jihysical type which 
he identified with tlmt of the Abyssinians. On th^se and 
many other points of interest the world may expect soon 
to receive from him further enlightenment. Meanwhile, 
we desire to join most cordially in the expressions of high 
appreciation that have been everywhere evoked by his 
success, and by the great qualities of intellect and 
character by which it has been achieved. Such geogra- 
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phical labours as his are unsurpassed in hardship, and 
the results obtained make his work one of the most im- 
portant and fruitful researches of the time. 

THE HAB/TS OF THE SALHOX. 

The Habits of the Salmon. Uy John P. Traherne. 
(London : Chapman and Hall, 1889.) 

T he Stonnontfield breeding- ponds have taught us 
much of the history of the salmon from the eggs to 
the smolt stage. After that he passes to the sea, beyond 
the reach of observation, and, with the exception of what 
we have learned from the return to the rivers of fish that 
have been marked before their passage to the sea, all that 
purports to be knowledge of the habits of the fish is really 
only guesses at truth. 

Theories by a practical salmon-fisher, of wide experi- 
ence, are entitled to respectful examination. This Major 
Traherne can claim ; more than that he docs not claim. 
The arrangement of the chapters in the book is objec- 
tionable as tending to confusion. It would be preferable 
to take first the chapter on smolts, and then to folloty 
the life of the fish through its grilse, salmon, and kelt 
stages. 

Notwithstanding that “smolts bred in the .Stormont- 
field, Howietown, and other fish ponds have never as 
yet been known to evince the least desire to go to sea 
before the spring months,” yet .tlajor Traherne is of 
opinion, and supports his opinion with good evidence, i 
that there is a double emigration of smolts — autumn , 
as well as spring. Smolts that are bred artificially are j 
always the produce of ova spawned in November, and ■ 
these form the spring migration. It is assumed that j 
the later spaw-ned ova form the autumn migration. If | 
this be so, it may explain the mystery of the spring and 
summer run of fish. It is proved that smolts leaving 
Stonnontfield ponds in the spring have returned to the 
river as grilses in July of the same year, having increased 
in weight from 3 to 9 pounds each, the grilse caught on 
July I weighing 3 pounds, gnd that caught on July 31 
weighing 9^ pounds. The smolt would probably weigh 
about 2 ounces, and the rapidity of growth, without any 
expense for feeding, should make those who have charge 
of salmon legislation ponder over the problem of close 
time. 

What, then, becomes of the autumn emigration of 
smolts ? Do they come back as spring salmon 1 The first | 
run of spring salmon, like the first run of grilse, is small in 
size. From 8 to 10 pounds would be the average weight of 
the. fir.st run of spring fish. The spring smolt takes three 
months to return a grilse ; the autumn smolt would have 
five months to return a spring salmon. 

We quite agree with Major Traherne that spring fish 
stay in the rivers t^ spawn. We also think, from the 
appeart^nce of the fish, that the early, Small spring fish are 
maiden fish that have never spawned. Are they not the 
autumn smolts ? 

But all rivers do notihave a run of spring fish. Major 
Traherne says : “ I notice that early ascending salmon are, 
farjnore numerous in rivers that hav^ an annual close 


time commenciog on or before September i, than in 
rivers where the close time commences after that date.’' 
This is simply a confusion of cause and effect. It" is the 
early river that causes the early close time, not the early 
close time that causes the early river. What causes a river 
to be early ? or, in other words, what causes spring fish to 
run up one river, and not to run up another? Major 
Traherne replies, the temperature of the river. He con- 
trasts the early arrival of salmon in Loch Naver with their 
late arr!v.d, by way of the Thurso, in Loch More, and he 
says that the River Naver, being fed by a large, deep loch, 
is wanner than the Thurso, which runs from a small 
shallow loch ; therefore the earlier run of fish into Loch 
I Naver ! But the fish run as early up the Thurso River as 
j they do up the Naver River ; so this illustration fails. He 
: afttrwards refers to the Shin, the Cassley, and the Oykel, 

I all of which rivers empty themselves into the Kyle of 
j Sutherland. He says that the temperature of the water 
I in the Shin — a river flowing from a very large lake — is 
! higher than the temperature of the Cassley, or the Oykel, 

I which are not fed by big lakes ; and that this is the reason * 
i why the Shin is the only river, running into the Kyle of 
I Suthceland, which produces early salmon. We reply by 
j denying the premise. The Shin may be a rather better 
j early salmon river than the Oykel, but it is not an earlier 
! river. 'I'he opening day always finds clean fish in the 
Oykel, and, this year, from one bank, the Oykel yielded 
thirteen fish in ^Iarch. Last year the yield of one bank 
of the Oykel in April w.as twenty-three fish ; both banks 
of the Shin yielding thirty fish. Twenty fish in March 
would be a good >ield for the Shin. 

But to come back to the (juestion. What causes a river 
to be early ? Certainly it is not the absolute temperature 
of the river. On the north and east of Scotland the 
rivers are early’, on the west coast they are late. The 
temperature of the rivers on the west is higher than that 
of the rivers on the north and east. Contrast the rivers 
Oykel and Inver. The former rises in the eastern slopes 
of Ben More in Assynt, and is fed in March and April by 
the melted snows. It has not any big lock as a reservoir, 
and in March is often frozen over. The Inver runs out 
of Loch Assynt at the western foot of Ben More. Little 
snow lies on the western side of the hill, and Loch Assynt 
is large and deep. The water of the I nver is higher in 
temperature than the water of the Oykel. The rivers lie 
opposite to one another in Sutherlandshire ; the Oykel, 
icy cold in the spring, running east ; the Inver, much 
warmer, running west. The cold river is an early river 
the warm river is late. Major Traherne is therefore wrong 
when he says that the high temperature of a river makes 
it early. We say that the relative temperature of the 
river to the sea into which it empties itself determines- 
the run of the salmon, if the temperature of the river 
closely approximates to the temperature of the sea the 
fish will run, no matter how cold both river and sea may 
be. On the west coast the sea is so warmed by the Gulf 
Stream that the rivers on that coast, although positively 
warmer than on the east coast, are, relatively to the sea,, 
colder, and they are accordingly late rivers. 

The relative temperature of the air and the water has 
a great effect, too, upon the feeding of the salmon. 
Major Traherne says : “ I never expect to meet with a. 
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!blank day in the coldest weather, if f know there are fish 
in the river.” A cold mist coming on will always prevent 
■fish from rising. On a fine .April day, when the sun is 
bringing down snow water, the time to take fish is after 
the sun has warmed the river, but before the snow melted 
by the sun about the sources of the river has had time to 
run down and chill the water. In both cases it is a 
question of the relative temperature of the air to the 
water. 

“ Do salmon feed in fresh water ? ” is one of the 
questions the author asks. He answers it in the affirma- 
tive, as he cannot believe that fish rush at spinning baits, 
eat prawns, and chew up a bunch of lob-worms simply to 
gratify the angler’s love of sport. It is difficult, indeed, 
to understand how the theory of salmon living for months 
in fresh water “on his own fat, which has been acciwnu- I 
lated while feeding in salt water”— as Dr. Francis Day 
puts it — could have been accepted by him, or by the late 
Frank Buckland. Why are good salmon rivers bad 
brown trout rivers.^ Simply because the salmon feed on 
the trout. 

The question of close time Major Traherne says “ is the 
key to the situation ; in other words, to the adjustment of 
the various claims of netting proprietors and anglers, as 
the prosperity of our salmon fisheries, and the increase or 
decrease of a most valuable article of food depends in 
great measure upon the periods fixed to suit each river.” 
This means that the proper adjustment of close time to 
■each river will divide the clean fish fairly between the 
upper and lower proprietors, and will also provide 
abundant spawning fish to fill the beds upon the upper 
waters. At present the weekly close time in England 
and Scotland, extending from 6 p.m. on .Saturday to 
■6 a.m. on Monday, is too short to enable fish to run past 
all the nets on many of our rivers ; the upper nets 
sweeping in on Monday morning most of the fish that left 
the salt water on Saturday night. Again, the rod fishing 
is kept open too late. We have constantly seen gravid 
rfish taken in October, out of which the eggs or milt ran 
when the fish were landed — fish that were neither .able to 
iight, nor fit for food. Late in the season the gravid fish* 
will • take any bait as voraciously as the kelts in early 
spring, and the angler is able to state that he killed his 
six or eight heavy fish a day. After being kippered they 
.are just eatable, and that is the best that can be said for 
them. On the other hand, with each of the female fish — 
and most of the fish killed at the end of the season are 
hen fish — perish some 20,cxx5 eggs fully developed. All 
that Major Traherne says about the weekly close time, as 
well as about the closing of the fishing in the autumn, 
•deserves careful consideration. 

AN ELEMENTAR Y TEXT-BOOK OF GEOLOGY. 

An Elementary Text-book of Geology. By W. Jerome 
Harrison, P'.G.S. (London : Blackie ^nd Son, 1889.) 

I T is well known that there are certain things, which, 
like reading and writing, come by nature, such as 
the driving of a gig, and the management of a small 
farm. These every man can do. And till lately it 
seems to have been very generally held, that, when a man 
or woman had shown by repeated failure that he or she 


was hopelessly incompetent to earn bread in any other 
way, there was nothing to forbid him or her from opening 
a school for small children ; the laying of the foundations 
of an education was such a simple matter that it was 
•within the reach of everyone. It looks also as if the 
writing of an elementary text-book on a scientific sub- 
ject is very generally held to be an equally easy task, 
at least the bounteous profusion with which .such books 
are showered upon us would appear to point to such a 
conclusion. But anyone who has tried to teach or to 
write a book that shall be used for teaching purposes, 
knows only too well that it is with the beginner and in the 
elements of his subject that the real difficulty lies. And 
besides the inevitable obstacles to success which from the 
nature of things he must meet with here, there are to be 
taken into account others of a more artificial kind. An 
elementary text -book must bo cheap ; neither author 
nor publisher can be expected to be wholly indifferent 
to profits, and only cheap books pay in science ; but, 
setting this consideration aside, it is of the first importance 
that the work should be within the reach of the largest 
number possible of buyers. Cheap, and therefore small 
and sparingly illustrated. So here arises the first difficulty. 
.\Vh.it to leave out in the text and how far illustrations 
may be dispensed with. 

Before these questions can be answered, the author 
must make up his mind what end he proposes the book 
shall be made to compass. For there are two most 
distinct purposes which a text-book may |je intended to 
serve. It may be designed to educate the reader ; or it 
may be put together in order to help him to get through 
an examination. And for books of the first kind there are 
two classes of readers to be provided for : some will never 
go beyond the elements of the subject ; for others the 
text-book is only the first step on a journey which will 
lead them on through all the details and ramifications of 
its subject. But the needs of both classes are at the 
outset very much the same. Both want a basis, broad 
and fiat in its simplicity, on which they can plant their 
feet firmly ; not a surface so rough and jagged with 
complicated details that they are bewildered to know 
where, or whether anywhere^ a secure foothold is to be 
found on it. For both the aim of the book must be to give 
fibre and sinew to the mind, not to pack into it a mis- 
cellaneous assortment of useful and interesting facts ; the 
mastery of the book must involve not the mere exercise of 
memory, but the continuous use of observation and the 
logical faculty. 

In every branch of science there are certain parts which 
are eminently fitted to serve these ends, and other parts 
which will most effectually defeat them if introduced into 
an elementary work. Now, in the Presidential address to 
the British Association at the recent meeting at Newcastle 
the objects which ought to be exhibited in a Museum 
intended for popular instruction were most lucidly marked 
off from those that ought not : an ajmost identical clift- 
sification will divide those parts of a scientific* subject 
which ought to find a place in an elementary text-book 
from those that ought not. In the same address an 
emphatic warning was given against overcrowding the 
^ cases. Equally must the writer of a text book be on his 
guard against congested sentences or chapters. 

Here, as in all education, the course of instruction, if it 
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is to be of any value for mental discipline, must lead up 
from the simple to the complex, from the particular and 
concrete to the general and abstract. To start with the 
nebular hypothesis in geology may claim to be taking 
things in their historical order, but is like giving meat tQ 
a baby of three months old. To lay before the beginner 
a familiar object such as a lump of sandstone or lime- 
stone ; to show him how to puli it to pieces and find what 
it is made of ; to give him reasons for the belief that it has 
not existed from the beginning of all things, but is a 
naturally manufactured product; to drive him to rummage 
brook, river, pond, and sea, the whole field of outdoor 
nature, in hopes of finding some similar product now in 
process of manufacture, — some such treatment as this at 
the outset would seem to be the way to lead a beginner on 
to use his hands, his eyes, and his reasoning faculties — in 
a word, to educate him. And at this stage only well 
ascertained facts, and conclusions on the soundness of 
which no doubt can be thrown, ought to be introduced ; 
incomplete observations and experiments, inferences which 
are no more than likely, all provisional and speculative 
hypotheses, and all controversial matters, ought to be 
kept carefully in the background. We do not trust a 
youngster among quicksands and shaking bogs till much 
walking over sound ground has given him sturdy legs, 
sure feet, a quick eye, and sound judgment. There is a 
bit of advice given in the preface to the book now before 
us, which is not likely to do much harm because it 
certainly will not be followed by those for whom the book 
is written ; bdt one shudders to thifik of the mental chaos 
that would result from reading every book or article on 
geology which can be bought or borrowed, the contro- 
versy on the Taconic System included. To encourage so 
omnivorous an appetite is not according to knowledge. 

The limits of an article will not allow of more than the 
fringe of the subject being just touched upon ; but enough 
has been said to show what seem to be the things to be 
striven after and the things to be avoided in a book on 
elementary science which aims to educate its readers. 

The other kind of text-book is necessarily constructed 
on a totally different principle. The author’s aim is to 
satisfy the requirements of syllabus or code ; lucky it is 
if he is a slave to only one, and does not vainly struggle 
to meet the demands of many. The reader must be 
fortified against every possible form of question which the 
ingenuity of the examiner can devise without going out- 
side the prescribed limits ; and as that ingenuity is 
boundless, the number of such questions must be legion. 
Hence arises the necessity of packing into a small com- 
pass an endless variety of subjects, with the result that 
only a few words can be spared for each. Each also, 
instead of standing out crisp and sharp with an appro- 
priate heading to call attention to it and emphasize its 
importance, shares with two or three others, with which it 
may have only a remote connection, the cramped quarters 
of a single sentence.^ What a risk there must be in such 
a case that matters of great moment^maybe passed by 
unheeded ! Even in a crowd we may stumble on inter- 
esting folk, but It is not in a crowd that intimate acquain- 
tance or lasting friend^iips usually begin. 

There is another evil in books of this kind ; they foster 
the, dangerous belief that there are short cuts to learning — 
a notion welc<)me enough in this age of hurry and unrest, 


when everything is* to be done quickly, well also if you 
can, but quickly at any cost. 

An amusing illustration of the educational value* of the 
ordinary text-book may perhaps be allowed a place here. A 
girl, sharp enough to be worth taking pains with, came to 
me for assistance in the preparation for her examination. 
She was happy in the possession of a text-book which 
professed to give all the information which her syllabus 
required on I know not how many branches of science. 
She was just beginning the section bn chemistry and was 
much exercised as to the meaning of chemical symbols. 
I was able to remove her difficulties, and to send her away 
hopeful that further progress would be easy and rapid. 
The latter it certainly was, for at the end of a week she 
came again with a beaming face ; she had finished 
chemistry, and made some way in meteorology. I natur- 
ally demurred to her getting her geology in this fashion, 
and substituted for the geological section of her book a 
well-known primer. She repaid me and showed her 
appreciation of w'hat scientific writing ought to be, by 
declaring that this was as good as a story-book. 

But it would not be fair to take the precious compendium 
from ^hich, but for a lucky accident, this girl would have 
derived all her knowledge of science, as a fair sample of 
the average text-book. On many even of the second 
class it is possible to look with qualified satisfaction, and, 
though the work before us must be placed in this class, 
it is good of its kind. There is life and spirit in it, and 
here and there its points are happily put. No one who 
reads it attentively can fail to get from it information 
which not only will be serviceable in examinations, but 
may be used as a stepping-stone to further progress in its 
subject. But I should like to call the attention of the 
author to a few points in which there seems to be room 
for improvement. 

The exigencies of space demand that there should be no 
repetition in a book of this kind. But there is more than 
one case in which our author says over again what has been 
already said on a previous page. For instance, on pp. 7 1 
and 72 we have much that has been previously given in 
chapter ii. The amount of dissolved matter in the Thames 
is stated twice over, on p. 11 and again on p. 73. Other 
cases might be quoted. The general arrangement of 
chapter viii. does not seem to be commendable : it is hard 
to see why such simple matters as ripple-marks, rain- 
pittings, and sun-cracks should come after the more com- 
plicated structures of foliation and faulting ; what would 
seem the natural arrangement, of beginning with the 
simple, is absolutely reversed. The term current-bedding 
is used and partially explained on p. 22, but we do not 
find a full definition till p. 45* 

A few cases of incomplete information and even of 
looseness of statement may be noted. In speaking of the 
consolidation of sediment by pressure, only the weight of 
the overlying rock is mentioned on p. 18. Whether glaciers 
move solely by the force of gravity, as is implied on p. 76, 
is to say the least a moot point. The description of 
fire-clay as “ a fairly pure variety of clay, containing but 
little water,'' can hardly be said either to be accurate or 
complete. Marl is not clay mixed with lime. It is 
surprising to find among so many really good illustrations 
the time-honoured section across the Jura on p. 42, which 
only deserves to be preserved as about the most successful 
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effort that was ever made to represent^ things as they 
are not. The two paragraphs on contorted strata and 
inverted strata which follow are instances of the congestion 
which is unavoidable in text-books of the second class. 
It is impossible in so small a space to give the pro- 
minence which it deserves to the conception of horizontal 
thrust and compression, and very few readers would 
realize, from the few words devoted to them, the sur- 
prising character of the thrust-planes of the Scotch 
Highlands. It is scarcely fair to magnetite to say that it 
sometimes exhibits magnetic properties, and ferrous 
carbonate does not give a green, blue, grey, or purple 
colour to rocks (p. 70). One and only one more objec- 
tion will I urge. 'I'herc is a lamentable absence of 
geological sections. No verbal descriptions will suffice 
to convey to anyone, let alone a beginner, clear notion^ of 
the geological structure of a country without illustrative 
sections. The reader of the present work will gather 
from it the parts of the country in which the various 
formations are seen at the surface, but he will come away 
.with very few notions as to the lie of the rocks. I 
cannot help feeling that the “imaginary scenes” during 
the several geological epochs might be usefully r^laced 
by a set of geological sections. 

A. H. (JREKN. 


THE ELORA OF DERBYSHIRE. 

A Contribution to the Flora of Derbyshire ; being an 
Account of the Floit'cring Plants, Ferns, and Characae 
found in the County. liy the Rev. W. H. Painter. 
8vo, pp. 156, with a Map. (London ; George Bell and 
Sons, 1889.) 

D erbyshire is much the most interesting of our 
midland counties from a botanical and physico-geo- 
graphical point of view. Geographical botanists, following 
Watson, divide the surface of Britain into two regions of 
climate — a lower or agrarian region, in which the cultiva- 
tion of cereals and the potato is practicable, so far as 
climate is concerned ; and an upper or Arctic region, in 
which no cultivation is possible. The agrarian region is 
divided into three zones, and whilst in Surrey, Hamp- 
shire, Wiltshire, and Kent, only one of these three zones 
is represented, in Derbyshire, Shropshire, and Cheshire, 
we get all three of them, and a greater area of super- 
agrarian zone in Derbyshire than in any other midland 
county. The plants of Britain, botanical geographers 
divide into two principal groups— the southern types, 
which have their head-quarters in Central Europe, and 
the boreal types, which have their head-quarters in 
Northern Europe, and grow only upon high mountains 
further south. The southern types are to the northern as 
six to one — about 1200 species against 200 ; but less than 
50 species reach the midland counties. In Derbyshire we 
get a declination of surface from mountains nearly 2000 
feet high down to a low level, so that it shows better than 
any other county how, in the centre of ‘England, the 
boreal and austral elements of the flora meet and mingle 
together. 

The whole area of the county is a little over a thousand 
square miles— about one-sixth that of Yorkshire. The 
Pennine chain, the backbone mountain-ridge of the north 
of England, extends for some distance into Derbyshire 


forming the watershed between the streams that flow into 
the German Ocean and the Irish Channel. We may 
divide the county into two unequal halves by a line that 
runs across it from west to east, from Ashbourne to Duffield. 
3 outh of this line, with Derby in its centre, is a level 
tract underlaid by new red sandstone, with a flora like 
that of Leicestershire, Nottinghamshire, and Warwick- 
shire. North of this line, all the rocks are Paleozoic, and 
the level gradually rises. The Carboniferous limestone 
occupies the lower levels about Castlcton, Matlock, and 
Buxton. This is much the most interesting part of the 
county, and the best known to strangers, the region of 
lead mines, caverns, and romantic narrow dales, girdled 
by high cliffs of limestone : Miller’s Dale, Monsal Dale* 
Asbwood Dale, Chee Tor, Chatswortb, Haddon Hall, 
are all familiar names alike to botanists and lovers of 
fine scenery ; and Dovedale, Bakewell, and Rowsley are 
classic ground to anglers. The market-place at Buxton 
is over 1000 feet above sea-level, so that Buxton is on 
a par, so far as plants go, with Dundee or Aberdeen. 
The heights of Abraham, over Matlock, are about the 
same height above sea-level as the town of Buxton. 
About Castleton and Buxton the limestone reaches a 
height of 400 or 450 yards, and with it many plants of 
the lowlands ; for instance, Epilobium hirsutum, Galium 
cruciatum, G. 7 >erum, Lamitim purpureunt, and L 
. incisum, reach a higher level than .anywhere else in the 
' country. On the whole, the botany of the Derbyshire 
limestone tract is most like that of Ribblesdale, Aire- 
dale, and Wensleydalfe, Above the limeStone in the 
Peak country, and around Buxton and Castleton, there is 
a considerable thickness of shale and millstone grit. The 
flora of these higher levels is poor and monotonous, but 
we get the cloudberry {Rubus Chanuemorus) on Axe-edge, 
the bearberry {Arctost.ipiiylos Cva-ursi) on the moors 
round the head of the Derwent, and the whortleberry 
{Varciniutn Yitis-idcra) in several places .about Buxton and 
Glossop. East of all these is an area of coal- measure 
country, the flora of which seems to be very poor, and to 
resemble that of the country round Huddersfield, Shef- 
field, and Halifax. 

Mr. Bagnall has alre.ady .shown, in the fournal of 
Botany, that Mr. Painter’s numerical analysis, on p. 4 
of the “ Derbyshire Plants,” classed under their types of 
distribution, needs material revision. Out of 532 plants 
universal in Britain, Mr. Bagnall’s estimate, founded on 
Mr. Painter’s detailed list of species, is 486 species for 
Derbyshire. In all probability, most of the other 46 
species will be found if they are carefully sought ; but, 
of the 599 species which represent the characteristic- 
ally southern element in the British flora, there are 238 
species in Derbyshire, or less than half. I cannot under- 
stand why the figure of the Germanic, or characteristic- 
ally south-eastern plants, which is 127 for Britain as a 
whole, 38 for North Yorkshire, 26 for Northumberland 
and Durham, should be as low as J4 for Derbyshire! 
Out of 201 boreal BVitish species, there are 39 in j)erby- 
shire against 104 fur the Lakes, 93 for Northumberland 
and Durham, and 76 for North Yorkshire. What Watson 
called the intermediate type, is a very interesting group ; 
(hey are concentrated in the north of England, and I 
suspect that the pqncipal reason of this is, that they are 
Montane plants with a preference for limestone. The 
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comparative figures are : 37 species for Britain as a 
whole, 33 for North Yorkshire, 21 for the Lakes, 21 for 
Northumberland and Durham, and 16 for Derbyshire. 
The total number of Derbyshire plants is 783 species out 
of 1425 recorded for the whole of Britain. 

Mr. Painter’s note (pp. 5-10) on the bibliography of* 
the botany of Derbyshire is full and satisfactory. Un- 
fortunately, many of the early records contained in 
Pilkington’^ “Derbyshire,” and copied into the old 
“ Botanist’s Guide,” are evidently inaccurate. But a 
great many trustworthy records, which stand on the per- 
sonal authority of Mr. H. C. Watson and Mr. J. E. Bowman, 
are contained in the “ New Botanist’s C,uidc,” of which 
Mr. Painter seldom takes notice. The curious Achillea 
serrata, a plant not known anywhere in a wild state, , 
which Sir J. E. Smith describes and figures, in “ English 
Botany,” from the neighbourhood of Matlock, he does 
not mention at all. 

As Mr. Painter explains in his preface and indicates 
in his title, his work is not put forward as a complete 
record of the flora of the county. It is not likely that much 
that is new will be found in the limestone tract and on the 
gritstone moors, but the exploration of the coal tract and 
level new red sandstone country is still very incom- 
plete. A full and adequate flora of a county so inter- 
esting would be a very acceptable contribution to the 
literature of botanical geography. J. G. B. 


• « 

OCR BOOK SHELF. 

Science 0/ Every-diiy Life. By J. A. Bower, P’.C..S. 

(London: Cassell and Co., 18S9.) 

We have here another attempt to simplify the acquire- 
ment of a knowledge of some of the elementary facts of j 
science, but though there is much to be commended, 
some points certainly require revision. With reference 
to the well-known experiment in which bits of straw, 
wood, or cork come together when thrown into a basin of | 
water (p. 22), the author htis fallen into the common error | 
of ascribing the effect to gravitation instead of to surface- j 
tension. If a few wax-lights or other things not wetted by i 
water be added, it will be fopnd that a substance which is 
not wetted is repelled by a substance which is, and that 
only “birds of a feather flock together.” Again, with 
young students, loose or incomplete statements cannot be 
too carefully guarded against ; the statement on p. 59 that 
15 pounds or 30 inches of mercury is “ equal to a square 
inch column of air to whatever heij^ht it may extend ” is 
of this class. 

The book is apparently intended more especially for 
the young people’s section of the National Home-Reading 
Union, but it is hardly likely that many of the branches 
will be furnished with the necessary apparatus for the 
experiments. The ground covered includes the pro- 
perties of matter, and the physics and chemistry of air 
and water. 

l;.le»ientary Physics. By M. R. Wrigfit. (London : 

Longmans, Greerf, and Co., 1889.) , 

In thi% book Mr. Wright has added to the more 
elementary part of his work on sound, light, and heat, 
the leading facts of other branches of physics, so as to 
form a general introduction to physical science. The 
subject is an essentially experimental one, and the author, 
haying learned by experience that a sti^dy of facts is the 


first duty of beginners, very little space is given to- 
theoretical considerations. There is very little that is 
new, and indeed it is hardly to be expected. Most of the 
experiments are clearly described and are capable oT easy 
performance, but one or two improvements may be 
suggested. On p. 4 the student is told to “cut a hole in 
an iron plate so that a flask filled with cold water just 
passes,” an operation beyond most students, and we see 
no reason why a piece of card should not do equally well. 
Again, on p. 6, the making of a thermometer is hardly 
sufficiently detailed ; having made a bulb at one end of 
the tube, the student is simply told to make one at the 
other end, but he will certainly not see his way to do 
this without further assistance. There are no less than 
242 di.'xgrams, but, needless to say, most of them have 
done good service before. 

The book is excellently adapted for such a course of 
instruction as that laid down in the syllabus of alternative 
physics by the Science and Art Department. 

Teacher’s Manttal of Geography. By J. W. Redway. 

(Boston, U.S. : D. C. Heath and Co., 1889.) 

Wk have of late heard a good deal on the subject of how 
geography should be taught, but now we find an author 
who believes “ that less energy devoted to improvement of 
methods, and a little more to the quality of the material 
taughtf would not be amiss.” The authoi’s view of the 
scope of geography is much broader than that generally 
accepted, and, in this country at least, the title “ physical 
geography ” would be regarded as more appropriate. 

The first part of the book consists of “ hints to teachers,” 
and very valuable hints they are. Oral instruction and 
out-of-door lessons are strongly recommended, and the 
author attempts to make the subject a practical one by 
suggestions as to the use of the moulding board for 
representing the variors features of a country. The free 
use of pictures and instructive stories from authentic 
books of travel, especially with primary pupils, is also 
recommended. 

In the second part, common errors, such as the 
assertion that “ lakes which have no outlet are salt,” are 
corrected. There is also an interesting chapter on the 
history of gcognaphical names. The book is quite unique, 
and teachers will find much to interest as well as instruct 
them. 

Xotes on the Pinks oj Western Europe. By F. N. 

‘ Williams, F.L.S. Pp. 47. (London: West, Newman, 

and Co , 1889.) 

I. .AST week we noticed Mr. Williams’s classified enu- 
meration of all the known species of Dianthus. In 
the present pamphlet he gives Latin descriptions of, and 
English notes upon, the species of Western Europe. 
Out of a total of upwards of 200 species, there 
I arc altogether 55 in Western Europe, which arc dis- 
: tributed through the different countries as follows, viz. 

! 43 in .Spain, 33 in France, 13 in Portugal, 7 in 
' Germany, 5 each in Belgium and Holland, and 4 in 
! England. His descriptions seem to be clear and explicit, 
i and he has worked out carefully the geographical range ot 
i each specie?, but he does not give references either to 
j published figures, or, with few exceptions, to the books 
\ and papers in which the plants have been originally 
described. As a rule, he admits species freely, but he 
; unites the common European Dianthus Seguieri with the 
Chinese and Japanese D. sinensis, which is the parent of 
{ many cultivated forms. This gives the species a range 
I Irom Portugal to Japan. Many of the West Europeart- 
forms are so puzzling, and the descriptions are so widely 
-cattered, that it will be a boon both to botanists and 
gardeners to have them all brought together and worked 
out on one uniform plan* 
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A men can Resorts^ with Notes upon their Climate. By 
Bushrod W. James, A.M., M.D. (Philadelphia and 
London : F. A. Davis, 1889.) 

Whoever imagines, from the imposing exterior of this 
volume, that he will find much information within its 
covers on American health-resorts, is doomed to dis- 
appointment. In most cases he will be as well or better 
off if he consults a good gazetteer or geographical diction- 
ary, It is true it contains a translation of some chapters 
of Dr. WoeikoPs ‘‘ Die Klimate der Erde” ; indeed, this 
forms more than oire-third of the volume— a singular 
method of producing an ‘^original” work. 

This translation no doubt contains a great deal of tech- 
nical detail, but there is extremely little in it to help the 
ordinary inquirer to select a suitable winter or summer re- i 
sort. If a possessor of this volume desired to obtain, for in- 
stance, some accurate and detailed information as to the 
climate of Southern California and its principal resorts, he ; 
would find the whole of this important region disposed of in . 
less than four pages ; while one of its most rising resorts, 1 
Santa Barbara, is disposed of with fourteen lines at I 
p. 52, and exactly the same number of lines at p. 152 ; 
and another, Los Angeles, gets less than ten lines. No 
.references to meteorological observations, and no climato 
logical details of any kind, are contained in these extremely j 
meagre accounts. In other parts of the book, seven or ■ 
eight health-resorts are disposed of in a single pa.^ (pp. 
33 > 37 > 44 )* Less than three pages are devoted to Florida 
and all its resorts. Again no meteorological details of 
any kind. Denver is disposed of in eight lines, Colorado 
Springs in a like number, and Salt Lake City in two 
lines. 

It is scarcely necessary to deal sciiously with a book 
put together in this fashion. 

Idylls of the Field. By Francis' A. Knight. (London: 

Elliot Stock, 1S89.) 

With the papers in this dainty volume readers of the 
Daily News are already familiar. In spirit and style 
they closely resemble the papers included in the same 
author’s ‘‘By Leafy Ways.’’ Mr. Knight has a genuine 
love for the poetic aspects of Nature, and in these 
Idylls,” as in his previous book, he gives many a vivid 
sketch of scenes and incidents by which he himself has 
been impressed. The text is illustrated by a number of 
photogravures from drawings by Mr. E. T. Compton. 


LETTERS TO THE EDITOR. 

{^Tht Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return,, or to correspond with the writers of rejected 
manuscripts intended for this or any other part cf Nature, 
No notice is taken of anonymous communications. \ 

A New Logical Machine. 

A stranok little instrument has been sent to me from Auck- 
land, intended to illustrate the connection between the mathe- 
matical laws of thought and the laws of growth. 

The machine itself is simple, and consists of two wheels so 
arranged that, by turning a horizontal one, a perpendicular one 
is made to revolve. The axle of this latter projects ; and on it 
can be fastened a piece of cardboard. All the magic is in the 
precise forms of the cards sold with the machine ; and of these 
I must now speak. 

Mr. Betts, of the Government Survey, Auckland, devised a 
mode of stating arithmetically the main laws of thought. (He 
had not read George Boole’s book ; but his principle is, in the 
main, the same as that on which my husband worked.) 

Mr, Betts wished to make diagrams which might represent 
his formulae to the eye. Having arranged his scales, lie proceeded 
to draw the diagrams ; and^ found, to his surprise, that he was 
drawing the outlines of various leaves. These leaf-forms have 


been seen by many artists, who declare that they are not con- 
ventionalizations but true simplifications of leaves occurring in 
Nature. Mr. Betts next cut these leaf- forms out in white card- 
, board ; cutting slits to mark the growth-lines. When one of 
these cards is fastened on the axle of his machine, and whirled, 
bands of colour appear, which differ according to the form of the 
feaf ; hut the preponderating colour is green. 

When Mr. Betts told me of this by letter, I confrfs I hardly 
believed his account ; but be has now sent me a mochine and 
I some cardboard leaves, and several friends have seen the 
colours. • 

Although I understand Mr. Betts’s main principle, and am sure 
I that it is identical with my husband’s, I will not attempt to 
explain it, my object being to induce mathematicians here to put 
themselves in communication with this extraordinary mathema- 
tical logician, who, not knowing the calculus of Newton, has 
supplemented his deficiency by inventing a calculus of form, 
which is so far like in principle to that used by the Creator, as 
to have received from Nature the consecration of colour. 

I have, of course, seen the colours ; but, having bad sight, I 
distrusted my own impressions, till I had heard many persons, 
more fortunate than myself in this respect, describe what they 
saw. 

The address is, Benjamin Betts, Esq., Milton Street, Mount 
Eden, Auckland, N.Z. Mary Boole. 

103 Seymour Place, Bryanston Stpiare. 


Lamarck versus Weismann. 

• Mr. Wallace’s note with the above title in Nature 
(vol. xl. p. 619) contains an illustration of a kind of reasoning 
that is so common with the post-Darwinians (I know of no other 
concise expression to designate this class of thinkers) that I 
desire to call attention to it. His remarks are apropos of the 
twist in the skull of the flat-fishes, and of Dr. Lankesier’s com- 
ments on the explanation of its origin offered in his book 
Darwinism.” Mr, W^Iace has, as it appear# to me justly, 
ascribed the rotation of the eye of these fishes to the “ trans- 
mission of a series of slight shifiings of the eye acquired in 
successive generations by the muscular effort of the ancestors of 
our present flat-fish” (Lankes^er, in Naiure, vol. xl. p. 568). 
This, observes Lankester, |3ointedly, is “flat Lamarckism.” 
Now Mr. Wallace explains that he has added the following 
language, which he thinks negatives the explanation cited by 
Dr. I.»ankester ; “ those usually surviving whose eyes retained 
more and more of the position into which the young fish tried 
to twist them.” Mr, Wallace then says that the “ survival of 
favourable variations is even here the real cause at work,”' 

In the three sentences cited from Mr. Wallace, we have the 
whole question at issue between the post- Darwinians and the 
i neo-l.amarckians in a nutshell. We have slated the “origin of 
j the fittest ” and its probable cause ; the “ survival of the fittest ” ; 
j and the non sct/uilur of the post^Darwinians closely following. 

I I point expressly to the words of Mr. Wallace, that the “survival 
I of favourable variations is even here ihe real cause at work,” as 
containing the paralogism (as Kant would say) which constitutes 
; the error of post-Darwinian reasoning. That survival constitutes 
' c7 cause is clear enough, since from sui vivors only, the succeeding 
. generations are derived. But it is strange that it does not seem 
i equally clear, that if whatever is acquired by one generation 
were not transmitted to the next, no progress in the evolution of 
a character could possibly occur. Each generation loould start 
' exactly where the prceedin^e^ one did, and the (] nest ion of survival 
would never arise, for there would he nothing to call out the 
I operations of the law of natural selection. Selection cannot be 
the cause of those conditions which are prior to selection ;• in 
; other words, a selection cannot explain the o?yj^in of anything, 

! although it can and does explain survival of something already 
originated ; and evolution consists in the origin of characters, 
as well as of their survival. 

The attempt to produce variations by malilations, or by abrupt 
modifications of the nbrmal conditions of plants and anynals, is 
not likely to prove successful, as it has evidently not been 
Nature’s way of evolving characters, although some well- 
authenticated instances of such inheritance are on record. And 
the fact that we have not as yet an explanation of inheritance, 
jnay be applied with equal force against any and all theories of 
evolution that have been entertained. E. D. Cope. 

Philadelphia, Nofbmbcr 3. 
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Galls. 

In his suggestive paper on Prof. Weismann’s theory, Mr. 
Mivart says, while alluding to the formation of galls, “ It would 
be interesting to learn how natural selection could have caused 
this plant to perform actions which, if not self-sacrificing (and 
there must be some expenditure of energy), are at least so 
disinterested.*' 

Mr. Mivart here strikes what has always appeared lo me one 
of the most important facts in organic nature with reference to 
the theory of natural selection. I have always so considered it, ! 
because it seems to me the one and only case in the whole range 
of organic nature where it can be truly said that we have un- | 
equivocal evidence of a structure occurring in one species for the 
exclusive benefit of another. j 

Moreover, the structure is here a highly elaborate one, entail- 
ing not only a drain on the physiological resources of the plant 
(as Mr. Mivart observes), but also an astonishing amount of , 
morphological specialization. Indeed, the latter point is so 
astonishing, that when we study the xuimber and variety of gall- j 
formations in different species of plants— all severally adapted to | 
the needs of as many different species of insects, and all presenting i 
more or less elaborate provisions for ministering to such needs — | 
it becomes idle to doubt that, if such cases had occurred elsewhere 
and with any frequency in organic nature, the theory of natural 
selection would have been untenable, at all events as a general 
theory of adaptations and a consequent theory of species. But 
seeing that the case of galls is unique in the relation which is now ! 
before us, it becomes reasonable to attribute the formation of 
galls to the agency of natural selection, if there be any con- 
ceivable manner in which such agency can here he brought t^o 
bear. 

Now, although it is obvious that natural selection cannot j 
operate upon the plants directly^ so as to cause them to grow | 
galls for the benefit of insects, I think it is quite possible to | 
suppose that natural selection may operate lo this end on the 1 
plants indirectly through the insects^ viz. by always selecting those ’ 
individual lanre the character of whose e.xcitatory emanations is 
such as will best cause the plant to grow the kind of in )rpholo- ' 
gical abnormality that is required. | 

This explanation encounters difficulties in some special cases of ' 
gall-formation, which I will not here occupy space by detailing ; 
but as it is the explanation given in a course of lectures which i 
am at present delivering to the students here, I should like to 
take the opportunity, which Mr. Mivart’s paper affords, of asking 
whether anybody else has a better explanation to offer. 

George J. Romanes. I 

Kdinburgh, November 18. ] 


“ Modern Views of Electricity.’* j 

Your reviewer (p. 5) takes rather high ground wherefrom to' | 
criticize a confessedly popular and expository book ; and some ! 
of the charges of vaguentss— as, for instance, that 1 do not j 
definitely specify the velocity with which electricity travels in a ' 
given current — strike me as laihcr out of place, seeing that the 1 
same charge might be made against the treatise of Clerk- * 
Maxwell. A want of definiteness about the constitution of the 
ether I must perforce admit ; and I can hardly be surprised at 
your reviewer’s want of sympathy with my struggles to convey 
to non-mathematicians some idea of the tendencies of modern 
inquiry, when I find that he thinks it “open to question whether 
attention has not of late years been toT much diverted from the 
condition of the charged bodies in the electric field to that of 
the medium separating them.’* 

, But it is not so clear how, holding this view, he can say that 
tne tentative theory attempted to be explained by me “is in its 
most important features almost identical with the old two-fluid 
[action at a distance] theory published by Symmer in 1759”; 
nevertheless, by taking a few statements fronrthe earlier and in- 
troductory portion of my book, and caricaturing them a little, he 
does tnanage to make it appear as if«.the so-called “modern 
views were merely a case or reversion to an ancestral type. 

However, it is not on these general topics that 1 break a 
wholesome rule and reply to a review : it is because I am 
charged with four or five definitely misleading statements, and 
it is these I wish to either withdraw or justify. 

First, concerning the relation between the Peltier effect and 
^|iHe £.M.F. at a junction. I liave arguefl this matter out fully 
Philosophical Magaziuclot March 1886, p. 269, and have 


shown that the only* ‘‘ further assumption*’ needed is this; — 
The measuf’c of tire E.M.F. at any section of a circuit is the worJc 
done per unit electricity conveyed past that section^ or^ dW = 
QdE. Until this is disproved I regard it as axiomatic :*and, so* 
regarding it, I hold that what I have said about contact E.M.F. 
is true. My position in the matter is, at all events, perfectly 
clear and definite, and is fully explained in the Philosophical^ 
Magazine article referred to, as well as in several others of older 
date. 

Second, as regards tourmaline. I certainly did not intend to 
explain pyro-electricity as due to unilateral conductivity solely, 
but perhaps my brief statements concerning it on p. 122 might 
be more cautiously worded so as to avoid any possible mis- 
conception. 

Third, the “ dead-water ” argument against electric momentum 
(p. 103) is not left as a valid proof of its non-existence, though it 
is introduced as at first sight so tending ; and all that my critic 
says against it resolves itself into a question of degree. 

The same is true of what he says on the fourth point, concern- 
ing Fitzgerald and the Kerr effect ; and his assertion that Fitz- 
gerald’s deductions do not coincide with the observations of Kerr 
and Kundt seems to me to convey a much falser impression than 
my nine-year-old statement (p. 323) to which he objects ; “ Mr. 
Fitzgerald, of Dublin, has examined the question mathematically, 
and has shown that Maxwell’s theory would have enabled Dr. 
Kerr’s result to be predicted.” 

Lastly, my suggested possible account of the Thomson effect 
(pD. 1 1 7, 120, 295), though it does not indeed altogether hold 
water (as both Prof. Everett and Prof. J. J. Thomson have 
kindlif pointed out to me), breaks down for a reason entirely 
different from that supposed by your reviewer, who is estimating it 
only from his own caricature of an ether theory. The real weak 
point lies in forgetting that the condition required is unequal 
impulse^ not simply unecpal force. 

In thus replying to objections raised, I by no means suppose 
that my critic has made them in any unfriendly spirit. I only 
feel that he has read the book rather unsympathetically, and 
(pos.sibly on account of faults in the preface) has regarded it as 
more scientifically pretentious than its style and object at all 
warrant. Misleading statements as to matters of fact I have 
indeed strenuously endeavoured to eschew, and 1 trust that to 
very few of them shall I have, in a second edition, to plead 
guilty. Oliver J. Lodge. 

November 16. 


Geometrical Teaching. 

Mk. Woodall has called attention to an evil which, even at 
the j)rcsent day, is more extensive and persistent than is 
generally .supposed to be the case by those who imagine that 
“improved methods of geometrical teaching” are making 
themselves felt. 

It is surprising that such a subject as Euclid, which of all 
subjects perhaps is best calculated to produce in the minds 
of young persons an exact method of reasoning, should be so 
badly taught. There can be, I should imagine, only 01^ 
opinion as to the method of teaching described by Mr. Woodall, 
viz. that it is decidedly bad ; and even worse, that it is perfectly 
useless. 

It is often objected by this class of teachers that young people 
cannot be brought to appreciate the intricacie.s and subtleties of 
Euclid’s propositions, and that, in consequence, if they be learnt 
at all they must be learnt by heart. But is not this a great 
mistake ? My own experience has shown me that young persons 
can be induced to appreciate and take an intelligent interest in 
Euclid if it be taught intelligently. This demands some little 
trouble on the part of a teacher, and I su.spect that a laige 
proportion of our bad geometrical teaching is due to the 
disinclination of the teacher to take overmuch trouble in his 
work, coupled with the fact that it is often very difficult for 
him to get over the superstition of his own school-days, that a 

S osition, if it be learnt at all, must be learnt by heart, 
out any display of intelligent interest. 

It docs not seem to me to be necessary, at the outset at 
any rate, in order to improve the teaching, that the ordinary 
well-known edition of Euclid should be taken to pieces in order 
that a new and elaborate arrangement of the propositions may 
be made out of the fragments, according to some individualistic, 
arbitraiy, or so-called scientific ihethod. Sufficient for the day is 
the evil thereof. The effective teaching of Euclid may be 
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conducted upon the old line, so well known to us in Potts and 
Todhunter ; but to make it eflective our teachers must be 
possessed of ordinary common-sense. So long as this is ab- 
sent, all the elaborate and scientifically improved editions of 
Euclid’s “ Elements ” in the world will not produce the much-to- 
be-desired change. Let the teacher go through any edition of the 
first book of Euclid’s “Elements” in a common-sense manner 
with his pupils, and he will find that, instead of the apathy and 
general disgust exhibited by them when undergoing the ordinary 
process of Euclidian cram, there will be a general air of bright- 
ness, interest, and intelligent appreciation. 

Harold Wager. 

The Yorkshire College, Leeds, November 25. 


A Brilliant Meteor. 

While at my observatory to-night, at 9.37 p.m., I saw the 
largest and brightest meteor I have seen since November 1880. 
It became visible near v Eridani, and disappeared near a 
Leporis. The colour was a bright greenish blue, and Jhe 
brightness wa-i twice or three times Venus at greatest brilliancy. 
It cast a distinct shadow. J. CociCBURN. 

St. Boswells, N.B., November 23. 


S7y1/e n/S7'ylA'CJtSJ 

^l^'llE festal offering contributed by Prof. Oudemans I 
the Pulkowa celebration is an especially iippn 
priate one. The incidents of the long parallax-campaign 
can scarcely be recapitulated without recalling, in con- 
nection with the name of F'riedrich Struve, the quorum 
pars unifina fui of yKneas. He it was who, in Sir John 
Herschel’s opinion (Memoirs R. Astronomical .Society, 
vol. xii. p. 442), made the first real impression upon the 
problem by showing that not one of twenty-seven circum- 
polar stars discussed in 1819-21 could possibly have an 
annual parallax amounting to half a second of arc. 
Thenceforward, astronomers knew wh.at they had to 
expect. .Sanguine hopes of meeting comfortably large, 
and properly periodical residuals among ordinary obser- 
vations, were checked, if not extinguished. The changes 
of stellar position reproducing, according to the laws of 
perspective, the movement of the earth in its orbit, were 
perceived to be on a scale so minute that their satisfactory 
disclosure lay, for the moment, beyond the range of 
what was feasible. Success in the enterprise, it was 
evident, was conditional upon the employment of more 
perfect instruments than had heretofore been available 
with a precision and vigilance of which the very idea 
was absent from all but a few prescient minds. Sir 
William Herschel seemed to have anticipated the con- 
juncture when he declared in 1782 the case to be “ by no 
means desperate,” although stellar parallax should fall 
short of a single second {Phil. Trails., vol. Ixxii. p. 83). 
The memorable “ triple event,” by which, almost simul- 
taneously, at the Cape, at Kdnigsberg, and at Pulkowa, 
his confidence was justified, is familiar to all readers of 
astronomical history. Its significance may be estimated 
from Bessel’s admission that, until the yearly oscillations 
of 6r Cygni emerged from his measures in 1838, he was 
completely in the dark as to whether stellar parallax was 
to be reckoned by tenths or by thousandths of a second 
{Astr. Nach., No. 385). 

^ The value to students of Prof. Oudemans’ synoptical 
view of what has since then been achieved in this 
direction can hardly be overstated. Not only does he 
record every individual result worth considering, but 
the tabulated particulars enable a fair judgment to be 
formed as to the value of each. There are, indeed, one 
or two cases in which a note of warning might with 
advantage have been added. Thus, Dr. Briinnow’s small 

‘ ** Uebtirsicht der in den letzten 6o Jahren ausgefllhrten Bestimmungen 
von Fixstern parallaxen.** Von J. A. C. Oudemans. Fine Festgabe xum 
Sojithrigen Jubiillum der Sternwarte zu Pulkowa. Astronomisch^ Nach^ 
ricnieth Nos. 2915-16. 


parallax for 85 Pegasi, to say the least, requires confir- 
mation. A perfect equability in the mode of observing is 
essential in such delicate operations ; but the Dunsink 
astronomer was himself conscious of, and noted with his 
usual care, a slight change, as the series flowed on, in his 
l^abit of “bisecting” the large star {Dutisink Observa- 
tions, vol. ii. p. 38). The distance of this interesting 
binary system can hence scarcely be regarded as even 
approximately known. 

.Still less reliable, though for different roasons, are 
Johnson’s measures of Castor, and Captain Jacob's of a 
Herculis. The parallax assigned to the latter star of 
o"'o 62 relative to its fifth magnitude companion cannot be 
other than illusory, since the pair, as evidenced by a 
small, but well-ascertained common proper motion, are 
physically connected, and must therefore be at virtually 
the same distance from the earth. 

Forty-nine stars, all save one measured within the 
last sixty years, are included in Prof Oudemans’ list. 
The exception deserves particular mention. Samuel 
Molyneux erected at his house in Kew (ireen in 1725, a 
zenith sector by Graham, with which he began, in com- 
bination with Bradley, a set of observations for parallax 
on y Draconis. The same star had, in the previous 
century, been similarly experimented upon by Robert 
Hooke with something of a dubious success. The well- 
known eventual issue of Molyneux’s observations was 
, Bradley’s discovery of the aberration of light ; but they 
j included besides an element of true parallactic change, 

I brought out by Dr. Auwers’s discussion in 1869,^ after it 
had lain concealed among them for 142 years. The eye 
.and hand must indeed have been faithful thus to 
record an ebb and flow of change profoundly submerged, 
at that comparatively remote epoch, in the reigning con- 
I fusion betwen the real and the apparent places of the 
I heavenly bodies. 

I A light-journey of sixty-five years (parallax = o'' o5) may 
I be considered the present limit of really measurable 
I stellar distance. Forty of the forty-nine objects so 
i far investigated lie — most of them certainly, a few only 
probably — within it. Forty stars can thus be located 
with some definiteness in space — forty among, say, forty 
millions ! The disproportion between our knowledge on 
the point and our ignorance is so exorbitant that general 
I conclusions seem discredited beforehand, and negative 
j ones at any rate can have no weight whatever. Never- 
I theless, one remark at least is fully warranted by the 
^evidence. 

It is this, that the largest stars are not always those 
nearest to the earth. For to the narrow category of stars 
at ascertained distances belong no less than seven 
invisible to the naked eye, one of them in closer vicinity 
to us than Sirius, all than Capella, Vega, Arcturus, or 
Canopus. A cursory view might almost suggest — irrespective 
of geometrical possibilities — that stellar brightness had 
nothing whatever to do with remoteness. The legitimate 
and certain conclusion to be derived from the facts, 
however, is that the disparities of stellar light-power are 
enormous. A farthing rushlight is not more insignificant 
compared with the electric arc than a faint compared 
with a potent sun. Sirius emits 6400 times as much light 
as a ninth magnitude star north of Charles’s Wain 
(Argelander-Oeltzen 11,677) ; our own sun falls nearly as 
far short of the radiative strength of Arcturus. Ineauali- 
ties of the same order between the members of revolving 
systems emphasize this result. Sirius shines like fou» 
thousand of its own companions ; antf the movements of 
other stars are perhaps swayed by almost totally oTiscure 
bodies. 

The inference that the apparent lustre of individual 
stars tells us nothing as regards thei» distance was already 

• * MoHAtsberichie^ Berlin, 1869. p. 6^0. The result places y Draconis 
at a distance of 35 & lisht-years, but with a very large ** probable error’* 
(parallax = o'*'o9ad= o*^?7o). 
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'dfaWn by Dr. Huggins in 1866 {Phil. 7 'ra/is., vol. clvi. 
• 393) ; it has been amply confirmed since, and cannot 
e too forcibly insisted upon. We are unable to place 
■either an upper or a lower limit to stellar dimensions or 
intrinsic emissive intensity. Until Arcturus was proved 
to be immeasurably remote, few would have been disposed 
to credit the existence of a sun in space at least six 
thousand times as efflulgent as ours is ; but we know no 
reason why Arcturus itself should not be as vastly 
exceeded by some giant orb at the outskirts of the Milky 
Way ; while we are equally debarred from asserting that 
among sixth, seventh, twelfth magnitude stars, there may 
not be found some minute bodies at half the distance 
from us of a Centauri. 

But when we pass from particular to general reasoning, 
the aspect of the matter changes. No cause has yet 
been shown why the stars should be exempt from 
obedience to the “ law of large numbers ” which provides 
(as Prof. Edgeworth has ably shown) a clue to other 
labyrinths of facts. Statistics, it is true, .are often mis- 
leading, but only when they are wrongly employed. The 
frequent misuse of a method does not justify its total 
rejection. And the statistical method is peculiarly liable 
to misuse. Attempts to get from it more than it will 
properly give inevitably fail ; and what it will properly 
give are general statements which should only be gener- 
ally applied. An average result may not be the less 
instructive because it is by its nature incap.able of 
furnishing specific data. 

The stars then on the whole, decrease in bi ightness 
as their distances increase, and they must do so according 
to an underlying fixed law which wdl be more and more 
closely conformed to the larger the number of instances 
included in the genet alization. Each descent of one 
stellar magnhude represents a falling off in light in the 
proportion of 2^ to l ; it rcpieWnts, accordingly, an 
augmentation of distance in the proportion of the square 
root of 2 k, or to i. Theoretically, that is to say, 
stars of any given m.agnitude are t‘y) times more remote 
than those one magnitude su| erior, 2.J times (159 X i’ 59 ), 
where the gap is of two magnitudes, and so on. This 
would be strictly and specifically true if all the st.ars were 
equal ; but since they are enormously unequal, the rule 
may be grossly misleading in particular instances, and 
can only, by taking wide averages, be brought to approxi- 
mate closely to actual fact. 

The determination of individual parallaxes has .always, 
with astronomical thirkers, been subordinate to the 
higher aim of obtaining .a unit of measurement for sidereal ■ 
space. Hence continual attempts to fix the “ average 
parallaxes ” of classes of stars, which, however, remained 
futile so long as precarious assumptions supplied the 
place of direct information. Nor could this be obtained 
until the exigencies of the research had evoked improved 
means of practically meeting them. The earlier observers 
chose the subjects of their experiments entirely with a 
view to their successful issue. Stars likely, owing to their 
brilliancy, their swift motion, or both combined, to be 
nearer the earth than most others, were picked out for 
measurement, with results, each by itself of high interest, 
but woithless for generalizing purposes. It is only a few 
year% since increased skill in the handling of methods 
authorized an extension of the range of their application. 
The first systematic plan for investigating “ mean 
parallax” was proposed by Dr. Gill in 1883, and is now 
in course of combined execution at Yale College and 
the Cape. The completion last year of a section of the 
work enabled Dr. Elkin to deduce arf average distance of 
thirty-eight light-years for the ten first magnitude stars 
of the northern hemisphere ; but it would of course be 
folly to regard this avowedly “ provisional and partial ” 
result as a^ satisfactory basis for definitive conclusions 
about the distances of more remote classes of stars. Av 
the most, it , makes a useful temporary starting-point for 


some trial-trips of thought through space. Before long, 
however, througjh the exertions of Dr. Gill and Prof. 
Pritchard, direct measures, not only of all the first, but 
of most of the second magnitude stars all over the sky, 
will have been executed ; and the proportion between 
distance and brightness thus established may with some 
confidence be used as a fathom-line for sounding otherwise 
inaccessible sidereal abysses. A. M. Clerke. 


DP. H. BURMEISTER ON THE FOSSIL HORSES 
AND OTHER MAMMALS (TF ARGENTINA.^ 

HIS handsome volume is a continuation of the author’s 
monograph on the fossil horses of the Pampean 
beds of Argentin.a, of which the first part was published 
at Buenos Ayres in 1875, and is stated to have been 
specially brought out for the Paris Exhibition. The 
author has, however, not done himseif justice as regards 
thtf title of this portion of the work, since, in addition to 
the description of remains of the horses of the Pampean, 
he also describes and illustrates the osteology of Mega- 
therium, Mastodon, and Mocrauchenia, so that .a better 
title for this volume would have been “ The Fossil Horses 
and other Mammals of the Pampean Deposits.” 

Like the former part, the text of this volume is printed 
in parallel columns of Spanish and Gcrm.an ; and the 
execution of the pl.ates leaves nothing to be desired, so 
far as a clear delineation of the essential features of the 
specimens portrayed is concerned. All the specimens 
forming the subject of this monograph, are, as we learn 
from the introduction, preserved in the N.ational Museum 
at Buenos Ayres, of which the learned author is the 
Director ; and, so far as we may judge from the descrip- 
tion and figures, thoit collection of fossil mammals must 
be unrivalled in the excellence and completeness of its 
specimens. 

The first section of the work, or that to which the title 
alone properly applies, is devoted to the horses ; and 
the author commences his description by observing that 
the Egtiidie difier from all other Ungulates in that the 
premolars are larger than the true molars. For the more 
generalized species of the Pampean deposits, like Equus 
principalis of l.und. Dr. Burmeister adopts the Owenian 
genus Hippidium {Hippidion), remarking that these 
forms are distinguished from the modern horses by the 
shorter and more curved crowns of their cheek-teeth, 
which are of a more simple general structure, and also by 
a difference in the form of the narial aperture, as well as 
by their shorter limbs and stouter limb-bones. In the 



Kici. I. — Three right upper cheek-teeth of Ht^parion^ a, posterior, and 
* anterior outer crescent ; c, anterior, and r/, posterior inner crescent ; 
anterior, and fy posterior pillar. 


structure of their upper cheek-teeth the horses of this 
peculiar South American group make, indeed^ a decided 
approach to the more generalized representatives of the 
family, such as Hipparion. In the latter the anterior 
pillar of these teeth (Fig. i, e) forms, as is well known, a 

* •* Los Caballot Fdiilcs de la Pampa Argentina,'* Suplemento. (** Die 
fossilen Pferde der Pampasformation/*«Nachtrags Bericht.) By Or. Hermann 
Burmei'ter. Folioi pp. 66, pU. 4. ( Buen iS Ayres, 1889.) 
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subcylindrical column totally unconnected with the anterior deposits recently acquired by the Museum at Buenos 
crescent (c) ; in Hippidium this pillar retains almost the Ayres. The first of these additions is an entire skull of 
same form as in Hipparion^ but becomes connected with the Megalherium amerit a»um, which shows that our previous 
crescent.; while in the existing horses the same pillar has knowledge was incomplete. This skull formed part of a 
become greatly elongated in an antero- posterior direction, nearly entire skeleton of a very large individual found in 
Further, in the first premolar, which in modern August 1888 on the Rio Salado, but which is as yet but 
horses is generally absent, and if present is minute and partially disinterred. It shows that instead of the aperture 
deciduous, is of very large size, and always persists. of the nares being bounded superiorly merely by short 

The Pliocene Equtts stenonis of Europe forms, however, nasal bones which did not reach within a long distance of 
a connecting link in respect of dental characters between the premaxillse, there was a large prenasal bone extending 
the American Hippidium the modern horses ; and it is nearly as far as this point ; while there was alao a lateral 
therefore to a great extent a matter of individual opinion process projecting forward from the upper part of the 
whether or no the retention of Hippidium as a distinct maxilla into the nasal aperture. This prenasal bone is 
genus is convenient. A new species referred \o Hippidium 4i inches in length, and it is considered probable that it 
is described from Tarija, in Bolivia. Of more typical became united with the nasals in the adult. Still more 
horses the author describes additional remains of Kquus remarkable, however, is the presence of another ossifica- 
curvidens, E. argen/inus, and E. andium ; and he adds tion extending upwards and backwards from the superior 
to his description a useful word of warning in regard to surface of the extremity of the premaxillae towards the 
the many forms of fossil horses from other parts of South prenasal bone, from which it is only separated by a short 
America which have been described as distinct species, interval. These two ossifications, we may observe, are 
suggesting that all or several of these may be based merely evidently a rudiment of the complete bony arch connecting 
on individual variations. the premaxillae with the nasals in Mylodon darwim\ 

In the second section of the volume we have a descrip- which was on that account generically separated by 
tion of remains of other mammals from the Pampean Reinhardt as Grypoiheriutu ; and they serve to support 



Fig. T1) • tliird left upi)cr tri e moi.ir of Mastinion humboUUi; from the ranipcan of Buenos Aj r.:s. Two-thirds natural size. 

Prof. Flower’s view that the last-named species is not '*ence to these forms ;] but perhaps the real explanation of 
separable from the genus in which it was originally this omission is that the libraries at Buenos Ayres are not 
placed. so well stocked as those of kondon. According to our 

7 'he author next proceeds to the consideration of author, M. cordillernm is the smaller of the two species ; 
the skull of that species of Mastodon which he terms , the length of the mandible from the condyle to the 
M. antium. No mention is made of the earlier name , symphysis being 75 centimetres against 85 centimetres in 
M. cordil/erum, which appears to be the proper one for . 1 /. humboldti j the last dimension agreeing with the 
this species ; and in amending the usual spelling M. British Museum ckull of that species originally described 
andium to A/, antium, one cannot help wondering why by Falconer in M, andium. Falconer’s observations as 
the same course was not adopted in the case of Equus \ to the more complicated structure of the molars of M. 
andium. The object of this part of the work is to show humbolti are in the main confirmed. A small specimen 
that the reference by the late Dr. Falconer to M. cordil- of a last upper molar referred to this species in the British 
lerum (as we will call it) of mandibles from Texas, fur- Museum is (with the permission of Dr. Woodward) 
nished with long tusks is incorrect, and that this species figured in the accompanying woodcut, to show the com- 
really had, like its near ally M. humboldti, a mandibular | plexity of the crown, in which the valleys are much 
symphysis of the same general type as that of the j blocked by accessory tubercles. In the early stage of 
elephants, without any tusks at all in the adult. Figures | wear of this specimen imperfect trefoils of dentine are 
are given of an immature and of an adult skull with the ■ shown only on the inner columns ; but when more worn 
mandible in situ to support this redeterminaiion. Dr. | trefoils would evidently also appear on the outer columnst 
Burmeister then proceeds to institute a comparison In the well-worn upper molar of M. cordil lerum, rtpxo- 
between M. cordillerum and M. humboldti, in which he sented in Plate x.. Fig. 5, of the work before fls, the 
states that, although very similar, a careful examination absence of a distinct trefoil on the outer columns, which 
shows very clearly the distinctness of the two forms. Falconer mentioned as one of the distinctive features of 
Here we may observe that it is to be regretted that no this species, is well shown. D» Burmeister further 
comment or reference is made to the notices and figures pbserves that the molars of M. cordillerum are charac- 
published by Falconer and other English writers in refer- | terized by their ^lackish enamel, and the brown or 
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reddish colour- of the dentine ; while in A/. humboltUi the 
whole of the crown is of a yellowish or white hue, with 
darker roots. These distinctive colours are very noticeable 
in many of the specimens in the British Museum, which 
have bwn respectively referred to the two species in 
question. 

The work concludes with descriptions of the remains 
of two species of the remarkable Perissodactylate gentls 
Macrauchenia^ viz. the typical M. patachonica of Owen, 
and M. paranensis, originally described by Bravard as 
Palteotherium. Of the former species an entire skeleton 
is figured, ^nd the author concludes that the genus is, on 
the whole, most nearly allied to Palceotherium, although 
the skull presents some remarkable resemblances to that 
of the tapirs. It appears, ‘moreover, from the presence 
of muscular impressions on the cranial bones, that the 
nose formed a short proboscis, as in the latter group. 
The author also gives us an elaborate description of the 
teeth, which are undoubtedly of a Palaeotherioid type. It 
is further observed that in the author’s opinion there 
appear to be no grounds for generically separating M. 
paranensis and the smaller M. minuta from the typical 
genus ; and the author concludes his volume with some 
remarks on the proposal of Dr. F. Ameghino to regard 
the former as the type of the genus ScalibrinitheriuiHf and 
to adopt the name of Oxydon\lo'\therium for the latter. 

The above appears to be the gist of Dr. Burmeister’s 
new contributions to our knowledge of the wonderful 
Tertiary fauna of South America, which he has done so 
much to enrich. And we congratulate him on the results 
of this his latest work, and especially on the excellent 
illustrations by which it is accompanied, since the want 
of such aids to a right comprehension of the text forms 
such a great drawback to the work hitherto published by 
other contemporary South American writers on the same 

subject. R. L. 

• • 


NOTES. 

In his speech at Nottingham on Tue.sclay evening I.ord Salis- 
bury made a most important reference to the subject of what is 
oalled free education. He said : — ** There is another question 
which we have heard a good deal discussed, and that is with 
regard to what has been, in my opinion, improperly termed free 
education. I should rather call it assisted education, because I 
do not know that anybody, however extreme his views, would 
desire that all the inhabitants of this country, whether rich or 
poor, whether capable of paying for the education of their children 
or not, should enjoy free education for those children at the cost 
of the Chancellor of the Exchequer. On the other hand, I have 
before expres.sed the opinion^I expressed it four years ago, 
before the two last general elections, at Newport — that by 
making education compulsory, by forcing the people to send 
their childien to school whether they ask it or not, you were 
incurring a certain obligation to relieve the burden of that com- 
pulsion, where the circumstances of the parent were such that it 
was loo heavy for him to bear. We believe that considerable pro- 
gres.s in that direction may be made. We have already introduced 
measures to that effect in Scotland. I believe that with perfect 
consistency with sound principle, and merely recognizing the 
fact that where you enforce a duty upon a man you are bound to 
make k as easy for him as you can — I believe that it will be 
possible considerably to extend that principle in England, and 
very greatly to relieve the difficulties of the working man in that 
respect. But allow me to say that I consider the question as to 
its rapidity, and as to its progress, to be a question for the 
Chancel^r of the Exchequer. If he has got the money I have 
no doubt he will do it, but if he has not got the money he will not. 
But it is an object to which I believe a great deal of the money 
of a Chancellor of the B^xchequer may very fairly be applied. 

The Government is to be congratulated on the pledge thus given 
to consider the matter. 


The Royal Society will hold its anniversary meeting on 
Saturday. After the meeting the Fellows will dine together. 

On Tuesday the degree of D.C.L., honoris causA^ was con- 
ferred in Convocation, at Oxford, upon Mr. Alfred Russel 
Wallace. Prof. Holland presented him for the degree, and 
dwelt upon his labours as a naturalist in Brazil, the Malay 
Archipelago, and elsewhere ; upon the now famous doctrines 
elucidated by him, and upon the relations between him and Mr. 
Darwin, reflecting equal honour upon both. 

A Conference, called by the National Association for the 
Promotion of Technical Education, was held in the Manchester 
Town Hall on Tuesday. About 300 delegates were present 
from the different technical schools and associations throughout 
the Kingdom. The chair was occupied at first by the Mayor of 
Manchester, and subsequently by Mr, Rathbone, M.P. General 
Donnelly was present to represent the Science and Art Depart- 
ment, South Kensington. Sir Henry Roscoe, M.P., sir Ed- 
mifnd Currie, Mr. A. II. D. Acland, M. P., and Mr. Mather, 
M.P., were among those present. The discus-ions related to 
the question of the working of the Technical Instruction Act, 
1889. A report was read by Sir Henry Roscoe, showing that 
the Act was being adopted partly or wholly in a large number 
of towns throughout the Kingdom. The meeting will do great 
good, and we shall refer to it next week. 

According to a circular which has recently been sent to the 
leading physicists, electricians, and others interested in the 
history of English science, it is proposed to establish a Gilbert 
Club, the inaugural meeting of which has been convened this 
day in the rooms of the Society of Arts at 4.30 p.m. The object 
of the Club is to do justice to the memory of the illustrious 
President of the College of Physicians who was in the possession 
of, and was actually carrying on, the true experimental method of 
scientific inquiry at a time when Bacon was only talking and 
writing about it. There can l)e no doubt that the claims of 
William Gilbert, of Colchester, have been to a great extent over- 
shadowed by the fame of the renowned Lord Chancellor, 
and it is much to be regretted that we have not had handed 
down to us more of the results of Gilbert’s labours than are to be 
found in his celebrated work De Magnete,'* published in the 
year i6od. Such as it is, this work may, however, be justly 
regarded as the earliest English scientific classic, and its author 
must be recognized as the first truly philosophical investigator in 
the now all-important subjects of electricity and magnetism. 
The Club has been organized for the object of bringing out an 
English edition of ** De Magnete” as nearly as possible in the 
style of the original folio edition, and to arrange for a befitting 
celebration of the tercentenary of this work in the year 1900. 
To quote the circular: — “The publication of ‘ De Magnete ’ 
not only marked an epoch in the science of magnetism, but 
constituted the absolute starting-point of the science of electricity. 
It has been hitherto a reproach to British electricians that they 
too little recognized the merits of the founder of the science.” 
The preliminary list of members already includes the names of 
Sir William Thomson, Lord Rayleigh, Prof. Tyndall, Sir John 
Lubbock, Prof. Kiicker, Prof. Lodge, Mr. Preece, Prof. Reinold, 
Prof. Perry, Prof. G. Forbes, Prof. D. E. Hughes, Sir F. A. 
Abel, Sir F. Bramwell, Sir Douglas Gallon, Sir H. Mance, 
Colonel Festing, Captain Abney, Prof. Carey Foster, Prof. W, 

G. Adams, Prof. J. C. Adams, Prof. Roberts- Austen, Prof. 
Thorpe, Prof. G. H. Darwin, Prof. Liveing, Prof. Dewar, Prof. 
W.N. Shaw, Prof. Poynting, Prof. Ray Lankester, Mr. Crookes, 
Mr. J. Hopkinson, Mr. Glazebrook, Mr. G. J. Symons, Dr. J. 

H. Gladstone, Dr. B. W. Richardson, Prof. Victor Horsley, 
Mr. Latimer Clark, &c. 

Dr. Quesneville, the French chemist, died on Kovember 
14, at the age of eighty. He took h»s d-q-*e of doctor of 
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medicine in 1834, having studied chemistry under Chevreul. 
In 1840 he started the Jtevue Scientifique, a monthly periodical, 
which he afterwards called the Afoniteur Sciepitifiqtie. This 
periodical came to an end last month, Dr. Quesneville explain- 
ing that the task was rendered too severe by the infirmities of 
old age. 

The chemical laboratory, presented to the Stalybridge 
Mechanics' Institute by the late Mrs. Margaret Platt, was 
formally opened last week. The laboratory, which has been 
provided at a cost of about ;^6oo, was projected by Mrs. Platt— 
who always took a grea^ interest in Stalybridge and its social 
and educational welfare — shortly before her death. Unfortunately 
she did not live to see the completion of this valuable addition 
to the work carried on by the institution, but her representatives 
have observed Mrs. Platt's wishes in every respect. The 
laboratory is fitted with all necessary appliances for the practical 
study of chemistry. At present there are twenty-two students 
undergoing a course of instruction. • 

The ceremony of cutting the first sod on the site of the 
International Exhibition which is to be held in Edinburgh next 
year took place on Saturday last. The Lord Provost, who 
presided, said they were all aware that the Forth Hridge was to 
be opened soon, and a large number of scientific people would 
be present on that occasion. Therefore, it seemed a most 
opportune occasion to show a collection of matters connected with 
electricity such as had never been gathered together before. 
They had promises from all parts of the world, and the little 
difficulties that were in the way with the London Chamber of 
Commerce had, he believed, all been got over, and now there 
would be a unanimous feeling throughout the whole of the 
electrical world that this Exhibition should be made a great 
success. 

The Christmas lectures at the Royal Institution (adapted to 
a juvenile auditory) will this year be given by Prof. A. W. 
Riicker, F.R.S., on electricity. They will begin on Saturday, 
December 28. 

The following are the Science Lectures to be given at the 
Royal Victoria Hall during the month of December : — December 
3, ** Snakes and Snake-poison,” by Dr. W. D. Halliburton ; 
December 10, “ A Visit to the Banks of the Rhine,” by Mr. A. 
Hilliard Atteridge ; December 17, ‘^My Experiences in Cape 
Colony,” by Prof. H. G. Seeley, F.R.S. 

Count Salvadori has just published the first part of a 
supplement to his famous work on the Birds of New Guinea and 
the Molucca Islands, entitled ‘^Agguinte alia Ornitologia della 
Papuasia e delle Molucche.” The present part consists of sixty- 
four pages, and relates to "the Accipitres^ Psittact\ and Picariic^ 
which were the orders treated of in his first volume of the 
** Ornitologia.” During the seven years that have elapsed since 
the completion of Count Salvadori's work much has been done. 
Hunstein, who was an excellent collector, and whose untimely 
death by a tidal-wave in New Britain is deplored by all naturalists, 
made some valuable explorations in the Horse-shoe Range of the 
Astrolabe Mountains, and discovered the wonderful new Birds 
of Paradise, Paradisornis rndolphi^ Astraichia stephaniu'^ and 
others. Mr. II. O. Forbes explored the same district, and also 
procured some novelties, and the adventurous expedition of the 
last-named naturalist and his wife to the Tenimber Islands is 
quite one of the exploits of the last decade. Mr. C. M. Wood- 
ford has likewise added many new species to the known avi-fauna 
of the Solomon Islands, so that altogether Count Salvadori 
has had ample material for his supplementary notes. Besides 
giving abundant information respecting the additional synonymy 
and geographical distribution of the members of the three orders 
treated of in the present supplement, the author adds twelve 
species of Aedpitres^ fourteen Psittaci^ and nine Picaria. Count 


Salvadori thinks that As^ur sheb<e of Sharpe from Guadalcanar 
is the same as A. pulcheltus of Ramsay from Fauro, but as both 
species are represented in the British Museum such a mistake in 
identification is scarcely likely. He separates the Timor Laut 
Astur^ supposed to be identical with A. albiventris of Bouru, as a 
new species, Astur^ or as he calls it Urospizias polionotus* Several 
doubtful points among the Parrots, Count Salvadori will probably 
be able to settle when he comes to England and examines the 
series of skins in the British Museum. Of Cuckoos, he de- 
scribes two new species {Cacomantisarfakianus and Ctimprococcyx 
poliHrus)^ and Tanysptera meyeri is a new Kingfisher. 

It is proposed that a meteorological station shall be established 
at the Bermuda Islands after the completion of the telegraph 
service between them and Nova Scotia. Many vessels leaving 
Halifax, the masters being unaware of the approach of storms 
from the West Indies, are dismantled before they have been out 
three days. The establishment of the proposed meteorological 
I station would, therefore, be of great value, and the Canadian 
Government has willingly consented to bear half of the cost. 

We have received vol. xi. of Aus dem Archiv dcr Deutschen 
Seewarte,” containing Jthe report of that institution for the year 
1888. Great activity is displayed in the collection of observa- 
tions at sea, not less than 740 logs and abstract journals having 
been received during the year, and synoptic charts of the North 
I Atlantic have been published for four quarters, ending with 
August 1885. Several meetings have been held at the Seewarte 
for the purpose of preparing an atlas of clouds, and the work is 
I now about to be published. In addition to several treatises on 
terrestrial magnetism, the volume contains (i) an article by 
Dr. Vettin on the volume of air flowing into or out of baro- 
metrical minima and maxima in different seasons, as determined 
from the direction, heigfit, and velocity of clouds, observed at 
Berlin during the years 1882-83, in connection with the data 
afforded by the daily w^eather charts published by the Seewarte. 
(2) The rainfall conditions of Germany from 1876-85, by Dr. 
H. Meyer. The author has not been content with using the usual 
monthly values, but has investigated the daily observations from 
the original documents. He finds that periods of two to four 
rainy days are more frequent than the same periods of dry days. 
Periods of five or more wet days are more frequent on the coast 
than in the interior, but longer dry periods are more probable 
here than on the coast. On the coast the probability of a change 
from dry to wet is greater than a change from wet to dry, while 
the reverse holds in the interior. Periods of twenty or more 
wet days have occurred only i» Western Germany, while the 
same periods of dry days are of the rarest occurrence in any 
part of the country. 

The Pilot Chart of the North Atlantic Ocean for November 
shows that, during the early part of the month of October, an 
extensive area of high barometer occupied the central regions of 
the North Atlantic ; its position varied from day to day, but on 
the 1 2th its centre moved south of the 40th parallel, and low 
pressure prevailed over nearly the whole of the Transatlantic 
routes until the 19th. At this date an area of high barometer 
passed eastward from the American coast, and slowly traversed 
the ocean, reaching the British Isles towards the end of the 
month. Several storms occurred north of the 50th parallel, 
and also along the Transatlantic routes east of the 50th meridian. 
Two cyclones of great violence occurred off the Atlantic cosl^ 
of the United States. One developed quittf suddenly on the 14th, 
150 miles east of Hatteras, and after lingering there for four 
days, started off rapidly to the eastward ; the other storm, which 
was central off the Carolina coast on the 23rd, was remarkable 
for its violence and its increase of ehergy after reaching the 
^Gulf Stream. Several other storms of minor importance occurred 
on that coast during the month* Comparatively little fog was 
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experienced, but ocean ice prevailed in considerable quantity 
to the eastward of the Straits of Belle Isle, and to some extent 
on the Grand Banks, in’ marked contrast with what is usually 
experienced at this time of year. 

A CURIOUS dwarf Japanese tree, 7 'huja obtma^ brought by 
Mr. Samuel from the Paris Exhibition, was exhibited at the* 
meeting of the Royal Botanic Society on Saturday last. The 
specimen was only some two feet high, and was stated to be 
about 130 y^ars old. The secretary said that these dwarf 
Japanese trees were good illustrations of the power of endurance 
of plants and trees under severe ill-treatment. In the Society’s 
garden may be seen several specimens of the common oak, be- 
tween forty and fifty years old, yet only some ten or twelve 
inches in height. They were planted as an edging to a flower 
border, and kept clipped like the old-fashioned box. 

The greatest depth found by Captain Spratt in the Western | 
Mediterranean basin was between Sicily, Sardinia, and Africa 
(about 10,600 feel). Recent measurements in the eastern basin 
by Commander Magnaghi, of the Italian Navy {Rh\ Sci. Tnd.) 
have yielded, as maximum depth, 13,556 feet, between the 
Islands of Malta and Candia. 

At the annual meeting of the Severn Valley Field Club, at 
Wellington, in January last, Dr. Callaway, the President, was 
asked to prepare a report of the year’s proceedings with a 
shorter account of the work of the preceding year. These^ 
reports have now been issued, and show that a resolute effort is 
being made to promote a taste for geology and natural history 
in the district, and to make the Field Club something better 
than a picnic society. 

Colonel Woodthorpe recently delivered, at Simla, a lecture 
on the Aka Expedition of 1883. It niay be remembered that 
this tribe, which inhabits the hills north of Assam, owing to 
some forest disputes and a supposed interference with their trade 

rubber, .seized two of our forest officers and carried them off. 
To recover these men, a small expedition was despatched, under 
the command of Colonel Woodthorpe. The Aka houses are 
built on piles raised above the ground, with a large space at one 
end, where the children play. 'Phe dress consists of a tunic of 
'1‘ibetan doth, and trousers, reaching to the feet, made of thin 
w’hile material. Long trousers are worn to keep off the dam- 
dum^ a troublesome little fly or mosquito. Bows and arrows and 
knives, with blades easily detachable from a bamboo handle, are 
the chief weapons. The barbs of the arrows are dijyped in 
aconite, and are so treated that^ when any attempt is made to 
pluck out the arrow, the barb breaks off and remains in the 
wound. The poison is so deadly, that even a buffalo usually 
falls, after running a few yards, when he has been struck by one. 
Some of the superstitions of the Akas are curious. If a river 
rans between an Aka’s house and his burying-place, his soul 
can never go home after death. This inability of the spirit to 
cross water is, however, overcome, and, every year, Akas may 
be seen stretching a string across the stream that divides the 
grave from the house of the departed. The ghost can easily 
cross when the slightest foothold is given him. 

It is'sometimes said about old trees {e.g, an old lime in the 
new Gardens at Potsdam) that the present branches are properly 
roots ; and it has been reported that trees may be planted, 
and will grow, in the inverted position. A scientific inquiry 
into this matter has been made by Herj Kny, in Germany, 
taking aMumber of plants of wild vine (Ampelopsis) and ivy, 
about 3*5 metres high. In 1884 he planted these with both 
ends in the ground ; and in the spring of 1885, tops 

had rooted, he cut the arch at its highest point. In the first 
year two of the plants died, but the others (twelve vine and four. 4 
teen ivy) grew vigorously, and were still aliye this last spring. 


To test the extent of the inversion, he cut slips from the in- 
verted plants, an4 planted them in a greenhouse, some with 
their natural, and some with their artificial upper end uppermost. 
It appeared that the callus, from which the roots spridg, was 
formed at both ends, but more readily at the naturally lower 
end, whether this was above or below, in the experiment. Herr 
Kny considers that, notwithstanding several years’ successful 
culture, the inversion was not thoroughly completed. He pro- 
poses to continue his investigation, and invites people who have 
gardens to make like experiments with other plants, recom- 
mending willows, poplars, and roses. 

The latest Colonial Report from Basutoland contains a state- 
ment by Sir Marshall Clarke on education in that Stale, written 
at the request of Lord Knutsford. The total amount granted by 
the Government during 1888 for educational work was ;^^458i 
amongst four missions, of which £2^00 went to the Paris 
Evangelical Missions. The number of schools receiving Govern- 
ment aid was loo, with a nominal roll of 4053, and an average 
I attendance of 3480. The education offered is, for the most 
part, of an elementary character, suitable to a people of agri- 
cultural pui suits, whose children are withdrawn early for labour 
in the field. It consists of reading and WTiting in Sesuto, and 
a little elementary arithmetic and English. A higher education 
is offered at the missionary centres. The number of schools 
under <^rect European supervision is 21, with about 1400 pupils 
on the attendance roll. At Morija, the head-quarters of the 
Paris Evangelical Missionary Society, the training school affords 
a sound English education, the stall' being composed of well 
(jualificd Europeans. There is an interesting girls’ school at 
Roma, the chief Roman Catholic mission station, where the 
pupils are instructed in carding, spinning, weaving, and the 
elements of dressmaking, as well as in English and Sesuto. 

I Schools receiving Government aid are, from lime to time, 

I inspected by Government officers, who check the attendance 
rolls, examine the pupils, and, at the end of the year, submit 
reports from each district. 

Mr. II. Y. L. Brown, the Government Geolo^jist of South 
Australia, returned to the Angle Pole head camp from his 
exploration trip to the Musgrave Ranges on October 7. Accord- 
to the Colonies and Indta^ the route was vid Cootanoorina and 
Arkaringa Creek to Glen Ferdinand, a trigonometrical depot. 
The exploration extended among the ranges to longitude 131*' E.> 
latitude 26'' S. Mr. Carruthers, the Government Trigono- 
metrical Surveyor, starting from the depot, will continue the 
survey towards the western boundary, and expects to return in 
January. The Government Geologist returned vid the River 
Alberga, striking the telegraph line at the Angle Pole. 

From the Report of the Ceylon Survey Department for the* 
past year, which has just been issued, it appears that when the* 
calculations of the northward running chain of the 13-inch 
triangulation were completed, it was found that the computed 
distance between the two stations at Delft Island differed from* 
that of the Indian system to such an extent as to show a con- 
siderable error, probably in the Ceylon work. The resulting, 
error is too small to be appreciable on maps even of the largest 
scale, but, from a geodeticai point of view, the outcome of so 
much work extending over a large number of years is disappoint- 
ng. In order to verify the previous work, Colonel Clarke 
purposes carrying at an early opportunity a new system of 
triangles along the west c oast, utilizing as many as possible of 
the old stations. A tentative scheme for the triangulalion of the 
west coast has been drawn up, and when an officer is available,, 
he will be sent to inspect the country, and report on the feasi- 
bility of the scheme. In consequence of the incompleteness of 
he diagrams and other records, the construction of a new series 
of diagrams, in which will be inserted the information gained 
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from an exhaustive examination of the record books, will he 
^commenced. In the past year sixty-one sheets were scored 
under the superintendence of the Trigonometrical Assistant, 
each representing an area of I 3‘6 miles by 8*8 miles, and con- 
taining in all 1687 fixed stations. He has als:) prepared an 
elaborate map of the island, showing sheet line distances. 

The Report for the past year on the mining and mineral 
^statistics of Canada, by Mr. II. P. Hrumell, of the Dominion 
Geological Survey, has been received in this country. The 
total value of the production of minerals of all kinds for the 
year was $i6,SOo,ooo-;-"an increase of 1,500,000 as compared 
with 1887, and 6,000,000 against 1886. Coal is the largest 
mineral product of the Dominion, the value of last year’s 
yield amounting to $1,098,610, as against $1,178,637, in 1887, 
and $1,330,442 in 1886. The decrease in the yield of gold has 
been anticipated for some years. Copper was mined to the 
value of $667,543, and these figures will in all probability be 
doubled this year, in view of the rapid development of fhe 
Sudbury and Lake Superior Mines. The asbestos yield 
amounted to $255,007, and the phosphate production shows 
an appreciable increase. 

The Smithsonian Institution has issued a ‘‘ Preliminary Cata- 
logue of the Shell-bearing Marine Mollusks and Brachiopods 
of the South-Eastern coast of the United States,*^ by W. Healey 
Dali. 'I’he volume includes admirable illustrations of%any 
species. 

Wk have received the sixty-second part of the first division of 
the ** Encyclopicdie der Wissenschaften,’’ and the fifty-fourth 
and fifty-fifth parts of the second division of the same work 
(Breslau, Trewendt). The first of these three parts is a contri- 
bution to the hand-book of botany included in this En^'ycIoptc Jia ; 
the second and third conclude the seventh volume of the Encyclo- 
pedia’s Dictionary of Chemistry. 


3(CuO.SeOj).Il20, which crystallizes in small green monoclinic 
crystals. These crystals readily dissolve in ammonia, forming a 
deep bluish-violet solution, which on slow evaporation in the 
air yields magnificent blue crystals of the ammoniacal salt 
belonging to the triclinic system. The salt is found to contain 
one molecule of water, and is represented by the formula 
CuO.SeO2.NH3. Hj, 0 , the constitution being probably more 
nearly expressed in the following manner, 


113:: N<( 


Cuo— on 

SeO-OH 


Unfortunately these fine crystals soon alter in contact with air, 
losing their water and ammonia and becoming covered with a 
green coaling of basic copper selenite. Water has apparently 
no action upon them, but in reality there is a surface action, the 
coating of basic selenite thereby formed preventing any further 
decomposition. In a similar manner silver is found to form an 
ammoniacal selenite, the crystals belonging, like tho>e of the 
copper salt, to the Iriclinic system. They are anhydrous, 
AgoO.SeO2.NH3, and are blackened by exposure to sunlight. 
Thus the series is seen to be a very well defined one, the mem- 
bers consisting of normal selenites combined with one molecule 
of NH3, generally anhydrous, but occasionally, as in case of the 
copper salt, containing water of crystallization. 

The additions to the Zoological Society's Gardens during the 
]iast wx‘ek include a Barbary Ape {Macaciis imtiis d )> a Saker 
Falcon {Faho sa<'cr) from North Africa, presented by Captain 
Augustus Kent ; a Malbrouck Monkey {Cenopithccus cyno- 
sums S) from West Africa, presented by Dr. Messiter Lang; 
two Fieldfares {Yunfus pt/aris), British, presented by Mr. J. 
Young, F.Z.S. ; a Golden-naped Amazon {C/irysofis auripal- 
liata) from Central America, purchased ; a Moluccii^ Deer {Ci^mus 
born in the Menagerie. 


A NEW series of well crystallized salts, ammoniacal selenites, 
are described by M. Boutzoureano in the current number of the 
. hiuahs de Chimic et de Physique, Most normal selenites are 
found to be readily soluble in strong ammonia, and the solutions 
on evaporation either in the air or in vacuo deposit crystals of 
ammoniacal selenites. Four of these interesting sails have been 
studied in detail, those of zinc, cadmium, coi)j)er, and silver. 
Ammoniacal zinc selenite, ZnO. Se0.2.NH3, is obtained by dis- 
solving neutral zinc selenite, ZnO. SeOa, a salt which crystallizes 
in rhombic prisms, in strong ammonia at the ordinary tempera- 
ture. On allowing the solution to spontaneously evaporate, 
crystals of the ammoniacal salt are deposited in the form of fine 
long prisms capped by domo-prisms belonging to the rhombic 
system. The crystals are insoluble in water, which appears to 
exert no action whatever upon them. They are also unchanged 
by heating to 100® C., but when healed in a scaled tube the 
selenious oxide is reduced by the hydrogen of the ammonia with 
evolution of water vapour and sublimation of selenium. On 
ignition they are completely converted to zinc oxide. Acids 
readily dissolve the crystals even when largely diluted with 
water. The constitution of the salt appears to be 


Zn 


\ 0 -Se— 0/ 


H,. 


Normal cadmium selenite, Cd0.Se02, is also soluble in am- 
monia, and the solution leaves on evaporation white rhombic 
crystals of an ammoniacal cadmium salt, CdO.SeO2.NK3, 
analogous to the zinc salt. These crystals are likewise unatlacked 
by water, and are stable at 100®. They also give off water and * 
vapour of selenium when heated in a sealed tube. The most 
beautiful salt of the series, however, is the ammoniacal copper 
selenite. Copper forms a normal selenite of the composition 


OUR ASTRONOMICAL COLUMN 

Objects for the Spectroscope. 


Sidereal Time at Greenwich at lo p.m., November 28 = 2h. 
31m. 575. 


Name. 

Mag: 

Colour. 

R.A. 1 890. 1 Deck 1890. 

(0 0. C. S75 



h. rn. s. 

30 

! - ' 
+38 t'j 

{2) /* Aneiis 

6 

Vellowish-reJ. 

2 49 37 

+ » 7 S 3 

(3 ) ^ C>eli ... ... 

5 

Yellowi?ihwhite. 

2 7 12 

+ 8 ao 

(4) yCeti , 

(5) -f- 57® 647 . — 

3 

VVhitr. 

2 37 

+ 2 4 ^> 

9 

Reddish-yellow. 

2 42 51 

+57 24 

(6) R Ur-ie Minoris 

Var. 

Reddish-yell jw. 

16 31 18 

+37 34 

(7) V Oeminoruni 

Var. 


. 7 16 59 

1 13 i8 



Remarks* 




(1) Sir Jolm Herschel describes this nebula as: Very bright, 
very large, very much extended, very much brighter in the 
middle. Dr. iluggins noted, in i866, that the spectrum was 
continuous, but pointed out in his remarks that this was not to 
be understood to mean more than that, when the slit was made 
as narrow as the feeble light permitted, the spectrum was not 
resolved into bright lines. Further observations are therefore 
required, for it may be that slight brightenings in the apparently 
continuous spectrum were overlooked in the early observations. 
The case of the nebula in Andromeda indicates that, in some of 
the nebuloe of this class, bright carbon flutings may be super- 
posed upon the continuous spectrum, in which case they will not 
be very obvious. The carbon flutings seen in the spc<!trum of 
the flame of a spirit-lamp arc convenient for comparison in an 
observation of this nature. 

(2) This is a typical star of Group II, Dimer describes it as 
superb and brilliantly developed, the bsfhds 1-9 being perfectly 
visible. The star therefore affords an opportunity of observing 
the bright carbon Airings and checking their positions. If they 
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are very bright, the compound structure, as seen in the spectrum 
of a spirit-lamp or the base of a candle- flame, may be looked for. 
The star falls in species 9 of the subdivision of the group, and 
is accordingly of about mean condensation. Dark metallic lines 
will probably be found to make their appearance ab.jut this 
temperature, and the presence or absence of D, or other lines 
should therefore be noted, • 

(3) Vogel classes this with stars of the solar type, but is 
doubtful whether it does not belong to (iroup II. It is most 
likely that it is at an intermediate stage — either a late stage 
of Group JI. or an early stage of Group III. There are 
evidently traces of some of the dark /lutings, and it is suggested 
that the distinguishing numbers of these and the relative in- 
tensities of the lines should be noted. The observations made 
by Prof. I^ockyer and myself seem to indicate that the bands in 
the red are the most persistent as the temperature increases. 

(4) According to Gothard this is a star of Group IV., and 
the usual observations are required. 

(5) This is classed with stars of Group VI. in Duner’s cata- 
logue, but it is stated that the type of spectrum is rather doubtful. 
Like the star given last week, it may possibly be intermediate 
between Groups V. and VI., and similar observations are 
suggested. 

(6) This is a variable star which will be at its maximum on 
November 30. Gore gives the period as 281 *2 days, and the 
range as 8 at maximum to < 1 1 *5 at minimum. The spec- 
trum is of the Group II. type, and the suggestions made for the 
observation of R Taiiri (see p. 68) ap]dy equally in this case. It 
may be further suggested that the spectrum be observed for 
some lime after the maximum, special attention being given to 
the fading out of the carbon timing in the green (517, a little 
more refrangible than b) relatively to the other bright spaces. * 

(7) Gore gives the period of this variable (maximum on 

December 4) as 276 days, and the range as 8 *6 to ■ : 13*5. The 
spectrum and colour have not yet, so far as I know, been recorded, 
and midnight observers may therefore take advantage of the 
approaching maximum. A. Fowler. 

The TotaiS Soi.ar Ecr.ii’SE of f886.— The report of the 
observations of the total solar eclipse of August 29, 1886, made 
at the Island of Carriacou by the Rev. S. J. Perry, has been 
published. The two main questions that rerpiired spectroscopic 
observations to answer them were: — (i) Does the al»sorptioii, 
which produces the Fraunhofer lines, take place m iinly ia a 
single layer of the solar atmosphere, or in concentric layers? 
(2) Does carbon exist in the corona? With respect to the first 
point, Father Perry thinks that the differences in the length 
of the lines which he observed before totality on the lessee- 
frangible side of b seems somewhat to strengthen the view that 
the selective absorption takes place in concentric layers. During 
totality a search was made for the two principal bands of the 
Carbon spectrum The part of the spectrum observed was from 
about b to A560, but no trace was seen of the carbon bands. 
Father Perry, however, suggests that perhaps the inte isiiy of the 
carbon spectrum may vary in ai.ach eclipse, and may have Sime 
direct connection wiih the amount of solar activity. Some 
sketches of the coronal streamers are appended to this rep >rt. 

Mr. 11. H. Turner's report of the observations of the same 
ecl ipse, made in the Island of Grenada, has also been received. 
The following is a list of the lines seen and the iordcr in which 
they appeared : — 

h. m. s. 

7 7 45 ••• F line appeared. 

7 8 55 ... 4923 appeared ; very short. 

7 II 30 ... 4923 and 4933. Immediately after, many lines 

appeared. 

7 \ 7 . o ... Totality. 

7 20 so ... Only F ; 4923 and 4933 visible at times. 

7 21 45 ... 4923 still suspected, and 4956. 

7 22 28 ... 4956; certainly visible. 

7 24 42 ... No line visible. 

' It will be seen that 4o some extent these observations lead to 
the samg conclusion as that arrived at by Palher Perry. 

The corona was examined with a view to the detection of 
currents, but with a negative result. 

Palermo Observatojiy.— The fourth volume of observations 
made at Palermo has been issued by Prof. Ricco, and covers the 
period 1884-88. Jhe observations of sun-spots during i88s^ 
show that the limiting latitude in which the phenomena occurred 


were -f- 25® and - 30®. Two maxima are indicated by the curve 
of distribution that has been plotted, both extending from about 
lo'^to 15® north and south of the equator, but the number of 
spots that have been observed in the latter hemisphere consider- 
ably exceeds that observed in the former. The minimum which 
occurs between these two maxima is in a latitude slightly 
north of the equator. Generally speaking, faculae appear to 
have been equally distributed over the sun's surface. The spec- 
troscopic observations that have been made of solar prominences 
in different latitudes demonstrate that the reversal of the coronal 
line 1474K and b was considerably more frequent a little to the 
south of the equator than in any other latitude, and was con- 
tained within the limiis -f* 30® to - 30''’, following somewhat the 
same line of distribution as that of spots. 

Prof. Ricco has included some fine sunset observations made 
after the eruption at Krakatab, which support the view that, 
to a great extent, they were due to the suspension of volcanic 
dust in the atmosphere. A lengthy series of meteorological 
measurements, some observation of Nova Orionis, Nova An- 
dromedoe, and various comets, are also contained in this 
pu4)lication. 

The Variabi.k Star V Cygni. — The irregularities before 
observed in the period of this star have been verified by Mr. 
Chandler’s more recent observations {Astronomical yournai^ 
No. 204, October 1889). He finds that the period of the star, 
which increased by nearly two minutes during 1887 and 1888, is 
now decreasing at a similarly surprising late. The reversal 
appears to have occurred about the mid<lle of 1888, and the 
averam value for the last twelve months has been about 
id. iin. 56*7111. .Assuming this average value for the period of 
the star, an ephemeris is subjoined. Only alternate minima are 
given. 

Minima of Y Cygni, 0 \A/, T, 
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Paramatta Observatory. — The Government Astronomer 
at this Observatory, Mr. H. C. Russell, F. R. S., has collected 
and arranged in a concise form the history of what has been 
done in New South Wales for astronomy and meteorology since 
1778. The paper may be found in the Proceedings of the 
Australasian Association for the Advancement of Science, 
Sydney, 1888, p. 45. 

Minor Planet 282. — This planet, discovered by M. Char- 
lois, January 28, 1889, has received the name of Clorindc. 

Comet Davidson {e 1889). — Ephemeris for Greenwich 
time : — 

1889. R.A. Dccl. 

II. 111. S. o / 

Nov. 29'S ... 19 17 21 ... + 38 56 

Dec. 1*5 ... ,, 21 41 ... 39 10 

>> 3 5 ••• i> 26 3 ••• »i ^5 

»» S’S ••• M 3^ 25 ,, 40 

A New Variable Star in Hydra.— M r. Edwin F. Sawyer, 
in the Astronomical Journal^ No. 204, gives observations de- 
monstrating the variability of the star 358 (U.A.) Hydra?, R. A. 
13^1 41m. 59s., Dccl. -27® 44*5 (18750). An inspection of 
the observations that had previously been made of the magnitude 
of this star indicates fluctuations of about one unit, viz. 7m. to 
8m., and the period would appear to be about one year. The 
star is quite red.^ 

Sun-spots in High Southern Latitudes.— The Rev. S. 
J. Perry read a paper under this title at the meeting of the Royat 
Astronomical Society on November 8, in which he drew attention 
to some remarkable instances which have recently occurred of 
the appearance of sun-spots at a great distance from the equator. 
These look place on June 5, June 30, October 8, and October 10 
respectively ; that of June 30 being especially interesting, as the 
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Spot seen on that occasion attained a latitude of 40^", a circum- 
stance for which there are only a very few recorded precedents. 
Besides these spots mentioned by Father Perry some much 
larger grcaips have also been seen at a less but still considerable 
distance from the equator. Thus on July 26 and 27 a group was 
noticed in lat. 24° S., while another and more important group 
in nearly the same latitude was observed during three successive 
rotations in August, September, and October. Bearing in mind 
that the mean distance from the equator of all spots in 1888 was 
scarcely more than 7% and in the first five months of 1889, but 
little more than s\ these outbreaks in high latitudes become 
very significant ; and taken with the marked increase in number 
and size of spots during the months of June, July, August, and 
September, as compared with the earlier part of the year, point 
to the minimum being definitely passed. If this be so, the 
period of quiescence has been decidedly shorter, the lun down 
from maximum swifter, and the turn towards recovery sharper 
than in the preceding cycle. Judging from the form of the spot 
curve on previous occasions when a short period of minimum 
has followed a maximum of low intensity, as was that of 1883, 
we may expect that the revival will be rapid, and the n^xt 
maximum a strongly marked one. 


PROPOSED MEMORIAL OF DR, JOULE, 


A PUBLIC meeting was held on Monday in the Mayor's 
parlour at the Town Hall, Manchester, for the purpose of 
considering the proposal to erect a memorial of the late Dr. 
James Prescott Joule. 'I'he meeting was convened in respr^iseto 
a memorial infiiientially signed by residents in Manchester, 
Salford, and the neighbouring country who desire that the 
“ deep sense of the benefits conferred on mankind for all time, 
as well as of the great honour which accrues to this district, by 
the scientific work of the late James Prescott Joule should be 
marked by the erection of some durable memorial of him in the 
city.” The meeting was very numerously and influentially at- 
tended. The Mayor of Manchester presided, and amongst those 
present were Sir H. K. Roscoc, M.P. , Mr. J. W. Maclure, 
M. P., Dr. Ward (Vice-Chancellor of the Victoria University), 
Dr. Greenwood (IVincipal of the Owens College), Prof. Osborne 
Reynolds, Prof. Munro, Dr. Talham, Mr. F. J, Faraday, and 
many others. 

A number of letters of apology for absence were read. Lord 
Derby wrote from London : — 

“ I cannot attend the meeting on Monday in aid of the Joule 
memorial, having business here, but I heartily symi)athize with 
the object, and will with pleasure contribute.' 


Mr. William Mather wrote : — 


*‘When the beautiful simplicity of Dr. Joule’s life and 
character are regarded in conjunciion with the world- wide fame 
his labours have acquired among the greatest intellects of our 
time, we in Manchester must feel that our late fellow-citizen’s 
memory deserves to be kept ever fresh in our midst by a 
memorial alike worthy of this city and of the imperishable 
renown which Dr. Joule has won. Those of us who apply 
science to industry are deeply indebted for tlie means through 
which we work to the original thinkers who put the laws of 
Nature into our hands wdth clear definitions as to their purposes. 
I trust this sense of indebtedness may be felt throughout this 
district, and that funds maybe generously supplied to enable the 
committee to raise a memorial amply testifying to our gratitude 
and to our admiration for the late Dr. Joule. 

The Bishop of Manchester wrote : — 

“ I greatly regret that I am prevented by an engagement from 
attending the meeting in connection with the proposed memorial 
to Dr. Joule. I think that it would be an honour to any town 
to be the birthplace and home of the man who first proved the 
truth of the great principle of the conservation of energy. I 
most heartily sympathize with the movement which the meeting is 
called together to initiate, and I shall verygladlygive a contribution 
to any fund which may be to-day established or recommended.” 

The Mayor, having spoken of the relations between Manchester 
and science in past time-’, said the scientific work of Dr. Joule 
had made the name of Manchester famous throughout the world, 
not merely as that of a great industrial and trading city, but as 
a centre of intellectual culture and home of genius. This great 
man was born in Salford, but he learnt his science as a boy from 
Dr. Dalton, in George Street In this city. There, he, for a 
period of nearly half a century, found the congenial society which 
stimulated his genius. He read many of his papers there ; his 


experiments were performed in this city ; and to the end he con* 
tinned to re.side in the suburbs, in a quiet nnd unostentatious way,, 
his riches truly consisting, not in the extent of his possessions, 
but in the fewness of his wants. The last generation honoured 
the memory of Dalton by a statue in marble by Chantrey, which 
was considered to be one of the most beautiful works of art in* 
the city, and it was suggested that they should show their appre- 
ciation of Dalton's great successor in a similar way. 

Mr. Oliver Heywood moved : — 

“ That this meeting de.sircs to mark its deep sense of the 
benef ts conferred on mankind for all time, as well as of the 
great honour which has accrued to this district, by tlfe scientific 
work of the late James Prescott Joule, by the erection of a 
durable memorial of him in Manchester, in the form of a white 
marble statue.” 

Sir H. E. Roscoe, M.P., said he felt it a pleasure and an 
honour in more ways than one to be asked to second the resolu- 
tion, because, in the first place, he was one of the oldest scientific 
friends of the man whose memory they had met to honour, and 
because it had been his privilege not only to become acquainted 
with his important scientific labours, but to enjoy the friendship 
of one who might truly be said to have been a typical man of 
science, the simple straightforward searcher after truth for its 
own sake and that alone. Another reason was a more personal 
one. On the occasion of his first public utterance in Manchester, 
now more than thirty- two years ago, when he read his inaugural* 
addres’i on taking up the duties of the Chair of Chemistry in the 
Owens College, he drew attention to the great work accom- 
plished by Joule. This was, so far as he could learn, the first 
occasion on which Joule's work and its importance was brought 
publicly before a Manchester audience, and he remembered as if 
ifwere }eslerday being asked by several Manchester friends who 
this Dr. Joule was of whom he had spoken in such high terms, 
and what was the great discovery he had made. And then he re- 
membered that, after explaining as well as he could to unscientific 
people the meaning of the mechanical equivalent of heat and 
the conservation of energy, he added in joke, in order to impress 
the matter on minds unaccustomed to deal with subjects scien- 
tific, that in the good tim^ coming Manchester wotld be immor- 
talized, nol, as they thought, by being the seat of the cotton 
trade, but rather as being the place where John Dalton worked 
out the atomic theory of chemistry, and James Prescott Joule 
placed upon a sure experimental basis the grand principle of the 
conservation of energy. Since that time many «hings had hap- 
pened, many changes had occurred, and the knowledge of Science 
and her doings was more widespread. We had acknowledged 
our indebtedness to Dr. Dalton, and we were now met to con- 
sider how Wii could best do the same for Joule. The memorial 
which had been presented to the Mayor was of itself proof 
that Manchester was anxious to recognize merit such as that 
of Dr. Joule, and to acknowledge that services thus quietly and 

L unostentatiously rendered were sometimes of far greater value to 
the Slate than those about which much more was heard. This 
w.'is not the occasion nor was that the place to enter into an 
elaborate discussion of Joule’s scieiitific labours. It was sufficient 
now to remember that, just as Lavoisier, more than a century 
ago, proved the indestructibility of matter, so Joule nearly half a 
century ago proved the indestructibility of energy — that we could 
no more destroy or create energy than we could create or destroy 
matter. And ** thereby hangs a tale ” — a tale so interesting that 
it would lake long to tell it ; a tale so far-reaching that it con- 
cerned every great industry ; a tale so important that without it 
all the modern applications of scientific discovery to the daily 
wants of mankind could not have been made. The events 
which formed the incidents in this tale had happened in our 
midst, and had taken place so quietly that but few had known 
of their existence. Like many great discoverers, Joule was far 
in advance of his time ; and even the results of his most im- 
portant reseat ch, that on the determination of the mechanical 
equivalent of heat, met with opposition, and were received with* 
incredulity by men who ought to have known better. Indeed, it 
was an open secret that when Joule’s first paperon this subject, an 
abstract of which bad been read at the Cot la meeting of the British 
Association on August*2i, 1843, was presented to the Crj^mcil of 
the Royal Society for publication in their Transactions, some of the 
members of that learned body openly expressed their opinion* 
that the paper was nonsense from beginning to end, that the 
author, who was a mere amateur, livifig in some remote and 
gather uncivilized part of the country, out of the charmed circle 
of metropolitan and professional science, had been entirely 
mistaken, because h^had, forsooth ! neglected the whale question 
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•of friction, and had got hold of an absurd idea that the values of 
the various so-called imponderables could be expressed in 
•quantitative terms, the one of the other. Fortunately for the 
credit of the Royal Society, someone more far-seeing than these 
critics, expressed the opinion that the Council had better take , 
care what it was about, because if they acted on these ideas ; 
they might find that they, the highest scientific tribunal in ! 
country, had refused to publish the most important scientific 1 
discovery of the century, and one which had already been | 
received with acclamation by all Continental scientific authorities. | 
And so celebrated paper on the mechanical equivalent of j 
•heat was printed, seven years after its first announceinent, in the , 
Philosophical Transactions for 1850. But while this, with its 
immediate relations, was JouleVs magnum opu.u other portions 
of his work were of scarcely less importance, and to one only of : 
these did he (Sir Henry) wish for a moment to revert, as it j 
touched on a fundamental principle in the science of | 
chemistry, and was therefore specially interesting to himself, | 
whilst it served to show the wide area which Joule’s re- j 
searches covered. On January 24, 1843, Joule read a 

paper before the Literary and Philosophical Society in their 
rooms in George Street, hallowed by the memory of Dalton, 
entitled, “On the Heat evolved during the FJectrolysis 
• of Water.” The results of this apparently trivial research 
were of the highest importance, as establishing the heat equiva- ! 
Icnce of chemical action. Dulong, in Franco, had already de- ; 
termined the amount of heat evolved during combustion, but he 
did not compare this with the heat evolved by the same com- ; 
bastion in the battery or elsewhere, and Joule’s discovery, I 
described in the above j^apers, was, that the heat which dis- ; 
appears during separation of the chemical elements was equal to ; 
that which made its appearance during their combination, bn I 
the principle that action and reaction were equal and opposite. ' 
And this was the discovery which established the law proving 1 
that chemical action was due to the clashing of the atrims, and 
that the same laws applied to those atoms singly as they did to 
them when taken in the aggregite, thus showing that chemistry 
was a branch of molecular phydes. f ie trusted he ha I given 
good ground? for the acceptance by that m .eting of the resolu- 
tion he moved. He would humbly suggest that n nhing short of 
a similar memorial to that erected to Dalton ought to hz raise I 
in Manchester in recognition of the lal)ours of Joule. They | 
bad statues of CobJen, of Dalton, and of good Bishop Fraser ; j 
they would soon have one of Bright, l.et them not place Joule 
in any less conspicuous position, for his work was as glorious as 
any of theirs. Let us have a mar})le statue as a companion to 
that beautiful one of Dalton, by Chantrey, in our dbwn Hall, 
and let us have a replica of it in bronze to place on our Infirm- 
ary Hags, so that all who passed for generations might say, 
“That is the statue of our great Nfanchester man of science, James 
Prescott Joule, who did work in our midst not less important j 
than that of his master, John Dalton, whose statue is hard by ; 1 
both men were honoured by their contemporaries, and arc everf 1 
more honoured by us who follow them.” j 

Prof, (dsborne Reynolds, iTi supporting the motion, expressed : 
regret that they had not present with them Sir William Thom- j 
son, who fought the battle with Dr. Joule. Sir William had j 
written a letter, in the course of which he said : “ Manchester i 
is certainly, of all ciries in the world, to be envied the honour of . 
being able t^o erect a monument to Joule as one of its own citi- 1 
zens. ” Professor Reynolds also made a statement as to the | 
action which had been taken by the Manchester Literary and . 
Philosophical Society, with whom the proposal for a memorial j 
of Dr, Joule originated. | 

On being put to the meeting, the motion was unanimously | 
adopted. 

Mr. Alderman W. H. Bailey moved the appointment of the 
following Committee to rai.se, by public subscription, a sufficient 
sum to carry the above resolution into effect, viz. ; — Chairman— 
the Mayor of Manchester; Treasurer —Oliver Heywood ; 
Thomas Ashton ; the Ven. Archdeacon Anson ; .Sir William 
iCunliffe Brooks, Bart., M. P. ; Alderman W. H, Bailey; Rev. 
St. Vincent Beechey*; C. H. Bayley ; »Dr. James Bottomicy ; 
William Brockbank ; J. H. Buxton : Rev. L. C. Casartelli ; 
Councillor George Clay ; R. S. Dale ; Prof. W. Boyd Daw- 
kins;^ Mr. Thomas Diggles ; Samuel Dixon, President of the 
Manchester Society of Kngineers ; F. J. Fara^lay, Hon. 
.Secret iry of the Manclfcstcr Literary and Philosophical Society ; 
Lavington E. i^Fletcher ; R. F. Gwyther, Hon. Secretary Af 
<h'e Minchesfer Literary and Philosophical .Society; Samuel 


Gratrix ; Principal J. G. Greenwood ; William Grimshaw ; 
Charles J. GallQway; Sir W. H. Houldsworth, Bart,, M. P. ; T. 
C. Horsfall ; Dr. Charles John Hall ; Thomas Harker ; Henry 
IL Howorth, M.P. ; William W. Hulse ; Henry -P. Holt; 
Isaac Hoyle, M. P. ; Dr, Edward Hopkinson ; Canon Hicks ; 
James Jardine, High Sheriff of Cheshire; W. H, Johnson^ 
Thomas Kay; Geoige King; Thomas Kay; Horace Lamb ; 
Sir Joseph C. Lee; Ivan Levinstein; J. VV. Maclure, M.P. ; 
Councillor J. D. Milne ; James Cosmo Melvill ; Councillor 
Alexander M‘DougalI, Jun. ; Robert Montgomery; Dr. Morgan ; 
William Mather, M.P. ; Ludwig Mond (V.P. Cbem. Soc.) ; 
Prof. J. E. C. Munro ; Francis Nicholson; Councillor Charles 
O’Neill ; Henry D. Pochin ; W. O. Pooley ; Sir H. K, Roscoe, 
M.P.,; Dr. Ransome ; Prof. Osborne Reynolds; Henry 
Slatter ; Dr. Schunck ; Prof. Schuster; Councillor Dr. Henry 
Simpson ; Colonel Thomas Sowler ; William Thomson ; 
Alderman Joseph Thompson ; Councillor S. Chesters-Thompson ; 
E. Leader Williams ; Professor A. W. Ward ; Thomas Worth- 
ington ; Rev. Canon Charles W. Woodhouse. Convener of 
first meeting. Prof. Osborne Reynolds. In his remarks in 
sypport of the motion, Mr. Bailey said that speaking as an ex- 
President of the Manchester Society of Engineers he could testify 
that, however slow many people might have been to acknowledge 
Dr, Joule’s work, the Society of Engineers had never forgotten 
Dr. Joule’s labours and the benefit which those labours had 
conferred on the engineers of this country and on the industries 
of the world generally. 

The motion was seconded by Colonel T. Sowler and un- 
animously adopted. 

A^ote of thanks to the Mayor for presiding and for the use of 
his parlour, accorded on the motion of Prof. Ward, seconded by 
Mr. C. Hailey, brought the proceedings to a close. -Hbiki 


now PLANTS MALVTA/N T/IEMSELVES fN 
THE STEUGiHE FOR EXISTENCE} 

/^RDINARV English scenery, so full of quiet and so suggest- 
ive of repose that one may not readily discover signs of a 
struggle for existence. In tropical scenery these signs are so 
clear that they have been recognized again and again by every 
thinking naturalist who has ever visited tropical regions. 

Any comprehensive view of the phenomenon of life upon the 
globe clearly points to the one conclusion that all Nature is in 
a perpetual state of desperate warfare, and the keynote of this 
a<ldress must be : the utter remorselessness of Nature, the care 
for self; the absolute disregard for others. In all cises the 
weakest goes to the wall. 

Evidences of S/rug^/e for Existence in the Plant JCor/d, 

liens parasitica. Seed dropped by bird germinates on fork 
of some tree, c.g, the jack fruit (.-i rtocarpns integrifolia) ; sends 
long root into soil ; gradually spreads itself over, and suffocates 
the unfortunate foster-mother. 

Heracleum gigantetim. Allowed to seed itself freely. On 
June I, 1889, 573 seedlings had germinated ; on August 19, 
105 remained, the missing ones having been killed by the more 
vigorous survivors. 

Rertholletia excelsa. Fifteen to twenty-four Brazil nuts are 
contained in each fruit, the fruit being indehiscent. AH seeds 
germinate at once. The most vigorous gets first through a small 
hole at the top to the open air, and strangles and feeds upon all 
the rest. 

What Plants strnge;U for. 

Plants struggle for two main objects — viz. their own nutrition, 
and the reproduction of their species by means of offspring, 
which they leave behind them, and lor which they make ade- 
quate provision. The two master functions, nutrition and re 
production, often stand out clearly marked the one from the 
Other— in the Talipot palm [Cojypha ufnhraeulifera)^ where 
the period of leaf-bearing is succeeded by the period of fruiting, 
the latter being accompanied by the final death 0/ the whole 
plant. 

. L— Nutrition. 

Protective Atiaptations associated with the mainly Nutritive 

Organs, 

(i) Mechanical contrivances. Large forest trees (often 200 
feet high) have buttressed trunks, e,g, Canarium commune, 

*■ Abstract fumUhed by the Author, Prof. Walter Gardiner, of a lecture 
delivered at the Newcastle meeting of ihe British Ass:.ciation. 
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(2) Large leaves in palms (often 14 feet long), tied in at the 
leaf-base, €,g. Didymosfermum distichunu 

(3) Young buds of many tropical trees hang vertically down- 
wards, so {(s to expose the least surface to sun, eg, Amhers/ia 
vohilis. 

(4) Prickles and spines developed^ c,g, immense leaf of Victoria 
reRia\% j rotected from fish, &c., which, in rising from below, 
might rupture the leaf-tissue. 

(5) Patrols of ants attracted. Ants provided with home, 
honey, and food, c.g. Acacia sphtcrocephala. Similarly, Iponura 
paniculata attracts ants by racemose glands supplied with defi- 
nite ducts, two of which are present in each leaf, at junction of 
blade and stalk. 

(6) During the unfolding and growth of the bud, special 
mechanisms exist. Thus, water-glands occur at the apex of 
each leaf-tooth (Saxi/raga crustata)^ which provide for the 
escape of the superabundant water sucked up by the root : other- 
wiFe the delicate leaf-tissue might be ruptured. In fully deve- 
loped leaves, on a cold night, drops may be seen escaping from 
the teeth, eg, balsam {Tmpatiens Palsamina). 

Other glands are also found which secrete mucilage or resinf 
and so protect the young structures from the effects of excessive 
drought, e,g, ferns {Eiec/tnnm Praziliense) and other plants 
{Clusia sp, and Coprosvia .«/.). 

1 1. — K liPkODUCTION. 

The importance of this process is sufficiently obvious from 
the enormous expenditure of material and energy plants lavish 
upon it. lAfd^so/tia heterocliUi^ an extraordinary Indian cliir^>er, 
with its complicated structure and great beauty, opens for one 
night only, and shrivels up and falls off the next day. Aniorpho- 
phalhts 'Pitauufii^ with its huge inflorescence (the largest in the 
world), although it takes months to develop, opens only on 
one night, and then only for a few hours. 

a — Ploivcrs, 

(1) CoHtrh:ance^ to insure fertilization. Masdcvallia muscosa 
(an orchid) has a sensitive laliellum. An insect alighting on it 
and touching a certain part, is shot into the flower and held a 
prisoner for some time. 

(2) Protection hy vtcans of sticky hairs, Cuphea si\^noides \% 
protected from the attacks of inse ts by very numerous hairs 
secreting a gum resin. Many insects are caught, and as many 
as 72S0 may be counted on one plant. 

(3) /Vri/// protected by ants, but flower fertilized by some other 
insect. Plumbago rosea has nectaries on the leaves and flower- 
bracts which attract ant^^, but the ants are prevented by sticky 
hairs on the calyx from obtaining access to the honey in the 
flower. 

/ 3 . — Seeds and Fruits, 

Some plants depend upon the enormous quantity of seeds pro- 
duced — e.g, the wild carrot ^Daueus carota), which, moreover, 
sows its Feeds by instalments and at diflbrent times. Others— 
eg. Voandzeia subiet rauea — saciifice the advantages obtained 
from a wide dispersal, and depend upon the formation of a few 
seeds suitably ])laccd in the soil. This plant, in fact, has a 
mechanism for itself, sow'ing its own seeds beneath the soil. 

For purposes of distribution, (-niiuia brevieaulis (a sedge) has 
its fruit provided wiih small hooks. Small birds, unable to pull 
out the fruits, are occasionally caught and killed in Jamaica. 
The fruits of Stifa pentsata, a grass, bore their way into the 
ground ; aiul another specie^^, Stifa spar/ea, is even liable to 
bore its way into the bodies of sheep which are so unfortunate 
as to come in its neighbourhood (prairies west of Red River 
Colony). 

Contrivances for assisting plants to maintain themselves in the 
struggle for existence are by no means limited to the higher 
plants. They exist also in the Fungi and the Algse, even in the 
smallest and most microscopic of them. Examples — 

I, Fungi. — Clathrus triseapus, a Queensland fungus, has an 
orange-red colour, and the spores smell strongly and are em- 
bedded in a sweet mucilage. CoI »ur, scent, and ’sweetness are 
the usual advertisements used by the higher plants in connection 
with pollen dispersion. 

Efysphe Alni. The mildew of the alder has wonderfully 
hooked fruits, which are posdbly carried about hy tiny A ear 
&c. Spores arc shot out with some force from the mycelial fila- 
ments of the fungus, which attacks and kills flies, Empusa 
fnusecc. The ergot Claviceps purpurea, at the time of spore- | 


formation, secretes a sugary nectar, so that flies are attracted, 
and eat and disseminate the spores, just as birds do stone fruits. 
The spores of Scleroiina Vaccinii have an almond smell ; are 
gathered by bees with the pollen, and, being placed on the 
•^tigma of healthy flowers, infect the ovary and prevent the 
formation of seed. In the race betw^een the pollen-grain tube 
(the rightful owner) and the fungus-spore mycelial -lube, the 
fungus always wins, and soon spreads itself throughout the 
tissue of the entire ovary, producing more spores for the bees 
to gather in mistake again. 

II. A/gte . — The resting-spores of Desmids — microscopically 
small green Alga: — are frequently covered by a spiny siliceous 
coat. These probably prevent them from being eaten by Ama^Fe, 
Rhizopods, &c. I'he protoplasm of certain cells of CEdo^^onium 
ciliatum (a fresh-w^ater filamentous Alga) are in the habit of 
escaping from the cell-wall and beginning life anew. This pro- 
duction of the .so- called swarm- spore is probably not wholly 
unconnected with the existence of unfavourable conditions, 
Paeteria on the cell-wall, deposits of lime on the cell-wall, &c. 

Mesocarpus sp., another filamentous Alga, carefully protects 
its chlorophyll plate from too bright light by turning it so that 
it shall receive the proper amount only. Should external con- 
ditions be exceptionally unfavourable, the protoplasm of the 
various cells powerfully contracts, and the filament resolves itself 
into its vaiious constituent units, which sink to the bottom of the 
river or pond, and there divide up and start afresh. 

Special Points tvorthy of notice. 

(1) J\irious adaptations by members of the same order, eg. 
the Cucurbitaccic (Cucumber family), in the matter of seed 
distribution. 

In Schizocarpum fdiforme the seeds escape through a number 
of slits in the wall of the fruit. 

In F.cbalium elatinc the seeds are violently and explosively 
shot out in consequence of the sudden ruj)ture of the fruit stalk. 

Sec hi urn edulc is indehiscent and contains only one seed. 

Zanonia macrocar pa deliisces at the apex by means of valves, 
and lets out ingcil seeds o( extraordinary beamy, )yhich, aided 
by the wind, can cover very appreciaV)le distances. 

(2) Various adaptations by members of the same genus, e.g. 
the C/erodeudrons. 

CLrodendf on Koemferi attracts ants by small glands on the 
leaf and calyx. 

Clerodendron fistulosum does the same, but also provides a 
home for the ants in its hollow stem. 

Clerodendron eephalanthum climbs by means of peculiarly 
modified leaf stalks ; has a nuilliplicily of buds on the axil of 
each leaf (insteatl of the usual one) and also possesses glands 
upon its leaves. 

Such families as this may well be regarded as accomplished, 
but at the same time their various contrivances are simply so 
many marks of a cruel and fierce fight. 

* (3) Protective conti ivanees associated with new annual groivth 
and it, ermi nati on. ^ 

Dioseorea, sp. nov., at each new period of growth produces at 
first inconspicuous shoots with small leaves which arc peculiarly 
modified into climbing organs. When well established and in 
the possession of a proper support large green leaves appear. 

Hodgsonia heteroclita . — Here again the shoot on its first ap- 
pearance is dark purple and inconspicuous, with the leaves present 
merely as scales. It can then scarcely be seen in the tropical 
forest. Moreover it is a lateral shoot and not the main terminal 
shoot which it first protrudes above ground. A second lateral* 
and the main terminal are held in reserve against possible acci- 
dent. When it has reached a certain hei^t, it produces the 
normal large leaves. 

{4) 71 ie accumulation of protective contrivances in the spimc 
individual. 

P/umenbac/tia Hieronymi . — The flower is at first upright and 
is fertilized in that position. As the fruit develops, the flower- 
stalk elongates and the fruit is gradually and gently placed iipor> 
the ground. Until quite ripe, it is protectqfl by stinging hairs. • 
Later on, these wither, and the fruit is distributed by means of 
a second series of grapple hairs, which cling firmly A any 
passing animal. 

Strofhanthus hispidus. — Fruit, when ripe, opens, and lets out 
a number of magnificent plumed seeds, w^ich are carried by the 
wind. The hairs forming the plume are sensitive to moisture 
aitd dryness, and are each capable of moving through an arc of 
l8o^ The hairs spread out in dry weather, so that the seecl^ 
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may be carried by the wind. They close up ^ tightly when 
the rains come, so that they may not interfere wilh the placing 
of the seed close to the ground and its consequent germination. 
Sooner or later they break from the seed. 

(5) Particular otiaplations contrived for particular classes of 
insects^ 

Ants are caught and killed at Kew by flowers of Ena strUta 
(an orchid). The ants are too large for the flower, but they visit 
it for the sake of the honey and get caught in the mucilage. 
Thus both flower and ant suflfer. 

(6) The^nutual adaptation of plants and animals. 

In some instances animals and plants appear to strive with 
each other, and, as the one develops a particular protective con- 
trivance, the other likewise adopts some plan to counteract it 
and annul its efficiency: thus the canari nut (the fruit of 
Canarium commune) develops a hard shell which protects it 
from most enemies, but the black cockatoo {Microc^hmus ater- 
rimus) reciprocates by developing a wonderfully strong beak, 
which appears indeed to be developed with a special view to the 
^canari nut. Insects also often imitate parts of plants for their 
own benefit, e.g. leaf insects. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Camijrtdge. — The Senate has formally thanked Prof. Sedg‘ 
wick for his munificent gift towards the new buildings for 
physiology, and the Museums and Lecture Rooms Syndicate 
bas been authorized to contract for the buildings to be imnsie- 
diately begun. 

The following stipends have been augmented : Dr. Gaskcll, 
F.R.S., University Lecturer in Physiology, from ^^50 to ^150 ; 
Mr. Gardiner, University Lecturer in Botany, from £$0 to 

The Special Board for Biology and Geology, recommend the 
appointment ^of an additional Univefsity lecturer on botany, at 
a stipend of ;^loo per annum, after considering a strong appeal 
for increased teaching power, from the professor and lecturers in 
the subject. No teacher had practically been added since the 
departure of Prof. Vines for Oxford, and the regretted death of 
Mr. Vaizey. 

Mr. W. Bateson, the Balfour Student, will give a course of 
lectures during Lent terra, on the study of variation a distinct 
and attractive novelty in the biological courses. 


SCIENTIFIC SERIALS. 

American Jour)ial if Science^ November. — This number opens: 
with an interesting address by Mr. R. S. Woodward at the last 
meeting of the American Association, on the mathematical 
theories of the earth, in which emphasis is laid on the 
incompleteness of those hitherto advanced. — From a simple 
investigation, Mr. R. Hooke concludes that for planetary bodies 
assumed to have the same surface density (/>. those in which 
solidiflcation has taken place), the increase of the difference 
between the mean and surface density is proportional to the 
increase of the diameter. He tests this by computation of the 
mean densities of the inner planets from their assigned diameters, 
and further confirmation is derived from the case of JupitcFs 
satellites. He also applies the law to computing the ultimate 
diameters and mean densities {i.e. after solidification) of the 
sun and outer planets. — Regarding Tschermak’s theory of the 
mica , group as inadequate, Mr. F. W. Clarke offers the view 
that all the micas, vermiculites, chlorites, margarite, and the 
clintonite group, may be simply represented as isomorphous 
mixtures, every constituent being a substitution derivative of 
norinal aluminium poly- or ortho-silicate. — Mr. E. O. Hovey 
studies the low trap ridges (some six lines of them) of the East 
Haven- Branford region in Connecticut { he considers all the 
trap intrusive, and the western dikes, at least, of later origin 
than the tilting of the sandstone. — Mr. C. Lea contends that 
subchloride, and not oxychloride, is the product of the action of 
light on silver chloride. < —There are also papers on an improved 
standard Clark cell wilh low temperature coefficient, by Mr. H. 
"Carhart ; on pseudomorphs of native copper after azurite, from 
• Grant County, New Mexico, by Mr. W. S Yeates; and on the 


relation of volume, -pressure, and temperature, in case of liquids, 
by Mr. C. Barus. 

The AmeHcan Meteorological Journal for October contains : — 
A reprint of Prof. C. Abbe’s paper on the determination of the 
amount of rainfall, read before the recent meeting of the British 
Association ; the object of the paper is to determine the possible 
errors arising from the different shapes of the rain-gauges, and 
their height above the .«ea-level and the ground, &c. — Tornado 
statistics, by Lieut. Finley : {a) for the State of Louisiana, for 
the thirty-seven years 1852-88, — the total number of storms 
was only thirty, the month of greatest frequency being April ; {i) 
for Texas, for the thirty years 1850-88, — the total number of 
storms was ninety-six, the month of greatest frequency being 
June. — Distribution of wind velocities in the United States, by 
Dr. F. Waldo. In the Eastern States there is a principal maximum 
and minimum in March and August respectively, with a secondary 
maximum in autumn, and a winter maximum. The same regu- 
larity which exists in the Eastern States does not occur in the other 
districts, but the region of the Lower l.akes has a little more 
wind in winter and a little less in summer than the region of the 
l 5 pper Lakes. He also investigates the secular variation at 
selected stations, and finds that a period of about nine years is 
not improbable. — An analysis of a paper, by Dr. H. B. Baker, 
Secretary of the Michigan Board of Health, on the connection 
of intermittent fever with atmospheric temperature. For some 
years that Board has made a special feature of the collection pf 
vital statistics, and publishes valuable reports on sanitary matters 
in general. 

The Botanical Gazette continues to publish valuable original 
contributions to botanical science, especially in the department 
of cryptogamy. The August numl)er contains the first of a 
series of Prof, Farlow’s notes on Fungi, and the September 
number an illustrated paper on the Uredo-stage of Gymnospor- 
angium^ by Mr. H. M. Richards. — Mr. H. L, Russell also 
contributes observations on the temperature of trees, illustrated 
by a diagram ; his general conclusion being that the direct ab- 
sorption of heat is the main cause of the higher temperature of 
trees, and that it is largely dependent on the character of the 
bark. 

A LARGE proportion of the Journal of Botany for August, 
September, and October, is occupied by the conclusion of Mr, 
G. Murray’s Catalogue of the marine Algic of the West Indian 
region, and the continuation of Messrs. Britten and Boulger's 
Biographical Index of British and Irish botanists. — Mr. W. 
West’s paper on the fresh water Algm of North Yorkshire is a 
valuable contribution to a department of botany in which there 
are but few workers ; it is illustrated by a good plate, and con- 
tains descriptions of several new species, — Mr. W. H. Beeby 
contributes a useful account of some of the difficult and critical 
British forms of Mo^a , — There are other papers of interest, 
especially to students of British botany. 

The number of the Nuovo Giornale Botanico Italiano fo 
October is entirely occupied by papers read at the meetings o 
the Italian Botanical Society. They are chiefly devoted to 
records of local floras, and to descriptions of remarkable tera- 
tological forms. — Signor U, Martelli contributes a note on the 
injury inflicted on the peach by Taphrina deformans. 

Bulletin de la SocUti ImpAdale des Naturalistes de M^stou^ 
1889, No. I.— -On the origin of the shooting-stars, by Th. 
Brcdichin (in French), being an apjDlication of the author’s 
theory of the comes anomales to the origin of shooting- stars. The 
I paper will be continued by another on the origin of periodical 
comets. — On the Jurassic and Cretaceous deposits in Russia ; 
Part I, on the Upper Jurassic and Lower Cretaceous deposits in 
Russia and Great Britain, by JVof. A. Pavloff (in French, with 
three plates). The author’s conclusions are to the effect that the 
Upper Jurassic deposits of Russia are so intimately connected 
with those of England that a common classification could easily 
be established. Several fossil species are described and figured 
on plates, three of them being new {Olcostephanus blaki^ O. 
stvindonensis^ and O. sienomplialus ). — Zoological exploration in 
the Transcaspian region, by N. Zaroudnoi (in French), being 
notes of travel, full of interesting information alxmt the nature 
and fauna of the countrv. — On a natural way of penetration of 
superficial water into the depths of the earth, by Stanislas 
Meunier (in French), — On the .Spargania of Russia, by K, F. 
Meinshausen (in German). Ten species are described, two of them 
{Sp. fatis and Sp. septentrionale) being new. 
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SOCIETIES AND ACADEMIES. 

London. 

Entomological Society, November 6.— Prof. J. O. West- 
wood in the chair. — Mr. J. W. Douglas sent for exhibition 
specimens of Anthocoris visn\ Dougl., a new species taken 
at Hereford, in September last, by Dr. T. A. Chapman ; also 
specimens of Psylla viscid Curtis, taken by Dr. Chapman at the 
same time and place. — Mr. R. Me Lachlan, F.R.S., exhibited 
coloured drawings of a specimen of Z\\i^(rna filipenduhc^ in which 
the left posterior leg is replaced by a fully-developed wing, 
similar to an ordinary hind wing, but less densely clothed with 
scales. Mr. McLachlan also exhibited a female specimen of the 
common earwig, Forficula auricularia^ with a parasitic Gordius 
emerging from between the metathorax and abdomen. lie 
said tnat it had been placed in his hands by Mr. A. B. Farn, by 
whom it was taken, and that other instances of similar parasitism 
by Gordius on earwigs had been recorded. — Mr. W. F. Kirby 
exhibited a gynandromorphous specimen of Lycfrna icarus. 
having the characters of a male in the right wings and of a female 
in the left wings, caught at Keyingham, Yorkshire, in June last ; 
also a specimen of a variety of Crabro intcrruptiis^ De Geer, 
found at Uxbridge. — Mr. W. L. Distant exhibited a male and 
female specimen of a species belonging to a new genus of 
Discocephaliftif^ from Guatemala, in which the sexes were 
totally dissimilar, the female having abbreviated membranes, 
and being altogether larger than the male. — Dr. D. Sharp 
stated that he had observed that in the Ipshuv division of 
NitiiUilidte there was present a stridulating organ in a position 
in which he had not noticed it in any other Colooptera — viz. on 
the summit of the back of the head. Me had found it to exist 
not only in the species of Jps and Cryptarcha^ but also in other 
genera of the subhimily. He exhibited specimens of Ips and 
Cryptarcha^ mounted to show the organ. Dr. • Sharp also 
exhibited a number of Rhyuchota^ chiefly Pentaiomuhe^ in which 
the specimens were prepared so as to display the peculiarities of 
the terminal segment in the male sex. — Mr. R. Adkin exhibited 
for Mr. H. Murray, a fine series of Polia xanthonvsta^ var. 
nigrocincta^ from the Isle of Man, and Cidaria reticulata and 
Kmmelcsia tivuiata from the Lake District. — Mr. W. White 
exhibited a living larva of Zeuzera cescuU^ and called attention to 
the thoracic segments with several rows of minute serrations, 
which evidently assist progression. He stated that the larva 
exudes from its mouth, when irritated, a colourless fluid, which 
he had tested with litmus- paper and found to be strongly alkaline. 
— Captain II. j. Elwes exhibited a number of insects of various 
orders, part of the collection formed by the late Otto Mbller, of 
Darjeeling. — Mons. A. Wailly exhibited the cocoon of an 
unknown species of Anthertca from Assam ; also a number of 
cocoons and imagos of Anophe venata from Acugua, near the 
Gold Coast ; specimens of Lasiocampa otus^ a South European 
species, which was said to have been utilized by the Romans in 
the manufacture of silk ; also a quantity of eggs of Epeira 
madagascariensis^ a silk-producing spider from Madagascar, 
locallv known by the name of ‘‘ Halabe.^' He also read extracts 
from letters received from the Rev, P. Cambouc, of Tananarivo, 
Madagascar, on the subject of this silk-producing spider. — Mr. 
H. Goss read a communication from Dr. S. H. Scudder, of 
Cambridge, Mass., U.S.A., on the subject of his recent 
discoveries of some thousands of fossil insects, chiefly Coleo- 
ptera, in Florissant, Western Colorado, and W)roming. Prof. 
Westwood remarked on the extreme rarity of fossil Lepidoptera, 
and called attention to a recent paper by Mr. A. G. Butler, in 
the Proc. Zool. Soc., 1889, in whicn the au hor described a new 
genus of fossil moths belonging to the family Euschemidic^ from 
a specimen obtained at Gurnet Bay, Isle of Wight. — Mr. F. P. 
Pascoe read a paper entitled ‘‘ Additional Notes on the genus 
HilipusP^ and exhibited a number of new species belonging to 
that genus. — The Rev. Dr. Walker read a paper entitled Notes 
on the Entomolo^ of Iceland.” Mr. R. Trimen, F.R.S., 
asked if any butterflies had been found in the island. Dr. Walker 
said that neither he nor Dr. P. B. Mason had sebn any during 
their recent visit, nor were any species given in Dr. Staudinger^ 
list. Dr. Mason said that during his recent visit to Iceland^ he 
had collected nearly one hundred species of insects, including 
about twenty Coleoptera. He added that several of the species 
had not been recorded either by Dr. Staudinger or Dr. Walker. 
Capt. Elwes inquired if Mr. J. J. Walker, with his great 
experience as a collector in all parts of the world, was aware of 


any land outside the Arctic Circle from which no butterflies had 
been recorded. Mr. J. J. Walker replied that the only place 
in the world which he had visited, in which butterflies were 
entirely absent was Pitcairn Island. 

Royal Microscopical Society, October 9. — Dr. C. T. 
Hifdson, F.R.S., President, in the chair. — The President re- 
ferred to the deaths of the Rev. M. J. Berkeley and Dr. G. W. 
Royston-Pigott, the former an honorary, and the latter formerly 
an ordinary. Fellow of the Society. — Mr. Crisp announced that, 
owing to certain business arrangements, he was obliged to retire 
from the secretaryship of the Society and from the conduct of 
the Journal. It was with the very greatest reluctance that he had 
found it necessary to resign, but there would, he anticipated, be 
no difficulty in continuing the Journal on its present lines, while 
he was sure there were many Fellows both able and willing to 
undertake the duties of Microscopical Secretary. — Mr. John 
Meade’s communication on stereoscopic photo-micrography was 
read. — The President brought for inspection three photo-micro- 
graphs of one of the new rotifers mentioned in his supplement — 
Gomphogaster areolatus. — Mr. E. M. Nelson exhibited a new 
elementary centering sub-stage which he thought was likely to 
be useful. It was fitted in the simplest manner by placing two* 
legs under the main stage, and the movement was given to it 
with the finger ; it was very inexpensive, and was only designed 
to render the ordinary student’s microscope of a higher degree 
of efficiency by providing it with an easy method of correctly 
centering the condenser and diaphragm. — The Pre'sident men- 
tioned that Pedalion was to be had in many places in the neigh- 
bourhood of London about a month ago, where it had not been 
previously found. — Mr. Ahrens’s description was read of his new 
patent polarizing binocular microscope for obviating the diffi- 
culty of using analyzing prisms with the double tube. The 
inventor uses for an analyzer a black glass prism, set above the 
objective with a horizontal side upwards. Two faces are sym- 
metrically inclined to the optical axis at the polarising angle. 
The pencil is thus reflected at the proper angle, and at the same 
time divided into two partsf which are then reflected up the two 
tubes cither by prisms or by plane reflectors. — Prof. Abbe's 
paper, notes on the effect of illumination by means of wide- 
angled cones of light, was read. — Mr. T. F. Smith read a paper 
on the ultimate structure of the Pleurosigma valve. 

Royal Meteorological Society, November 20. — Dr. W,. 
Marcet, F.R.S., President, in the chair. — The following papers 
were read : — Second Report of the Thunderstorm Committee. 
This is a discussion by Mr. Marriott on the distribution of days* 
of thunderstorms over England and Wales during the seventeen 
years Notices of sheet lightning are included in the 

term “thunderstorms,” The years of greatest frequency were 1880, 
1882, 1884, and 1872 ; and the years of least frequency 1887, 
1)874, 1879, and 1871. Years of greater or less frequency alter- 
nate regularly throughout nearly the of the period. The 

average yearly number of thunderstorms is about thirty-nine. 
The districts with the greatest yearly frequency are the south of 
England and extreme northern counties, and those with the least 
yearly frequency are Cheshire, Lancashire, and Yorkshire. The 
greatest number of thunderstorms occur in July, and the least in 
February and December. — On the change of temperature whichi 
accompanies thunderstorms in Southern England, by Mr. G. M., 
Whipple. — Note on the appearance of St. Elmo’s fire at Walton- 
on-the-Naze, September 3, 1889, by Mr W. H. Dines. — Notes 
on cirrus formation, by Mr. H. Helm Clayton. The author, who- 
has made a special study of cloud forms and their changes, gives 
a number of notes and drawings on the formation of cirrus under 
various conditions, e.g. in a previously cloudless sky, cirrus bands 
with cross fibres, cirrus from cirro-cumulus clouds, cirrus drawrE 
out from cumulus clouds, “ mares-tail ” cirrus, &c. Curved cirrus 
clouds when accompanied by decreasing barometric pressure 
Tequently indicate that a storm of increasing energy is approach- 
ng. — A comparison between the Jordan and the Campbell-^ 
Stokes sunshine recorder, by Mr. F. C. Bayard. As a result of 
a year’s comparison between these two instruments, the author 
found that the Jordan photographic recorder registered nearly 3a 
per cent, more sunshine than the Campbell burning recorder. — 
Sunshine^ by Mr. A. B. MacDowalL This is a discussion of the 
hours of sunshine recorded at the stations^f the Royal Meteoro- 
Iqgical Society. — On climatological observations at Ballyboley, 
CO. Antrim, by Prof. S. A. Hill. This is the result of observa- 
ions made during the^ve years 1884-88. 
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Geological Society, November 6. — \V. T. Hlanford, F. R.S., 
President, in the chair. — Ihe following communications were 
i^ead : — Contributions to our knowledge of the Dinosaurs of the 
Wealdcn and the Sauropterygians of the Purheck and Oxford 
Clay, by K. Lydekker. The first section of this paper was 
devoted to the description of the remains of Iguanodonts from 
the Wadhurst Clay near Hastings collected by Mr. C. DawSon. 
They were considered to indicate two species, for which the 
names I^tianodon hoi/in^tontensis and /. Fittoni had been 
proposed in a preliminary notice. In the second section an 
imperfeef metatarsus of a species of Mci^alosaitrus from the 
Hastings Wealden was described, and shown to indicate a 
species quite distinct from the one to which a metatarsus from the 
Wealden of Cuckfield belonged. Two cervical vertebree of a 
Saiiropterygian from the Purbeck of the Isle of Portland were 
next described, and referred to CtmoHosaunts /oriiapidicus^ 
Owen, sp. The concluding section described an imperfect 
skeleton of a large Pliosaur from the Oxford Clay, in the collec- 
tion of Mr. A. N. Leeds, which indicated a species intermediate 
between the typical Kimeridgian forms and the genus PcloPHustes. 
These specimens were considered as probably referable to 
Plioiattrus fet'ox. Evidence was adduced to show' that Plio- 
sattrus Evansi\ Seeley, should be transferred to PcloNcusfes. 

-Notes on a “dumb fault or “wash-out” found in the 
Pleasley and Teversall Collieries, Derbyshire, by J. C. B. 
Hendy ; communicated by the President. — On some Palaeozoic 
Ostracoda from North America, Wales, and Ireland, by Prof. 
T. Rupert Jones, F. K.S. The specimens were described as 
nearly as possible in the order of their natural relationship, and 
thus, besides adding to the known forms, they were shown to 
illustrate the modifications exhibited by the genera and species 
of these minute bivalved Crustaceans, both in limited districts 
and in different regions. Amongst the forms described were the 
following new species and variety : — Pritpitda mnudula^ Jones, 
var. cambrica^ nov. ; P. htitniliory sp. nov. ; P, sp. 

nov. ; P. Ulrich i\ sp. nov. ; P, Whitfiddi^ sp. ncv. ; Kntomis 
rhomhoidea^ sp. nov. ; Strepula si^^moidalis^ sp. nov. ; Heyrichia 
Hallii^ sp. hov. ; hochilina UHeat(t\ sp. nov. ; /. ? fabacea^ sp. 
nov. ; Leperdilia Claypo/ciy sp. nov. ; Xesiolcbcris fVrit/h/u\ 
sp. nov. 

Zoological Society, November 5. — Prof. W. H. Flower, 
F. R.S., President, in the chair. — The Secretary read a Report 
on the additions that had been made to the Society’s Menagerie 
<laring the months of June, July, August, and September, 18S9, 
and called attention to certain interesting accessions which had 
been received during that period. Amongst these were specially 
noted a Short Python {Python ctnins), from Malacca, presented 
on July 2 by Mrs. Bertha M. L. Bonsor ; and a Pretre’s Amazon 
{CJiry satis pnetrii)^ purchased July 23 : both new to the collec 
tion. — Mr. J. H. Gurney, Jun., exhibited and made remarks on 
a hybrid Wagtail, bred in confinement, between the Grey Wag- 
tail {Motacilla melanope) and the Pied Wagtail {M, tugubtds),^ 
Mr. W. B. Tegelmeier exhibited and made remarks on some 
variations in the plumage of Ihe Partridge {Pc/ytijr cinc/ra), — Prof. 
Bell exhibited and made remarks on two specimens of Piry^u/aria 
Mirnhi/is, recently dredged by the Mon. A. E. Gathorne Hardy, 
M.P. , in Loch Craignish. He also exhibited two young living 
specimens of Palinurus vuiyatis^ received from Mr. Spencer, of 
Guernsey, in which the stridulating-organs were still capable of 
making sounds. — A communication was read from the Rev. 
Thomas R. K. Stebbing, containing an account of the Amphi- 
podous Crustaceans of the genus Vrotho^^ and of a new allied 
genus proposed to be called Urothoidcs . — A communication was 
read from Colonel C. Swinhoe, containing descriptions of a large 
number of new Indian Lepidoptera, chiefly Heterocera. — Mr. P. 
.L. Sclater gave an aceount of the birds collected by Mr. Ramage 
in St. Lucia, West Indies, which were referred to thirty species. 
— Mr. G. A, Boulengcr read a note on the Short Python {f^thon 
^'urtus\ a specimen of which was stated to be living fn the 
Society's reptile house. — A communication was read from Dr. E. 

» C. Stirling, of the University of Adelaide, on some points in the 
anatomy of the ferfiale organs of generation of the Kangaroo, 
especially in relation to the acts of impregnation and parturition. 
— Mr. F. E. Beddard read some notes on the anatomy of an Oligo- 
chsetous Worm of the genus Dero^ relating principally to its re- 
productive system.— A communication was read from Mr. Scott 
B. Wilson, in which Vere given the descriptions of four new 
species of Hawaiian birds, proposed to be called Chrysometrid^ps 
\citruUitostri$^ Loxops flammea^ Himationc montana, and if. 
lUjnegiri. 


Mathematical Society, November 14. — Sir J. Cockle, 
F.R.S., Vice-President, in the chair. — The following gentle- 
men were elected to form the Council for the ensuing session : — 
President : J. J. Walker, F.R.S. Vice-Presidents: SirJ. Cockle, 
F. R.S., E. B. Elliott, and Prof. Grcenhill, F.R.S. Treasurer: 
A. B. Kempe, F.R.S. Honorary Secretaries: M. Jenkins 
and R. Tucker. Other members : A. B. Basset, F.R.S., Prof. 
W. Burnside, Prof. Cayley, F.R.S., Dr. Glaisher, F.R.S., J. 
Hammond, Dr. Larmor, C. Leudesdorf, Major Macmahon, 
j R.A., and S. Roberts, F.R.S.-— The following papers were 
read ; — Iso.^celian hexagrams, by Mr. R. Tucker. — On Euler's 
I ^‘function, two notes by Mr. II. F. Baker and Major Macmahon 
! (the former communicated by Mr. Jenkins). — On the extension 
' and flexure of a thin elastic plane plate, by Mr. A. B. Basset, 
j F.R.S. 

Paris. 

I Academy of Sciences, November 18. — M. Hcrmite in the 
chair. — On animal heat and the heats of formation and of com- 
bustion of urea, by MM. Berthelot and P. Petit. In conrection 
• ,with the production of animal heat the study of urea is of 
special interest, for next to carbon dioxide it is the chief form 
under which carbon is eliminated from the system, while almost 
all the nitrogen is eliminated as urea. Hence it is important 
to know how the production of urea in the organs is related lo 
the heat of formation of urea, and of the substances from which 
it is derived. In the present paper the authors deal with the 
first problem, for the heat of combustion of urea in free oxygen 
has not yet been measured. Three concordant combustions in 
lh% calorimetric bomb yielded 15 1 '8 C. per gram-molecule, 
and the molecular heat of solution of urea at about 1 1 "* C. is found 
to be - 3*58 C., whence the heat of formation of urea is 80 *8 C., 
and of its solution in water or urine is found to be 77*2 C. — ( )n 

the orbit of Winnecke's periodical comet, by M. II. Faye. These 
remarks are made in connection with a memoir presented to the 
; Academy by Baron von Haerdll, on the movements of Win- 
necke’s periodical comet. He arrives at the conclusion that 
there is no trace of acceleration in the mean movement. He 
finds that the mass of Jupiter must be raised to i : 1047*152, and 
determines that of Mercury in round numbers at i : 5,010,000 d: 
700,000. This agrees pretty closely with the value 1 : 5,310,000 
already obtained by Le Verrier. — Experimental study of the 
transits and occultations of Jupiter's satellites, by M. Ch. Andre. 
These observations have been made by means of an apparatus 
specially constructed by MM. Brunner, and here fully described. 
Particular attention was paid to the phenomenon of the luminous 
ligament which is formed near the point of contact. It begins to 
appear when the satellite is about 2^ minutes from real contact, 
gradually increasing in size and intensity as the two bodies draw 
near, so that at the instant of geometrical contact they appear lo 
be connected by a vtritable luminous bridge about one-third 
the breadth of the diameter of the satellite. The moment of 
geometrical contact is accompanied by optical appearances 
sufficiently distinct to serve as a base for the direct observation 
of the phenomenon — Researches on the application of the 
measurement of rotatory power to the study of compounds 
resulting from the action of malic acid on sodium molybdate, 
by M. D. Gernez. In a previous communication {Cof/iptcs 
rendus. cix. p. 151) the author showed that solutions of malic 
acid, with molybdate of ammonia added, show sundry changes 
in rotatory power, which may easily be explained by assuming 
that definite compounds are formed between the substances. 
His present researches, made with the same acid and neutral 
sodium molybdate, lead to still more varied results, clearly 
showing the production of confounds between simple numbers 
of molecules of these bodies. The results, which are here tabu- 
lated and described, demonstrate that definite compounds are 
formed in solution on increasing the amount of one of the 
compounds regularly. They also show the defect of analytical 
methods claiming to deduce the composition of an active liquid 
from the measurement of its rotation, at least so far as regards 
substances analogous to those here under consideration. — On 
the ophthalm.oscopic examination of the base of the eve in 
hypnotic subjects, by MM. Luys and Bacchi. Nine subjects 
(six women and three men) were examined, first in the normal 
state and then in various phases of catalepsy, lucid somnam- 
bulism, and hallucination. In some instances the iris was 
found to be excessively dilated and almost insensible to 
light. Other appearances are. described, but no general in- 
ferences are drawn from these preliminary observations. — The 
second part of vol. i. of MM. Houzeau and Lancaster’s ** Bib- 
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liotheque g<?nerale de T Astronomic/' was presented by M, Faye, 
who remarked that this great compilation would not be inter- 
rupted^ by, the death of M. Houzeau. The present volume 
comprises biographies, didactic and general works, spherical 
and theoretical astronomy, astronomical tables for all epochs, 
and treatises on calendars. 

Berlin. 

Physical Society, October 25. — The President, Prof. Kundt, 
opened the meeting by a warm expression of regret at the Joss 
sustained by the Society ip the death of its late member, Dr. 
Robert von Helmholtz. — -Prof, von Bezold spoke on the various 
causes which lead to the production of clouds and aqueous 
precipitates. Using the graphic methods which he had himself 
introduced into meteorology, he showed by means of diagrams 
that the older ideas on this subject are insufficient, and that, 
even in the case where both masses of air are saturated with 
aqueous vapour, the precipitation which may occur when they 
are mixed is not due to the mere mixing of warm and cold air : 
the temperature of the mixture is not the mean of that of the 
respective masses of air, but is somewhat higher, and the 
amount of water which is condensed on their mixing is very 
small. By means of his diagrams a simple solution is at once 
obtained of many problems which have reference to the tem- 
perature and humidity of masses of air when they are mixed 
together in unequal quantities. It appeared that under the most 
favourable conditions, when air saturated with aqueous vapour 
at o'" C. is mixed with air saturated at 20° C., under a pressure 
of 700 millimetres of mercury, only 0*6 grams of water is ton- 
densed out of 2 kilograms of the mixed portions of air. The 
same mass of water would be condensed out of the same mass of 
air saturated at 20® C. if its temperature were reduced to I9"‘3 
C., or if the air were to ascend through a height of 200 metres, 
in which case its temperature would fall to i8°*9 C. Much 
more massive aqueous precipitates are formed when moist 
a‘r is either cooled directly, or has its pressure reduced by rising 
upwards, in which case a simultaneous cooling occurs. When 
air saturated at 2 z° C. is cooled down to 10 ' 7 C., — a tempera- 
ture which results from mixing air at 24'^ C. with air at o'" C.,— 
4 *4 grams of water are precipitated out of each kilogram of air, 
and if the temperature is reduced to 0° C., 8 grains are preci- 
l)itated. Similar falls of temperature may be obtained during 
an adiabatic rise in altitude. The conditions which hold good 
for super-saturated air may similarly be comprehended by this 
graphic method. Notwithstanding that the formation of aqueous 
precipitates by the mere mixing of two masses of air is thus 
shown to be very minimal in amount, still it does occur in nature 
as the result of this cause, as, for instance, in the case of cloud- 
caps formed when different winds meet, and in the case of the 
formation of ground-fogs. According to the speaker, clouds 
ought to be distinguished by reference to the way in w'hich the 
precipitate of which they consist is formed, rather than by the 
casual appearance which they present to the eye ; in any case, 
mist and clouds must in the future be studied from the above 
new point of view. — Prof, von Helmholtz added to the ab >vc 
communication some remarks on the way in which the mixing 
of two fluids of different specific gravities is brought about, 
buch mixing is only possible as the result of vortex move- 
ments or of ‘‘breaking" waves. He had already dealt with 
the production of vortices, and the production of waves has 
recently engaged his attention, inasmuch as this problem has, up 
to the present, only been regarded from a one-sided point of 
view with reference to water, without taking into account the 
influence of the air which is moving over its surface. When 
wind blows over the surface of water, or when lighter air streams 
over a mass of heavier air, waves are formed, whose size and rate 
of propagation depend upon the relationship of the two fluids 
which are moving one over the other. To obtain the mechanical 
equations of these movement.s was the problem which he had 
set before himself for solution in a communication which he had 
recently made to the Berlin Academy. This dealt first with 
waves on vvater, and then the conditions involved in these were 
transferred to the consideration of waves in air. Waves i metre 
long on the surface of water, which arc frequently met with in 
nature, correspond to waves in air 21 metres long— that is to 
say, to air-waves which extend over a considerable stretch of 
land. Waves in air are only visible in the cai-es where they arc 
accompanied by condensations of vapour, the latter occurring in 
the case where the air rises several hundred metres to the crest 


of a w ave. Prof. Helmholtz pointed out that the most important 
outcome of the whole theoretical consideration of the problen> 
was ihe following : a quiescent surface of water over which a 
wind is blowing is in a slate of unstable equilibrium ; as the 
result of this, waves are produced as soon as the wind acquires a 
sufficient velocity, and the energy required to raise the water 
from the trough to the crest of each w^ave, as well as to produce 
the onward motion of the wave, is derived from the more rapidly- 
moving lower layers of air of which the w ind consists. Friction 
plays a very subordinate part in the whole proce ss. ^ 

November 8. — Prof, du Bois Reymond, President, in the 
chair. — Dr. Pernet demonstrated the latest and newest form 
of Kdison*s phonograph, and gave a minute description of 
the apparatus, illustrating his remarks by means of two in- 
struments which were exhibited to the Society. He prefaced 
his dcFcription by a short historical introduction, from which it 
appeared that feveral years before Edison's discovery, a French- 
man named Gros had deposited with the Paris Academy a sealed 
packet containing a statement of the essentials for the construc- 
tion of a phonograph. 

Physiological Society, November i. — Prof, du Bois Rey- 
mond, President, in the chair. — Dr. Rene du Bois Reymond 
spoke on the striated muscles which occur in the small intestine 
of the tench. The exceptional occurrence of striated muscles ii> 
the small intestine of this fish has long been known, as also that 
when the intestine is stimulated electrically it contracts suddenly,, 
as does a skeletal muscle. The whole intestine is surrounded by 
these striated fibres arranged both longitudinally and circularly. 
Further examination revealed a very thin layer of both longitu- 
dinal and circular non-striated muscle-fibres, lying internally to 
the striated fibres. The only other known case of a similar 
occurrence of -striated muscle-fibres in the walls of the small 
intestine is found in Cobitis ; but in this fish the fibres da 
not extend as far as the rectum, as they do in the tench. The 
speaker set aside the idea that these striated muscle fibres are 
connected with the respiratory function of the intestiAe, by show- 
ing that other fish arc also in the habit of swallowing air, and 
that in such fish the mucous membrane of the small intestine is 
extremely rich in blood-vessels, whereas this is not the case in 
the tench. He put forward the suggestion that the striated fibres 
in the intestine of the tench are a transitional form between 
unstriated and striated muscle-fibres, and based his views upon 
the observation that, firstly, the reaction of these muscles is 
alkaline, and, secondly, upon an analysis of an aqueous extract 
of them. An aqueous extract of striated muscles contains, as is^ 
well known, three different proteids ; one which coagulates at 
47® C., one which comes down at 56® C,, and a third coagulating 
at 70” C, The proteid which coagulates at 47'' C. does not 
occur in unstriated muscles, and was similarly found to be absent 
if the extract of the striated muscUs of the intestine of the 
tench. The function of these last-named muscles has not as yet 
been made out. — Prof. Fritsch spoke on the sensory organs iiv 
the skin of fishes. Starting from the simplest forms in which 
they occur as end-bulbs or liny dilatations in the nerves which 
supply the several somites in the embryos of fishes, the s| eaker 
described their gradual change of form during growth. The 
end-organ is always characterized by sensory cells— that is to say, 
by cells which have a pear- like shape and are provided with a 
sensory filament or hair, and are connected with nerve- 
fibres. The developmental change which takes place is as 
follows ; at first the organ becomes protected by being set 
deeper into the skin, spaces are then developed superficially to 
the organ, and these are finally placed in communication with 
the surface of the skin by means of a minute orifice or somewhat 
lengthy canal. The lateral-line organs of fishes in several modifieeP 
forms is developed as above described ; the sense-organ, with its- 
sensory cells and nerves, lying at its base. A further modifica- 
tion leads to the development of the closed vesicles of Savi, 
which are completely filled with a mucous secretion. In the ^ 
further modification of ^liucliire met with in the ampullm of 
Lorenzini, a change of ffinctional activity is already marked, as. 
shown by the fact that the sensory cells have lost their hairs and 
have been converted into secretory cells. The speaker expressed 
his concuri*ence with that view of the function of dermal sense- 
organs, according to which they are to regarded as auditory 
organs in a low stage of evolution, set aside for the perceptiox> 
of vibrations and waves which are propagated through the 
water. • 
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Meteorological Society, November 5. — Dr. Vettin, Presi- 
dent, in the chair. — The President spoke on the interchange of 
air which takes place between regions of high and regions of 
low pressure. lie first described his own measurements of the 
altitudes of the various most characleristio forms of clouds, find- 
ing them in complete accord with those of Abercromby and 
Kkholm. He then passed on to his determinations of the 
velocity of the wind at those several altitudes, using as a means 
of measurement the records afforded by the direction and rate 
of motion of the clouds. The mean values thus obtained for 
the rate of flow of the air-currents were compared in each case 
with the positions of maximal and minimal air-pressure ; from 
this comparison the speaker found that the motion of the air 
between points of maximum and minimum pressure does not 
take place in the way in which it has usually been supposed to 
occur. He then gave a detailed account of the results of his 
observations, but these do not admit of being reproduced within 
the limits of a brief abstract. 

Sydney. 


•Tl/JSSDAV, Dbcbmder 3. 

Zoological Socibtv, at 8.30. — On the Anatomy of Burineiiit«r*s Cariama 
(Chun^a burmeisteri). — On the Relations of the Fat-bodies of the Sauro- 

r iida : O. W. Butler.*— List of the Reptiles, Batrachians, and Fresh-water 
ishes, collected by Prof. Moesch in tne District of Deli, Sumatra : G. A. 
Bou lender. 

Institution of Civil EnginbrrS} at 8. — Ballot for the Election of 
Members. — Wa^er-Tube Steam-Boilers f >r Marine Engines ; John I. 
Thomycroft. (Discussion.)— The Triple-Expansion Engines at the Owens 
College, Manchester: Prof. Osborne Reynolds, F.R S. 

WEDNESDAY^ DucEMnER 4. 

SOCIBTY or Arts, at 8. — Rabies and its Prevention : Dr. Armand Ruffer. 
Gbological SociBTY, at 8. — On Remains of Small Sauropodous Dinosaurs 
fnm the Wealden : R. Lydekker.~On a Peculiar Horn-like Dinosaurian 
Bv)ne from the Wcialden : R. Lydekker. — The Igneous Constituents of the 
Triassic Breccias and Conglomerates of South Devon : K. N Worth. — 
Notes on the (Glaciation ol Parts of the Valleys of the Jhclum and Sind 
Rivers in the Himalaya Mounttains of Ktishmir : Captain A. W. Siiflfe. 
Entomological Socibtv, at 7.— Systematic Temperature Experiments on 
some Lepidoptera in all their stages : Frederic Mcrrifield. — Notes ou 
Indian Ix^ngicornta. with Descriptions of New Species; Charles J. 
Gahan.— On the Peculiarities of tne Terminal Segment in some Male 
He fiptera : Dr. D. Sharp. — Notes on a Species of Lycacnid;«; : Lionel 
de Niccville. 


Royal Society of New South Wales, August 21. — A 
^‘reception** of the members of the Society was held for con- 
versational scientific discussion, and the exhibition of various 
objects of interest : upwards of 100 members were present. 

September 4. — Prof Liversidge, F.R.S., President, in the 
chair. — Mr. H. G. McKinney read a paper on irrigation in its 
relation to the pastoral industry in New South Wales, which 
was freely discussed. — Sir Alfred Roberts, Vice-President, exhi- 
bited a large collection of photo-micrographs taken by the late 
Captain Francis. 

October 2. — Prof. Liversidge, F. R.S., President, in the 
chair. — The following papers were read: — The analysis of 
prickly pear ; on the occurrence of arabin in the prickly 
pear {Opuntia bmsilicnsis)^ by W. M. Hamlet. — Personal 
recollections of the aboriginal tribes once inhabiting the 
Adelaide Plains of South Australia, by Edward Stephens, 
— The Chairman exhibited some interesting fungoid growths 
which had formed in water containing finely-divided gold in 
suspension. The gold had been precipitated from a weak 
solution of the chloride by phoiphorus dissolved in ether ; the 
mycelium of the fungoid growths had acquired a purple colour 
from the gold which it had absorbed ; on incineration, a skeleton 
outline of the mycelium is left in gold. 

Amsterdam. 

Royal Academy of Sciences, October 26.— M. Mulder pre- 
sented, for the Reports and Communications, an essay on tartar- 
ate of ethyl, and its relations to ethylate of sodium and potassium. 
— M. Grinwis spoke on two forms of energy occurring in rolling 
motion, and presented an essay on this subject for the Reports 
and Communications. — M. Rauwenhoff presented for the Trans- 
actions an essay in quarto, with plates, on the sexual generation of 
the Gleicheniacex, and communicated briefly the results to whicR 
his researches had led him^— M. van der Waals spoke of the 
equilibrium of solid compounds in presence of fluid and vapour 
mixtures, illustrated by the surface of a mixture of two kinds 
of matter. 


DIARY OF SOCIETIES. 

London. 

THURSDAY, Novemher 28. 

Institution of Electrical Engineers, at 8.— Electrical Engineering in 
America ; G. L. Addenbrooke. 

FRIDAY, November 29. 

Institution of Civil Enginbbrs, at 7.3a— Principles of Iron Foundry 
Practice: G. H. Shclllield. ^ 

SATURDAY, November 30. 

KOVAL Society, at 4* — Anntversar/. 

Essex Field Clue, at 7.— How to commence the Study of Botany: 
George Massce. 

SUNDAY, December i. 

Sumoat Lecture Society, at 4.— Invisible Stsirs; tke Use of the Camera 
1 *? Oxyhydrogen Lantern Illustrations) : Sir Robert 

b. Ball, F.R.S., Astronomer Royal, Ireland. 

t MONDAY^ December 2. 

SociEn OF Arts, at 8.— Modem Developments of Bread-making : William 

Society of Chemical Industry, at 8.— Some Notes on Variations in the 
Products of the Destructive Distillation of Differetit Gas Coals, Heated 
Sci^tely in the same ^ Retort, and under Similar Ckinditions : Watson 
Smith. — Cresontimc Acid and its Applications : I. Hauflf. 

Victoria Institute, at 8.-.Insiinct and Reason : Dr. C. Collingwood. • 
AMiTOTBLiAN Society, at 8.— The iEsthetic Theory of Ugliness : B. 

Bosmiqiict. ^ 

RoT^iktNSTiTUTiOM, At $•— General Monthly Meeting. 


• THURSDAY, December 5. 

Linnban Society, at 8.— Life History of a Siipitate Fre?h-w.'i ter Alga : (i 
Massee. -On the Anatomy of the Sand Grouse : G. Sim. 

FRIDAY, December 6. 

Geologists* Association, at Z .-^ Conversazione , 


BOOKS, PAMPHLETS, and SERIALS RECEIVED. 

Proposed Method of Recording Variations in the Direction of the Vertical : 
( H.C. Russell. — The Storm of September 21, 1888 1 H. C Russell. — O 'I’herii 
1 Foreft Biliiiearn^ch ; K. Weyr (V. Pra/e). — Journal of Physiology, vol. x.. 
No. 6 (Cambridge). — Proceedings of the Linne.an Society of New South 
1 Wales, vol. i., P.irt i (Sydney). — QiLirterly Journal of the (Geological So- 
I cieiy, November x88g (Longmans). — Papers and Proceedings of the Royal 
j Society of Tasmtania, 188S Gl^l^^rt). — Proceedings of the Physical Society 
of London, vol. x.. Part 2 (Taylir and Francis). - Transactions of the 
I Seisiiiological Society of Japan, vul. xiii.. Part i (Yokohama). 
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THE MANCHESTER CONFERENCE. 

T he Manchester Conference on the working of the 
Technical Instruction Act was as important a 
representative gathering as has taken place for some 
years to consider an educational question. The Confer- 
ence was called by the Technical Association, and the 
Executive Committee and the branch Associations 
throughout the country were strongly represented. In- 
vitations were also addressed to the chief local authori- 
ties and School Boards in large centres, and the principal 
technical schools and institutions. It says much for the 
change which has come over public opinion in the last 
two years on educational matters, that a circular, un- 
adorned by promises of party speeches by prominent 
M.P.’s, but merely inviting discussion on the details of 
the operation of an Education Act, should have sufficed 
•to cram the Mayor’s parlour with a body of nearly 300 
delegates, representing more than sixty local authorities 
and institutions. • 

“Conferences,” Mr. Acland said at the outset, “are 
usually disappointing,” and it would be absurd to expect 
that so large and miscellaneous a gathering would dis- 
pose satisfactorily, within little more than a couple of 
hours, of the four difficult questions raised on the agenda 
sheet. But such progress as was possible was made, and 
the remorseless bell sounded with impartiality when a 
speaker’s limit of five minutes had been reached. In 
this way a good many expressions of opinion from many 
different points of view were compressed into the after- 
noon, and few could have gone away without any new 
ideas suggested by the Conference. That is, if they had 
previously taken the trouble to acquaint themselves with 
the provisions of the Act, for no time was wasted in the 
room in explaining its general scope, though literature in 
abundance on the subject could be had from the book- 
stall at the door. 

The subjects discussed were : the relation of the Act 
to elementary schools ; the mode of its adoption and the 
preliminary proceedings connected therewith ; the mode 
in which, and the conditions under which, grants may best 
be made by local authorities to institutions giving tech- 
nical instruction, and the principle on which such grants 
should be apportioned among institutions of different 
grades ; and the mode of re-organization by which the 
Science and Art Department may meet the new duties 
imposed upon it by the Act. The four speakers who 
introduced these subjects happily represented the four 
chief “ interests ” involved — education, politics, manu- 
factures, and science. 

Without following in detail the order of the discussion, 
we may briefly sum up the impression which it left. 

The chief interest centred in the question of the rela- 
tion of the Act to public elementary schools.* It is no secret 
that a certain amount of misunderstanding and difficulty 
has arisen over the interpretation of the sections of the 
Act which bear on this knotty point. The Act forbids the 
application of rates raised under it to the instruction of « 
•scholars working in the “ obligatory or standard subjects” 
VOL. XLI.— No. 1049. 


of the Code. The meaning so far is clear. No scholar 
of an elementary school at the time working in any of the 
standards can take advantage of the Act But how about 
ex-seventh standard scholars, or indeed of any children 
in elementary schools, above the exemption standard, to 
whom the managers may wish to give technical instruc- 
tion } It is well known that, in many Board and some 
voluntary schools, a large number of children are retained 
who have passed all the standards, but ai^ receiving 
science and art instruction, and earning grants from 
South Kensington. What are the powers of Boards and 
managers with respect to these children? One thing 
is certain — whatever Boards could do before the Act, that 
at least they can do still. There is no restrictive clause 
in the Act, which purposely enacts that “ nothing in this 
Act shall be so construed as to interfere with any existing 
powers of School Boards with respect to the provision of 
technical and manual instruction.” But there has always 
been some little doubt as to the exact status of School 
Boards with respect to higher elementary schools, and 
this the Act does nothing to remove. Sir Henry Roscoe’s 
Bill, if carried, would have placed the whole position of 
higher elementary instruction on a sound and satisfactory 
basis. It is a great flaw in the present Act that it leaves 
platters where they were. It is, however, an ill wind that 
blows nobody any good, and it may be that certain 
adv-antages will, after all, result from this anomalous 
state of things. Opinions of experts not being unanimous 
about the meaning of the Act, it is clearly a time for 
experiments to be made. Liverpool is already moving 
in the matter, after obtaining Sir Horace Davey’s opinion 
that it is within the power of the School Board to provide 
technical and manual instruction out of the rates under 
their general powers, and other School Boards need have 
little fe.ir in taking a comprehensive view of the Act 
and applying to the City Councils for their share of the 
proceeds of the special rate. 

The Conference also discussed the question whether a 
local authority is bound to distribute any grant which it 
may make among the different qualified schools which 
apply for aid, or whether it may take the initiative and 
adopt the course (in many cases the wisest) of con- 
centrating its efforts on making one central school 
efficient. This question, on which some doubt was 
previously felt owing to the obscurity of the wording of 
the Act, was satisfactorily cleared up at Manchester. 
The town clerk of Blackburn threw down the challenge, 
by declaring that he intended to advise his Council that 
they had the power to build a technical school and give 
it all, or the greater part, of the proceeds of the rate. To 
this General Donnelly replied that there was nothing in 
this to which he could take exception, so that local 
authorities have — so far as the Science and Art Depart- 
ment is concerned — greater liberty of action than some 
had supposed ; and who can object except the Science 
and Art Department ? 

But, perhaps, a question of more r^al importance ev^ 
than this, is the n&ture of the qualification entiling a 
technical school to rate-aid. Here, again, the wording of 
the Act is not very clear, and it must be confessed that 
the discussion at the Conference sltill left it in doubt. In 
.Section I. , Sub-section (a), we read : “ A Local Authority 
may, on the request of a School Board for its district or 

F 
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any part of its district, or of any other managers of a 
school or institution within its district for the time being 
in receipt of aid from the Department of Science and Artf 
make provision for technical education in its district. 
The narrowest interpretation of this clause would confine 
the whole benefit of the Act to schools already receiving 
grants from South Kensington, and this view was under- 
stood by some members of the Conference —we hope 
wrongl) — Ip be endorsed by (leneral Donnelly. 

We need hardly point out that such an interpretation 
would seiiously restrict and cripple the operation of the 
Act. If there is one conclusion clearer than another 
from the Manchester Conference, it is that there is a 
general wish to use the rate for what we may venture to 
term its legitimate purpose— the assistance of those 
technical subjects which are not at present included in 
the Science and Art Directory. The worst thing that 
could be done would be to fritter it away in the form of 
doles to existing science and art classes ; and yet, if only 
grant-earning schools can profit by the Act, this is what 
will inevitably tend to take place. Such an institution as 
the Leicester Technical School, which has classes in 
bootinaking, lace-making, &c., but no science and art 
classes, could get no help. The same would be true 
of such a school as the Finsbury Technical College. 

We are glad to believe that so narrowing a mean- 
ing cannot fairly be given to the wording of the • 
section. It is true that the words we have italicised ■ 
make it necessary that the first institution to make a | 
request to the local authority to put the Act in force [ 
must be alrejftly in connection willf South Kensington, if i 
it is not a School Hoard. But this condition only applies ^ 
to the initial proceedings. When the request is made 1 
and granted, the local authority may make, “ to such an ' 
extent as may be reasonably sufficient having regard to 
the requirements of the district, but subject to the condi- | 
tions and restrictions contained in this section, provi- i 
sion in aid of the technical and manual instruction for the j 
time being supplied ’’ (not only in the school which | 
makes the request, but) “ in schools or institutions within 
its district” 

That is, it may aid all higher schools already giving 
instruction which falls withi^i the four corners of the Act, 
and this instruction includes very much more than the list 
of subjects on which grants can at present be earned. 

And this leads us to the further question. What is 
meant by technical instruction in- the Act.^ Some 
people, even at the Conference, understood it to mean 
merely the subjects in the Science and Art Directory, and 
any others which may be sanctioned by the Department 
on the representation of a local authority. This interpre- 
tation, again, would severely cripple the usefulness of the 
Act. At a time when the public is beginning to realize 
the mechanical nature of much of the teaching subsidized 
by South Kensington, and the want of elasticity and 
local adaptability which inevitably results from over- 
centralization, it would be nothing less than a disaster to 
tie down all science and art, and perhaps even techno- 
logical teaching, to the rigid syllabus of a Government 
Department. Chemistry quA chemistry would not be a 
“ technical ” subject, ynless, forsooth, it were taught ac- 
cording to a certain syllabus, and followed by a certain 
e^nination. No really technical ” subject (except the 


four or five which are included in the Directory) would be- 
“ technical” under the Act until the local authorities in 
each district (not, be it noted, the managers of schools) 
had made a representation on the subject to the Science 
and Art Department, and a minute had been laid before 
Parliament. 

But here, again, we are strongly of opinion that no such 
meaning can fairly be attached to the definition. “ Tech- 
nical instruction,” so runs Clause 8, “shall mean in- 
struction in the principles rf science ami art applicable to 
industries, uud in the application 'of special branches of 
science and art to specific industries and employments. It 
shall not include teaching the practice of any trade or 
industry or employment.” There is the definition. What 
follows is not a restriction, but an amplification, intended 
to provide a mode of clearing up doubtful cases. Some 
on^ might hereafter declare that some subject, as, for 
example, mathematics or landscape-painting, though in- 
cluded in the Directory, was not contemplated by the 
Act, as not being “ instruction in the principles of science 
and art applicable to industries.” The section therefore 
expressly declares that the definition shall include all- 
such subjects ; and if there be any other subject outside the 
Direcl^jry about w-hich doubt is entertained, that doubt 
may be set at rest by a representation from a local 
authority. The Science and Art Department is umpire 
in doubtful cases, but no appeal to the Department is 
necessary with reference to subjects — say the principles of 
weaving, dyeing, plumbing, &c., — which fall unmistakably 
within the definition. That, at least, is our view, and we 
believe the only rational one. It seems to us as clearly 
the meaning of the letter of the Act, as it was certainly 
the intention of its promoters. 

The Science and Art Department, however, will have 
the power to define the mode of teaching of technical 
subjects for the purpose of earning Imperial, though not 
local, grants. The Department might, as was suggested 
at Manchester by Principal Garnett, take over the whole 
system of grants and examinations now controlled by the 
City and Guilds Institute. But we venture to hope— and 
Principal Garnett himself would, we believe, agree in 
•this — that the authorities at South Kensington will think 
very carefully before embarking on a new system of pay- 
ments on results, in the case of subjects which admit far 
less of such a test than most of those included in the 
Science and Art Directory. 

They would do well to rely far more on efficient inspec- 
tion than on individual examinations, and if the inspec- 
tion were made a reality, instead of being, as no\/, too 
often a farce, they might, perhaps, ultimately base their 
grants for technical instruction on the amount of local 
contributions, in some such way as that provided for in 
the Welsh Intermediate Education Act. The Manchester 
Conference was strongly opposed to any increase of 
centralization, and the greatest possible freedom ought to 
be allowed to localities from the outset to develop their 
own system to suit their own needs. 

If the Conference was decided on this point, it was, we 
think, equally decided that, under a broad interpretation 
of the Act, the powers conferred on local authorities are 
really very extensive. It is little short of a scandal that 
an Act for the improvement of English industry should 
itself ofler such an exhibition- of bad worktnanship. But 
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it is clear that the right way to solve ,the problem is for 
local authorities and School Boards to push ahead, as we 
belidve they can do without fear. The list read by Sir 
Henry Roscoe at the opening of the proceedings shows 
what progress in this direction has already been made, 
towards adopting the Act, and the Conference can hardly 
fail to result in a still more vigorous attempt to make a 
wise and extensive use of its provisions. 


AMERICAN ETHNOLOGICAL REPORTS. 

Sixth Annual Report of the Bureau of Ethnology to the 
Secretary of the Smithsonian Institution, 1884-85. By 
J. W. Powell, Director. (Washington : Government 
Printing Office, 1888.) , 

F rom the introductory remarks of the Director of the J 
Bureau, we learn th.at the results of the research 
prosecuted among the North American Indians, as 
directed by Act of Congress, were of special interest 
during the continuance of the work in the fiscal year ; 
1884-85. I 

As in forme years, the labourers in the mound explora- i 
tions were remarkably successful, more especially in the, 1 
territories east of the Rocky Mountains, where Prof. 
Cyrus Thomas, in 1885, and his coadjutors, Messrs. 
Middleton and Thing, subsequently, made important 
finds in Indian pottery, which were unique of their kind. 
Even more valuable are the results of the explorations 
carried on in New Mexico by Mr. and Mrs. Stevenson, 
the latter of whom succeeded in obtaining the largest 
and most important collection extant of objects relating 
to the sociology of the Zuni tribes. This rare treasury 
of Indian relics includes specimens of woven fabrics, 
pottery, stone implements, both ancient and modern, 
pictured urns, shrines, altars, sacred masks, fetishes, 
plume sticks, and other objects connected with the 
ancient mythology and religious practices of these people. 
Owing to the great variety of the objects, their true 
character cannot be determined without prolonged inves- 
tigation, and in the meanwhile they have been deposited 
in the U.S. Museum, where they await their final classi- 
fication. According, however, to Mr. Curtis, these, as 
well as the still more numerous collections of pottery, 
stone implements, and other objects, amounting to 4000 
specimens, which have been obtained in New Mexico, all 
belong to the indigenous arts and industries of the 
ancient tribes who occupied the almost unknown tracts 
of Central America in which the Pueblo Indians are now 
located. 

In the department of linguistic research, prosecuted 
by the various employes of the Bureau, none have perhaps 
been more successful than Mrs. Ermine Smith, who was 
fortunate enough to discover two Onondaga MSS., and one 
MS. in the Mohawk dialect, all of which she has anno- 
tated and translated with the assistance of a half-caste 
•of Tuscaroran descent. The origin and history of these 
MSS. are not distinctly known, but it is conjectured that 
they are copies of originals which have been lost or 
•destroyed. In their present form, they are, however, 
alike interesting from a sociological and a linguistic poiq^ 
of view, for while the Mohawk MS. gives an account of 
the religious rites and chants of the Iroquoian League^ 


which represented the elder members of the entire nation, 
one of the Onondaga MSS. records the ritual in use 
among the younger members of the same council, and 
the other the form of address used by the chief Shaman 
on the initiation of a newly elected chief. 

These curious records have been turned to good 
account by Mrs. Smith in the completion of her Tuscarora 
dictionary, and in filling up her vocabulary for the “ In- 
troduction to the Study of the Indian Languages ” now 
preparing for publication. 

In the Far West, and especially in California, the 
results of linguistic field-work are not equally satisfactory ; 
and in the latter province, it would appear from the report 
of Mr. Henshaw, who was charged with the inquiry, that 
a number of the native dialects are extinct. Only a 
month before his arrival, an old woman had died who 
was the last person to speak the language of the Indians 
of Santa Cruz. The search for still surviving members of 
the several families of Indian languages current on the 
arrival of the Spaniards has not, therefore, begun too 
soon. The general results of these linguistic researches 
are embodied in a work entitled “ Proof-Sheets of a 
Bibliography of the Languages of the North American 
Indians.” This volume, a quarto of more than 1100 
pages, was compiled by Mr. Pilling, and issued in 1884 
by the Institute, which, with its usual liberality, has dis- 
tributed the hundred copies printed to other public insti- 
tutions, and to the various collaborators in the work. 

In turning from the highly interesting explanatory 
remarks of the Director to the various rSonographs con- 
tained in the volume before us (a folio of more than 800 
pages), we have first to notice the comprehensive and 
profusely illustrated treatise of Mr. Holmes, “On the 
Ancient Art of Chiriqui on the Isthmus of Panama.” 

Here the author supplies the technologist with an 
exhaustive history of the rise and development of 
plastic and textile art in this part of the continent, while 
he also treats fully of the literature and geography of this 
hitherto little-known province, whose position between 
North and South America imparted to the people some 
of the characteristics of the civilization of both sections 
of the western hemisphere 

Almost the whole of the enormous mass of clay and 
metal objects found in Chiriqui was extracted from tombs 
in the various huancals, or cemeteries, which are scattered 
over the Pacific slope of the province. These were first 
made known to science by Mr. Merritt, the director of a 
gold mine in Veragua, who, on hearing of the accidental 
discovery of a gold figure in Chiriqui, visited the district, 
and published a report of his explorations in 1859. From 
him we learn that in 1858, after it became known that a 
golden image had been discovered at Bugava, mor^ than 
1000 persons flocked to the spot, who it was estimated 
had in that year collected 50,000 dollars' worth of gold 
from one cemetery alone, which had an area of only 12 
acres. A curious fact connected with the plastic deoora- 
tions of the Chftiqui vases and other objects, is that no 
vegetable forms have served the artificers as models, 
animals alone paving been used for the purpose, as 
crocodiles, armadillos, monkeys, lizards, alligators, owing 
probably to their zoo-mythic conceptions of their divini- 
ties. Among {he various groups of vases, the one com- 
prising the so-called “ alligator ware ” is the most interest- 
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ing ; this animal being not only represented as a surface 
ornament, but serving as a model for the form of such dis- 
similar objects as whistles, rattles, tables, stools, jars, 
vases and other utensils. Occasionally the human figure 
appears under some grotesque form, and less frequently 
it is used to represent a divinity. According to Mr. 
Holmes, the entire system of the scrolls, frets, and other 
devices used in Chiriqui art have been derived from various 
parts of the \jody of an animal, probably the alligator, and 
he regards this system of ornamentation as indigenous to 
the district. In a separate article, the author treats of 
’ textile art in its relations to the development of form 
and ornament, and more especially with respect to the 
industries of the early American people. 

The article on the Central Eskimo, by Dr. Franz Boas, 
although complete and admirable of its kind, has com- 
paratively little interest for the English reader conver- 
sant with the results of Arctic research, since a very large 
and important part of the information given has been 
derived from the narratives of Franklin, Ross, Parry, and 
other more recent British explorers. Yet some additions 
have been made to our older knowledge of the Eskimo 
by Dr. Boas, who gives much interesting information 
regarding their tribal laws and customs, the musical art 
of the people, and their capacity for drawing ; while he 
relates several curious tales and traditions, which present 
so remarkable a similarity to those of the Greenlanders 
and the Behring Straits’ tribes as to make it probable 
that all these people are of one race. 

The Rev. (i. N. Dorsey, to whom the Bureau is 
indebted for the compilation of seventeen vocabularies 
of the different dialects used by the Oregon Indians, adds 
an interesting contribution to this volume, in which he 
describes the results of his visit, in 1883, to the Osages 
in the Indian Territory. During his short stay he obtained 
information regarding the existence of a secret society of 
seven degrees, in which a knowledge is preserved of the 
grades and general history of the various gentes and sub- 
gentes, with their taboo and names which are regarded 
with reverence and not spoken of. Owing to the strict ‘ 
secrecy usually maintained by members of this society, it 
was with extreme difficulty that he induced two of the 
initiated to recite to him the* traditions referring to the 
mythic history of their tribe, which had been imparted 
to them on their initiation. These traditions, which the 
author gives with an interlinear translation, record the 
passage of the primaeval Osages from higher worlds before 
they bore the semblance of birds, or had acquired from a 
beneficent red eagle the bodies and souls with which they 
alighted on the earth. The sacred chart on which 
their descent was symbolized by a river flowing beside a 
cedar, the tree of life, surrounded by sun, moon, and 
star^, was observed by Mr. Dorsey to be tattooed on 
the throats and chests of some of the elder men ; but 
the younger Osages knew nothing of such symbols, and 
he was asked not to speak to them on the subject. From 
all he saw and heard ''among these ancj various tribes of 
Iowa and Kansas, he believes that in this traditional 
record of the descent of their gentes from different birds 
and animals, we have a clue not only to the names by 
which they are distinguished, but to the meaning of the 
chants and war-songs which only members of the seven ‘ 
degndies of their sacred societies have the right to sing. 


It would appear that an arrangement by sevens is common 
to various kindred tribes, and there is reason for assum-* 
ing that wherever mythic names or taboos are in use 
there are, or have been, secret societies or mysteries^ 
which have been derived from early traditional history. 

In an elaborate article by Prof. Cyrus Thomas, entitled 
“ Aids to the Study of the Maya Codices,” we have an 
interesting account of the far-famed Maya Codex, which 
was acquired by the Royal Library of Dresden in 1739, 
and a large portion of which was collated for Lord Kings- 
borough’s great work on “ Mexican Antiquities,” of which 
it forms the larger part of the third volume. According 
to Dr. Thomas, this unique document consists not merely 
of one, but of several original MSS., while it presents 
no evidence, as often asserted, that its symbols, figures, 
and ^igns are to be accepted as alphabetical, or phonetic, 
characters, its series of dots and lines seeming to indicate 
a close relationship with the pictographic system in use 
amongst the North American Indians. He is of opinion 
that these series have a chronological significance, based 
on the method of counting time common to the Mexicans 
and Mayas, in which a religious, or hierarchical, cycle of 
260 day| was recognized, as well as the solar year calendar 
of 360 days in use among the people. This interpretation 
must, however, for the present rank as merely conjectural^ 
although his elaborate analyses of the Maya symbols can- 
not fail to be of use to the few interested in the solution 
of the curious philological problem involved in the elu- 
cidation of this unique codex, to which special notice was 
first drawn by Alexander von Humboldt. His acquaint- 
ance with ancient South American MSS. enabled him to 
show that, while its symbolic characters presented a close 
affinity with those used by the Mexicans, the material of 
which the MS. was composed was the Mexican plant 
metl, Agave mexicana. 

EXACT THERMOMETRY. 

Traite pratique de la Then/nm.'lrie dc precision. Par Ch. 

Ed. Guillaume. Pp. xv. and 336. (Paris : G.iuthier- 
^ Villars, I 889.) 

'■T''IIE thermometer, practically as we now have it, is an 
JL instrument several centuries old, and by far the most 
popular of all scientific apparatus. Yet probably much 
less is generally known about it than about its companion 
implements the barometer and the telescope. The reason 
for this want of knowledge lies doubtless in the fact that 
the common use of the thermometer is chiefly for rough 
observations on the temperature of the air, and for this 
the ordinary instruments are sufficiently accurate as they 
leave the maker. 

Meteorologists and physicians, however, occasionally 
have the zeros of their thermometers tested ; and, for 
factory work, other points have sometimes to be examined. 
But in chemical and physical laboratories, investigations 
not unfrequently require that thermometers should be 
corrected with all possible delicacy, if the resulting 
measurement is to be exact and valuable. For such 
operations there has hitherto been no exhaustive guide ; 
and M. Guillaume, whose ample experience in the Bureau 
international des Poids et Mesures is a guarantee for the 
practical value of what he writes, has done good service 
by issuing the present work at an opportune moment. 
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It is natural for a “ Traitd pratique ” tp refer mainly to 
the mercurial thermometer ; for the great majority of 
practical thermometric measurements lie within its scope. 
Having a range from — 40” to at least 360° C., and a 
possible sensitiveness of about o^’oox, it rarely has to be 
exchanged for more delicate or larger-scaled appliances. 
Even the air thermometer — a sort of general appeal court 
in measurements of heat — is always accompanied by a 
number of ancillary mercurial thermometers. 

To begin at the beginning (which, by the way, the 
author has not done), a thermometer has to be made ; 
and the method of making it has a serious influence on 
the result. One maker will overheat his glass, and thus 
make the bulb harder than the stem ; another will leave 
irregularities in the bulb which will cause the zero to rise 
irregularly ; a third can never perfectly “ deprive,” as it 
is termed, the stem of air ; the breath of a fourth is con- 
stantly leaving fatty matter in the capillary tube. In 
short, there are endless variations in technique, to which, 
for delicate instruments, attention should be drawn, 

< The division of the thermometer is, as might have been 
expected, well described ; and minute details of calibra- 
tion (chiefly by the method of broken threads) aae duly 
set forth. Then follows a notice of a less familiar 
correction -that, namely, which depends on internal 
pressure when the thermometer is in a vertical position, 
and that which is produced by the (external) pressure of 
the air. Two methods of ascertaining the thickness of the 
bulb are given, but they are both inferior to Stokes’s, 
which turns upon measuring angularly the distance be- 
tween a spot on the outside of the glass and its reflec- 
tion from the inner surface. Then ensues a description 
of the usual apparatus for determining the zero (which 
M. Guillaume seems to read somewhat too soon after 
immersing the bulb in the bath) ; and the method of 
ascertaining the boiling-point of water accompanies this. 
In the comparison of thermometers, which is next treated^ 
the present writer prefers an air current to the metal 
plunger flgured on p. 125. 

If we observe the zero of a thermometer soon after 
manufacture, and subsequently at frequent intervals, we‘ 
shall find that it is continually rising. The late Dr. Joule 
observed this ascent in one of his thermometers for more 
than seven-and-twenty years. There can be no doubt 
that it is due to a kind of setting of harder silicates in 
presence of softer or more viscous silicates in the mixture 
of which the bulb is composed. The softer glasses show 
it more than the harder ones ; but in all exact work, it has 
to be determined and allowed for. This variation takes 
place at the ordinary temperature. If now we heat the 
thermometer moderately (say to 100 ) and cool it, we 
shall notice a temporary depression due to a tem- 
porary set. If, again, as is often the case in factory 
work, we heat the thermometer for a long time to a high 
temperature (say 1 80°) the glass of the bulb (especially if 
soft) will become sensibly more plastic ; and will some- 
times yield sufficiently to external pressufe to cause an 
ascent of 6®. At higher temperatures the ascent is still 
greater. Measurements of zero are therefore exceedingly 
important, even for moderately accurate work, and the 
author does not fail to draw minute attention to them. 
We should have been glad if at this point he had said 
something about the form of thermometer bulbs. Bulbs, 


for instance, which have their sides concave vary readily 
in capacity with barometric changes. 

The exposure correction has exercised the minds of 
physicists for a great many years. When the bulb but 
•not the stem of a thermometer is in a bath, the stem 
may clearly have a diflerent temperature from the bulb, 
and the reading as a whole will be too low. In most 
chemical and physical laboratories, it is usifal to follow 
Kegnault, and to add, to the otherwise corrected reading 
T,, the quantity 

a(T-ON. 

(N is the length in degrees of the exposed column, / is 
its mean temperature, and a is the difference between 
the expansion coefficients of glass and mercury.) There 
can be no doubt that this correction gives too low a result 
at high temperatures. It has been shown that if instead 
of a we simply write (a + PN) — calculating a and p from 
the results— the demands of experiment are fulfilled with 
all desirable accuracy. The author, however, is disposed 
to leave the reader pretty much to his own devices for 
this correction. 

The remainder of M. Guillaume’s work is chiefly de- 
voted to the comparison of the mercurial with the gas 
Ihermometcr, and the measurement of dilatation of solid 
bodies : there are some valuable tables at the end. 

A perusal of this “Traitd pratique” will perhaps cause 
some regret that in most of our measurements of 
temperature we should be obliged to employ a material 
that is const.antly undergoing physical chihge, and that 
necessitates in instruments constructed of it so many 
corrections. It is, on the other hand, a fortunate circum- 
stance that we have in the mercurial thermometer an 
admirable means of establishing and measuring the 
corrections necessary to be imposed wherever glass is 
accurately worked with. For it cannot be too em- 
phatically pointed out that every lens, cylinder, flask, or 
other glass instrument we employ is more or less 
amenable to these corrections. M. Guillaume’s work, 
therefore, should command, as it deserves to command, 
a very wide interest. Edmund J. Mili-S. 

r//E FA UNA OF BRITISH INDIA. 

The Fauna of British India^ including Ceylon and 

Burma. Edited by W. T. Blanford. Vol. I. Fishes. 

By Francis Day. Pp. 548 ; 164 Figs. (London : 

Taylor and Francis, 1889.) 

T he first volume of this, the last work of the well- 
known Indian ichthyologist, Francis Day, was 
issued under particularly painful circumstances, viz. 
almost on the very day of the author’s death.. The 
state of Mr. Day’s health during the last few months 
had prevented him from attending to the correction of 
the proofs beyond the middle of this volume, which deals 
with the Chondropterygians, the Physostomes, and tile. 
Acanthopterygian fkmily Percidee; and the tasl»of car- 
rying the remainder through the press has fallen on 
the editor. This work is but a condensation of the 
author’s quarto “ Fishes of India,” acompleted in 1878, so 
^valuable for the copious and beautifully-executed litho- 
graphic plates wlych accompany it. And, fortunately, a 
number of these excellent illustrations (one for every 
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genus) have been reproduced, intercalated in the text, in 
a manner which is highly creditable to the Lithographic 
Etching Company. 

Considering how much remains to be done in the in- 
vestigation of the hsh-fauna of India and its llritish, 
dependencies, it is a matter of regret that so little atten- 
tion has been paid to the subject since Mr. Day’s depar- 
ture from ^ndia. The supplement to the “ I'ishes of 
India,” published in 1888, records no more than sixty 
additions to the number of species, a figure which might 
easily have been doubled in the same lapse often years but 
for the unaccountable want of interest shown in this most 
important branch of study. As an example of the results 
which may be attained by an enthusiastic collector in 
those regions, we may allude to the collections of fishes j 
brought together during the last three or four years by j 
Mr. Jayakar, a surgeon stationed at .Muscat, at the | 
entrance of the Persian Gulf, and presented by him to ! 
the British Museum, by which no less than twenty-five 
species, many of large size and of commercial im- 
portance, have been added to the record of the fishes 
of the Indicin Ocean. It is to be hoped, therefore, 
that this new and well got up issue of the “ Fishes of 
India ” in a more portable form will give a fresh, 
stimulus to the study of that fauna. A little more, how- 
ever, might have been done to facilitate the identifica- 
tion of species, a particularly arduous task, the difficulties 
of which would have been greatly lessened by the pre- 
paration of satisfactory “keys.” Such as they appear 
in this work, viz. mere abbreviateS tabulations of cha- 
racters, without or with scarcely any groupings under 
special headings, the synopses fail in their object, and it 
is really a matter of regret that the editor did not bring 
his influence to bear for a thorough recasting of this por- 
tion of the work, especially in the case of such extensive 
genera as Barbus^ Nemachi/us, Lutjanus, or Serranus, 
where the work of identifying species by means of the 
synopsis given is perfectly discouraging. With the enor- 
mous multitude of species which our present knowledge 
requires us to grasp, it is of primary importance that every 
possible facility should be given to the naturalist who uses 
a manual of this kind, which after all is intended chiefly i 
for those who have but an elementary knowledge of the 
special subject. ' I 

The above notice was in type when we received a copy 
of the second and concluding volume (509 pp., 177 figs.). 
We are glad to see that the editor has, in many cases, 
recast the synopsis of genera and species. The total j 
number of fishes known from Indian waters is given as 
1418. 

In concluding, we congratulate Mr. Blanford on having, ' 
under difficult circumstances, so successfully brought out 
this portion of the “ Fauna of India” ; and we join in his 
tribute to the memory of the late author, who, as he justly 
says, has rendered signal service to Indian zoology. 


we need scarcely say, is one with which M. Cartailhac 
is eminently competent to deal, and all who are inter- 
ested in the study of prehistoric times will be glad to 
have so compact and lucid an account of the facts to- 
which the work relates. He begins with a good sketch 
of the rise and progress of modern ideas with regard to 
primitive civilizations and the antiquity of the human 
race ; and this is followed by a discussion of the ques- 
^ tions connected with man’s place in Nature, his origin,^ 
: and the supposed traces of his existence during the Ter- 
tiary period. An admirable chapter is devoted to the 
I striking manifestations of artistic impulse by men of the 
j Fakvolithic age. The monuments of the Neolithic era 
I in France are grouped with perfect clearness, and M. 

; Cartailhac has not failed to do justice to any one of the 
! various questions which these monuments have forced 
upon the attention of students. The scientific value of 
the book is enhanced by the fact that he avoids as much 
as possible the use of purely hypothetical reasoning. 
When he comes to sets of phenomena which cannot be 
simply and naturally accounted for, he thinks it better to 
offer no theory at all than to suggest purely conjectural 
explanations. The illustrations, although in no way re- 
markable, will be of considerable service to readers who 
have not made themselves familiar with the aims and 
methods of archteological science. 

I Expenmental Science {K/einenfary, Practical, and Ex- 
perimenfai Physics). By George M. Hopkins. (New 
V'ork ; Munn and Co. Lo.adon ; K. and F. N. Spon, 
1890,) 

The subject of experimental physics is here set forth in 
a manner calculated to afl'ord to the student, the artisan, 
and the mechanic, a ready and enjoyable method 
of acquiring a knowledge of this fascinating subject. 
Although the popular style adopted by the author per- 
haps makes the bo-ok better suited to the general reader 
than to the student, it may safely be said that all classes 
of readers will find much to interest them. All the 
subjects usually included in the comprehensive term 
“ physics ' are discussed ; and, in addition, photography, 
microscopy, and lantern manipulation. By carefully 
performing each experiment at the time of writing the 
description, the author guarantees certain success if his 
instructions are followed. There is an excellent chapter 
on “ mechanical operations,” containing many valuable 
hints on glass working, simple apparatus for laboratory 
•use, soldering, and moulding. Mathematical expressions 
arc almost entirely excluded. 

The book is chiefly remarkable for its hundreds of ex- 
cellent illustrations, very few of which are diagrammatic. 
Many of them, like a considerable portion of the text, 
have already appeared in the Scientijic American, which 
is alone sufficient guarantee of their quality. Son.e of 
the latest inventions, including Edison’s new phonograph, 
are described and illustrated. 


LETTERS TO THE EDITOR. 

\Tht Editor dots not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertahe 
to return, or^ to correspond with the writers of, rejected 
manuscripts intended for this or any other part ef Natukb,. 
No notice is taken of anonymous communications,} 


OUR BOOK SHELF. 

La France Frehistorique. Par ^mile Cartailhac. ( Paris : 
Fdix Alcan, 1889.) , ' 

This volume forms one of the well-known series, 
“ Biblioth^que Scientifique Internationale,” published 
under the direction of M. Em. Alglave. The subject, 


“ Modem Views of Electricity.” 

The only point really at is.sue between Prof. Lodge and 
myself seems to be whether the difference of potential between 
two metals in contact can be measured by the Peltier effect or 
not. He atserts that he regards the statement that it can as an 
axit m, while 1 maintain that the only reason for calling it an 
axiom is that it cannot be proved. Let us take a simple case. 
Suppore we have a condenser, the plates of which are made of 
two different metals metallically connected, and that this con- 
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<ienser is placed in a vacuum, then, so far as I can see. Prof. 
Lodge’s principle must lead to ths conclusion \hat the difference 
of potential between the plates of the con leaser is proportional 
to the Peltier effect ; but if this is so, it is quite easy to show by 
the second law of thermodynamics that if the system is regarded 
as a heat-engine, the Peltier effect cannot vanish except at the 
zero of absolute temperature. 

On the other points mentioned by Prof. Lodge in his letter, 
there does not seem sufficient difference of opinion between us 
to make it worth while discussing them. 

In conclusion, let me assure Prof. Lodge that I am thoroughly 
in sympathy with the view that the consideration of the be- 
haviour of the medium in the electric field is absolutely 
essential. I do not think there is anything inconsistent with 
this in the paragraph he quotes, which was intended to express 
what is well known to have been the opinion of .Maxwell him- 
self — that the key to the secret of electricity would be found in 
the ‘‘vacuum’' tube. The Reviewer. 


The Physics of the Sub-oceanic Crust. * 

In your article on the above subject in Nature of 
November 21 (p. 54b the important pro.iosition that the 
earth’s crust rests on a liquid layer is once more brought to the 
front. The question reaches to the very basis of geology, but, 

• like most of those of real importance, is not now recognized 
by the Society which occupies apartments in Burlington House, 
rent free, for the purpose of forwarding the study of geology. 

Nothing is more obvious to the geological student th#n that 
enormous thicknesses of strata have been formed at practically 
one level. We clo not find that, when a thousand feet of sedi- 
ment has been deposited under water, the deposition began in 
water which was 1000 feet deep, and went on gradually lessen- 
ing the depth until the sea or lake was filled up ; but we do find, 
as in the coal-measures, that the entire 1000 feet was deposited 
in most uniformly shallow water ; that therefore the crust of the 
earth must have sagged foot by foot as additional feet of burdens 
were laid upon it. Dellas that have not yet been bottomed show 
hundreds of feet of silt, every yard of which was deposited at 
only a few feet from the surface level of the water ; e>tuarics and 
river valleys slowly sink where there is sedimentation ; ice-caps tell 
of accumulation acc mpa lied by depression and submergence, 
and re-elevation when the burden is melted and dissipated ; 
•coral formations and submergence are regarded as well-nigh 
inseparable, and even lava -flows flowing on to a plain have 
sunk its level in a degree corresponding with their mass. 
Where there is fifty or a thousand feet of piled-up lava-sheets you 
may look for a fault of like amount on its flanks, like that which, 
still unsuspected by geologists, cuts the Isle of Mull in half. 
Whether wc look at the past or the pre ent, we seem to see 
evidence of a crust resting in equilibrium on a liquid layer, and 
'Sensitive to even apparently insignificant readjustments of its ’ 
weight. And if the crust did not respond to, and make room 
for, the burdens laid upon it by the remova! of di -.integrated 
•land and its redeposition as silt under water, would not the seas 
be choked for miles round every coast ? The abrading action of 
^he waves cuts down the land, be it high or low, to a dead 
uniform level, and sooner or later it must become first beach, 
and then sea-bottom. There it is covered with silt or sea-weed, 
and is no longer abraded, and would, therefore, form great level 
tracts, instead of almost uniformly shelving coasts, unless it 
yielded pari passu to the increasing weight of sedinicnt and 
water. The immediate effect of cutting down cliffs, say of 100 
feet in height, and removing them in solution or by wave action, 
is to relieve the pressure at their base ; and I claim that, wherever 
1 have excavated for the purposes of collecting under such 
conditions, I have found a decided slope inwards away from the 
H$ea, if the strata were at all horizontal, no matter what direction 
their general inclination might be at a distance from the sea 
margin. But on the beach, a little way from the base of the 
cliffs, the slope is, on the contrary, towards the sea, and whatever 
•the general inclination may be, we see the harder ledges, even 
if but a few inches thick, sloping away into deeper and deeper 
water until lost to view ; and if you chaose to folio .v them and 
dredge, you trace them tending downwards into yet deeper 
water. This appears to me to be simply because the relief fr>m 
pressure has made the beach-line the crown of a slight arch, and 
an arch that continues to grow and travel, else hoiv could we 
collect day after day and year after year, on the same spots, such 
as East ware or Bracklesham Bays, fresh crops of fos$ils after 


every tide ? I have hundreds of times picked up every vestige 
of a fossil on perhaps an acre of Eocene or Gault, yet a couple of 
tides have removed so appreciable a layer that the area has 
appeared studded with fresh specimens that were twenty-four 
hours previously wholly covered and concealed under matrix. 
Yet this ceaseless waste does not lower the level of the beach as 
It ought to. 

And if such slight displacements as result from coast denuda- 
tion have so appreciabD an effect, what must take place in 
ocean, if subsidence is going on, and the weight of ^ater on the 
increase ? Darwin saw that the vast rise of land, which he so 
graphically describes in South America, must have been accom- 
panied by a corresponding depression in the bordering oceans ; 
and in turning his pages you almost expect to come on the view 
that depression in the Pacific must be the cause of the upheaval 
of the coast line. It only wanted the liquid layer theory to 
make the dependence of one on the other obvious. No general 
rise of land has, or ever can, take place, under the overwhelm- 
ing pressure of the great ocean depths, and oceans are thus 
permanent ; the struggle is confined to whether the liquid layer 
shall overcome lateral resistance and find relief along the coast- 
lines, which are the nearest lines of least resistance, and already 
weakened by abrasion, forming coast ranges, or rending the 
crust, and pouring over thousands of square miles from fissure 
eruptions ; or whether it shall overcome vertical resistance, and 
raise the beds of shallower ocean eventually, perhaps, into land. 

Thu^ the tendency, as noticed by the writer of your article, is 
for deep oceans to become deeper, under pressure which may 
increase but never relaxes, and for mountain-chains to grow into 
higher peaks, the more weight is lessened by valleys being cut 
up and denuded. 

This theory accounts for innumerable facts in the physics of 
the earth which space would not perm.t me to enter on, and is, 
so far as I know, opposed to none. 

J. Starkie Gardner. 

Area of the Land^'and Depths of the Qceans in 
Former Periods. 

In a letter to Nature (p. 54), entitled “ Physics of the Sub- 
oceanic Crust,” by my friend, Mr. Jukes-Browne, the following 
passage occurs : — 

“ Weare at liberty to imagine a time when there was much 
more land than there is at present, and when all the oceins were 
comparatively shallow.” 

I wish to point out that such a condition of things could not 
obtain if the bulk of the ocean water was the same as now. To 
get more land, the ocean would have to be deeper than now, not 
shallower. An easy way of conceiving the effect of shallowing 
the oceans is to mentally lift up the present ocean-floors, the 
result being an overflow of water and decrease of land area. 
The only possible way of shallowing the oceans and increasing 
the area of the land would be to make the ocean- floors perfectly 
flat, and to surround the continents with vertical walls of rock 
— in fact, to make the oceans into docks, which nevertheless 
would exceed two miles in depth. 

I pointed out this geometrical fact in “ Oceans and Con- 
tinents ” ^ — an article which has provided some of the stock 
arguments against their fixity. 11, therefore, theorists feel it 
necessary that the land areas should be greater, and the oceans 
shallower, in former ages, they are bound at the .same time to 
provide some means of decreasing the bulk of the ocean waters. 
This seem-* difficult, as other theorists tell us that the amount of 
water on the globe goes on decreasing, being used up in the 
hydration of the crust of the earth, and point to the condition of 
things on the moon as the final stage of our planetary existence. 

T. MELLARD R£/\D£.* 
Park Corner, Blundcllsands, near Liverpool, 

November 23. 


Distiibution of Animals and Plants by Ocean Currents. 

Sous ce litre, vous donniez nagutre fvol. xxxviii. p. 245) 
une correspondanv e de M. A. , W. Buckland concernalft divers 
phenom^nes observes i Port- Elisabeth, dans PAfrique du Sud. 
Entre autres choses il y etait relate que, vers la fin de Pannde 
1886, un fruit analogue i^^celui du cocoder avail port^ pur la 
mersurlerivage de Port- Elisabeth en meme temps que des quan- 
*titcs considerables de pumites ou pierres-ponces. 

* Geo'^gical MagaiUte, t88o, p. 380 ; a^so. see letter in same magazine, 
1881, p. 33S, headed ** Subsidence and Elevation.'* 
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Le fruit ramassc par iin boy^ // y porte la dent, fait la 
grimace. . , * Le moindre ducaton serait bien mieiix sopt 
affaire.*’ Notre hoy se decide d^s lors k porter le fruit au 
jardinier de ** North End Park,” Le vegetal confie i la terre 
poussa et donna un arbre, Ban^ingtonia spcciosa^ qui avait 
atteint 4 pieds de hauteur vers le milieu de Tannce 1880. ^ . 

M. A. \V. JJuckland <^mettait Thypothtse que fruit et pumites, 
comme aussi quelcjues poissons et serpents appartenant i ^des 
especes jus(pie-k\ inconnues dans le pays, et arrives en nieme 
temps, j)rov^aient des parages de la Sonde, et, a la suite de la 
grande eruption de Krakatoa en 1883, avaient ete portes par les 
Sots jusque sur les rivages de la cote Sud-Africaine. 

II n’y a plus a douter, je crois, de la provenance des pumites. 
Je n’ai rien a dire au sujet des poissons et serpents. Mais pour 
ce qui est du fruit de Barringtotiia spxiosUy il me semble qu^on 
pourrait lui donner une autre origine ou point de depart, et 
diminuer ainsi de beaucoup la duree de sa traversce sur I’ocean. 

1/arbre Bat'ringtopiia spcciosa cror, en effet, a Madagascar, ou 
je Tai vu i Tamatave, sur les bords de la men 11 ne serait 
done , point du tout improbable que le fruic porte par les dots a 
Port* Elisabeth provint de la grande ile Africaine. En meme 
temps que je signalais Tarrivee sur nos plages Malgaches des 
pumites de Krakatoa, en Septeinbre 1884 et en Fevrier 1885 
{Costtiosy nouvelle serie. No. 12, p. 320), j’envoyais en Europe 
divers specimens de ces pumites ramasses sur la plage de Tama- 
tave. Parmi les .specimens adresses a la Societe Nationale 
d’Acclimalation de France s’en trouvait un dans lequel sVtait 
loge une partie de vegetal, — une fleur, si je ne me trompe, d’une 
espece de Terniinalia, qui croit aussi a Tamatave sur les bords 
de la nier {Bullet itt de la SoeiM Nationale Acclimatat ion de 
Franee^ Decembre 1884, p. 983). 

Un fniit de Barringionia speciosa arbre qui, comme je Pai 
fait remarquer, croit au bord de la mer sur la cote orientale de 


Madagascar, a tres bien pu, de mcne, prendre ‘^passage” sur 
une pumite ou un banc de pumites atterrees sur la plage Malgache ; 
puis, a la premiere haute marce, avoir cingle sur ce “ transport ” 
aun nouveau genre vers la cote Sud-^fricaine, piussc* par le 
Courant •IndierT, jusqu'a son arrivee a Port-Elisabeth, ou il a 
enrich! le North End Park ” d’un nouvel arbre exoliqae. 

Mais, , meme dans cette hypothese, le phenomene observe 
a Port-Elisabeth n’aurait pas un moindre interec. L’lle de 
Madaga*?car y gagnerait de pouvoir cire consideree comme une 
grande “ escale,'" etablie par le Dieu Createur et Ordonnateur 
des Mondes, pour le service des Messageries maritimes ” de la I 
Nature enlrc les Archipels de la Maiaisie et la cote Sud- 
Africaine. 


Veuillez agreer, Monsieur le Redacteur, IcJ respectueuses 
salutations de votre humble serviteur, 

Paul Cambou^:, SJ., 
Missionnairc apostolique i Tananarive. 
Tananarive, Madagascar, 15 Octobre. 


A Marine. Millipede. 

British naturalists, eq^ecially such as work on the south 
coast, will hear with interest that Mr. J. Sinel has lately found 
in Jersey the very curious marine Millipede, Geophilus sub^ 
fpiaritima, Grube \ Verh. d, schles, Geselisck,^ 1872). i)r. Latzel, 
of Vienna, tells me that the .specimens differ somewhat from the 
type, and probably constitute a well-marked variety. Some 
examples were found close to the low-water mark of very low 
spring tides, where they could not be exposed more than two 
days in a fortnight. 

The Geopbilus occurs associated with two or three beetles, 
of which at least one appears to be new, and with a remark- 
able Chelifer which is probably identical with Obisiutn littorale^ 
a new* species descril^d by Moniez from Boulogne, in this 
month’s Bevue Biologique^ or wdlh the doubtful species O. mari- 
tirnum of Leach {ZooL Miscellany^ iii. 1817). 

Mr. Sinel’s crowbar, a tool the naturalist makes too little uie 
o^ i^ doing wonderful service. D. W. T. 

December 2. 


A Case of Chemical Equilibrium. 

During some experiments made in connection with a research 
recently laid before the . Royal Society, we came upon an in- 
teresting case of chemical equilibrium. 

The object of the research was to determine the rate of 
evolution of oxidizing material liberated, finder varied condi- 
tions, in a solution containing dilate hydrogen chloride and 


• 

potassium chlorate. There was also introduced a little starch 
solution and a sma*)l quantity of potassium iodide to serve as an 
indicator of the completion of a certain amount of work, which was 
the conversion of a known small weight of sodium thiosulphate 
into tetrathionate. The completion of this change was marked 
by the appearance of a blue colour in the liquid. The operation 
was then repeated. 

In these experiments the amount of substances undergoing 
change, when compared with the total amount present, was so 
large that the masses of the substances remained practically 
constant during each experiment. 

In such a mixture the condition of equilibrium may be con- 
sidered to be represented by the following equation : 

piUCl + WKCIO3 - ;//HC10s + mKCl + (// - ///)HCI, 
where n is greater than ///. 

We may then regard the oxidizing material as being liberated by 
the reaction of the (// - w) molecules of hydrogen chloride with 
the tpi molecules of hydrogen chlorate so liberated. The pre- 
senije of the /// molecules of potassium chloride will produce its 
specific effect (in this case acceleration) on the rate of reaction. 
So that out of the // molecules of hydrogen chloride employed 
only fi - m are actively engaged in liberating oxidizing material,, 
the rest having been employed in saline decomposition. If such 
be the case, it ought to be possible to obtain a similar rate of 
oxidation by taking ;// molecules of hydrogen chlorate instead of 
potassium chlorate, and then reducing the hydrogen chloride 
used from n to (// - ///) molecules. If we then add the m 
molecules of potassium chloride we should then be able to build 
up a system similar to what is obtained in the former case as 
regards saline equilibrium. The following results were obtained 
by this method of procedure. 

The numbers signify millionth gram molecules per c,c,, and 
the rates, denote the number of millionth gram molecules of 
CIO3 decomposed per minute in each cc. 

A. ;/HCl + wKClOa 

I. // =: 18 X 65*11 gives R ^ 0*0104 

/// = 6 X 51*5 B. (// - /n)HCl + ///IICIO3 -I- //iKCl 

gives R = 0 0105 

A. ;/HCl + ;;iKC 103 

IL // :^ 15 X 65*11 gives A* = 0*00554 

;// = 6 X 51*5 B. (p/ - ///)IICI f + /nKCt 

gives R = 0*00555 

A. nllCl + ///KClOa 

III. ;/ 15 X 65*11 gives R ~ 0 0019s 

/// == 2 X 51*5 B. (u - 4- -f- wKCl 

gives A* == 0*00191 

Dover College. W. H. Pkndlebury. 

On the Use of the Word Antiparallel. 

After reading Mr. James's note, I looked out the reference 
quoted by him from Stone’s Dictionary in the “Acta Erudi- 
lorum.” Stone’s reference is quite correct, and, as the passage is 
an interesting one, it may be well to quote it in full. It occurs 
in an article by Leibnitz treating of the catenary. 

“ Tangentem ducere ad punctiim lineae datum C ; in AR hori 
zontali per verticem A sumatur R ut fiat OR xqualis OB datae 
et ipsi OR ducta antipap^allela CT, occurrens axi AO in T, erit 
tangens quaesita. 


-R 


** Antiparallelas compendii causa hie voco ipsas OR et TC 
si ad parallelas AR et BC faciant non quidem eosdem angulos 
sed tamen, complemento sibi ea»tentes ad rectum, ARO et 
BCT.” 

The following quotation is given in Murray’s “New English 
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Dictionary,” and is assigned to the year 1660 : — “To take the 
opposite course and to provide our remedy antiparallel to their 
disease.!’ Here it seems intended to convey the idea of * ‘ parallel 
and in the opposite sense.” 

In Barlow’s “ Mathematical Dictionary” (1814), the modern 
meaning is given, and the old error as to the ratios of the 
segments of the sides of the triangle is pointed out. 

In Rees’s “ Cyclopaedia” (1819) the modern meaning is given, 
but a remark is added that Leibnitz used the word in the sense 
explained above ; as no reference is given, we cannot tell 
whether the writer meant that he habitually used it or only in 
the article on the catenary. £. M. Langley. 

Bedford. 

A Surviving Tasmanian Aborigine. 

In your issue of November 14 (p. 43), you refer to the paper 
read by Mr. James Barnard before the Royal Society of Tasmania 
on a Mrs. Fanny Cochrane Smith, who lays claim to be the last 
surviving aboriginal Tasmanian. Since ^our note appeared, I 
have read a report of the paper published in the Hobart Aferfury 
of September 10 last, and think my view on the claim may be 
of some interest to your readers, 

Mr. Barnard states that he knew Mrs. Smith forty years ago 
when she was seventeen years of age, and that during the period 
which elapsed since then until she called upon him shortly before 
he wrote his paper, he had not known of her whereabouts. In 
favour of the claim I can only find that she has, with appa'ently 
one exception, always been referred to officially as a pure-bred 
aborigine, and that Parliament appears to have voted her grants 
on two occasions (in 1882 and in 1884) on account of her unique 
position. 

The objections to the claim may be briefly summarized as 
follows : — 

(1) From the meagre account given, it appears her hair and 
complexion are both that of half-castes, and we are not supplied 
with any other description of her features or stature or pecu- 
liarities so as to be able to judge on the question. 

(2) Beyond the mere statement as to mutual recognition no 
evidence is given that the claimant is the same girl Mr. Barnard 
knew forty years ago at Oyster Cove, nor, indeed, is there any- 
thing to show that this woman is the child, or one of the children, 
referred to by Lieut. Friend in controverting Count Strzelecki’s 
well-known views, which quasi fact forms the foundation for the 
claim. 

(3) The woman herself is reported to have no recollection of 
witnessing, at the age of thirteen, a document sufficiently im- 
portant to have impressed itself on her memory, and it is 
somewhat strange that this very document is said to describe her 
as a half-caste. 

It would, no doubt, be interesting were it to be eventually 
proved that this woman Fanny is a pure-bred aborigine, but for , 
the present Truganina must be considered the last survivor of 
her race. Hy. Ling Roth. 

LightclifTe, November 23. 

Brilliant Meteors. 

The brilliant meteor seen at Warwick School and in 
Cumberland I saw at Folkestone on November 4 a little before 
8. It was travelling slowly from north-west to north, about 
30° above, and parallel with, the horizon. After travelling some 
distance it appeared to partly explode, and then went a little 
farther and burst. At first it was a beautiful green colour, but 
after it had partly burst it was nearly white. I imagined its 
colour was through the haze there was in the sky. From what 
I saw I am certain it would have been a splendid sight had 
the atmosphere been clear. P. A. Harris. 

Inchulva, Maidstone, November 27. 

Last night, in clouded moonlight, whilst walking here from 
Newton by the road over Little Dunnow, my attention was 
arrested by the glare of what must have been a very bright 
meteor, seen through clouds which formed a general covering. 
The quarter in which the light appeared was east by north, at 
an elevation of about 25*, and it lasted a second and a half. 
There appeared to be three centres of illumination, but these 
may have been only thinner portions of the clouds. The time, 
as nearljr as I could get it by comparing my watch by telegraph 
at the village post office this morning, was 22h. 48m. 45s. 
Slaidbum, Clitheroe, December a. K. H. Tiddbman. 


REPORT ON THE MAGNET/CAL RESULTS OF 
THE VOYAGE OF H.M.S. CHALLENGERS 

I T will be remembered by readers of the “ Narrative of 
the Voyage of H.M.S. Challengers that Vol. II., 
published in 1882, contained a report of the magnetic 
observations made in that vessel in considerable detail. 
It has, however, been reserved to the present year for a 
full discussion of the Challenger observations and their 
bearing on our existing knowledge of terreftrial mag- 
netism to be made, and the following is an abstract 
of the final Report about to be published in Vol. II., 
“ Physics and Chemistry of the Voyage of H.M.S. 
Challengers 

The method of representing the values of the magnetic 
elements by curves of equal value has, since 1700, when 
Halley published his map of the declination, found 
general favour ; for in succeeding years we find Moun- 
tain and Dodson, Churchman, Yeates, and Barlow, also 
published maps of the same magnetic element. 

In 1819, Hansteen added maps of inclination to the 
declination for certain epochs, and in 1826 produced a 
chart of isodynamic lines, revised in 1833. 

Following Hansteen, there appeared, in 1840, Gauss 
and Weber’s atlas, the result of calculations from about 
eighty-four observations distributed over the world, pre- 
senting a remarkable approach to the truth, even when 
viewed in the light of our comparatively extended know- 
ledge of the earth’s magnetism in the present day. It 
may be observed that, if only a fresh magnetic survey of 
the regions south of 40“ S. latitude were now made, a re- 
calculation of the Gaussian constants might be under- 
taken promising important results. 

Between 1868 and 1876 Sir E. Sabine’s “Contribu- 
tions to Magnetism ” >tere read before the Royal Society, 
forming a series of papers on the magnetic survey of 
the globe for the epoch 1842 5. Although the maps ac- 
companying these contributions serve as a point of 
departure for comparison with subsequent maps, an ex- 
amination of them shows that in Africa and the North and 
South Pacific Oceans there were large blanks from want 
of observations 

There remained, therefore, a large field for observation, 
and it will now be shown how largely the Challenger 
Expedition contributed to the filling up of these blanks, 
and added to our knowledge of the changes going on in 
the magnetic elements in places visited by previous 
observers. 

The whole of the magnetical results have been em- 
bodied with others from every available source in four 
charts^ of the magnetic elements, for the epoch 1880, 
which may prove acceptable to magneticians desirous 
of noting the changes in the magnetic elements since 
18425. 

The Challenger was not an ideal ship in which to con- 
duct magnetic observations at sea, for she was seldom at 
rest from pitching and rolling, and although the errors in 
the observations caused by the horizontal component of 
the ship’s magnetism were moderate, and could be 
eliminated b^ “swinging” the ship, those proceeding 
from the vertical component were large, and necessitated 
a frec^uent comparison with normal values on land.* But 
by discussing fully a series of observations made in 
numerous places in both hemispheres where no trace of 
local magnetic disturbance could be found, the magnetic 
condition of the ship was readily determined for any 
period of the voyagt. As a consequence of this,^ormal 
values of the magnetic elements could be obtained in the 
neighbourhood of places known or suspected of being 
affected by local magnetic disturbance, and the amount 
of such disturbance measured with Considerable accuracy. 

» This method of detecting local magnetic disturbance, 

' Note publUhcd witif the “Report of the Scientific Reeultsof the Voyage 
of H.M.S. ChatttngerP Physica and Chemktry, Vol. II., Part VI. 
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was applied to the solitary islands of the ocean visited 
by the Challenger^ and the following are some of the 
principal results. 

At Madeira there was a difference of 74 “ in the ob- 
served inclination between observations made at i foot 
and 3I above the ground ; and at Santa Cruz, Tenerife,* 
the inclination was 24'“ in excess of the normal observed 
in the ship. 

It was a^Bennvida, however, that the most remarkable 
results were obtained. For some years previously, ob- 
servers in different parts of the group had obtained very 
different values of the declination, and our men-of-war 
when swinging for deviations of the 'compass had found 
constant errors for every direction of the ship’s head 
which were peculiar to Bermuda. It could only, therefore, 
be by a properly equipped expedition like that of the 
Challenger^ and systematic observ'ation, that the imme- 
diate cause of all this local magnetic disturbance could 
be traced. 

For this purpose the declination w.xs observed at 
seventeen stations, the inclination at ten, and the intensity 
at seven. Combining these observations with others made 
by previous observers, it was found that between the 
Governor’s house at Mount Langton and the lighthouse 
on Gibb’s Hill, there is a disturbing magnetic focus 
attracting the north-seeking end of the needle with a 
force considerably in e.xcess of that due to the position 
of Bermuda on the earth considered as a magnet. The 
normal values of the magnetic elements were obtained 
by swinging the ship at sea 15' south of the green outside 
the dockyard. The difference between the observed 
declination at Clarence Cove and Barge Island was 5* 44'. 
The greatest difference in the inclination was i’ 47', and 
in the vertical force -t-o‘3i4 (Brit, units). 

Local maghetic disturbances wSrc also noted at St. 
Vincent, Cape de Verde Islands, Tristan d’Acunha, Ker- 
guelen Island, Sandwich Islands, Juan Fernandez, and 
Ascension, but not at St. Paul Rocks. 

By applying the same method of obtaining normal 
values at sea, and observing on other adjacent solitary 
islands such as St. Helena, similar effects result, and the 
following general conclusions seem to be supported by 
fact with regard to local magnetic disturbance : — 

(i) That in islands north of the magnetic equator, the 
north-seeking end of the needle is generally attracted 
vertically downwards, and horizontally towards the higher 
parts of the land ; (2) south of the magnetic equator the 
opposite effects are observed, the north-seeking end of 
the needle being repelled : in both cases by an amount 
above that due to the position of the island on the earth 
considered as a magnet. 

Interesting as these conclusions may possibly be from 
a scientihe point of view, they are of real importance in 
practical navigation. Navigators have asserted that their 
compasses were disturbed when passing the land in 
certain parts of the world. We learn from the Challenger 
observations that within 5 feet from the soil the greatest 
magnetic disturbance did not exceed 3° in the declina- 
tion and 24° in the inclination. Remembering the law of 
magnetic attraction and repulsion, it is impossible that 
a compass in such case could be disturbed in a vessel 
passing the land at the ordinary distance. In point of 
fact, it has been shown that it is to submerged mignetic 
land comparatively near the ship’s bottom that the dis- 
turijance of the compass is due. The remarkable instance 
at Cossack in North-West Australia may be cited in sup- 
port of 4his conclusion. Thus in H. M.^. it/rz/a, sailing on a 
line of transit of two objects on land for a quarter of an 
lu>ur in 8 fathoms of water, it was found that the compass 
was steadily deflected 30°, no visible land being nearer 
than 3 miles. * 

Great as the gain must be to the navigator to be thus* 
wamhd of a formidable danger in certain places, it also 
lays upon him the important duty of being on his guard 


against similar disturbances elsewhere, reporting any new 
discoveries as he would a rock or shoal. 

Large as was the Challens;er's contribution to the 
magnetic charts for 1880, it will be readily understood 
that it required considerable reinforcement from other 
sources, as their construction was dependent on observa- 
tion alone. Every available observation between the years 
1865-87 was utilized. Beyond the published sources of infor- 
mation on this subject may be mentioned the observations 
made on the east coast of Africa by the officers of H.M.S. 
Nassau in 1874-76, and on the west coast of Australia in 
1885 86 by H.M.S. Meda. Also the sea observations 
between Australia and Cape Horn of the declination in 
H.M.SS. Esh, Pearl, and Thalia, between 1867 87, not 
forgetting those of the New Zealand Shipping Company’s 
vessels in 1885-86. 

To combine this twenty years’ observation usefully, a 
somewhat extended knowledge of the distribution and 
ambunt of secular change became a necessity. Generally 
speaking, it is only at fixed observatories that this 
ebment of terrestrial magnetism is known with precision, 
for, as already shown, observations a few feet apart often 
give very different results. In the more frequented parts 
of the earth this secular change is appro.\imately known, 
especially in the United States, where valuable work has 
been accomplished. 

Onwgreat object of the voyage of the Challenger was 
to visit certain unfrequented positions where previous ob- 
servers had been, rather than the beaten tracks. Thus 
Ross’s position of 1840 on .St. Paul Rocks was visited, 
and the secular change during thirty -three years obtained. 
Then Tristan d’Acunha, an important station situated in 
mid-ocean, rarely visited for magnetic purposes. At 
Kerguelen Island, another of Ross’s positions, observa- 
tions of all three principal magnetic elements were made, 
and the secular change found approximately. 

In the Indian Ocean generally, north of 30^ S., the 
secular change of the declination rarely exceeds i' an- 
nually, but at Kerguelen Island the westerly declination 
is increasing at least 5' annually. 

It was, however, from two positions on the homeward 
voyage that the most novel and remarkable values of the 
secular change were obtained— Sandy Point, Magellan 
Straits, and the Island of Ascc ;sion, with its adjacent 
waters. 

At Sandy Point, with the horizontal force nearly 
stationary, and the declination decreasing 3' annually, it 
was hardly suspected until 1876, when the Challenger 
visited the place, that the inclination was apparently 
changing ii' annually. Comparing the Challenger's 
results by swinging near the Island of Ascension with 
Sabine of 1842 '5, the following values of the secular 
change are obtained : declination increasing 8' annu- 
ally ; south inclination increasing 14'. 

From these results the notable fact is made evident, that 
the north-seeking end of the needle is found to be moving 
in opposite directions, downwards at Sandy Point, and 
more strongly upwards at Ascension. Extending the 
inquiry into the surrounding seas and countries, it was 
found that these opposite movements of the needle were 
not confined to the spots where they were discovered. 

The author of this Report, after having discussed his 
collection of a large number of observations of the 
magnetic elements for all parts of the world — in many 
cases extending over several years — obtained approximate 
values of their secular change for the epoch 1840-80. 

These severdl values were weighted according to their 
relative accuracy, and entered on maps against the places 
of observation. Lines of equal value were then urawn 
for each element, and the following general results ob- 
tained with regard to the movements of the north-seek- 
ing end of the needle. 

1. Declination . — The principal lines of little or no 
change were found to take the course from St. John’s, 



Dec. 5 , 1889 ] 


N A TU RE 


107 


Newfoundland, to the West Coast of Africa, near Cape 
de Verde, emerging near Cape Palmas, and then to Cape 
Town ; thence curving upwards near Mauritius, down- 
wards scJuth of Cape Leeuwin, again upwards through 
Adelaide and Cape York to the vicinity of Hong Kong, 
A second line pissed from Sitka through the western 
portion of the continent of North America, striking South 
America near Callao, then following the trend of the coast 
to a point near the western entrance to Magellan Strait. 

The foci of maximum value of change were found : 
(i) between Scotland and Norway, change about 9' an- 
nually, needle moving- eastward ; (2) on the east coast 
of Brazil, needle moving westward about 8'. Minor foci 
were also found : one near Kerguelen Island, the other 
in the .South Pacific. Another focus apparently exists 
in Alaska. The general tendency was for the values of 
the change to decrease gradually from the foci to lines of 
no change. 

2. Inchnntion . — Similarly to that of the declination, 
there are lines of no change, two principal foci of maximuin 
secular change, but only one minor focus. The lines of 
no change are not so clearly defined as those for the 
declination, data being still wanting. The principal foci 
of maximum change in the inclination were found : (1) 
near the Gulf of Guinea, between Ascension and St. 
Thomd, which may be called the Guinea focus. Here 
the north-seeking end of the needle was moving upwards 
about 15' annually. (2) in the latitude of Cape Horn, 
and about 80’ W. long. This may be called the Cape 
Horn focus, and the annual change was ii', needle 
being drawn do 7 vmvards. It must be distinctly under- 
stood that both the positions and values of the change 
are only approximate, and only the general features in 
the angular movement of the freely suspended needle 
are to be accepted, as clearly shown by this investigation. 

3. Magnetic Intensity . — In the horizontal force, the 
annual change (B.U.) was about - 0*002 near Cape Horn, 
whilst between Valpar.aiso and Monte Video the focus of 
greatest change was about - 0 017. Again, on the west 
coast of Portugal a focus of -|- 0*009 (B.U.) occurred. 

Turning to the vertical component of the earth’s 
intensity, some remarkable results were observed. At 
the Cape Horn focus an annual change of 0*055 (B.U.) 
was found in the vertical force, the north-seeking end of 
the needle being drawn dowmeards, the change diminish- 
ing in value until the zero line extending from Callao 
across the American continent to the west coast between 
Bahia and Rio de Janeiro, and then taking a south- 
easterly course north of Tristan d’Acunha, was reached. 
Northward and eastward of this zero line there were 
found increasing values in the annual change in the 
upward vertical force acting on the north-seeking end of 
the needle until the Guinea focus was reached, where its 
full value was increasing 0*025 annually. From the 
Guinea focus to Northern Europe, Asia, and the Atlantic 
seaboard the change gradually decreased in amount. 
There were signs of minor movements in the north-seek- 
ing end of the needle in China, Mexico, and the United 
States. 

_ One of the chief factors in the compilation of the pre- 
viously mentioned maps of the three elements for the 
epoch 1880 were the observations taken in the Challenger^ 
and these were reduced to the common epoch by means 
of the investigation of annual change to which reference 
has just been made. 

It may be truly said that the Challenger's track was 
studded with ma^etic observations. After successfully 
traversing the Atlantic Oceans in varying directions, the 
three magnetic elements were obtained by swinging, in 
probably the most southerly position since the days of 
Iloss in the krebus and Terror, in lat. 63* 30' S., and 
long. 47' £. But the most valuable part of the con- 
tributions to terrestrial magnetism obtained in the Chal- 
lenger were .the observations made in the North and 


South Pacific. The route lay from Wellington, N.Z., to 
Tongatabu, and Fiji, from the Admiralty Islands to Japan, 
and thence in mid-ocean from nearly 40® N., through the 
Sandwich Islands and Tahiti to 40° S., nearly at right 
angles to the curves of equal magnetic inclination. 

During the voyage much experience was gained as to 
the usefulness of the Fox circle as an instrument for use on 
board ship at sea, the general result being that valuable 
work may be done with it if frequently compared with 
the absolute instruments on land, and the instrument 
mounted on a gimbal stand prepared to withAand the 
vibrations caused by the engines of the vessel. 

Although on the general question of the secular change 
of the magnetic elements much has been already written 
in this Report, there yet remain some important points 
which demand further discussion. 

As to the causes of the secular change various 
hypotheses have been advanced. Thus in the early part 
of the last century, Halley considered the change was 
chiefly caused by a terella with two poles or foci of 
intensity rotating within and independently of the outer 
shell of the earth, which also possessed two foci of 
intensity, the axes of the two globes being inclined one 
to the other but having a common centre. 

Again, Hanstcen at the beginning of the present 
century concluded that there arc four poles of attraction, 
and computed both the geographical positions and the 
probable period of the revolution of this dual system of 
poles or points of attraction round the terrestrial pole. 

*ln later years Sabine considered the secular change to 
be caused by the progressive translation of the point 
of attraction at present in Northern Siberia, this point 
of attraction resulting from cosmical action. Walker 
also agreed with Sabine as to the cosmical origin of the 
change. 

Later still, Balfour Stfewart gave reasons for attributing 
the secular variation to the result of solar influence of a 
cumulative nature. 

Keeping in view these hypotheses, and recalling the 
chief results of observation during recent years, how do 
they accord t 

Observation generally points to the fixity of the mag- 
netic poles— or two limited areas where the needle is 
vertical — in respect to the geographical poles. Again, 
in Siberia there is little or no apparent translation of the 
greatest point of attraction in that region, and the North 
American focus of intensity is probably at rest. 

Thus the results of observation in recent years are not 
favourable to hypotheses founded on the translation of 
the poles or foci of magnetic intensity. 

Let the terms blue and red magnetism be adopted, and 
the movements of the red, or north-seeking, end of the 
needle alone be considered. 

The question arises. What have recent observations 
offered us instead ? They tell us that near a line drawn 
from the North Cape of Norway across the Atlantic to 
Cape Horn lie some of the foci of greatest known secular 
change. It was also found that at the Cape Horn focus 
of vertical force the needle was moving downwards, or 
there was the equivalent to a blue pole of increasing 
power of attraction, the freely suspended needle being 
attracted towards it over an extended region around. At 
the Guinea focus there was the equivalent to a red- pole 
of increasing power of repulsion, the freely suspended 
needle being repelled over an extended region of un- 
defined limits. The action of these two poles apparently 
combine to produce a focus of ct^nsiderable angelar 
movement in the hbrizontal needle near Brazil. 

In China there is a minor blue pole of increasing power 
attracting the needle over a large area. 

With apparently small secular changes in Siberia, and 
the horizontal needle moving somewhat rapidly to the 
•eastward at the focus of change in the declination in the 
German Ocean, agd similarly to the westward in Alaska, 
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analogy points to the probability of there being a decrease 
in the vertical force in the high latitudes of North 
America, or the equivalent to a red pole of increasing 
power repelling the needle for a large area around it 

The variations in the vertical force at and about these 
poles or foci of attraction and repulsion at different epochs 
are not yet sufficiently determined, but if the hypothesis of 
translation be given up, it is not unreasonable to suppose 
that the secular changes in the declination and inclination 
are chiefly dependent upon changes in the relative power 
of these tpolcs. 

No satisfactory explanation has yet been given of the 
remarkable changes in the earth’s magnetic force as 
measured on its surface, and suggestions are only possible 
in the present instance. 

The voyage of the Challenger has shown that local 
magnetic disturbance is found in the solitary islands of 
the sea, although surrounded by apparently normal con- 
ditions, similar to that on the great continents. It has also 
been suggested that the magnetic portions of these islands 
causing the disturbance may possibly “ have been raised 
to the earth’s surface from the magnetized portion of the 
earth forming the source of magnetism,” and tending to 
prove Airy’s conclusion “ that the source of magnetism 
lies deep.’’ 

In view, therefore, of past geological changes and those 
now in progress, it may fairly be conceived, not only that 
large changes have likewise occurred in the distribution 
of the magnetic portions of the earth appearing here and 
there on the surface and producing local magnetic dis- 
turbance, but that there are others of a more progressive 
character below the earth’s surface which are only made 
manifest by the secular change observed in the magnetic 
elements. This conception with regard to secular change 
is not intended to exclude the view that solar influences 
may have ,a small share in producing the observed 
phenomena. 

In conclusion, it may be remarked that they who 
would fully see the substantial gains to terrestrial magnet- 
ism which have been obtained by the voyage of the 
Challenger must refer to the original of this abstract 
Report, with its plates and charts of the magnetic elements. 
Subsequent research may add to, qualify, or reverse 
the conclusions drawn from the observations, but the 
observations will probably retain a long-abiding value 
to magneticians. E, W. Creak. 


ON THE SUPPOSED ENOR^fOUS SHOIVERS* 
OF METE0 RITP:S in THE DESERT OF 
ATACAMA. 

T T is now universally acknowledged both that meteorites 
come from outer space and that shooting-stars, what- 
ever they are, have an extra-terrestrial origin. It is 
further asserted that a meteoritic fireball and a shooting- 
star are only varieties of one phenomenon. Indeed, after 
it is once granted that a meteoritic fireball is produced 
by the passage through the terrestrial atmosphere of a 
dense body entering it with planetary velocity from with- 
out, and that shooting-stars have an extra-terrestrial 
origin, it is a very fair assumption that a shooting-star 
is. likewise a dense body rendered luminous during its 
atmospheric flight. 

One great objection to this assertion is that, again and 
again, showers of hundreds of thousands of shooting- 
stays have taken place, during which no heavy body has 
been observed to Teach the earth’s, surface. The only 
known (Case of the arrival of a meteorite during a shooting- 
star shower has been that of MazapiJ, on November 27, 
1885, and that single coincidence may possibly be the 
result of accident. A sufficient explanation of this diffi- 
culty, however, is to be found in the small size of the 
individuals which produce the appearance of a shooting-** 


star shower. That the individuals are really minute is 
proved by the fa£t that, while the total mass of a large 
swarm, like that producing the November meteors, is so 
small that there is no perceptible influence on the motion 
of the planets, the number of separate individuals is 
almost infinite. It is established that the Leonid 
swarm must be hundreds of millions of miles in length, 
and some hundreds of thousands of miles in thickness ; 
and in the densest part of the Bielid swarm, passed 
through in 1885, the average distance of the individuals 
from each other was about twenty miles. 

Further, it is now acknowledged that comets are them- 
selves meteoritic swarms, and Mr. Lockyer has lately 
brought forward spectroscopic evidence that the fixed 
stars and the nebulae are similar to comets in their con- 
stitution. 

The question therefore immediately presents itself, Is 
the size of a meteoritic shower, on reaching the earth’s 
surface, ever comparable with that of a meteoritic swarm, 
a« manifested by a shower of shooting-stars ? 

During the present century nearly 300 meteoritic falls 
on the earth’s surface have been observed, and on only a 
single date, namely August 25, 1865, has there been 
observed a fall on two distant parts of the earth on the 
same day. On that date stones fell at Aumale in Algeria, 
and at Sherghotty in India ; but as the times of fall differed 
by about eight hours, and the stones arrived from different 
directions, it is more than probable that the coincidence 
of date was accidental. Hence we must infer that a 
swarm of meteorites, as far as actual observation of 
tangible objects goes, far from being hundreds of millions 
of miles long, with individuals a few miles apart, is a 
comparatively small group, separated from its neigh- 
bours, if it has any, by a distance comparable with the 
earth’s diameter. 

The extent of surface over which meteoric stones have 
been picked up after some of the best known and most 
widely spread falls is given in the following list : — 

T.imcrick, 3 miles long. 

Mocs, 3 miles by o'6 mile. 

Butsura, 3 miles by 2 miles. 

Pultusk, 5 miles by i mile. 

L’Aigle, 6 miles by 2 5 mile.s. 

Barbotan, 6 miles long. 

West Liberty, 7 miles by 4 miles. 

Siannern, 8 miles by 3 miles. 

Knyahinya, 9 miles by 3 miles. 

Weston, 10 miles long. 

Hessle, 10 miles by 3 miles. 

New Concord, 10 miles by 3 miles. 

Castalia, 10 miles by 3 miles. 

Khairpur, 16 miles by 3 miles. 

As far as I have yet been able to ascertain, the greatest 
observed separation has been sixteen miles. In the case 
of Macao, Cold Bokkeveldt, and Pillistfer, wider spreads 
have been chronicled, but later information has shown 
the inaccuracy of the earlier statements. 

As regards the meteoric irons, there have only been 
nine observed falls since the year 1751 ; in seven of them 
only a single mass was found ; in the remaining two there 
was in each case a couple of masses, not more than a 
mile apart. There is thus no recorded instance of an 
observed shower of meteoric iron. The most convincing 
proof of the actuality of such showers is furnished by the 
masses which have been found in the Valley of Toluca, 
in Mexico ; their existence had been chronicled as early 
as the year 1784, yet in 1856 it was still possible to col- 
lect as many as sixty-nine. When etched, they show the 
Widmanstatten figures in the most excellent way, and in 
their characters they are typical meteorites. Belonging, 
as tbev do, to a single type, they lead to the conviction 
that they are the result of a single shower. But the 
region over which the fall took place is not large ; the 
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length of it is said to have been only about fourteen 
miles. 

It is very probable, though not conclusively proved, 
that larrge meteoritic showers of stones, like those of 
Pultusk and L’Aigle, reach the terrestrial atmosphere as 
swarms of isolated bodies ; still, we must have regard to 
the fact that a mass is much fractured during its passage 
through the air by reason of the enormous pressure and 
the violent change of temperature. In the case of the 
Butsura fall, for example, it was conclusively established 
that stones picked up some miles apart must originally 
have formed part of a stone disrupted during the atmo- 
spheric flight. 

It is a question of a certain amount of interest as to 
whether there is any evidence of the actual fall of a 
shower of meteorites over a large extent of the earth’s 
surface. 

Such evidence has long been supposed to be furnished 
by the plentiful occurrence of meteorites in the Desert of 
Atacama, a term applied to that part of Western South 
America which lies between the towns of Copiapo and 
Cobija, about 330 miles distant from each other, and 
which extends inland as far as the Indian hamlet of 
Antofagasta, about 180 miles from the coast. 

. The generally received impression as to the occurrence 
of meteorites in this desert is well illustrated by the fol- 
lowing statement of M. Darlu, of Valparaiso, read to the 
French Academy of Sciences in 1845 : — 

“ For the last two years I have made observations of 
shooting-stars during the nights of November ii-Novem- 
bcr IS, without remarking a greater number than at other 
times. I was led to make these observations by the fact 
that in the Desert of Atacama, which begins at Copiapo, 
meteorites are met with at every step. I have heard, 
also, from one who is worthy of trust, that in the Argen- 
tine Republic, near Santiago del Estero, there is— so to 
say — a forest of enormous meteorites, the iron of which 
is employed by the inhabitants.” 

A study of the literature indicates that “the forest 
of enormous meteorites” near Santiago del Estero, 
understood by Darlu as significative of infinity of 
number, is really a free translation of a native state- 
ment “ that there were several masses having the shape 
of huge trunks with deep roots,” and that not more 
than four, or perhaps five, masses had really been seen 
in the Santiago locality at the time of Darlu’s state- 
ment. There is a similar misunderstanding relative to 
the Atacama masses : it is clearly proved that, at a date 
long subsequent to 1845, the Desert was virtually un- 
trodden and unexplored. In Darlu’s time it was only 
crossed along definite tracks by Indians travelling be- 
tween San Pedro de Atacama and Copiapo, and between 
the inland Antofagasta and the coast. In fact, it is esta- 
blished that the only Atacama meteorites then in circula- 
tion were all got from a single small area, three or four 
leagues in length, in the neighbourhood of Imilac, one of 
the few watering-places on the track between San Pedro 
and Copiapo. 

Since that time the discovery of rich silver-mines in 
the centre of the Desert, and the working of the nitrate 
deposits, have led to vast changes ; the Desert has been 
more or less closely examined, and other meteoritic masses 
have been found. Still, the number of meteorites yet 
discovered, distinct either in mineralogical characters or 
locality, is shown to be, at most, thirteen. 

One of them, Lutschaunig, is distinct from all the rest 
as being a chondritic stone ; a second, Vaca Muerta, 
likewise diflers from all the others in that it consists of 
nickel-iron and stony matter, both in large proportion ; 
a third, Imilac, is a nickel-iron with cavities, like those 
of a sponge, filled with olivine ; a fourth, Copiapo, is a 
nickel-iron with irregularly disused angular inclosures 
of troilite and stony matter ; the remaining nine consist 
of nickel-iron, virtually free from silicates, some of them 1 


showing no Widmanstatten figures when etched, others 
showing excellent figures more or less differing in 
character. 

Now, in every meteoritic shower yet observed, the 
individuals which have fallen simultaneously have been 
found to belong to a common type. Hence, it is reason- 
ably certain that several distinct meteors are represented 
p the Desert, and that the above masses are the result 
of several falls ; and this being accepted, the assertion of 
simultaneity of fall of two or more masses on^he purely 
geographical ground that they have been found in the 
same Desert, can be allowed no great weight. 

But have masses belonging to any one of the above 
types been found scattered over a part of the Desert- so 
extensive as to indicate a meteoritic fall more widely 
spread than any of those actually observed 1 A critical 
examination of the cases in which such an enormous 
spread has been asserted proves that the evidence is 
quite unsatisfactory. The results may thus be sum- 
marized .* — 

(1) Lutschaunig. — This was a single stone. 

(2) Vaca Muerta. — The masses were in great abundance 
distributed over a small area. But fragments undoubtedly 
belonging to this type have been brought from two other 
places far distant from the main locality. Very cogent 
evidence is brought forward to prove that the said frag- 
ments must have been carried to those places — the 
Jarquera Valley and Mejillones — from Vaca Muerta 
itself. 

(3) Imilac. — An examination of all the known literature 
indicates that the whole of the fragments belonging to 
this type have been got from the immediate neighbour- 
hood of Imilac. Caracoles, Potosi, and Campo de 
Pucard, from which specimens, belonging to this type, 
have been brought, are shown to be on regular lines of 
traffic starting from the Atacama coast. It is further 
shown that Imilac specimens were in great request, and 
were certainly carried to very distant places along such 
lines of traffic. 

(4) Copiapo. — It is conclusively proved that the two 
localities, upwards of 400 miles apart, for meteoritic 
masses belonging to this type, ’•esult from a mere inter- 
change of labels, and that all the masses probably came 
from a single place. 

( 5 “I 3 ) There is no satisfactory evidence furnished by 
similarity of type for any of the meteoric irons being part 
of a widespread shower. 

It is thus clear that the meteorites of the Desert of 
’Atacama afford absolutely no proof that enormous 
meteoritic showers have ever reached the earth’s surface. 

The general dryness of the air of the Desert, and the 
rarity of rain, have been sufficient to ensure the preserva- 
tion of masses which have fallen in the course of many 
centuries unto a time when an exploration of a large 
extent of the Desert has taken place. 

That the meteoritic masses are far from being so 
plentiful as has been imagined is conclusively proved by 
the experience of Mr. George Hicks, one of the earliest 
explorers of the 23rd and 34th parallels ; although much 
interested in their occurrence, he never found a mass 
himself, and he onl^ obtained his first specimen after 
years of persevering inquiry from the Indians. 

Detailed information relative to the Atacama meteorites, 
with a description and map of the Desert, will be found 
in the recently published number of the Mineraloncal 
Magazine, L. F.* • 


EARL Y EG YPTIAN CIVILIZA TION. 

A LTHOUGH the paintings in the^tombs of Memphis, 
of Beni Hasan, and of Thebes, have preserved to 
IS the knowledge of much of the civilization of Egypt, yet 
hitherto we have h&ndled but few examples of the im- 
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plements used, and those are mostly undated, liroadly 
speaking, the three sites just named represent respectively 
the Old Kingdom before 3400 n c., the Middle Kingdom 
about 26 co li.c., and the Mew Kingdom from 1600 n.c. ; 
and though debarred from scientific work in these richest 
districts of Egypt — owing to national jealousies— 1 have 
been fortunate enough to discover two small towns, eack 
only occupied for a couple of centuries, which have thuli 
revealed the works of the Middle and New Kingdom^ 
with chronological exactness. Beside the Egyptian in- 
terest of these places, they arc of prime importance for 
Mediterranean history, having been colonics of foreign 
workmen. 

These towns are one on each side of the entrance to 
the Fa) um province, fifty miles south of Cairo. The north- 
ern town, now called Kahun, was built for the workmen 
employed by Usertesen II., for his pyramid and temple, 
about 2600 B.C. The southern town, now called (iurob, 
was founded by Tahutmes III., and destroyed by Meren- 
ptah, thus lasting from about 1450 to 1 190 11.C. Obtaining 
thus two sites of different ages, close together, wc can be 
certain that all differences are due entirely to time and 
not to locality. The change in an interval of 1200 years 
is most marked. Of the pottery, scarcely a single type 
of form or material is alike in the two periods; of the 
many varieties of beads of stone and glazed ware, hardly 


one was continued ^ the metal tools are every one changed 
in form ; and the use of flints had practically died out. 
For the first time we are able to trace the definite and 
decided changes in all the products of two ages so remote. 
The idea that Egypt was changeless is only due to our 
lack of knowledge ; not only fashions changed — every few 
years in minor details — but radical rearrangements were 
made from age to age in the manufactures. 

The twelfth dynasty town — Kahun — is the more import- 
ant, and we will briefly note some of its products. Flint 
working was carried to a high pitch, the thin fiat knivea 
being flaked with much skill : but alloys of copper were also 
in use, and show ability in their casting and hammering, a 
thin bowl being wrought out of one piece. We find, then, 
flint and metal side by side, the flint being the commoner 
material, but yet influenced in its forms by the types of 
metal tools. Moreover, we now see the use of the numerous 
flint saws, formed of serrated flakes ; many of them have 
black cement upon them, and one was found remaining 
in*ts socket in a wooden sickle (Fig. i). 

Beside hatchets, adzes, and chisels of bronze, we find 
needles, barbed and unbarbed fish-hooks, netting-needles, 
and knives of the straight-backed type. Among wooden 
tools are hoes, rakes, grain-scoops, a brick-mould, plas- 
terers’ floats, bow-drills, plummets, &c. Perhaps the most 
important of all is a fire-stick, on which five burnt holes 
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remain where fire has been drilled by a rotating rod : the J 
drilling was begun by hacking a groove in the side of the 
stick, down which the heated wood powder might run, 
until it caught alight. This shows, for the first time, how 
the Egyptians obtained fire : and familiar as they were 
with the bow-drill, they doubtless u-sed it for the fire- stick. 
A very interesting point is the origin of the shoe from the 
sandal. Two sandal-shoes have been found ; both with 
toe and heel straps, but with an upper of leather across 
the foot. Tops, tip-cats, clay toys, dolls with jointed limbs, 
and game boards, were all in use. Among a large number 
of papyri that I found are two wills, one of which is a 
recital of a will and a settlement, duly witnessed. The 
provisions show ihat the later law of Greek times was 
niuch the same in matters of descent as it was two 
thousand years earlier. On receiving family property the 
man settles it on his wife ; she has a life interest in the 
dwellings, and may divide all the property among their 
bhildren at her discretion. The man’s official position he 
left to his son. A guardian was also^appointed, excluding 
the elilest son from that duty. Some numerical notes 
concerning fractions are also found ; and all these papyri 
are in course of study by Mr. F. L. Griffith. 

On turning to the later town— Gurob — of about 1 300 u.c., 
we find that the art of flint working was lost ; only a fey 
rude leaf-shaped flakes (totally different from the earlier 
forms) and 'some little saw-flakes remain, and these are 


scarce. Thus we may date the fall of fine flint manufac 
ture in Egypt to about 2coo ii.c. ; though rude flakes 
continued to be used till late Roman times, and more 
abundantly in poorer ages. Bronze tools were much 
modified ; hatchets and chisels less finely formed, knives 
a!w.iys double edged, fish-hooks not barbed, and punched 
metal rasps were brought in. Bronze working reached a 
high level in the making of two large pans, 14 and 9 inches 
across, exquisitely wrought with difficult curves, and so 
thin that they can be still bent in and out by the fingers. 
Glass ornaments were commonly used, though not found 
in the earlier town. The plain beads of fine blue, violet, 
&-c.,)3elong to about 1300 B.c. ; while the coarser beads 
of black, yellow, green, brown, and white, with eye- 
patterns, are about a century later. 

. The presence of foreigners in both of these towns is 
shown by the weights discovered, which are — with scarcely 
an exception — of foreign standards, foreign forms, or 
foreign materials. A commercial intercourse must there- 
fore have been kept up between these foreign colonies and 
the Mediterranean. Beside this evidence we find at Gurob 
the burials of one of the Tursha or Turseni (from ^ia 
Minor), and a Hittite ; foreign art is seen in a mirror 
handle with the Phcenician Venus, and a wooden figure 
of a Hittite ; and foreign cemplexions are ^hown by the 
light hair found on some of the bodies. very strong 
Mediterranean influence appears in the quantity of pottery 
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identical with the earliest styles found at Mykenae, at 
Thera, and at Mytilene ; and we are now able to date 
those stages of early culture in the Greek lands to 
1300 B.C., a fixed point of the greatest value. 

The most novel discovery of all is the presence of appa- 
rently alphabetic signs in use in both towns (Fig. 2), and 
by all the circumstances amply guaranteed to be of about 
2500 B.C. and 1300 B.c. Our existing theories of alpha- 
betic development require us to suppose that the Ph-ieni- 
cian letters were established before 2000 b.c. ; as the 
Egyptian writing from .which De Roug<5 derived them, 
was extinct after that date; and the Cypriote syllabic 
signs must be older. Thus, though no known inscriptions 
can be placed before about 900 b.c., yet the forms must 
have started about the same period as that of the first of 
these towns, Kahun. The conditions that we find, there- 
fore, of a great v.iriety of signs in use, many of which have 
not survived, while others have drifted apart into many 
different alphabets, are just what might be expected tft 

Fig. a. 

<Jon»inu Ui inscrip- Signs inci.scd in pottery (fho fhits .sep.i rating 
lion oil wood. dlfTcreiit examplc.s. 

Signs incised on pottery of the twolfti dynasty (Kaliun\ 

Signs on pottery of the eighteenth to n.iieteenih dynasty (Gurob). 

these early times. The apparent connection of these 
signs with some of the mison’s mar is of Egypt suggests 
that they may have been adopted by the foreign workmen 
from their Egyptian fellow-labourers ; and the very lack 
of literary education among such men would lead to 
their forming alphabets of their own from such miterials. 
We have at least now obtained two well-defined stages, 
between the finished and segregated alphabets of the 
period of known inscriptions, of 900 B.c. downward, and 
the original elements of Egyptian hieroglyphs, hieratic, 
mason’s marks, and perhaps Hittite and cuneiform cha- 
racters, from which the alphabets were evolved. To dis- 
cuss the historical descent of the signs, and to form a 
continuous theory of them, will need much discussion, 
and more materials. Meanwhile, my work will lie in the 
complete gathering in of what may still remain in these 
towns. A full account and drawings of every sign and 
every object of importance found this year will appear 
in a few months. W. M. Funders Petrie. 


MR. STANLEY’S GEOGRAPHICAL DIS- 
COVERIES. 

T his week an interesting letter from Mr. Stanley to 
Colonel Grant has been published. It is dated, 
** Villages of Batundu, Ituri River, Central Africa, Sep- 
tember 8, 1888.” Speaking of Lake Albert, Mr. Stanley 
says: — 

“ When on December 13, 18S7, we sighted the lake, the 
southern part lay at our feet almost, like an immense 
map. We glanced rapidly over the grosser details — the 
lofty plateau walls of Unyoro to the east, and that of 
Baregga to the west, rising nearly 3000 feet above the 
silver water, and between the walls stretched a plain — 
seemingly very flat — grassy, with here and there a dark 
clump of brushwood —which as the plain trended south- 
westerly became a thin forest The south-west edge of 


the lake seemed to be not more than six miles away from 
where we stood — by observation the second journey I 
fixed it at nine miles direct south-easterly from the place. 
This will make the terminus of the south-west corner at 
i'’ 17' N. lat. By prismatic compass the magnetic bearing 
ofRhe south-east corner just south of Numba Falls was 
t 3 f, this will make it about i” 1 1' 30" N. lat. A magnetic 
bcRiring of 148“ taken from N. lat. i" 25' 30" about exactly 
describes the line of shore running from the s^uth-west 
corner of the lake to the south-east corner of the Albert. 
Baker fixed his position at N. lat. 1° 15', if I recollect 
rightly. The centre of Mbakovia Terrace bears 121' 30' 
magnetic from my first point of observation, this will 
make his Vacovia about 15' 45", allowing 10^ west varia- 
tion. 

“ In trying to solve the problem of the infinity of Lake 
Albert as sketched by Baker, and finding that the lake 
terminus is only four miles south of where he stood to 
view it ‘ from a little hill,’ an J on ‘ a beautifully clear 
day,’ one would almost feel justified in saying that he had 
never seen the lake. But his position of Vacovia proves 
that he actually was there, and the general correctness of 
his outline of the east coast from Vacovia to Magungo 
also proves that he navigated the lake. When we turn 
our faces north-east, we say that Baker has done exceed- 
j ingly well, but, when we turn them southward, our senses 
j in vain try to penetrate the mystery, because our eyes see 
not what Baker saw. When Gassi Pasha first sketched 
the lake after Baker, and reduced the im-ninse lake to 
one about ninety miles long, my faith was in Baker, 
because Gessi could not resolve by astronomical ob- 
servations the south end of the lake. When Mason Bey 
--an accomplished surveyor — in 1877 circumnavigated 
the lake, and corroborated Gessi, then I thought that 
perhaps Mason had mA a grassy barrier oi» sandbank 
overgrown with sedge and ambatch, and had not retached 
j the true beyond, because he admitted that he could not 
I sec very far from the deck of his steamer, my faith still 
rested in Baker ; but now, with Lieutenant Stairs, of the 
Royal Engineers, Mr. Mounteney Jephson, Surgeon Parke, 
Emin Pasha, Captain Casati, 1 have looked with my own 
eyes upon the scene, and find that Baker has made an 
error. 

“ 1 am somewhat surprised also at Baker’s altitudes of 
Lake Albert, and the ‘ Blue Mountains,’ and at the 
breadth attributed by him to the lake. The shore oppo- 
I site Vacovia is ten and a quarter miles distant, not lorty 
j er fifty miles; the ‘Blue Mountains’ are nothing else 
I but the west upland — the highest cone or hill being not 
j above 6doo feet above the level of the sea, not 7000 or 
i 8000 feet high. The .altitude of Lake Albert by aneroid 
I and boiling-point will not exceed 2350, not 2720, feet. 

“ And last of all, away to the south-west where he has 
sketched his ‘infinite’ stretch of lake, there rises, about 
forty miles from Vacovia, an immense snowy mountain — 
a solid square-browed mass with an almost level summit 
between two lofty ridges. If it were ‘a beautifully clear 
day’ he should have seen this, being nearer to it by 
thirteen geographical miles than I was.” 

Of the snowy Mountain, Mr. Stanley writes as fol- 
lows : — 

“ My interest is greatly excited, as you may imagine,' 
by the discovery of Ruwenzori — the Snowy Mountain— a 
possible rival of Kilimanjaro. Remember that we are in 
north latitude, and that this mountain must be near on 
the equator itself, that it is summer now, that we saw It • 
in the latter part oP May, and that the snow-line was 
about (estimate only) looo feet below the summit. Hence 
I conclude that it is not Mount Gordon Bennett, seen in 
December 1876 (though it may be so), which, the natives 
said, had only snow occasionally. At the time I saw the 
latter, there was no snow visible. It is a little further 
east, according to tt)fe position I gave it, than Ruwenzori. 

“ All the questions which this mountain naturally gives 
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rise to will be settled, I hope, by this Expedition before 
it returns to the sea. If at all near my line of march, its 
length, height, and local history will be ascertained. My 
young officers will like to climb to the summit, and I 
shall be glad to furnish them with every assistance.*’ 

At the time when this letter was written, Mr. Stanley 
was uncertain as to the destination of the streams flowing 
between ‘‘ the two Muta Nzig( 5 s** ; — \ 

Many rivers will be found to issue from this curious 
land bet\feen the two Muta Nzigds. What rivers are 
they Do they belong to the Nile or the Congo } There is 
no river going cast or south-east from this section, except 
the Katonga and Kafur, and both must receive, if any, but 
a very small supply from Gordon Bennett and Ruwenzori. 
The new mountain must therefore be drained principally 
south and west. If south, the streams have connection 
with the Lake South ; if west, the Sernliki tributary of 
Lake Albert, and some riv’er flowing to the Congo must 
receive the rest of its waters. Then, if the Lake South 
receives any considerable supply, the interest deepens. 
Does the lake discharge its surplus to the Nile or to the 
Congo If to the former, then it will be of great interest 
to you, and you will have to admit that Lake Victoria is 
not the main source of the Nile; if to the Congo, then 
the lake will be the source of the River Lowwa or Coa, 
since it is the largest tributary to the Congo from the east 
between the Aruwimi and the Luama. P or your comfort 
I will dare venture the opinion even now that the lake is 
the source of the Lowwa, though 1 know nothing positive | 
of the matter. But I infer it, fiom the bold manner in ' 
which the Aruwimi trenches upon a domain that anyone 
would have imagined belonged to the Nile. It was only 
ten minutes* march between the head of one of its streams 
to the crest of the plateau whence we looked down upon 
the Albert Jtfyanza. • 

P'rom the mouth of the Aruwimi to the head of this j 
stream is 390 geographical miles in a straight line. Well, ‘ 
next to the Aruwimi in size is the Lowwa River, and from 
the mouth of the Lowwa to the longitude of Cgampaka 
post in a direct line is only 240 geographical miles.** 


NOTES. 

The Gilbert Club, to which we referred last week, was 
formally founded on Thursday, November 28. The following 
officers were appointed at the first general meeting President, 
Sir William Thomson. Vice-Presidents ; Lord Rayleigh, Prof.* 
D. E. Hughes, Prof. Rcinold, Mr. Jonathan Hutchinson 
(President of the Royal College of Surgeons), Dr. B. W. 
Richardson, and Mr. H. Laver, of Colchester. Mr, Latimer 
Clark was elected Treasurer, and Mr. Conrad Cooke, Prof. R. 
Mcldola, and Prof. S. P. Thompson, Hon. Secretaries. The 
resolution finally adopted by the meeting was : — “ That the 
objects of the Gilbert Club be as follows ; — (i) To produce and 
issue an English translation of * De Magncte ’ in the manner of 
the folio edition of i6oo. (2) To arrange hereafter for the 
tercentenary celebration of the publication of ‘ Dc Magnete * in 
the year 1900. (3) To promote inquiries into the personal 

history, life, works, and writings of Dr. Gilbert. (4) To have 
power, after the completion of the English edition of •De 
Magnete,’ to undertake the reproduction of other early works 
on electricity and magnetism, provided at such date a majority 
of -the members of the Club so desire.*' At the lime of the 
inaugural meeting eighty-seven membersi had joined the Club. 

Prof. J. Bryce’s speech (read by Prof. Holland) at the pre- 
sentation of Mr, A. R. Wallace for the degree of D.C.L., 
honoris causdj at Oxford, on November 26, was one of unusual 
interest. VVe may note especially the very masterly way in whici) 
the doctrine of the survival of the fittest ^as expressed. After 
describing Me. Wallace’s travels in Brazilian forests, and among 


the islands, •• quae ultra Chersonesum aureum^soli nimium pro- 
pinque subjacent," the speech referred to his discovery of the 
theory according to which new species are evolved, which was 
shortly stated as, “ea [corpora vigere magis prolemque ex iis 
laetiorem surgere quae ipsa nescio quo pacto natura vitx periculis 
subeundis aptissima creaverit : sic scirpeai a ca^teris stirpibus dis- 
similem ct in dies longius discrepantem propagari." The con- 
temporaneous discovery of natural seicclion by Charles Darwin, 
and his cordial recognition of Mr. Wallace’s merits, were 
mentioned: •‘tanta et in hoc ct in jllo incrat animi nobilitas 
veritatis quam glorias proprise studiosior." Reference was made 
to Mr. Wallace’s various writings. 

We regret to announce the sudden death of Dr. W. R. 
McNab. He died at his residence in Dublin on Tuesday 
morning, the 3rd inst. Dr. McNab was Professor of Botany 
in the Royal College of Science, Dublin, having succeeded 
Ptof. Thiselton Dyer, F.R..S. He was also Scientific Super- 
intendent and Referee to the Royal Botanic Gardens, Glas- 
nevin, under the Science and Art Department. He appears 
to have been in his usual health on Monday, and on St. 
Andrew’s Day (Saturday) took an energetic part in the meeting 
and banquet held by the Scotch residents in Dublin. 

The Colonies and India reports the death, in Melbourne, of 
Mr. iilobert Brough Smyth, who was for sixteen years Secretary 
of Mines in Victoria. He was well known in Australia for 
his contributions, especially on geological questions, to scientific 
literature. 

The new Natural Science Museum of Berlin was opened on 
Monday. The Berlin Correspondent of the Standard^ describing 
the proceedings, says that the ceremony was striking. A hand- 
some tent, surmounted by an imperial crown, was erected for the 
Emperor and Empress, who were present with the Princess 
Frederick Charles, Prince Alexander, the Hereditary Prince and 
Princess of Meiningen, and a brilliant suite. Nearly all the 
Ministers, including Count Bismarck, who has just returned from 
Friedrichsruh, and the Minister of War, were in attendance. 
Count Waldersce, representatives of the Academy of Art, and 
the Professors of the University, were also present. Dr. von 
Gosslcr, Minister of Education, delivered an eloquent address, 
in which he mentioned that the collections were founded a hun- 
dred years ago, and expressed the hope that both science and the 
State would derive equal benefit from the new institution. Prof. 
Beyrich, the first Curator of the Museum, pledged himself to 
keep abreast with the progress of science. Their Majesties 
were conducted through the building by the keepers of the 
various collections. 

The Paris Museum of Natural History is about to elect a 
successor to M. Chevreul in the Chair of Chemistry. 

At the general monthly meeting of the Royal Institution, 
on December 2, the managers reported that they had re- 
appointed Prof. James Dewar, F.R.S., as Fullerian Professor 
of Chemistry. 

The Academy of Sciences of Vienna has appointed Prof. G. 
Niemann, of Vienna, and Major Steffan, of Cassel, to be present 
as impartial witnesses at the excavations at Hissarlik, begun, 
on November 25, under the direction of Dr. II. Mchliemann and 
Dr. W. Dorpfeld. Captain Ernst Botticher, who has often 
called in question the utility of Dr. Schliemann’s archseological 
investigations, has been requested to take part in the excava- 
tions. 

Mr. Hugh G. Barclay, in his Report as to the fund for the 
preservation of birds in the Fame Islands, says he has eveiy 
reason to believe that the birds were very well protected this 
season. He visited the islands twice, and each time he satisfied 
himself, by his own personal investigations, that the birds had 
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not been unduly disturbed. Last year, at the, request of the 
aulhoritie?, he allowed sonie young birds to be taken from the 
islands for the purpose of being placed on the lake at St. James’s 
Park, London. The following is an extract from a letter he 
lately received from Mr. Killy, the bird-keeper there: — *‘The 
only birds alive now of those brought from the Fame Islands are 
the cormorants, which are thriving. The puffins all died during 
the first three months. The guillemots lived somewhat longer, 
the death of the last one being the result of an accident. The 
one kittiwakc also died by -an accident. The terns died during 
the severe frost, being apparently unable to get about on the ice, 
their tail and wings collected the ice ; I suppose on account of 
their being pinioned and not being able to use their wings freely.” 

The Council of the Dundee and District Association for the 
Promotion of Technical and Commercial Education has issued 
its first Annual Report, and is able to give a very good account of 
the results it has achieved. With regard to the future work ot 
the Association, the Council suggests that workshop instruction 
for lads engaged at unskilled work in factories and during the 
day should be established in connection with the evening classes 
of the School Koard. It also proposes the drafting of additional 
courses of instruction, especially in painting, decoration, and 
pattern designing, and the encouraging of higher classes in these 
subjects. In this connection the Council appropriately refe« to 
the fact that in 1884 the Technical Instruction Commissioners 
reported that “the crowded schools of drawing, modelling, 
carving, and painting, maintained at the expense of the muni- 
cipalities of Paris, Lyons, Brussels, and other cities — absolutely 
gratuitous and open to all comers, well lighted, furnished with 
the best models, and under the care of teachers full of enthu- 
siasm — stimulate those manufactures and crafts in which the fine 
arts play an important part to a degree which is without parallel 
in this cojn*ry.” 

A SERIES of questions on the effects of London fogs on cul 
tivated plants has been issued by the scientific committee of the 
Royal Horticultural Society. The experience of the current 
season only is to be utilized. 

A SPECIMEN of the Rorqual mus:nlu$ has just come ashore on 
the coast of the Medoc district. Dr. Beauregard, aide naturalistc 
at the Paris Museum, went to the spot to examine this interesting 
cetacean. Unfortunately, the brain was already in a .state of 
decomposition, but the breasts and ears were dissected off for 
complete examination. The animal was 14 metres long, and 6 
metres in circumference at the thickest part of the body. 

Prof. Chauveau has lately published in the Archives de 
Patholof^ic Experimentak a contribution to the study of “ trans 
formism ” in microbiology. His researches relate to Bacillus an- 
thracis^ and show that by experimental means various important 
biological alterations may be obtained. 

Prof. Marshall Ward is about to deliver, at th eCity and 
Guilds of London Institute, a course of six lectures on timber, 
its nature, varieties, uses, and diseases. The lectures will be 
given on Monday and Thursday evenings, at 7.30 (December 12, 
16, and 19, and January 23, 27, and 30). The object of the 
course is to explain as simply and clean ly as possible, with the 
aid of numerous lantern illustrations, the nature, properties, 
varieties, and uses of the ordinary timbers used in construction, 
and to give an intelligible account of dry-rot, and allied diseases 
of timber. 

The second series of lectures given by the Sunday Lecture 
Society will begin on Sunday afternoon, December 8, in St. 
George’s Hall, Langham Place, at 4 p.m., when Mr. W. Lant 
Carpenter, B.Sc., will lecture on “ The Wonders of the Yellow- 
stone Park — a Personal Narrative,” with oxy-hydrogen lantern 
'illustrations from the lecturer’s own camera. Lectures will also 


be given by Commander V. L. Cameron, R.N., Mr. J. F. 
Blake, Mr. Henry Blackburn, Mr. Wilmott Dixo.s, Mr. Stanton 
Coit, and Mr. Eric S* Bruce. 

The annual general meeting of the Institution of Electrical 
Engineers will be held at the Institution of Civil Engineers, 25* 
Greht George Street, Westminster, on Thursday, December 12 , 
at € o’clock in the evening, for the reception of the annual 
report of the Council, and for the election of Coyncil and 
Officers for the year 1890. The following paper will be further 
discussed : “ Electric Engineering in America,” by Mr. G. L. 
Addenbrooke. 

It is stated that a scheme is on foot for establishing a Natural 
History Society in the Punjaub. It is to be hoped that it will 
be successful, and that the Society \vill flourish as other Indiaiv 
scientific societies are doing. 

In the introductory lecture to the agricultural class at the 
University of Edinburgh, delivered at the opening of the present 
session, Prof. Wallace chose as his subject some aspects of 
Australasian agriculture. In this lecture, which has now been 
printed, Prof. Wallace urges that sheep farmers in this country 
will shortly feel the effects of rivalry with the flock masters of 
Australia. There are 100,000,000 sheep in Australia, mostly 
merinos, which are not, by the way, a flesh-yielding but a wool- 
giving race. Prof. Wallace hazards the opinion, by a very ea.sy 
process of arithmetic, that, before many years have passed, 
Australia will be possessed of over 200,oco,ooo. lie makes, also, 
the astonishing statement that merino mutton is equal in flavour 
and texture to our best Highland, Welsh, or South Down 
mutton. Upon these two assumptions, for they are nothing 
more, he foretells calamities ^ the meat producers of this country, 
which he, it is to be hoped, will not live to see. 

A STALACTITE cave has been discovered in Ascheloh, near 
Halle, in Westphalia ; it is reported to be more than 100 metres 
I bmg. 

A SHARP-shock of earthquake was felt at Oran, Algeria, on 
November 27, at 3 p.m. It lasted ten seconds, the oscillations 
being from east to west. 

According to a telegram sent through Reuter’s agency from 
Belgrade on December 2, violent shocks of earth(|uakc, accom- 
panied by loud subterranean rumblings, were felt on Sunday 
ajternoon at Kregugewatz, Jagoclina, and Kupsia. The disturb- 
ance generally travelled from east to west, but some of the shocks 
moved from north to south. 

Mr. H. C. Russei.l, Government Astronomer of New South 
Wales, has published the results of meteorological observa- 
tions male in that cdony during 1887. The number of report- 
in ' stations is now 862, being 94 more than in 1886, the 
increase being almost wholly in rain stations. The arrangement 
of the tables, which give the most important data for each 
station separately, is the same as in previ )us years ; but there 
are also two new tables giving the mean maximum and minimum, 
temperature at Sydney for each month from 1856 to 1887. The 
mean temperature of the whole colony for the last seventeen^ 
years is At Sydney the mean for thirty years is 62^7. 

The diagrdms appended to the volume give a good idea of the 
weather conditions at Sydney, and clearly exhibit the peculiari- 
ties of certain periods, such as the very short winter of 1873^ 
and the Tong one of 1874, also the long subimer of 1877-78, 
with four months of hot weather, and the short sumnfbr of 
i 886'87, when there was only onemjnth of hot weather. la 
1878 the lowest winter temperature occurred in June, and in 
1872 in August. A comparison is made \>{ the rainfall at the 
principal places in the various colonies. The contrast between 
the amount at Brisbane and Sydney and that at Melbourne is 
very striking. At the former places as much rain sometimes- 



NA TU RE 


{Dec, 5 , 1889 


114 


<ial]s in one month as wjuld in iks a year’s rainfill at M ;lb jurns. 
At Sydney the least annual rainfall on record is 2i*4S inches, 
and the greateit 82 Si inches. The question of evaporation 
continues to receive considerable attention ; the tabular results 
^re published, with the rain and river results, in a separate 
volume. I 

The Meteorological Report of the]]Slraits Settlements Vas 
been published for the year 1888, being the fifth year in which 
meteorological observations in the colony have been made the 
subject of a general systematic report. The temperature of the 
air ranged between 67'**2 and 96°, and solar radiation varied from 
Si** to 179'’; the lowest temperature on the grass was 61®. 
Rainfall observations were received from forty-one stations. 
The annual amount differs considerably in the various provinces, 
the mean of the stations ranging from 65 *6 inches in Singapore, 
-to 1117 inches in Penang, and 123*2 inches in Province 
Wellesley. The greatest fall in twenty-four hours, was 12 
inches at Bertam, Province Wellesley, on October 21. The 
Report also contains a tabular statement of annual and monthly 
rainfall at Singapore since 1869, and diagrams of annual rainfall 
and other elements since 1870, at the same place. 

The International Commission for the scientific investigation 
of the Lake of Constance have nearly finished their task, which 
•consisted of drawing a new and comprehensive map on a scale of 
1 : 25,000 ; investigating the currents, density, temperatures, find 
chemical composition of the W'ater ; and minutely describing the 
flora and fauna of the lake. A full account will be issued when 
4 he researches are complete. 

We have received ihel uestinstalm^ntfpp. 321 -84) ofvol. xvi. of 
the Proceedings of the Royal Society of Edinburgh, session l888~ 
•89. It contains : — The solubility of carbonate of lime in fresh and 
sea water, by W. S. Anderson, chemist at Marine Station, 
Granton (continued) ; secretion of carbonate of lime by 
animals, part ii., by Robert Irvine and D.. G. Sims Woodhead ; 
theoretical description of a new azimuth diagram,” by Captain ^ 
Patrick Weir, communicated by Sir William Tnomson ; note 
•on Captain Weir’s paper, by Prof. Tail ; 0:1 the coagulation of 
•egg and serum albumen, vitellin, and serum globulin, by heat, 
by Dr. John Berry Haycraft and Dr. C. W. Duggan. 

The fourteenth part of Cassell’s ‘'New Popular Educator” 
has been published. It includes a clearly printed map of the 
world. 

i 

At a recent meeting of the Bombay Anthropological Society, 
Mr. W. E. Sinclair, of the Civil Service, read a paper on flint 
remains in the Kolaba district. Referring to a collection be- 
longing to the Society made in the Ghar Hills, near Sukker, on 
the Indus, Mr. Sinclair said that these hills were evidently a 
sort of “Black Country” to the flint-using races. Cones and flakes 
can be got there literally by the hundredweight. There is no 
historical evidence of the use of such things in India proper. On 
the contrary, all historical evidence points t 1 the conclusion that 
India was one of the first countries to u e iron, if not the very 
first. Amongst the wildest forest tribes to-day the use of stone 
does not go beyond weighting a fishing-line or bird arrow with a 
pebble ; and although stone spindle- weights are still used on the 
coast, these are no more barbarous than the stones in an English 
mill. These cones of flint are covered with long grooves of a 
•carved section ; and the flakes show each one face correspond- 
ing to such a groove, which shows that they have been struck 
-off such cones. The cones themselves have a peculiar typical 
Ibrm, and the art of producing flake or cone is one lost in the 
India of to-day. Where a flint shows that peculiar groove, 
ihere is good rw*as3n tb assume that it was made before iron was 
Jciioiwn in India. On all the agates and chalcedonies in Ube 
Koltba collection there are the .*>ame strmge grooves, the same 
IcHig blade-like flakes matching them, as in Sind or in England 


or France ; and we are, in fact, in presence of a lost art, for 
which there has been no occasion from the time that iron came 
into common use. That was a long time ago in India. Steel — 
and very good steel, too — must have been for many generations 
in the hands of the ancient inhabitants of the Konkan when the 
first cave temples were hewn — at least 2000 years ago. On the 
other hand, the position of the flakes, both in Sind and in 
Kolaba, shows that they belong to a very recent geological 
period. The Kolaba specimens, except one or two, come from 
the surface of the lacustrine gravels jibundant in the valleys of 
the Konkan. AH search for them in places where sections of 
these gravels are exposed has hitherto been fruitless, and the 
few water-worn specimens found came out of a river bed. They 
most commonly occur at places where fresh water is to be had 
j near an estuary. 

* ^ Ths additions to the Zoological Society’s Gardens during the 
' past week include a Rhesus Monkey {Macatus rhesus ? ) from 
■ India, presented by Colonel J. D. C. Ferrell ; two Common 
i Marmosets {Hapalc jacchtts) from South-East Brazil, presented 
j by Mr. Charles Petrzywaski ; an Arctic Fox {^Canis lagopus 9 ) 
i from Siberia, presented by Mr. Stuart N. Corlett ; a Corn Crake 
[ {Crex pratensis) from Essex, presented by Mr. Bibby ; four 
j Common Snakes (Tripidoptofus natrix)^ British, presented by 
j theC-ondon, Chatham, and Dover Railway ; a European Bison 
{/^isou honasits 3 ) from Central Europe, deposited ; a Stanleyan 
! Chevrotain (Pya^ulns staultyanus) from Ceylon, a Prevost’s 
I Squirrel {Sciurus pretmh' 6 ) from Malacca, a Common Roe 
[ {Capieolus capnea 6 ), European, a White-faced Tree Duck 
I {Depidi'ocygna idduata) from Brazil, four Black-necked Swans 
{Cygnus fiigrUolUs) from Antarctic America, a Curlew {Nu- 
menitis apujuata)^ British, two Indian Cobras [Naia tpdpudians) 
from India, an Annulated Snake (/xp/odira apinulata) from 
Panama, a Hawk’s-billed Turtle {Che/me ippplnicaia) from the 
East Indies, purcha-ed ; two Crested Pigeons 
brwd in the Gardens. 
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(5) D M. + 57" 7 >2 ... 

Red. 

3 2 57 

+57 ^9 
+ 35 ^6 

(6) R Persci ... ... 

Var. 

ReddUh. 

3 23 3 

(7) T Geminoruni 

Var. 

— - 

41 42 

+24 0 ,1 


Remarks^ 

(1) Ihe General Catalogue description of this nebula is os 
follows : — Pretty bright, pretty small, round, brighter in the 
middle. The spectrum has not yet been recorded. 

(2) This is a star of Group II., in which Dun^r records the 
bands 2-8, and states that the bands 2 and 3 are especially well 
developed. This latter fact indicates that the star is well 
advanced, and it accordingly falls in a late species (13) of the 
group. As rhave before pointed out with reference to similar 
stars, absor ption lines of metallic substances, end possibly of 
hydrogen, may be expected at this stage, and it is important to 
note the presence or absence of these, as they will probably 
form a connecting link between the stars of this group and the 
slightly hotter stars of Group III. The intensity of the bright 
carbon fluting near as compared-with its appearance in other 
stars of the group, will be an additional cheek in pl.icing it in 
position on the “temperature carve.” 
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(3) This is classed with stars of the solar type by Gothard, 
but there is not sufficient detail in his description of the spectrum 
to enable us to say whether it be Group III. or V. Further 
observations with special reference to this point are therefore 
required (for criteria, see p. 20). Gothard's statement as to the 
colour of the star should be checked, as most of the stars of 
Groups III. and V. are yellowish. The stars which are not far 
removed from Group IV., on either side, are the whitest. 

(4) This is a star of Group IV,, and the usual observations 
are suggested. 

(5) This is a very fine example of the stars of Group VI., 

showing the subsidiary baads 4 and 5. The band 6 {\ 564) 
appears to be most subject to variation in the different stars of 
the group as described by Duner, in some cases being wide and 
pale, and in others wide and dark. As this may subsequently 
form the basis of a temperature classification, the character of 
the band in the star under consideration should be carefully 
noted. The presence or absence of lines in the spectrum should 
also be recorded. [Duner’s notation for the binds in the spec- 
trum of stars of Group VI. is as follows:— (i) 656, (2) 621, 
(3)604-8, (4) 589‘8. (5) 576-0, (6) 563-3, (7) 551, (8)528-3,* 
(9) (*o) 4727. (6), (9), and (10) are the dark flutings of 

carbon.] 

(6) The period of this variable is given by Gore as 2fO days, 
and the magnitudes at maximum and minimum as 77-9*2 and 
12*5 respectively. The spectrum has not yet been recorded. The 
ina)Iinium will occur on December 15, 

(7) This variable has a period of 288*1 days, the next maxi- 

mum occurring on December 14. The m.^nitude at maximum 
is given by Gore as 8 *1-8 *7, and that at minimum as < 13. It 
is still doubtful whether the star belongs to Group il. or to 
Group VI., and the approaching maximum may afford an 
opportunity of settling the question. A. Fowler. 


Sun-spot of June, July, and Aixhtst, 1889. — The 
Memoir of the Societi degii Spettroscopisti Italiani for October 
contains a series of observations by Prof. Ricco of this spot. 
The latitude of the spot from its appearance on June 16 and 
during the first semi-rotation, varied between the limits -5^*9 
and - 7'’*5. At the second appearance, the variation was 
between ~ 7^*5 and - io''*8, whilst at the third appearance, in 
August, the limiting latitudes were - 8* *5 and - lo^ 

The group of spots that appeared on June 30 was found to 
have a latitude as high as - 41®. The following day, however, 
the latitude was found to be - 40^*^, and on July 2 the group 
disappeared. 

Prof. Sporer, in a communication to Prof. Ricci, notes that 
the following bright lines were measured at Potsdam on June 28 
in a prominence that appeared as the above large spot was dis- 
appearing over the sun^s edge. 


Wave-length. 
672 6 
671*6 
C 


649*2 
646 2 



Origin. | 

Calcium 
( nlciuin 
Hydrogen 
Calcium ; 

Calcium i 

Sodium ! 

Sodium I 


Wave-length. 

5588 

531-6 

526-9 

518-8 

h 

h 


Origin. 
Calcium 
Coronal line 
Calcium 
Calcium 
Magnesium 
Magnesium 
Magnesium 


Comet Brooks (^1889, July 6). — The following elements 
and ephemeris have been computed by Dr. Knopf from observa- 
tions made at Mount Hamilton, July 8 ; Dresden, August 25 > 
and Vienna, October 24 : — 

T == September 29*7436 Berlin Mean Time. 


) 


» = 343 56-5 ) 

Q = 17 58 29-6 / Mean Eq. 1889-0. 
I - 63 59 6 ) 

= 28 4 13-3 
H ~ 50i"-8i 56 
U = 7*071 years. 




Efiumeris for Berlin Midnight. 
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h. m. s. 
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h. m. 8. 

• 

/ 

7 

...0 7 58 ... 

+ 2 48-1 

0 22 54... 

+ 4 

55 -* 

8 

... 9 7 ... 

258-4 

20... 

24 15... 

5 

6-1 

9 

.. '10 17 ... 

3 8-8 

21 ... 

25 36... 

5 

17-0 

10 

.. 1128... 

3 19*2 

22 ... 

26 58 ... 

5 

27-9 

II 

.. 12 41 ... 

3 29-7 

23... 

28 21 ... 

5 

38-9- 

12 

.. 1355... 

3 40 2 

24... 

29 45 - 

5 

49-9 

13 

.. IS 9... 

3 50-8 j 

1 

31 9... 

9 

0-9^ 

14 

16 24 ... 

4 1-4 

26 ... 

32 34 

6 

12-0 

IS 

1740 .. 

4 12-1 

27... 

34 * 

6 

23-1 

16 

18 57... 

i 4 22-8 

28... 

35 28 

6 

34 - 2 ^ 

17 

20 IS ... 

4336 

29.., 

36 55 

6 

45-4 

18 

21 34 ... 

444-4 

30... 

38 23 

6 

56-S 

>9 

21 54... 

455-2 

31 ... 

39 52 

7 

7-7 


Mr. Chandler notes {j 4 str. four. No. 204) that the result of an 
inquiry into the corrected elements of this comet is extremely 
interesting. The descending node of the cornel's orbit upon 
that of Jupiter lies at i85®*5 long., Jupiter's aphelion at 191% 
and the cemet’s aphelion at 183^ 1 he aphelion distances are 
5*4541 and 5*3992 respectively, the mutual inclination of the 
orbits is 3®, and the orbital velocities nearly the same ; so that 
when both bodies happen ^o be near this region they will 
remain together many months. * 


Comet Swift (/1889, November 17).— The following elc- 
mtnts and ephemeris are given by Dr. Zelbr in Circular 
No. 69, bsued by the Vienna Academy of Sciences, November 
25, 1889, and have been computed from observations made at 
Rochester, November 17 ; Vienni and Palermo, November 20;. 
and at Vienna, November 22 ; — 




T = 1889 December 10*5665 Berlin Mean Time. 


= 309 s i 12 ) 

« — 109 24 70 > Mean Eq. 1889*0. 
4 = 7 H I ) 

log g = 0*07554. 

cos i8 = 4 - 132' ... A 3 = - 14". 


Ephemeris for Berlin midnight, 

i8r9. R.A. Decl. log A. Log Bright-^ 

h. m. f. o / ncss. 

Dec. 7 •" 23 4» 56 32 4 ••• 9-6509 ••• 0-0:59 ... 1-29 

II ... 23 58 44 ... 20 2-7 .. 9-6457 ... 0 0750 ... 1-32J 

'rhe brightness at discovery has been taken as unity. 


Photographic Star Spectra.— As a portion of the Henry 
Draper memorial, the spectra of stars are being phiito,jraphetl 
at Chosica in Peru. Of the photographs that have been re 
ceivedat Harvard College, Prob Pickering notes {Astr. Nachr., 
No. 2934) several have similar spectra to the “ bright line *' 
stars in Cygnus. The hydrogen line F is bright in B Masese, 
the same as in y Cassiopeise, and the presence of blight hydrogen 
lines in i| Argfls and R Hydrte is also confirmed by the photo> 
graphs. 

Numerous photographs have been taken at Harvarl College 
of the spectra of the stars in the Pleiade«, and an esaminatiun of 
them shows that the hydrogen line F in the sprctntm of Pleione 
D.M. + 23* 558, consists of a narrow bright line superposed on 
a broader dark line. T'be other hydrogen lines, especially that 
near G, show some indications of a similar effect. 

With respect to this, Prof. Pickering oliserves that an in> 
terckting analogy between the Pleiades and B Oriottls appears 
in the fact that In both cases extensive nebniosides surround 
stars with bright lines in their spectra. 


S CassiopeI/E.— T he Rev. T. E; Espin, examining the spec* 
tinmofthis star on November 27, found that it resembled in 
appearance that of R Andrewsedse, the bright F line tdazing out 
upon the background of 'thc’ ootiiinuous >p.-ctruro, and treing 
plainly visible even with the least dispersion used 'I'he star is 
not included by Dimer in hik classical work, “ I.es Etoiles k. 
Spectres de la 'I roisieme Clasise;’' but its general spectruin is 
apparently of that type— Group II. ol Mr. Lockycr’s Classifica- 
tion. Mr. Espin adds that “ the yellow is brilliant, suggesting 
(bright) lines, but the star is at present too faint to t>e sure.” 

The star is a variable of very long perio<l| 607-5 days; th4 
next expected maximum fa'Is on D cember 26, so that it may 
show some lurther atd interesting developmenrs during the’next 
three weeks. Chandler, however, n cords his suspicion that the 
period is shortening, so that the actual maximum may be very 
close at hand. 1 he maxima n brightness vniies fr im 67 mag. 
to 8-6. Mr. Espin estimated it as 7 8 on the night of 
obfervation. Place for 1850; R.A. ih. iim, 34s.; DecU 
7a’’i'-9N. • • 
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THE ANNIVERSARY MEETING OF THE 
ROYAL SOCIETY. 

Saturday last, St. Andrew’s Day, the Royal Society held 
its anniversary meeting. The President read the anni- 
versary address, a copy of which has not yet reached us. The 
medals were then presented as follows : the Copley Medal to 
the Rev. Dr. Salmon (received by Sir R. S. Ball) ; the Ifcavy 
Medal to Dr. Perkin ; a Royal Medal to Dr. Gaskell ; aW a 
Royal Medal to Prof. Thorpe. The Society next proceeded to 
elect thcr Officers and Council for the ensuing year. The selected 
names we have already published. 

In the evening the Fellows and their friends dined together at 
the Whitehall Rooms, Hotel Metropole, the President in the 
chair. Over two hundred Fellows and guests were present. 

The toast of ‘*The Royal Society” was proposed by the 
Speaker of the House of Commons. He said :~Sir George 
Stokes and Gentlemen, — If I thought the audience whom 
I have the honour to address, took the same, view as I do 
of my own want of qualifications for proposing this toast, I think 
I should at once sit down ; but it is because I trust to your 
generous forbearance for a few moments that I ask you to allow 
me to propose a toast which needs no advocacy of mine, the 
toast of the Royal Society. I suppose the reason why your 
President has selected me to propose this toast is owing to the 
fact of the official position that I hold in the House of Commons, 
and also partly owing to the fact that the holder of one chair has 
been willing to pay a compliment to the holder of another. 
There are very few members of the House of Commons, I 
Believe, who are entitled to put three letters to their name to 
indicate membership of your Society. I omit those Privy Coun- 
cillors who, I believe, by virtue of their office, have a claim to 
be looked upon as members of this Society. I am speaking now 
of the strictly scientific men, and I believe I could number the 
strictly scientific members of the House of Commons who are 
members of the Royal Society on the fingers of one hand. But 
I may say that those members of the House of Commons make 
up for their numerical weakness hy the qualities they display, 
the high plice they have filled, by tneir pre-eminence in debate, 
and by the records they have left upon the Statute-book of the 
country. It may be said that five members is a small infusion 
to leaven the whole lump of the House of Commons, and I am 
very conscious that scientific gentlemen may regard at limes with 
a feeling of displeasure, if not with a more contemptuous feeling, 
some of our modes of procedure and some of our habits of 
thought in the House of Commons. You may think that we do 
not display that calmness of judgment, that patient investigation 
of detail, which characterize the scientific mind: You may think 
that we import into our discussions too much of a very unscientific 
heat, and that we are diverted from our objects by a great many 
cross-currents of prejudice and of party. However that may be. 
Sir, I believe that the object that you and we have in view 
is the^ same. The great historian Hume, speaking of the 
inception of this Society, said that it was the part of 
scientific men to lift the veil from the mysteries of 
Nature. It is a humbler function which the House of 
Commons has to discharge — to solve the great social and 
political questions of the day. But the object of both is the 
same, the attainment of truth, and, by whatever means we can 
attain that object, that object ought to be the main purpose of 
our lives. I believe I am right in saying this Society owes its 
inception and its origin to the University of Oxford. In these 
later days it owes a debt to the great sister University, in the 
fact that that University has sent to the chair of your Society a 
gentleman who combines in his own person, not for the first 
time, the functions of a Professor, of a member of the University 
of Cambridge, and of President of this great scientific body. 
Sir; I am very loth, indeed, to trespass any longer upon your 
time. I have no claim whatever to do so. I will only very 
bumbly express my views. My own individual opinion is worth- 
less and insignificant ; but possibly invested for a few moments 
with a representative character, and speaking for the House of 
Commons, and that great public who are behind it, I would say 
■that Ohe public of the present day regard not only with that 
vague astonishment, which they might well do, the great achieve- 
ments of science, but they look with admiration upon the great 
men who have illustrated the history of your Society, and they 
-see in that very lengthened list one of the greatest tributes to the 
jpreaJLness of their country. I do, Sir, very much feel the impOr- 
lectton with which I have addressed to you these few words. 


But if I have said that the scientific mind is needed in the House 
of Commons, •! will also say this, that the House of Commons 
has in these days to face not only great political problems, but 
some of those questions which are surging up and doming ever 
more to the front, I mean the great social problems— -problems 
connected with the aggregation of vast multitudes in towns, 
problems connected with the question how to make the lot of 
the poor happier, how to make it easier for men to support a life 
of continuous labour, how, in short, to sweeten life, and to make 
that toil which falls upon us all lighter to the poor with some ray 
of hope, and easier with some degree of comfort and con- 
venience. But it is to science that the public must look for aid 
in solving these questions, ^’o^ have done much already, but 
you will add a still nobler title to the admiration of the world if 
you deal with these subjects, as I am sure you will, in such a 
manner as to make it impossible for the practical politician to 
separate himself from the nobler follower of science. It is with 
a very deep sense of the value of this Society and of the feeling 
which is abroad with regard to it, that I beg to propose to you 
— and I thank you most cordially for the toleration with which 
•you have listened to my few remarks — the toast of The Royal 
Society.” 

In response, the President said : — My Lords and Gentlemen, 
— On behalf of the Society which I have the honour to represent 
on this occasion, I beg to return our thanks for the honour you 
have done us in drinking the toast. This Society is by far the 
oldest scientific Society in the Kingdom, but it cannot for a 
moment compare in antiquity with that other institution over 
which the Speaker presides. Our aims are of course naturally 
vei^ different, and our modes of procedure are different too. We 
have, as the other House has, discussions in our body, but our 
discussions are usually carried on with calmness, and we en- 
deavour — those of us who pursue different branches of science 
—to assist one another. I do not think that that is always the 
case in the other Society. Perhaps there is nowadays at times 
something akin to obstruction rather than assistance. However, 
in order that truth may be elicited, it is ncccFsary that there 
should be contact between mind and mind, and contact some- 
times produces severance. It is better that that contact should 
take place in order that we should understand one another. Our 
Society does not exactly deal with social problems such as the 
Speaker has alluded to, still there are many cases in which ques- 
tions of great interest to the bulk of the population are capable 
of being illuminated bv scientific researches. To take one re- 
markable example whicn has been brought prominently before 
us. Let us consider the investigations, so important in their 
results, so purely scientific in inception, which have been carried 
on by M. Pasteur in France. As the result of a long series of scien- 
tific experiments, he has now succeeded in protecting in a great 
majority of instances those persons who have been so unfortunate 
as to have been bitten by rabid animals from that terrible disease 
w hich ordinarily follows in the wake. His merits in that respect 
have been duly acknowledged in this country. We know that 
recently, within the course of the present year, the Lord Mayor 
called a meeting at the Mansion House to make some recogru- 
tion on the part of this country of the great debt which we owe 
to M. Pasteur for those researches. I mention that as one, 
but it is only one, of many instances in which great social 
advantages have accrued from purely scientific investigation. 
I trust that harmony will long continue to exist between the 
Society which I have the honour to represent, and that 
which the Speaker represents. I can say this much — that, 
whatever Government may have been in power, there have 
frequently been applications made to the Ro^^al Society for ad- 
vice on some purely scientific questions on which the Cabinet of 
the day did not feel that they had the requisite knowledge to 
pronounce an opinion ; and this I must say, that the Royal 
Society has freely given the best of their knowledge on these 
subjects to the Government of the day, without any considera- 
tion of what the politics of that Government might be. I 
trust that this will ever continue to be the case, and that the 
Royal Society may go on in a peaceful way doing the duties 
which belong* to it, and that the country may reap the benefits 
resulting therefrom* 

Responding for the toast of **The Medallists,” proposed by 
the President, Prof. Thorpe said Mr. President, my Lords, 
and Gentlemen, — We must all regret, I am sure, that Dr, 
Salmon’s duties as Provost of Trinity College, Dublin, should 
have prevented him from being present amongst us to-day to 
receive the Copley Medal in person and to respond to the toas 
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which has just been so cordially drunk by you. For reasons 
which my brother medallists at least can fully appreciate, no one 
. feels that regret more keenly than I do. I may confess that it 
was with a feeling akin to astonishment that I received through 
a good-natured friend the intimation that the Council of me 
Society had seen fit to honour such chemical work as I had been 
able to do by the signal recommendation of the award of a 
Royal Medal ; but that feeling culminated into something like 
consternation when you, Sir, informed me of your wish that I 
should reply, in the absence of the Copley Medallist, to the 
•toast with which you have connected my name ; and I began 
to realize the full force of the truth that there are occasions when 
it is more blessed to give than to receive. Dr. Salmon’s absence, 
however, enables me to attempt to give expression to the feeling 
of satisfaction and pleasure with which, I am informed, the 
mathematical world regards this year's award of the Copley 
Medal. The worker in the field of pure mathematics appeals 
for recognition to a very select few ; his work is, indeed, caviatc 
to the general ; his are not the triumphs which appeal to the 
popular fancy or which strike the popular imagination. If he 
labours for fame, he must be content to wait with the certain | 
knowledge that, if his work be good and true, it will at length 
meet with the recognition it merits from a tribunal which is un- 
moved by prejudice and is insensible to the forces of fashion or 
faction. For nearly half a century Dr. Salmon has so worked, 
and to-day he receives his reward at the hands of the highest 
scientific tribunal in the world by the award to him of the most 
precious gift which it is in the power of that tribunal to bestow. 
The other medallists. Dr. Gaskell and Dr. Perkin, are happier 
with us to night to receive the congratulations of their fellow- 
workers in science, and to be witnesses of the cordiality with 
which their health has been drunk by you. But I cannot forego 
the opportunity of saying also, in their case, how entirely your 
awards have been appreciated by the great body of scientific 
opinion, both within and without the Royal Society. To be 
praised by men who are themselves praised is, we all know, the 
very highest form of approbation that a man can enjoy, and 
such, to my knowledge, is the happy lot of the gentlemen whom 
you have been pleased to honour to-night. It is, hiwever, one 
i»f the penalties to a man who is in the position in which I now 
find myself, and who docs not pretend to be an Admirable 
Crichton, that he is unable from his own knowledge, or rather 
/rom the imperfect! m of it, to do adequate justice to the claims 
which such men have upon your regard. Dr. Gaskell’s work is so 
entirely outside my own province that it would be in the highest 
degree presumptuous on my part to offer you any expression of 
my own opinion as to its merits. Of my colleague and fellow- 
worker, Dr. Perkin, to whom your Council has awarded the 
Davy Medal, T trust I may be allowed to speak with greater 
freedom, because in his case I am more or less upon my own 
ground, and am talking about matters which are within my own 
knowledge. It is exactly ten years since that Dr. Perkin was 
placed by your Council in the position in which I find myself 
to-day. In awarding him a Royal Medal on that occasion, our 
former President, the late Mr. Spottiswoode, took the oppor- 
tunity to say that Dr. Perkin had then been, during more than 
twenty years, one of the most industrious and successful workers 
in organic chemistry, and he added that it was seldom that an 
investigator had extended his researches over so wide a range as 
was the case with Dr. Perkin, whose work had always com- 
manded the admiration of chemists for its accuracy and com- 
pleteness, and for the originality of its conception. There is 
not a chemist here present who will not cordially re-echo these 
words. Dr. Perkin is, no doubt, known to vou all as the 
originator of one of the most important branches of modem 
chemical industry — that of the manufacture of colouring matters 
from coal-tar derivatives— an industry which has acquired almost 
colossal proportions, and which has effected a complete revolu- 
tion in the tinctorial arts. I say it with bated breath to you, 
«Sir, as the member for the University of Cambridge, but we all 
remember the famous saying of Swift as to the value to man- 
kind of the whole race of politicians put together when com* 
pared with that man who has made two blades of graCss to grow 
where only one blade grew before. I do not know that Dr. 
Perkin has achieved that feat, but I claim for him that he has done 


even more than this, for he has succeeded in demolishing 
an entire agricultural industry. By his researches he has shown 
us that we have practically at our own doors, or at least in our 
own coal-pits, all the richness and beauty of c dour which were 
formerly only to.be obtained from the madder fields of Avignon 


and the Levant. A beneficent fortune, we are glad to know, 
has not been unmindful of Dr. Perkin’s success in thus enriching 
the world, and she has endowed him with a share of that material 
benefit which his skill and genius as an investigator has conferred 
upon us all. That competency, and the well-earned leisure which 
has sprung from it, Dr. Perkin has dedicated, with a directness 
and singleness of purpose which merits our warmest appreciation, 
to tho service of science. Nothing, 1 think, more clearly in- 
dicates the truly scientific character of his mind, and his love of 
science for its own sake, than that he should, whilst ccynpara* 
lively a young man, have turned aside from the pursuit of the 
great wealth which all bis friends thought would ultimately be 
within his grasp in order that he might follow, undisturbed, his 
innate desire for pure scientific research. The ten years which 
have elapsed since our late President alluded in such character- 
istically graceful terms to Dr. Perkin’s labours in the domains of 
pure and applied chemistry have been rich in scientific achieve- 
ment, and they have now culminated in that laborious series of 
researches on one of the most abstruse points of physical 
chemistry which has been so fittingly rewarded by you by the 
gift of the Davy medal. I have already alluded to the 
feeling with which I received the intimation from my good- 
natured friend that the Council of the Royal Society had been 
pleased to confer upon me a distinction which is my sole excuse 
for trespassing upon your indulgence to-night. I will only again 
refer to that feeling to say that in deference to the express wish 
of my di^inguished friend I am doing my best to get over it. I 
am tound to add that my friend has himself supplied a reason 
which in some measure serves to explain the circumstance. 
Among the pieces of work which the Council have thought 
worthy of notice was a redetermination of the atomic weight of 
gold made in conjunction with Mr. Arthur Laurie. I shall not 
trouble you with the reasons which made that redetermination seem 
specially desirable, but that it was desirable will be evident from 
the fact that no fewer than three independent investigations were 
in progress at the same time in Germany, England, and America, 
All the results have now been published, and they arc, I think, 
in very fair accord. But my distinguished friend, whdse good- 
nature is only equalled by his candour, has reminded me that 
there is a discrepancy of a remote decimal place or so in our 
several values for the atomic weight, and, in default of any 
other probable hypothesis, it had occurred to him that the real 
motive of the Council in making the award was to give me 
both the hint and the opportunity to clear up the disparity. 
The Gold Medal, he pointed out, would afford an ample sup- 
ply of the material on which to base a new determination, 
and the Silver Medal would come in handy for the pre- 
paration of the necessary standard solutions. This seemed 
to me to put the whole matter in a new light, but, orv 
turning to the official intimation of the award forwarded 
to me by Dr. Foster, and then to a friendly letter which 
the President has been so good as to send me, I have not 
gatnered that this intention was ever in the mind of the Council, 
and until I receive a further official intimation that such was the 
case, I mean to do my best to preserve intact the counterfeit 
presentment of the gracious lady which adorns the medals. 
There is just one other matter connected with my work to whicb^ 
with your permission, I would allude. Reference was made in 
the terms of the award to a series of researches on fluorine 
compounds on which I have been engaged for some years past. 

I wish to mention, and I do sp with a very special 
pleasure, that much of this work has been carried out 
in co operation with some of my senior students at the 
Normal School of Science. This work has been at all 
times difficult, often disagreeable, and occasionally dangerous, 
and I am glad to seize this opportunity of testifying to the zeal, 
assiduitjTi and, I may add, courage, which my collaborateurs have 
shown in (he progress of the investigations. It is a further 
satisfaction to me to add that the qualities thus evoked and the 
training thus ac quired have been of material benefit to them in 
their professional advancement, and I can wish them no greater ^ 
good fortune than that it may be their lot in ttime to come to 
occupy my place here, and to be received by you with that in- 
dulgence which you have extended to me to-night. 

A NE IV METHOD OF PREPARINC FLUORINE 

A NE W method of preparing fluorine has been discovered bv M. 

^foissan. This discovery is the outcome of the success which 
has attended M. Mois^an’i efforts to prepare anhydrous fluoride 
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ofplatmain. Daring ths process of his memorable work upon 
the isolation of fluorine by the electrolysis of hydrofluoric acil 
containing hydrogen potassium fluoride, one of the most remark- 
able phenomena noticed was the rapidity with which the 
platinum rod forming the positive electrode was corroded by the 
action of the liberated gaseous fluorine. It was surmisei^^at a 
fluoride of platinum was the product of this action, but hinerto 
allefFortsto isolate such a body have proved unsuccessfaft In 
fact, for a reason which will be discussed subsequently, it is im- 
possibles to prepare platinum fluoride in the wet way. M. 
Moissan has, however, been enabled to prepare anhvdrous 
platinum fluoride by the action of pure dry fluorine itself upon 
the metal. It was found at the outset that, when fluorine is tree 
from admixed vapour of hydrofluoric acid, it exerts no action 
whatever upon platinum, even when the latter is in a finely- 
■divided state, and heated to loo’ C. But when the temperature 
of the metal is raised to between 500® and 6oo® C., combination 
readily occurs with formation of tetrafluoride of platinum and a 
^mall quantity of protofluoride. The moment the gas is mixed 
with a little vapour of hydrofluoric acid, the action is immensely 
accelerated, and then occurs readily at ordinary tem[>eratures. 
The same rapid action occurs when platinum is placed in hydro- 
fluoric acid saturated with free fluorine, which accounts for the 
disappearance of the positive terminal during the electrolysis. 
In order to prepare the fluoride of platinum, a bundle of wires 
of the metal is introduced into a thick platinum or fluor -spar tube, 
through wKich a current of fluorine gas from the electrolysis 
apparatus is passed. O.i heating the tube to low redness, 
the wires become rapidly converted to fluoride, when they 
are quickly transferred to a dry stoppered bottle. If the 
operation is performed in a platinum tube, a large qtrantity 
of fused fluoride remains in the tube. The tetrafluoride of 
platinum, PtF4, formed upon the wires, consists either of fused 
masses of a deep red colour, or of small buff-coloured crystals 
resembling anhydrous platinu n chloride. It is exceedingly 
hygroscopic. With water it behaves in a most curious manner. 
With a small quantity of water it produces a fawn-coloured 
solution, ifhich almost immediately becomes warm, and decom- 
poses with precipitation of hydrate! plaiinic oxide and free 
hydrofluoric acid. If the quantity of water is greater and the 
temperature low, the fawn-coloured solution may be preserved 
for a few minutes, at the expiration of which, or immediately on 
boiling the solution, the fluoride decomposes in the manner 
above indicated. This peculiar behaviour with water explains the 
impossibility of preparing the fluoride in the wet way. When 
the anhydrous fluoride is heated to bright redness in a platinum 
tube closed at one end, fluorine at once begins to be evolved as 
gas, and if a crystal of silicon be held at the mouth of the tube it 
takes fire and burns brilliantly in the gas. The residual platinum 
is found on examining the contents of the tube to consist of dis- 
tinct crystals of the metal. Hence by far the most convenient 
method of preparing fluorine for lecture purposes is to form a con- 
siderable quantity of the fluoride first by passing the product of the 
electrolysis over bundles of platinum wire heated to low redness, 
and afterwards to heat the fiuoride thus obtained to full redness 
in a platinum tube closed at one end. It only remains now to 
discover another method of preparing fluoride of platinum in the 
4 ry way, to be able to dispense with the expensive electrolysis 
apparatus altogether. M. Moissan has also prepared a fluoride 
of gold in the same manner.^ It is likewise very hygroscopic, 
•decomposable by water, and yields gaseous fluorine on heating 
Co redness. 
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Royal Society, November 21. On the Local Paralysis of 
Peripheral Ganglia, and on the Connection of Different Classes 
• of Nerve-Fibres with them." By J. N. Langley, PM<.S., 
Fellow of Trinity College, and \y. Lee Dickinson, Caius 
'College, Cambridge. 

We found that in the rabbit, 30 to 40 milligrams of nicotin 
injected into a vein stopped the effect of stimulating the sym- 
pathetic in the neck, not only on the pupil, but also on the 
veiseU of the ear. *It occurred to us that this action of nicotin 
mjght be due to a paralysis of the nerve-cells of the superior 
•cerWeal gandion, and not to a paralysis of the peripheral 
endings of the sympathetic nerve, un testing this view, we 
£>ttnd^haf, after a certain dose of nicotin, stimulation of the 


sympathetic fibres below the ganglion does not produce dilation 
of the pupil or constriction of the vessels of the ear, whilst 
stimulation of the sympathetic nerve-fibres above .the ganglion* 
produces these changes in the normal manner. 

The method of action of nicotin can be tested in a more direct 
manner by local application to the isolated nerve and ganglion. 
When the sympathetic in the neck has been brushed over with 
a I percent, solution of nicotin, stimulation of it produces the 
usual dilation of the pupil and constriction of the vessels of the 
ear ; but when the superior cervical ganglion and the filaments 
proceeding from it have been brushed over with the i per cent! 
nicotin, stimulation of the sympathetic in the neck is found to be 
completely without effect, while stimulation of the filaments 
running from the ganglion to the carotid arteries produces the 
normal action. 

Hence nicotin paralyzes the cells of the superior ccrvicat 
ganglion. 

On the fibres of the cervical sympathetic, which are vaso- 
motor for the head generally and secretory for the salivary 
glands, we have made a few experiments only ; but so far we 
have been unable to detect any effect from stimulating the 
sympathetic in the neck after nicotin has been applied to the 
ganglion. 

We conclude that the dilator fibres for the pupil ^ the vaso- 
constrictor fibres for the ear {probably also those for the head 
general ly\ and the* secretory filnes for the glands^ end in the cells 
of the superior cervical ganglion. 

Ganglion of the Solar P/exus. — In the dog, cat, and rabbit, 
t^e splanchnic nerve on the left side runs to two chief ganglionic 
masses which we may call respectively the cceliac and superior 
mesenteric ganglia. The renal ganglia are scattered, but in the 
dog the chief one often lies underneath the supra renal body, 
and in the cat the chief one is placed between the artery and 
vein about I inch from the superior mesenteric ganglion. 

To determine whether the inhibitory fibres of the splanchnic 
end in the nerve-cells of the solar plexus we proceeded as in the 
case of the superior cervical ganglion. Having ascertained that 
the application of i per cent nicotin to the splanchnic leaves its 
inhibitory power unaffected, we found that nicotin applied to 
the whole plexus at once abolishes the inhibitory power of Ihc 
splanchnic ; but inhibition can still be produced by stimulating 
the fibres proceeding from the ganglia. Hence, the inhibitory 
fibres of the splanchnic end in the cells of the solar plexus, ' • 

Our experiments are not sufficiently numerous, especially 
with regard to the connection of the cocJiac ganglion with the 
stomach, to make it certain that the one ganglion is entirely 
connected with fibres to the intestine, and the other with the 
fibres to the stomach ; but we think they show that in the main^ 
and possibly altogether^ the stomachic inhibitory fibres of the 
splanchnic nerve end in the cells of the cceliac ganglion^ and the 
intestinal inhibitory fibres of the splanchnic end in the cells of 
the superior mesenteric ganglion. 

We find, however, that the motor fibres of the vagus for the 
stomach and intestines do not end in the nerve cells of the solar 
plexus. 

The connection of the vaso-motor fibres of the splanchnic 
With the nerve-cells of the solar plexus can be determined by 
taking a tracing of the arterial blood-pressure and stimulating 
the splanchnic before and after the application of nicotin to the 
ganglia. By applying nicotin to both ganglia, the rise of blood- 
pressure caused by stimulating the splanchnic is reduced to very 
small limits, and by applying it to the renal plexus as welt, the 
effect of splanchnic stimulation on the blood-pressure is abolished. 
Since in this case there is no fall of blood-pressure, we conclude 
that the vaso^dilat or as well as the vaso-constrictor fibres of the 
splanchnic end in the cells of the solar and renal plexuses. 

Combining oncometer observations on the dog with blood- 

J pressure observations on the rabbit and cat, we think there is 
air evidence that the splanchnic vaso-motor fibres for the kidney 
end in the ceils of the renal plexus. 

We have experimented upon various peripheral ganglia other 
than tliose^ mentioned above, and, though our results are as yet 
incomplete, with essentially similar results ; that is, we have 1 
obtained an abolition of the effect of some one or more of the 
classes of nerve- fibres running to them. We think, then, there 
is fair ground to conclude that by stimulating the nerve fibres 
running to and those from anpt peripheral ganglion^ before and 
after the application of dilute nicotin to it^ the class of nerve fibres 
which end in the nerve-cells of the ganglion can be distin^ished 
from those which run through the ganglion without bangcon- 
nected with nerve- cells. 
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Linnean Society, November 7. — Mr. W. Carruthers, 
F.R.S., President, in the chair. — Mr. H. Veitch and Rev. 
Prof. Henslow exhibited a beautiful series of East. Indian hybrid 
rhododendrons, on which Prof. Henslow made some valuable 
remarks on* the effects of cross-fertilization in regard to colour 
and alteration of structure, upon which som6 critical observations 
were made by Mr. Veitch, Prof. Bower, and Captain Elwes. -- 
Mr. E. M. Holmes exhibited and made remarks upon some 
new British marine Algce, describing their origin and affinities. 
—Dr. St. George Mivart, F.R.S., exhibited a drawing by a 
surgeon, who had been consulted as to amputation of a taiMike 
process in the human subject, being a prolongation of the 
coccyx to the extent of 4i centimetres. Dr. Mivart also 
exhioited a photograph, showing a remarkable resemblance 
between two arm stumps ; one the result of an amputation, the 
other a congenital defect in the child of a nurse who had attended 
the patient whose arm was amputated. Both cases were com- 
mented on and explained by Dr. W. O. Priestley, and further 
remarks were offered by Dr. Murie, and Mr. W. Thiselton- 
Dyer, — Mr. W. B. Heinsley then read a paper by General 
Collett, C.B., and himself, on a collection of plants made in 
the Shan Slates, Upper Burmah. An interesting discussioif 
followed, in which Messrs. J. G. Baker, C. B. Clarke, and 
Captain Elwes took part. 

Anthropological Institute, November 12. — Dr. J. Beddoe, 
F.R.S,, President, in the chair. — Dr. Beddoe read a paper on 
the natural colour of the skin in certain Oriental races. Dr. 
Jieddoe’s observations showed that the parts of the skin covered 
by clothing were very much lighter than those exposed to the 
sun and air ; and that those people whose skin was the darbest 
in the covered parts, were not those who tanned to the blackest 
hue. -A paper by the Rev. James Macdonald was read on the 
manners, customs, superstitions, and religions of South African 
tribes. 

Paris. 

Academy of Sciences, November 25. — M. Ilermitein the 
chair.— On the November number of the American Mctcoro- 
hi^^ical Journal, by M. H. Faye. With this number^ begins the 
publication of a complete exposition of the author’s theory of 
cyclonic movements, translated into English by Mrs. W. Har- 
rington. The first part deals with storms, the second with 
tornadoes, while the third is occupied with the relations of 
tornadoes and storm phenomena to cyclones properly so called. 
— On animal heat, by M. Berthelot. In continuation of his 
previous paper on this subject, the author here discusses the 
question of the heat liberated by the action of oxygen on the 
blood. The quantity thus set free, referred to the molecular 
weight of oxygen (O^ 32 gr.), is found, by the extremely 

delicate experiments here described, to average 14 77 calories.— 
On the exhaustion of soils cultivated without manure, and 
on the value of the organic matter in the soil, by M. P. P. 
Deherain. A series of experiments carried out at the Agri- 
cultural School of Grignon clearly shows that the substance 
chiefly lost by continuous cultivation without manure is carbon, 
the proportion of phosphoric acid, potash, and nitrogen 
eliminated being comparatively slight. It also appears that the 
organic matter itself is as important a fertilizing element for 
beetroot as are the nitrates, phosphates, or potash. — On the 
freno-secretory fibres, by M. Arloing. Experiments are de- 
scribed which demonstrate the existence of these fibres^ in the 
cervical chord of the large sympathetic nerve. — Observations on 
Swift s new comet (November 17) made at the Paris Observatory 
with the equatori^ of the west tower, by M. G. Bigourdan. 
On November 21 the comet had the apj^arance of a very faint 
nebulosity (about 13 ‘4), nearly round, diameter about 50", with- 
out marked condensation. Observations made by MdJIe. D. 
Klumpke with the equatorial of the east tower on November 23 
yielded similar results.— Generalization of Makeham’s law of 
probabilities, by M. A. Quiquet. The chief property of Gom- 
' pertz’s formula as generalized by Makeham has been demon- 
strated in a very simple way by M. J. Bertrand. M. Quiquet 
in his turn now inquires whether this property may not itself be a 

i >articuiar case of a still more general principle, and whether the 
unction discovered by the two eminent English actuaries may not 
therefore be capable of further generalization, — On the employ- 
ment of electric conducting mediums in studying the displace- 
ments and distribution of acids with complex nature, by M« 
Di^el Berthelot. Of the numerous substances acang both as 
acid ar.d as alkali one of the simplest is aspartic acid. The 


author here studies the equilibria that are produced in the pre- 
sence of this acid in diluted saline solutions. The measurements' 
have been made with the Lippmann capillary elcctrr meter, by 
M. Bcuty's electrometric method. — Variations of the electric 
resistance of nitric peroxide at different tempeiatures, by M. J. J. 
Boguski. Meaiuicmcnts obtained by seveial methc d.slead to the 
conclusion that an increase of temperature of nitric peroxide 
produces an increase of its electric resistance, the most abrupt 
vartetions occurring between o® and 17° C. Above this acid 
forms an almost perfect insulator. During the process of heating 
two consecutive phenomena were observed which call fpr special 
attention. To a rise of temperature up to a given limit generally 
corresponds a static and definite increase of resistance ; but this 
increase itself is preceded by a dynamic (passing) decrease of re- 
sistance, whose momentary value is at times no more than 
or of the static and normal resistance. — Preparation and 
properties of the anhydrous platinous fluoride, by M. H. Moissan. 
In continuation of his previous researches, the author here 
shows that platinous fluoride, FtFl.,, decomposes i>ater at the 
ordinary temperature, which accounts for the impossibility of 
preparing it by the wet process. At red heat it is dec* mposed 
into crystallized platinum and fluorine. — Contribution to the 
study of double decompositions between the halogen salts of 
mercury and zinc, by M. Raoul Varet. The author has studied 
(1 ) the action of cyanide of mercury on bromide of zinc ; (2) the 
action of cyanide of zinc on bromide of mercury. — On a new 
sugar of the aromatic group, by M. Maquenne. To inosite and 
quercite, the only sacemarine substances hitherto obtained from 
benzene, the author adds a third, provisionally named jS inosite, 
which he obtains from a pinite derived from the resin of Pinus 
lamberiiamx, of Nebraska.— Synthesis of metaphenylcnc-diamine, 
by M. Alphonse Seyewitz. The author h.ns succeeded in effecting 
this synthesis by heating, to 280“ or 300** C., a mixture of rcsor- 
cine and calcium chloride under conditions here described. — 
Papers were submitted by MM, A. Bchal and Choay, on the 
action of heat on chloral-ammonia ; by M. Raphael Dubois, on 
the mechanism of awakening in hil ernatirg .animals ; by M. E. 
Couvreur, on the pulmonary circulation of the frog, as affected 
by the excitation of the ^^neiimogastric nerve ; jby M. R. 
Monicz, on the larva of the new species Tunia Grima^dii, a 
parasite of the dolphin ; by MM. Appert and Henrivaux, on the 
devitrification of the ordinary glass of crmmejce; by MM. E. 
A. Martel and G. Gaupillat, on the foim.ntion of springs in the 
interior of the limestone plateaux of the causscs of Languedoc ; 
and by M. J. Thoulet, on the quantitative analysis of the fine 
sediment held in suspension in natural waters. 

Beri IN. 

Physiological Society, November 15. — Prof, du Bois- 
Reymond, President, in the chair.— After the appointment of 
officers for the year 1889-90, Dr. Virchow spoke on the spiracle 
giill of Selachians. With the assistance of drawings and a series 
of'diagrnms he discussed the varying an angemenis and divisions 
of the blood-vessels which go to form the gills of Selachians ; 
he also described the frequent occurrence, confined to certain 
regions of the head, of blood-vesstls which are elaborately con- 
voluted ; the physiological significance of these vessels is quite 
unknown, but their morphological interest is so great ihs.t an 
extended investigation of them in other groups of animals is a 
matter of great importance. In all probabili y they are rudi- 
mentary structures, whose significance would be understood if 
the above extended investigations were carried out —Dr. I. 
Munk spoke on the absorption of fats and fatty acids in the 
absence of bile in the intestine. The o\!er classical experi- 
ments on animals with a biliary fistula had taught that, in the 
labsence of bile, prptcids and starch are digested rs completely ^ 
as in a normal animal, whereas, on the other hand, the aosorp- 
tion of fat is largely interfered w.th. In correspondence with 
this view, the later observers v ere of opinitm that all fat which 
is not absorbed does not leave the body as neutral fat, but as 
fatty acids, and from this the conclusion was drawn that the fatv 
of food are decomposed jnto fatty acids (and glycerin) before 
they are normally absorbed. The speaker had carried out a 
series of experiments on dogs with biliary fistula?, during the 
past summer, with a view to clearing up several obscure points 
in the whole question of the ab^oipiion of fats. After he had 
confirmed the older views as to the normaPdigestion of proteids 
an4 starch, and the appearance of unabsorbed fat in the form of 
free fatty acids in the faeces, he proceeded ^to determine quan* 
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titativcly the absorption of fat from the intestine in the absence of 
bile. He found, first, that in such animals there is a relatively 
large absorption of fat from the alimentary canal as long as they 
receive the fat in company with proteids and starch, but that the 
absorption is much less when the fat is administered — as it was 
in the experiments of the older observers — mixed only with pro- 
teids. It was found that the animals absorbed more than 70 
per cent, of such a fat as pig’s lard, whose melting-point is l^w, 
without the assistance of bile ; they also absorbed an almost 
proportionately large quantity of the free fatty acids of the lard, 
thus corresponding exactly to the behaviour of normal animals, 
which can absorb about 94-98 per cent, of any fat whose melt- 
ing-point is low, whether it be administered in the form of 
neutral fat or of the fatty acids which it contains. When a fat 
was administered whose melting-point is high — especially such a 
fat as only begins to soften at the temperature of the body 
mutton fat) — the amount absorbed was considerably less, and it 
was still less when the free fatty acids of this fat were given 
with the food. The speaker pointed out, with regard to the 
faeces of animals with a biliary fistula, that they may be dark- 
coloured, or even black, on a proteid diet, and only appear 
light-gray in colour when carbohydrates are given with the 
food. This dark colour is not, however, due to any derivative 
of the bile-pigments, but to haematin. The speaker had not 
been able to detect, with certainty, any further advanced 
decomposition of the contents of the intestine in animals with a 
biliary fistula, neither did he observe any increase of putrefactive 
products, such as indol, skatol, &c., in their urine. 

In our report, last week (p. 95), of the meeting of the Berlin 
Physical Society on October 25 (first column, fifth line from 
foot), for “waves in air 21 metres long” trad “waves in air 
2 kilometres long.” 
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THE TEACHING OF FORESTRY. 

A Manual of Forestry. By William Schlich, Ph.D. 
Vol. I. (London : Bradbury, Agnew, and Co., 1889.) 

P ROBABLY it will not for some time be generally re- 
cognized in England that forestry is a profession in 
the sense in which we speak of the profession of law or 
of medicine. And it is a bold step to publish a manual of 
forestry for English readers in a systematic and strictly 
technical form. This is the task which Dr. Schlich has un- 
dertaken, and the volume before us is the first instalment 
of a large work, which, when completed, will be the first 
comprehensive manual of forestry in the English lan- 
guage. • 

Before going out to India in 1866, Dr. Schlich had 
passed the examinations for the superior forest service in 
his own country (Hesse Darmstadt), he had been the 
pupil of one of the most eminent Professors of Forestry in 
Germany, the late Gustav Heyer, and he held a distin- 
guished place among his fellow students. At the com- 
m jncement of his career, the changes which had tAken 
place in Hesse Darmstadt in consequence of the Austrian 
war were believed to affect injuriously the chances of pro- 
motion for the younger members of the forest service. 
This induced him to accept the offer of an appointment 
in India. Here he was designated at an early date 
for' important positions, and thus, after he had served 
seiteral years in Burmah, he was sent to Sind, where, 
under completely different conditions of climate and 
forest, he did excellent work. He served successively as 
Conservator of Forests in Lower Bengal and in the 
Punjab, until he rose to the post of Inspector-General of 
Forests. In 1885 he consented to relinquish his import- 
ant position in India, in order to become Professor of 
Forestry at the Forest School which it had been decided 
to form in connection with the Royal Indian Engineering 
College at Coopers Hill. 

The volume before us contains the general and intro- 
ductory part ; in a second volume the author proposes to 
set forth in detail the different sylvicultural operations ; 
while the protection of forests, the utilization of timber 
and other forest produce, the systematic arrangement of 
the plans for working, and the financial aspect of forest 
management, will complete the work. Not the least of 
the advantages which will be gained by the publication 
of this manual will be to settle the English forest termino- 
logy. The technical terms which had been tentatively 
used since methodical forest management was begun in 
India may now be expected to receive general currency, 
and will be more correctly understood than before. 

The primary object of the Coopers Hill Forest School 
is the training of officers for the Indian Forest Service, 
but others also may attend the forestry classes in order to 
qualify for the management of forests and woodlands in 
Great Britain and in the colonies. It .may therefore be 
hoped that Dr. Schlich’s manual will eventually promote 
the good management of forests in many parts of the 
world. In Great Britain and Ireland the author states 
the area of woods and forests at 2,790^000 acres, and in 
VoL. xu.—No. 105a 


British India the area of Government forests at 70,000,000. 
No data are available for estimating the forest area in the 
British colonies. But the area stated is sufficient to 
dijmand the systematic teaching of forestry in England. 

In the German Empire the total forest area only mea- 
sures 34,346,000 acres, of which 1 1,243,000 acres belong to 
the State. Yet there are no less than nine forest schools 
in the different States for educating the superior officers 
in the State and other public forests and the principal 
wood managers in private estates. The books published 
on the subject of forestry in all its branches during the 
three years 1886-88 amounted to 177, or fifty-nine a year 
on an average. Besides these, there are ten periodicals 
on forestry, some quarterly, most monthly. One general 
association of German foresters meets annually, and ten 
local societies hold their meetings either annually or once 
in two years. And all these associations publish their 
transactions. Perhaps it will be urged that this large and 
daily-growing forest literature is not necessarily an ad- 
vantage ; that German foresters had better attend to the 
management of their forests instead of writing books. As 
a matter of fact, however, the management of the German 
forests, public as well as private, is excellent, and is im- 
proving steadily. The best proof of this is the large and 
steadily growing income derived from these estates by the 
Government, by towns and villages, and by private pro- 
prietors, and, more than that, the improved condition and 
the increased capital value of these properties. 

A commencement, however, of forest literature has 
been made in* the English language. The Transactions 
of the Royal Scottish Arboricultural Society have attained 
j their twelfth volume, and they frequently cotitain papers 
; of considerable importance. The Indian Forester ^ com- 
! menced as a quarterly by Dr. Schlich in 1875, 2. 

; monthly magazine, of which fifteen volumes have ap- 
I peared. In addition to these a number of valuable 
i publications on different branches of forestry might be 
j'named that have been published within the last twenty- 
five years. 

German forest literature, though it has attained such 
large dimensions, is of comparatively recent origin. 
During the eighteenth century sylviculture and the 
%ianagement of forestry had made great progress in many 
parts of the country, but the methodical and scientific 
treatment of the subject dates from the labours, during 
the first thirty years of the present century, of Hartig in 
Prussia, Cotta in Saxony, and Hundeshagen at Giessen. 
Scientific forestry in England must necessarily be built 
upon what has been accomplished in this respect in 
Germany, and with becoming modesty Dr. Schlich 
acknowledges that the principal German works have 
been bis guide in the preparation of the present book. 
Great Britain does not stand alone in this respect. In 
France also the development of scientific forestry has to 
a great extent been based upon the progress previously 
made in Germany. The same may be said of forestry in 
Italy, Russia, Scandinavia, and other European countries. 

Part I. of the manual treats of the utility of forests,* 
directly in producingVood and other forest producp, and 
indirectly in. influencing the climate, in the distribution of 
rain*water,in the preservation of the soil on sloping ground, 
in the binding of moving sands, an^ in affording shelter 
^gainst winds. All- these matters are clearly and ex- 

G 



122 


NA TURE 


\^Dec. 12 , 1889 


haustively treated, and in regard to the climatic influence 
of forests the author gives a most useful summary of the 
researches which have been made to determine the effect 
of forest growth upon the temperature of air and sdil, | 
rainfall, humidity, and evaporation, in Germany, Switzer- | 
land, and France, mainly by the establishment of parallel 
stations, one being situated inside a fully stocked forest , 
and the other at some distance in the adjoining open j 
country. j 

Part IK sets forth the fundamental principles of sylvi- j 
culture. The author maintains, with justice, that the 
principles of sylviculture hold good all over the world, 
but adds that the illustration of these principles must be 
taken from a limited area. For this purpose he has 
chosen the timber trees of Western Europe on the | 
Soth degree of north latitude, and the countries im- ! 
mediately to the north and south of it— in other words, | 
the forest trees of England, Northern France, and the j 
greater part of Germany. These species the author does 
not attempt to describe ; he assumes that his readers are 
familiar with them. The first chapter dwells upon the ex- 
ternal conditions which influence the development of 
forests. He says : — 

Soil, including subsoil, and atmosphere are the media 
which act upon forest vegetation, and they together are in 
sylviculture called the ‘ locality.’ The active agencies,Ar ! 
factors, of the locality depend on the nature of the soil 
and the climate, the latter being governed by the situation. 
The sum total of these factors represents the quality or j 
yield-capacity of the locality. The forester requires to ! 
be well acquainted with the manner in which soil and ! 
climate ac^ on forest vegetatioc, in order to decide in ! 
each case which species and method of treatment are best ; 
adapted, under a given set of conditions, to yield the 
most favourable results.” I 

Every forester knows that on good soil, and under , 
conditions otherwise favourable, a timber crop is heavier j 
than one of equal age grown under less favourable con- 1 
ditions. In the concluding section of this chapter the 
author shows how one may use this fact in order to 
assess the quality of a locality. Numerous measurements 
of woods of different species and ages, grown under dif- 
ferent conditions, have been made in Germany on a syste-^ 
matic plan, and from the data thus obtained yield tables 
have been calculated, showing the volume of timber pro- 
duced at different ages on a given area by the principal 
species on localities of different quality classes. Using 
the yield tables published for the Scotch pine by Wilhelm 
Weise, now Professor at the Forest School of Karlsruhe, 
the author shows that at the ages of 50 and 120 years the 
volume per acre of timber only, not including faggots, in 
localities, which according to their yield-capacity are 
classed as first, second, and third class, is as follows : — 

I. II. III. 

Cubic feet at the age of 50 years 5060 3940 2700 
„ „ 120 „ 9060 6950 5340 

The figures of these yield tables Dr. Schlich has 
Tound to a certain extent to be applicable to Scotch pine 
forestc in England . They can therefore be used in order to 
assess the yield-capacity of any locality stocked with 
Scotch i^e. Eventually, similar yield tables will doubt- 
less be prepared for <the Scotch pine and other forest trees 
in Great Britain, and it will then be possible with 


certainty to say what yield of timber may be expected 
from plantations made in a certain locality. 

The second phapter deals with the shape and develop- 
ment of forest trees, but we can refer only to what the 
author says regarding height-growth. Building again 
chiefly upon researches made in Germany, Dr. Schlich 
explains how the different species have a different mode 
of height-growth. On p. 163 an instructive diagram will 
be found exhibiting the relative height-growth of spruce,, 
silver fir, beech, and Scotch pine, in a locality of the first 
quality. At the age of 50 years the mean height attained 
by each species is as follows : — 

Scotch pine ... ... ... 64 feet 

Beech ... ... ... 60 ,, 

Spruce SS „ 

Silver fir ... 40 ,, 

At a later age spruce and silver fir take the lead, while 
b#cch and Scotch pine remain behind in the race ; and* 
when 120 years old the order of the species stands as 
follows : — 


Spruce 

• • • 

••• 

118 feet 

Silver fir 

• • • 

. • . 

108 „ 

Beech 

■■■ 

• » . 

102 „ 

Scotch pine 

... 

... 

97 .. 


Scolth pine and beech therefore make the principal 
height-growth during the first period of their life, whereas 
spruce and silver fir continue to grow vigorously in height 
to a much greater age, spruce more so than silver fir. 
The progress of height-growth of the different species is 
much affected by the character of the soil, by elevation, 
the more or less crowded state of the wood, and other 
circumstances, but under otherwise similar conditions it 
will always be found that deep, fresh fertile soil produces 
much taller trees than shallow, dry, or rocky soil. 

In the third chapter, which deals with the character 
and composition of woods, the author points out that the 
object of sylviculture is not to rear isolated trees, but con- 
siderable masses of trees, forming more or less crowded 
woods. Pure woods consist of one species only, or of one 
spweies with a slight admixture of others, whereas mixed 
woods contain a mixture of two or more species. The 
advantages of mixed woods are clearly set forth, and th c 
author’s remarks on this subject may be specially recom- 
mended to the attention of proprietors and managers of 
woodlands in Great Britain. 

The last and most important chapter deals with the 
sylvicultural systems — that is, the different methods under 
which the creation, regeneration, tending, and utilization 
of woods are effected. The three well-known classes 
are : first, high forest, originating in seedlings, either 
self-sown or artificially raised ; second, coppice, which 
regenerates itself from coppice shoots ; and third, coppice 
with standards, a combination of seedling and coppice 
forest. The modifications of these three main systems are 
numerous, and particularly the treatment of high forest 
has developed in a great variety of ways. On this subject 
we must refer the reader to the manual. These are 
matters which can hardly be fully understood without 
opportunities* for obtaining practical experience of forests 
treated under the various systems described. Such 
opportunities may, to some extent, be found in Great 
Britain. The high forests of larch and Scotch pine in 
Scotland, raised by planting, are excellent, and in some 
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districts Scotch pine woods are regenefated by self-sown 
seedlings. The oak woods of the Forest of Dean, and the 
beech woods on the chalk downs of Buckinghamshire, 
are instances of high forests with different character and 
different method of treatment. Most instructive, again, 
are the natural oak forests in Sussex — coppice, with a 
large proportion of standards. So are the coppice woods 
of ash and sweet chestnut for the production of hop-poles 
in Kent, and the osier beds on the banks of the Thames. 
The difficulty is, that the treatment of these woods is 
entirely empirical, and that, without authentic statistical 
data regarding yield in timber, regarding income and 
outlay, no forest can properly be used for purposes of 
instruction. If the student wishes fully to understand 
this and other portions of the excellent manual before us, 
he must study the forests of Germany, public and private. 
This may be a disadvantage, but under the circumstances 
of the case it cannot be helped. 

Appended to the first part of the book are two treatises 
which will be read with interest by those who may not 
care to study the more technical portion of the manual. 
They deal with forestry in Great Britain and Ireland and 
in British East India. The physical configuration of 
India, its climate and rainfall, the distribution of the 
forests, and the forest policy pursued by the Government 
of India during the last thirty years, are clearly set forth. 
The protection and systematic management of its forests 
are matters of the utmost importance for the welfare of 
the millions inhabiting the British Indian Empire, of in- 
finitely greater importance than good forest management 
is for Germany or other countries of Euro pe. Enthusiastic 
foresters in India have long maintained that, by improving 
the condition of existing forests, so as to make them more 
dense and compact, by extending their area, and by 
creating forests where none exist at present, the rainfall 
in seasons of drought might be increased, and famines 
might thus be averted. Dr. Schlich fully discusses this 
subject, and states several cases in which the presence of 
dense forest growth seems to accompany an increased 
rainfall ; but at the same time he fully explains the 
reasons why a final conclusion does not seem justified. 
The result is that, though the local influence of forests 
in lowering the temperature and preserving moisture is 
undeniable, we are not justified in hoping for an improve- 
ment of the Indian climate. The favourable influence of 
forests in India upon the irrigation from wells and tanks 
is, however, beyond doubt, and this is a vital question. 

To illustrate the effect of forest growth in protecting 
loose soil on hill-sides, the author mentions the Siwalik 
hills at the foot of the North-West Himalaya. We quote 
his words ; — 

Anyone who has ever stood on the hills behind 
Hushiarpur in the Punjab, and looked down upon the 
plain stretched out towards the south-west, has carried 
away an impression which he is not likely to foiget. In 
that part the Siwalik range consists of an exceedingly 
friable rock, looking almost like sand baked together. 
Formerly, the range was covered with a growth of forest 
vegetation, but a number of years ago cattle owners 
eettled in it, and under the combined attacks of man, 
cows, sheep, and goats, the natural »owth disappeared, 
while the tread of the beasts tended to loosen the soil 
The annual monsoon rains^ though not heavy, soon com- 
menced a process of erosion and of carrying away the 


surface soil. Gradually, small and then large ravines and 
torrents were formed, which have torn the hill range into 
the most fantastic shapes, while the tUbris has been 
carried into the plains, forming, commencing at the places 
where the torrents emerge into the plain, fan-shaped 
accumulations of sand which reach for miles into the 
plain, and which have already covered and rendered 
sterile extensive areas of formerly fertile fields. Indeed, 
one of these currents or drifts of sand has actually carried 
away a portion of the town of Hushiarpur. The evil has 
by no means reached its maximum extent, and if curative 
measures are not adopted at an early date, the progress 
of transporting the hill range into the plain will go on, 
until the greater part of the fertile plain stretching away 
from its foot has been rendered sterile.” 

The author might have added the denuded hills, and 
the rivers, formerly navigable, but now silted up, in the 
Ratnagiri district of Western India, and other similar 
instances. 

That a country so populous as India requires immense 
quantities of timber, bamboos, and firewood, goes with- 
out saying. Among other articles of forest produce, 
cattle fodder is an important item. In the drier portions 
of the country the supply of grass, particularly during 
seasons of drought, is more plentiful under the shelter of 
trees than out in the open. In times of scarcity, grain 
can easily be carried long distances to provide food for 
the people, while cattle fodder cannot be so easily carried. 
As a matter of fact, where forests have been formed and 
protected in the drier parts of India, they have proved a 
great help in enabling thS people to maintain^heir cattle 
in times of drought and scarcity. 

In India the duty of taking action necessarily devolved 
upon the State. The result has been the formation of 
extensive forest estates, called reserved forests, which 
at present, the author states, aggregate 33,000,000 
acres, or three times the area of .State forests in the 
German Empire. If forest matters in India continue to 
be properly managed, these estates will not only secure 
the well-being of the people, but will be an important 
source of strength to the Government, financially and 
Otherwise. As yet, the revenue which they yield is in- 
significant in relation to their extent. But it is growing 
steadily. Dr. Schlich shows that during the three years 
1864-67 the average annual net revenue from tHie Govern- 
ment forests amounted to 1 06,6 1 5, and during the five 
years 1882-87 to and he states it as his 

opinion that, twenty-five years hence, the net surplus will 
be four times the present amount. More important, 
however, than the annual revenue is the steadily increas- 
ing capital value of these Government forest estates. 

In Great Britain the aspect of affairs is different. The 
small area of the Crown forests, burdened as they are. 
with prescriptive rights, cannot reasonably be expected 
materially to help the development of systematic forest 
management. But there are oyer 2,500,000 acres of 
woods and forests in tHe hands of fn'ivate proprietory and ' 
there are 26,000^000 acres of barren mountain land^and 
waste, a portion of which might be planted upi Pro- 
prietors, as a rule, desire to augment their income and to 
increase the capital value of their estatps. In many cases 
this mifldtt be effected by a more systematic management 
of^heir woodlands, and by the planting up of waste lands. 
The chief obstacle to'prt^press in this direction is the low 
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price of timber and the high rent at present obtained by 
the letting of grouse moors and deer forests. 

Upon data which cannot be gainsaid, Dr. Schlich has 
based important calculations, which will be found on 
pp. 17-19. Space forbids the discussion of details, but 
the result is that Scotch pine forests cannot be expected 
to yield more than 2J per cent, on the capital invested 
(the valure of the land and of the growing crop). 

“ All land, therefore, which can be let for the raising of 
field crops, for shooting, or other purposes, at a rental 
equal to, or upwards of, 2^ per cent, of the capital value of 
the land, had better be so let. On the other hand, land 
which would realize a rental of less than 2 h per cent, of 
its value, may with advantage be planted with Scotch 
pine or other similarly remunerative trees.” 

These conclusions are based upon circumstances as 
they exist at the present time. But a change of circum- 
stances is not impossible. The author points out that 
6,000,000 loads of timber are imported annually into the 
United Kingdom from Europe and North America, and 
that only a small portion of the forests which furnish this 
large supply are under systematic management and con- 
trol. It may be regarded as certain that the supply from 
Sweden and Norway and from North America, amounting 
at present to nearly 4,000,000 loads a year, will continue 
to diminish, and, under the circumstances of the case, the 
necessary result of such diminution will eventually be a 
rise in the price of timber. Again, if proprietors of wood- 
lands in Eygland and Scotland ivere in a position to offer 
large quantities of home-grown timber of good quality for 
sale, regularly at stated seasons, timber traders would 
make their arrangements accordingly, and in many cases 
better prices would be obtained. Firewood is at present 
almost unsaleable in the United Kingdom, but if — and 
this may happen — the price of coal should rise consider- 
ably, firewood would in some districts become an article 
of general consumption, as it was 150 years ago, and 
to some extent this would improve the money yield of 
woodlands. 

It is not too much to say that the publication of Dr. 
Schlicb’s manual will give a powerful impetus to sys- 
tematic forest management in the United Kingdom, in 
India, and in the vast colonies of the British Empire — in 
fact, wherever the English language is spoken. 

D. Brandis. 


FERREL’S THEORY OF THE WINDS. 

A Popular Treatise on the Winds. Comprising the 
General Motions of the Atmosphere, Monsoons, 
Cyclones, Tornadoes, Waterspouts, Hailstorms, &c. 
By William Ferrel, M.A., Ph.D., &c. (New York : 
John Wiley and Sons. London : Macmillan and Co. 
1889.) 

N umerous as are the popular treatises on various 
( branches *of phenomenal fheteorology that have 
appeared during the last quarter of a century, English 
literature has hitherto been singularly deficient in ele« 
mentary works treating of the physical and mechanical 
processes of the atmosphere from a theoretical pointy of 
view, and suited to the capacity of, the average student. 
Tho^l^ versed in the higher mathematics may indeed find 


all they require ‘ in such modern works as Sprung’s 
“ Lehrbuch der Meteorologie,” and Ferrel’s “ Recent 
Advances in Meteorology,” the high merit and originality 
of which last are somewhat veiled under its more obtru- 
sive title — “Part 2 of the Report of the Chief Signal 
Officer of the [U.S.] Army for 1885.” But these works are 
hardly suited for popular instruction ; and for that large 
class of students whose mathematical acquirements are 
more limited, but who nevertheless desire to understand 
the movements and internal changes of the atmosphere, 
and to interpret them rationally in accordance with me- 
chanical and physical laws, there has hitherto been little 
guidance, save such as they may obtain from casual 
references to them in works devoted to the general 
teaching of these sciences. It is perhaps in consequence 
of this divorce of the deductive from the inductive treat- 
ment of meteorological subjects that the contributions of 
English observers to the science of meteorology bear 
but an insignificant proportion to the labour expended on 
observational work, and that so much of this work is 
abortive, and practically of little value, owing to the 
absence of guiding and suggestive theoretical knowledge. 

U is, then, with no ordinary degree of satisfaction that 
we hail the publication of Prof. Ferrcl’s treatise, the title 
of which heads this notice. As the originator and dis- 
coverer of many of the most important problems dealt 
with in these pages, no one could be better fitted to 
explain them in terms suited to general comprehension, 
and this task he has performed with a completeness and 
lucidity which leave but little to be desired. The work 
is, as it professes to be, a “ popular ” treatise, but popular 
only in the higher sense of the word. A system of move- 
ments so complex as those of the earth's atmosphere 
cannot be made clear to anyone who is not capable of 
following a chain of close reasoning, or who is not pre- 
pared to bring to the study that concentrated attention 
that is requisite to master any problem in deductive 
science. But, these being granted, no further demand is 
made on the sthdent than some familiarity with the 
elements of algebra, and the simplest conceptions of 
plane trigonometry and kinetics. The action of the 
mechanical and physical forces that determine and 
regulate the wind system of the globe is clearly ex- 
plained in the first two chapters of the work. 

The most important and original portion of the book 
is that which deals with the general circulation of the 
atmosphere, in relation to which the cyclones and anti- 
cyclones that cause the vicissitudes of local weather are 
but matters of subordinate detail. The magnitude of the 
work achieved by Prof. Ferrel in this field has hitherto 
been recognized only by the few. It is not too much to 
say that he has dune for the theory of atmospheric circu- 
lation that which Young and Fresnel did fur the theory of 
light : and that the influence Qf his work is not more 
generally reflected in the liter^tur^ of the day, must be 
attributed to the want of some popular exposition of the 
theor)*. 

Starting with ^he fundamental conditions of a great 
temperature difference between equatorial and polar 
regions and a rotating globe, and postulating in the first 
instance a uniform land o; water surface, it is shown 
how the convective interchange of air set up by the 
former must result in producing two zones of maximum 
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pressure in about lat. 30“ in both hemispheres, two prin- 
cipal minima at the poles, and a minor depression on the 
equator, tbgether with strong west winds in middle and 
high latitudes, and an excess of easterly winds in equa- 
torial regions. The two tropical zones of high pres- 
sure determine the polar limits of the trade winds, and 
the whole system oscillates in latitude with the changing 
declination of the sun. Further, as a consequence of the 
fact that the great mass of the land is restricted to the 
northern hemisphere, whereas the southern hemisphere 
presents a comparatively uninterrupted sea surface, on 
which the retarding friction is less than in the northern 
hemisphere, the west winds of middle and high latitudes 
are much stronger in the latter than in the former, and 
by their lateral pressure cause a slight displacement of 
the tropical zones of high pressure and the equatoriarl 
zone of low pressure to the north of their normal positions 
on a hypothetical uniform terrestrial surface. 

The great modification and extension of Hadley’s 
theory thus introduced by Prof. Ferrel depends mainly on 
two points of the first importance. By all previous writers 
it was assumed that a mass of air at rest relatively to the 
earth’s surface on the equator, if suddenly transferred to 
some higher latitude — say, 60'^— would have a relative 

easterly movement in that latitude equal to the difference 
of rotary velocities on the equator and on the 60th 
parallel, or about 500 miles an hour, the difference being 
proportional to that of the cosines of the latitudes. This, 
however, would be true only in the case of rectilinear 
motion. In reality, as Prof. Ferrel was the first to demon- 
strate, the mass of air would obey the law of the preserva- 
tion of areas, like all bodies revolving under the influence 
of a central force, and its relative eastward velocity in 
latitude 60* would be 1500 miles an hour, being as the 
difference of the squares of the cosines. If, on the other 
hand, any mass of air at rest in latitude 60'’ were suddenly 
transferred to the equator, it would have a relative westerly 
movement of 750 miles an hour, and any mass of matter 
whatever moving along a meridian is either deflected — or 
if, like a railway train or a river between high banks, it 
is not free to yield to the deflecting force, presses— to the 
right of its path in the northern, and to the left in the 
southern, hemisphere. 

The second point first established by Prof. Ferrel is 
that, in virtue of centrifugal force, this deflection or 
pressure to the right in the northern, and to the left in 
the southern, hemisphere is suffered in exactly the same 
degree by bodies moving due east and due west, or along 
a parallel of latitude, and therefore also in all intermediate 
azimuths. 

From the first of these principles it will be readily seen 
why the west winds of middle latitudes are so much 
stronger than the easterly winds of the equatorial zone ; 
and from the second, hoW these opposite winds, by their 
mutual pressure, produce the tropical zones of high 
barometer and the polar and equatorial regions of low 
barometer. 

In subsequent chapters are discussed the modes in 
which the general circulation of the globe affects the 
climates of different latitudes by determinmg the distri- 
bution of rainfall in wet and dry zones, and inequalities 
of temperature through the agency of marine currents. 

> Also the causes that modify and disturb the regularity of 


the ideal system, the chief of which is the mutual inter- 
action of expanses of land and sea. The general excel- 
lence of these demonstrations is indisputable, but we 
have marked one or two passages which appear to us to be 
of doubtful validity, and which we recommend to the re- 
consideration of the author when the time comes, as we 
doubt not it will ere long, for the issue of a second edition 
of his work. • 

The first point to which we would take exception is 
what seems to us the too great influence ascribed to 
mountain-chains in deflecting the great atmospheric cur- 
rents. That they deflect the surface winds, like other 
irregularities of the surface, and in proportion to their 
magnitude, is, of course, a matter of universal experience ; 
but, in the absence of other causes operating to produce 
a diversion of the greater currents, their action in this 
respect appears to us to be merely local. As an instance 
we will take the case of the Western Ghats of India, an 
escarpment from 3000 to 7000 feet in height, running 
athwart the direction of the summer monsoon of the 
Arabian Sea. The wind charts of the Arabian Sea, issued 
I by the Indian Meteorological Office, show no appreciable 
deflection of the monsoon wind on the windward face of 
this range ; and if the same cannot be asserted of the 
corresponding wind in the north of the Bay of Bengal, 
where it impinges op the coast range of Arakan, it is 
evident that the deflection of this current to north, and 
eventually to north-west, is caused by the indraught 
towards the heated plains of Northern India. 

We believe that a simitar explanation will 6e found to 
hold good in all the more conspicuous cases cited by 
Prof. Ferrel. Thus, at p. 183 he says: — 

“ The air of the lower strata of the atmosphere in the 
trade-wind zone of the North Atlantic, having a westerly 
motion, and impinging against the high table-lands and 
mountain-ranges of Mexico, is deflected around towards 
the north over the south-eastern Slates, and up the Mis- 
sissippi valley into the higher latitudes, where it com- 
bines with the geneial easterly flow of these latitudes, 
and adds to its strength. This completely breaks up the 
continuity of the tropical calm belt and dry zone, so that, 
fhstead of a dry region with scanty r.tinfall, such as is 
found in North Africa, Arabia, Persia, Beloochistan, and 
I Cabul, we have on the same parallels in the southern 
' and eastern United States a region of abundant rainfall, 
and all the way up the Mississippi valley and in the in- 
terior of the continent there is much more rain than in 
the interior of Asia." 

T.aking this passage as it stands, or only together with 
the immediate context, it might be understood to imply 
that the author ascribes this great diversion of the winds 
of the Gulf of Mexico, together with all the rainfall they 
bring to the southern States of America, solely to the, 
influence of the comparatively low mountain-chain* of 
Central America. That such, however, is not his mean- 
ing is evident from his subsequent remarks on p. 215, 
where, in describing the monsoons of North Americd', • 
after noticing the high* temperature of fhe land ar^a in 
summer, he says : — 

** On the southern and south-eastern coast, in connec- 
tion with the deflection referred to [in^the passage quoted 
above], it causes the prevailing winds to be southerly and 
south-easterl)r, instejid of north easterly, as they would 
otherwise be in these trade-wind latitudes." 
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In point of fact, as may be seen on Dr. Hann’s charts 
for Januar}’’ and July, in the new edition of Berghaus’s 
“ Physical Atlas,” the diversion of the trade-winds of the 
Gulf of Mexico, northward up the Mississippi valley 
takes place only in the summer, and is an effect of the 
same agency, viz. the heating of the northern continents 
that breaks up the high-pressure zone of the northern tropic 
into two anticyclones, one in each of the great oceans, 
and it is the juxtaposition of the Atlantic anticyclone 
and the Mexican cyclonic depression that determines the 
course of the winds and the resulting rainfall. To judge 
from the case of the Western Ghats, we think it may be 
safely concluded that, if there were no mountain-chain to 
the west of the Gulf, the results would not be greatly 
different. All the other instances quoted, illustrative of 
the diversion of great currents by mountain-chains, ex- 
cept such as are purely local, .appear to us to be really 
due to other and similar causes. 

In treating of the monsoons. Prof, Ferrel points out 
with perfect justice that their strength depends on the 
form of the land, and that they blow strongly only where 
the interior of the country is high and mountainous. 
But when he adduces Persia as an illustration of the 
negative case, we are unable to admit its relevancy. At 
p. 199 he observes : — 

“ In accordance with the preceding view of the prin- 
cipal cause of monsoons and land ai\d sea breezes, it is 
seen from observation that all the great monsoons and the 
strongest land and sea breezes are found — the former in 
countries and on oceans adjacent to high mountain- 
ranges, and the latter along coasts with high mountains 
in the background. Neither the heated interior in sum- 
mer of the Great Sahara of Northern Africa, nor of 
Arabia and Persia, which is considered the warmest re- 
gion on the globe, causes, during this season of the year, 
any great indraught of air. It is true that at this season 
the north-westerly winds prevail a little more on the 
north-west coast of Africa and the ocean adjacent, due, no 
doubt, to the influence of the highly-heated desert of 
the Sahara ; but over Arabia and Persia the north-west 
winds continue to blow almost incessantly, during June 
and July, away from the interior toward the Arabian 
Sea. . . . The monsoon influence, therefore, of countries 
mostly level, without an elevated interior, however highly 
they may become heated in summer or cooled in winter, 
is not very great.” 

But the interior of Persia is a part of the great table 
land of Iran, and, to quote the description of Sir Oliver 
St. John, “ its average height above the sea may be about 
4000 feet, varying from 8000 or higher in certain of the 
outer valleys to not more than 500 in the most depressed 
portions of its centre.” Its average elevation is therefore 
much greater than that of the interior of India, very much 
greater than that of the Indo-Gangetic plain, which is the 
goal of the Indian monsoon, and, as a glance at the map 
will show, it is not deficient in mountains. The explana- 
tion of the fact that, instead of attracting the monsoon 
from the Arabian Sea, it is itself swept by north-west and 
west winds — blowing, not, indeed^ towards the Arabian 
Sea,'^but towards the lower Indus valley — must then be 
sought for elsewhere. The true explanation appears to 
us to lie in a combination of causes. Partly, perhaps, in 
the latitude, which l>rings it within the zone of the strong 
easterly .current of extra-tropical regions, which, by its 
^igbt-handed pressure, must resist *any indraught from 


the Arabian Sea ; but chiefly in the fact that any tendency 
that the heated highlands of Persia may have to create 
such an indraught is overborne by the stronger set 
towards India. For the latter country reaches far down 
into the tropics, and the centre towards which the mon- 
soon blows must be determined by the resultant of all 
the temperature gp'adients of the whole heated region. 
An eastward direction having been given to the monsoon 
at the outset, its strength in that direction is greatly in- 
creased by the energy set free in the Indian monsoon 
rainfall. 

This question is one of more than theoretical import- 
ance. These west winds of Persia and Afghanistan are 
the dry winds of Northern and Western India, and when 
they prevail beyond their normal limits, over the north 
jf the Arabian Sea and a great part of India itself, to the 
exclusion of the rain-bearing current, they bring the 
drought and consequent dearth that have made India so 
disastrously notorious for its famines. Possibly, the ex- 
planation of their abnormal extension may be looked for 
in those oscillations of the great polar cyclonic systems 
to which Prof. Ferrel alludes at p. 339 of his work. 

^yclones and tornadoes are treated at great length, 
each of these subjects occupying more than one hundred 
pages of the book ; and in connection with the latter is 
given the author’s theory of the formation of hail, a subject 
which has hitherto been less understood than almost any 
other phenomenon of the atmosphere. It will be best 
given in the author’s own words : — 

“In the ascending current of a tornado, as in that of 
the equatorial calm belt, or of a cyclone, the rain-drops 
are formed down in the cloud region, and carried upward 
until they become too large to be supported by the current 
and so fall to the earth. ... In a tornado, however, the 
ascending current is often so strong that the rain is 
supported until, by the blending of the small drops by 
coming in contact, very large drops are formed, and the 
strong ascending currents often extend so high that these 
large drops are carried away up into the region of freezing 
temperature. . . . There they are frozen, and after having 
been carried up and outward above to a distance from the 
centre, where the ascending current is not strong enough 
... to keep t|iem up, they slowly descend, and receiving 
additions of ice as they fall, as long as their temperature 
remains below zero, . . . they finally fall to the earth as 
solid hailstones ” 

The concentric coatings so commonly observed in large 
hailstones are explained by these hailstones being carried 
again and again into the vortex by the strong indraught 
n the lower part of the storm-cloud, the theory being 
that every hail-cloud is a tornado, although it may not 
reach down to the lower atmosphere. The vapour ^ing 
condensed as water in the lower part of the vortex, which 
s frozen at a higher level, and as snow in the upper part, 
each pair of coatings indicate an additional ascent through 
the storm-cloud. This view, which, even at first sight, 
seems far more reasonable than any previous theory, has 
received unexpected confirmation from the experience of 
more than one adventurous balloonist, more especially 
that of Mr. John Wise, whose fate it was to be drawn 
seven times successively into the vortex of a hail-cloud, 
and carried up repeatedly until the balloon was thrown 
out at the top. The account is, unfortunately, too long 
for extracting. 
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From what has been said, it will be apparent that Prof. 
Ferrel’s book enters very fully into the many important 
topics enumerated in the title. Indeed, its subject-matter 
covers very much of the ground of which modern meteoro- 
logy usually takes cognizance, and in the thoroughness of 
its treatment we know Of no modern work in our language 
that can be brought into comparison with it. 

H. F. B. 

A NE IV ATLAS OF ALG.E. 

Atlas dcutscher Mecresalgett. Heft I. Von Dr. J. Reinke 
(Berlin : Paul Parey, 1889). 

T he German Government, operating through the 
Kommission zur wissenschaftlichen Untersuchuhg 
•der deutschen Meere, has undertaken to bear the cost of 
producing this sumptuous “ Atlas ” in the interests of 
iishery, and students of phycology have to thank an eco- 
nomic aspect of their study for a very remarkable addition 
to the literature of it. Similarly, we are indebted to the 
United States Fish Commission for the publication of 
Prof. Farlow’s “ New England Algae.” • 

It may be said at once that Dr. Reinke’s “Atlas” 
is a success in every way, its level being that of 
Bornet and Thuret’s “i^tudes Phycologiques.” From 
the point of view of technique^ the plates are splendidly 
done, and the rest of the publication is worthy of them. 
This first part contains twenty-five quarto plates, and the 
text belonging to them consists of descriptions of the 
Algae figured and special descriptions of the illustrations. 
Speaking not merely from an inspection of the book, but 
from a knowledge of the material of much of it com- 
municated by Dr. Reinke to the British Museum, I do 
not hesitate to state that every one of these figures has | 
great value to phycologists. They are not mere portraits 
of Algae, taken from specimens more or less at haphazard, 
as is too much the fashion, but they represent faithfully 
characteristic stages in the development of the organisms 
in point. What is commonly termed “ microscopical 
detail ” fills the “ Atlas,” and* one can hardly imagine it 
better done. In this portion the author (who has had the 
assistance of Dr. F. Schiitt and P. Kuckuck) deals | 
prominently with the Phaeophyceae, which, it is well 
known, are his particular study at present. Many of 
them are types of his own discovery, and generally 
unknown to workers in this field until this satisfactory 
introduction to them. Since they are of special import- 
ance to our native phycologists as Algee of the North Sea 
and Baltic, a list is given of them : — 

Halothrix lumbricalis, Kiitz., Sympkoricaccus radians, 
Rke., Kjelltnania sorifera, Rke., Asperococcus echinatns, 
Mert., var. Jiliformis, Rke., Ralfsia verrucosa, Aresch.^ 
R. clavata, Carm., Microspongium gelatinosum, Rke., 
Leptonemafasciculatum, Rke., var. uncinatum, var. majus, 
var. flagellare, Desmoirichum undulatum, J. Ag., D. 
Jbalticum, Kiitz., D. scopulorum, Rke., Scyiosiphon Pyg- 
mcBus, Rke., Ascocyclus replans, Cr., A. ocellatus, Kutz., 

A. balticus, Rke., A. faecttndus, Stromf., var. seriatus, 
Rke., A, globosus, Rke., Ectocarpus sphcericus, Derb. et 
Sol., E. Stihphora, Cr., E. repens, Rke., E. ovatus, 
Kjellm., var. arachnoideus, Rke., Rhodochorton chan- 
' transioides, Rke., Antithamnion boreale, Gobi, var. 
ialHcum, Rke., Blastopkysa rhizopus, Rke., Epieladia 


Flustra, Rke., Cladophora pygmaa, Rke., Pringsheimia 
scutata, Rke. 

It may be anticipated that a fair number of the novelties 
among these so-called “ German Algae ” (the title reminds 
one of the “ Protestant trout ”) may be found on our own 
coasts. 

It should be mentioned that more systemitic detail 
with reference to many of these is to be found in the 
author’s “Algenflora des Westlichen Ostsee” (Berlin, 
1S89). 

The author very properly calls attention to the funda- 
mental importance of a thorough knowledge of marine 
Alg® to fishery, since the plant world prepares by its 
organs of assimilation the food of the animal world in 
the sea. The German Commission deserve the highest 
praise for the enlightened view of their functions em- 
bodied in this undertaking, and no biologist will grudge 
the warmest encouragement to Dr. Reinke in his work, 
j It is anticipated that the book, when complete, will con- 
I tain a hundred plates, with the accompanying text. In 
j these days, when the most unmitigated rubbish frequently 
I comes to us with highly pretentious illustrations, the stu- 
dent has learned to be on his guard against “ prepossess- 
ing appearances.” No plate manufacture, however, can 
produce the welcome impression of weight and import- 
ance stamped on this “ Atlas,” gained to a great extent 
by the fact that Dr. Schiitt and Herr Kuckuck, who have 
drawn the plates, havf given us the worjp of skilful 
botanists, and not that of draughtsmen only. 

G. M. 


OUR BOOK SHELF. 

Die mikroskopische Beschajfenheit der Meteoriten erldutert 
lurch phoiographische Abbildungen. VonG. Tschermak. 
(Stuttgart : £. Schweizerbart’sche Verlagshandlung [E. 
Koch], 1883-85.) 

Die Structur und Zusammensetzung tier Meteoreisen 
erldutert durch phoiographische Abbildungen gedtster 
* Schnittfldchen. Von A. Brezina und E. Cohen. 
(Stuttgart : E. Schweizerbart’sche Verlagshandlung [E. 
Koch], 1886-87.) 

Die Meteoritensammlung des k. k. mineralog. Hofkabinetes 
in Wien. Von A. Brezina. (Wien ; Alfred Hdlder, 
1885.) 

The above three works together provide for the student 
a rich treasury of information relative to the characters of 
meteorites. The first two illustrate, by the aid of photo- 
graphy, the structure and composition of the more typical 
meteoric stones and irons resijectively. The work deal- 
ing with the meteoric stones is complete in three parts, 
including 25 large plates, and has been undertaken by 
Prof. Tschermak, who had charge of the Vienna Collec- 
tion of Minerals from 1869 to 1877. Of that which relates 
to the meteoric irons only two parts have as yet ap- 
peared, but they comprise no fewer than 24 large plates : 
It is undertaken jointly by Dr. Brezina, who succeeddtt* 
Prof. Tschermak in the keepership of the Vienna Collec- 
tion, and by Prof. E. Cohen, of Greifswald, whose Series 
of micro-photographs of sections of terrestrial minerals 
and rocks is so well known. 

Photography has rarely been applied to a more satis- 
factory purpose than the multiplication of exact represen- 
tations either of transparent meteoritic sections, or of 
etched meteoric irons as seen with the unassisted eye tx 
when magnified by means of the microscope. Meteoritic 
falls are rarely so large that the market is flooded with 
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illustrative specimens ; and, indeed, a good collection of 
typical meteorites is inaccessible to most students.^ But, 
further, meteoric irons are very prone to deteriorate, 
through oxidation, and the perpetuation of the characters 
of a freshly etched face is thus especially to be desired. 
The excellence of the photographs is beyond all praise. 
The det^ls, whether of the chondritic structure or of the 
Widmanstatten figures, are most beautifully shown. A 
brief description of the salient features of the sections is 
furnished with each plate. 

The third work is nominally a Catalogue of the Vienna 
Meteorites, but, by reason of the completeness of that 
collection, is virtually a survey of the petrographical 
characters of the meteorites of all the known falls. The 
classification adopted is in the main that suggested by 
Gustav Rose in 1864, and developed by Tschermak in 
1872 and 1883. The detailed description and definition 
of the groups is preceded by a history of the Vienna 
Collection, and also by a sketch of the various theories 
which have been proposed relative to the mode of forma- 
tion of meteorites. As a result of his microscopical 
researches, Dr. Brezina supports the view that the 
structural features of meteorites are due to hurried crys- 
tallization, and not to a slow agglomeration of fragmentary 
matter. Dr. Brezina adds a chronological list of the 
meteorites preserved in the known collections, and also a 
lengthy index of names, synonyms, and localities. The 
work extends over 126 pages, and is accompanied by four 
plates. L. F. 

Introduction to Chetnical Science. By R. P. Williams 

A.M., and B. P. Lascelles, M.A., F.C.S. (London : 

Ginn and Company, 1889.) * 

There could hardly be a more concise and well-digested 
summary of elementary chemical principles and applica- 
tions than that contained in this work. It is a manual 
intermediate between the natural philosophy primer and 
the minute and detailed text-book, and fills the gap 
pointed out in the Report on Chemical Teaching of a 
British Association Committee in 1888. Hence, as an 
outline of chemical science to be filled up in greater 
detail from larger works, and as an introductory text- 
book, this volume will be found exceedingly useful. The 
experiments described are such as should be performed 
by everyone beginning the study of chemistry, and would 
also serve as an excellent introduction to a course of 
qualitative analysis. In addition to the treatment of 
metals and non-metals, the work includes chapters on 
organic chemistry, and others on photographic chemistry, 
the chemistry of rocks, and electro-chemistry. Indeed, 
Mr. Williams, the author of the American edition, and the 
reviser, Mr. Lascelles, may claim to have produced a 
most comprehensive little work, and one deserving con- 
siderable commendation. 

The Cradle of the Aryans. By Gerald H. Rendali, M.A. 
(London: Macmillan and Co., 1889.) 

The question as to the primitive home of the so-called 
Aryan race has lately excited so much interest that many 
students must have wished for a short and clear account 
of the controversies relating to the subject. This is 
exactly what Prof. Rendali supplies in the present essay, 
the substance of which was originally communicated to 
the ipembers of Ihe Liverpool Literary and Philosophical 
Society. Prof. Rendali accepts Penka’s theory that the 
Aryans were a European people who, at the close of the 
glacial epoch, followed the ice northwards, and settled in 
Scandinavia ; and sihat Scandinavia was the centre from 
which, at various subsequent periods, groups of tbe 
Aryan race were dispersed. ^11 the arguments 
marshalled by the German writer in favour of this 
hypoth^is are here briefly and effectively stated. The 
philological part of the case is presented in a more 


scholarlike spirit by Prof. Rendali than by Penka himself, 
whose rash philological conjectures have prevented a good 
many people from doing full justice to the weight of his 
anthropological and ethnological evidence. 


LETTERS TO THE EDITOR, 

\Tht Editor dots not hold himstlf rtsfonsiiU for opinions ex- 
pressed bf his correspondents. Neither can he nndertahe 
to return, or to correspond with the writers of, rejected 
memusertpts intended for this or any other part of Naturk, 
No notice is taken of anonymosts communications.] 

Mr. Cope on the Causes of Variation. 

Mr. E. D. Cope's letter in Nature of November 28 (p. 79) 
is a fair sample of his writings on biological theory, in so far as 
Imm acquainted with them. 

Mr. Cope proposes to teach Mr. Wallace and others the first 
principles of both logic and biology. The tone of his letter 
encourages a similar frankness in reply. Mr. Cope must 
not take it amiss when he is charged with two of the gravest 
faults of which a critic can be guilty — namely, complete mis- 
apprehension of the matter which he is attempting to criti- 
, cue, and no less complete ignorance of the recognized and 
I elementary facts of the branch of science to which that par- 
ticukiir matter relates. I do not hesitate to assert that Mr. Cope 
puts forward an argument which could not possibly be enter- 
tained by anyone who is acquainted with the most notorious and 
admitted facts of heredity and variation. I venture to express 
myself thus emphatically, because it is a matter for sincere re- 
gret that American biology should at this moment be identified 
with what is sometimes called “a school of philosophy ” which 
oues its distinction to a deliberate ignoring of the writings of 
Mr. Darwin. By all means let us have discussion and criticism 
of Mr. Darwin’s conclusions, but let it be understood that those 
who enter upon such discussion have at any rate an elementary 
acquaintance with the works of Mr. Darwin himself, if not with 
those of Weismann and Wallace ; otherwise, much time and 
much of your valuable space will be wasted. 

That Mr. Cope has not the necessary elementary acquaintance 
with the admitted facts of heredity and variation will appear 
from what follows. The discussion in which he has intervened 
is one as to whether certain structural peculiarities exhibited by 
flat-fish are due to the transmission to their offspring of a form 
and position of parts acquired by muscular efforts by the 
ancestors of flat-fish, or whether these given structural pecu- 
liarities suddenly appeared in the ancestors of flat-fish as a 
“congenital variation " having no adaptive relation to any efforts 
or experiences of a preceding generation, and were advantageous 
to their possessors, so that the individuals thus born were favoured 
in the struggle for existence, survived to maturity, and trans- 
mitted their peculiarity to some of their offspring with such 
intensification as Is found experimentally to be the result of 
breeding from parents both 01 which possess a given congenital 
peculiarity. 

The question taised is, in short, whether in this case Lamarck's 
hypothesis of the transmi-sion of acquired characters is the 
necessary explanation, or whether the case can be explained by 
the action of the known causes (not hypothetical causes) on 
which Mr. Darwin founded his theory of the origin of species, 
viz. the occurrence of congenital variations unrelated to any like 
variations in parents or ancestors/ and the selection and intensi- 
fication of such variations in subsequent breeding. There has 
been here no ambiguity — such as unfortunately arises sometimes 
when like questions are discussed — as to the sense in which the 
term “ acquired characters ” is used. It is clear enough that by 
the “acquired characters” of a^yarent we do not mean 
characters congenital in the parent, but expressly exclude them ; 
it is clear that, we refer on the contrary (as did I.amarck) to new 
characters acquired by the parent as the direct consequence of 
the action of the environment upon the parental structure, and 
exhibited by that parent as definite measurable features. 

Now let us consider Mr. Cope's contribution to the discussion. 
He accuses Mr. Wallace — who is one of those who refuse to 
adopt Lamarck’s gratuitous hypothesis of the transmission of 
acquired characters— of being guilty of the sin of * ' non-sequitur ” 
and “ paralogism.” He then proceeds to make a general state- 
ment, the truth of which neo- Darwinians (or post* Darwinians, 
or anti-Lamarckians), in common with all men, recognize. 
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although Mr. Cope offensively implies that they do not» viz. 

Selection cannot be the cause of those conditions which are 
prior to selection : in other words^ a selection cannot explain the 
origin of anything.” How can Mr. Cope presume lo tell us 
this? Who has ignored it? when? and where? Mr. Cope 
does not seem to be aware of the fact that the anti-Lamarckians 
attach great imp>orlance to the existence of congenital variation, 
that Darwin himself has written at length on the subject, and 
that Weismann has developed a most ingenious theory as to the 
relation of fertilization and its precedent phenomena to this all- 
important factor in evolution. 

Mr. Cope puts aside all that has been done on that subject, or 
else is ignorant of it, and calmly lays down the following pro- 
position : *Mf whatever is acquired by one generation were not 
transmitted to the next, no progress in the evolution of a 
character could possibly occur. Each generation would start 
exactly where the preceding one did.” The full significance of 
this sentence can only be apprehended a hen it is understood 
that Mr. Cope believes that progre s in the evolution qf a 
character does occur. The statement therefore amounts to this : 
(1) that whatever is acquired by one generation is transmitted to 
the next ; and (2) that the only possible explanation of the fact 
that a new generation does not exactly resemble its parents at a 
corresponding age is that the parental generation has transmitted 
to its offspring particular features acquired by it between birth 
and maturity, 

I doubt whether Mr. Cope will find any other naturalist — 
even the most ardent Lamarckian — to join him in^ these 
assertions. 

With regard to the first, it is hardly necessary to say that it 
has never yet been shown experimentally that anything 
by one generation is transmitted to the next (putting aside para- 
sitic diseases); and as to everything (^‘whatever”) being so 
transmitted, every layman knows the contrary to be true. 
Children are not born with the acquired knowledge of their 
parents. If there were no other explanation offered of offspring 
varying from their parents at a like age than the hypothesis of 
transmission of characters acquired by the parents on their way 
through life by the action of the environment, this hypothetical 
explanation would still be quite insufficient to account for the 
fact that the individuals of one brood vary enormously as com- 
pared with one another, a fact which points to the individual 
germs (egg-cells and sperm -cel Is) as the seat of the processes 
which result in variation, and not to the parental body which 
is the common carrier of them all. Assuredly these broods 
demonstrate that all the acquired characters arc not transmitted 
to all the offspring. 

With regard to the second proposition which Mr. Cope’s 
statement contains, experimental fact is directly opposed to its 
truth As cited by Darwin on p. 8 of the first edition of the 
•‘Origin of Species,” Geoffroy St. Hilaire showed that “un- 
natural treatment of the embryo causes monstrosities ; and 
monstrosities cannot be separated by any clear line of distinc- 
tion from mere variations.” Mr, Darwin himself was “strongly 
inclined to suspect that the most frequent cause of variability 
may be attributed to the male and female repro<iuctive elements 
having been affected prior to the act of conception,” What he 
meant by “being affected” is explained at greater length in 
the “ Animals and Plants under Domestication,” where, in 
chap, xxii., there is a long discussion of the causes of variability, 
the conclusions of which are supported by an array of observed 
facts which Mr. Cope cannot be per mitted to ignore at his' 
pleasure. Mr. Darwin there gives solid reasons (as was his 
wont) for holding that variability results from the conditions to 
which the parents have been exposed : change^t of any kind in 
the conditions of life, even extremely slight changes, often suf- 
fice to cause variability. But Mr. Darwin’s examti>ation of the 
facts did not lead him to conclude that the bodily characters 
acquired by the parents as the result of changes were those 
which manife>ted themselves as variations in the offspring. On 
the contrary he showed that the effect of changed conditions, of 
excess of nutriment, and of the crossing of distinct forms, is a 
“ breaking down,” as it were, of the hitherto fixed characters 
of the race, leading to the reappearance of long-lost characters 
and to the appearance of absolutely new characters, the new 
characters having no more (and perhaps not less) relation to the 
exciting cause which acted through the parent than has the I 
newly-formed pattern in a kaleidoscope to the tap on the ' 
kaletdoseope tube which initiated the rearrangement. 

For Mr. Cope to complain of the methcras of reasoning of 


po8t-Darwinian.«, and at the same time without any reasoning 
at all to assert (as he does, not directly but by implication) that 
there is no such thing as “congenital variation ” or “sporting,” 
is not quite satisfactory. When it is asserted that every feature 
by which a young animal differs from the structure of its parents 
at a corresponding age must have been acquired by one or other 
of the parents as actual structural features, and so transmitted as 
an acquired character to the offspring, the whole world of fanciers, 
horticulturists, farmers, and breeders, is ready with its unanimous 
testimony to contradict the assertion. 

Let roe say, in conclusion, that, as Mr. Wallace has pointed 
out, Mr. Darwin did not consider that variability in a state of 
nature was either so general or so wide in its range as later 
observations and reflections lead us lo believe it to be. Mr. 
Darwin studied those causes which are found by practical 
gardeners and breeders to be favourable to excessive variation 
in animals and plants under domestication. He showed clearly 
that the resulting variations had no adaptive relation to the 
exciting causes, and were manifested in the structure at birth of 
a new generation, and not in that of the generation subjected to 
the exciting cause. No one has yet been able to give an 
adequate account of the frequency and range of variation of any 
number of animals or plants in a state of nature, because natural 
conditions destroy, on the average, all individuals born of two 
parents — except two — before maturity is reached, and those two 
are naturally selected in consequence of their adhesion to the 
specific type. 

There can be no doubt from a consideration of the facts cited 
by Darwin that, whilst variation often is reduced to a minivtutn 
in natural conditions which remain constant, natural variations 
of conditions can and do occur, which excite the germ-cell and 
sperm-cell, or their united product, to vary as in conditions of 
domestication. There can be no doubt that there was in 
Mr. Darwin’s mind the conception of a definite relation 
between two effects arising from changed conditions : the 
one being the disturbance of the equilibrium of the organism 
and its consequent production of variatioc%; the other 
being the new requirements for survival ; in fact, there 
seems to be, as it were, at once a new deal and new rules 
of the game. It is not difficult to suggest possible ways in 
which the changed conditions shown to be important by Darwin 
could act through the parental body upon the nuclear matter of 
egg-cell and sperm-cell, with its immensely complex and there- 
fore unstable molecular constitution, so as to bring about varia* 
lions (arbitrary, kaleidoscopic variations) in the ultimate product 
of the union of the remnant of the twice-dividrd threads of the 
egg-nucleus with the nuclear head of a spermatozoon. The 
wonder is, not that variation occurs, but that it is not excessive 
and monstrous in every product of fertilization. And yet Mr. 
Cope writes from the other side of the Atlantic to assert that 
there is no possible cause of departure from parental type 
in offspring, excepting that assumed in Lamarck’s unproved, 
improbable speculation I £. Ray Lankester. 

December 7. 


Protective Coloration of Eggs. 

Some years ago an idea similar to that of your correspondent, 
Mr. Grensted (November 21, p. 53), occurred to me, as regards 
the protective coloration of eggs ; and, curiously enough, the 
red-backed shrike was one of the birds whose eggs I selected 
for special observation. My experience has been that the ground 
colour x>f these eggs is auite arbitrary. I fear that I cannot 
furnish data, as I ought ; but I well remember (hat I found in 
Sussex a rather abnormally pale clutch of eggs in a very dark 
nest ; and that I regarded this, at the time, as completely doibg 
away with m^ hypothesis. The evidence that I got from other, 
less striking instances, told about equally for and against. 

Another egg, whose variations I watched pretty closely, was 
that^ of the yelTowhammer. Apart from differences of marking, 
the ground-colour of t^is egg varies from pure or pinkish white, 
to a white rather deeply suffused with purplish-red •r olive- 
brown. But in this case, again, the correspondence of colour 
between the egg and its surroundings could not be made out at 
all satisfactorify. 

A pale and little-marked specimen df the egg of the spotted 
, flycatcher, that was. brought m to me one spring at Malvern, 
sttgs^sl^ to me that it would be worth while to observe the 
variations here also.* But 1 again failed to arrive at any con- 
clusion. 
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cIou«U ; although, according to the best of my recollection, 
luminous filaments seemed to extend from the clouds for a short 
distance into the span of the arch. Evan McLknnan. 

Brooklyn, lonra, U.S.A., November 22. 


Electrical Figures. 

I RECENTLY noticed a pretty form of electrical discharge, 
which has probably been described before, but was new to me. 
Perhaps ope of your readers will be able to refer us to an account 
of it. 

The poles of a Voss machine are put very near together : a 
plate of ebonite {V >nch thick is placed between them. As the 
machine works, a succession of delicate ramified discharges run 
over both surfaces of the plate : the^ are bright green, and each 
crooked line is discontinuous — a series of dashes, as if stitched 
out in silk, now above and now below the surface. 

Winchester College, December 6 . W. B. Croft. 


NEW DOUBLE STABS. 

'^HE highest quality of seeing, as of acting or of 
thinking, needs initiative. A mental impulse is the 
spring of discovery, even by a purely visual process. The 
mind prompts the eye, interprets what it suggests, bodies 
out its semi-disclosures. So that to perceive what has 
never been perceived before is, in a sort of way, an act of 
invention. It thus happens that an accurate is not always 
an original observer. Novelties, as such, are almost in- 
accessible to many persons with exquisite powers of vision 
for whatever is already known to be within its range. 

The late Baron Dembowski was an example of a first- 
rate observer but slightly endowed for detection ; Mr. Burn- 
ham, on the other hand, is a born discoverer. The accidents 
of his career have turned his atteption almost exclusively 
to double st^rs ; and his glance seems to have a com- 
ulsive power of turning simple into compound objects 
y long and intent looking. His Chicago thousand of 
new pairs are famous ; he bids fair to accumulate an 
equally imposing array at Lick. Nor does he neglect the 
old in the search for the new. The more exciting is hot 
permitted to exclude what is in many respects the more 
useful occupation. 

Progress in double-star astronomy is absolutely de- 
pendent upon remeasurements of the relative positions 
and distances of known pairs. We can otherwise learn 
nothing as to the nature of their connection. Inquiries 
about them can, by this means alone, be pushed through 
the three successive stages leading up towards complete* 
knowledge. In the first place, it has to be decided whether 
the stars shift their places perceptibly with reference one 
to the other. If tliey are “ fixed," but with a common 
proper motion, then they may safely be set down as 
physically coupled, although centuries may elapse before 
the character of their mutual revolutions becomes ap- 
parent. In the next place, the nature of relative motions, 
where they exist, has to be ascertained. Should they 
prove to be rectilinear, that fact alone overthrows the 
possibility of any real connection between the stars. Each 
pursues its way independently of the other. Finally, in 
the interesting cases in which curvilinear motion shows 
itself, persistent micrometrical measures are required to 
determine the shape and period of the orbit traced out. 

Yet the majority of these objects receive little or no 
attention. This is in part due to their great numbers, 
.^bout 12,000 double stars — using the term in the wj^st 
sense — are now known ; nearly 5oqp are in really ohse 
conjunction — so close, in some 1400 instances, as to 
renaer the chances of accidental juxtaposition all but 
evanescent. Only between fifty and sixty stellar orbits 
have, however, as yet been computed, and many of them 
from most inadequatl data. The truth is, that this branch 
of work wants otganizing. It is too vast and too im’^ 
poriant to be abandoned to the capricious incursions of 


irresponsible amateurs, whose industry is often wasted by 
being misapplied. There ought, nevertheless, to be little 
difficulty in distributing the observational resources avail- 
able as advantageously as possible by the intervention of 
some retiQippaifzea authority, a central repository being at 
the same time constitutei whence computers could obtain 
on demand the materials needed for the investigation of 
particular systettts. The tasks of stellar astronomy are so 
multitudinous as imperatively to demand combination for 
their efiectual treatment. 

Discovery, meanwhile, must adv.%nce as it can. It is 
far from desirable that it should remain stationary. 
Although our acquaintance among double stars is already 
embarrassingly large, we cannot refuse to extend it. 
Every addition to it, indeed, is, for a variety of reasons, 
to be welcomed. 

Information on the general subject of stellar com- 
positeness can only be gained by continually widening 
thp area of research. The comparative frequency of its 
occurrence can thus only be estimated. Struve found one 
in forty of 120,000 stars examined by him down to 1837 
to be compound ; but the proportion was naturally higher 
for the brighter stars, as being in general much nearer the 
earth, and consequently of more facile optical separation. 
Every twenty-fifth star in Piazzi’s Catalogue, every eleventh 
in Flamsteed’s, proved accordingly to have a companion 
with^ less than 32". But the process of dividing stars 
has since made such strides as to show that the real pre- 
ponderance of single over double ones must be much 
smaller than these numbers indicate. Perhaps, indeed, 
no star can be called absolutely single. Between a small 
companion sun and a large planet in its self-luminous 
stage it is not easy to establish a distinction. The star 
we know best may not always have been, in its “ surpassing 
glory,” so undeniably solitary as it now is. Jupiter, if it 
ever shone with anything like stellar lustre, would have 
constituted with it a fine unequal pair such as are plenti- 
fully exemplified in our catalogues. 

The distribution of double stars is characterized by a 
somewhat irregular condensation towards the Milky Way. 
They abound in Cygnus and Lyra, are scanty in Cas- 
siopeia and Cepheus ; while Struve met with rich regions 
where lucid stars are few, in Auriga,TeIescopium, and Lynx. 
Burnham, however, could detect no marked local pre- 
ferences among his numerous pairs. Sfr John Herschel 
was struck with the paucity of close doubles in the 
southern hemisphere ; but no searching scrutiny has yet 
been carried out there with modern instruments. 

The curious tendency of stars already in close associa- 
tion to split up still further when sufficiently powerful 
means are brought to bear upon them, has been strongly 
accentuated by Mr. Burnham’s investigations. Primaries 
with double satellites, such as Rigel, or satellites with 
double primaries, such as f and /3 Scorpii, swarm on his 
lists. A fresh instance of the former kind is C Piscium 
(2 100), registered by Struve as somewhat widely double, 
but found to be triple last autumn with the Lick twelve- 
inch achromatic. The satellite of Struve’s companion, at 
an interval of less than one second from it, is of the 
eleventh magnitude. The bright stars are estimated by 
Burnham as of sixth and eighth, but were photontetrically 
determined at Harvard as of 5*4 and 6*4 magnitudes ; 
and Webb thought that the chief of the pair occasionally 
rose to the fourth rank of lustre. A presumption is thus 
afforded that both fluctuate in light. Their s^ctrum, like 
that of most variable double stars, is of the Sirian type ; 
and their real fellowship is made manifest by a community 
of proper motion. We have here, then, a genuine ternary 
system. 

Aldebaran is the centre of a mixed group. A small 
star at 30" detected by Mr. Burnham at Chicago on October 
31, 1877, was described by him as making with the ruddy 
bright star, a pair resembling Mars and his outer satellite 
{/istr. Nack.f No. 2189). A drift together through space 
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is probable, Mr. Burnham’s remeasurehients after eleven - Like 8$ Pegasi, d Equulei is optically triple, while 
years indicatingrelative fixity, notwithstanding Aldebaran’s physically double, the companionship of Struve’s more 
appreciable advance in the meantime. A more remote oistant attendant being in each case temporary and acci- 
€omi)anion, however, discovered by Herschel in 1781, is dental. The bright star of 8 Equulei was divided by 
certainly optical, and has been shown at Lick to be double O. Struve in 18^2, and the pair soon proved to be in 
{ibid.y No. 2875). Most likely it forms part of the cluster exceptionally rapid motion. They constitute, in fact, the 
of the Hyades, upon which Atdebaran is casually projected, swiftest binary system yet known. Glasenapp's period. 
The division of the leading member of the group nevertheless, of ni years is evidently too short The 
known as <r Orionis illustrates Struve’s remark that Lick measures show the star to be lagging slightly behind 


multiple stars are intermediate between double stars and 
clusters. Herschel savv it as doubly triple, one set being 
much fainter than the other. Each proved, under Struve’s 
and Barlow’s scrutiny, quadruple, with two very small stars 
between ; while the chief of the decuple assemblage has 
been resolved at Lick into an excessively close pair, re- 
calling the case of Sir J. Herschel’s quintuple star 45 
Leporis, broken up into nine components by Burnham in 
1874. No relative, and scarcely any absolute motion is 
perceptible among the constituents of <t Orionis ; but dhe 
of them, called “ ashen ” by Struve, “ grape-red ” by Webb, 
is perhaps variable in colour. 

The “Pointer” next the Pole, a Ursse Majoris, has 
so far been seen as double only with the giant telescope 
of Mount Hamilton. The extreme difficulty of the pair 
arises from the disparity of light between its members, 
the eleventh magnitude satellite at o"'83 being almost 
swallowed up in the glare of its brilliant primary. eThis 
disparity, too, throws some shadow of doubt on the reality 
of the connection, since the supply of small stars for the 
occupation of chance positions is of course vastly greater 
than of large. The simihar, but more distant companion 
of y Cassiopeia: (at 2"‘i8) also recently discovered at 
Lick, is hence not unlikely to prove merely optical, the 
Milky Way, in which this pair occurs, being pre-eminently 
rich in such objects ; and the presumption is still smaller 
that a fourteenth magnitude neighbour of 6 Cygni owns a 
genuine allegiance. But here, as Mr. Burnham points 
out, the proper motion of the larger star will speedily 
decide {Astr. Nach., No. 2912.) There can, on the other 
hand, be no hesitation in admitting that 17 Ophiuchi, re- 
solved last spring by the same indefatigable observer into 
two nearly equal components, ato"‘3S, constitutes a physical 
system, and one in which rapid movements may be looked 
for. The stars evidently travel together, else they should 
have been, through the effects of a proper motion of one 
second of arc in ten years, so far apart a little time back 
that they could not possibly have escaped separate dis- 
cernment. Their relation to the Milky Way is picturesque, 
and has been thought to be significant. “ Situated a( the 
extreme northern and pointed extremity of a luminous 
elongated patch of milky light,” Mr. Gore remarks, 7 
Ophiuchi “ looks as if it were drawing the nebulous matter 
after it like the tail of a comet” {Journal Liverpool Astr. 
Society y vol. vii. p. 178). But we may safely regard the 
appearance as illusory. 

Some of Mr. Burnham’s measures of known doubles 
also supply results of interest. Thus, the duplex, sea- 
green companion of 7 Andromedae can now oarely be 
“elongated” with a magnifying power of 2700 on the 
great refractor. Yet, so lately as 1S81, the two stars could 
be distinguished with eight inches of aperture. The un- 
equal pair, 99 Herculis, discovered by Alvan Clark in 
1859, is even more recalcitrant. No amount of optical 
constraint can now extract- from it the slightest indication 
of duplicity. Since (878, 85 Pegasi has traversed 213* of 
its orbit ; and Mr. Scbaeberle’s new elements, embodying 
the Lick data, give it a period of 22^^ years, and oblige 
us (on the dubious assumption that Briinnow’s small 
parallax can be depended upon) to ascribe a mass to the 
system eleven times the solar; the components revolving 
at nearly eighteen times the distance of the earth from 
the sun. The sun and Jupiter, if of equal areal lustre, 
would present, at half the supposed distance of 85 Pegasi, 
just its telescopic aspect. 


its predicted place. 

The investigation of stellar orbits has scarcely yet 
emerged from a tentative stage. Its results are for the 
most part loose approximations, largely open to* future 
correction. There are ver)- few stars of which the period 
is known within a few years ; there are perhaps two — 42 
Comae and f U rsae — of which it is known within a few 
months. This is due to no lack of skill or diligence in 
the computers, but solely to the deficiencies, both in quality 
and quantity, of the materials at their command. Very 
small errors become enormous when they affect the relative 
situations of objects divided by a mere hair-breadth 
of sky; and there is no branch of astronomy in which 
“ personality ” has played a more conspicuous or a more 
vexatious part than in double-star measurements. This at 
least is abolished by photogp'aphy ; which has, however, as 
yet proved applicable only to a limited class of coupled 
stars. With the extension of its powers to all, a new 
era in the knowledge of stellar revolutions may be ex- 
pected to open. 

A. M. Clerke. 


GEOLOGICAL EXCURSION TO THE ACTIVE 
AND EXTINCT VOLCANOES OF SOUTHERN 
ITALY. • , 

'T'HE excursion of geologists to the volcanic regions 
of South Italy came to a very satisfactory con- 
clusion. We have already referred to the first part of 
the excursion to the Lipari Islands, and the interesting 
state of activity in which the volcanoes of Vulcano and 
Stromboli were found to be in. On leaving those islands 
the party proceeded to examine the Vat di Bove, the 
Cyclopean Islands, the slopes of Etna with its numerous 
parasitic cones and lava streams, and the central crater 
itself. The Italian Minister of Public Instruction allowed 
the party to sleep in the observatory near the mountain 
summit, and although the weather was rough and misty, 
•about half the party were able to get a good view of the 
crater, which is now in a solfataric condition. The 
geologists had also the advantage of becoming acquainted 
with the mud volcanoes of Paterno. In this part of the 
excursion the party had the valuble help of Prof. O. 
Silvestri, to whom Dr. Johnston- Lavis handed over the 
direction at Etna, although still acting as general director 
and interpreting Prof. Silvestri’s demonstrations. All 
along the journey the party were Jeted by the prefect 
of the province and the mayors of the different com- 
munes, and found invaluable hospitality in the splendid 
villa of the Marquis Favara at Bianca villa. The second 
fortnight of the excursion was spent at Naples and 
>ts vicinity, under the direction of Dr. Johnston-Lavis, 
aided for the sedimentary ro:ks by Prof. Bassani of the 
University of Naples. Although the weather was not so 
favourable as in Sicily, the delay only amounted to two 
days. Many thanks are due to the mayor of Naples for 
his tospitality in providing for the party a splendia steanT 
yacht for their visit td Capri and Ischia, so affor^it^g very 
greatly , increased facilities for their excursions. The 
members gave a day to the examination of the reservoirs 
and other works connected with the hew and most perfect 
and purest town water supply in Europe, as well as the 
qew drainage works and destruction of the old town of 
Naples. AIthough|he visit to the grater of Vesuvius had 
-^o be delayed for upwards of ten days for suitable weather. 
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the party had the good fortune to see the volcano in great 
perfection. There existed at the time of the visit four 
concentric crater rings and two main vents ejecting red- 
hot lava cakes, which the geologists were able to approach 
within ten yards, after which they descended some distance 
on the slopes of the great cone to a small lava stream 
issuing from its sides, at which various experiments were 
performed. The director, who has visited the crater over 
sixty tim^s, remarked that he had never but once seen it 
to greater perfection. 

The numerous volcanoes of the Phlegrean fields were 
examined, and most of those present expressed their 
satisfaction at the many important lessons to be learnt j 
from them. At Pompeii the members had the valuable ! 
direction of Dr. A. Sambon for the archaeological part, I 
whilst Dr. Johnston- La vis devoted himself only to ex- | 
plaining the phenomena and materials associated with j 
the destruction of the buried cities. | 

After Naples the party examined on their way north- : 
wards the volcano of Roccamonfina, under the direction of ■ 
Dr. Johnston-Lavis, and Monte Cassino under that of | 
Prof. Bassani of Naples. The Lyceum at Sessa Aurunca ! 
was kindly lent by the commune to accommodate the ! 
members during their night's stay on their way over the 
mountain, a sumptuous dinner being provided by the 
municipality. The carriages the next day were offered bj’ 
the province of Terra di Lavoro, and after the ascent had 
been made of the central cone (Mount Santa Croce) a 
lunch not less sumptuous than the dinner of the pre- 
ceding evening was given by the town of Roccamonfina. 

The next day was devoted to Monte Cassino, its 
manuscript and art treasures, as well as the Cretaceous 
limestones constituting the mountain upon which it is 
built. Prof. Bassani acted as geological director. 

At Rometthe party examined* the concentric craters, 
parasitic cones, crater lakes, lava streams of the Alban 
volcano, also the fossiliferous Pliocene beds capped by 
volcanic deposits close to the Eternal City. The lower 
Mesozoic limestones, the travertine, the sulphur springs, 
and all the other points of geological interest of the 
Campagna Romana were visited. 

As directors of the excursions around Rome may be 
mentioned Profs. Mele, Portis, and Striiver. Signor Zezi 
(secretary of the Italian Geological Survey), Signors 
Demarchi, Clerici, Tellini, and Prof. Lanciani kindly 
undertook the archaeological demonstrations which actea 
as dessert to the rich geological repast. 

The official excursions terminated on October 28, with, 
the trip to Tivoli, although a number of geologists re- 
mained to visit the sights of Rome. In the evening a 
dinner was offered to Dr. Johnston-Lavis, Mr. L. Sambon, 
and the Roman directors. The thanks of the party were 
offered to the Minister of Public Instruction, Prefects and 
Mayors, and private individuals, who had done so much 
to facilitate the progress, through often almost inaccessible 
districts, for a large party. 

Special votes of thanks were proposed to the different 
Italian geologists who had kindly orfered their services in 
directing the party through their districts, and lastly to 
Dr. Johnston-Lavis for originating this new departure in 
scientific excursions, as well as acting not only as director, 
m his own districts, but interpreting and organizing during 
the whole excursion, and to Mr. L. Sambon for his 
administrative skill, his attainments in different branches 
^ science, which added so much to the success and 
^comfort of over forty English geologists, not to speak of 
the numerous Italians who from time to time joined. '' 


marked crystals of clear transparent icel projected from 
their outer surfaces for distances ranging from | to ^ of 
an inch. These crystals, as well as I could obserye from 



Fig. 1. 



REMARKABLE HAILSTONES. 

O N p. 43 of the piesent volume of Nature the follow- 
ing extract is given from a paper by Prof. Houstejp 
in the Journal of the Franklin Institute : — “ On some of the 
hailstwes, though not on the majority of them, well- 


Fig. a* 

the evanescent nature of the material, were hexagonal) 
prisms with clearly cut terminal facets. They resembled 
the projecting crystals that form so common a lining ia . 
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-geodic masses, in which they have formhd by gradual 
■crystalli^tion from the mother-liquor. They differed, 
however, of course, in being on the outer surface of the 
spherules.” 

It is evident from Prof. Houston’s paper that this 
peculiar form of hail was unknown to him, and, as it must 
also have been unknown to man^ who have propounded 
theories as to the formation of hail which will not account 
for it, I think that a service may be rendered to meteoro- 
logy by the reproduction of three of the exquisite litho- 
graphs of this form of hail given in Prof. Abich’s paper, 
■“ l/eber krystallinischen Hagel im Thrialethischen ge- 
birge,” published at Tiflis in 1871. The hailstones repre- 
sented in Figs. 1-3 all fell on June 9 (21), 1867, at Bjeloi 
Kliutsch, a village about twenty miles south-west of Tiflis, 



Fi s. 3. 


and 12,425 feet above sea-level (lat. 41® 33' N., long. 44® 
30' E.). 

Theories of the formation of hail are almost innumer- 
able. I was reading a pamphlet not long since which 
contained summaries of, I tnink, twenty-three theories. 
Some— like Prof. Schwedc^’s, that hailstones come from 
interplanetary space (Brit Ass. Report, Southampton, 
1882, p. 458) — are very droll ; but the subject is a very diffi- 
cult one, and one upon which I do not know of a single 
good treatise in our language. Possibly, the reproduction 
of these figures may -induce someone to prepare an ex- 
haustive memoir. I could place a large amount of 
historical and theoretical material at the disposal of any 
competent person who would undertake the preparation 
of such a work, it being ipaite impossible for, me to do it 
myself. G. Jj Symons. 


NOTES. 

' At a Iwgely attended meeting in Edinburgh on Tuesday, 
Dee. 3, Sir Douglas Maclagan in the chair, it was resolved that 
•Mr. Geo. Reid, R.S< A., should be commissioned to paint a por- 
trait of Prof. P. G. Tait, to be placed permanently in the rooms of 


the Royal Society of Edinburgh. A committee was appointed 
to carry out the resolution, including, among others, Mr. John 
Murray ( Challenger Expedition), Convener ; Mr. Gillies Smith, 
Hon. Treasurer ; Lord President Inglis, Lord Kingsburgh, Lord 
Maclaren, Sir William Thomson, Sir Arthur Mitchell, Prof. 
Robertson Smith, Prof. Chiene, Dr. Alexander Buchan, Mr. 
Robert Cox, and Mr. William Peddie. It was proposed that an 
etched engraving of the portrait be prepared for distribution 
among the subscribers, the plate to be destroyed after the re- 
quired number of copies have been thrown off. It was farther 
resolved that all the Fellows of the Royal Society of Edinbutgh, 
the Professor’s old pupils, and others, be afforded an opportunity 
of taking part in this public recognitition of Prof. Tait’s eminent 
services to science. 

Italy, France, and the'United States of America were repre- 
sented in the elections to foreign membership of the Royal 
Society on Thursday last. Prof. Stanislao Cannizzaro, of Rome, 
was elected on the ground of his researches on molecular and 
atomic weight; ; Prof. Chauveau, of Paris, for his researches on 
the mechanism of the circulation, animal heat, nutrition, and the 
pathoI(^y of infectious diseases ; and Prof. Rowland, of Balti- 
more, for his determination in absolute measure of the magnetic 
susceptibilities of iron, nickel, and cobalt ; for his accurate 
measurements of fundamental physical constants ; for the experi- 
mental proof of the electro-magnetic effect of electric convection ; 
for the theory and construction of curved diffraction -gratings of 
very great dispersive power ; and for the effectual aid which he 
has given to the progress of physics in America and other 
countries. 

Admiral Mouchez and MM. Jaqssen and Ptrrotin, head 
astronomers of the Observatories of Paris, Meudon, and 
Nice, were raised, in November, to the grade of Officer 
of the Order of the Rose of Brazil, and MM. Frassenet, 
Paul, and Prospier Henry, admitted to knighthood in the same 
order. The Paris Correspondent of the Daily News says that 
the diplomas securing to them these dktinctions were the last 
official documents signed by Dom Pedro. He asked his secre- 
tary to add a personal compliment to each of the astronomers 
with whom he was personally acquainted. 

Some time ago we announced that a Physical Society was 
about to be formed in Liverpool. This has now been done, 
&d we are glad to learn that the new Society begins its career 
under most favourable conditions. The meeting at which if 
was constituted was well attended, and displayed much interest 
in the scheme. Nearly ninety names were at once handed in to 
the secretary, Mr. T. Tarleton, for membership. Prof. Oliver 
Lodge, F.R.S., was appointed President. The next meeting 
will be held in the Physics Theatre, University College, Liver- 
pool, on Monday, the i6th inst., at 8 o'clock, when the President 
will deliver his inaugural address. 

Dr. John G. McKemdrick, F.R.S., Professor of Physiolt^ 
in the University of Glasgow, has been elected President of the 
Philosophical Society of Gla%ow. , 

Prof. Lbsqubrkvx, the eminent American bryologist and 
palmontologist, died in his house at Columbus, Ohio, on October 
25, at the age of nearly eighty-nine years. 

We regret to learn frdm a memoir that his been sent^to us 
by Prof. Barboza du Bocage, that Sehor Jos^ Augusto de Souza 
died recently at Lisbon, where he was Curator of the Zoological 
Department in the Museum. He was the author of some useful 
memoirs on African birds, and is best knlwn for his Catalogue 
oFthe AceipUreSt Columba^ and Callina in the Lisbon Museum. 

The fifth of the seriM of ** One Man ” Photographic Exhibi- 
tions at the Camera Club will be open for private and press 
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view on Monday, December 16, at 8 p.m., and on and after 
Tuesday, December 17, it will be open to visitors on presentation 
of card. The Exhibition will consist of pictures by the late Mr. 
O. G. Rejiander, and a selection from over 200 of his famous 
figure and studies will be shown. The pictures will be on 
view for about six weeks. 

On No\(emher 21 the American Philosophical Society, Phtla* 
delphia, celebrated the hundredth anniversary of its first occu* 
pation of its present hall. The banquet was a great success. 
The following were the toasts: — **The language of Science 
and Philosophy is universal, but adopts various dialectic forms 
to diffuse knowledge,” proposed by Prof. John W. Mallet, 
representative from the Royal Society of London ; ** Our kindred 
Societies in every clime,” proposed by Prof. Joseph Lovering, 
President of the American Academy of Arts and Sciences ; 
** All research into the Book of Nature has not discovered an 
erratum,” proposed by Sir Daniel Wilson, President of the Uni- 
versity of Toronto ; ** The successful pursuit of Science expunges 
error — it never antagonizes truth,” proposed by the Hon. Lyon 
G. Tyler, President of William and Mary College ; Men- 
tal Analysis is the efficient solvent of many difficulties in 
Science and Philosophy,” proposed by the Rev. Dr. Charles W. 
Shields, Princeton College ; and ** The labours and achieve- 
ments of great teachers in Science and Philosophy live after 
them — these are their monuments,” proposed by the Right Rev. 
Dr. John J. Keane, President of the Catholic University of 
America. 

Dr. Pax, of Breslau, has been appointed Curator of the 
Botanic Garden in Berlin ; Mr. D. G. Fairchild, Assistant in the 
section of Vegetable Pathology in (hi United States Department 
of Agriculture ; Dr. H. Dingier, Professor of Botany in the 
Forest Academy of Aschaffenburg ; Dr. F. Noll, Professor of 
Botany in the University of Bonn ; and Dr. N. Wille, of Stock- 
holm, Lecturer on Botany at the Royal Agricultural Institution 
at A as, near Christiania. 

Prof. BornmOller, Director of the Botanic Garden at 
Belgrade, has started on a twelve months’ botanical tour through 
Asia Minor. Beginning at Amasia, he will travel through the 
country between the courses of the Kisil-Irmak and Euphrates, 
southward to the completely unexplored mountains of Ak-dagh. 
The Botanical Gazette says that this country has only once been 
explored, thirty-five years ago, by the Russian botanist Wiede- 
mann. According to the same authority. Prof. Bornmiiller is a 
young and very successful explorer, with a great deal of ex- 
perience, especially from his long journey in 1886, through 
Dalmatia, Monte Negro, Greece, Turkey, East Bulgaria, and 
Asia Minor. His original collection will be transferred to 
Weimar, where it will be carefully gone through by Prof. 
Hausknecht. 

The ** mountain laurel,” or Kalmia^ and the Indian corn, are 
suggested in American papers as national flowers for the United 
States. 

In the December number of the Kciu Bulletin Mr. Thiselton 
Dyer explains that for some years, when it has been necessary to 
find space in the Palm Mouse at Kew for the development of new 
^and interesting species of palms, he has not hesitated to transfer 
to the Temperate House plants which hg thought would probably 
enduri a lower temperature. The experiment has b^o most 
successful, many of the plants luxuriating in the change. Anxious 
to obtain further information as to cool cultivation of tropical 
and sub-tropical planis, Mr. Dyer lately applied for leave to 
send Mr. Watson, assistant curator at Kew, to the south pf 
Fr|ince to report on what be might be jible to observe. Per- 
mission was given ; and Mr. Dyer’s statement is followed by a 
series^f valuable and interesting notes in which Mr. Watson 


sums up the results of his mission. His journey took place in 
the latter part of October. He had a fortnight at hia disposal, 
and during that time he visited as many gardens as possible be- 
tween Hyires and Mentone. One of the most interesting of the 
gardens visited was a branch establishment, at Hyires, of the 
Socilte d’Acclimatation, Paris. Here a good deal of experi- 
mental gardening is practised, plants of all kinds being planted 
and tested as to their hardiness, &c. Mr. Watson says that 
while he was inspecting these gardens the idea was suggested 

that a well-msnaged botanical station, devoted chiefly to ex- 
perimental testing, proving, and breeding operations amongst 
plants, would, if established in some such favoured locality as 
Hyferes, be capable of much valuable work. ” 

The following are the lecture arrangements at the Royal 
Institution, so far as they relate to science, before Easter 
Ptof. A. W. Riicker, six Christmas lectures to juveniles on 
electricity; Prof. G. J. Romanes, ten lectures on the post- 
Darwinian period ; Mr. Frederick Niecks, four lectures on the 
early developments of the forms of instrumental music (with 
musical illustrations) ; Prof. Flower, three lectures on the 
natural history of the horse and of its extinct and existing allies ; 
the Right Hon. Lord Rayleigh, seven lectures on electricity and 
maggetism. The Friday evening meetings will begin on January 
24, when a discourse will be given by Prof. Dewar on the 
scientific work of Joule. Succeeding discourses will probably 
be given by Sir Frederick Abel, Mr. Henry B. Wheatley, Prof. 
J. A. Fleming, Mr. Shelford Bidwell, Prof. C. Hubert H., 
I Parry, Mr. Francis Gotch, Prof. T. E. Thorpe, Prof. G. F. 
j Fitzgerald, the Right Hon. Lord Rayleigh, and other gentlemen. 

Messrs. Macmillan and Co. will shortly publish the first 
part of Prof. Eimer’s work on “Organic Evolution as the Re- 
sult of the Inheritance of Acquired Characters according to the 
Laws of Organic Growth,” translate 1 by J. T. Cunningham, 
M.A., F.R.S.E., late Fellow of University College, Oxford. 

Messrs. Blackwood and Sons have just published ” The 
Construction of the Wonderful Canon of Ix>garithms,” a trans- 
lation of “Mirifici Logaritbmorum Canonis Constructio,” by 
John Napier, of Merchiston. The work was published in 1619, 
but is so rare as to be very little known, being only once Re- 
printed in 1620, and never translated. The present translation 
is by William Rae Macdonald, who also contributes notes and 
a catalogue of Napier’s works. 

Slight shocks of earthquake, lasting from five to ten seconds, 
were felt on Sunday, at Taranto, Foggia, Chieti, Monte- 
saraceno, Agnone, Ancona, and Urbino. At Torremileto, in 
the province of Foggia, a strong shock is said to have been felt ; 
and a slight shock, followed by a somewhat stronger one, oc- 
curred at Naples soon after 6 a.m. On Monday there were 
seismic disturbances in Dalmatia, Bosnia, and Herzegovina. 
According to a telegram, through Reuter’s Agency, from Vienna, 
a somewhat severe shock was felt on Monday, at 6,30 a.m., at 
Knin, Demis, Sebenico, Trau, Scardona, and Spalato, the 
I direction of the movement being from north-east to south-west. 
A violent shock, lasting five seconds, occurred at 6.40 at Serajevo, 
being felt three minutes later at Novi and Krupa also. 

At the ordinary meeting of the Connell of the Sanitary Assur- 
ance Association, on Monday last, arrangements were completed 
for a series 6f lectures during January and February 1890, in 
the theatre of the College of State Medicine, Great Russell 
Street. The series will include the following : — Mr. H. Ruther- 
furd, barrister-at-law, on “House Sanitation from a House- 
holder’s Point of View,” Sir Joseph Fayrer, F.R.S., in the 
chair ; Prof. T. Roger Smith, on “ Household Warming and 
Ventilation,” Sir Douglas Galton, F.R.S., in the chair ; Mr. 
Mark H. Jndge, on ** The Sanitary Registration of Buildings 
Bill,” lA)rd Henry Bruce, M.P., in the chair. The object of 
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the Association being to promote good sanitary arrangements in 
the houses of all classes of the community, both men and 
women are invited to these lectures. Discussion is invited. 

The ** Fauna of British India,” of which we noticed the &rst 
volume of fishes last week, is making steady progress. Mr. 
Eugene Oates will produce the first volume of the birds of 
India during the present month. The work will be principally 
founded on the great Hqme Collection in the British Museum, 
and the author of the Hand-book of the Birds of British 
Burmah,” may be trusted to give a thoroughly good account of 
the birds of India. Side by side with his three volumes on 
Indian ornithology, Mr. Oates will also publish a new edition 
of Mr. A, O. Hume’s ** Nests and Eggs of Indian Birds,” which 
has long been out of print. For this purpose Mr. Hume has 
intrusted to Mr. Oates the whole of the: material collected^by 
him for a second edition, and there is no doubt that the work 
will be warmly welcomed by naturalists. Portraits of some of 
the leading men who have contributed to the history of Indian 
ornithology will be given in this new edition, and will form an 
interesting feature of the work. 

Mr. Francis Nicholson, a well-known Manchester ornitho- 
logist, is about to issue an English translation of Sun<ferairs 
•• Tcntamen,” with a memoir and portrait. This work will be 
welcome at the present time, when increased attention is being 
paid to the classification of birds. 

Mr. Seebohm will, we understand, propound bis system of 
arrangement of the class Aves in the January number of the//V^, 
and the memoir will doubtless be a valuable one, as the author 
is known to have devoted close study to the subject during the 
past two years; 

Mr. a. P. Goodwin, who was with Sir William McGregor 
on his recent exploration of Mount Owen Stanley, is about to 
start on a lecturing tour in America. He was successful in 
taking several interesting photographs of the country visited by 
the Expedition, and be paid especial attention to the habits of 
the Birds of Paradise and the Bower-birds. He has some 
remarkable i^ketches of the playing-grounds of some of the latter, 
notably of Afnblyornis subalaris^ of Sharpe, which rivals in 
dccotative faculty the Gardener Bower- bird {^An.blyornh 
inornaia) of North-Western New Guinea. 

Prof. Giard has recently discovered a micro-organism which 
possesses the power of conferring luminosity or phosphorescence 
upon different crustaceans. This microbe was found in the 
tissues of Talitrus^ and is easily cultivated in appropriate media. 

It soon kills Talitms. 

M. Loubat, member of the New York Historical Society, 
has presented the French Academy of Inscriptions with a sum 
producing 1000 francs per annum ; his intention being that a 
prize of 30CX) francs shall be offered every three years for the 
best printed work concerning the history, geography, archaeology, 
ethnography, linguistics, and numismatics of North America. 
The first prize will be granted in 1892, and the Academy has 
decided that the works submitted for consideration shall not 
relate to matters referring to an earlier date than 1776. The 
competition will be open to the author of any work on the 
subject published after July i, 1889, in any of the following 
languages : Latin, French, English, Spanish, and Italian, i 
Two copies must be sent to the Secretary of the French Institute I 
before December 31, 1891. { 

In the Pacific Coast region there are now four flourishing 
colonies of introduced pheasants. Dr. C. Hart Meriem, who |( 
refers to the subject in bis last Report to the American Agri- 
cultural Department, says that the most northerly of these 
colonies is at the south end of Vancouver Island, near Victoria ; 


the second in Protection Island, in Puget Sound ; the third at 
the junction of the Willamette River with the Columbia ; and 
the fourth in the middle portion of the Willamette Valley. The 
I two latter colonies are now separated by so narrow a strip of 
' territory that they will doubtless become united during the next 
few years. All the pheasants of the three colonies last men- 

I tioned appiar to have been imported from China by^ Judge O.. 
N. Denny. 

The American Agricultural Department has been making 
careful inquiry as to the food of crows ; and the result, as set forth 
in a Report by Mr. Walter B. Barrows, is likely to surprise 
those who have always contended that these birds do very much 
more good than harm. It is not disputed that they destroy in- 
jurious insects, that they are enemies of mice and other rodents, 
and that they are occasionally valuable as scavengers ; but these 
services are slight in comparison with the mischief for which 
they are responsible. The injury done by them to Indian corn,, 
wheat, rye, oats, and other cereals is enormous. According to 
one observer, the crow eats corn ** from ten minutes after planting 
until the blades are three inches high ; ” and more than a score 
of other observers testify that he not only pulls up the young 
plants, but digs up the newly sown seed. His depredations ex- 
tend to potatoes, sweet potatoes, beans, pea-nuts, cherries, 
strawberries, raspberries, and blackberries ; and he widely dis- 
tributes certain poisonous plants, the seeds of which are 
improved rather than impaired by passage through his digestive 
organs. As if all this were not enough, it is shown that the 
crow eats beneficial insects, and that he makes himself a most 
formidable nuisance by destroying the eggs and young both of 
domesticated fowls and wjjd birds. . 

Two new seismoscopes, made by Brassart Brothers, of Rome, 
and adopted at the Italian meteorological stations, are described 
in the Htv/sba Scientijico’ Indust nalc of October 15. They are of 
a very simple nature, the one consisting merely of an iron rod, 
about 5 inches long, leaning slightly against an adjustable screw 
support near its middle, and with its lower pointed end in a 
cup. When a shock or tremor occurs, the rod falls away from 
its support and is caught by a fixed metallic ring,' making electric 
contact and ringing a bell. In the other instrument, the ring is 
connected with a hinged lever arrangement, which stops the 
mechanism of a timepiece, showing when the shock occurred. 

The National Association for the Promotion of Technical 
and Secondary Education has issued an excellent Report on the 
I existing facilities for technical and scientific instruction in Eng- 
I land and Wales As Mr. Acland and Mr. Llewellyn Smith 
explain in a prefatory note, the Report is not intended so much 
for experts as for tho-e who wish to obtain, without consulting 
many Blue-books and other official documents, some trustworthy^ 
information as to what is being done. The facts have been 
arranged with the utmost care, and the work ought to be of 
considerable service in helping to show ‘*what are the gaps in 
our educational system that must be filled, and how great is 
the need for the re-organization and improvement of existing 
agencies.” 

The Annual Report of the Manchester Literary and Philo- 
sophical Society, published in vol. ii., 4th series, of the Pro- 
ceedings, shows a marked improvement in the financial condition 
of the Society, the membership being only one less than at the 
corresponding period last year. The volume contains many 
papers and abstracts of papers of varying interest. There is a 
long paper on ^^HymenopUra OrientcUis^^h^ Mr. Cameron, giving 
descripti ms of the various species, ihfir habits and localities, 
isnd references to the literature of the subject. Dr. A. Hodgkin- 
son communicates ai^ interesting paper on the Phjrsical 
ofColottr in Natural and Artificial Bodies,” recording exjpeH^ 
ments which tend to show whether the colour is produced by a 
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•structure of thin plates, or one of fine lines. There are two 
papers on leaves from the cutting of the Ship Canal, one giving 
a general description, and the other, by Dr. Schunck, F.R.S. 
showing that the green colouring-matter, which has proved to 
be so permanent, is due to a modified form of chlorophyll ; spec- 
troscopic examination of the colouring-matter showed it to be 
identical vyth that produced by the action of dilute hydrochloric 
acid on ordinary chlorophyll. 

The Middlesex Natural History and Science Society has 
issued a volume containing its Transactions during the session 
1888-89. The volume opens with an interesting Presidential 
address by Prof. Flower, on the Natural History Museum, 
Cromwell Road, and some recent additions thereto. Mr. E. 
M. Nelson has an illustrated paper on diatom structure ; and 
Mr. J. A. Brown contributes a paper, also illustrated, on work- 
ing sites and inhabited land surfaces of the Palaeolithic period 
in the Thames Valley. 

The fourth volume of “Blackie’s Modem Cyclopaedia ” has 
been issued. It begins with the word “fire’* and ends with 

Ilorin.” The work, as we have said on former occasions, is 
admirably edite<l by Dr. C. Annandale. The articles are 
necessarily brief ; but, so far as we have been able to test them, 
they are clear and accurate. There is no falling off in the 
present volume. 

Messrs. Ward, Lock, and Co., have added to their 
“Minerva I.ibrary of Famous Books** a reprint of Dr. A. R. 
Wallace’s fascinating “Narrative of Travels on the Amazon and 
Rio Negro.** A biographical sketch of the author is contributed 
by Mr. G. T. Jiettany, the editor of the series ; and the volume 
includes a portrait of Dr. Wallace, a map, and full-page 
illustrations. 

Hazell’s Annual for 1890— the fifth issue— has been pub- 
lished. It is edited by Mr. E. D. Price. An immense quantity 
of information, alphabetically arranged, has been packed into 
this useful volume. Many articles which the editor describes as 
“ new and important ** have been inserted in the present issue. 

A Science Ci.uu has been formed among the students of the 
University of St. Andrews for the purpose of developing 
the interest already taken in scientific pursuits. Prof. W. C. 
McIntosh, F.R.S., has been elected Hon. President for the ^ 
session 1889-90. 

Another important paper by M. Henri Moissan upon the 
perfected mode of preparation and upon the density of fluorine, 
is contributed to the current number of the Comptes rendus. 
Since the appearance of his paper of two years ago, M. Moissan 
has employed an electrolysis apparatus of much larger size, and 
has added to it an accessory apparatus by means of which the 
gas may be obtained quite free from vapour of hydrofluoric acid, 
whichj as described in Nature last week, is the cause of the 
destructive action upon platinum. The platinum U-tuhe of the 
new apparatus has a capacity of 160 c.c., and contains during 
t1}e electrolysis 100 c.c. of hydrofluoric acid. The exit tube at 
the positive side, from which the fluorine is liberated, is con- 
tinued into a small platinum spiral condenser immersed in a 
bath of methyl chloride at - 50"* C. , where all but the last trace 
cf hydrofluoric acid is retained. From this the gas is led tbeough 
two platinum tubes filled with fragmenls of sodium fluoride, a 
salt whfch combines with hydrofluoric acid with great eneigy, 
forming hydrogen sodium fluoride. By these means the fluorine 
is obtained perfectly pure, and is quite invisible in dry air, no 
trace of fuming being ^apparent, as is the case before purifica- 
tion* In order to determine the density of the gas, a couple ofi 
.jlllgeniously constructed platinum flasks have been employed. 
Each of these flasks is closed by a cylindrical stopper also of 
^(platiiftim ; to the side of the neck a side tube is attached on a 


level with the centre of the stopper. Through the stopper an 
aperture is bored in such a manner that, when the stopper is 
rotated into a certain position, connection is established between 
the interior of the flask and the side tube. A vertical tube also 
passes through the stopper and penetrates to near the bottom 
of the flask ; this tube is also closed at its upper end 
by means of a platinum stopper. The stoppers are finely 
polished and adjusted with great care. Each flask weighs about 
70 grams and has a capacity of about lOO c.c. In the density 
determinations the two flasks were counterpoised on the two 
pans of the balance. One of them was then filled with pure dry 
nitrogen gas, which was subsequently displaced by the pure 
fluorine, the electrolysis apparatus being connected with the 
upper end of the vertical tube of the density flask by means of 
flexible platinum tubing. The fluorine was allowed to pass 
th/ough the apparatus for five minutes after cold silicon was 
readily ignited by the gas issuing from the side exit tube. The 
stopper of the flask was then rotated through half a revolution, 
so as to completely shut off the exit tube, and the stopper of the 
vertical tube replaced. The flask was again weighed against the 
other flask containing air, and the difference of weight noted*. 
The amount of residual nitrogen was estimated by opening the 
stopper of fcthe vertical tube under water, when the fluorine 
instantly decomposed an equivalent of water, liberating oxygen 
and forming hydrofluoric acid. The mixture of oxygen and the 
residual nitrogen was then collected, and the oxygen absorbed by 
pyrogallic acid and potash. Three determinations yielded, for 
the density of fluorine compared with that of hydrogen, 18 ‘2?, 
18*26, and 1 8 *33. These values appear to indicate that llie 
number 19, usually taken as representing the atomic weight of 
fluorine, is slightly too high, and this view is confirmed by the 
low numbers obtained in former determinations of the density of 
phosphorus trifluoride. 

The additions to the Zoological Society*s Gardens during the 
past week include a Malayan Bear ( Ursus malaydnus 9 ) from 
Malacca, a Gold Pheasant (Tkauma/ea picta 9) from China, 
presented by Captain Bason ; a Common Squirrel {Sciurns 
7>tiigaris)^ British, presented by Mr. W. Aubrey Chandler ; a 
Mexican Deer (Canacus mexicanus 6) from Peru, a Grey- 
breasted Parrakeet {Bolborhynchus monachus) from Monte 
Video, deposited ; an American Bison [Bison americanus 6 
bom in the Gardens. 
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Remarks. 

(1) The General Catalogue description of this nebula is as 
follows: — !I! Bright; very large, irregular figure. Aocordiiw 
to Tempel, this is a variable nebula, and its spectrum, which 
has not yet been recorded, will therefore have a special interest 
Continued observations may, very probably, give a clue to the 
origin of the variability. 

(2) Duner classes this with stars of Group II., but states that 
the spectrum is only feebly developed. Further observations 
are necessary before it can m placed in position on the " tem> 
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perature curve/' As I have previously pointed out, the “feebly 
developed stars of the group are probably either early or late 
species, as the bands would be weak in either case. If it be an 
early star, the bands in the blue will be most strongly deve- 
loped ; while, if it be a late star of the group, the bands in the 
red will be strongest* In the latter case, lines would probably 
also be seen. 

(3) Konkoly classes this with stars of the solar type. As in 
former stars of this class which have appeared in these columns, 
observations are required to decide whether the star belongs to 
Group III. or to Group V. (For criteria, see p. 20.) 

(4) This is a star of Group IV., of which observations of 
the relative intensities oT the hydrogen and metallic lines are 
required, so that the star may be arranged in a line of tempera- 
ture with others. 

(5) This is a star of Group VI., which Duner describes as 
having a spectrum consisting of three zones, band 2 being prob- 
ably also present. Particular attention should be given to the 
intensity of the band 6 as compared with the others. Other 
subsidiary bands should also be looked for, as they are seen in 
several stars of lower magnitude, and it is important that* we 
should know whether their presence is dependent solely upon 
the brightness of the star, or really indicates a difference in the 
condition of the star itself. (For notation of bands, see p. 112.) 

(6) The maximum of this variable will occur on December 27. 
The period is 315 days, and the magnitude varies from < 13*5 
at minimum to 8 *6 at maximum. The spectrum has not yet 
been recorded. 

Note. — Some of the comets of which ephemerides have recently 
appeared in Nature may possibly be bright enough fdf spec- 
troscopic examination. It is not likely that, at their present 
perihelion distances, their temperatures will be very high, so 
suggestions for comparison spectra may be confined to those 
suitable for low -temperature comets. The probable sequence 
of spectra as a comet leaves aphelion is as follows; — (i) The 
spectrum of a planetary nebula, as in the comets of 1866-67, 
observed by Dr. Huggins. This consists of a single line in the 
position 01 the chief nebula line near A 500. (2) The low- 

temperature spectrum of carbon, consisting chiefly of three 
flutings near A 483, 519, and 561. (3) The high-temperature 

spectrum of carbon, consisting mainly of flutings near A 564, 
517, and a group of five flutings extending from 468 to 
474. The most convenient comparison to begin with will be 
the flame of a spirit-lamp, which will , give the hot carbon 
spectrum. If this does not show coincidences with the comet- 
ary bands, a comparison with the bright fluting in the spectrum 
of burning magnesium should be made. This will determine 
the presence or absence of the chief nebula line. ^ If neither 
shows coincidences, the positions of the bands relatively to the 
hot carbon flutings may roughly indicate the presence or absence 
of cool carbon. As the two less refrangible flutings of cool 
carbon fall very near to two of hot carbon, the best criterion for 
cool carbon is the fluting at A 483, which is about one-third of®| 
the distance from the fluting commencing at 474 towards that 
commencing near 517. Any variation of the form of the least 
refrangible cometary band from the corresponding carbon fluting 
should be noted, as this varies with the temperature (see Ko)*. 
Soc. Proc., vol. xlv. p. 168). A. Fowler, 

Photometric Intensity of Coronal Light. — The ob- 
servations made by Prof. Thorpe during the solar eclipse of 1886 
(Phil. Trans., vol. clxxx., p. 363, 1889) show that the diminu- 
tion in intensity of coronal light at different distances from the 
sun’s limb does not vary according to the law of inverse squares. 
The following measurements make this apparent : — 


Distance in Solar 

Photometric Intensity. 

Semi-diameterf. 

Observed. 

Law of Inverse Squares. 

1*6 

0*066 


0-066 

2*0 

0-053 

• • « 

0*042 

24 -** 

0-043 

• • • 

0*029 

2*8 

0-034 

a • • 

0*022 

3‘2 

0*026 

• e • 

o-oi6 

3*6 

0-021 

• • • 

0-013 


The brightness of the brightest measured part of the corona 
(1*55 solar semi-diameters) was 200 times less bright than that 
of the surface of the moon, or about 0*06 candle, whilst the 
furthest spot at $'66 solar semi-diameters was only 1/800 of the 
brightness, or 0*015 candle. The results obtained will useful 
in comparing the brightness of the corona on this occasion with 
that ot other eclipses, and determining what connection the 
sun-spot periods have with the coronal phenomena. 


Corona of January i, 1889.— Prof. Tacchini, in the Atti 
della R. Accadevna del Liftcei (p. 472), gives a note on the 
corona as shown in a positive copy, on glass, of one of Mr. 
Barnard’s negatives taken during this eclipse. The corona ex- 
tends, according to Prof. Tacchini, from -f-64'’to -68® on the 
west limb of the sun, and from +53® to -68® on the east limb, 
these being about the limits of the zone of the maximum fre- 
quency of protuberances derived from his own observations. 
Two of the protuberances on the photograph were observed 
at Rome and at Palermo. 

Minor Planet (12), Victoria. — Dr. Gill hai issued the 
ephemeris of this planet for the opposition of 1889, computed 
from elements which have been corrected from the observations- 
of 1888. 

Observatories co-operating in the meridian observations of 
Victoria should compare their results with this ephemeris, em- 
ploying 8" *80 for the solar parallax. 

Dr. Auwers has undo taken the discussion of the meridian 
observations, so the detailed results should be forwarded to him 
as soon as possible. 

Comet Swift (/ 1889, November 17). — The following 
ephemeris is given by Dr. R. Schorr (Astr. Nachr.^ No. 2937) : — 
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R.A. 
h. m. s. 

DecL 

+ 19 67 

1889. 

R.A. 
h. m. .. 

Decl. 

Dec. 12 

..23 47 28.., 

Dec. 22... 

019 7... 

•f 21 494 

>3 

.. 50 31 ... 

19 23 6 

23... 

22 24 ... 

22 4*8 

H 

.. 5336... 

19 40 4 

24... 

25 43 - 

22 20*1 

IS 

.. 5642 .. 

19 57 * , 

25... 

29 2... 

22 35*2 

16 

.. 59 so -- 

20 I3'6 

26... 

32 23... 

22 50 I 

17 

..02 59... 

20 29*9 

27... 

35 44 . .. 

23 48 

18 

.. 6 10 ... 

20 46*1 1 

28... 

39 6... 

23 *9 3 

19 
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20 
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31... 
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The brightness of the comet =0*81 (December 12) and 0*57 
(December 31), that at discovery being taken as unity, 

Comptes rendus^ No. 23 (December 2, 1889), contains obser- 
vations of this comet extending from Novembe%20 to Novem- 
ber 27. It is noted that the comet is very feeble and diffuse. 

Periodic Comets. — Several short-period comets return to 
the sun in 1890, and their ephemerides will be furnished as soon 
as issued. 1 he perihelion passage of Brorsen’s comet will 
occur about February 25, Denning's comet may be expected to 
return to perihelion in May, and D’Arrest's comet about the 
third week in September. The orbit of Barnard's comet has not 
}et been sufficiently defined to enable the date of perihelion 
passage to be stated. 

The Eclipse Parties. — The following telegram relating to 
the eclipse parties has been received : — “ Loanda^ December 7, 
— The United States corvette Pcvsacola^ Captain Arthur R. 
Yates, with the Solar Eclipse Expedition on board, arrived at 
St. iPaul de Loanda to-day. The voyage down was very smooth,, 
with delightful sailing. The astronomers were at work on the 
instruments all the way, and are all ready for the eclipse. The 
time is now so short that it is inadvisable to attempt to take the 
party and all their instruments inland, so the Expedition will 
locate at Cape Ledo immediately, and send one or tw^o branch 
parlies inland, with such instruments as are not bulky or heavy, 
and can quickly be set up and adjusted. The European eclipse 
observers are beginning to arrive here. Mr. Taylor, of the 
Royal Astronomical Society, London, has already arrived with 
a small outfit of apparatus. None of the French or German 
astronomers are yet here. Cape Ledo turns out to be in every 
way the most favourable point for locating the American Expe- 
dition. Not only are the meteorological conditions likely to be 
better, but the party can live for the most part on the Pensacola^ 
as she will lie at a safe anchorage near the shore. The*heaTth 
of the members of the party is thus insured. The eclipse is 
several seconds longer there than at Muxima, and chances for 
clear afternoon skies appear to be rather better. If nothing is 
heaoifrom the Expedition for the next few days, it may eitiver 
be r taken that the £i^lipse Station is filially located at Cape 
Ledo, or that the semi-cannibal Quissamas have cleared out the 
whole Expedition/’ 

RECENT INDIAN SURVEYS. 

’T'HE “Statement exhibiting the Moral and Material Pro- 
gress and Coj^dition of India," recently issued, devotes, 
as usual, a section to the survey work of the past year, oi 
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ivhich the following is a summary. The work of the Survey of 
India is divided under five heads, namely (i) Trigonometrical 
Survey, (2) Topographical iSurvey, (3) Cadastral Survey, (4) 
Special Surveys and Explorations, (5) Map Production. 

Trigonometrical . — Out of twenty-six survey parlies employed 
during the year, only one was engwel on trigonometrical work* 
It carried secondary triangulation for 370 miles along the Coro- 
mandel coast as far as the Tanjorc District ; the work is intend^ 
as a basis for marine survey operations. Some triangulation in 
extension the great Indian triangles had to be undertaken in 
fialuchistan as a basis for topographical maps there. 

Topographical * — The numoer of parties engaged in this work 
was reduced from eight to six, and 15,673 square miles of topo-^ 
graphical survey were accomplished, which included 934 square 
miles of survey in the Southern Mahratta country, the same 
party doing a quantity of detached forest survey in the valuable 
teak forests of Kanara ; 1085 square miles of topographical 
work in Guzerat, besides 285 square miles of detailed forest 
survey in the jungles of Tbana and Nasik. Parties 15 and l6 
continued the Btuuchistan survey, accomplishing in all 11,977 
square miles. The cold and snow in winter, as well as the 
difficulty in getting supplies, were extremely trying to the 
parties. 977 square miles were surveyed in the Himalayan dis- 
tricts of Kangra, Simla, and the native States pertaining to 
those districts; 4535 souare miles of trian /ulation and 1284 
square miles of topographical survey in the Madura district and 
the States of Travancore and Cochin of South India. The cost 
of the Himalayan work and of the Baluchistan surveys was con- 
siderably cheaper per square mile than in the previous year. 

Forest Surveys — Two half-parties of the Topographical Sur- 
vey did fresh work, as above stated, in Bombay. Ground was 
broken in the forests near Hoskungabad of the Central Pro- 
vinces ; but in the first year, on account of climatic difficulties 
and the ruggedness of the country, the out-turn of work was 
small. 343 square miles of forest survey were effected in the 
forests of the Prome and Thayetmyo districts of Lower Burmah. 
In Gorakpur of the North-West Provinces, and in Orissa, sur- 
veys of certaii^ forest reserves were made by cadastral parties 
working in the neighbourhood. The whole area of forest sur- 
veys accomplished by all these parties during the year was 893 
square miles. 

Geodetic , — Telegraphic longitude operations were resumed, 
and seven arcs of longitude were measured between trigono- 
metrical stations in Southern India. The season’s observadons 
tend strongly to confirm previous evidence that on the coast of 
India there is a perceptible deviation of the plum-line towards 
the ocean. 

Tidal and Levelling Operations , — The recording of tidal 
curves by self-registering tide-gauges, their reduction, and the 
publication of tide-tables, were continued at eighteen stations, 
of which seven are permanent, and eleven are temporary for 
five years. The registrations of tides were satisfactory, and 
there were few failures. So far as predictions of high water 
were concerned , 98 per cent, of the entries in the tables were 
correct within 8 inches of actual heights at open coast stations, 
and 69 per cent, at riverain stations, while as to time of high 
water, 56 and 71 per cent, respectively of the entries were 
correct within fifteen minutes. Levelling operations were 
prosecuted from Madras to Vizagapafam, at False Point, to 
connect the Marine Survey beach marks with the main line of 
level, and from Chinsurah to Nuddea, along the right bank of the 
Hooghly. There were 597 iwiles of double levelling accomplished. 
In Upper Burmah, survey parties or surveyors accompanied the 
columns which marched through the northern Shan States, the 
southern Shan States, and the columns that operated in the Yaw 
country, the Chindwan Valley, and the Mogoung district. 
T/iangulation was carried over 23,274 square miles, and 
20,786 square miles of hitherto unknown country were mapped 
on a scale of four miles to the inch, of which 7605 belonged to the 
Shan States. North-east from Mandalay, the survey was 
•carried as far as the Kanlow ferry, on the Salween River, a 
pnhice on the old caravan road between Burmah and Chinai. A 
large scale map was hade of the Ruby Mines tract, showing tte 
^ites of all ruby workings* Surveyors accompanied an expiring 
expedition from the Assam Valley, across the Patkoi ranges, 
into the Hakong Valley of Upper Burmah, and surveyed two 
practical passes througp the Patkoi hills. A good map of the 
Black Mountain country was prepared on observations and 
•surveys taken by officers deputra with the Hazara field force. ^ 
TThf bill country of Western Nepal has# been observed and 


mapped, and a compilation of recent observations by explorers 
in Tibet and Bhutan will shortly be published. 

Marine^ Survey.^^Yrt survey-vessel Investigator and two 
boat parties were employed on marine surveys throughout 
the open season, the staff being employed in the chart office 
during the monsoon months. The Investigator accomplished 
4630 miles, and the boat parties 1542 miles of soundings. 
Among the results of the year’s work were soundings round the 
approaches to Madras, whereby it was shown that there were 
1700 fathoms of water on a spot hitherto marked on the charts 
as *'5 fathoms doubtful.^* Surveys were made round the 

1.. accadive and the Andaman Islands, at the Palk Straits, the 
Western Coral Banks, on the Malabar coast near Cannanore 
and Tellicherry, and off Parbandar. Interesting marine organ- 
isms, some of them quite new, were brought up by the trawler, 
especially from a depth of 250 fathoms off the Andamans. The 
observations for temperature have enabled the survey to construct 
a temperature curve which is fairly constant for all parts of those 
seas. 

Geological Among the investigations by the Geo- 

logical Survey during the year 1888 may be mentioned the 
examination of the auriferous rocks known as the Dharwar 
rocks, bands of which occur in the gneiss mountains, from 
the edge of the Deccan trap in the meridian of Kaladgi, 
across the upper basins of the Kistna, Tangabhadra, Penner, 
and Cauvery Rivers. At many places in the.'e bands of 
Dharwar rock, the geological officers discovered traces of 
extensive gold workings, the existence of which was hardly 
known to the present inhabitants. The investigators consider 
that in many places, especially in the Kolar and Maski bands, 
gold will be found in (quantities that will repay working. The 
workers of past centuries used to crush the ore in saucer-like 
hollows in the solid, tough, trappoid rocks, with rounded granite 
crushers, weighing about a ton each. The supposed diamond 
source^; in the Anantapur district of Madras were examined, but 
with only negative results. The coal-field of Singareni, in the 
Nizam’s dominions, was examined; it was estimated that 

17.000. 000 tons of coal were available in the field. The 
geologists reported that the cost of raising coal into waggons at 
the pit’s mouth ought not eventually to exceed 2 rupees a ton. 
Further examinations were made of the coal-bearing rocks of. 
Western Chota Nagpore and of Rajmehal ; the latter coal 
source cannot be thoroughly tested until bore holes are put 
down. The seams of coal at Kohst, in Baluchistan, were found 
to contain i} to 2 feet of good coal at times ; coal from surface 
workings is now chiefly used in locomotives ; but the best plan for 
permanent workings has not yet been settled. The petroleum 
sources at Kbatun, in Baluchistan, and in the Rawal Pindi dis- 
trict of the Punjab, were visited by officers of the Survey ; the 
Khatun oil Ls too thick to flow down a pipe for forty miles to the 
railway, where it has made excellent fuel. The Cashmere 
coal-field, in the upper valley of the Chenab, was also 
examined. 

The report of the Cadastral Surveys and Settlements is devoid 
of scientific interest. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Oxford. — In the course of the term which has just come to 
an end, Mr. J. B. Farmer, B. A., has been elected to a Fellow- 
ship at Magdalen, after an examination in botany — a subject to 
which no Pellowshm has been allotted for many years ; and 
the Burdett-Coutts Scholarship in Geology has been awarded to 
Mr. F. Pullinger, Corpus. 

Mr. Hatchett Jackson will continue to act as Deputy Professor 
of Comparative Anatomy for the next two terms at least. 

The recently founded Readership in Geography seems to have 
roved a success this term, as Mr. Mackinder had a class of 
fty in regular attendance. 


SOCIETIES AND ACADEMIES. 

London.' 

Royal Society, November 21. — On the Tubercles on the 
Roots of Leguminous PlaoU, with special reference to the Pea 
and the Bean.” By H. Marshall Ward, M.A., F.R.S., F.L.S., 
late Fellow of Christ*! College, Cambridge, Professor of Botany 
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in the Forestry School. Royal Indian Engineering College, 
Cooper's Hill. 

In the Philosophical Transactions for 1887 (vol. clxxviii. B, 
PP* 539-562, Pis. 32 and 33) the author published the rei-ults Cif 
some investigations into the structure and nature of the tuber- 
cular swellings on the roots of F/V/Vs J^aSa and other Leguminous 
plants. 

The chief facts established in that paper were as follows: — 
That the tubercles occur in all places and at all times on the roots 
of Papilionaceous plants growing in the open land, but that in 
sterilized media and in properly conducted water-cultures they 
are not developed, unless the root is previously infected by 
contact with the contents of other tubercles. In other word^, 
the tubercles can be produced at will by artificial infection. The 
author also showed that the act of infection is a perfectly 
definite one, and is due to the entrance into the root-hair of a 
hypha like infecting tube or filament, which starts from a mere 
brilliant dot at the side or apex of the root-hair, passes down the 
cavity of the latter, traverses the cortex of the root from cell to 
cell, until its tip reaches the innermost cells of the cortex, where 
it branches and stimulates these cells to divide and form the 
young tubercle. 

These facts of the infection were entirely new, as were the 
methods, and the author showed actual preparations of the 
infecting filaments passing down the root-hairs, at the time 
(June 1887). 

' In this paper the author described and explained the trumpet- 
shaped enlargements of the filaments, and the bacterium-like 
contents of the cells (bacteroids — gemmules\ and showed that the 
latter arise from the former. He also pointed out that the root- 
hairs are distorted at the point of infection, and that the infect- 
ing filament originates there from a brilliant granule, presumably 
one of the bacteroids. Another important observation was that 
the protoplasm of the cells of the tubercle is stimulated by the 
activity of the bacteroids in it, and behaves like a plasmodium. 

The author now draws attention to some results of his further 
researches into tliis confessedly difficult subject. 

After numerous culture experiments and observations made 
last year (1888), it was decided to abandon the broad-bean as 
the subject for histological analysis, chiefly because it takes so 
long to exhaust its stores of reserve materials ; it was better for 
the cultures to he made with the pea, the cotyledons of which are 
so much smaller, and the plant of which is more easily managed 
in every way in water and pot cultures, while the tubercles and 
their contents present no essential features of difference. 

But more conclusive evidence than the above is offered for the 
identity of the bacteroids in the two cases. In some of the cultures 
made in the summer of 18S8 the roots of the pea were success- 
fully infected with bacteroids taken from the tubercles of the 
bean, and this is a point of importance, in view of the belief 
that each species of Leguroinosa^ may have its own species of 
bacteroid. 

It is especially the very young root-hairs, with extremely 
delicate cell -walls, that are infected, and the first sign is the 
appearance of a very brilliant colourless spot in the substance of 
the cell- wall ; sometimes it is common to two cell- walls of root- 
hairs in contact, and not unfrequently one finds several root- 
hairs all fastened together at the common point of infection. 
This highly refringent spot is obviously the bright spot” 
referred to in the author’s previous paper as the jpoint of 
infection from which the infecting filament takes origin It 
soon grows larger, and develops a long tubular process, which 
grows down inside the root-hair, and invades the cortex, passing 
across from cell to cel), as described in 1887. 

As a matter of fact, then, the “ bright spot ” is the point of 
origin of the infecting filament ; and, as a matter of inference 
from the experiment»i, it cannot but be developed from one 
of the bacteroids” or ^'gemmules” of the tubereJes. This 
attaches itself to the root-hair, fuses with and pierces the 
delicate cellulose wall, and grows out into a hypha-like filament 
at the expense of the cell contents. The further progress of 
this filament has already been described in the author's memoir 
in the Philos iphical Transactions for 1887. * 

Researches were made during 1888 and 1889 with the object 
of learning morr- about the conditions which rule the develop- 
ment of the mbercles, and the relations of the organism to them. 
The experiments seem to prove conclusively that the well- being 
of the organism of the tubercle and that of the pea or bean go 
hand in hand. This |of coarse is only so much evidence in 


favour of the view that we have here a case of symbiosis of the 
closest kind, as expressed in the previous memoir. 

During the spring and summer of 1888 numerous experiments 
were made with water-cultures with beans, allowed to germinate 
in soil so as to be infected by the ** germs ” therein, as demon- 
strated previously. Several dozens of such cultures were made, 
i and ^ome of them placed in the dark, others in the ordinary 
! light of the laboratory, and some in a well-lighted greenhouse. 

I Tables were prepared showing the number of leaves, living and 
. dead, the condition of the roots, the height of ihe st^, and so 
; forth, as recorded every w eek or so (or at shorter intervals) 

I when the plants were examined. It resulted that, when the 
beans are in any way so interfered with that they do not assimi* 

. late more material than i^ necessary fdr the growth and im- 
mediate requirements of the plant, the infecting organism either 
gams no hold at all on the roots, or it forms only small tubercles 
I which are found to be very poor in ** bacteroids in some cases 
I the starving plants began to develop tubercles, which never 
' became large.*, and in which the infecting organism seemed to 
' be in abeyance. Whether this is due to the bacteroids being 
' developed in small quantities, or to the‘r absorption into the 
. plant, is still a question. 

In these tubercles the chief difierence was the paucity ii> 

! bacteroids, and the prominence of the branched filaments in the 
cells. 

In the spring of this year (1889) the author started a series of 
I water-cultures of beans, infected artificially by placing the 
! contents of tubercles on their root-hairs, and kept the roots 
I oxygenated by passing a stream of air through the culture liquid 
- for twenty- four hours at intervals of a few days : here again the 
‘ increased growth of the plants — not compensated by increased 
I assimilation — seemed to cause the suppression of the tubercles, 
j or the formation of very poor ones only. These and similar 
I experiments lead to the conclusion that the organism which 
: induces the development of the tubercles is so closely adapted to 
' its conditions that comparatively slight disturbances of the 
j conditions of symbiosis affect its well-being : it is so dependent 
i on the roots of the Leguininosae, that anything «which affects 
their well-being affects it also. 

Some experiments with peas, which are now being tabulated, 
may throw some light on the wider question which has been 
rabed of late, as to the alleged connection between the develop- 
ment of these tubercles and the increase of nitrogen in Legu- 
minous plants. Thirty-two peas were sown in separate pots of 
silver-sand, or soil, in five batches of six each, and one of two, 
and treated in various ways. 

The tubercles were developed on all but one of the plants^ 
except those in the completely sterilized media. The evidence 
at present goes to show that the Leguminous plant gains nitrogen 
by absorbing the nitrogenous substance of the bacteroids from the 
tubercles ; that nitrogenous substances are thus brought by the 
*M>acteroids ” (**gemmules”) of the infecting oiganism of the 
plant ; and that, finally, no satisfactory explanation seems forth- 
coming as to how the organism obtains this nitrogen in certain 
cases where no compounds of nitrogen have been added. At 
any rate, if we regard the pot of sand and its pea as one system, 
there is in some cases a distinct gain of nitrogen in the crop^ and 
in the sand at its roots. 

The author then refers to the literature since 1887, and reviews 
two papers by Prazmowski which bear directly on these re- 
searches. 

**To sum up, Prazmowski's account of the whole matter 
cbnfirms that given to the Royal Society by the author in 1887, 
excepting that he interprets the origin and nature of the bac- 
tcroids differently ; he regards them as produced from the 
contents of the filaments— as germ-like bodies developed in the 
interior of the filaments, and not budded off from them. ^ This 
is hypothesis only, however, for the author expressly states (p. 
253)1 * Direct habe tch ihre Theilungen nicht gesehen, obgleich 
ich mir die Mtihe cab, sie in den verschiedensten Nahrmedien 
und unter den verScTiiedensten ausseren Bedingungen zu ziichtei}^’ 
He conthides they can only multiply in jhe still living pro- 
toplasm. * , 

” As to the shapes of the bacteroids and tubercles, Prazmowski’s 
statements agree with those of previous observers, and he also 
remarks^ the plasmodium-Iikc appearance of the cell protoplasm 
at certain stages, as noticed by myself. • Some observations on 
a possible spore-formation need not be dwelt upon, as he 
^re<^nized his inistake in a subsequent paper in 1889. 
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** He leaves the question as to the origin of the bacteroids by 
budding or otherwise quite undecided^ having failed to satisfy 
himself whether my suggestion is right or not ; at the same 
time* he fully agrees with me and others in believing that these 
tiny bodies must be the infecting agents, easily and abundantly 
distributed as they are in the soil, water, 

The author concludes by saying : — 

“ I think it will be admitted by all who study the literature 
of this subject, that the only real point at issue between Prai- 
mowski an^myself is the nature of the bacteroids and their origin 
from the filaments. I interpreted them as extremely minute 
budding ‘gemmules,’ and not bacteria ; Prazmowski, with Beyer- 
inck, regards them as true Schizomycetes. We have all alike 
failed to actually see the process of budding or fission, a fact 
' which will surprise no one who has examin^ these extremely 
minute bodies, which are, as Beyerinck rightly puts it, among 
the smallest of living beings. 

The fact of infection, and the mode of infection, by means of 
a hypha-like filament passing down the root-hair were definitely 
established by myself in 1807, and it is satisfactory to find it 
confirmed in ever^ essential detail by Prazmowski. Our views 
as to the symbiosis, the struggle between the protoplasm and 
the ‘gemmules’ (or 'bacteroids') are the same ; though Praz- 
mowski and Beyerinck carry the matter a step further in 
definitely inferring the absorption of the conquered bodies of . the 
•latter, a point in part supported by some of my experiments. 

As to the occurence, origin, and structure of the tubercles, 
Praimowski's account is simply in accordance with my own ; and 
it is interesting to note how many points of detail — the distortions 
of the root-hairs, the relations of the branching filaments to the 
nuclei and cell-contents, and those of the incipient tubercle to 
the end of the filament, for example — are confirmed by him.’’ 

Chemical Society, November 7. — Dr. W. J. Russell, 
F.R.S., President, in the chair. — The following papers were 
read : — Isolation of a tetrahydrate of sulphuric acid existing in 
solution, by Mr. S. U. Pickering. The freezing-points of 
mixtures of sidphuric acid and waler form three distinct 
curves representing the crystallization of water, of the hydrate, 
H3SO4 + H3O, and of sulphuric acid, and the highest point of 
each of these curves is in exact correspondence with the com- 
position of the substance which crystallizes out. Solutions 
containing between 40 and 75 per cent, of sulphuric acid had 
not hitherto been frozen ; but it appeared to the author that if 
his former deductions from the irregularities in the curves 
representing the densities and other properties of the solutions 
of the acid were correct, an independent curve representing the 
crystallization of a new hydrate should occupy this interval, 
and that this new hydrate should have the composition 
H,S04 + 5.JH3O, or HaS04 + 4H3O. Experiment has proved 
it to be the latter. The two branches of the new curve rise 
from about^ - 80% and meet in a sharply marked angle at a point 
corresponding with the composition of the tetrahydrate, the 
temperature at which this point is reached being - 2 $"*. The 
tetrahydrate forms large, well-defined, hard crystals. The 
author r^ards the isolation of this hydrate as affording fresh 
confirmatory evidence of the hydrate theory of solution. — 
Additional o^rvations on the magnetic rotation of nitric acid, 
and of hydrogen and ammonium chlorides, bromides, and iodides 
in solution, by Dr. W. H. Perkin, F.R,S. In his previous 
experiments, the author has limited his observations on nitric 
acid to the pure acid HNO3 ; he has now examined a somewhat 
diluted acid, and the results indicate that IINO3 unites with 
water, forming an acid analogous to orthophosphoric acid, viz. 
(0H)3N0« The experiments on hydrogen chloride, bromide, 
and iodide were or^inally made on single samples in a very 
concentrated solution of each. These gave abnormally high 
results— rather more than twice the values calculated for the 
pure compounds — but on examination of solutions of different 
strengths, it was found that the rotation increases up to a dilution 
•e^ivalent to about six or seven molecular proportions of water, 
ttfbne molecular proportion of hydride, the value then remaining 
practically stationary! To see whether the solvent had any 
influence, a solution of hydrogen chloride in isoamvl oxide was 
examined, and was found to ^ive values nearly identical with 
those calculated from the chlorine derivatives of the paraffins ; 
and there can be little d^ubt that, if the other hydrides could be 
examined in a similar way, analogous results would be obtained. 
As union with water should reduce the rotations, the results are 
at f>resent inexplicable. The compounds with ammonia and 
the compound ummonias have, also been further examined ; the 


results are remarkable when considered in relation to those 
afforded by the Jiyd rides, as the rotations found, instead of 
being those calculated from the results obtained in the case of 
the paraffin derivative or those found in the case of hydrogen 
chloride dissolved in isoamyl oxide, nearly correspond with those 
required on the assumption that the hydrides are present in 
aqueous solution together with ammonia. The rotations, 
however, do not vary with the strength of the saline solutions. 
The author’s explanation of this is that when the salts are 
dissolved in water, they dissociate almost entirely into the 
hydride and the amine, the hydride undergoing an increased 
rotation on account of its being in aqueous solution. In the 
c^e of triethylamine hydrochloride the numbers are lower, and 
there is evidently less dissociation ; and in the case of tetrethyl- 
ammonium chloride little or no dissociation appears to take 
place. Solutions of ammonium iodide and diethylamine hydro- 
chloride in absolute alcohol gave somewhat lower numbers 
than aqueous solutions, indicating somewhat smaller, although 
still large, amount of dissociation. Ammonium nitrate and acid 
ammonium sulphate in aqueous solution give numbers agreeing 
clo^ly with the calculated values, and apparently do not 
dissociate to any appreciable extent. In the discussion which 
followed the reading of this paper. Dr. Gladstone, F.R.S., 
stated that, on examining Dr. Perkin’s solution of hydrogen 
chloride in isoamyl oxide, he found that the refraction and 
dispersion values deduced for the chloride are very much smaller 
than those afforded by aqueous solutions. — Phosphoryl trifluoride, * 
by Prof. T. E. Thorpe, F.R.S., and Mr. F. J. Hambly. 
Phosphorus oxyfluoride, POF3, may be easily and conveniently 
made %y heating a mixture of cryolite and phosphoric oxide, 
and collecting the products at the mercurial trough — Acetylation 
of cellulose, by Messrs. C. F. Cross and E. J. Bevan. On heating 
cotton cellulose with acetic anhydride and zinc chloride, a product 
is obtained which appears to be a pentacetyl derivative of 
cellulose. The compound is very stable, and on alkaline 
hydrolysis yields a substance having the properties of a normal 
cellulose. It would therefore appear that all the oxygen of the 
cellulose molecule acts as hydroxylic oxygen, and, in view of this 
result, a reconsideration of the present ideas as to the constitution 
of cellulose is render^ nec^sary. — Action of light on moist 
oxygen, by Dr. A. Richardson. The presence of liquid water 
very much facilitates the oxidation of many substances under the 
combined influence of sunlight and oxygen, but if the water is 
present as aqueous vapohr, the decomposition is exceedingly 
slow, and in some cases is entirely arrested. The author finds 
that peroxide of hydrogen is formed when water containing pure 
ether, or'pure water acidified with pure sulphuric acid, is exposed 
to light in an atmosphere of oxygen, and draws the conclusion 
that the oxidation of substances under the influence of light 
involves in manv cases initially an oxidation of water to hydrogen 
peroxide, and that the oxidation of the compound is the result 
of a secondary interaction between it and the hydrogen peroxide. 

In the discussion which followed the reading of the paper, Prof. 
Armstrong pointed out that, whilst Dr. Richardson assumed that 
water was directly oxidized when mixed with ether and exposed 
to oxidation, Mr. Kingzett had argued — ^and in the case of 
turpentine had adduced weighty experimental evidence — that 
the hydrogen peroxide was a secondary product formed by the 
action of water on an organic peroxide. The use of ether or 
sulphuric acid, which Dr. Richardson had added with the object 
of protecting the peroxide, was to be deprecated, since hydrogen 
peroxide in weak solutions was comparatively stable ; no 
satisfactory evidence had been adducea tnat the peroxide is 
formed in the absence of a third substance when water and 
oxygen are exposed to light. Prof. Dunstan remarked that he 
had found that hydrogen peroxide was not formed when pure 
ether was used, although a substance was obtained which was 
capable of liberating ^iodine from potassium iodide. The 
President said that in experiments which he and Captain Abney 
had made together on the fading of water-colours, the action of 
aqueous vapour had been most strikingly a;>parent ; colours 
were found to be stable on exposure to light in dry air, which 
were considerably affected when aqueous vapour was present— 
a-iS-dibenzoylstyrolene and the constitution of Zininas lepiden 
derivatives, by Prof. F. R. Japp, F.R.S., and Dr. F. Kiinn-* 
mann. The authors have continued their investigation of the 
interactions of. dibensoylstyrolene (anbydracetophenonebenzll), 
and find that there is an almost perfect paiallelbm in behaviour 
between it and one of the three isomenc oxy epidens prepared 
by Zinin, viz. the ^^actcular oxvlepiden” melting at 220^ 
The various compounds obtained by them stand to the corre- 
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standing compounds of the lepiden series in the relation of 
triphenyl derivatives of furfuran to tetraphenyl derivatives^ a 
relation which is exhibited in the first place- by dibenzoylstyro- 
lene and oxy lepiden themselves. Like ^‘acicuUr oxylepiden/’ 
dibenzoylstyrolene yields two isomeric derivatives on heating ; 
the isomeride formed in larger Quantity in each case is almost 
certainly a derivative of crotolactone, whilst the isomeride 
formed in smaller quantity is probably a stereometric isomeride 
of '^acicular lepiden’’ and dibenzoylstyrolene respectively. — 
Ethylic ooi-diacetyladiDatCi by Prof. W. H. Perkin. — (i : 2) 
methylethylpentaniethylene, by Dr. T, R. Marshall and Prof. 
W. H. Perldn. — Action of reducing agents on a-ar* diacetyl- 
pentane ; formation of (i:2) methylethylhexamethylene, by 
Dr. F. S. Kipping and Prof. W. H. Perkin. — Action of 
reducing agents on a-o»-diacetyl pentane ; formation of (1:2) 
dimethylheptamethylene, by the same. — Oxyamidosulphonates 
and their conversion into hyponitrites, by Dr. E. Divers, 
F.R.S., and Mr. T. Haga. The oxyamidosulphonates are the 
sulphazidates of Fremy, which Claus and Raschig have shown 
to be monosulphonic derivatives of hydroxylamine. The authors 
find that these compounds on treatment with alkali, instead of 
yielding hydroxylamine and the alkaline sulphate as asserted 
Claus and Raschig, and as it is admitted they do when hydro- 
lyzed by an acid, are converted exclusively into sulphite and 
hyponitrite, thus, 2HO . NH . SO3K + 4KnO — (KON)^ 4 - 
2K2SO3 4- 4H2O. The reducing action of the oxyaniido- 
sulphonates has been examined, and it is found that the generally 
accepted view that it is due to the supposed conversion of these 
salts into sulphate and hydroxylamine, the latter then acting 
upon the'copper hydroxide in the usual way, is untenable. — The 
alloys of lead, tin, zinc, and cadmium, by Mr. A. P. L^rie. 
In extension of his previous observations (Trans. Chem. Soc., 
1888, 88), the author has made voltaic cells with the various 
alloys, and has thus compared their behaviour with that of the 
single metal by means of an electrometer. He concludes that 
the metals now examined do not combine together, thus con- 
firming Matthiessen’s conclusions. 

November 21. — Dr. W. J. Russell, F.R.S., President, 
in the chair. — The following papers were read : — The law 
of the freezing-points of solutions, by Mr. S. U. Pickering. 
— The constituents of flax, by Messrs. C. F. Cross and E. J. 
Bevan. As a result of their examination of the ctiticular con- 
stituents of the fibre, the authors have isolated ceryl alcohol, 
two fatty acids, of which one appears to he ccrotic acid, an oily 
ketone, and a residue of complex, ill-defined, inert compounds 
yielding “ ketones ” on hydrolysis. These “ketones ” have the 
characteristic odour of raw flax and flax goods, and from their 
property of emulsifying with water undoubtedly exercise an im- 
portant influence on the wet processes of fine spinning of flax. 
The pectic group of constituents associated with the cellulose in 
the fibre proper is found to yield mucic acid on oxidation with 
dilute nitric acid, and flax cellulose when oxidized with |x>tas- 
sium permanganate yields, in addition to oxycellulose and oxalic 
acid, lacid substances from ^hich furfural is obtained on acid 
hydrolysis. — Acetylcarbinol (acelol), by Prof. W. H. Perkin and 
Dr. J. B. Tingle. The authors announce the preparation of 
anhydrous acetylcarbinol. 

Zoological Society, November 19. — Prof. W. H. Flower, 
F.R.S., President, in the chair. — The Secretary read a report on 
the additions that had been made to the Society's Menagerie during 
the month of October 1889, and called special attention to the 
arrival of a young male Gaur {.Bibos gaurns) from Pahang, one 
of the native States in the Malay Peninsula, presented to the 
Society by Sir Cecil C. Smith, the Governor of the Straits 
Settlement. — The President exhibited and made remarks on a 
head of an African Rhinceros {Rhinoceros bicornis) with a third 
posterior born partially developed. The animal from which it 
was taken had been shot by Sir John Willoughbey, in Eastern 
Africa. —The Secretary exhibited a skin of an albino variety of 
the Cape Mole-Rat {Georychus capeHSis\ forwarded to the Society 
by the Rev, G. H. R. Fisk, of Cape Town. — Mr. A. Smith- 
Woodward exhibited and made remarks on a portion of the 
rostrum of an extinct Saw-fish {Sclerorhvnchus) from the chalk 
of Mount Lebanon.— Mr. Goodwin exhibited and made remarks 
on specimens of some rare Paradise Birds obtained by him on 
Mount Owen Stanley, New Guinea, when in company with Sir 
William Maegregor’s recent expedition ; also some photographs 
taken on the same occasion. — A communication was read from 
the Rev. Thomas R. R. Stebbing and Mr. David Robertson 
containing the descriptions of four new British Atnphipodous 


Crustaceans. These were named Sophrosyne robes^tsoni^ Syrrhoc 
fimbriata^ Podoceropsu palmatus^ and Podocems enmbrensis. 
Of these, Sophrosyne robertsoni belonged to a genus first ob- 
served at Kerguelen Island. — Mr. G. W. Butler read a paper 
on the subdivison of the body- cavity in Lizards, Crocodiles, 
and Birds, in which an attempt was made to analyze the com- 
plex conditions of the membranes observable in the last two 
groups, and to express them in terms of the simpler structures 
found in the Lizards.— Mr. J. H. Leech read the third part of 
his pap^r on the Lepidoptera of Japan and Corea, comprising 
an account of the Noctuu* and Delioidir ; in all upwards of 475 
species. Of these forty-six were now described 0^ new to- 
science, and two others were considered to be varietal forms. 
— Mr. R. Lydekker read a paper on the remains of aTheriodont 
Reptile from the Karoo System of the Orange Free State. The 
remains described were an associated series of vertebrae and 
limb-bones of a comparatively large Theriodont, which was- 
probably different from any described form. The humerus wa.s 
of the normal Theriodont type, and quite distinct from the one 
on (which the genus Propappus had been fonnded, which the 
author considered to belong to a form closely allied to, if not 
generically identical with, Pariasaurus. — Mr. G. B. Sowerby 
read the descriptions of thirteen new or rare species of Land- 
Shells from various localities. — A communication was read from 
Mr. Edward A. Minchin containing an account of the mode of 
attachment of the embryos to the f»ral arms of A urelia aurita. 
It was shown that the embryos of Aurelia aurita are developed 
on the arms, in broad capsules formed as evaginations of the 
walls of the oral groove, and that the capsules increase in size 
with the addition of more embryos. 

Linnean Society, November 21.— Mr* W. Carruthers,. 
F.R.S., President, in the chair. — Prof. Duncan exhibited and 
made remarks on a stem of Hyaloncma Sicholdii^ dredged be- 
tween Aden and Bombay, a remarkable position, inasmuch as 
this Glass Sponge had not previou.sly been met with in any 
waters west of the Indian Peninsula. Prof. Stewart criticized 
the occurrence, and referred to a parasite on the Sponge which 
had been found to be identical with one from the Japanese seas. 
— Mr. James Groves exhibited and gave siome account of a new 
British Chars, Nitella batrichiospenna^ which had beeif collected 
in the Island of Harris. — Mr Thomas* Christy exhibited some 
bark of Quillaia saponaria from Chili, which has the property of 
producing a great lather, and is extensively used for washing silk 
and wool. It is now found to solidify hydrocarbon oils and 
benzoline, and thereby to insure their safe transport on long 
voyages ; a small infusion of citric acid rendering them again 
liquid. — Dr. F. Walker exhibited and made remarks on some 
plants collected by him in Ireland. — Mr. W. Hachett Jackson 
gave an abstract of an elaborate paper on the external anatomical 
characters distinctive of sex in ihtf chrysalis, and on the develop- 
ment of the azygos evident in Vanessa Jo, — Mr. E. B. Poulton 
followed by giving a rJsumP of his researches on the external 
morphology of the Lepidopterous pupa. — Mr. J, H, Leech gave 
gn accotint of some new Lepidoptera from Central China. 

Paris. 

Academy of Sciences, December 2. — M. Hermite in the 
chair*— On the fermentation of stable manure, by M. Th. 
Schkesing* A series of experiments has been carried out by 
the author for the purpose of ascertaining whether, during fer- 
mentation under cover from the air, the manure of farmyards 
liberates nitrogen, as it is known to liberate a mixture of car- 
bonic acid and methane. He finds that at the temperature of 
52* C.’ no gaseous nitrogen is generated from the dccompoii. ion 
of nitric compounds ; nor is any nitric combination formed by 
oxidation of ammonia in presence of organic substances. The 
organic matter loses more carbon than oxygen, the propor- 
tion of hydrogen remaining about the same. The reading of 
the paper was followed by some remarks by M. Berthelqt on* 
the same subject. — Remarks on the diastases secreted by Bcuillus 
heminecrobiophilus^ by M. Arloing* These researches show that 
under artificial cultivation this oi^anism secretes several soluble 
ferments, enabling it to prepare for assimilation all the organi^^ 
substan^' Heeded for the nutrition and develppment of a living 
being ; and that amongst these ferments, or ^ associated^ with 
them, there is one that transforms the oiganic matter, while 
liberating gases — that is, exercises a ftinct:o.i hitherto attribute! 
to the micro-organisms themselves, and not to their secretions.— 
Verbal report on the work of E. D. Suess,? entitled Das Antlitz 
der Erde,’^ vols. i. and ii., 1885 and 1888, by M. Daubr^e. 
This fundamentid treatise on the con.«titulion of the earth is here 
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described as a summary of the facts already established regard- 
ing the geology of the various parts of the globe, the essential 
features of its present mountain ranges and depressions, and 
the successive movements of the terrestrial crust of which these 
are the outcome. The work marks a new departure in the 
progress of physical geography. — Observations of Swift’s new 
comet made with the Brunner equatorial at the Observatory of 
Toulouse, by M. B. Baillaud ; and with the large equatorial at 
the Observatory of Bordeaux, by MM. G. Rayct and Picart. 
All these observations, extending from November 21 to Novem- 
ber 27, give the same results: comet very faint and greatly 
diffused, enaking observations very difficult. Tables^ are also 
given of observations made at Algiers by MM. Trepied, Ram- 
baud, Sy, and Renaux, during the same period. — Mechanical 
realization of thermodynamic phenomena, by M. Chaperon. 
Purely mechanical systems may be conceived, which present a 
striking analogy to heat-engines in respect of their influence on 
finite movements. The author here describes one of these 
^sterns, which is distinguished by its extreme simplicity. — 
On the correspondence between the characteristic equations of 
gases, by M. Ladislas Natanson. The author here shows that 
Wroblewski s posthumous memoir, published by the. Vienna 
Academy in November 1888, forms a natural complement 
to Van der Waal’s law that at absolute, that is, correspond- 
ing temperatures proportional to the critical temperatures of 
the different bodies, the pressures, P, of their saturated vapours 
are proportional to the respective critical pressures. — Method 
of measuring the spheric and chromatic aberrations of the 
objectives of the microscope, ^ M. C. J. A. Leroy. Findine 
in an artificial eye certain efiects connected with the aberra- 
tions of sphericity and refrangibility, the author has applied the 
method known as ^^Cuignet^ keratoscopy” to the study of the 
aberrations of the eye, and of the objectives of the microscope. 
His present observations are confined to the objectives alone. — 
On the electric conductivity of the Eiffel Tower and its con- 
•ductors, by M, A. Terquem. It is sh iwn that the tower with 
its complete system of lightning conductors, constructed under 
the direction of MM. Uecquerel, Berger and Ma«cart, is 
•calculated to afford perfect security for a considerable space 
round alXiUtt— Fresh researches on* the preparation and den- 
sity cf fluorine, by M. Henri Moissan. — Papers jwere sub- 
mitted by M. Daniel Berthelot, on the electric conductivities 
and multiple affinities of aspartic acid ; by MM. E. Jungfleisch 
«nd L. Grimbert, on some facts relative to the analysis of sugars ; 
by M. G Colin, on the varying effects of virulent substances 
used for inoculating animals ; by M. P. Fliche, on the silicified 
woods of Algeria; by M. Stanislas Meunier, on the Phu-Hong 
meteorite, with remarks on the limerick type ; and by M. 
Leon Teisserenc de Bort, on the distribution of atmospheric 
^pres8ure over the surface of the globe. 
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THE EPIDEMIC OF INFLUENZA. 

F or the first time after an immunity of nearly half 
a century, our country is again threatened with 
an epidemic of influenza. The atccounts we receive of 
epidemic illness, in Russia, in Germany, and last of all 
in Paris, seem to make its irruption here every week more 
imminent. The question will, however, naturally be asked 
by the public, whether there is any real ground, in the 
history and in what is known of the nature of the disease, 
for such an apprehension ? Is it a disease really brought 
from a distance ? Is it anything more than the general 
prevalence of catarrhal affections, of colds and coughs, 
which the time of year, and the remarkably unsettled 
weather we have lately experienced, make readily ex- 
plicable without any foreign importation? Indeed, is 
influenza, after all, anything more than a severe form of 
the fashionable complaint of the season ? 

To answer the last question first, and so to puf it by, 
there can be little doubt that influenza is a distinct, 
specific affection, and not a mere modification of the 
common cold. The grounds for this belief cannot be 
fully stated here, but may be gathered by reference to 
the descriptions of the disease as seen in former out- 
breaks by physicians of the older generation ; for instance, 
by Sir Thomas Watson in his classical “ Principles of 
Physic,” or the late Dr. Peacock in his article in Quain’s 
“ Dictionary of Medicine.” 

These symptoms, the history of the disease, and its 
distribution, all justify us in treating it as a distinct and 
specific disease, which when it is prevalent will rarely be 
mistaken, though, with regard to isolated and sporadic 
cases, difficulties of diagnosis may arise. About its 
nature, or its affinities with other diseases, it is unne- 
cessary to speculate. It will be sufficient to inquire what 
its recorded history in the past justifies us in expecting as 
to its behaviour in the future. There are few cases in 
which history proves so important an element in the 
scientific conception of a disease as it does in that of 
influenza. For hardly any disease shows a more marked 
tendency to occur in epidemics — that is, in outbreaks 
strictly limited in point of time. After long intervals of 
inaction or apparent death, it springs up again. Its 
chronology is very remarkable. Though probably occur- 
ring in Europe from very early times, it first emerged as 
a definitely known historical epidemic in the year 1510. 
Since then, more than too general European epidemics 
have been recorded, besides nearly as many more limited 
to certain localities. Many of them have in their origin 
and progress exhibited the type to which that of the pre- 
sent year seems to conform, ' We need not go further 
back than the great epidexoieof 1782, tint traceable in 
Russia, though there bt^eved to have teOn' derived from 
Asia. In St Petersbutg, on January 2, coincidently 
with a remarkable rise of temperatiuw from 3 S^ F. below 
freezing to 5^ above, 40,000 parsons are said to have 
been simultaneously taken ill. Thence the disease spread 
over the Cimtinent, where one-half of the inhabitants were 
supposed to have been affected, and reached England in 
VoL. XU.— -No. 1051. 


May. It was a remarkable feature in this epidemic that 
two fleets which left Portsmouth about the same time were 
attacked by influenza at sea about the same day, though 
they had no communication with each other or with the 
shore. 

There were many epidemics in the first half of this 
century ; and the most important of them showed a simi- 
lar course and geographical distribution. In f%3o started 
a formidable epidemic, the origin of which is referred to 
China, but which at all events by the end of the year had 
invaded Russia, and broke out in Petersburg in January » 
1831. Germany and France were overrun in the spring, 
and by June it had reached England. Again, two years 
later, in January 1833, there was an outbreak in Russia, 
which spread to Germany and France successively, and 
on April 3, the first cases of influenza were seen in our 
metropolis; ‘*all London,” in Watson’s words, “being 
smitten with it on that and the following day.” On 
this same fateful day Watson records that a ship ap- 
proaching the Devonshire coast was suddenly smitten 
with influenza, and within half an hour forty men 
were ill. In 1836 another epidemic appeared in 
Russia ; and in January 1837, Berlin and London 
were almost simultaneously attacked. Ten years 
later, in 1847, .the last great epidemic raged in 
our own country, and was very severe in November, 
having been observed in Petersburg in March, and having 
prevailed very generally all over Europe. 

Some of these epidqimics are believed to haj^ travelled 
still further westward, to America ; but the evidence on 
this point seems less conclusive. Without entering on 
further historical details, and without speculating on the 
nature of the disease, we may conclude that these 
broad facts are enough to show that a more or less rapid 
extension from east to west has been the rule in most of 
the great European epidemics of influenza; and that 
therefore its successive appearance in Russia, Germany, 
and France, makes its extension to our own country in the 
highest degree probable. 

There are; it is true, certain facts on the other side, but 
they appear much less cogent. Since our last great visita- 
tion, certain epidemics of influenza have been recorded 
on the Continent which have not reached our shores. 
One was that of Paris in 1866-67 ; another at Berlin in 
1874-75, of ^ disease described by the German doctors 
as influenza, and of great severity, affecting all classes of 
society. But in all epidemic and even contagious 
diseases there are outbreaks which seem to be self-limited 
from the first, showing no tendency to spread. This has 
been notably the case with plague and cholera. On the 
other hand, when an epidemic shows an expansive and 
progtossive character, it is impossible to predict the pxtent 
to which it may spread. And the present epidemic, it 
must be confessed, appears to have this expansive 
character. ^ 

Many interesting jgoints are suggested by this historical 
retrospect* What is the meaning of the westward*spread 
of influenza, of cholera, and other diseases? Is it a uni- 
versal law ? To this it must be said, that it is by no 
means* the universal law even witlw influenza, which has 
spread through other parts of the world in every kind of 
direction, but it do«s seem to hold good for Europe, at 
least in the northern parts. The significance of this law, 
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as of the intermittent appearances of influenza, probably 
is that this is in Europe not tin indigenous disease, but 
one imported from Asia. Possibly we may some day 
track it to its original home in the East, as the old plague 
and the modern cholera have been traced. 

As regards, however, the European distribution of influ- 
enza, it has often been thought to depend upon the pre- 
valence of easterly and north-easterly winds. There are 
many reasons for thinking that the contagium of this 
disease is borne through the air by winds rather than by 
< human intercourse. One reason for thinking so is that 
it does not appear to travel along the lines of human com- 
munications, and, as is seen in the infection of ships !at 
sea, is capable of making considerable leaps. The 
mode of transmission, too, would explain the remarkable 
facts noticed above of the sudden outbreak of the disease 
in certain places, and its attacking so many people simul- 
taneously, which could hardly be the case if the infection 
had to be transmitted from one person to another. 

Another important question, and one certain to be often 
asked, is suggested by the last — namely, whether influenza 
is conta gious. During former epidemics great care was 
taken to collect the experience of the profession on this 
point, and its difficulty is shown by the fact that opinions 
were much divided. Some thought the disease could be 
transmitted by direct contagion, while others doubted it. 
But there was and is a general agreement that this is not 
the chief way in which the disease spreads, either in a 
single towQ, oj from place to places 

We must avoid the fascinating topic of the cause of 
influenza, or our limits would be speedily outrun. But 
one simple lesson may be drawn from the facts already 
mentioned — namely, that the disease is not produced by 
any kind of weather, though that, of all possible causes of 
disease, is the one most often incriminated in this coun- 
try. It is true that some of our worst epidemics have 
occurred in winter, but several have happened in summer ; 
and the disease has been known in all parts of the world, 
in every variety of climate and atmospheric condition j 
so that it is certainly not due to a little more or less of 
heat or cold, moisture or dryness. Its constancy of type, 
the mode of its transmission, its independence of climatic 
and seasonal conditions, all suggest that its cause is 
“ specific," — ^that is, having the properties of growth and 
multiplication which belong to a living thing. 

Whether the disease affects the lower animals is not 
absolutely certain, but the human epidemic has often 
been preceded or accompanied by an epidemic among 
horses of a very similar disease. It is pretty well known 
that such a disease is now very prevalent among horses 
in London. Nearly three wee^ ago, one of the railway 
companies in London had 120 horses on the sick list, 
and the epidemic is still by no means extinguished To 
a certain extent this must be taken as prognostic of human 
influenza. 

It may be asked, if the influenza is ^really to come, can 
we formrany notion how soon it is likely to appear ? On 
such a point little beyond speculation is possible, for the 
rate at which the disease travels is extremely variable. 
Generally, it has taken some weeks, or even months, 
to traverse Europe, but occasionally much less, as, for 
‘ ^staqce, in 1833, when it appeared to travel from Berlin 
Paris in two days. It is now barely a month since 


the epidemic bpcame noticeable in Petersburg, where, 
according to a correspondent of the British Medical 
Journal y it began on November 15 or 17, though 
sporadic cases had undoubtedly occurred earlier. In the 
beginning of December it was already widely spread 
throughout Russsia, and, as it would seem from the pub- 
lished accounts, must have been in Berlin about the 
same time. In Paris the first admitted and recorded 
cases occurred about December .10, though doubtless 
there were cases before that date. Both public and 
private accounts report it exceedingly prevalent there 
now. In London, notwithstanding the abundance of 
colds and coughs, and the mysterious rumours which 
have been afloat, it appears to the present writer doubt- 
ful whether any cases of true influenza have yet occurred. 
But* according to its apparent rate of progress, it might, 
if coming from Paris, have already arrived here ; and it may 
be breaking out even while these lines are going through the 
press. But, on the whole, one would be disposed to give 
the epidemic another week or two. If its distribution 
depends, as it seems to do, on the winds, it is impos-' 
sible to prophesy with much plausibility. A steady breeze 
setting in from one of the affected places might bring us 
an invasion in a very short time ; but the current of air 
would have to be continuous over the whole district. 
Light local winds, whatever their direction, would, if the 
hypothesis be correct, have little effect. On the other 
hand, a steady frost, with an anticyclone " period, might 
effectually keep off the disease. If, then, there is any- 
thing in the views above stated, prophecy belongs rather 
to the province of the weather-doctors than of the medical 
doctors. 

Should the prospect seem a grave one, it may be some 
consolation to remember that an epidemic of influenza 
rarely lasts more than a few weeks— three to six — in one 
place ; that it is rarely a fatal disease, though affecting 
large numbers of people ; and that the present epidemic 
seems to have displayed on the Continent a decidedly 
mild type, which, according to the general rule, it is 
likely to retain. J. F. P- 

THE HORNY SPONGES. 

A Monograph of the Homy Sponges. By Robert von 
Lendenfeld. (London : Published for the Royal Society 
by Trubner and Co., Ludgate Hill, 1889.) 

W ITHIN the last few years, and as a direct result of 
the famous Expedition of the Challenger^ three 
most important monographs of the sponges belonging to 
the groups of the Hexactinellida, Monaxonida, and the 
Tetractinellida have been published, nor must the valuable 
contributions by PoHjaeff to the history of the remaining 
groups, Calcarea and Keratosa, be overlooked. The 
Calcarea had the advantage of having been already 
monographed by Haeckel, and so there only remained 
the Homy Sponges to be fully described, in order that 
the natural history of the sponges should be up to date. 

Such a work has now been accomplished— thanks to 
the liberality of the Royal Society— by the labour and 
scientific skill of Dr. Robert von Lendenfeld. This mono- 
graph forms a fine quarto volume of over 900 pages, with 
an atlas of fifty lithographed plates. - 
While a student at the University of Graz, Lendenfeld 
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tells us, his time was chiefly spent in tlie zoological labor- 
atory of Prof. F. E. Schulze, then engaged on those re- 
searches on the natural history of sponges with which 
his name will ever be associated. This led him to take a 
special intest in the group, and to work out its history, 
first in the Mediterranean, and then at Melbourne and 
other places on the southern coast of Australia — a coast 
exceedingly rich in organisms of this class. From Mel- 
bourne, New Zealand was visited, and the Christchurch 
and Dunedin collections were examined. Next, that ap- 
parent El Dorado of the spongologist, Sydney, was ex- 
plored, and, thanks to the splendid liberality of Sir 
William Macleay, Lendenfeld was enabled to establish 
a laboratory at the water-edge, and to study in a very 
thorough manner the sponges of this district. 

With such abundant material, and with such reaftiy 
help, nothing was wanting to work out the structural his- 
tory of the species of the group. But to describe and 
name them, reference to type speciqiens was, above all 
things, necessary, and these latter were to be found most 
conveniently in the British Museum ; thither, therefore, 
Lendenfeld came, early in 1886, at first resolved to write 
an account of the Australian Homy Sponges ; but for- 
tunately finding, during the progress of this work, that 
so great a proportion of the known forms were Austra- 
lian, he determined to make a complete monograph of 
the group, and hence the volume which we proceed to 
notice. 

This monograph of the Horny Sponges is divided into 
three parts ; (i) an introduction, containing a brief his- 
torical summary and a detailed list of publications relat- 
ing to sponges ; (2) an analytical portion, devoted to the 
systematic description of all the known Horny Sponges ; 
and (3) a synthetical part, in which the anatomy and 
physiology of sponges, especially of Horny Sponges, are 
treated, and their phylogeny, systematic position, and 
classification discussed. 

Of the very extensive and scattered literature relating 
to the sponges, a most excellent bibliography is given ; 
the papers are arranged alphabetically under their authors’ 
names, but the publications of each author are given 
chronologically ; the number of pages in each memoir is 
given, but, unfortunately, no reference is made to illustra- 
tions; abstracts and translations of papers are always 
quoted. 

Considering the genus as ** the important unit,” the 
analytical part consists essentially of a series of mono- 
graphs of the genera of Homy Sponges, but “ species ” 
as such are described ; and the author has “ done his 
best to make the different species equivalertt,” though 
this has been difficult of achievement. In those cases 
where he has felt compelled to establish varieties, he has 
followed the plan of K Haeckel and F. £. Schulze, and 
has divided the whole species into ‘‘the requisite number 
of equivalent varieties.” The total number of the species 
and varieties described amounts to 348, of which no less 
than 258 have been found in the Australian hrea. 

It would not be possible, within any reasonable space, 
to give any satisfactory details of the analytical portion 
of this monograph. The descriptions of each genus are 
grouped into^an historical introduction ; a sketch of the 
shape, size, colour, surface, and rigidity characteristic of 
the .group; an account of the c^al system, skeleton, 


with notes on the histology and physiology ; the affinities 
of the genus ; statistics of the species, with a key thereto, 
and details of distribution. Doubts must of necessity 
arise as to the exact limits that each author would ascribe 
to the species described by him, and in doubtful cases of 
this sort Dr. Lendenfeld has adopted the plan of placing 
no authors’ names after them, but gives a full list of 
synonyms ; we think it a pity that in these lists th^memoirs, 
instead of being quoted, are simply referred to by num- 
bers, for the explanation of which one must refer to the 
bibliographical list. 

It is in the synthetical part, in which the general re- 
sults are discussed, that the chief interest of this work 
lies, at least for the general reader. Here we have the 
questions of the general stmcture and evolution of sponges 
as a group considered, and their classification and sys- 
tematic position discussed ; and finally, as the fashion 
of some authors is, “ an ancestral tree of the families ” 
is given. Starting with the story of the metamorphic 
development of sponges, we find the primitive sponge 
defined as consisting of a simple ento- and ectoderm, 
and a thin mesoglcea — a very primitive mesoderm — be- 
tween the two. Dr. Lendenfeld thinks that it is now 
generally acknowledged that the Physemaria, which 
Haeckel considered as “ Gastreaden der Gegenwart,” are 
not sponges at all, but Protozoa, so that they need not 
here be taken into account. Of course, it is evident that 
the views about these Physemarias, held at present by 
Haeckel, were, at the; time of his thus writing, un- 
known to Dr. Lendenfeld. The modifietf Gastraa is 
traced onwards in its development, and the morphology 
of the adult structures are passed under review; their 
want of symmetry — and the exceptions are but few— is 
noted. None of the Horny Sponges are green ; blue is 
never observed in the group, the range of colour being 
from light yellow to dark brown, light to dark red, and 
light to a dark, almost black, violet ; the colour is lost in all, 
with a few exceptions, such as xnApiysillaviolacea, when 
the sponge is preserved. The Horny Sponges would 
seem never to imitate their surroundings in colour, but 
'it is suggested that in some cases the intense vivid 
colours may have the effect of frightening their enemies. 

An attempt is made to account for the shape of the 
sponge conuli as the result of two pressure forces and to 
express this by formula. The biological student will 
scarcely be grateful for this, and is likely to be bewildered 
when he reads that “ the conuli are hyperbolic rotatory 
bodies, formed by the rotating of the hyperbola, 

^ . .*■)/(/ -h / . jr), 

round an axis parallel to the direction of pressure tl^ough 
the summit of the conulus.” The canal system is de- 
scribed in some detail, the author not confining himself 
to the HomySponges. In contrasting this system in the 
Hexactinellida and the Hexaceratina, ^ere seems somiS 
little confusion as to tte comparative “ tenderness ’«of the 
structures. The absence of spicules (siliceous) in the 
fibres is considered as the characteristic feature of the 
Homy Sponges, which distinguishes them from ■ their 
^icqoue ancestors ; but in the superficial fibres of Aulena, 
echinatii^ proper . §picules occur ; in the ground sub- 
stance fd several genera of Spongeliadse^ microsclera are 
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to be found, while in Darwinella, triaxon horny spicules 
abound. 

Very interesting accounts are given of the connective 
tissue, muscle cells, and nervous system. Stewart’s 
account of the ** palpocils ” is accepted ; and, although 
Prof. Stewart’s specimens are the only ones which show 
these organs properly, yet Lendenfeld thinks that, when 
groups of* converging sense-cells are observed (in sections) 
below the continuous surface, these may be regarded as 
the cells of a “ retracted ” palpocil. 

The researches of the author have thrown but little 
fresh light on the subject of the occurrence of the strange 

filaments ” in the species of the genus Hircinia ; these 
filaments are generally more abundant in the superficial 
layer than in the interior of the sponge. They may be 
isolated, or arranged in bundles of varying thickness, in 
which they are parallel. Such bundles are particularly 
conspicuous in J/. gigantea, where they form a pretty 
uniform network which pervades the whole of the sponge. 
The filaments are never straight : they may be continuously 
and simply curved, or they are undulating. The latter form 
of curvature is particularly frequently observed in the 
filaments which are joined to form large bundles. While 
their abundance is subject to variation, no case of a 
sponge with but a few isolated filaments is on record. No 
apparent young stages of these filaments have been seen. 
Schulze’s researches enabled him to make no positive 
statement concerning them, but they at the same time 
demonstj^iejl that “ no cellulose is contained in them, 
that they have no trace of true cellular structure, and 
that they contain a great deal of nitrogen (9'2 per cent, of 
their substance), and that they are not Algae. The resist- 
ance of the filaments in boiling alkali is against their 
being ordinary Fungi, while their general chemical com- 
position indicates no relationship to the ordinary sponge 
skeleton.” As to the very minute dumb-bell shaped struc- 
tures observed by Poldjaeff, and considered by him to be 
young stages of the filaments, Lendenfeld thinks that this 
is extremely doubtful, “ particularly as nobody besides 
Poldjaeif has seen them in H. friabilis or any other 
sponge.” But is this so ? for in another paragraph we* 
read ; — 

“The spherical bodies which Schmidt and Poldjaeff 
consider as young stages of these filaments— in fact, as 
terminal knots^ either dropped ofiF, or on the way to pro- 
duce a filament — have also been observed and carerally 
studied by Schulze, who considers them as monocellular 
Algse, which have nothing whatever to do with the 
filaments.” 

Lendenfeld says that “ no trace of filaments or * spores * 
can be detected in the young embryos which are often 
found in specimens of Hircinia.” 

oh the physiology of the group, this_| monograph throws 
but little light ; — 

“ Our knowledge of the vital functions of sponges is at 
present exceedii^ly unsatisfactory^ We do not even 
knowvwhich parts of the sponge absorb nouridiment, 
or, in fact, what kind of food the sponges take in. We 
are equsdly ignorant concerning their respiration and 
secretion.’^ 

There being then no facts to serve us as guides to 
knowledge, the next “best thing” is to have recourse to 
imaginations^- and our author “ thinks ” that “ it is by no 


means unlikely that the sponges may exclusively absorb 
liquid food — that is to say, organic substances dissolved 
in the water which is continuously passing through their 
canal system. All the other organisms in which arrange- 
ments are made to insure a continuous water current — 
I refer to the higher plants — absorb exclusively nourishing 
material in solution (the absorption of gaseous food by 
plants does not concern us here). The existence of a 
traversing canal system and a continuous water current 
seems to me to point to the nourishing material of 
sponges being in solution in the sea-water. The numerous 
fine sieves and filter arrangements generally, and the mere 
fact that the water always enters through the smaller holes 
and is expelled through the larger, clearly shows that the 
sponges are not desirous that large food-particles should 
enter their canal system.” 

Even granting that the word “ exclusively ” should be 
after the word “material,” we do not quite understand 
the comparison of the well-known facts of plant physiology 
as they are presented to us in the above extract, nor see 
how it helps us to an understanding of how the sponge 
adds to its protoplasm ; the undoubted power possessed 
by sdtne of the sponge-cells to lay down silica, lime, &c., is 
quite different functionally from the phenomena attending 
growth and development, using these terms in Herbert 
Spencer’s sense; but once set a thinking, our author 
proceeds, and telling us that a “ tape-worm is an animal 
which takes up liquid food, and which has no special 
digestive apparatus, and that it evidently takes up a great 
quantity of material from the surrounding chyle through 
the apparently indifferent cylindrical ectodermal epithe- 
lium cells ; that the excess material and waste products 
are got rid of by the nephrydia,” he goes on to say 
that he is inclined “ to think that in sponges we may have 
a similar mode of absorption of nourishment ” ; but then, 
where are the nephrydia or their analogues? and he 
thinks again “ that it is not impossible that the ciliated 
chambers may be partly analogous to the nephrydia of 
the Coelomata, and that the collar-cells may, besides 
performing othtr functions, also secrete the urine.” 
However uncertain, he adds, this hypothesis may appear, 

“ I think there can be no doubt that there is more proba- 
bility in it than in the view, held by Carter and otWs of 
the older authors, that the ciliated chambers are merely 
digestive apparatus.” This seems a rather dreamy hypo- 
thesis, with no facts for its foundation ; but it is but fair 
to remark that it comes at the very end of a volume which 
is a record of numerous and important observations. 

Under the headings variability, ^>arasitism, and sym- 
biosis, many interesting details are given. The author 
thinks that certain forms of Aulena and Chalinopsilla 
imitate “ certain siliciferous Comacuspongise. These 
sponges have descended from those which they imitate ; 
and, whilst they have lost the spicules in the fibres, they 
have retained the outer appearance of their better pro- 
tected ancestors in a most striking manner.” Apparently, 

“ the primordial sponge ancestors were free-swimming, 
and had no skdeton. Some produced a calcareous, 
others a siliceous skeleton ; in both the subsequent 
development, the formation of ciliated chambers, which 
the ancestors did not possess, and the fixing of the axis 
and rays of the spicules, were* the same. The primordial 
Silicea had indiferent irregular spicules, from which the 
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triaxon and the tetraxon spicules were developed by an 
adaptation of the divergent development of the canal 
system.. The primordial forms of both lived in water 
rich in silica, and certain forms of both lost their spicules 
in consequence perhaps, of rising from deeper to shallower 
water, where silica is more scarce. In both, some forms 
have lost the skeleton altogether, while others have re- 
placed it gradually by spongin.” 

While acknowledging that some authors whose opinions 
must carry great weight, such as Balfour, Butschli, and 
Sollas, consider the sponges as a separate group, equal 
in value to the groups Protozoa and Metazoa, Lendenfeld 
cannot but conclude that the sponges are, without doubt, 
Metazoa, and certainly Coelentera, in the sense of being 
provided with a simple body cavity. 

The last twenty pages of the work are devoted tq a 
synopsis of all the known sponges, giving the classes, 
families, orders, and genera. In this extremely useful list 
there is a short analysis of the families and orders, 
which is based on the labours of Vosmaer, Ridley, Dendy, 
3 ollas, Schulze, added to those of the author’s own. The 
author ends his treatise with the statement that “ Now 
that all the groups of sponges have been thorougyy in- 
vestigated, we may consider our knowledge of their phylo- 
genetic affinities established on a satisfactory footing” 
(p. 909) ; but it seems well to call to mind the statement 
with which he closes his short preface, and with which we 
feel the more inclined to agree, “ our present knowledge 
of the group . . . has only just arrived at a stage corre- 
sponding to the knowledge of the higher animals of half 
a century ago ” (p. 5). 

In concluding our only too brief notice of this important 
work, for which all workers on the group must thank Dr. 
Lendenfeld, we may mention that the sponge portraits 
are for the most part photo-lithographs taken from the 
original types ; though in a few cases, where no good 
specimens were available, the lithographic illustrations 
are from drawings. 


THE FLOE A OF SUFFOLK. 

The Flora of Suffolk. By W. M. Hind, LL.D., Rector 
of Honington, assisted by the late Churchill Babing- 
ton, D.D., F.L.S. With a Chapter on the Geology, 
Climate, and Meteorology of Suffolk, by Wheelton 
Hind, M.D., F.R.C.S. Pp. 508, with a Map. (Lon- 
don : Gilbert and Jackson, 1889.} 

S UFFOLK is a characteristic lowland maritime Eng- 
lish county, the flora of which, at the present day, 
contains absolutely no infusion of the boreal element. 
Its area is about 1 500 square miles. The whole surface 
is flat, without any prominent rocks. It is underlain by 
chalk, which, in the north and west, lies immediately 
below the subsoil, but, in the south and east, is covered 
by Tertiary and GUcial deposits, which at Harwich have 
been found to reach a thickness of 1000 feet before the 
chalk is reached. In White’s history of the county, its 
soils are classified into three groups: heavy lands, in 
which clay predominates ; mixed land, common mixed 
soil, rich deep moulds, fen-lands, and rich marshes ; and 
light lands, consisting of sand over chalk. To the first 
set belong the soils of the western two-thirds of the 


county, except in the extreme north and near the coast. 
The mixed lands are found — one portion east of the heavy 
lands between the Orwell and the Stour ; a second in the 
north, between Halesworth and Yarmouth ; and a third 
west of the heavy lands between Holston and New- 
market. The sandy, or light, soils are in the extreme 
north-west, in what is called the Breck district,” between 
Thetford: and Mildenhall, where are found ^he rarest 
plants of the county, such as Veronica hybrida^ V. Iri- 
phylloSy V. vema, and Afera interrupta. The coast is 
remarkable for the extent of its tidal estuaries and bays, 
creeks and havens. There are no cliffs of any consider- 
able height, but a great extent of sand and shingle. The 
beach at Orford, where grows the great mass of Lathyrus 
maritimusy the seeds of which saved the life of many 
poor people in a famine in the middle of the sixteenth 
century, is said to have the greatest breadth of sand any- 
where on the English coast. The rivers are shallow 
streams with slow currents. In the north-east there are 
several lakes of brackish water, not so well known as the 
Norfolk Broads, of which Braydon Water covers 1200, 
and Thorpe Mere looo, acres. The fresh-water lakes of 
the county are few and small. There is a considerable 
area of fen- and marsh-land, both in the north-west and 
east, so that we get in the county all the conditions that 
produce a rich low-country flora, and, superadded to the 
common lowland plants, rarities characteristic of chalk 
country, the seashore, and fen-land ditches and marshes. 

The country is so easy of access from the centres where 
have lived many of the best botanists of Ijygaiie time, 
such as London, Cambridge, Yarmouth, Norwich, and 
Saffron Walden, that the principal features of its botany 
have long been known, and many e.xcellent botanists, 
from the time of Buddie down to the present day, have 
resided within its compass. The father of Suffolk botany 
was Sir John Cullum, F.R.S., who lived near Bury St. 
Edmunds, and kept a diary between 1772 and 1785, in 
which he has recorded the occurrence of upwards of 500 
plants. To his son. Sir Thomas Cullum, F.R.S., who 
was also an enthusiastic botanist. Sir J. E. Smith dedi- 
^ cated his English Flora.” In the present work there is 
not only a full general history of the progress of Suffolk 
botany, but, under each plant, the name of its first known 
collector is registered. The first “ Flora” of the county 
was published in i860. It was carried out mainly by the 
exertions of the late Mr. E. Skepper, working under the 
superintendence of Prof. Henslow. After it was pub- 
lished, Mr. Skepper made a great many notes for a new 
edition, but he died in 1867. For several years the Rev. 
Churchill Babington, who settled in the county in 1866, 
paid attention to the subject. In 1875, the Rev. W. M. 
Hind, a very competent botanist, well known by his 
“ Flora of Harrow,” settled in the county, an^ Df. 
Babington sought and obtained his assistance to carry 
on the work. Dr. Babington died early in the present 
year. « 

The bulk of the book is, of course^ occupied by the 
enumeration of the species and an account of the dis- 
tributism and special localities of the varieties. The 
county is divided into five districts, and the distribution 
of the plants is traced through them? Only the Phanero- 
gamis and Vascular Cryptogamia are dealt with, but 
the mosses of the*county have also been well worked. 
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There is also a detailed tabular comparison of the plants 
of Suffolk with those of Norfolk, Cambridgeshire, and 
Essex, and a short chapter on the characteristic plants of 
the different soils of the county, which will be found very 
interesting to students of plant-dispersion. The chapters 
contributed by Dr. Wheeler Hind, the son of the editor, 
on the geology, physical geography, and meteorology of 
the county are very full, clear, and add greatly to the 
interest of the book. 

One of the most interesting circumstances in the county 
flora is the occurrence of several maritime plants far 
inland. In the Breck country, between Thetford and 
Mildenhall, grow Vicia luteay Eryihrcra littoraUs, Rumex 
mariiimusy Carex arenaria, Phleum arenariuniy and 
Corynephorus canescens. These are all seaside plants, 
and their occurrence fifty miles inland is accounted for 
by Prof. Newton and the editor by supposing that an arm 
of the sea has penetrated here southward from the Wash 
at a comparatively recent period. 

It is in Norfolk and Suffolk that the most valuable 
observations have been made, by Mr. Clement Reid and 
his fellow-workers, in illustration of the time of origin 
of our present British flora. The Cromer plant-bed ex- 
tends into Suffolk, past Pakefield, to Southwold and Dun- 
wich. This is pre-glacial, and yet, out of upwards of forty 
plants found in it that have been clearly identified, there 
are only two that are not British now — the spruce fir and 
Trapa natans. At Hoxne, near Diss, lacustrine deposits 
have been found resting on a bed of boulder clay, but 
beneath ’Jbods which contain bonds of the elephant. In 
these are contained Salix polarisy S. Myrsinitesy Betula 
nanuy Hypnum sarmentosum, and a Pinus which is 
probably sytvestris — all characteristic Arctic-Alpine types, 
associated with many lowland plants which grow un- 
changed in Suffolk at the present time. A chapter in the 
book contains a list of all these plants, but their geological 
position is not clearly explained. 

It will be seen that this is a very interesting and com- 
plete county flora, and that it is worthy of being studied 
carefully by all who are interested in the distribution of 
our indigenous plants. J. G. B. 

thp: manufacture of iron and steel. 

Iron and Steel Manufacture. By Arthur H. Hiorns. 

(London : Macmillan and Co., 1889.) 

T his volume is meant as a text-book for beginners, 
and will very worthily occupy that position. It is 
full of information, and information of the very kind 
which the student should possess before entering upon 
the study of the greater works of Percy or Phillips. On 
the other hand, those already engaged in the metallurgy 
of iron and steel will find in these pages much that may 
be referred to. 

The book begins with a brief history of the processes 
that have been employed down to our own time, the land- 
marks, in which ire Dud Dudley’s Successful attempts to 
smelt with coal at the beginning of the seventeenth cen- 
tury ; Cort’s introduction of the puddling process in 1784 ; 
Neilson’s recommen^tion to use hot blast in 1828 ; the 
revolution produced^ in the iron trade by the invention 
'of the Bessemer steel process in 185^, as supplemented 
By R. F*.Mushet, of the Siemens furnace and steel 


process, and finally of Thomas and Gilchrist’s basic 
process. 

The chapter which deals with chemical principles and 
changes, inserted for the benefit of those having a limited 
knowledge of chemistry, is valuable on account of the 
simple manner in which it is written ; this is particularly 
the case as regards oxidizing and reducing agents, the 
examples given of oxidation and reduction showing the 
reactions very clearly. A chapter is devoted to the 
definition of metallurgical terms, refractory materials and 
fuel, another to the ores and alloys of iron, and then a 
description of the various processes employed in the metal- 
lurgy of iron and steel is given, attention being pretty 
equally divided between the two metals. 

The most ancient and most difficult method of ex- 
traditing iron from the ere is what is known as the direct 
method, and the author explains clearly the two causes of 
its failure, whether in the case of the old Catalan or any 
of the modern processes, and the reason why the blast 
furnace, although an indirect, has proved so successful' a 
method. These two causes are *^the easy oxidation of 
iron by carbonic acid and water, at the temperature at 
whiclt ferrous oxide is reduced to the metallic state by 
carbon, carbonic oxide, or hydrogen, and the facility with 
which iron at a red heat combines with carbon.” 

The preparation of the ores for reduction in the blast 
furnace and their treatment therein are next brought 
forward, the advantages and disadvantages of the hot 
blast, the utilization of waste gases, the dimensions and 
form of blast furnace and subsidiary subjects being 
treated of. 

The metal being now in the state of pig-iron, the means 
of refining and puddling are described ; the various ar- 
rangements are set forth by which attempts have been 
^ made to effect the work of the puddler by mechanical 
; means, whether by automatic rabbles or rotatory furnaces, 
and their relative advantages and disadvantages. A chap- 
ter is devoted to the treatment of puddled iron under 
the hammer and in the rolling mill, and to the tinning 
and galvanizing of iron. 

Leaving the subject of malleable iron, the author next 
considers the question of iron-founding. He describes 
the cupola furnace in which the pig metal is fused ; and the 
various methods of moulding and casting, and the brands 
of pig-iron used for different purposes, are treated of. 

About a third of the book is devoted to the considera- 
tion of steel ; it is in this branch of the treatment of iron 
that the greatest development has occurred of late years, 
and the book under review treats of all the modem 
practice. It is pleasant to find, too, in the preparation of 
an elementary work, that constructive perspective has 
been employed. Modern processes are not brought into 
prominence simply because they are modem, and ancient 
methods are not thrown into the shade if still employed. 
Amongst the latter we find full attention given to the 
cementation process, and crucible steel ; whilst a chapter 
is devoted to each of the processes of Bessemer and 
Siemens. The book finishes with a chapter on steel- 
casting and on testing. 

The volume before us is intended to assist pupils 
preparing for the ordinary grade examinations of the City 
and Guilds of London Institute, and its authot — ^the 
principal of the School of Metalluigy in connection with 
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the Birmingham and Midland Institute — is to be con- 
gratulated on the good work he has dqne in this con- 
nection. The book is illustrated with 72 figures, which agree 
with the simplicity and clearness of the diction, and ques- 
tions are found at the end of each chapter, which have 
been well prepared to test the learner’s apprehension of 
its contents. We are pleased to be able to recommend 
this little work, as a foundation for the study of the 
metallurgy’ of iron and steel. 

OUR BOOK SffELF. 

On the Creation and Physical Structure of the Earth. 

By J. T. Harrison, F.G.S., M.Inst.C.E. (London: 

Longmans, 1889.) 

This book brings to mind one of the most winning of the 
vagaries of childhood. A bright child of an inquiring 
turn will sometimes sit with comical sedateness listening j 
to the talk of its elders. It may afterwards be overheard | 
repeating to one of its playmates, or to some lucky adult 
who has the knack of winning its confidence, such 
.detached scraps of the conversation as have found a 
resting-place in its little brain ; and, conscious even at its 
early age of the necessity of some continuity in a narra- 
tive, filling up the gaps with inventions or criticisnfl of its 
own, charming every way, but mainly on account of their 
utter want of connection with the subject of the conver- 
sation which it is attempting to report. So our author 
has listened to the -teaching of many geologists, and has 
culled many detached passages from their writings : these 
he repeats to the world in a book, printing between them 
comments and lucubrations of his own, about as innocent 
and as little apposite as the child’s prattle — hardly so 
amusing, however. The following passage is a fair sample 
of the writer’s own share in the book. “ The termination 
of the Secondary Period, which introduced these altered 
conditions of the surface of the northern hemisphere, was 
really the commencement of what is called the Glacial 
epoch in Europe. We have noted signs of glaciation 
during the deposition of the up^r chalk in India and 
North America, but now the conditions which induced that 
glaciation are extended in such a manner as to unite 
these districts, and produce that enormous accumulation 
of snow and ice at the North Pole, the weight of which in 
the Miocene epoch depressed the crust in that region 
and upheaved the mighty mountain ranges to which I* 
have Just referred. ” 

The book bristles with cataclysms and catastrophes. 
The shifting of a thin crust on an internal nucleus which 
it does not fit, and incessant protrusions of granite, are 
invoked to account for. phenomena which every-day 
people still persist in thinking are satisfactorily explained 
by eveiy-day causes. But the author is one born out 
of due time — two centuries too late. How he and Burnet 
would have enjoyed a crack together 1 But there is this 
to be said, the Sacred Theory of the Earth” is Burnet’s 
own : the staple of the present work consists of extracts 
from the works others. The mottoes are verses from 
the first chapter of Genesis, but their relevancy to the 
subject-matter of the chapters which they head is not 
obvious. A. H. G, 

Through Atolls and Islands in the Great South Sea. 

By F. J. Moss. (London : Sampson Low, 1889.) 

Mk. Moss — a member of tha House of Representatives, 
New Zealand — started from Auckland, in September 1886, 
in the schooner Buster^ for a voyage among the islands 
and islets of “ the outer lagoon world.” He was absent 
(sfeven months, and during that period he cross^ the 
equator six times, and visited more than forty islands 
among the least frequented groups. In the present 


volume he sums up the impressions produced upon him 
by what he saw and heard in the course of his voyage. 
Mr. Moss, in dealing with matters which really interest 
him, shows that he is an accurate observer and a man 
of sound judgment. His style, although plain and 
unpretending, is well fitted for the task he has fulfilled. 
The best parts of the book are those in which he tries to 
convey some idea of the daily life led by those natives 
whose customs he had an opportunity of studying. He 
appreciates warmly some aspects of thb various 
Polynesian types of character, but thinks that the people 
are likely to degenerate rapidly, unless they can be 
provided with a better class of native teachers than most 
of those to whom the duty of guiding them is now • 
intrusted. What is needed, he thinks, is, that the is- 
landers shall have in their work and in their amusements 
freer scope for the imaginative powers with which they 
are endowed, and the exercise of which is too often 
foolishly discouraged. Everything Mr. Moss has to say 
on this subject deserves the serious consideration of those 
to whom his warnings and counsels are either directly or 
indirectly addressed. 


LETTERS TO THE EDITOR. 

\Th« Editor does not hold himself respmsible for opinions ex- 
pressed by his correspondents, ifeither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Naturs, 
No notice is taken of anonymous communications.^ 

Who Discovered the Teeth in Omithorhynchas ? 

In Nature of November 14 (p. 3 i)> Pmfs. Flower and Latter 
criticUe my note which appeared the week previous (November 
7, p. II), concerning theiliscovery of teeth in thp^a^ng Orni- 
thorhynchus. They promptly dismiss my claim that Sir Everard 
Home discovered the teeth of the young Omithorhynchus, by 
stating that the structures described and figured by Sir Everard 
are the well-known cornules of the adult animal. 

If they will take the trouble to turn to the plate cited by me — 
namely, Plate lix. of the second volume of Home’s "Lectures,” 
1814 — and will read the accompanying explanation, they will see 
that Home was familiar with the teeth of both the young and the 
old animal. 

For the benefit of those whe may not have access to Home’s 
"Lectures,” I here reproduce outline tracings of two of his 
figures. Plate lix. Fig. 2, shows the teeth of the young Omi- 
thorhynchus — the " first set,” as Home says, " to show that 
there are two grinding teeth on each side.” The next figure is 
a similar tracing from the succeeding plate in Home’s " Lectures ” 
(Plate lx.), which represents, to again use Home’s words, "the 
under jaw of the full-grown Omithorhynchus paradoxus, to 
show that there is only one grinder on each side.” Both of 
these figures are natural size. 

In the face of these feuts, further comment seems unnecessary. 

I admit, of course, that Home did not discover the chemical 
composition of the teeth of the young animal — this was Poulton's 
discoveiy. C. Hart Merriam. 

I Washington, D.C., November 30. 

[We do not reproduce the outlines sent, as anyone interested 
in the subject may see the originals, not only in Home’s " Com- 
parative Anatomy,” but in the Philosophical Transactions, where 
they first appeared.— tEd. Nature.] 

I SHOULD be very sorry to deny the credit of any discovery 
to Sir Everard Home, or anyone else, if any evidence could 
be shown of its having been made. Of the figures cited by Qr. 
Hart Merriam, that of the younger animal «eems (as far as can be 
judged from the rouglfly executra engraving, with the q^istance 
of Hie descriptive text) to represent the homy plates, showing 
the hollows from which the true teeth have recently fallen ; that 
of the old specimen, the same plates after th^ nt fully grown, 
and their surfaces worn down by attritipn. This difference led 
Home to conjecture that these plates were dianged duriiw thq 
growth of the animal — a view which was corrected by Owen 
(" Comp. Anat. of Vertebrates," vol. iii. p. 272), by the statement 



152 


NA TURE 


\Dec. 19, 1889 . 


that each division or tubercle of the [horny] molar is separately 
developed, and they become confluent in the course of growth.” 
By the way, no one can have been better acquainted with the 
work of Home than his successor in the Hunterian Chair, Sir 
Richard Owen ; and yet, in his numerous references to this 
subject (Art. “ Monotremata,” Cyclop. Anat. and Physio 
logy*’; ” Odontography * ‘Comp. Anat. of Vertebrates, ”&c.), 
no trace is shown of any knowledge of a discovery which could 
not have failed to have interested him, if it had been made 
before bis t^pe. 

If a cursory perusal of Sir Everard Home’s first account of 
the mouth of the Ornithorhynchus (in the Philosophical Trans- 
actions for 1800), or any interf>retation placed upon his figures, 
might lead anyone to infer, with Dr. Merriam, that the real 
» teeth of the young animal had been discovered at that time, 
the best possible authority may be conclusively cited against 
such an idea, no other than that of Home himself, who, in his 
Inter description of the same specimen (“ Lectures on Compara- 
tive Anatomy,” 1814), describes the organs in question as “the 
first set of ctiticularteeth^^ — an expression quite incompatible with 
their being the teeth described by Mr. Poulton and Mr. Oldfield 
Thomas. It really seems superfluous to have to remind a 
zoologist of such high repute as Dr. Hart Merriam that the 
difference between teeth with the structure and mode of growth 
which characterize these organs in the Mammalia generally, 
and the horny epithelial plates of Ornithorhynchus, is not merely 
one of “ chemical composition.” W. H. Flower. 


The Pigment of the Touraco and the Tree Porcupine. 

Attention has been lately again directed to the red pigment 
in the wing feathers of the touraco, which has been stated by 
several observers to be soluble in pure water. Prof. Church, 
who was the first to experiment upon this pigment ( The Student^ 
vol. i., 1868 ; PhiL Trans, ^ 1S69), quotes Mr. Tegetmeicr and 
others, to the effect that this pigment can be washed out of the 
feathers by wa ter. Later, M. Verreaux (Proc. Zool. Soc., 1871) 
confirmc(i’'1fi!hst* statements from his *own experiments while 
travelling in South Africa ; attempting to catch one of these birds 
whose feathers were sodden with rain, he found that the colour 
stained his hands “blood-red.” A few years ago Prof. Kruken- 
berg (“ Vergl. Ph3rs. Studien ”) took up the study of turacin — as 
Prof. Church termed the pigment — and added some details of 
importance to Prof. Churdi’s account ; Krukenbeig, however, 
contradicted certain of the statements quoted by Church with 
reference to the solubility of turacin in pure water, remarking 
that the pigment in the dead bird is insoluble in water. A 
writer in the Standard of October 17 is able “ partially to con- 
firm ” the assertion that turacin is soluble in pure water. Seeing 
that there is some conflict of opinion with regard to this matter, 
I think it worth while to state that I found it quite easy to ex- 
tract with tap water (warm) some of the pigment from a spirit- 
preserved specimen of the bird ; only a very small amount could 
De extracted in this way, and the feathers were not perceptibly 
decolorized even after remaining in the water for a fortnight. X 
also experimented upon a feather just shed from one of the speci- 
mens now in the Zoological Society’s Gardens ; this was steeped 
in water for some time without any effect being visible, but after 
a period of two days the water became stained a ytxy faint pink. 

The touraco, however, is not a unique instance of a terrestrial 
animal with an external colouring matter soluble in water. I 
am not aware whether other cases have been recorded, but I find 
a pigment of a simitar kind in a South American tree porcupine 
{Sphingurus vilhsus). 

This porcupine has bright yellow spines which are for the 
most part concealed by abundant long hair. The spines them- 
selves are parti-coloured, the greater part being tinged with a 
vivid ytWow ; the tip is blackish-brown. 1 was unable to extract 
this pigment with chloroform, or with absolute alcohol even 
when heated ; like so many other colouring sulxitances which are 
insoluble in these fluids, the pigment could be extracted by 
potash or ammonia ; found also that tajj^ water, warm or cold, 
dissolved out the yellow colour ; the action was slower than 
when the water was first rendered alkaline by the addition of 
ammonia, but, unlike the touraco, the pigment was nearly, if 
not quite, as completely dissolved. The skin, from which the 
spines were taken, was a dried skin of an animal recently living 
in the Zoological Society’s Gardens ; it had not been preserved 
in sJcohol or treated in any way which might lead to the sup* 
pontion that the pigment was chemically' altered. There is. 
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therefore, a considerable probability tliat in the living animal 
the pigment is also soluble in water. I believe that this yellow 
pigment is undescribed, but I have not yet completed my study 
of it ; in any case, it is not zoofulvin or picifulvin, .or any 
“lipochrome.” Frank E. Beddard. 

' Exact Thermometry. 

In the account which Prof. Mills has given (Nature, Decem- 
ber 5, p. 100^ of M. Guillaume’s “Traite pratique de la Thermo- 
metrie de precision,” the permanent ascent of the zero-point of 
a mercurial thermometer, after prolonged heating to a high tem- 
perature, is stated to be due to compression of the bulb— rendered 
more plastic by the high temperature — by the external atmo- 
spheric pressure. 

The constant slow rise of the zero-point of a thermometer at 
the ordinary temperature is mentioned by Prof. Mills ; and the 
late Dr. Joule’s observation of this change in a thermometer 
during twenty-seven years is specially alluded to. It may, I 
imagine, be taken for granted that after the lapse of a sufficient 
length of time — possibly many centuries — a final state of equili- 
brium would be attained ; and it has always appeared to me 
that the effect of heating the thermometer to a high . temperature 
is simply to increase the rate at which this final state is 
approached. It is my impression that, owing to the more rapid 
cooling of the outer parts of the bulb after it has been blown, 
the inner parts are in a state of tension, as, to a very exaggerated, 
degree, in the Prince Rupert’s drops ; and that it is the gradual 
equalization of the tension throughout the glass that causes the 
contradtion ; in other words, that the process is one of slow 
annealing. 

This explanation appears to be supported by the facts — (i) 
that when a thermometer is exposed for a long time to a high 
temperature, the zero-point rises rapidly at first, then more and 
more slowly, and finally becomes constant or nearly so ; (2) that 
the higher the temperature the more rapidly is this state of 
equilibrium attained. I do not know of any experimental 
evidence that the rate of ascent is influenced by changes of 
external pressure, and it seemed to be desirable to test the 
point. 

In order to do this I have exposed three thermometers, A, B, 
and C, constructed by the same maker and of the same kind of 
glass, to a temperature of about 280'’ for several days in the same 
vapour-bath, under the following conditions : — The thermo- 
meters were all placed in glass tubes closed at the bottom (C 
being suspended from above;, and the tubes were heated by the 
vapour of boiling bromonaphthalene. One of the tubes — that 
containing thermometer C — was exhausted so as to reduce the 
external pressure on the bulb to zero ; the others were open to 
the air. In thermometer A there was a vacuum over the 
mercury, but air was admitted into B and C to increase the 
internal pressure. Consequently, the bulb of A was exposed to 
‘a resultant external pressure equal to the difference between the 
barometric pressure and that of the column of mercury in the 
stem of the thermometer ; the internal and external pressures on 
the bulb of B were approximately equal ; lastly, the internal 
pressure on the bulb of C was the sum of the pressures of the 
column of mercury in the stem and of the air above it, while the 
external pressure was zero. 

The following results were obtained : — 

A. Rise. B. Rise. C. Rise. 
Zero before heating ... 0*15 o*io ^ - o*io 

0*35 0*25 040 

After 2 hoars’ heating ... 0*50 0*35 0*30 

o*8o 075 o’So 

After an additional 5} hoars’ 
heating 1*30 i*io i*xo 

Total rise of zero- point... I *15 x *00 x '2a 

The thermometers were heated tmtil 5 p.m. each day, and 
the zero-points read on the following morning. 

If the mminutipn of volume of tbs thermometer bulb, usually 
observed, were doe to external prdiiiure, the zero- point of A 
should have risen, that of B ^should nave remained nearly 
stationary, while that of C dxould have fallen. Instead of this, 
however, the zero'points of all three thcxxnometers rose at nearly 
the same rate ; therefore the yieldix^ of the bulbs to pressure, 
owing to the plasticity of the glass, if it occurred at all, had no 
sensible effect on the result. * , Sydney Young^ 

University College, Bristol, December X2. 
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Locusts in the Red Sea. 

A GREAT flight of locusts passcd over the s.s. Golconda on 
November 25, 1889, when she was off the Great Hanish Islands 
in the Red Sea, in lat. I3**s6 N., and long. 42^-30 E. 

The particulars of the flight may be worthy of record. 

It was first seen crossing the sun’s disk at about ii a.m. as a 
dense white flocculent mass, travelling towards the north-east at 
about the rate of twelve miles an hour. It was observed at noon 
by the oflicer on watch as passing the ^un in the same state of 
density and with equal speed, and so continued till after 2 p.m. 

The flight took place at so high an altitude that it was only 
visible when the locusts were between the eye of the observer and 
the sun ; but the flight must have continued a long time after 
2 p.m., as numerous stragglers fell on board the ship as late as 
6 p.m. 

The course of flight was across the bow of the ship, which at 
the time was directed about 17® west of north, and the flight 
was evidently directed from the African to the Arabian shore of 
the Red Sea. 

The steamship was travelling at the rate of thirteen miles an 
hour, and, supposing the host of insects to have taken only four 
hours in passing, it must have been about 2000 square miles in 
extent. 

Some of us on board amused ourselves with the calculation 
that, if the length and breadth of the swarm were forty-eight 
miles, its thickness half a mile, its density 144 locusts to a cubic 
foot, and the weight of each locust tV ounce, then it 

would have covered an area of 2304 square miles ; the number 
of insects would have been 24,420 billions; the weight of 
the mass 42,580, millions of tons ; and our good ship ofe6ooo 
tons burden would have had to make 7,000,000 voyages to carry 
this great host of locusts, even if packed together iii times more 
closely than they were flying. 

Mr. J. Wilson, the chief officer of the Golconda^ permits me 
to say that he quite agrees with me in the statement of the facts 
given above. He also states that on the following morning 
another flight was seen going in the same north-easterly direction 
from 4.15 a.m. to 5 a.m. It was apparently a stronger brood 
and more closely packed, and appeared like a heavy black cloud 
on the horizon. 

The locusts were of a red colour, were about 2^ inches long, 
and iV of *0 ounce in weight. G. T. Carruthers, 

A Marine Millipede. 

It may interest ** D. W. T. ” (Nature, December 5, p. 104) 
to know that Geophilus maritimus is found under stones and 
sea-weeds on the shore at or near Plymouth, and recorded in my 
“ Fauna of Devon,” Section ** Myriopoda,” &c., 1874, published 
in the Transactions of the Devonshire Association for the 
Advancement of Literature, Science, and Art, 1874. This 
species was not known to Mr. Newport when his monograph 
was written (Linn. Trans., vol. xix., 1845). Dr. Leach has 
given a very good figure of this species in the Zoological 
Miscellany^ vol. iii. pi. 140, Fi^s. 1 and 2, and says : Habitat 
in Britannia inter scopulos ad llttora maris vulgatissime.” But, 
so far as my observations go, I should say it is a rare species. 
See Zoologist^ 1866, p. 7, for further observations on this 
animal. Edward Parfitt. 

Exeter, December 9, 1889. 


Proof of the Parallelogram of Forces. 

The objection to Dudiayla’s proof of the parallelogram of 
forces” is, I suppose, admitted by all mathematicians. To 
base the fundamental principle of the equilibrium of a particle 
on the transmissibility of force,” and thus to introduce the 
conception of a rigid iody, is certainly the reverse of logical pro- 
cedure. The sumtitute for this proof which finds most favour 
with modern writers is, of course, that depending on the 
parallelogram of accelerations.” But this is open to almost 
as serious objections as the other. For it introduces kinetic 
ideas which are really nowhere again used dn statics. I 
should therefore propose the following proof, which depends on 
very elementary geometrical proMsitions. The general order of 
argument resembles that of LapIaCe. 

1 adopt the ** triangulaV ” instead of the ** parallelogrammic ” 
form. Ilius, if PQ, QR represent in length and direction any 
directed magnitudes whatever, and, if these have a single equi- 
valent^ that single equivalent wtU bn represented by PR. 


To prove theU the equivalent of PQ^ QP ts PP. 

(i) The equivalent of two perpendicular lengths is equal in 
len^h to their Iwpothenuse. 

For, draw AD perpendicular to hypothenuse BC. 



Then, let BD, DA = k . BA, making angle F with BA 
towards BD. 

Then, by .similar triangles, AD, DC = k . AC, making angle 
F with AC towards AD. 

But these equivalents are at right angles, and proportional to 
BA and AC. Hence, their equivalent, by similar triangles, is 

. BC along BC. 

But BD, DA, AD, DC = BC. I? ^ \ \ k ^ i. 

(2) If theorem holds for right-angled triangle containing 
angle F, it holds for right-angled trian^e containing 

For, let ACD = F, where D is 90®. Produce DC to B, such 
that CB = CA. Then ABD = id. 


A 



Then assume CD, DA = CA. Add BC. .*. BD, DA> 
BC, CA. 

But BD, DA =s BA in magnitude by (i) ; and BC, CA 
has its equivalent along BA, '. * BC = C A. . •. BD, DA = BA, 
both in magnitude and direction. 

(3) If the theorem holds for B and it holds for d J — . 
For make the well-known projection construction. Thus — 



OP » OQ, QP = ON, NQ, QR, RP * OM, MP. * 

(4) Finally, by (i), theorem holds for isosceles right-angled 
triangle ; . % by (2) it holds for right-angled triangle containing 
angle 90* -r- 2** ; • *. by (3) it holds for right-anglea triangle coifl 
taining angle m. 90® : i.e. for any anglh (as may be shown, 

if considered necessary, by the method for incommensurCbles in 
Duchayla’s proof )• 

Hence, if AD be perpendicular on BC in any triangle, 

BA, AC « BD, DA, AD, == BC. Q.E.D. 

% ' W. E. Johnson. 

Llandaff House, Cimbridge, November I2. 
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Glories. 

Mr. James McConnel asks in Nature (vol. xl. p. 594) 
for acccounts of the colours and angular dimensions of glories. 
I saw a good instance of the phenomenon on Lake Superior, 
June 17, 1888, and, having had my attention called to the value 
of accurate descriptions in such cases by Mr. Henry Sharpe’s 
“ Brocken Spectres,” I examined it carefully. 

The shadow of my head on the mist was surrounded by a 
brilliant halo or glory, slat^-white around the head, followed by 
orange aq^ red ; then a circle of blue, green, and red, and the 
same colours repeated more faintly. The diameter of the 
innermost and brightest circle of red, as measured on the 
graduated semicircle of a clinometer, was There was also 
a very distinct, but nearly white, fog-bow outside, of 42® radius, 
as measured in the same way. A. P. ColemaN; 

Faraday Hall, Victoria University, Cobourg, Ontario. 

Fossil Rhizocarps. 

Referring to Sir William Dawson’s note on this subject in 
Nature of November 7 (p. 10), we regret that we have been 
unable to trace the original source from which the statement in 
our Hand-book of Cryptogamic Botany ” was derived, relative 
to the fructification of Protosalvinia or Sporan^ites^ The sentence 
will therefore, with apologies to Sir W. Dawson, be removed 
from future editions of the work. 

Alfred W. Bennett. 

The Arc -Light. 

Would you or any of your readers kindly tell me where I 
may find an account of any of the latest methods of determining 
the back E.M.F. of the arc-light? Joseph McGrath. 

Mount Sidney, Wellington Place, Dublin. 


THE HYDERABAD CHLOROFORM 
‘ COMMISSION. 

'T'HE appointment of a Commission at the present 
time to investigate the action of chloroform as ap 
anaesthetic might to many seem an anomaly. For the 
use of chloroform as an ana::$thetic was introduced over 
forty years ago: it was in November, 1847, that Prof. 
Simpson, of Edinburgh, first brought this valuable agent 
before the medical profession. Since that time, the use 
of chloroform has enormously extended, especially in 
our country, and although there are other valuable agents 
of the same class — such as ether and nitrous-oxide gas — 
yet there is a universality of opinion that the employment 
of chloroform has in many cases a special advantage.* 
Considering the extensive use of the agent, and the pro- 
gress which has been made of late years in the study of 
the action of drugs in man, it certainly is surprising that 
the knowledge of the effect of chloroform on the different 
parts and organs of the body is not complete. This is 
not altogether from want of attention to the subject ; 
because, previous to the Hyderabad Commission, at least 
two Commissions were appointed with the view of investi- 
gating the action of chloroform and its occasional serious 
effects. These Commissions were appointed by the Royal 
Medical and Chirurgical Society of London, and by the 
British Medical Association, and they were composed 
pf men who, from their knowled^ of experiment and 
acquaintance with practical medicine, -were competent to 
discuss the question. The two Commissions arrived at the 
same conclusions as the distinguished French man of 
^ience, Claude Bernard, had published years before, and 
these conclusions tallied with the teaching of the great 
Londpn medical schools. ^ 

Chloroform and other anaesthetic agents have a peculiar 
position : they are powerful drugs used, not for disease 
Itself, but for the purpose of allowing an operation to be 
rfonned, preventhig the pain which would otherwise 
felty^and relaxing the contraction and sparms of the 
ipuscles, do that the surgeon can more readily and accu- 


rately operate. The administration of the anaesthetic is 
something, then, outside the diseased condition ; so that 
its use ought theoretically to be perfectly harmless to the 
sick person. Unfortunately it is not always so, and 
deaths from chloroform arc, although rare, by no means 
unknown. The administrator of cmoroform is therefore 
a person of great responsibility : he has to watch carefully 
the effect of the agent on the patient, to notice any 
unfiivourable change that occurs, and to adopt measures 
to counteract any bad effects which apmar. The 
knowledge of the mode in which chlorororm causes 
danger to the life of the patient is therefore of vast im- 
portance ; for, if the administrator knows the signs of 
danger, there is more likelihood of counteracting a fatal 
result. These fatal results, which are among the saddest 
that occur in medical practice, ought, if possible, to be 
avoided. 

What, then, is the danger to life of chloroform ? Or, to 
speak more fully, what particular part of the body does 
chlloroform injuriously affect when there is danger ? This is 
just the point that the various Commissions have attempted 
to settle. In the Scotch schools, more especially that of 
Edinburgh, it has been taught that the great danger of 
chloroform was in failure of respiration ; meaning by this 
that the danger-signal of chloroform was the stoppage or 
irregularity of the breathing. As a corollary to this belief, 
it was considered that the heart was only affected after 
the Ifteathing had become interfered with ; that, in fact, 
the respiration stopping, the blood was not oxygenated, 
so the heart stopped beating. This was the teaching of 
the great Edinburgh surgeon, Syme. The English (and 
especially the London) teaching was almost directly 
opposed to this. It was taught, and is still taught in the 
London schools, that the great danger from chloroform 
arose from its effect on the heart, which stopped beating 
before the respiration ceased. Which, then, of these two 
doctrines is true, or are both true ? 

The decision of this question is, as we have stated, one 
of vast importance ; but it must be remembered that, 
whichever is right, the administrator of anai^sthetics always 
pays attention to both the beating of the heart and the 
regularity of the respiration. Surgeon-Major Lawrie, one 
of the prominent members of the Hyderabad Chloroform 
Commission, says that **it is possible to avert all risk to 
the heart by devoting the entire attention to the respiration 
during chloroform administration.” Medical opinion in 
England, both of that of experts (professional anassthetists) 
and of the general profession, is distinctly opposed to this 
view ; and the administrator who does not attend to the 
pulse, as well as to the breathing, is certainly neglecting 
one of the main paths by which Nature shows us what is 
going on inside the organism. 

From the statement of Surgeon-Major Lawrie just 
quoted, it will be seen that the Hyderabad Chloroform 
Commission came to the conclusion that the danger from 
the administration arose, not from the heart, but &um the 
respiration. This view was strongly combated in our con- 
temporary, the Lancft. The importance of the question 
led the Nizam of Hyderabad to obtain the services of a 
scientific medical man from England to go out to India 
and attempt to settle the question. Dr. Laud^ Brunton, 
F.R.S., consented to go ; and, well known as he is for his 
life-long devotion to the experimental investigation of the 
action of remedies and their practical application, it was 
considered probable that his aid in the research would 
lead to interesting and {m(K>rtant results. From the 
somewhat sc^ty hews of the results which have been 
telegraphed to England, it seems likely that the investi- 
gation now progressing at Hyderabad will tend to 
revolutionize existing views as to the action of chloroform. 

Dr. Brunton's views as regards the dangers of chloro- 
form before he left England were clearly expressed in his 
well-known ** Text-book of Pharmacology.” In it he says 
that 'Mhe dangers resulting from the employment of 
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chloroform are death by stoppage of respiration and 
death by stoppage of the heart ; ” he lays as much stress 
on the effect on the heart as on the respiration, and he 
proceeds to affirm that too strong chloroform vapour 
may verjr quickly paralyze the heart. This view is, in- 
deed, similar to the one we have already mentioned as 
taught in the London schools of medicine. It is also 
well known that death may occur soon after chloroform 
has begun to be administered, from the. heart being 
affected. If the operation is begun too soon, fainting 
from pain may supervene, and a fatal result occur: this 
has always been strongly insisted upon by Dr. Brunton. 
Surgeon-Major Lawrie says that in such cases it is not 
the chloroform that acts on the heart, but simply that 
there is fatal syncope or fainting. 

From the large number of experiments on animals 
which Dr. Brunton has performed in India, in conjunc- 
tion with the Hyderabad Commission and a medical 
delegate of the Indian Government, it appears that the 
“ danger from chloroform is asphyxia or an overdose i ” 
there is none whatever from the heart direct. This state- 
ment is a distinct reversal of the view generally held in 
England. It means that chloroform causes a fatal result 
by affecting the respiration or by too much being taken 
into the system and affecting the brain ; and that there 
is no direct paralysis of the heart from the chloroform. 
A perfectly impartial opinion cannot, however, be formed 
from the scanty records of the investigation which ^ave 
been as yet received in England. We must wait for 
fuller details of the experiments before a final judgment 
can be passed. 

It is well, however, to point out that the prevailing view 
in England has been founded, not only on experiments on 
the lower animals, but also on the extended clinical ob- 
servation of two generations of medical men. Clinical 
observation is not so accurate or so lucid as that of direct 
experiment, but it has its value, and one by no means to 
be despised in a case where it is so extensive, and 
directed to a subject of such great importance, not^ only 
to the medical profession, but to the general public, as 
the question of the administration of chloroform. 


ON THE CA VENDISH EXPERIMENT. 

T N the last number of the Proceedings of the Royal 
Society (vol. xlvi. p, 253), I have given an account of 
the improvements that I have made in the apparatus of 
Cavendish for measuring the constant of gravitation. 
As the principles and some of ffie details there set out 
apply very generally to other experiments where extremely 
minute forces have to be measured, it is possible that an 
abstract of this paper may be of sufficient interest to find 
a place in the columns of Nature. 

In the original experiment of Cavendish (Phil. Trans., 
1798, p. 469), as is well known, a pair of small masses, 
mm (Fig. i), carried at the two ends of a ytiy long but 
light torsion rod, are attracted towards a pair of large 
masses, m m, thus deflecting the arm until the torsion of 
the suspending wire gives nse to a moment equal to that 
due to the attraction. The large masses are tnen placed 
on the other side of the smidl ones, as shown by the 
dotted circles, and the new position of rest of the torsion 
arm is determined. Half the angle between the two 
positions of rest is the d^ection pr^uced by the attract- 
ing masses. The actual force wnich must be applied to 
the balls to produce this deflection, can be directly 
determined in dynamical units when the period of oscilla' 
tion and the dimensions and masses of tne moving p^s 
are known. In the original experiment of Cavendish, 
the arm is 6 feet long, the little masses are balls of lead 
2 inches in diameter, and large ones are lead balls i foot 
in diameter. Since the attraction of the whole earth on 
the smaller balls only produces their weight, i.e. the force 


with which they are attracted downwards,, it is evident 
that the balls, M M, which are insignificant in com- 
parison with the size of the earth, can only exert 
an extremely feeble attraction. So small is this that it 
can only be detected when the beam is entirely inclosed 
in a case to protect it from draughts ; when, farther, the 
whole apparatus is placed in a room into which no one 
must enter, because the heat of the body would warm the 
case unevenly, and so set up air currents which would 
have far more influence than the whole attraction to be 
measured ; and when, finally, the period of osciHation is 
made very great, as, for instance, five to fifteen minutes. 
In order to realize how small must be the force that will 
only just produce an observable displacement of the 
balls, mm^ it is sufficient to remember that the force 
which brings them back to their position of rest is the 
same as the corresponding force in the case of a pendulum 
which swings at the same rate. Now a pendulum that 
would swing backwards and forwards in five minutes would 
have to be about 20,000 metres long, so that in this case 
a deflection of one millimetre would be produced by a 
force equal to 1/20,000,000 of the weight of the bob. In 
the case of a pendulum swinging backwards and for- 
wards once in fifteen minutes the corresponding force 
would be nine times as small, or 1/180,000,000 of the 
weight. 

In spite of the very small value of the constant of 
gravitation, Cavendish was able, by making the appa- 
ratus on this enormous scale, to obtain a couple which 



Fig. I. 


' would produce a definite deflection against the torsion of 
his suspending wire. 

These measures were repeated by Reich {Comptes 
rendus^ *837, p. 697), and then by Baily {Phii. Mag.y 1842, 
vol. xxi. p. 1 1 1), who did not in any important particular 
improve upon the apparatus of Cavendish, except in the 
use of a mirror for observing the movements of the 
beam. 

' Cornu and Bailie {Comptes rendus, vol. Ixxvi. p. 954, vol. 
Ixxxvi. pp. 571, 699, loot) have modified the apparatus 
with satisfactory results. In the first place they have 
reduced the dimensions of all the parts to about one- 
quarter of the original amount. Their beam, an aluminium 
tube, is only i metre long, and it carries at its ends 
masses of ^ pound each, instead of about 2 pounds^ as 
used by Cavendish. This reduction of the dimensions 
to about one-quarter of those used previously is con- 
sidered by them to be one of the advantages of their 
apparatus, because, as they say, in apparatus geometri- 
cally similar, if the period of oscillation is unchanged, 
the sensibility is independent of the mass of the sus- 
pended balls, and is inversely as the linear dimensions. 
I do not quite follow this, because, as I shall show; if all 
the dimensions are increased or diminished together, the 
sensibility will be unchanged. If only the length of the 
beam is altered and the positions of the large attracting 
masses, so riiat they.remain opposite 4 o, and the same 
distance from, the ends of the beam, then the sensibility 
is inversely as ^e length. This mistake— for mistake it 
surely is — ^is repeated in Jamin’s “ Cours de Physique,” 
tome iy. ed. iv. p. 18, where, moreover, it is emphasized 
by being printed in italics. * 

Thb other improvements introduced by Cornu and 
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Bailie are the- use of mercury for the attracting masses 
which can be drawn from one pair of vessels to the other 
by the observer without his coming near the apparatus, 
the use of a metal case connected with the earth to prevent 
electrical disturbances, and the electrical registration Of 
the movements of the index on the scale, which they 
placed 560 centimetres from the mirror. 

The great difficulty that has been met with has been 
the perpetual shifting of the position of rest, due partly 
to the inmerfect elasticity or fatigue of the torsion wires, 
but chiefly, as Cavendish proved experimentally, to the 
enormous effects of air-currents set up by temperature 
diflerences in the box, which, with large apparatus, it is 
impossible to prevent In every case the power of ob- 
serving was in excess of the constancy of the effect 
actually produced. The observations of Cornu are the 
only ones which are comparable in accuracy with other 
physical measurements, and these, as far as the few 
figures given enable one to judge, show a very remarkable 
agreement between values obtained for the same quantity 
from time to time. 

Soon after I had made quartz fibres, and found their 
value for producing a very small and constant torsion, I 
thought that it might be possible to apply them to Ae 
Cavendish apparatus with advantage. Prof. Tyndall, in 
a letter to a neighbour, expressed the conviction that it 
would be possible to make a much smaller apparatus in 
which the torsion should be produced by a quartz fibre. 
The result of .an examination of the theory of the instru- 
ment shows that very small apparatus ought practically 
to work, but that in many particulars there is an advantage 
in departing from the arrangement which has always 
been employed, conclusions which experiment has fully 
confirmed. 

As I have already stated, the sensibility of the appa- 
ratus i s. if the period of oscillatiqn is always the same, 
indepenHifit*of its linear dimensions. Thus, if there are 
two instruments in which all the dimensions of one are n 
times the corresponding dimensions of the other, the 
moment of inertia of the beam and its appendages will be 
as : I, and, therefore, the torsion also must be as »* : i. 
The attracting masses, both fixed and movable, will be as 
»’:i,and their distance apart as n:i. Therefore, the 
attraction will be as n»ln* or 1, and this is acting on 
an arm » times as long in the large instrument as in the 
small ; therefore the moment will be as : i ; that is, in 
the same proportion as the torsion, and so the angle of 
deflection is unchanged. 

If, however, the length of the beam only is changed, 
and the attracting masses are moved until they are 
opposite to, and a fixed distance from, the ends of the 
beam, then the moment of inertia will be altered in the 
ratio 1, while the corresponding moment will only 
change in the ratio of « : i ; and thus there is an ad- 
vantage in reducing the length of the beam until one of 
two things happens : either it is difficult to find a suffi- 
ciently fine torsion thread that will safely cany the beam 
and produce the required period — and this, I believe, has 
up to the present time prevented the use of a beam less 
than ^ metre in length — or els^ when the length becomes 
nearly equal to the diameter of the attracting balls, they 
then act with such an increasing effect on the op^site 
suspended balls, so as to tend to deflect the beam in the 
opposite direction, that the balance of effect begins to 
fall short of that which would be due to the reduced 
length if the opposite ball did not interfere. Let this 
shortening process be continued until the line joining the 
centres of the masses m m makes aui angle of 45* with the 
line ; then, without further moving the masses M M, 
a still greater degree of sensibility can be obtained, pro- 
vided the period remains unaltered, by reducing the 
length of the beam mm to half its amount, so that the 
distance between th% centres of mm is 2^3 times the 
new length m m, at which point a maximum is reached. 


It might be urged against this aigument that a diffir 
culty would arise. in finding a torsion fibre that woul4 
give to a very .short beam, loaded with balls that it will 
safely carry, a period as great as five or ten minutes, and 
until quartz fibres existed there would have beefi a diffi- 
culty in using a beam much less than a foot long, but 
it is now possible to hang one only half an inch long 
and weighing from twenty to thirty grains by a fibre not 
more than a foot in length, so as to have a period of five 
minutea If the moment of inertia of the heaviest beam of 
a certain length that a fibre will safely carry is so small that 
the period is too rapid, then the defect cah be remedied 
by reducing the weight, for tjien a finer fibre can be used, 
and since the torsion varies approximately as the square 
of the strength (not exactly, because fine fibres carry 
heavier weights in proportion), the torsion will be reduced 
in a higher ratio, and so by making the suspended parts 
light enough, any slowness that may be required may be 
provided. 

^Practically, it is not convenient to use fibres much 
less than one ten-thousandth of an inch in diameter, and 
these have a torsion 10,000 times less than that of 
ordinary spun glass. A fibre one five-thousandth of an 
inch in diameter will carry a little over thirty grains. 

Since with such small apparatus as I am now using it 
is easy to provide attracting masses which are very large 
in proportion to the length of the beam, while with large 
apparatus comparatively small masses must be made use 
of owing to the impossioility of dealing with balls of lead 
of great size, it is clear that much greater deflections can 
be produced with small than with large apparatus. For 
instance, to get the same effect in the same time from an 
instrument with a 6-foot beam that I get from one in 
which the beam is five-eighths of an inch long, and the 
attracting balls are 2 inches in diameter, it would be 
necessary to provide and deal with a pair of balls each 
25 feet in diameter, and weighing 730 tons instead of 
about 1} pound apiece. There is the further advantage 
in small apparatus that if for any reason the greatest 
possible effect is desired, attracting balls of gold would 
not be entirely unattainable, while such small masses as 
two piles of sovereigns could be used where qualitative 
effects only were to be shown. Owing to its strongly 
magnetic qualities, platinum is unsuited for experiments 
of this kind. 

By far the greatest advantage that is met with in small 
apparatus is the perfect uniformity of temperature which 
is easily obtained, whereas, with apparatus of large size, 
this alone makes really accurate work next to impossible. 
The construction to which this inquirjr has led me, and 
which will be described later, is especially suitable for 
maintaining a uniform temperature in that part of the 
instrument in which the beam and mirror are suspended. 

With such small beams as I am now using it is much 
more convenient to replace the long thin box generally 
employed to protect the beam from disturbance by a 
vertical tube of circular section, in which the beam with 
its mirror can revolve freelv. This has the further ad- 
vantage that, if the beam is hung centrally, the attraction 
of the tube produces no effect, and the troublesome and 
approximate calculations which have been necessary to 
find the effect of the box are no longer required. The 
attracting weights, which must be outside the tube, must 
be made to take alternately positions on the two sides of 
the beam, so as to deflect it fint in one direction and 
then in the other. For this purpose they are most 
conveniently fastened to the {nsiae of a larger metal tube, 
which can be. made to revolve on an axis coincident with 
the axis of the smaller tube. There are obviously two 

E lanes, one containing and one at right angles to the 
earn, in which the centres of the attracting balls will lie 
when th^y produce no deflection. At some intermediate 
position the deflection will be a maximum. Now, it is 
. a matter of some importance to choose this maximum 
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position for the httractine masses, because, in showing 
the ext^riment to an audience, the largest effect should 
be obtained that the instrument is capable of producing ; 
while ia exact measures of the constant of gravitation this 
position has the further advantage that the only measure* 
ment which there is anj^ diflSculty in making, vis. the 
angle between the line joining the large masses and the 
line joining the small, which may be called the azimuth of 
the instrument, becomes of little consequence under these 
circumstances. In the ordinary arrangement the slightest 
uncertainty in this angle will produce a relatively large 
uncertainty in the result. I. have already stated that if 
an angle of 45” is chosen, the distance between the centres 
of the large balls should be 2 ,ji times the length of the 
beam, and the converse of course is true. As it would 
not be possible at this distance to employ attracting balls 
with a diameter much more than one and a half times 
the length of the beam, and as balls much larger than this 
are just as easily made and used, I have found by calcula- 
tion what are tne best positions when the centres of 6ie 
attracting balls are any distance apart. 

If the effect on the nearer ball only is considered, then 
it is easy to find the best position for any distance of the 
attracting mass from the axis of motion. Let p (Fig. 2) 
be the centre of the attracting ball, N that of the nearer 
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attracted ball, O the axis of . motion, c and a the distances 
of P and N from O, and the distance from N of the 
foot of the perpendicular from P on on produced. Then 
the moment of n about o will be greatest when 

4r - 2(i« - a*), 
a 

or what comes to the same thing when 

cos* d + — cos d = 3. 
ca 

Now, as the size of the attracting masses M m is in- 
creased, or, as is then necessarily the case, as the distance 
of their centres from the axis increases, their relative 
action on the small masses mm at the opposite ends of 
the beam increases, and so but a small fraction of the 
advantage is obtained, which the large balls would give 
if they acted only upon the small balls on their own side. 
For instance, if the distance between the centres of m m 
is five times the length of the beam, the moment due to 
the attraction on the opposite small balls is nearly half 
as great as that on the pear balls, so that the actual 
sensibility is only a little more than half that which would 
be obtained if the cross action could be prevented. 

I have practically overcome this difficulty by arranging 


the two sides of the apparatus at different levels. Each 
large, mass is at or near the same level as the neighbour- 
ing small one, but one pair is removed from the level of 
the other by about the diameter of the large masses 
which in the apparatus figured below is nearly five times 
as great as the mstance m plan between the two small 
masses. 

In order to realize more fully the effect of a variety of 
arrangements, I have, for. my own satisfaction, calculated 
the values of the deflecting forces in an insMiment in 
which the distance between the centres of the attracting 
balls is five times the length of the beam, for every azi- 
muth and for differences of levels of o, i, 2, 3, 4, and 5 
times the length of the beam. 

The result of the calculation is illustrated by a series 
of curves in the original paper. The main result, how- 
ever, is this. 

In the particular case which I have chosen for the in- 
strument, i e. where the distance between the centres of 
M M and the axis, and the difference of level between the 
two sides are both five times the length of the beam, as 
seen in plan, and where the diameter of the large masses 
is 6'4 times the length of the beam, the angle of deflection 
becomes 187 times as great as the corresponding angle 
in the apparatus of Cavendish, provided that the large 
masses are made of material of the same density in the 
two cases and the periods of oscillation are the same. 

Having now found that with apparatus no bigger than 
an ordinary galvanometer it should be possible to make 
an instrument far more sensitive than the large apparatus 
in use heretofore, it is necessary to show that such a piece 
of apparatus will practically work, and chat it is not liable 
to be disturbed by the causes which in latge apparatus 
have been found to give so much trouble. 

I have made two Tns^uments, of which I shall only de- 
scribe the second, as that is better than the fli^tpBoth in 
design and in its behaviour. 

The construction of this is made clear by Fig. 3. To 
a brass base provided with levelling screws is fixed the 
vertical brass tube /, which forms the chamber in which 
the small masses a b are suspended by a quartz fibre 
from a pin at the upper end. These little masses are 
cylinders* of pure lead 113 millimetres long and 3 milli- 
metres in diameter, and the vertical distance between 
their centres is 50*8 millimetres. They are held by light 
brass arms to a very light taper tube of glass, so that. their 
axes are 6*5 millimetres from the axis of motion. The 
mirror lyhich is 127 millimetres in diameter, plane, and 
of unusual accuracy, is fastened to the upper end of the 
glass tube by the smallest quantity of shellac varnish. 
Both the mirror and the plate-glass window which 
covers an opening in the tube were examined, and after- 
wards fixed with the refracting edge of each horizontal, 
so that the slight but very evident want of parallelism 
between their faces should not interfere with the defini- 
tion of the divisions of the scale. The large masses m M 
are two cylinders * of lead 50*8 millimetres in diameter, 
and of the same length. They are fastened by screws to 
the inside of a brass tube, the outline of which is dotted 
in the figure, which rests on the turned shoulder of the 
base, so that it may be twisted without shake through any 
angle. Stops (not shown in the figure) are screwed to 
the base, so that the actual angle turned through shall be 
that which produces the maximum deflection. A brass 
lid made in two halves covers in the outer tube, and 
serves to maintain a very perfect uniformity of tempera^ 
ture in the inner tube. Neither the anasses M m, nor 
the lid, touch the inner tube. The period of oscillation 
is 160 seconds. 

With this apparatus placed in an ordinary room with 

) Cylinders were employed in«tead of epheros, because they are more 
easily made aad held, aM because spheres have no advantage except when 
absolute oaleulations have to be made. Also the vertical distance a b was 
for convenience made onl;^ about four times the length ab in plan. 
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draughts of air of different temperatures and with a lamp 
and scale such as are used with a galvanometer, the 
effect of the attraction can easily be shown to a few, or, 
with a lime-light, to an audience. To obtain this result 
with apparatus of the ordinary construction and usual 
size is next to impossible, on account chiefly of the great 
disturbing effect of air currents set up by difference of 
temperature in the case. The extreme portability of the 
new instrument is a further advantage, as is evident when 
the enore^ous weight and size of the attracting] masses 
in the ordinary apparatus are considered. 
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However, this result is onl^ one of the objects of the 
present inquiry. The other object which I had in view was 
to find whether the small apparatus, besides being more 
sensitive than thafa hitherto employe^, would also be more 
free from disturbances and so give more consistent resulta 
With this object I have placed the apparatus in a long 
narrow vault under the private road between the South 
Kensington Museum and the Science Schools. This is 
not a good place for fixperiments of this kind, for when a 
cab passes overhead the trembling is so great that loose* 
thiogs visibly move ; however, it is the only place at my 


disposal that is in any degree suitable. A large drain- 
pipe filled with gravel and cement and covered by a slab 
of stone forms a fairly good table. The scale is made by 
etching millimetre divisions on a strip of clear plate glass 
80 centimetres long. This is secured at the other end of 
the vault at a distance of 1053*8 centimetres from the 
mirror of the instrument. A telescope 132 centimetres 
long with an object-glass 5*08 centimetres in diameter, 
rests on V’s clamped to the wall^with its object-glass 
360 centimetres from the mirror. Thus any disturbance 
that the observer might produce if nearer is avoided, and 
at the same time the field of view comprises 100 divisions. 
While the observer is sitting at the telescope he can. by 
pulling a string, move an albo-carbon light, moxmtea on 
a carriage, so as to illuminate any part of the scale that 
may happen to be in the field of the telescope. The 
white and steady flame forms a brilliant background on 
which the divisions appear in black. The accuracy of 
the mirror is such that the millimetre divisions are clearly 
defined, and the position of the cross-wire (a quartz fibre) 
can be read accurately to one-tenth of a division. This 
corresponds to a movement of the mirror of almost 
exactly one second of arc. 

The mode of observation is as follows : When all is 
quiet with the large masses in one extreme position, the 
position of rest is observed and a mark placed on the 
scale. The masses are moved to one side for a time and 
then replaced, which sets up an oscillation. The reading 
of'every elongation and the time of every transit of the 
mark are observed until the amplitude is reduced to 3 or 
4 centimetres. The masses are then moved to the other 
extreme position and the elongations and transits observed 
again, and this is repeated as often as necessary. 

On the evening of Saturday, May 18, six sets of readings 
were taken, but during the observations there was an 
almost continuous tramp of art students above, producing 
a perceptible tremor, besides which two vehicles passed, 
and corns were twice shovelled in the coal cellar, which 
is separated from the vault in which the observations 
were made by only a 4i-inch brick wall. The result of 
all this was a nearly perpetual tremor, which produced a 
rapid oscillation of the scale on the cross-wire, extending 
over a little more than i millimetre. This increased the 
difficulty of taking the readings, but to what extent it 
introduced error 1 shall not be able to tell until I can 
make observations in a proper place. 

In spite of these disturbances, the agreement between 
the deflections deduced from the several sets of observa- 
tions, and between the periods, is far greater than I had 
hoped to obtain, even under the most favourable condi- 
tions. In order to show how well the instrument behaved, 

I have copied from my note-book the whole series of 
figures of one set, which sufficiently explain themselves. 
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It will be noticed that the true position of rest is slightly 
rising in value, and this rise was founa to continue at the 
rate of 0*36 centimetre an hour during the whole course 
of the experiment, and to be the same when the large 
masses were in the positive or negative position. The 
motion was perfectly uniform, and in no way interfered 
with the accuracy of the experiments. It was due, I 
believe, to the shellac fastening of the fibre, for I find 
that immediately after a fibre has been attached, this 
movement is very noticeable, but after a few days it 
almost entirely ceases ; it is, moreover, chiefly eviden 
when the fibre is loaded very heavily. At the time tha 
the experiment was made the instrument had only been 
set up a few hours. 

The mean decrement of three positive sets was o‘8oii 
and of three negative sets, 0*8035. The observed mean 
period of three positive sets was 79*98, and of three 
negative sets, 8003 seconds, from both of which 0*20 
must be deducted as the time correction for damping. ^ 

The deflections, in centimetres, obtained from the six 
sets of observations taken in groups of three, so as to take 
into account the effect of the slow change of the position 
of rest, were as follows ; — 

From sets i, 2, and 3 ... 17*66 ± 0*01 

„ 2, 3, and 4 ... 17*65 ± 0*02 

„ 3, 4, and 5 ... 17*65 ± 0*02 

„ 4, 5, and 6 ... 17*65 ± 0 02 « 

An examination of these figures shows that thp deflec- 
tion is known with an accuracy of about one part in two 
thousand, while the period is known to the 4000th part 
of the whole. As a matter of fact, the discrepancies are 
not more than may be due to an uncertainty in some of 
the observations of i millimetre or less, a quantity which, 
under the circumstances, is hardly to be avoided. 

The result of these experiments is complete and satis- 
factory. As a lecture experiment, the attraction between 
small masses can be easily and certainly shown, even 
though the resolved force causing motion is, as in the 
present instance, no more than the 1/200,000 of a dyne 
(less than 1/10,000,000 of the weight of a grain), and this 
is possible with the comparatively short half period of 
80 seconds. Had it been necessary to make use of such 
half periods as three to fifteen minutes, which have been 
employed hitherto, then, even though a considerable deflec- 
tion were produced, this could hardly be considered a 
lecture experiment. So perfectly does the instrument 
behave, that there can be no difficulty in making a fairly 
accurate measure of the attraction between a pair of 
No. 5, or, I believe, even of dust shot. 

The very remarkable agreement between successive 
deflections and periods shows that an absolute measure 
made with apparatus designed for the purpose, but on 
the lines laid down above, is likely to lead to results of 
far greater accuracy than any that have been obtained. 
For instance, in the original experiment of Cavendish 
there seems to have been an irregularity in the position 
of rest of one-tenth of the deflection obtained, while the 
period showed discrepancies of five to fifteen seconds in 
seven minutes. The experiments of Baily,made in the most 
elaborate manner, were more consistent, but Cornu was 
the first to obtain from the Cavendish apparatus results 
having a precision in any way comparable to that of 
other physical measurements. The three papers, pub- 
lished by him in the Canutes rtnttus of 1878, referred to 
above, contain a very complete solution of some of the 
problems to which the investigation has given rise. The 
agreement between the successive values, dwrement, and 
period is much the same as I have obtained, nevertheless 
the means of the summer and of the winter observations 
differ by about 1 per cent. 

I have not referred to the various methods of determin- 
ing the constant of gravitation in which a balance, 
whether with the usual horizontal beam, or with a vertical 


beam on the metronome principle, is employed. They 
are essentially the same as the Cavendish method, except 
that there is introduced the friction of the knife-edges 
and the unknown disturbances due to particles of dust at 
these points, and to buoyancy, without, in my opinion, 
any compensating advantage. However, it would appear 
that if the experiment is to be made with a balance, the 
considerations which I have advanced in this paper 
would point to the advantage of making the apjiaratus 
small, so that attracting masses of greater proffortionate 
size may be employed, and the disturbance due to 
convection reduced. 

It is my intention, if I can obtain a proper place in 
which to make the observations, to prepare an apparatus 
specially suitable for absolute determinations. The scale 
will have to be increased, so that the dimensions may be 
determined to a ten-thousandth part at least. Both pairs 
of masses should, I think, be suspended by fibres or by 
wires, so that the distance of their centres from the axis 
may be accurately measured, and so that, in the case of 
the little masses, the moment of inertia of the beam, 
mirror, &c., may be found by alternately measuring the 
period with and without the masses attached. The un- 
balanced attractions between the beam, &c., and the 
large masses, and between the little masses and anything 
unsymmetrical about the support of the large masses, wifi 
probably be more accurately determined experimentally 
by observing the deflections when the large and the small 
masses are in turn removed, than by calculation. 

If anything is to be gained by swinging the small 
masses in a good Sprengel vacuum, the difficulty will not 
be so ^eat with apparatus made on the scale I have in 
view, t e. with a beam about 5 centimetres long, as it 
would with large apparatus. With a view to reduce the 
considerable decrement I did try to maintain such a 
vacuum in the first instrument, in which V'^BBSim 1*2 
centimetre long was suspended by a fibre so fine as to 
give a complete period of five minutes, but though the 
pump would click violently for a day perhaps, leakage 
always took place before long, and so no satisfactory 
results were obtained. 

With an . apparatus such as I have described, but 
arranged to have a complete period of six minutes, it will 
be possible to read the scale with an accuracy of 1/10,000 
of the deflection, and to determine the time of vibration 
with an accuracy about twice as great. 

I hope early next year, in spite of the difficulty of 
finding a suitable place to observe in, to prepare appa- 
ratus for absolute determinations, and I shall be glad to 
receive any suggestions which those interested may be 
:ood enough to offer. C. V. Bovs. 


IV/LL/AAf RAMSAY McNAB. 

\;^ILLIAM RAMSAY McNAB, M.D., whose sudden 
* * death from heart-disease we have already re- 
corded, was born in Edinburgh in November 1844. He 
was educated at the Edinburgh Academy, and after- 
wards in the University of that city, obtaining the degree 
of Doctor of Medicine when twenty-two years of age. 

His grandfather and father, in succession, held office 
as Curators of the Edinbuigh Botanic Garden ; and the 
late Dr. McNab early manifested an inherited capacity 
for botanical work ; for, while still ‘an undergraduate, he 
was appointed assistant to Prof. Balfour, who then held 
the Edinburgh botanical chair. He Also entered the 
University of Berlin as a student — in botany under d^rofs. 
Braun and Koch, and in patholi^cal anatomy and 
histology under Prof. Virchow. Thiw years of his 
later life were spent in medical practice ; but his love 
of botany uras his dominant feelii^t and in 1870 he 
embarked upon a purely biological career, having been 
ihen appointed to we I^fessorship of Natural History 
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in the Royal Agricultural College, Cirencester. Two 
years later he succeeded to the Chair of Botany in the 
Royal College of Science, Dublin, and this post he held 
until his death. During his student life he paid con< 
siderable attention to the practical study of geology ; and 
for many years he collected Coleoptera, of which he 
possessed a very line collection, now in the Dublin 
Museum of Science and Art. 

During the nineteen years exclusively devoted to natural 
science, vProf. McNab published a considerable number 
of technical papers ; most of these were short, but some 
forty or fifty of them are fit to rank as original communi- 
cations. The work by which he is best known was that 
upon the movements of water in plants. Following a 
suggestion of Prof. A. H. Church, that lithium might 
prove useful in his researches, he instituted experiments 
which proved the value of this method, and paved the 
way for later investigators. McNab’s chief claim to dis- 
tinction lay, however, not in the direction of pure research, 
but in the fact of his having been the first to introduce to 
British students the methods of Sachs, now universally 
adopted. He inaugurated the modem methods of teach- 
ing botany at Cirencester, in the year 1871, and at Dublin 
two years later ; and he fully admitted his indebtedness 
to the first edition of Sachs’s celebrated Lehrbuch der 
Botanik.” Dr. McNab was, at the time of his death, an 
examiner in botany to the Victoria University, Man- 
chester. The appointment of Scientific Superintendent 
of the Royal Botanic Gardens, Glasnevin, Dublin, was 
created for him in 1880, and in connection with this office 
he issued, five years later, an enlarged and considerably 
revised Guide-book. He was joint author, with Prof. 
Alex. Macalister, of a “ Guide-book to the County of 
Dublin,” prepared on the occasion of the visit of the 
British Association to that city. In 1878 he published, in 
LongniMa'./f‘ London Science Serfes,” two botanical class- 
books, entitled “Outlines of Morphology and PhysioloCT," 
and ** Outlines of Classification” ; and he leaves behind 
him the first few chapters, and a large amount of manu- 
script in a nearly completed condition, of a contemf^ted 
“Text-book of Botany,” which he was to have written for 
Messrs. C. Griffin and Co. In 1888 he was appointed 
Swiney Lecturer to the British Museum of Natural 
History, and in that capacity he has lectured for two 
sessions. His discourses, which were upon “ The 
Fossil Plants of the Palaeozoic Epoch” and “Ferns 
and Gymnosperms of the Palaeozoic and Mesozoic 
Epochs, and dawn of the Angiospermous Flora” re- 
spectively, were attended with much success. He has 
left behind him carefully written manuscript lectures, 
which it is sincerely hoped may be published as a 
memorial volume. At the time of his decease he was 
actively engaged upon his intended third course, in which 
he would have dealt with the Cainozoic flora. He wj^ an 
excellent teacher, possessed of a natural aptitude for the 
work ; and his laboratory instruction was characterized 
by thoroughness and precision. As a lecturer he was 
fluent and entertaining ; and, in his several capacities, he 
endeared himself to those with whom he came in contact. 
Friends, colleagues, and students, alike mourn his loss. 


NOTES. 

The death of Prof* Lorenzo Respighi, Director of the 
Osservatorio Campidoglio, Rome, which we deeply regret to 
«announce, is a great loss to science. He died on December lo. 

In a recent number we gave some actount of a meeting held 
in Manchester on November 25 for the purpose of preparing the 
way for the erection of a memorial of James Prescott Joule in 
that city* It was resolved that the memorial should be 
in the form of a white marble statue, and a committee was 
appointed to carry oat this resolution. At the first meeting of 
t^ committee, on November 29, an eaecutive committee was 


appointed, and the following motion was adopted : — ** That the 
movement be direct^ to secure, not only a marble statue of the 
late Dr. James ^^rescott Joule as a companion to that of the late 
Dr. Dalton by Sir Francis Cbantrey, but also a replica in bronze 
to occupy some public place in the city, and that the executive 
committee be instructed to take all needful steps for that 
purpose.” Many subscriptions have been already promised. 

An attempt is being made to secure the erection of an inter- 
national monument to James Watt at Greenock, his birthplace. 
It is proposed that the memorial shall be a large and thoroughly 
equipped technical school.” 

A NEW fortnightly scientific periodical is about to be 
published in Paris. It will be entitled Revue Ginirale des 
Sciences Fures et Appliquies^ and will deal with the mathe- 
matical, physical, and natural sciences, and with their appli- 
ca-tions in geodesy, navigation, engineering, manufactures, 
agriculture, hygiene, medicine, and surgery. According to the 
preliminary statement, the new periodical will take as its model 
the method of exposition adopted in Nature. The editor is 
M. Louis Olivier, and the list of contributors includes many of 
the most eminent French men of science. The first number 
will appear on January 15, 1890. 

The second Report of the Committee appointed by the 
Britirii Association to inquire into, and report upon, the present 
methods of teaching chemistry, which was presented at the 
Newcastle meeting, and to which we called attention in these 
columns a short time ago, has now been put on sale by the 
Council. It may be obtained from the office of the Association, 
22 Albemarle Street, W. 

On Tuesday evening, after the distribution of the prizes and 
certificates to the students of the City and Guilds of London 
Institute, at Goldsmiths’ Hall, Sir Henry Roscoe congratulated 
the students of the various schools upon the reports he had 
heard. He observed that the City Guilds were now engaged 
separately and collectively in nobly carrying out the work for 
which they were, to a certain extent, originally founded. The 
Technical Instruction Bill which was passed in the last session 
of Parliament had materially changed the whole aspect of affairs, 
and sooner or later a complete scheme for technical education 
would have to be framed. The beginning of such a scheme had 
been made by the efforts of the City of London Institution, 
which, with its many branches, was a nucleus of such a system, 
the importance of which would only be recognized when the 
history of that important movement came to be written. It was 
a satisfactory thing to hear that employers of skilled labour were 
I beginning to find out that the men who had been trained at such 
Colleges as these were of greater value than those who had not 
received such training. It was not only necessary to educate 
the craftsman ; the employer needed it equally, if not more. 
He thought that the Council of the Institute had fully recog- 
nized that fact at their Central Institution, but a demand for 
high-class education had yet to be created. 

The British Medical Jotirnal says that owing to the somewhat 
late period in the year at which the invitation to hold the annual 
meeting of the British Medical Association in Birmingham was 
received and accepted, the arrangements are not yet so complete 
as in former years ; but a large general committee and all the 
necessary sub-committees have been formed, and the use of the 
requisite public buildings has been obtained. 

On March i, 1890, a new marine laboratory will be opened at 
Saint- Wast-la- Hougue. 

We are glad to know that there will soon be well-equipped 
physical and chemical laboratories at Bedford College, Lon- 
don. Mr. Tate, who has already given £iooo towards the 
new College buildings, which are on the eve of completion, has 
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offered a second ;^iood towards the fitting upland equipment of 
the laboratories, contingent on the friends of the College con- 
tributing an equal amount. We purpose shortly giving an 
account and plans of these laboratories. 

More than a quarter of a century has passed since it was 
decided that the Entomologists Monthly Magazine should be 
started. The editors have now resolved to issue a new series, 
each volume of which will begin in January and end in Decem- 
ber. There will be no radical change in the constitution of the 
magazine, but the number of pages and illustrations will often 
be increased. 

The result of the poll for a free library at Whitechapel, 
declared last Saturday night, is interesting and significant. On 
a register of 6000, there were 3553 affirmative votes and only 
935 dissentients. This is the more noteworthy, because about 
eleven years ago a like proposal was rejected by a majority of 
about two to one. • 

The following science lectures will be given at the Royal 
Victoria Hall during January : January 7, ** A Visit to the Chief 
Cities of Italy,” by Rev. W. W. Edwards; January 14, ‘^The 
Bottom of the Sea,'* by Dr. P. H. Carpenter; January 21, "‘To 
Vancouver's Island and back,” by Mr. W. L. Carpenter; 
January 28, “ Musical Sounds and how we hear them,” by Dr. 
F. W. Mott. . • 

A SECOND edition of Sir William !Aitkcn's “ Animal Alka- 
loids ” (H. K. Lewis) has been published. The work has been 
carefully revised, and the author's aim has been to bring the 
book up to the present state of knowledge regarding the im- 
portant subject to which it relates. 

The first part of a monograph of Oriental Cicadidts^ by W. L. 
Distant, has been published by order of the Trustees of the 
Indian Museum, Calcutta. It is printed in clear type, and in- 
cludes two fine plates. The monograph, when completed, will 
evidently be of much scientific value. 

M. Vayssiere has now completed the publication of his 
“ Atlas d' Anatomic Compar^e des InvertebrtJs.” It comprises 
sixty plates, with corresponding letterpress, and is much 
appreciated by French zoologists. 

The Proceedings and Transactions of the International Agri- 
cultural Congress held in Paris last summer have just been issued. 

A Reuter's telegram from Madrid says that a shock of 
earthquake was felt at Granada on the evening of December 16. 
There was great alarm for the moment, and the people rushed 
in panic out of the theatre, where a performance was going on 
at the time. Apparently no damage was done. 

The Pilot Chart of the North Atlantic Ocean for December 
states that stormy weather has been prevalent during the month 
of November. Two notable cyclones have occurred ; the first 
moved eastward from Chesapeake Bay on the night of the 9th. 
On the iith it was central in about latitude 41® N., longitude 
57® W. ; and from this position it moved nearly due north-east, 
and rapidly increased in energy. The other cyclone moved east- 
ward from the New Jersey coast on the 13th, and was central on 
the 14th in latitude 4*® 4 o' N., longitude 63® 20' W. This 
storm attained great violence during the 14th and i^lh. After 
the i6th, gales of varying force occurred along the coast north 
of Florida. There was very little fog during the month ; a 
dense bank was reported on the 17th on the north coast of Cuba. 
A number of icebergs are still reported in the vicinity of Belle 
Isle, and several smaller bergs have been seen over the New- 
foundland Banks. 

At the meeting of the French Meteorological Society on 
November 5, M. Teisserenc de Sort gave an account of his 
researcdiea on barometric gradients. He distinguished two kinds of 
•gradients, one due to the differences of temperature, and another 


due to the earth's rotation, and pointed out that these two 
gradients are always superposed, and that their distinction was 
a matter of importance, for if the first case predominates (a 
gradient due to difference of temperature), the wind force may 
increase and the depression become deeper, while in the second 
case the depression tends to disappear. He thought . it was not 
impossible to make this distinction, for if we know the force of 
the wind we might calculate the moment of inertia and the cor- 
responding gradient. He also presented a work on tMs distri- 
bution of atmospheric pressure over the surface of the globe. 
He showed that the distribution of pressure over different 
meridians varies upwards of an inch on the same parallel accord- 
ing to the season. With the view of finding out the arrangement 
of the isobars in higher regions of the atmosphere, the author 
has calculated the pressures by formulae at various heights, from 
the pressure and temperature observed at the earth's surface, and 
compared their accuracy by the readings at some mountain 
stations, and he has found that most of the irregularities in the 
distribution of the isobars tend to disappear as we reach the 
higher regions of the air, and to be replaced by inflexions in the 
opposite sense. A summary of this paper will be found in the 
Comptes rendus of the French Academy for December 2. 


At a meeting of the Linnean Society of New South Wales 
on October 30, Mr. A. Sidney Olliff called attention to the ex- 
traordinary abundance of a large Noctuid moth — apparently 
Agrotis spina, Gu. {A. vastator. Sc. )— during the early part of 
October in various parts of the country, especially in the vicinity 
of Sydney, where it appeared in such vast numbers as to cause 
great consternation amongst those who were not aware that its 
food in the larval state is confined to low-growing herbage, and 
that at no stage of its existence does it eat cloth, furs, or feathers. 
A similar visitation of thesd moths occurred in Otf:lebea» 1867.. 
Mr. OllifF said that Agrotis spina was found in great numbers 
on the summit of Mount Kosciusko and other high points in the 
Australian Alps, and added that he was of opinion, after ex- 
tended inquiry, that this species, and no other, was the true 
Bugong moth, which formerly formed an important article of 
food amongst the blacks of the Upper Tumut district. 


Mr. Thomas Cornish, Penzance, recently recorded in Th 
Zoologist the occurrence of the “Old English” or “Black" 
Rat, captured at a place about five miles north-east of Penzance, 
[n the current number of the same periodical he says that im- 
nediately after that capture a perfectly trustworthy observer saw 
Uar Camboume, at a place ten miles south-east from where the 
irst specimen was obtained, a Black Rat, which was certainly 
lot the ordinary Hanoverian Rat ; and at a later time Mr. 
[Romish saw and handled another specimen, captured in Paul 
Paris)}, about three miles south-west of Penzance. “ These 
facts,” says Mr, Cornish, “ apparently point to an incursion of 
:his animal, which is gregarious certainly, and probably a vagrant 
In Viprdft. hut not a miffrant." 


Mr. J. R. Dobbins, San Gabriel, California, contributes to 
the new number of Insect Life (vol. ii. No. 4) a note on the 
spread of the Australian ladybird. The note is dated July 2, 
1889. At that time the Vedolia had multiplied in numbers, and* 
had spread so rapidly that every one of Mr, Dobbins s "^200 
orchard trees was literally swarming with them. All Ms 
ornamental trees, shrubs, and vines which had been infested witl^ 
white scale were practically cleansed by this wonderful parasite.^ 
“ About one month sined,” says Mr. Dobbins, ** I made a nublic 
statement that my orchard would be free from ‘ Icerya by Novem- 
ber I,' but the work has gone on with such amazing speed and 
thoroughness, that I am to-day confident that the pest will have 
been exterminated from my trees by tile middle of August. 
Peopler ate coming here daily, and by placing infested branches 
upon the ground bentath my trees for two hours, can secure 
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colonies of thousands of the Vedolia, which are there in count- 
less numbers sucking food. Over 50*000 have been taken away 
to other orchards during the present week, and there are 
millions still remaining, and I have distributed a total of 63,000 
since June i. I have a list of 130 names of persons who have 
taken the colonies, and as they have been placed in orchards ex- 
tending from South Pasadena to Azusa, over a belt of country 
ten mUes long and six or seven in width, I feel positive, from my 
own exfberience, that the entire valley wiil be practically free 
from Icerya before the advent of the new year.” j 

I 

Cocoa-nut butter is now being made at Mannheim, and, ! 
according to the American Consul there, the demand for it is i 
steadily increasing. The method of manufacture was discovered ; 
by Dr. Schlunk, a practical chemist at Ludwigshafen. Liebig i 
and Fresenius knew the value of cocoa-nut oil or fat, but did : 
not succeed in producing it as a substitute for butter. The new I 
butter is of a clear whitish colour, melts at from 26^ to 28® C., | 
and contains O’OOOS per cent, water, 0‘oo6 per cent, mineral : 
stuffs, and 99*9932 per cent. fat. At present it is chiefly used | 
in hospitals and other State institutions, but it is also rapidly | 
finding its way into houses or homes where people are too poor ; 
to buy butter. The working classes are taking to it instead j 
of the oleomargarines against which so much has been said j 
during the last two or three years. 

f 

A POINT of great importance for the progress of Western i 
science in the Chine>e Empire is whether it should be taught in the . 
Chinese or in a foreign language. The subject has been frequently ! 
discussed, and quite recently the opinions of a large number of I 
men most prominently engaged in the education of Chinese were | 
collected and published in a Shanghai magazine, the Chinese i 
Recorder. The editor says that nine-tenths of these authorities ! 
are ofopinion that the Chinese language is sufficient for al] | 
purposes in teaching Western science. One gentleman states j 
that Chinese students can only be taught science in their own I 
language, and that the long time necessary for them to acquire 
English for this purpose is wasted ; another says that ^‘science 
must be planted in the Chinese language in order to its per- 
manent growth and development ” ; a third sees no reason why 
the vernacular should not be enough to allow the Chinese 
student to attain the very highest prodciency in Western science, 
although he admits that there is at present a want of teachers 
and text-books. Prof. Oliver, of the Imperial University at Pekin, 
says he has never found English necessary, but has always taughf 
in Chinese. Prof. Russell, of the same institution, finds Chiwse 
sufficient for popular astronomy. On the other hand, Mr. 
Tenney says that it can only be for the most popular views of 
science that the vernacular is sufficient. It is impossiblct” he 
says, ** for scholars who are ignorant of any European language 
to attain any such excellence in modern sciences as to enable | 
them to bear comparison with the finished mathematical and 
scientific scholars of Europe and America.” Thus, he continues, 
as a medium of thought, any Western language is incomparably 
superior to Chinese in precision and clearness ; the student 
acquainted with a foreign language has a vast field of collateral 
thought open to him which does not and never will exist in 1 
Chinese, and he can keep abreast of the times, which the Chinese { 
student who must depend on translations cannot do. The 
relation of the Chinese student *^to the world of thought is 
analogous to that of a blind and deaf person in the West, whose 
only sources of kpowledge are the fe^ and slowly incmising 
volumes of raised type letters which make up the libraries of the 
blind. ^ As has been said, however, the weight of opinion is 
against Mr. Tenney. 

In a. recent numbex of Humboldt^ Herr Fischer-Sigwart de- 
scribes the ways of a snake, Trofddonotus tessellatus^ which he 
ke|9t in his terrarium in Zurich^ It wasifond of basking in the 


sun on the top of a laurel, from which it climbed easily to a high 
cherry-tree fixed against a wall, its night quarters. Sometimes, 
after lying still for hours, it would hasten down into a snail 
pond (about 4 square yards surface) containing gold-fish, and 
hide itself for a long time, quite under water, behind some stone, 
or plants, the tongue constantly playing. When a fish came 
near, the snake would make a dart at its belly. Often missing, 
it would lose patience, and swim after the fishes, driving them 
into some comer, where it at length seized one in the middle of 
the belly, and carried it to land, much as a d(^ would a piece of 
wood. Curiously, the fish, after being seized, became quite 
still and stiff, as if dead. If one then liberated it, the skin of 
the belly was seen to be quite uninjured, and the fish readily 
swam away in the water. The author thinks the snake has a 
hypnotic influence on its prey (and he had observed similar 
effects with a ringed snake). It would otherwise be very diffi- 
cult for the snake to retain hold of a wriggling fish. The snake 
ifsually carried off the fish some distance to a safe comer, to 
devour it in peace. 

A SPLENDID find of minerals containing the rare metals of the 
yttrium and thorium groups has been made in Llano County, 
Texas {Amer. yourn. of Science^ December 1889). The whole 
district for many miles round consists almost entirely of Archaean 
rocks, granite being met with everywhere, and forming the 
condnon wayside rock. Throughout the granite are dispersed 
veins of quartz, and it is in these veins, and especially the swell- 
ings of the veins, that large masses of rare minerals have been 
found. The largest of these deposits consist of gadolinite and fer- 
gusonite, and of two entirely new minerals, to which the names 
yttrialite and thoro-gummite have been given. The first discovery 
of gadolinite in Texas was made in 1886, when a pocket of 
huge crystals and masses aggregating to about 500 kilo- 
grammes was unearthed. Since that lime a more complete pro- 
spection of the district has revealed the existence of still larger 
quantities. The gadolinite is generally found in small lumps 
weighing about half a pound, but frequently also in much heavier 
masses, and sometimes in immense crystals. One double crystal 
was found weighing ^2 pounds, and a still larger single crystal 
weighed no less than 60 pounds. And these immense crystals 
actually contain over $0 per cent, of oxides of the yttrium metals, 
as do also the massive varieties. The crust of the gadolinite 
crystals, which appear to be of monoclinic habit, was generally 
altered into a brownish-red hydrate of waxy lustre ; but occa- 
sionally, as in case of two particular specimens, the crystals were 
found in a state of rare beauty and perfection. The new mineral 
yttrialite, a thorium-yttrium silicate, was discovered associated 
with and often upon the gadolinite. It was generally altered at 
the surface to an orange-yellow hydrate of quite different struc- 
ture to that of the hydrate of gadolinite. One mass of this in- 
crustation was found to weigh over 10 pounds. It contains 46 
per cent, of oxides of the yttrium metals. Fergusonite, hitherto 
an exceedingly rare mineral, occurs in large quantities in the 
Llano County district, generally in the form of broken interlacing 
prisms severd inches long. Two varieties of it have been identi- 
fied — one a monohydrated and the other a trihydrated variety. 
The monohydrated kind forms tetragonal prisms with acute 
pyramidal terminations, of dull gray exterior, but possessing a 
brilliant brSnze-like fracture. It contains 42 per cent, of yttrium 
earths and 46 per cent, of columbic acid, Cb^Os. The trihydrated 
variety is similar, but of a dark brown colour. Associated with the 
fergusonite is thenew mineral thoro-gummite,^ a hydrated uranium 
thoro-silicate. This mineral is flrequently fdfind in well-developed 
crjrstals resembling, and having angles very nearly the same as, 
those of xircon. It contains aa per cent, of UO9, 41 per cent, of 
ThOs, and 6 per cent, of yttrium earths. Its probable essential 
composition is UO3 . sThO^ . 3SiO| . 6 H|| 0 . Besides these four 
minerals of special interest to chemists^ many more~such as. 
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cjrrtolite, molybdite, aUanue, tengerile, ami a new hydrated 
thoriuni>3rttrium-lead uranate, termed nivenite— have been found. 
Altogetheo this, is the richest find of rare earths which has been 
heard of for some time, and will probably exert a fresh impetus 
upon the attempts to set our knowledge of the rare-earth 
elements upon a surer foundation. 

The additions to the Zoological Society’s Gardens during the 
past week include a Ring-tailed Coati (JVasua rufa S ) from 
South America, presented by Mrs. Petre ; a Common Squirrel 
(Sciurus vulgaris)^ British, -presented by Mrs. S. Stutterd ; a 
Short-eared Owl {Asiobraehyotui) from Hampshire, presented by 
Mr. E. Hart, F.Z.S. ; two Owen’s Apteryx {Apteryx aweni) 
from New Zealand, presented by Captain C. A. Findlay, R. N.R., 
R.M.S.S. Ruapehu; foujr Common Vipers ( beru$) from 
Hampshire, presented by Mr. W. H. B. Pain ; a Marsh Ich- 
neumon {Herpestes galera) from South Africa, purchased ; a 
— — Troupial {Xanthosomus frontalis) from Brazil, received <n 
exchange. 

OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m., December tq = 3h. 
54ra. 4SS. 
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Colour. 
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3 

Yellowish-red. 
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-13 46 

13 ) « Persei 

3 

Yellowish- white. 

3 50 30 

+39 39 

14) 3 Persei 

3 

Bluish-white. 

3 51 6 

+47 26 

\Sf 43 Schj* *•• 

8 

Very red. 

4 44 37 

4-28 20 

C6) S Tauri 

Var. 

mmm 

4 23 10 

+ 942 

1 



Remarks* 



(i) This is described in 

the General Catalogue as 

a globular 


cluster, very bright, small, round, very suddenly brighter in the 
middle, barely resolvable (mottled as if with stars).” In 1864 
Dr. Huggins observed the spectrum, and noted that it was 
apparently continuous, extending from the orange to the blue, 
without any traces of either bright or dark lines. It was again 
observed by Winlock at Harvard College in December 1868, 
and, strange to say, a bright line spectrum was recorded. Two 
distinct bright lines, near each other, and coincident with air- 
lines A 5030.± and A 4.990 ; a third faint line A 4900 ± ” ( " Har- 
vard College Observations,” vol, xiii. Part l, p. ^). These lines 
were in all probability the three ordinary nebula lines near A 500, 
495, and 486. Winlock describes the nebula as planetary, and 
gives exactly the same co-ordinates as those given by Huggins 
and in the General Catalogue. If both observers r^I^ saw the 
same nebula, the remits are highly suggestive of variability ; but 
even then there is the difficult of the recorded resolvability. It 
is quite possible that, in the four years which elapsed between 
the observations, the spectrum changed from an apparentl;|r con- 
tinuous one to a discontinuous spectrum, by some action similar 
to that producing variability in such stars as Mira, but at the 
same time a change of ^brightness would also be expected, and 
of this there is no recora. In any ca'-e, the nebula is well worthy 
of further examination. 

(a) This star of Group II. is interesting, as being a connect- 
ing-link between stars hke a Herculis, in which the bands are 
very wide and dark, and those like Aldebaran, in which there 
is a line spectrum with only the remnants of the bands in 
the red. Dundr states that the bands 2-8 are visible, but all of 
them are narrow and pale. 3 , and presumably D, are very 
strong. Further observations, with special reference to the 
lines of hydrcwen, are sus^rested. 

(3) A star, hitherto described as of the solar type, of which 
the usual observations are required. If the star appears to be 
of the same type of the sun or Capella, special attention should 
be directed to the presence .or ahsmice of dark carbon fiutings. 
It is h^hly probable that stars like the sun, in which there is a 
photompnic indication of carbon absorption, will subsequently 
• cod down and become stars of Group VI., in which carbon 


absorption is predominant. If this be the case, all the interme- 
diate stages of mixed metallic lines and dark carbon fiutings 
should be represented amongst the stars. 

(4) A star of Group IV., of which the usual observations are 
required. 

(5) This is a star of Group VI. The three ordinary bands of 
car^n are visible, band 6, near A 564, being rather pale. A 
study of Donor’s catalogue of the stars of this group shows 
that some of those in whifh band 6 is pale give ses6ndaiv 
bands, whilst others do not. This appears to be mainl/, though 
not entirely, due to differences of magnitude. Comparative 
observations with the same telescope and spectroscope, with 
reference to this point, are suggested. 

{ (6) Gore states the period of this variable as 378 days, 

and the magnitudes at maximum and minimum as 9*9 and < 13. 
respectively. The colour is described as trifling, but the spec- 
; trum has not yet been recorded. The maximum will occur on 
' December 28. A. FowLER. 

Period of U CoRONiE. — Mr. S. C. Chandler {Astronomical 
I yournal. No. 205), from the observations of the period of this 
star, finds an inequality of the same order as those detected in 
U Ophiuchi and U Cephei, variables of the Algol t^pe. The 
period appears to be shortening by o*oo36s. from minimum to 
minimum. The results depend upon forty-five very unequally 
distributed minima ; thirtjr-eight, however, lie in the interval 
1870-74, and afford a basis to work upon. A larger series of 
observations is required to elucidate Mr. Chandler’s h;^othesis, 
which, however, is quite confisrmable within the limits of the 
purely accidental errors of the observations that have been 
investigated. 

Identity of Brooks’s Comet {d 1889) with Lexell’s 
Comet 1770.— In the same publication as the above, Mr. 
Chandler gives some most interesting results of an investigation 
into the orbits of these comets. The following is a summary of 
the principal conclusions : — 

(1) The encounter of the comet with Jupiter in 1886 effected 
a complete transformation of the compt’s orbit. lyg^ee^j^f the < 
present seven years’ ellipse, it was previously moving in a large 
one of twentv-seven years’ period. 

(2) Several months before reaching its perihelion, it passed, 
near the beginning of 1886, into the sphere of Jupiter’s attrac- 
tion, and was deflected into a hjrperbolic path alraut that planet, 
and narrowly escaped being drawn into a closed orbit, as a 
satellite of Jupiter. 

(3) At the ^int of closest approach to Jupiter, May 20, 1886, 
the comet was distant from it only about nine dianseters of the 
planet, passing a little outside of the orbit of the third satellite. 

(4) In 1779, and not before, the comet must have come so 
near to Jupiter as to pass under his control and experience a 
radical change of orbit at the point of longitude where Lexell’s 
comet underwent its notable disturbance in that jrear. More- 
over, the elements of Lexell’s comet before the disturbance were 
strikingly similar to those found for the present comet previous 
to 1886. 

Taking all the points presented into consideration, the argu- 
ment for the identity of the two comets is overwhelming. A 
fuller investigation will be made as soon as the observations for 
the whole apparition have been received. 

Some Photographic Star Spectra.— An examination 
has been made by Dr. Scheiner of the star spectra photographed 
at Potsdam [Astr, Nachr.^ No. 2923). The wave-lengths of 
lines in the spectra were determined by comparison with the 
solar spectrum, and as the probable error of the measures is 
estimated so small as 0*005, the identification of the lines seems 
beyond doubt. The following are some descriptive results : — 

7 Cassiopeia. Continuous spectrum ; hydrogen lines an^ D3.’ 
bright. , 

a Corona. The magnesium line at 448*2 appears as a broad 
line in this star. 

a Lyra. Some fine lines, supposed to be due to iron or calcium,* 
are seen, but hive not bqen measured. « 

Sirius. 91 similar fine lines to those in the above stae have 
been measured, and 43 ascribed to iron. Even more of these 
lines occur in Procyon. 

a Aquila. The spectrum of this star appears almost identical 
with that of the sun. • 

^ B Osiptm. The hydrogen and other lines appear broad, but 
are not diffused at the edges as in a Lyrae and similar stars. 2<> 
lines have been measui^ from A 400 to A 460. 
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a Auriga. 291 lines have been measured in the spectrum of 
this star between A 410 and \ 470, all of which appear identical 
writh solar lines* 


Magnitude and Colour of 11 ArgOs.— Observations of 
this Variable have been made at Cordoba since 18711 and some 
•comparisons made by Mr. Thome {Astr. NacAr ^ No. 2922) 
show that it steadily decreased in magnitude until about the end 
ofi88& when a minimum of 7*65 was reachedi and it is now 
about 0^1 In 1843, Maclear grave the brightness of v Argds as 
- 1*0, or between that of Sirius and Canopus, so that the 
variation in magnitude is 8*5, and not 6 as heretofore assumed, 
this variation, extending over 44 years, gives an average yearly 
rate of diminution of 0*2. 

It is interesting to note that the change in magnitude was 
accompanied by a change in colour ; for although before mini- 
mum the star was of a dull scarlet the colour became lighter, 
until ii) June 1889 it was a bright orange. 

^ Orbit of Barnard’s Comet 1884 II. — From an investiga- 
tion of all the available observations of this periodic comet, Dr. 
Berberich has computed the following elements {Astr. Nachr.^ 

*938-39). 

Epoch 1884 August i6'5, Berlin Mean Time. 


M = 359 59 4913 
» = 301 I 58*63 
a = 58 59*12 

‘ = 5 27 38 40 

^ = 35 44 50*92 
M = 657" *0839 ± o''* 8876 
log a = 0*4882572 

Perihelion passage = 1884 August 16*516543 
Period = 1972*35 ± 2*66 days. 

It will be seen from the foregoing period, that the comet will 
be at perihelion again in 1890 January 9*87. 


Algol.— At the meeting of the Royal Prussian Academy of 
Sciences, held on November 28, P;of. Vogel gave the results 
he hadT^bfeined from photr^aphs of the spectrum of this 
variable. Prof. Pickering had pointed out, some years ago, that 
if the variation in stars of the Algol class were due to the transit 
of a dark satellite across the disk of its primary, producing a 
partial eclipse, then since in every case yet known the two 
bodies must be close to each other, and of not very dispropor- 
tionate size, the primary must revolve with very considerable 
rapidity in an orbit round the common centre of gravity of the 
two ; and, therefore, be sometimes approaching the earth with 
great rapidity and sometimes receding from it. Six photographs 
of the spectrum of Algol— obtained, three during last winter, and 
three during the November just past— have shown that before 
the minimum the lines of the spectrum of Algol are markedly 
displaced towards the red, showing a motion of recession ; but 
that after the minimum the displacement is towards the blue,' 
showing a motion of approach. Assuming a circular orbit for 
the star, and combining the details given by the spectr6scope 
with the known variation of the star’s light. Prof. Vogel derives 
the following elements for the system of Algol : — 


Diameter of Algol 1,074, 100 Ei^lish miles. 

Diameter of the dark companion 840,600 ,, „ 

Distance of centre 3,2^,000 ,, ,, 

Speed of Algol in its orbit 27 miles per second. 

Speed of the companion in its orbit ... 56 „ „ 

Mass of Algol g of the sun. 

Mass of the companion ^ „ ,, 

Speed of translation of the entire system 1 . 

towarrls the earth | a miles per second. 


It will be seen that the density both of Algol and its com- 

J ianion is much less than that of the sun— less than a quarter, in 
act. This is what we might expect, for Algol and all the 
variables of its class yet examined give spectra of Group IV., 
and should therefore represent a less advanced stage of condensa- 
tion than that seeiuin our sun. This demonstration of the truth 
of tbe.8ateliite theory of variation of the Algol type derives also 
an especial interest from Prof. Darwin’s researches on tidal 
evolution, for assuming, as we well may, that the cause of 
variation is the same in all members of the class, we now 
know of nine stars ir which a large companion is revolving 
round its primary at but a very short distance from It, and in g 
very short space of time. The companion of U Ophiuebi must, 
indim, be altnost in contact with its parent star. 


DiscovRitY OF *A New Comet. — A faint comet was dis- 
covered by M, Borrelly at g Marseilles, on December 12, at 
7h. 49*5m. G.M.T. R.A. t8h. 7m. ; daily motion in R.A. 
+ im. I2S. N.P.D. 41° 7'; daily motion +60'. 


GEOGRAPHICAL NOTES. 

We regret to have to record the death of Major Peter Egerton 
Warburton, whose name will always be intimately associated with 
the history of exploration in Australia. He died at Beaumont, 
Adelaide, in his seventy-sixth year. • His most famous achieve- 
ment, undertaken in 1873, was the crossing of the continent from 
a point cm the overland telegraphic line to the De Grey River, 
in Western Australia. Nothing was heard of him for about 
twelve months, during which he and his party suffered terrible 
privations in their march across the desert. After the expedi- 
tion, Major Warburton visited England, and was awarded a 
Gold Medal of the Royal Geographical Society for his efforts 
towards increasing our knowledge of the interior of Australia. 
He received the Companionship of the Order of St. Michael 
and St. George in 1875. 

The death is announced of Cardinal G. Massaja in his eighty- 
first year, at St. Geoigio a Cremano. For nearly half a century 
the name of this distinguished explorer has been intimately asso- 
ciated with the progress of geographical discoveries in Ab)rs- 
sinia and the surrounding regions. It was at his suggestion that 
the Italian Geographical Society organized the Antinori Expedi- 
tion (o Shoa, which has resulted in the occupation of a vast 
region, and the extension of Italian influence over the whole of 
Ethiopia. His chief work, “ I miei trentacinque Anni nell’ 
alta Etiopia,” abounds in valuable geographical, historical, and 
ethnological information on the East Aftican regions for so 
many years explored and studied by him. The Cardinal was 
bom at Piovk in 1809, and, in 1846, appointed Vicar Apostolic 
of the Galla nation. 

From the Berlin Correspondent of the Daily Nnos we learn 
that a full account of the ascent of Kilimanjaro by Dr. Hans 
Meyer and Prof. Pnrtscbeller has been received at Berlin. It is 
dated “ Marangu Jagga, October 9.” The journey from Zanzibar 
to Uawela took exactly a fortnight On September 25 the tra- 
vellers reached Marangu. On October 2 they encamped, with 
a Pangani negro, on the ridge of the plateau, at a height of 
14,450 feet. At 2.30 a.m. they started for the lava-ribs sur- 
rounding the valley of glaciers to the south about 1200 feet 
above. At 7 o’clock, on the right side of the valley, at an 
elevation of about 16,500 feet, the first snow was seen under 
cover of the rocks. The higher they went, the more clefts and 
fissures the field of ice had. The travellers say : — ' ‘ After great 
exertions we readied, at 1.45, the snow-line, and it was seen 
that the highest peak, which was formed of rocks jutting out of 
the snow, was about one and a half hour’s march to the left. 
After resting a day and a half we set off, on October 5, to 
bivouac in the Lava Cave, at a height of about 15,200 feet, 
and on the next day we repeated the ascent. The peaks were 
gained without particular difficulty, and on the central and 
highest one, 19,680 feet above the sea, the German flag was 
planted.” Dr. Mwer proposes to call this peak Kaiser Wilhelm 
Peak. The view from here on to the Kibbs Crater — which is 
6600 feet broad and 660 feet high, and the lower half of which 
is encased in a mighty belt of ice, whilst a volcanic cone of 
about 50b feet rises in the centre — is magnificent. The beauties 
of the landscape in the Kilimanjaro region seem to be quite 
extraordinary. On October 10 the lumawensi was to be 
ascended. The two travellers enjoy the best of health. 

The double number of the Bollettiuo of the Italian Geogra- 
phical Society for October and November, which appears some 
weeks behind time, is largely devoted to African subjects, and 
more particularly to the nonh-eastero region, which is rapidly 
becoming an ** Italian colony.” Captain D. Stasio publishes a 
summaiy of Don Francesco Alvarez’s ** Travels in Ethiopia” 
in the sixteenth century, enriched with valuable notes and addi- 
tions. Alvarez, a priest attached to an embassy forwarded by 
Portugal, in 1526, to the Emperor of Abyssinia, shows himself 
a carmul observer of men and things- and his work, which was 
included in Ramusio’s ** Navigation! et Viaggi ” (Venice, 15^)> 
abounds in details regarding the political, social, and economic 
relations of that region in the sixteenth century. Giulio D. 
Cocorda brings to a conclusion his important series of papers * 
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on the South African gold-fields, which include much informa- 
tion on the present conmtion of the whole of South Afirica as 
far north aa the Zambesi. The observer points out that, while 
the Delagoa Bay and other lines of communication are much 
discussed, the fine arterjr of the perfectly navigable Limpopo is 
entirely neglected, notwithstanding Captain Cnaddock’s naviga- 
tion 01 it a few years ago. The writer remarks that ‘‘this river 
flows mainly through regions under the influence or protectorate 
of England ; the Transvaal people on the one side, and those of 
Matateleland on the other, would certainly be glad to avail them- 
selves of this outlet for their produce. As it traverses only a 
small tract of Portuguese territory about its estuary, I hope and 
believe that Portugal will not be allowed to treat the Limpopo 
as she is now attempting to treat the Zambesi. The subject is 
of such importance that it cannot fail soon to be brought before 
the British Parliament.” Referring to the negotiations at pre- 
sent going on in connection with the Swaziland question, he 
observes, in the same spirit : — “ The Swazi people must, sooner 
or later, yield either to the Transvaal or to England, and if to 
the former, it must be to the entire detriment of British interests. 
England, as the suzerain power in South Africa, should be the 
first in the field, both in her own interest and in that of her 
other colonies and subjects. If she does not assume the pro- 
tectorate of Swaziland, besides losing the control of a vast and 
rich mineral district, she will deprive the colony of Natal of all 
further hope of expansion. If she ignores her responsibility in 
this matter, and allows the Transvaal Republic to absorb Swazi- 
land, she will add another to the long list of blunders that 
threaten to destroy all prospect of consolidating a dominibn as 
large as Canada, and may end disastrously for British interests 
in South Africa.” 

A French traveller has just achieved a feat of great interest. 
Captain Trivier, equipped hy the newspaper La Gironde^ started 
some eighteen months ago for the Congo State. He went up 
the river to Stanley Falls, and thence proceeded to Central 
Africa and the Lake region, accompanying caravans. He has 
just arrived at Mozambique. 

Globus reports that during the past summer M. Thoroddsen, 
the well known student of Iceland, has carried out a journey in 
the waste region known as Fiskivbtn, lying between Hecla and 
the Vatna Jokul, which has hitherto been un visited for the most 
part by any inquirer. To the east and north of Hecla he dis- 
covered a new obsidian r^ion. Crossing the Tunguaa, he 
went to the Fiskivbtn group of lakes, all true crater lakes. The 
district between this and the Vatna Jokul has absolutely no 
plant-life whatever ; it consists of lava-fields, and plains of vol- 
canic sand. In it he found a lake, Thorisvatn, the second 
largest in the island. Thence, after a day’s journey through an 
utterly desolate district, he reached the hitherto unknown source 
of the Tunguaa.^ To the south of this he discovered, between 
three ranges of hills, previously unknown, a new and very long 
lake. 

Mr. Dauvergne has, says the Times of India^ conmieted an 
adventurous journey in the regions of North-West Cashmere. 
His course was from Leh northwards to the Kilian Pass, in 
Kashgaria, and then northwards across the Pamir to the Upper 
Oxus. He reached Sarhad in safety, and after six days’ halt 
there, crossed the Hindu Kush by the Baroghil Pass, as he did 
not wish to visit Chitral. He then turned eastwards, and after 
a trying journey through the snow, crossed the Ishkaman Pass, 
north of Yasin. Thence he travelled southwards by the 
Karambar Valley, and eventually reached Gilgit, a short time 
after Captain Durand had started for Chitral. Mr. Dauvergne 
reports that the Russian explorer, Captain Grombehevsky, 
whose attempt to reach Kafiristan was noticed some time 
ago, was stopped at Kila Panjah on the Oxus, by the A^han 
authorities. 


THE ST. PETERSBURG PROBLEM. 


^HIS celebrated problem, which is first mentioned before 
^ 1708 in a letter from the younger Nicholas Bernoulli to 

Montmort, has been frequently discussed by Daniel Bernoulli 
(1730) and other eminent mathensaticians. It may be briefly 
stated as follows 


A tosses a coin, and undertakes to pay B a florin if head 
comes up at the fint throw, two florins u it comes up at the 
second, four florins if it be deferred until the third throw, and so 
on. What is the value of B’s expectation ? 


The chance of head appearing at the 
ist, and, 3rd, 4th .... #ith throw is 

if if iV * • • • R {promises to pay for hMd 

I, a, 4, 8 . . . . florins, hence B's expectation is 

if if if A . - • . i florin. 

Hence the total value of B’s expectation is an infinite series, 
each term of which is a shilling, or it is infinite. v 

This result of the theory of probability is apparentlwdirectly 
opposed to the dictates of common-sense, since it is^ipposed 
that no one would give even a large finite sum, such as 50, for 
the prospect above defined. 

Almost all mathematical writers on probability have allowed 
the force of the objection, which they have endeavoured to evade 
by various ingenious artifices all more or less unsatisfactory. 

Thc^ real difficulty of the problem seems to lie in the exact 
.meaning of infinite and valtie of the expectation. 

Since the infinite value of the result is only true if an infinite 
number of trials are paid for and made, all such considerations 
as want of time and the bankruptcy of A or B are precluded by 
the terms of the Question. 

The value of B’s expectation is frequently confused with how 
much he can or ought to pay for it ; thus Mr. Whitworth 
(“ Choice and Chance,” p« 234) finds that if B have 1024 florins, 
he may give very little more than 6 florins for the venture. This 
ingenious, solution seems to have no reference to the original 
problem, which has been modified by Mr. Whitworth’s intrMuc- 
lion of the word advantageously ” (p. 232). 

B can pay for his expectation in three ways : (i.) a sum before 
each toss ; (ii.) a sum before each series of tosses ending with 
head ; (iii. ) a sum for the total result of A’s operations. 

Mr. Whitworth apparently assumes the first method of pay- 
ment, and shows that the larger B’s funds are the more he may 
safely pay for each toss, since he can continue to play longer. 
Many mathematicians take the second method of payment. 

However large a fee I pay for each of these sets, I shall be 
sure to make it up in time” (“ Logic of Chance,” p. 155). 

It is easy to show in tlfis case also that what may ^safely 
paid before each series increases with the number of series. 

Suppose a very large number of tosses made, about half 
would come up heads and half tails ; each head would end 
a series, when a fresh payment must be made by B. Suppose 
the tosses limited to one series, if B pays one florin he cannot 
possibly lose, if he pay anything more he may lose by head 
coming up the first time, and the more he pays the greater will 
his chance of loss be, since the series of tails must longer to 
cover it. But, however large a finite sum he pavs, he is not 
certain to lose, e.g. head may not come up till the hundred and 
first toss, when he would receive 
2100 ~ 1,267650,600228,229401,496 703,205 376 florins. 

If the sets are limited to one hundred, about 


50 heads would probably come up the f st toss. 
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B would receive about 350 florins, 


or he could pay without loss seven shillings for each set. 

If N be the number of sets, the total amount received by B 
will probably not be less than n terms of the series 


/N X a® 

\ 


N X ai 


+ &c. 




but H is the number of times which N is successively divisible 
by a, or a* s N, or » sr log N/log a. But the amount x which' 
B can afford to pay per set when multiplied by the number of 
sets is equal to the amount which he receive8,'or— 

log a ^ 

hence x « log N/o*6 ndorly. t , 

This formula, though inexact for low, is very convenient 
high, values oi N. 
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X increases with, t&ough much more slowly than, N, and 
becomes infinite when N does. But to justify a payment of 
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50 per set, we must expect a number of sets represented by 
301 figures. 

Lastly, what is the value of B’s expectations if A’s operations 
are continued indefinitely. With great deference to contrary 
opinions, I believe this to be the correct meaning of the problem 
in its original form. The theoretical result is in this ca^e 
easily realized by the aid of the following illustration. Suppose 
the ptfson A replaced by an automatic machine similar to that 
used r^^ weighing sovereigns, which tosses continuously ten 
times pw minute. On the average of a large number of tosses, 
B cannot receive less than one shilling a toss, every two 
minutes, or ;^720 a day for ever. If the current rate of interest 
be 3 per cent., he may safely pay for this perpetual annuity 
;^8, 760,00a Suppose, instead of this comparatively slow rate, 
the machine increased the rapidity of its operations indefinitely, 
the sum to be paid for the result would also increase indefinitely, 
or the expectation would become infinite. 

Sydney Lupton. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — The Newall Telescope Syndicate has dr^wn 
up^ a scheme for building a dome for the telescope on a site 
adjoining the present Observatory, with an observer’s house ; 
and they recommend that an observer be appointed, at a stipend 
of ;^25o per annum, with a house, to devote himself to research 
in stellar physics, under the general direction of the Director of 
the Observatory. 

The results of this year’s commercial examination, held by- the 
School’s Examinations Board, are satisfactory. Geography was 
still very imperfect. Elementary mechanics has now been ^ded 
to the list of compulsory subjects. 

An influential syndicate has been appointed to consider the 
, question of the mechanical workslvips, their management and 

utuityr •• 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, December 12. — “ An Experimental Investi- 
gation into the Arrangement of the Excitable Fibres of the 
Internal Capsule of the Bonnet Monkey {Maeaeus sinicus).” 
By Charles E. Beevor, M.D., F.R.C.P., and Victor Horsley, 
B.S., F.R.S. (from the Laboratory of the Brown Institution). 

After an historical introduction, the authors proceed to descrilx 
the method of investigation, which was conducted as followsii 
The animal being narcotized with ether, the internal capsule 
was exposed by a horizontal section through the hemispMre. . 
By means of compasses the outline of the basal ganglia and ' 
capsule were accurately transferred to paper ruled with squares of j 
one millimetre side, so that a projection of the capsule was thus I 
obtained, divided into bundles of one millimetre square area. 
Each of these squares of fibres was then excited by a minimal ^ 
stimulus, the same being an induced or secondary interrupted 
current. The movements were recorded and the capsule ' 
photographed. 

In all fortjr-five experiments were performed, and thw are ' 
arranged in eight groups, representing eight successive levels I 
(i.e. from the centrum ovale to the crus) at which the capsule | 
was investigated. ' 

Before the results ate described in detail a full account is given 
of previous investigations, experimental, clinical, and anato m ical , 
on the arrangement of the internal capsule. 

The anatomy of the part and the relation of the fibres to the 
•basal ganglia are then diseuased, and a full description given of 
each of the groupsrexamined. , 

The- general resulfs are next ^ven at length, of which the 
following is a rhumi. 

Firstly, the rare occurrence of bilateral movement is discussed, 
and the meaning of the phenomenon de6ned. Secondly, the 
lateral arrai^meot and juxtaposition of the fibres are considered. 
Thirdly, the antero-posterior order In which the fibres for the 
mofements of the different s^ments are placed is describ^,- and 


that order found to* be practically identical with that observed on 
the cortex, viz. .from before back 

Movements of eyes. 

head. 

tongue. 

mouth. 

upper limb (shoulder preceding thumb). 

trunk. 

lower limb (hip preceding toes). 

, The ^ character or nature of these movements is set out in a 
j table giving the average localization of each segment. Speaking 
generally, it may be said that the movements are arranged in 
the same way as has already been shown by the authors to exist 
in the cortex (vide previous paners in Phil. Trans., 1887, 1888), 
viz. that the representation of extension is situated in front of 
flexion for the segments of the upper limb, while for the toes 
flexion is obtained, as in the cortex, in front of extension. 

Numerous tables and diagrams are appended, showing the 
: extent of appropriation of fibres for each movement. 

Physical Society, November 15. — Prof. Reinold, F.R.S., 

: President, in the chair. — Mr. Enright resumed the reading of 
his paper on the electrification due to contact of gases with 
. liquids. Repeating his experiments with zinc and hydrochloric 
; acid, the author, b^ passing the gas into an insulated metallic 
i vessel connected with the electrometer, proved that it was always 
; charged with electricity of the opposite kind to that of the solu- 
I tion. The electrical phenomena of many other reactions have 
I beeiB investigated, with the result that the gas, whether H, CO3, 

! SO|, SHy, or Cl, is always electrified positively when escaping 
' from acids, and negatively when leaving a solution of the salt. 

: In some c^es distinct reversal is not obtainable, but all these 
j seem explicable by considering the solubility and power of 
I diffusion of the resulting salts. Various other results given in 
i the paper tend to confirm this hypothesis. Seeking for an 
j explanation of the observed phenomena, the author comd arrive 
I at no satisfactory one excepting " contact ” between gases and 
1 liquids, and if this be the true explanation he hoped to prove it 
j directly by passing hydrogen through acid. In this, however, he 
! WM unsuccessful, owing, he believes, to the impossibility of 
bringing the gas into actual contact with the liquid. True 
contact only seems possible when the gas is in the nascent state. 
Some difficulty was experienced in obtaining non-electrified gas, 
for the charge is retained several hours after its production, even 
if the gas be kept in metallic vessels connected to earth. Such 
vessels, when recently filled, form condensers in which the 
electricity pervades an inclosed space, and whose chaige is avail* 

, able on allowing the gas to escape. Soap bubbles blown with 
i newl)r generated h^rogen were also found to act as condensers, 
the liquid of which, when broken, exhibited a negative charge. 
This fact, the author suggested, may explain the so-called fire- 
balls,” som^imes seen dating thunderstorms'; for if, by any 
abnormal distribution of heat, a quantity of electrified air 
becomes inclosed by a film of moisture, its movements and 
behaviour would closely resemble those of fire-balls. A similar 
explanation was proposed for the phenomenon mentioned in a 
recent number of Nature, where part of a thundercloud was 
seen to separate from the mass, descend to the earth, and rise 
again. ^ The latter part of the paper describes methods of 
measuring the contact potential difierences between gases and 
liquids, the most satisfactory of which is a “water dropper,” 
and by its means the P.D. between hydrogen and hydro- 
chloric acid was^imated to be about 4» volts. Prof. Rucker 
asked if the experiment with zinc and hydrochloric acid could be 
st^ed in the second stage by having the add partly saturated 
with salt. Pr. C. V. Burton thought it probable that contact 
could be made between a gas and a liquid by shaking them up 
together in a bottle. In reply, Mr. Enright stud the experiment 
could be started at any stime, and reversal effected as often as 
desired by adding either acid or a solntion of salt to the generat- 
ing vessel.-— Mr. Herbert Tomlinson, F.R.S., read a paper on 
the effect of repeated heating and cooling on die electrictu resist- 
ance aflid temperature coefficient of annealed iron. In a paper 
recently presented to the Royal Society, the author has brought 
forward an instance of an iron wire, vriiich when subjected to 
mamietie cycles of minute lange alternately at 17* and xoD* C., 
had its molecular friction and magnetic permeability reduced 
respectivdyto about one-quarter and one-half their original values. 
The -present experiments were undertaken to see whether by 
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such heatings and coolings the temperature coefficient of iron 
could be brought down to something approaching the number 
given by Msttmessen for “ most pure metals.’* The wire experi- 
mented on was first annealed by heating to 1000° C. for several 
hours and allowing to cool slowly in a furnace placed at right 
angles to the magnetic meridian ; the process was repeated three 
times. Afterwards the wire was covered with paper and wound 
doubly into a coil. This coil was inclosed in a water-jacketed 
air-chamber, and connected with a sensitive Wheatstone bridge. 

. Thermo-electric and Peltier effects were eliminated by always 
keeping the galvanometer circuit closed. By repeated heating 
to loo^C. and cooling ta-'Xy” C. for long intervals, the specific 
resistance at 17” C. was reduced from 11,162 to 10,688 
C.G.S. units, after which the operations produced no further 
change. At the same time the temperature coefficient in- 
creased in the proportion of 1 : 1*024. rrom careful determina- 
tions of the resistance at different temperatures, the formula 
R/ sr Ro(i 0'005i3i/ + 0*00000815/®) was deduced, whilst that 
obtained from Matthiessen’s results for pure iron annealed in hy- 
drogen is R<=Ro(i -t-o 005425/ -H 0*0000083/®). Taking his ow» 
determination of specific resistance of impure iron as correct, 
coupled with Matthiessen’s law connecting the resistances and 
temperature coefficients of metals and their alloys, the author 
finds that the specific resistance of pure iron deduced from 
Matthiessen’s results is from 4 to 5 per cent, too high. In con- 
clusion, Mr. Tomlinson expresses a hope that the B. A. Electrical 
Standards Committee may be induced to determine the absolute 
resistance and temperature coefficient of the pure metals which 
are in ordinary use. Prof. Ayrton thought Matthiessen’s re^ts 
were expressed in B.A. units, and hence might appear i or 2 
per cent, too great. Mr. Tomlinson, however, believed the 
number he tooK were expressed in legal ohms. Dr. Walmsley 
asked for what value of the magnetizing force the permeability of 
the iron mentioned in the beginning of the paper was determined ; 
to which Mr. Tomlinson replied that they were much smaller 
than the earth’s horizontal component. — Dr. Thompson’s paper 
on geometrical optics was postponed. 

Edinburgh. 

Royal Society, December 2. — Sir Douglas Maclagan, Vice- 
President, in the chair. — Prof. Tait communicated a paper by 
Dr. G. Plarr, on the transformation of Laplace’s coefficients. — 
Mr. A. C. Mitchell read a preliminai^ note on the thermal con- 
ductivity of aluminium. A comparatively rough first experiment 
shows tW this metal slightly exceeds good copper in conduc- 
ductivity. — Dr. John Murray discussed the question of the origin 
and nature of coral reefs and other carbonate of lime formations 
in recent seas. He first referred to experiments which have 
recently been made r^arding secretion and solution of carbonate 
of lime. Carbonate of lime remains are found in great abund- 
ance at the sea bottom in shallow waters,^ but the amount 
steadily diminishes as the depth increases, until at 4000 fathoms 
almost every trace has disappeared. This is due to solution, ^ 
the oiganisms slowly fall to the bottom. Everywhere within 
500 fathoms of the surface the ocean teems with life. The 
Greely Expedition was starving within ten feet of abundant food 
which might have been obtains by breaking a hole through the 
ice and using a shirt as a drag-net. Dr. Murray then proceeded 
to discuss Ms* theory of the formation of coral reefs, bringing 
forward in reply to objections by Dana and others, some r^ntly 
obtained facts regardii^ the existence of shallow regions in what 
is, on the whole, deep water. He showed that carbonate of 
lime is continually produced in great quantity in warni tropical 
water by the action of sulphate of lime in solution on effete pro- 
ducts. This explains the great growth of coral in tropical regions. 
The absence of coral on certain shores in tropical distncts w 
explained by the uprise of cold water due to winds blowing on 
shore. His paper was illustrated by an elaborate senes of 
lime-light diagrams. 

Pams. 

Academy of Science*, December 9.— M. Hefmiie in the 
chair.— -On the nitrification of ammonii^ by M. Th. SCnloesing. 
In a recent communication (Smtember 9) the author desenbed 
three experiments on the nitrineation of ammonia m 
humus, tending to prove that this phenomenon is accomplisne<l 
without any appreciable lorn of nitrogen liberated in the gaseiw 
state, tte now reports the results of two other experiments, 
showing that this is no longer the case when a l*^i^ proportion 
of ammonium carbonate is introduced into the soil.**^orrectlon 


in the tables of Jupiter’s movement worked out by Le Verrierr 
by M. A. Gaillot. Comparing the secular terms of the eccen- 
tricity and perihelion of Jupiter’s and Saturn’s orbits as deter- 
mined by Le Verrier, Hill {Astronomical Journal. No. 204) 
came to the conclusion that there must be an error of sign in the 
terms of the second order relating to Jupiter’s orbit. M. Gaillot 
has now gone over the calculations again, and finds that Le 
Verrier’s manuscript is correct, but that, as conjectured bj^Hill, 
a misprint of a sign occurs in the published work. Iq^ol. x. 
p. 242, the sign + appears instead of - before the term 
o"*oi5,554P' cos(c» - — Ot* the characteristic temperatures,, 

pressures, and volumes of bodies, by M. Ladislas Netanson. 
These researches tend to show that for every gas there exists an 
infinite number of characteristic values, /, /, v, which, being 
adopted as units of the general variables /, /, v, have the 
remarkable property of eliminating all difference in the charac- 
teristic equations of the different gases. The systems usually 
employed in measuring temperatures, pressures, and volumes, 
having nothing in common with the intimate nature of the bodies- 
themselves, give rise to differences in the equation F(/, p, v) = o, 
which disappear when for each body the physicist employs a 
special system in accordance with its properties. — On the localiza- 
tion of the interference fringes in thin isotropic plates, by M. J. 
Mace de Ldpinay. In studying the exact conditions of the 
fringes in thin prismatic plates, the author finds a complete 
verification of the general theory expounded by him in 
a previous communication {Comptes rendus, July 22, 1^9). 
The consequences of the theory may be considers as entirely 
verified by these experiments. — On the want of accuracy in ther- 
mometers, by M. E. Renou. On a recent occasion (July 1) M. 
Cornu remarked that hitherto these instruments have^been liable 
to an error of from o®*2 to 0**3. It is now shown that ol^rva- 
tions hitherto recorded may give rise to the greatest sincon- 
venience, more perhaps in future than at present. These 
remarks were supplemented by M. Cornu, who pointed out that 
errors in. the mercury thermometer as great as 0^*2 or o**3 occur 
only in observations taken at considerable intervals of tempera- 
ture and with instruments not sufficiently tested. — Vinations in 
the mean temperature of the air at Paris, by M. Renou. Twenty 
years ago the author attempted to show that severe winters re- 
turn in groups of five or six every forty-one years. This some- 
what elastic period is perhaps reproduced better in groups of 
years than in single years. It also appears that the Observatory 
of Paris gives a mean temperature higher by o®*7 than that of 
the surrounding rural districts — 10° *7 as compared with 10® *0 of- 
the Parc Saint- Maur Observatory. — On the observations of tem- 
, perature on the top of the Eiffel Tower, by M. Alfred Angot- 
I These observations, begun on July i, are being still continued 
with a Richard registering thermometer, placed 336 metres 
' above the sea, and about 301 above the ground. Compared with 
tho.se of the Parc Saint-Maur (50 metres) they show that the 
nSrmal decrease of about i® for every 180 metres is greatl;^ ex- 
ceeded in summer and during the day (means of the maxima), 
and correspondingly diminished in winter and at night (mrans of 
the minima) ; or there is generally even an inversion in the 
temperatures, the air being men warmer at 300 metres than near 
the ground. — Papers were submitted by M. Raoul Varet, on the 
ammoniacal cyanides of mercury ; by M. L. Prunier, on the 
simultaneous quantitative analysis of sulphur and carbon in 
substances containing sulphur ; by M. E. Guinochet, on an acid 
isomerous with tricarbidlylic acid ; by M. C. Tanret, on two new 
sugars extracted from quebracho {Aspidosptrma quebrMho ) ; 1 ^ 
M. Amand, on carotine, its probable physiological action on the 
leaf; and by MM. Andrd Thil and Thouroude, on a miw- 
graphic study of the woody tissues of native tre^s and shrubs, 
prepared for the special exhibition of the Forest Department. — 
The sealed paper, by M. A. Joannis, on compounds of potassiuirv 
and sodium wim ammonia gas, was opened by the Secretary. 

Berlin. 

Physical Society, Nofember 22. — Prof, du Bois Reympndr 
President, in the chair. — Dr. Lehmann spoke on the nature and 
distribution of the Babylonian metrical system. He ewressed- 
his desire to lay before the competent judgment m the Phymcal 
Society, the results of his most recent archi^i^ical researches, 
so ftur as they are of direct physical interest, and then proceeded 
to ’describe the numerical system employed by the ancient 
Baylonians, explaining that it consisted of a sexagesimal system 
with decimal subdivmons. The unit of time, the double- 
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minute, was the time occupied by the sun’s rising, measured at 
the Equinox, and could thus be recovered at any time. It was 
measured by the mass of water which flowed out of a certain 
vessel from the instant at which the upper edge of the sun 
appeared above the horizon to the moment at which his lower edge 
was exactly touching the horizon. The day consisted of 720 of these 
units. The unit of length was the ell, which was used in two 
form^either as a single- or double-ell ; subdivisions used were 
the {oOh = ii double-ell, the hand-width, and the finger-length. 
The unit of weight was the mine, also occurring as single-mine 
or double-mine. The derivation of units of weight from units of 
length, as in the modem case of grams and centimetres, was 
also known, but of course the water used was not distilled and 
was not weighed at 4® C, The speaker had, however, succeeded 
tn discovering a measuring-scale on an ancient monument dating 
from the year 2500 B.C., which had enabled him to compare 
the Babylonian measures with those of our own time. It 
appeared from this that a hand -breadth = 99*4-99 6 mm. ; a 
double-ell = 994*^996 mm. ; and the foot := 33i-'332 mm. He 
had further discovered several stamped weights, and thus found 
that the double-mine = 982 ‘4-985 ’8 grams. The single-mine 
weighed half as much as the double-mine, but the gold-mine and 
silver-mine were equal to five-sixths of a single-mine. The royal- 
mine was I per cent, heavier than the gold-mine, and was 
employed for the payment of tribute. The coinage was based 
upon the mine and its sexagesimal division. Dr. Lehmann 
remarked how surprising it is to find that the length of a 
seconds-pendulum at Babylon is 992*5 mm., and was inclined 
to advance the hypothesis that the Babylonian unit of length 
was derived from a seconds-pendulum, the foot being one-third 
the lengh ^f the pendulum. He next proceeded to give an 
account of the spread of the Babylonian mine, and of the 
Phcenician which was derived from it, as a unit of weight 
among the civilized nations of Europe. The discovery of an 
old Roman balance had enabled him to determine that the old 
Etrurian pound was equal in weight to the Babylonian mine. 
The Babylonian unit of weight iscfound not only in Italy and 
the K^edite^ranean generally, but also the old Dutch and French 

? ounds and the Russian j>ood are equal in weight to the mine. 

'he speaker considered it to be quite impossible that in all 
the above cases we are dealing with a chance correspondence 
between the several weights. In the discussion which ^psued, 
objections were raised on several sides against the hypothesis 
that the ancient Babylonians had knowledge of the seconds- 
pendulum, which had subsequently been lost. On the other 
hand, it was pointed out by others that the ancients were not 
improbably acquainted with the plummet, and used it for 
squaring stones, &c.; and since, further, they employed the 
double-minute as unit of time, it is not impossible that they were 
acquainted with the seconds-pendulum. The cause of their not 
having employed this instrument to supply a time-unit may 
perhaps be found in their ignorance of any means by which the 
pendulum could be kept in continuous and uniform motion. In 
conclusion, the speaker laid stress on the high state of culture 
which the Babylonians had attained three thousand years B.C., 
and expressed bis regret that a complete blank exists with 
regard to everything of an earlier dale than the cuneiform 
inscriptions. 

Stockholm. 

Royal Academy of Sciences, November 13.— On the 
vegetation of the southmost part of the Isle of Gotland, by Prof. 
Wittrock.— Myxochaete, a new genus of fresh- water Algae, by 
Herr K. BohIin.-*On determinations of the longitude and 
observations on the pendulum executed in Sweden during the 
year 1889, by Prof. Rosen. — On a reform in the anidym of 
gaseous bodies, by Prof. O. Pettersson. — On the invariants of 
linear, homogeneous differential equations, by Prof. Mittag- 
Leffler. — The form of the observations on linear differential 
equations, by Herr A. M. Johanson.— On the case of Poincar^ 
as to the three bodies problem and some analogous dynamical 
proppsitions, by Herr E. Phragm^n.-^On the observations made 
at toe Observatory of Upsala for the determination of the 
equinociium in the spring of 1889, by Dr. K. Bohlin and Herr 
C. A. Schultz- Steinheit —Definitive orbit elements of the comet 
1840 iv., by Herr Schaltz-Steinheil. — Study of the infra-r^ 
spectra of carbonic acid and of carbonic oxide, by Dr. K. 
Angstrom.— On the action of nitric acid on naphtbalin-e-sulphbn 
add, by Prof. P. J. Cleve.— On naphthalin-1-5, cdogene- 
sulphon-acids,* by Herr R. Manselius. 


DIARY OF SOCIETIES. 
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Rsval SociBTY, at 4.30.— (1) Comparison of the Spectra of Nebulas a,n<J 
Stars of Groups I. and II., with those of Comets and Auroras; (s) the 
Presence of Bright Carbon Flutings in the Spectra of Celestial Bodies : 
Prof. J. N. Lockyer, F.R.S. — Some Observations on the Amount oi 
Luminous and Non- luminous Radiation emitted by a Ga<i- flame : Sir J. 
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io Land Mollusca of Oahu : Rev. John T« Gulick. — Dictopteris ; with 
Remarks on the Systematic Position of the Dictyotacese ; T. Johnson. 
Cmbmical Socibtv, at 8.— On Frangulm : Prof. Thorpe, F.K.S., and H. 
H. Robinson.— Anibinon, the Saccharon of Arabinose: C. O'Sullivan, 
F.R.S.— Note on the Identity of Cerebrose and Galactose : H. T. Bro)»'n, 
F.R.S., and Dr. G. H. Morris. 

SUNDAY. Dbcbmber aa. 

S tvDAT Lbcturb Socibtv, at 4.— Algeria and Morocco ; some Artistic 
Experiences (with Oxyhydrogen Lantern Illustrations) : Henry Black- 
bum. 

SATURDAY. Dbcembbr a8. 

Royal Institution, at 3.— Electricity (adapted to a Juvenile Auditory) : 
Prof. A. W. RQckcr, F.R.S. 
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RECENT ORNITHOLOGICAL WORKS. 

Notes on Sport and Ornithology. By His Imperial and 
Royal Highness the late Crown Prince Rudolph of 
Austria. Translated, with the Author’s permission, by 
C. G. Danford. Pp. i.-viii., 1-648. (London : Girmey 
and Jackson, 1889.) 

Matabele Land and the Victoria Falls. A Naturalist’s 
Wanderings in the Interior of South Africa. From the 
Letters and Journals of the late Frank Oates, F.R.G.S- 
Edited by C. G. Oates, B.A. Second Edition. Pp. 
i.-xlix., 1-433. (London ; Kegan Paul, Trench, and 
Co., 1889.) • 

Index Generum Avium. A List of the Genera and Sub- 
genera of Birds. By F. H. Waterhouse, A.L.S. Pp. 
i.-v., 1-240. (London: R. H. Porter, 1889.) 

The Birds of Oxfordshire. By O. V. Aplin. With a 
Map. Pp. i.-vii., 1-2 17. (Oxford: Clarendon Press, 
1889.) ^ 

The Birds of Berwickshire j with Remarks on their 
Local Distribution, Migration, and Habits, and also 
on the Folk-lore, Proverbs, Popular Rhymes, and 
Sayings connected with them. By George Muirhead, 
F.R.S.E. Vol. I., pp. i. -xxvi., 1-334. (Edinburgh : 
David Douglas, 1889.) 

The Birds in my Carden. By W. T. Greene, M.A., 
M.D. (London : Religious Tract Society, 1889.) 

N O naturalist can peruse the pages of the handsome 
volume which contains the record of the sporting 
journeys of the late Crown Prince Rudolph, without 
sincere feelings of pity and regret. Here was a young 
man, whose scientific instincts were of the truest, and for 
whom, in every way, a splendid future might have been pre- 
dicted, whose opportunities for the advancement of science 
were unlimited ; and it is most sad that so promising a life 
should have been cut short by the decrees of fate. One-third 
of the volume before us is devoted to “ Fifteen Days on the 
Danube,” and the narrative affords a striking experience 
among the varied forms of bird-life which are to be met 
with on that famous river in April. This is a really 
valuable sketch of the ornithology of the district, and 
will be useful to everyone who is interested in the dis- 
tribution of European birds. The same may be said of 
the chapters entitled “ Sketches of Sport in Hungary” 
(pp. 391-98), “ Miscellaneous Notes on Ornithology ” 
(pp. 409-54), “ Ornithological Sketches in Transylvania ” 
(pp* 559 “ 72 ), and the various “Ornithological Notes” 
from the neighbourhood of Vienna, &c. Throughout 
the work the great affection which the author entertained 
for the birds of prey is manifested, and the “ Ornitho- 
logical Sketches from Spain” (pp. 4 S 5 - 502 )» are entirely 
devoted to Raptorial birds, as are also many other chapters 
in the book. Prince Rudolph thoroughly believed in the 
races of Golden Eagle {Aguila chrysaefus), which are 
admitted by A. E. Brehm and other Continental authors. 
The “ Stein ” Eagle is generally supposed to be a distinct 
bird from the true Golden Eagle, and we remember how 
the Crown Prince overhauled the series of specimens in 
VoL. XLI.— No. 1052. 


the British Museum, and pointed out the differences 
between the supposed races ; but when the discussion 
was over, we could only see that the “ Stein ” Eagles con-’ 
sisted mostly of immature birds, while the “Golden’ 
Eagle was represented by the older birds in the collec- 
tion, the alleged difference of habitat being due to the 
fact that the more lowland country frequented the 

“ Stein ” Eagle was due to their being driven the 

mountain eyries by the older birds. The discussion of 
! many points by the Crown Prince on his visit to the 
British Museum'was sufficient to show what a thoroughly 
sound ornithologist he was. Mr. Danford has done his 
1 work as a translator with evident care and a sympathetic 
; knowledge of his subject. Over much of the ground 
i traversed by the Prince the translator has also travelled, 
and he has evidently fully appreciated the enthusiasm of 
the author. In the “ Ornithological Sketches from the 
East,” wherein are detailed the results of the Crown 
Prince’s journeys in Egypt and Nubia, and afterwards 
in Palestine, ^e notice several identifications which strike 
us as remarkable, and which we believe to be wrong 
Was not Falco feldeggii, the Lanner Falcon, the species 
identified by the Prince as F. barbarus? Acrocephalus 
\ iurdoides (p. 513). Surely this is A. stentoreusf Cer- 
thilauda duponti, “seen in considerable numbers, but 
only among the bushes and scattered pastures of the 
islands near the Barrage of the Nile.” We should like 
some confirmation of such an eastward extension of this 
Algerian bird’s range. Generally, however, the nomen- 
clature is good, though slightly Brehmian in character 
and Mr. Danford has detected some obvWUs dfrors," 
though the above statements app’ear to have escaped 
him. 

The late Mr. Frank Oates was a young naturalist 
who travelled in South Africa in 1873, 1874, and 1875, 
and died from fever in February of the latter year after 
his return from the Zambesi. He was a 6ne specimen of 
the English traveller, devoted to the pursuit of natural his- 
j tory, and gifted with indomitable perseverance and pluck. 

• His intention on going to South Africa was to penetrate 
1 into the interior beyond the Zambesi, and he seems to 
i have regarded his Matabele journey as but a preliminary 
j to more important explorations. The difficulties, how- 
ever, of getting to the Victoria Falls were very great, and 
the traveller only succeeded in reaching this desired goal 
after four attempts and after excessive difficulties and 
delays. He seems to have won the friendship of 
Lobengula, and readily obtained the support of the latter 
for his expedition, but the inferior chiefs and the natives 
generally were very troublesome. The narrative shows 
that at the date of Frank Oates’s expedition it was by no 
means easy to get to the Zambesi, especially when the . 
traveller was bent upon collecting en route. He , 
gave himself no rest in his pursuits ; and the attack 
of fever which carried him off at the very time when 
one of his brothers was on the way to join him in 
the interior was doubtless accentuated and rendered* 
fatal by his untiring^ devotion to woric, which %eems 
to have been one of his most pronounced charac- 
teristics. After the traveller’s death, a friend, Mr. 
Gilchrist, went into the interior an^ brought down all 
Oates’s effects and his natural history collections, and 
tne story of the e^edition was originally told by his 

1 
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brother, Charles Oates. The collections were worked 
out by different naturalists, and the whole results em- 
bodied in appendices which were, moreover, thoroughly 
well illustrated. Scarcely had the book appeared and 
met with a cordial appreciation from the public, when a 
fire at the publishers’ destroyed the whole of the unsold 
copi^; and now, after a lapse of some years, Frank Oates’s 
broth^ and fa ithful biographer, Charles Oates, has 
brought out a second edition. Although the necessity of 
residing abroad has prevented the latter from finishing 
his labour of love before the present year, the work has 
lost nothing in consequence. The narrative must always 
remain of value as a simple record of a naturalist’s 
journey, and the maps of the route are laid down with a 
fidelity and minuteness not to be exceeded if the traveller 
had been on a cycling tour instead of in the wilds of 
Matabele Land, while the lapse of time has enabled the 
authors of the various appendices to give additional 
information, to correct errors, and generally to bring their 
work up to date. Several species undetermined in the 
first edition have now been identified and described, new 
plates have been added, and the results as now given to 
the public by Mr. Charles Oates form a very material 
and valuable contribution to our knowledge of the natural 
history of Southern Africa, with the development of which 
the name of Frank Oates will be for ever connected. All 
the authors of the various appendices— the late Prof. 
Rolleston (to whose memoir Mr. Hatchett Jackson, of 
the Oxford Museum, has added some further information), 
Pro&; Weitwood, Mr. Distant, « Mr. Olliff, and Mr. Rolfe 
— seem to have been actuated by a desire to work out 
the collections intrusted to them for description with the 
utmost care ; and the present writer can only say that the 
writing of the ornithological portion of the volume was 
not only a pleasing task, but took the form of an absolute 
duty to do justice to the memory of the traveller, and to 
aid Mr. Charles Oates in his fraternal enthusiasm for his 
brother’s fame. Would that every traveller in the Dark 
Continent attached as much importance to its natural 
history as did Frank Oates, and that the work of each 
one was edited by a loving friend, possessed of a desire 
to place on record the scientific results of the expedition, 
as has been done in the present work, so that volumes of 
travel, important as they are, might be rendered still 
more valuable by biological appendices such as are to be 
found in Oates’s “ Matabele Land.” 

Mr. F. H. Waterhouse, the well-known Librarian of the 
Zoological Society, has just issued a very useful book, 
which supplies a great want. The splendid library under 
his charge has given him the opportunity of personally 
verifying his references, and many inaccuracies which 
had been copied from one author to another are herein 
set right. He has applied himself so diligently to his 
task, that we believe that about 500 names, of which the 
origin was obscure, have been traced by the industrious 
author to their original source, and this fact alone should 
commend the ‘work to the attention of every working 
ornithologist. It should be mentioned, however, that 
Mr. Waterhouse does not pretend to be a practical 
ornithologist, and he has been dependent to a great extent 
upon the ZoologiM Record for recent additions. As the 
volume for 1887 appeared only while the present werk 
lyas going through the press, sever&l new genera proposed 


in that year da not find a place in Mr. Waterhouse’s 
book, and therefore the student who interleaves his copy 
must begin with the Record of 1887 if he wishes to have a 
complete “ catalogue ” of ornithological generic names. 

Of the making of county lists of birds there is appar- 
ently no end, and “ a good job too ! ” Little by little, en- 
thusiastic observers are compiling ornithological lists for 
the different counties of the British Islands, and by these 
means alone can we hope to obtain a thoroughly accurate 
knowledge of the distribution of the birds of Great 
Britain. Mr. Q. V. Aplin has long been known to us as 
an excellent observer, and we hope that the success of his 
first work, the results of several years of assiduous labour, 
will encourage him to still more ambitious efforts. The 
somewhat irregular shape of the county of Oxfordshire, 
and its generally narrow diameter, preclude the anticipa- 
tion of a very varied avifauna ; but the record of 242 
species for the district is by no means bad, and some very 
interesting notes are given, the principal rarity being the 
Alpine Chough, of which the only British occurrence has 
taken place in Oxfordshire, and of which a good plate, by 
Mr. S. L. Moseley, is given. One of the most inviting 
features of Mr. Aplin’s book is its conciseness. In the 
capital introduction he gives a very complete account 
of the configuration of the county and its natural 
features, all of which can be easily studied with the aid of 
the excellent map which accompanies the work. 

A more ambitious volume is Mr. Muirhead’s ** Birds of 
Berwickshire,” which is got up in a Bewickian style, as 
a book matured in such close proximity to Northumber- 
land should be. Mr. Muirhead’s book is a complete 
exemplification of that better style of county record 
which has been the order of the day during recent years, 
when a sober statement of facts of distribution and habits 
has taken the place of strenuous efforts to record rare, and 
often impossible, visitants. After an introduction which 
deals with the physical features of the county, aided by 
a very clear map, the author gives an account of the 
birds, from the Thrushes to the end of the Accipitres. 
The accounts of these birds not only contain ample, yet 
concise, information, but are interspersed with poetry, of 
a Scottish and local flavour, which successfully combats 
any notion of dulness, while the folk-lore of the district 
appears to have special attractions for the author. In 
some instances, notably that of the Rook, very full de- 
tails of the breeding-haunts are given in tabular form. 

It is interesting to note how, on the border-lands, some 
species have increased in numbers, and have gradually 
extended their range towards Scotland. The illustrations 
of nests are drawn by Mrs. Muirhead, and very good 
they are ; and the book is replete with woodcuts by Mr. 
John Blair, aid^ by some excellent reproductions of etch- 
ings by W. D. M’Kay, R.S.A., and other well-known 
artists. We trust that in the second volume Mr. Muir- 
head may be tempted to give us a few details respecting 
some of the places illustrated in the text, that his readers 
may share. the evident pleasure with which he has illus- 
trated some of the interesting localises of Berwickshire. 

Dr. W. T. Greene’s little work, “The Birds in my 
Garden,” is an entertaining idyll of a London suburb. 
Many of the author’s experiences agree with our own, 
and such a book as the present is just the one to en- 
courage a love for the birds which are still to be seen {n 
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the vicinity of London, although, as the operations of 
the builder are extended in every direction year by year, 
their number gradually, but surely, diminishes. Where 
Dr. Greene writes from his own experience, he is always 
worth listening to, but he has a faith in Morris, which, as 
might be expected, often leads him awry. He quotes 
from the Bible about the “Sparrow” on the house-top 
(p. 13), but the bird alluded to is the Blue Rock Thrush 
{Monticola cyaned), for which cf. Canon Tristram’s “ Fauna 
and Flora of Palestine ” -(p. 31). The illustration on 
p. 23 is not that of the 'common Sparrow, but of the 
Tree-sparrow. At p. 46 he gives a tabular list of charac- 
ters by which to distinguish the Missel-thrush from the 
Song-thrush, in which the former bird is said to have 
“ no song to speak of.” Evidently, Dr. Greene has never 
heard a “ Storm-cock ” in full swing. He does not love 
the Greenfinch, but this need not lead him to say that 
the species likewise “ has no song.” A cock Greenfinch, 
perched on the top of a tree in the nesting season, and 
singing to his mate sitting on the nest below, has a 
charming and vraried song, like that of a very powerful 
Canary. The Whitethroat, of which Dr. Greene appears 
to know only one species, is placed in the sub-faijjily 
Xfotacillidce, and it will surprise many ornithologists to 
hear that the song of the Chiff-chaff is continued even 
till late in September (this information is derived from the 
Rev. F. O. Morris !). The Blackcap does not winter in 
Eastern Africa, and it can hardly be said that the Siskin 
“ rarely nests in this country.” We mention these points 
at the risk of appearing hypercritical, but we recognize 
in Dr. Greene an author who has the knack of writing 
good natural history books for the young, and it is there- 
fore the more incumbent upon him to be scrupulously ac- 
curate. Let him discard Morris, and stick to Seebohm’s 
“ History of British Birds,” or to the new edition of 
‘‘ Yarrell.” Some pretty illustrations by Mr. Whymper 
form an additional attraction to his little book. 

R. Bowdler Sharpe. 


DESCARTES. 

History of Modern Philosophy. “ Descartes and his 

School.” By Prof. Kuno Fisher. Translated by J. P. 

Gordy, Ph.D., and edited by Noah Porter, D.D., LL.D. 

(London : T. Fisher Unwin, 1887.) 

A MONG the many histories of modern philosophy 
t\ few are so interesting and attractive as that by 
Prof. Kuno Fisher. The present volume consists of a 
translation of the third revised German edition, which 
includes the period of Descartes and his school ; and the 
admirable way in which the author deals with so difficult 
a subject and his boldness in overcoming it are worthy 
of the highest praise. 

The book is divided into three parts, the first of which 
is preceded by an introduction to the subject, showing the 
course of development of the Greek philosophy and that 
of the Middle Ages, with an account of the early history 
of Christianity and the Church, concluding with the 
periods of the Renaissance and ^e Reformation. 

In Part 1 . we have an account of the early history of 
Descartes. He was bom in the year 1596, a few days 
before the death of his mother, end was a weak and sickly 
ohild. Throughout his childhood he showed a strong 


desire for knowledge, and it was on this account that 
his father called him his “ little philosopher.” 

Descartes was. among the first pupils in the new school 
that was started at the Royal palace at La Fl^che by 
Henry IV. ; at the age of seventeen he was committed 
to the care and tutorage of Father Dinet. During his 
school life he was among the chosen pupils who, o^une 
10, 1610, solemnly received the heart of the king, 4 mich, 
by Henry’s will, was to be buried in the church of La 
Flfeche. 

While going through a two years’ course on philosophy, 
j he became completely fascinated by mathematics, and was 
I thereby incited to make a further study of it ; and later 
I on in life, seeing the true spirit of mathematics as a 
method of solving problems, he began by algebraical 
equations to solve geometrical problems, and thus to 
him is due the discovery of analytical geometry. On 
the completion of his school career, the state of his 
mind may be gathered from his own words — “ ... I 
found myself involved in so many doubts and errors, 
that I derived no other result from my desire of learning 
than that I had more and more discovered my own 
ignorance.” 

The next few years of his life were spent in military 
service in Holland and Germany, after which, at the age 
of five-and-twenty, he travelled for nine years ; to him 
his travels were studies in the great book of life, and 
during them he “ did nothing but wander now here, now 
there, since I wished to be a spectator rather than an 
actor in the dramas of ihxt world.” The last*periAdiiaf« 
his life consisted of the development and publication of 
his works, and the founding of a school of philosophy, 
concluding with his illness and death during his stay in 
Stockholm, to which place he was invited by Christina, 
then Queen of Sweden, who, being deeply interested in 
his works, found the difficulties in his system could better 
be explained by Descartes himself than by anyone else. 

Although the philosophy of Descartes treats of the 
whole realm of Nature, we will here touch only upon 
those parts that are interesting to us from the scientific 
' goint of view. Not by any means the least important is 
his attempt to explain the origin of the world by purely 
mechanical laws. He bases his theory on the rest and 
motion of solid and liquid bodies, and the influence of 
the latter upon the former. Before entering upon this 
hypothesis, the mechanical principle of his explanation 
of Nature is first brought before us. He treats motion 
as a mode of extension, and explains it as the “ transla- 
tion of place (transport) of one part of matter or of one 
body from the vicinity of those bodies which directly 
touch it, and are considered at rest, into the vicinity of 
others.” 

The causes of motion are next dealt with, showing us 
that all changes are due to outward collision, and that 
since space is by no means empty, but is full of bodies 
moving in every direction, we may get a great number o • 
collisions, the various 4>ossible results of which he then 
goes on to discuss. According to his principles, then, 
bodies are quite destitute of force, excepting that of 
resistance; changes in the material world are due to 
external collisions, and motion, tUbrefore, is due to 
impacts. Comparing the views of Descartes with those 
of Galileo and Newtbn, we cannot do better than quot 



172 


NATURE 


[Dec. 26, 1889 


what the author says on this point ; — “ Gravity is regarded 
as .... an original property of a body belonging 
to it of itself. Descartes denies it. Therein consists the 
opposition between Galileo and Descartes ; with gravity 
he was obliged to reject gravitation and the power of 
attrition. I'herein consists the subsequent opposition 
of l^'flq'ton and Descartes ; he is, therefore, compelled to 
deny the so-called central forces, as well as every aa/ta in 
distans” 

The two essential pre-suppositions of his hypothesis are 
the “immeasurableness of the universe and the nullity of 
empty space. From the first it follows that the universe 
is not a spherical body, and does not consist in concentric 
spheres to which the stars are fastened ; that there is, 
therefore, no celestial sphere beyond the farthest planet 
(Saturn), and that the sun does not lie in the same 
spherical superficies. From the second, it follows that 
the spaces of the heavens are filled with fluid matter, and 
that the heavenly bodies are surrounded by the latter, 
and subject to its influences.” 

Descartes supposes the earth to be completely sur- 
rounded by this fluid, and “ acted upon uniformly in 
every direction, or carried along by its current, as a solid 
body in liquid matter. The planets follow also the same 
rule* Each is at rest in the heavens in which it is, and 
all the change of place which we observe in those bodies 
follows from the motion of the matter of the heavens 
which surrounds them on all sides.” 

By supposing, again, that thi§ flow of the matter, which 
su!f5und^ the earth and planets, describes a current 
“spinning round like a vortex,” with the sun in the 
centre and the earth and planets going round it ; he 
obtains, without considering their weight and attraction, 
a method by means of which their various motions may 
be explained. He compares this “ vortex ” motion of the 
matter with eddies of water, “ as waters when they are 
forced to a 'reflux form an eddy, and draw violently within 
their rotary motion, and carry along with them, light 
floating bodies, as, for example, straws ; as then these i 
bodies, seized by the eddy, turn about their own centre, : 
and those nearer the centre of the eddy always complete ' 
their rotation earlier than the more distant ones ; as, | 
finally, this eddy always, to be sure, describes a circular j 
figure, but almost never a perfect circle, but extends Itself, I 
now more in length and now in breadth, wherefore the ^ 
parts at the periphery are not equally distant from the 
centre, — so one can easily see that the motion of the 
planets is of the same character, and that no other con- < 
ditions are necessary to explain all their phenomena.” 1 
Thus Descartes agrees with Copernicus and Galileo i 
with regard to the heliocentric motion of the earth and j 
planets, although basing his hypothesis on different | 
mechanical laws ; he also teaches that the earth is a 
planet, and rotates on its axis daily, and revolves yearly 
in an elliptical orbit round the sun. 

The author then tells us how Descartes, after the com- 
plet'on of his hypothesis, postponed its publication, on 
accoimt of the fate of Galileo, and how he (Descartes) 
expressly stated at the end that “ his hypothesis not only 
may be, but in certain respects is, false.” Although he 
denied the movement of the earth, it was only in a sense 
that followed from his idea of mqtion which he applied 
to the. heavenly bodies; for, with reference to the other 


bodies in the heavens, it does move, but is at rest in 
relation to the fluid matter around it, or, as the author 
says, “ it moves exactly as a man who is asleep in a ship, 
while it takes him from Dover to Calais.” 

In conclusion, we must add that the work of both 
translator and editor has been honestly done, though, as 
the above quotation shows, the style of the translator is 
susceptible of improvement, and that this volume will 
form a valuable addition to the libraries of students of 
moral philosophy. To the readers of such a work as 
this, consisting as it does of so many historical facts, an 
index is imperative, and we hope in future editions to see 
one inserted. W. J. L. 

, A TEXT-BOOK OF ORGANIC CHEMISTRY. 

A Text-book of Organic Chemistry. By A. Bemthsen, 
Ph.D., formerly Professor of Chemistry in the Uni- 
versity of Heidelberg. Translated by George McGowan, 
Ph.D., Demonstrator in Chemistry, University College 
of North Wales, Bangor. (London : Blackie and Son, 
1889.) 

T his work furnishes an excellent elementary account 
of the principles of organic chemistry. An intro- 
duction treating of the general theory of organic com- 
pounds, including the subjects of constitution, isomerism, 
physical properties, &c., is followed by the detailed de- 
scription of the various classes of compounds and their 
relations to one another, the fatty compounds being first 
discussed, and then those belonging to the group of aro- 
matic substances and to the pyridine group. The treat- 
ment of the various compounds in “ series,” all the 
hydrocarbons of the fatty series — paraffins, olefines and 
acetylenes — being, for example, fully described before any 
of their halogen derivatives or of the alcohols are dis- 
cussed, cannot be commended from the point of view of 
the novice to the science, for whom the book is avowedly 
designed. This evil is, however, largely compensated for 
in the present work by the clear language invariably em- 
ployed, and more especially by the frequent introduction 
of semi-diagrammatic tables showing the connection 
between various related series, such, for example, as the 
glycols, hydroxy-acids and dibasic acids. 

The description of the aromatic compounds, prefaced 
by a short account of the benzene theory, is grouped 
about the typical hydrocarbons, benzene and its deriva- 
tives being first treated, then diphenyl with its derivatives, 
triphenyl-methane and its group, naphthalene, &c. Mere 
description of compounds is sternly and consistently 
avoided, its place being supplied, 'whenever possible, by 
tabulated statements, showing at a glance both the 
chemical and physical relations of a whole series of 
derivatives. These tables are a distinguishing feature of 
the book, and impart to it a clearness and conciseness 
which will render it welcome to every student. 

Abundant references are provided to the original papers 
concerning subjects which fall without the elementary 
scope of the work, such as, among many others, the 
diazo-derivatives of the fatty series, the syntheses of glu- 
cosides, and the grouping of atoms in space, which last is 
treated in language which will perhaps be apt to mislead, 
and scarcely receives a degree of attention coimnensurate 
with its importance. 
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The translator has performed his work with great suc- 
cess, and he is to be congratulated on the almost complete 
absence of printers’ errors, which so often mar the pages 
of works of this class. It is to be regretted that he has in 
some instances neglected to adopt the nomenclature em- 
ployed by the Chemical Society, since uniformity of usage 
in this respect is greatly to be desired. An excellent 
index forms a fitting conclusion to the work, which is sure 
to take as high a place among the elementary text-books 
of organic chemistry in the English language as it has 
already done in the Fatherland. 

OUR BOOK SHELF. 

The Viking Age; the Early History, Manners, and 
Customs of the Ancestors of the English-speaking 
Nations. By Paul B. Du Chaillu. Two Vols. 13^6 
Illustrations, and Map. (London : Murray, 1889.) 

The author of this work has persuaded himself that the 
invaders who conquered and settled in Britain after the 
departure of the Romans were not, as we have been 
taught to believe. Low Dutch tribes, but Norsemen. It 
is unfortunate that he should have hampered himself in 
his researches by so arbitrary a theory. Of course^ no 
one disputes that there is a strong Scandinavian element 
in England ; the fact has always been perfectly well un- 
derstood by historians, and has received from them due 
attention. But to say that the English people are wholly 
or mainly descended from Scandinavians is to advance 


edition, he directs attention. Many of his supplementary 
words are superfluous, others are obsolete, and by no 
means a few are either insufficiently or inaccurately ex- 

f >lained. The original edition was by no means free of 
ike defects : in it we read, by way of example, that the 
Sepiostaire’* is “the only representative of an endo- 
skeleton in the cuttle-fishes”; that the “ Septum lueidum” 
is “the partition which separates from each oth^ the 
lateral ventricles of the brain ” ; that by “ Schisocmle ” is 
meant “ a term applied to the peri-visceral cavity of the 
Invertebrata, when formed by a splitting of the meso- 
blast of the embryo.” The present editor, while pre- 
serving the above and many other similar misstatements, 
has, in turn, shown himself wanting in power of accurate 
definition of fundamentals. This is seen, for example, 
in his renderings of “ Endomysium,'* “ Inhibition ” (de- 
fined as “ checking or controlling influence, exercised by 
a nerve-centre over some subordinate organ or process ’0, 
“ Metabolism^ “ Meckelian bar,” and Negative variation ’’ 
(which, we are told, embraces “ changes in the natural 
nerve or muscle currents which occur during contrac- 
tion”). The little volume has hitherto recommended 
itself to students chiefly by its compactness. There has 
always characterized it a want of expressiveness and of 
finish. A single instance will suffice : “ Glomerulus ” has 
all along stood, and still stands, as “ the small ball of capil- 
laries in the Malpighian capsules of the kidney.” It is 
the first duty of an editor of a new edition to rectify 
original defects ; and, until that shall have been done, he 
has no right to add supplementary matter. The volume, 
as it now stands, must be speedily revised, if the recom- 
mendation of experienced teachers is to be looked for ; 


a proposition opposed to all the most vital evidence we 
possess on the subject The evidence of language alone 
would suffice to dispose of so crude a doctrine. Mr. Du 
Chaillu has not approached the consideration of the 
question in a scientific spirit, and has too lightly brushed 
aside the difficulties in his way. 

He has tried to give an account of the ideas, customs, 
manners, and institutions of the ancient Scandinavians ; 
and we need scarcely say that there are some lively and 
attractive passages in his chapters on these subjects. 
From his book, English anthropologists will learn that 
there is valuable material for them in the old northern 
laws and Icelandic Sagas. They will, however, be unable 
to make use of his translated extracts, because he does 
not attempt to estimate the date and weight of the docu- 
ments used, late foiled Sagas being treated precisely as 
authentic early poems or contemporary histories. 

The work has, in fact, no scientific value. It will 
amuse “the general reader,” but it is unsuitable for 
serious students. To the archaeologist it may serve as a 
rough index to the chief finds made in the three Scandin- 
avian countries ; but even for this purpose he will need 
to refer to the original plates and cuts from which the 
illustrations in these volumes are more or less happily 
reproduced. This will be obvious to anyone who studies 
the originals in the papers of Montelius, the Proceedings 
of the Stockholm Congress, 1874, the splendid Copen- 
hagen Museum Catalogues, or the “ Aarb^ger for Nordisk 
Old-kyndighed og Historie.” F. Y. P. 

A Glossary of Anatomical, Physiological, and Biological 
Terms, By T. Dunman. Second Edition. Edited, 
and supplemented with an Appendix, by W. H. 
Wyatt Wingrave, M.R.C.S. (London: Griffith, Farran, 
Okeden, and Welsh.) 

It is now eleven years since the first edition of this book 
appeared. The senior author outlived its publication by 
but a short period. The editor of the present edition has 
left its pages unaltered, and has taken upon himself to 
add thereto (in the form of an appendix) twenty-five 
pages, embracing some 400 physiological and morpho- 
Jbgical tei;ms, to the paucity of which, in the original 


and it is upon the same that it can alone maintain its 
honoured position. 


LETTERS TO THE EDITOR. 

\Tkt Editor dots not hold himself responsible for opinions to • 
pressed by his correspondents. Neither can he underiedtt 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part 0/ Natum, 
No notice is taken of anonymous communications.] 

Acquired Characters and Congenital Variation. 

Being one of those who do not believe that either the theory 
of Darwin or the theory of Lamarck gives any adequate or 
rational account of the “origin of species,” lam always glad 
t0 see any controversy which pits the one of them against the 
other. It is by such controversy that the weak points of each 
are best exposed. But 1 now write in the interests of peace and 
conciliation. Prof. Ray Lankester seems to me to be much too 
belligerent.^ I see no necessary antagonism between “ conge- 
nital variation” and the transmission of “acquired characters.” 
If an acquired character affects the whole organism, and espe- 
cially the reproductive elements, then its hereditary transmission 
would perfectly reconcile the two conceptions. And this is 
probably the universal fact. I have no doubt of the hereditary 
transmission of acquired characters. So far is it from beii^ 
“unproved,” it is consistent with all observation and all ex- 
perience. It lies at the foundation of all oiganic development. 
But it implies the denial of “ congenital ” causes. It is very 

C * able that every “ acquired character” is necessarily corre- 
with some physical modifications in oiganic structure, and 
that it is only transmitted to progeny through, and by means of, 
this physical modification. 

This being so, the question arises. Why is it that the idea of 
acquired characters becoming hereditary is so fiercely opposed 
by extreme Darwinians ? •!$ it the mere jealouSy of an excluive 
worship — the mere dislike of the great name of Lamarck Being 
mentioned, even in the same day, with the name of Darwin ? 
It is partly this, no doubt. But it is something more. It is jea- 
lousy of any conception which tends to break down the empire 
of mere fortuity in the phenomena of variation. Darwin him- 
self is not wholly res^nsible for this feeling. He expressly 
guarded himself i^ainst the interpretation which has been affixed 
to his language about “ accidental ” variation. He knew well 
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enough that variations must be governed by some law. But ^ 
we are absolutely ignorant what that law is, he thought it 
allowable to make provisional use of the word accidental. But 
the “neo- Darwinians (as Prof. Ray Lankester calls them) are 
not content with this dethronement of their idol, Fortuity. The 
supreme and everlasting rule of pure accident is their creed and 
woKhip. Hence comes Prof. Ray Lankester’s simile of the 
kal^oscope, by which he illustraic:^ the genesis of “new cha- 
racters in organic life. There is, he indicates, no con- 

nection between those “new characters and their origin in the 
parent, than there is between the new patterns which tumble in 
a kaleidoscope and the tap upon the tube which shakes them out. 

There is no argument so false as a false analogy. And this 
is a case in point. Every illustration or^^nalogy must be false 
which confounds mere mechanical arrangement with organic 
structure. They are not only different, but they are different in 
kind. Neither mechanical aggregation, nor mechanical segre- 
gation, can possibly account for the building up of organic 
structures. To attempt to account for such structures by causes 
similar to those which determine the arrangement of tumbling 
bits of glass, is even more irrational than it would be to account 
for the structure of a great cathedral by explaining to us how 
its bricks or its stones were made. There is one grand pecu- 
liarity in all organic structures which all such illustrations are 
framed to conceal. That grand peculiarity is this — that they 
are all made for work, for the discharge of some function. They 
are where they are not merely because somehow they have 
been put there. But they are w hat they are, and where they are, 
because they have some given work to do. But more than this : 
they all pass through stages of development in which their work 
cannot as yet be done. In all these stages, that work lies before 
them in respect to time, and behind them in respect to adapta- 
tion. They are all of the nature of an “ apparatus. “ This is 
the word which the profound but unconscious metaphysic of 
human speech has invented for them. It is the word chosen by 
natural selection, and, as such, it ought to secure the homage 
jg;ep ofl^f, Ray Lankester himself. The idea, however, comes 
before the ‘word — shapes it, and inspires it — just as the needs of 
function, and the organic necessities imposed by inorganic laws, 
have shaped and inspired the growth and development of every 
organic apparatus. 

I am very glad to see that under the stress of controversy the 
Professor admits — and even hotly denies that it has ever been 
doubted — that natural selection cannot account for the pre- 
existence of the structures which are presented for its choice. 
And not only must selected organs exist before they can be 
chosen by natural selection, but they must have been already 
sufficiently developed to possess some functional activity. This 
was my contention thirty years ago, and to this day I have 
always found it either denied or evaded by the whole ultra- 
Darwinian school. I rejoice to see it now admitted as unques- 
tionable, “ Natural selection can account for the origin 
nothing ” — so says Mr. Cope. The Professor indignantly re- 
plies : “ How can Mr. Cope presume to tell us this? Who has 
Ignored it ? when ? and where ? " So ends a long and a hard 
hght. The enemy not only lays down his arms, but denies he 
has ever carried them. Argyll. 


Who Discovered tbe Teeth in Ornithorhynchus ? 

It is almost superfluous to add anything to Prof. Flower’s 
reply (p. 15 1) to Dr. Hart Merriam. Injustice, however, to 
Mr. Poulton, it ought, I think, to be stated that he fully refers 
to Home’s paper in the Philosophical Transactions. In the 
(^uar/. ycurn. After. Sci.^ vol. xxix. p. 27 (a paper to which Dr. 
Hart Merriam alludes as though he had read it) Mr. Poultoo, 
d^cribing the horny plates of Ornithorhynchus, writes as follows ; 
“Home (Phil. Trans., 1802, p. 71) correctly describes these 
horny plates as differing * from common teeth very materially, 
having neither enamel nor bone, but being composed of a horny 
substance only ^embedded in the gum,’”&c. I observe too, 
with great interest, that in the same baper Home makes use of 
the expression (p. 70) “the teeth, if they can be so calUJ."" On 
p. 28 Mr. Poulton quotes in full the passage from Owen given 
by Prof. Flower. Perhaps Dr. Hart Merriam docs not accept 
Owen’s correction of Home’s hypothesis. It is hardly necessary 
to point out that the teeth which Mr. Poulton describes (p. 15 ei 
under the headings (i) tooth papilla; (2) dentine ;^(3) 
enaihel ; (4) inner epithelium of enamel organ ; (5) stratum inter- 
media of Hannover ; (6) middle membrane of enamel organ ; 


and (7) outer membrane of enamel organ, must be very different 
from those which Home calls “cuticular,” and further qualifies 
as in the sentence which I have quoted. 

Comparison of Home’s fibres with Mr. Oldfield Thomas’s 
(Proc. Roy. Soc , vol. xlvi. pT. 2) renders it highly probable that 
the true teeth of Home’s younger specimen had only recently 
dropped out from the horny plates ; tne dimensions given by the 
two authors being almost identical. But Home’s description is 
perfectly definite, and no hint whatever is made to true teeth 
situated upon the horny plates such as those described and 
figured by Mr. Oldfield Thomas. The length of the skull of 
Home’s specimen, as given in his figure, is 71 millimetres, while 
that of Thomas’s female specimen is 65 millimetres ; the male is 
slightly larger. Probal^, therefore. Home’s specimen was 
considerably older than Inomas’s, and had lost the true teeth 
for some little t|ine. 

The only concltxsion at which I can arrive is that Dr. Hart 
Merriam did not read any of the three papers bearing on this 
subject with sufficient care and attention to enable him to fully 
ainderstaiid the facts ascertained by their respective authors, if 
indeed he preceded further than the introductory remarks pre- 
facing Mr. Oldfield Thomas’s communication to the Royal 
Society. Oswald H. Latter. 

Anatomical Department, Museum, Oxford, December 20. 


GaUs. 

In answer to Mr. Ainslie Mollts, I should like to observe 
th^, in my opinion, the theory of natural selection is not 
“ seriously assailed by investigations into the formation of galls 
by insects.” On the , contrary, in reply to what appeared to l>e 
a challenge from Mr. Mivart, I pointed out tbe manner in which 
natural selection might here be fairly supposed to have operated. 
But, while doing this, it appeared desiraDie to add that the case is 
a highly peculiar one. If galls were merely amorphous tumours, 
or even It they presented but as small an amount of specializa- 
tion for the benefit of the larvae as is presented by animal tissues 
for the benefit of their parasites, the case srould not be so 
peculiar. But.tbe degree of morphological specialization which 
the “jpathologfoal process ” presents in tbe case of some galls— 
and this, of course, for the. exclusive benefit of tbe contained 
parasites^is very remarkable. And although 1 doubt not that 
it is but a higher exhibition of the same principles as obtain in 
the case of animal tissues and their parasites, it is a case of 
much greater interest from the Darwinian point of view. For, 
if tbe explanation ih my last letter be accepted, the facts 
show how epormoui must m the pwer of natural selection 
in building up a4^|ve structures, seeing that it can do this in 
so high a degree When working, as it were, at the end of a 
long lever of tlm wrong kind — i.e. acting indirectly on the veget- 
able tissues thxotogh the benefits thereby conferred on their ani- 
mal parasites. I am not aware that there is any other instance 
of “ symbiosis ” where so high a degree of adaptive specializa- 
tion is presented by one 01 the “ partners ” for the exclusive 
benefit of the other. George J. Romanes. 

London, December 13. 

Mr. W. Ainslie Hollis has involuntarily misrepresented 
me as saying that the theory of natural selection nan be 
“seriously m^ailed” by investigations respecting galls. 1 
said, indeed (NaIture, November 14, p. 41), that it would be 
“very interesting to learn how” natural selection could have 
caused them ; but I was careful to add that doubtless an ex- 
planatory hypothesis was ready to hand. I do not myself 
believe they were so caused ; but if they were not, they would 
none the less, like almost all biological phenomena, be explicable 
by an unlimited use of gratuitous hypotheses concerning physio^ 
logical correlations and imi^nary aheestors. 

I confess I do not see that calling them “pathological ” (an 
epithet I certainly Would not deny them), and comparing . them 
with inflammatory renal foci due to Bacilli, will explain them, 
unless it be affirmed that pathological conditions favourable to 
parasites are always due to the actum of “ natural selection ” on 
the parasites themselves— an affirmation which appears to ask 
too much. 

Herr Wetterhan’s argument from symbiosis sins against natural 
selection itself. For that theory requires that, in the arduous 
and incessant struggle for life it supposes, any prejudicial 
growth should, in time, be eliminated unless carrying with it 
some preponderating advantage. The insect and the plant are 
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not ** partners/' for the latter does not participate in the gain of 
the former. How, then, on symbiotic principles; can “ natural 
selection " have been the means of producing a growth which, 
though important, if not necessary, to the animal symbiont, is 
more or less prejudicial to the symbiont vegetable organism ? 

There can, of course, be no doubt, as Mr. McLachlan says, 
that the various peculiarities of gall-structure could be "ex- 
plained ‘*oh purely physiological grounds if carefully studied ; " 
but that ‘‘natural selection" will suffice to explain them, seems 
to me by no means equally free from uncertainty. 

St. George Mivart. 

Hurslcote, Chil worth, December 13. 

The Permanence of Continents and Oceans. 

I CAN find no flaw in the reasoning on the dynamical ques- 
tion of the permanence of continents and oceans, in Mr. Starkie 
Gardner’s letter in Nature of December 5 (p. 103), by which 
he endeavours to show the universal “tendency for deep oceans 
to become deeper, and for mountain diains to grow into highei* 
peaks." But when he says it is opposed to no known facts, I 
wish to ask how it is to be reconcile with the fact of the 
general distribution of msuine deposits over the face of the 
earth, so that every part of what is ,now land appears to have 
unce been ocean ? 

I fully concede that the change of ocean spaces into land 
spaces is an extremely slow process, taking, probably, millions 
of years, but it seems to me tnat it must have occurred, tho^h 
[ cannot suggest through what (^ency. 

Belfast, December 14, . JOSEPH John Murphy. 

Does the Bulk of Ocean Water Increase ? 

Mr. Jukes-Browne (Nature, December 12, p. 130) admits 
that “ if the area of the land were larger, and the depth of the 
oceans less," in early geological times, a further inference must be 
drawn — “ that the bulk of the ocean water was less then than It is 
now." 

So far we are in agreement ; indeed, we could scarcely be 
otherwise, as the proposition admits of complete demonstration. 
When, however, Mr. Jukes^Browne proceeds to give his reasons 
for holding that the bulk of ocean water was less in early times 
than now, he enters upon a more controversial subject. 

1 am familiar with the arguments he urges partly ' on the 
authority of Mr. Fisher, and have to Spme extent discussed them 
in chapter xii. of the “Origin of Mountain Ranges." I desire, 
however, to point out a further objection that when stated will, 

1 think, appear extremely obvious. 

According to Dr. George Darwin aind many other astronomers 
who follow him, our satellite, the moon, was once an integral 
portion of the earth, having been thrown off when the earth was 
in a molten condition. If this theory be correct, it is a fair as- 
sumption that the magma out of which the moon has consolidated 
was composed of matter similar to that of our earth. ^ Even if 
their relations were never so intimate as this, 1 think most 
physicists and astronomers will admit a similarity of material 
constitution of the two spheres. 

If then volcanic action on the earth is, as Mr. Jukes-Browne 
contends, accompanied by a separation of water initially con- 
tained in the magma, and its condensation on the surface in such 
quantities as to materially increase the bulk of ocean water, why 
has not the same effect followed volcanic action on the moon ? 
Why, in fact, do we not see oceans on the surface of the moon 
instead of a dry and desert waste of volcanic rings, mountain 
protuberances, and arid plains 7 In face of this great fact it ap- 
pears to me that ingenious a^uments as to the amount of water 
contained in the fluidal cavities of granite, which most geologists 
think is explicable by percolation, have not much weight. 

At all events, it seems a reasonable question to ask why 
oceans should be supplied with water from the perspiring pores 
of mother earth, while her ofispring, the moon, is so dry as to 
have absorbed into herself all evidence of any aqueous envelope 
that may have formerly existed* T. Mrllard Rsade. 

Park Corner, Blundellsands, December 14. 


A Natural Evidence of High Thermal Conductivity in 

FUnta. 

A RATHER curious effect of the recent frost attracted my 
atfention in the gravel foot-paths leading over Addington Hill, 


near Croydon, on the beautifully bright day of the 1st inst. 
The clear nights and frosty air of the closing week of last month 
had been productive of continued low temperatures in that 
locality, and the result observed was that the flint pebbles, 
which in neighbouring gravel-beds and here and there on the 
paths, are of the size of hens’ eggs, and remarkably well rounded, 
had, in places, sunk in the frozen clunch or clay-earth of the 
foot-paths, and in the peaty ground or turf beside the padH, as 
it appeared, like filberts shrunk and resting at the botMms of 
their shells ; or else as if the pebbles’ earthy moulds had, by 
expanding upwards, left such a large vacuity above each stone, 
that the tops of some of the large ones, instead of being level 
(as at first they must have been, by the appearance of the moulds) 
with the surface of the ground, were now, in a somewhat turfy 
place, about as much as half an inch below it. The physical 
enigma which hereupon offered itself for elucidation was, how 
the pebbles could remain at the much lower level, while such a 
considerable expansion upwards had been brought about by 
freezing in the moist earth immediately surrounding them ; and 
this problem had certainly, in looking at the thickly-clustered 
cavities in the frozen ground, at first a very paradoxical appear- 
ance. 

But if the question how the inclosing cavities of moist earth 
round flint pebbles which are nearly embedded in it, are dis- 
tended upwards so curiously by a strong frost’s predominance, 
has presented, it may be, to some of your readers who may have 
noticed in similar conditions a similar appearance, as it at first 
did to me, a sut^ect for rather puzzled contemplation and con- 
jectures, it will' worth pointing out, perhaps, that there is a 
well-ascertained thermal property of siliceous rocks and flint, of 
which it seems not improbable that this not unfrequently occur- 
ring action of a strong; frost, in such conditions, may really be 
an interesting illustration. 

Among a series of aboat a hundred different descriptions and 
I varieties of commonly occurring rocks whose thermal conducti- 
I vities were experimentally determined hy a Committee of the 
* British Association in the yea^s 1874-78, it was found that sudi 
entirely siliceous ones as quartz, flint, and pure sili<#bus stOSlP^ 
' stone, &c., so much surpass all other ordinary rocks in their 
rates of transmitting both heat and temperature, that in flint 
f pebbles these conducting powers are, for example, about four or 
five times as great as in damp sandy mould, or in wet clayey 
‘ earth. 

Instead of the layers of cold temperature, therefore, produced 
in wet pebbly ground by continued frosty winds and radiation, 
proceeding in plane levels downwards from one depth below the 
surface to another, large flints exposed in it must grow cold very 
quickly through their whole substance, and must freeze the wet 
earth under them almost as soon as the soil’s surface-layer round 
them is beginning to be frozen. The effect of this freezing process’s 
expansion, it seems evident, will hardly be so much to raise the 
pebbles and the earth’s exposed surface upwards very differently 
from each other, by the frost’s nearly equal action on them 
both, as, during the frost’s continuance, to force up towards the 
surface a large superfluity of soft earth from between the bedded 
stones, carrying the cast or mould of the stone’s upper sides, 
itself to some height above them. We would require, perhaps, 
as an aid to this interpretation of the process, to regard the con- 
gelation round the stones, as rooting them down, perhaps to 
lower-lying ones, so that the upward thrust of the extruded 
earth may not be able to dislodge them, but can be effective to 
raise up their frozen caps ; but some such supposition as this does 
not appear to be a very impossible conjecture. By this recourse 
to the pre-eminent thermal conductivity of flints above that of 
moist turf and clay, in which they are embedded, it seems at 
least not impracticable to give a somewhat intelligible explana- 
tion of the frozen ground’s abnormal elevation round theip, 
lifting the moulded caps of earth-covering off their upper sides 
until their roadside clusters present the curious appearance of 
shrunken petrifactions of some nest of fossil yolks in half- 
einpty e^g -shells. 

It IS, indeed, true that when by long contimflance of a frost 
the sodden earth may have become entirely penetrated And 
frozen by it to some considerable and tolerably even depth (we 
may suppose) below a layer of embedded flints, it should be 
noticed, to simplify the process’s consideration, that the form 
which the frozen ground will then have aefluired between and 
rouad the flints could be nowise affected in the end by any various 
shapes, plane or contort^ by irregularly formed and differently 
conducting solid bodies in its course, wherewith the tract o£ 
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reezing temperature after entering the ground approaches by 
‘ stages of quick or slow rates, in different parts, towards the sup- 
posed nearly even depth at last, if we might only presuppose 
that, because of the endless material obstruction to its motion in 
any horizontal direction, no channels for the earth’s lateral ex- 
pansion in freezing should subsist ; but that in all places and in 
all coV^hions where the freezing happens, the only line of escape 
of the\irth’s increase of volume should be vertically upwards 
towards a direction where no insuperable forces are, at least, 
opposed to it. 

Were this assumption of upward reliefs only of all of the 
expansions a really true and valid one, every vertical fibre of 
the wet earth’s mass would behave in freezing quite indepen- 
dently of every other one, and would take up its lully expanded 
length at last, no matter at what times and in what order con- 
gealing overtook its individual portions. A stone, in this sup- 
position, lust embedded in the ground, would have its lower half 
lifted at last in its socket, and the upper half of the socket 
lifted off the stone (whether its thermal conductivity is great or 
small), to the height, in either case, of a water- column’.s change of 
length by freezing, whose initial height is but half the vertically 
measured thickness of the round embedded stone — that is to say, 
about one-eleventh of an inch for a stone 2 inches in diameter, 
instead of nearly half an inch, which was about the depth of the 
settlement, in some of the large-sized flint stones, which was 
actually observed. 

To return to the reality, however, from this artificial suppo- 
sition, the actual course of the expansions, and the effects pro- 
duced by the freezing dilatations must, no doubt, be very 
different. Supposing that the flint-stones, by their good thermal 
conductivities, soon become covered with a thickening coat of 
frozen earth, flow of the soft, unfrozen earth between them will 
really spring up and be maintained by direct outward expan- 
sions from the stones of the icy coats surrounding them* On 
account of the firm rigidity of the exposed earth-surface, to 
which the stones themselves must;, soon become fast fixed, the 
j^elffi^ant fi^w of soft earth from between the stones, instead of 
finding an upward path the easiest, will rather choose a 
vertically downward one for its escape from its confine- 
ment, and lift the stones and icy covering together, rather than 
seek by an upward course to break through the latter. Yet this 
last efect may also perhaps occur to some extent, raising the 
frozen earth-caps in some measure off the stones’ upper sides, and 
stretching them, it may be, a little upwards, so as to leave 
between them and the stones clear empty spaces. That this 
last effect must be only a secondary ana inconspicuous one, 
however, seems to be pretty obvious from this passingly essayed, 
and as it now appears all too uselessly pursued and desultory 
aper^u of the frost’s real mode and process of expansive action. 

Regarding the peculiar structures, in fact, altogether from 
another point of view, and rejecting the imperfect explanation 
which any one of these presumed congelation processes might 
at first have been supposed to furnish, 01 the curiously 
sunken-lookiug assemblages of the wayside pebbles, an exactly 
opposite interpretation of their semi-interred condition seems, 
perhaps, indeed, to afford a more satisfactory and likely explaoa- j 
tion of it, than the expansive effects of frost in the moist earth I 
were ascertained and shown to have any capabilities and physical 
resources for. The warmth of the sun, or of wind and rain in ’ 
some thawing daytime temperature of the generally frosty week, 
may in short be supposed (which the weather- table of the week, 
on the 26th and 27th ult. confirms) quite plainly and certainly 
enough, in consequence of the flints’ good thermal conductivities, 
to have melted and shrunk again to its natural dimensions the 
hard frozen earth under them, without lowering the level equally 
of the badly conducting frozen earth surrounding them. Alter- 
nate days of thaw Bnd nights of frost would, by progressive 
stages which can be easily traced out and understood, tend quite 
naturally to exaggerate this difference. Thus in another way, 
but complementary to and at returning times just fitly supple- 
mented Dy that <irst supposed, the problem which the winter 
sceift presented is, still more simply and clearly than before, seen 
to be solved quite truly and correctly by the relatively High 
thermal conductivity of the rounded flints as compared with that 
of the hard frozen earth in which they are enveloped. 

This gradual subsidence, therefore, of flint stones dfiring 
alternate frosts and thaws, into frozen earth, by consolidat|pn 
and lateral expansion, followed by liquc^faction and vertical con- 
traction of thre water in the earth beneath them, is, it would 
seem that we m^iy reckon it accordinj;!/, a phenomenon on land 


just analogous and similar to the familiar thermal process which 
small stones scattered on a smooth frozen glacier-field display 
in summer-time, by intercepting the heat of the sun’s rays, and 
by sinking to the TOttom of the deep water-holes which they thus 
.«^coop and delve out for themselves, wherever they happen* to 
have found a lodgment in the naked ice. 

A. S. Herschbl. 

Observatory House, Slough, December 9. 


Foreign Substances attached to Crabs* 

At the last meeting of the Linnean Society I exhibited a 
number of crabs and certain shells of the genus Phorus having 
various foreign substances attached to them, about which it is desir- 
able that more should be known. Some of the crabs manage to 
fasten bits of sea-weed to the hairs on the carapace and Tegs ; 
Polyzoa, Balani, Serpulse, &c., in their earlier stages fasten them- 
selves on others ; a crab of the Indian Seas — Camposcia retusa 
-^is sometimes completely covered on every part with sand, 
small shells, and bits of sea-weed — Corallina chiefly. These 
could only be attached by some adhesive matter, but whence 
derived ? Dromia vulgaris is occasionally found with a sponge 
extending over the carapace and almost completely hiding the 
animal. The species of this genus have the two hinder pairs of 
legs much reduced, flattened, and lying close to the back, and 
this is assumed to be an adaptation for the purpose of retaining 
the sponge. Out of a number of specimens dredged in the Bay 
of K&ples, I recollect only getting one with a sponge on it, and 
that veiy soon shrivelled up, leaving a leathery-looking substance 
attached to the base of the carapace, not held by the legs 
apparently.^ Two crabs — Aithusa tnascarone and Dorippe 
lanata — ^having similarly reduced hind-legs, but directed upwards, 
seem much better adapted for retaining a foreign sutetance, 
which, however, they are not known to do. In a Mauritian crab 
— Dynomene hispida — the hind pair only are reduced, but to 
such an extent as to be merely rudimentary and incapable of any 
use. Paramithrax barbuius — a New Zealand crab — has, like some 
others, hooked hairs, but in the specimen exhibited they appear 
to be free of any foreign substances, although many small frag- 
ments of an uncertain nature appear between them. 

In Phorus a strong cement only could hold on those large and 
heavy substances — shells, stones, &c. — completely covering the 
shell, as in P. agglutinans. I have not seen any account of 
their modus operandi^ but, as the animals have a long proboscis, it 
is possible that that may be the organ employed, but it is diffi- 
cult to believe that it would be able to lift any large substance, 
or that it could reach the top of the shell. Another difficulty is 
that they must cast off, from time to time as they grow, the 
smaller substances, to replace them by larger ones. There is one 
Phorus, however — P. calyculatus — in which small shells imbed 
themselves at short intervals along the whorls, leaving the 
greater part of the shell uncovered ; these little cup-shaped de- 
pressions are marked inside, as far as the mouth of the shell will 
permit them to be seen, by corresponding protuberances. This 
would seem to indicate a certain softening of the shell at one 
time or other. 

I do not see where protection comes in, in any of these cases. 

December 14. Francis P. Pascoe. 

A Marine Millipede. 

In the hopes of arousing the interest and the energies of 
British entomological collectors, *‘D* W. T.,” in a short notice 
on p. 104 of the present volume of Nature, draws attention to 
the recent discovery in Jersey, by Mr. Sinel, of that remarkable 
marine centipede Geophilus (ScAendyla) submarinus (not sul>- 
maritimus by the way), of Grube. 

Those who observed this notice, and are interested^ in the 
fauna of Great Britain, may be glad to hear in addition that 
more than twenty years ago a nunmer of specimens of this then 
undescribed .species were taken by Mr. Laughrin at Polperro on 
the south coast of Cornwall* These specimens, which were 
presented to the British Museum in 1868, were found asimiated 
with Linoticnia maritima (Leach) — also a marine centipede — 

* Bell, in hit ** British Crustacea/' (p. 371), states having received 
“ numerous young specimens from Sicily^ every one of which l^d the cara- 
pace entirely covered with a sponge, which had grown over it, conc^ling 
even the two binder pairs of legs, which ^ere closely placed against me back, 
and rendered immovable.** No mention is made of a sponge on those tl^ot 
came from the Channel. 
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among the rocks on the 8ea*shore ; but whether the place of their 
captnre was above or below high-watermark, is hot stated on the 
ticket with which the specimens are labelled. 

Dr. Grube’s specimens were taken at St. Malo. 

December 17, R. I. PococK. 


SUGGESTIONS FOR THE FORMATION AND 
ARRANGEMENT OF A MUSEUM OF 
NATURAL HISTORY IN CONNECTION 
WITH A PUBLIC SCHOOL. 

H aving lately been asked by Dr. Warre, Head 
Master of Eton, to give him some assistance in the 
fitting up, arrangement, and management of the museum 
about to be inaugurated at that College, I put down 
some notes, which he was pleased to think might be of 
use in pointing out the lines that should be followed with 
most advantage. As these notes are equally applicable 
to other school museums, I venture to publish them for 
the information of those who may be in position to profit 
by them, premising that they are mere outlines, which are 
susceptible of much elaboration in detail, and of some 
modifications according to special circumstances. 

The subjects best adapted Afor such a museum are 
zoology, botany, mineralogy, and geology. ^ 

Everything in the museum should have some distinct 
object, coming under one or other of the above subjects, 
and under one or other of the series defined below, and 
everything else should be rigorously excluded. The 
curator’s business will be quite as much to keep useless 
specimens out of the museum, as to acquire those that are 
useful. 

The two series or categories under which the admissible 
specimens should come are the following : — (r) Specimens 
illustrating the teaching of the natural history subjects 
adopted in the school, arranged in the order in which the 
subjects are, or ought to be, taught. (2) Some special 
sets of specimens of a nature to attract boys to the study 
of such branches of natural history as readily lie in 
the path of their ordinary life, especially their school 
life, and to teach them some of the common objects they 
see around them. 

The specimens of the first class should be all good of 
their kind, carefully prepared and displayed, and fully 
labelled. They should also be so arranged that they can 
be seen and studied without being removed from their 
position in the case or in any way disturbed or damaged. 
It would be best that they should never be taken out of the 
museum, but if it is necessary to remove them for the 
purpose of demonstration at lectures or classes, special 
provision should be made by which a whole tray or case 
can be moved together, with due precautions against dis- 
turbing the individual specimens. As a rule, the teachers 
should either bring the classes into the museum for 
demonstrations, or they should rely upon a different set 
of specimens kept in store in the class-rooms, and only 
brought out when required, and which may be handled 
and examined without fear of injury. Really good per- 
manent preparations may be looked at, but not touched 
except by very skilled hands. 

In zoology the collection should consist of illustrations 
of the principal modifications of animal forms, living and 
extinct, a few selected typical examples of each being 
given, showing the anatomy and development as well as the 
external form. The series now in the course of arrange- 
ment in the Central Hall of the Natural History branch 
of the British Museum, in the Cromwell Road, may, as 
far as it is complete, be taken as a guide, but for a school 
museum it will not be necessary to enter so fully into 
detail as in that series. 

In botany there should be a general morphological 
collection, showing the main modifications of the different 
organs in the greater groups into which the vegetable 


kingdom is divided, and illustrating the terms used in 
describing these modifications. Such a collection may 
also be seen (although still far from complete) in the same 
institution. 

For a teaching collection of minerals, an admirable 
model has for several years past been exhibited in the 
Mineralogical Gallery of the Natural History Mjtnieum, 
being, in fact, the various paragraphs of Mr. E&fetcher’s 
“ Introduction to the Study of Minerals "cut up, and with 
the statements in each illustrated by a choice specimen. 

The geological collection would best be limited mainly 
to a series illustrating the rocks and characteristic fossils 
of the British Isles, arranged stratigraphically. There 
would be no difficulty in making such a series on any 
scale, according to the space available, and if well selected 
and arranged, it would be extremely instructive and form 
a complete epitome of the whole subject. It should be 
placed in a continuous series along one side of the room, 
beginning with the oldest and ending with the most recent 
formations. It might be preceded by some general 
specimens illustrating the various kinds of rock struc- 
tures, &c. 

Mineral and fossil specimens are generally to be pro- 
cured as wanted from the dealers, and as they require 
little or no preparation, collections illustrating these sub- 
jects can be quickly made, if money is available for the 
purpose. This is not, however, the case with zoological 
and botanical specimens, most of which require labour, 
skill, and knowledge to be expended upon their prepara- 
tion before they can be preserved in such a manner as to 
make them available for permanent instruction. 

We will next proceed to consider what objects may be 
included under the second head, many of- which need 
not be constantly exhibited, but may be presengedjjj 
drawers for special study. These may be — 

(1) A well-named collection of the commoner British 
insects, especially those of the neighbourhood in which 
the school is situated, with their larvse, which should (if 
means will allow) be mounted on models of the plants 
upon which they feed. All should have their localities 
and the date of 'capture carefully recorded. These are 
best kept in a cabinet, with glass-topped drawers, with a 
stop behind, so as to allow them to be pulled out for 
inspection, but not entirely removed. Such a collection, 
formed of specimens prepared and presented by Lord 
Walsingham, can now be seen in the British Room of the 
Natural History Museum. 

(2) A similar collection of British shells, especially the 
land and freshwater shells of the neighbourhood. 

(3) If space and means allow, a collection of British 
birds, especially the best-known and more interesting 
species. Rare and occasional visitors, reckoned in the 
books as British, which are the most expensive and 
difficult to procure, are the least important for such a col- 
lection. Variations in plumage in young and old, and at 
different seasons, should be shown in some common 
species. Every specimen must be good and well mounted, 
or it is not worth placing in the museum. 

(4) The principal British mainmals of smaller size, 
especially the bats, shrews, and mice. ^ 

(5) The British reptiles. Amphibia, and commoner 
fishes, so shown that their distinctive characters may be 
recognized. 

(6) A collection, as complete as may be, of British 

lants, or at all events of the plants^ of the neighlwut- 

ood. By far the best way of preserving and exhibiting 

such a collection is in glazed frames, movably •hinged 
upon an upright stand, as may be seen in the Botanical 
Gallery of the Natural History Museum. A collection 
arranged in this manner should find a place in every 
local museum of natural history. • 

(7) A collection of the fossils found in the quarries of 
the neighbourhood*, should there be any. 

Every collection or series should be kept perfectly dis- 
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tinct from and independent of the others, and its nature 
and object clearly indicated by a conspicuous label. 

The exhibited specimens should be arranged in upright 
wall-cases or in table-cases on the floor of the rootn. For 
the latter a high slope is preferable, and in all the exhibi- 
tion space should not extend too high or too low for 
comfortable inspection. Between three to six or seven 
feet fron^th? floor should be the limits for the exhibition 
of small objects. The three feet nearest the floor may be 
inclosed with wooden doors forming cupboards or fitted 
with drawers. Glass in this situation is liable to be 
broken by the feet or knees. 

• The museum should have a permanent curator — a man 
of general scientific attainments, and who is specially 
acquainted with, and devoted to, museum work, and who 
might also be one of the teachers, if too much of his time 
is not so occupied. But, as he is not likely to have special 
knowledge of more than one branch of natural history, 
the teachers of the other branches represented in the 
museum would probably each give advice and assistance 
with regard to his own department. It is also probable 
•that some of the boys may be sufficiently interested in the 
work to render valuable aid in collecting and preparing 
specimens. 

If ethnographical, archaeological, historical, or art col- 
lections be also part of the general museum scheme^ they j 
should be kept quite distinct from the natural history f 
collections, preferably in another room. j 

Above all things, let the following words of Agassiz be 
remembered : The value of a museum does not consist 
so much in the number as in the order and arrangement 
of the specimens contained in it.” 

W. H. Flower, i 

s . 

THE FISHERY INDUSTRIES OF THE i 
UNITED STATES. 

'T'HE volumes which form the subject of the present j 
article are the continuation of a complete mono- j 
graph of the fisheries and fishing industries of the United | 
States, of which the first and second sections have already I 
been published under the titles of “A Natural History of ' 
Useful Aquatic Animals,” and A Geographical Review 
of the Fisheries of the United States.” 

The direction of the immense investigation necessary 
for the preparation of this work has been in the hands of 
Mr. G. Brown Goode, who, as early as 1877, had drawn 1 
up a scheme for an exhaustive exploration of the coast of ^ 
the United States in connection with the fishing industry. 
The enterprise was undertaken jointly by the United 
States Fish Commission and the Census Bureau, and the 
expenses of investigation, compilation, office and field 
work, and publication, have been shared by these two 
departments. 

A work of this magnitude was quite beyond the powers 
of an individual, and we find accordingly that a numter 
of authors, whose names are given at the back of the 
title-page, have been associated with Mr. Brown Goode 
in his undertaking. Among them are many names well 
known to science from their contributions to the natural 
history of the United States. Chief among these are 
Messrs. Marshall MacDonald, J. A. Ryder, and other 
members of the United States Fish Commission. 

, An English reader will invariably use his knowledge of 
British fisheries a^ a standard for comparison with those 
of a foMreign country, and, in doing*' $0, will find many ' 
difficulties, owing, not only to the difference in the species 
of fish which are found on the two sides of the Atlantic, 

'‘The Fisherief and FUhery Industries of the United States/* By 
George Brown Goode, AssUrent Secreta^^ of the Smithsonian Institute, and 
a staff of Associates. Section 111 . The Fishing-Grounds of Morth America, 
with 49 Charts, edited by Richard Rnthbun. Section IV. The Fishermen of ^ 
the UnitedJStates, by George Brown Goode and ^^oseph W. Collins* Sec- 
t^o.i V. History and Mathods of the Fiaheries ; in Two Volumes, witli an 
Atlas of 255 Plates. (Washington : Government Printing Office, 1887.) 


but to the fact that many of our common names, such as 
pollack and hake, are applied to different fish in America, 
and that the Americans often use an altogether peculiar 
zoological nomenclature, which may throw even an experi- 
enced zoologist into confusion. Many American fishes of 
great commercial importance are unknown in Great Britain, 
such as the tautog {Tautoga onitis\ the squeteague 
{Cynosdon regale)^ the blue-fish {Pomatomus saltaioY)^ the 
menhaden {firevoortia fyrannus), and the shad {Clupea 
sapidissimd). The most favourite edible crab of North 
America {Calttnectes hastatus), the blue crab, is a per- 
fectly distinct species from our common Cancer pagurus, 
and the American lobster {Homarus americanus) and 
oyster \Ostraa virginica') are different from our own. 
The European sole is unknown in American waters, as 
are our turbot and brill ; the halibut, which has only 
recendy become important in British fisheries, is of great 
importance in America, and their “plaice” {Paralichthys 
dentatus) differs entirely from the fish known to us by 
that name. These and many other differences in the 
species of marketable fish are important, as they serve in 
part to explain the different methods pursued by American 
fishermen ; why, for instance, beam-trawling is unknown 
in their waters. 

Of the third section ofghe monograph, which forms a 
half o^the first of the four volumes under consideration, Mr. 
Brown Goode himself says : — “ It is the first report of the 
kind ever written. It describes the locations, the charac- 
teristics, and the productiveness of the numerous grounds 
resorted to by the fishermen of the United States, ex- 
tending from Greenland to Mexico, from Lower Cali- 
fornia to Alaska, and including the fishing grounds of the 
great lakes.” For the Atlantic seaboard this work is 
carried out on a scale of completeness never before 
attempted. Not only does the text abound with informa- 
tion relative to the different fishing grounds and banks, 
their history, productiveness, the character of their 
bottom, and the weather prevailing there at different 
seasons, but the whole of this is graphically represented 
in a series of admirable charts which form in themselves 
a complete fisherman’s guide to the whole coast from 
Greenland to Mexico. In addition to this, the migrations 
of different species of fish from locality to locmity are 
alluded to, and the characters of the invertebrate fauna 
are, in some instances, adduced in explanation of these 
migrations. It is impossible to criticize this part of the 
work : to do so one must have a thorough knowledge of 
‘all the principal fishing-grounds of America ; but, granted 
that the information and observations on which the 
charts and text are founded are correct, the method of 
displaying this information is unimpeachable. 

Not the least valuable part of Section III. is the 
appendix containing the temperature observations from 
1881 to 1885 inclusive. A word as to the manner of 
making these observations will not be out of place. The 
Census Bureau was, of course, unable to undertake this 
kind of work, and the Fish Commissioners, whose 
steamers were constantly engaged in expeditions to 
various localities, found that they could not keep a 
sufficiently continuous record of the temperatures ob- 
served at different points along ^e coast. Application 
was accordingly made to the United States Lighthouse 
Board and Signal Service, and these departments in- 
structed their employls to make the required observations 
as part of their regular duties, and without extra com- 
pensation. The editor acknowledges the thoroughness 
with which these men performed the gratuitous services 
demanded of them, and the result is a large number of 
charts of temperature curves for each observing station, 
and charts showing the isothermal lines connecting the 
stations in different years. 

The Pacific fisheries are dealt with in a much less 
complete manner, and are referred to as being unde- • 
vjeloped. The Alaskan fisheries are more fully dealt 
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with, and have a special interest as forming the chief, if 
not the only means of subsistence of the native popula* 
tion. The methods of fishing adopted there are of the 
most primitive character, and very few civilized fisher- 
men are employed in the industry. Fish, however, is 
exceedingly abundant, and its value is shown by the price 
of salmon \Onchorhynchus') in the Yukon River. Dried 
salmon is called ukait, and the best quality chowichee 
ukali. One chowichee ukali is accounted a sufficient 
day’s food for six men or dogs, and can be purchased for 
one leaf of tobacco^ or five to eight musket-balls. 

The fourth section of the monograph relates to the 
United States fishermen themselves. In 1880 there were 
101,684 bond fide professional fishermen in the United 
States, those men only being reckoned as fishermen who 
make more than half their income by fishing. At the 
same time there were in Great Britain and Ireland 
between ^,000 and 100,000 fishermen who would come 
under this definition. It appears that whalers and 
sealers are reckoned among the American fishermen, 
and as they are certainly not reckoned in the English 
computation, the number of men engaged in fishing, pro- 
perly so called, would be about equal in the two countries. 
Of the United States fishermen, the majority, including 
the negroes of the Southern States, and the Alaskans, are 
native-born American citzens,' while from 10 to 12 per 
cent, are foreigners. The majority of the lat^r are 
natives of British provinces ; the remainder are made 
up of Portuguese from the Azores, Scandinavians, Irish, 
and Englishmen, Italians, Indians, and, on the Pacific 
coast, Chinese. The chapters devoted t6 the fishermen 
of the different States are very interesting. The descrip- 
tion of the Maine fishermen might be taken from any 
English fishing port. They are hardy, self-reliant, and 
honest, but are ill educated, inveterate grumblers, and 
entirely in the hands of the middleman. They will work 
hard when fishing, but are reluctant to undertake any 
other work, even for good pay. They marry early, and 
have large families, whilst their profits are low, the 
average annual return to each fisherman being $175 
(about .^36). 

Oyster-dredging seems to have a peculiarly demoraliz- 
ing effect in the United States, the white oystermen of 
Maryland being reckoned as the lowest of their class. 
The New England fishermen are the best educated, the 
most enterprising, and the most successful in the United 
States. Unlike the majority of European fishermen, 
they do not form a class apart, and have no peculiar 
traits or characteristics marking them off from their fel- 
low-countrymen. They are good men of business, and 
many of them have left the fishing trade altogether, and 
been highly successful in other branches of business. 
Their fishing-craft, nearly all schooner-rigged, are the 
finest and largest in the world, and- their life on board 
is far more civilized and comfortable than anything met 
with in Europe. Their earnings are far higher than 
those of the Maine fishermen. A Gloucester man will 
commonly make 9iooo (more than ;^20o) in a year, whilst 
skippers who are partly owners have on rare occasions 
made as much as |^io,ooo to $15,000 in a single year 
(from /^20oo to /3000). Men living under such con- 
ditions are naturuly of a high standard of intelligence, 
and the U.S. Fish Commission have profited largely from 
the co-operation of the New England fishermen. They 
have from the first recognized the value of a scientific 
inquiry in fishing matters ; have in many instances de- 
voted themselves heartily to assisting the. labours of the 
Commissioners ; have kept regular records of their 
journeys, including observations on tides, temperatures, 
weather, and sea-bottoms ; have collected the fauna of 
the different fishing-grounds, and otherwise have been 
instrumental in hdping scientific observation. They 
have one and all been ready to profit by the information*! 
gained by the Comtnission, and have readily tried and 


adopted novel methods of fishing, such as gill-nets for 
cod-fishery, and purse-seines for catching mackerel. 

It is obvious, from a perusal of this volume, that the 
American fishermen are far more careful of their fish 
than Englishmen ; they do not thump them down on the 
deck and stamp about on them, as is too commonly done 
on a British smack ; they carefully clean them on board, 
and store them in proper receptacles, and, where.«fish is 
cured, it is commonly done on board when thd fish is 
perfectly fresh. The reputation of the Gloucester, Mass., 
fishermen is curiously illustrated by a petition seiit to the 
Lord-Lieutenant of Ireland this year. It was reported 
that several American schooners were coming to fish for 
mackerel off the coast of Ireland, and the fishermen, . 
who do not fear the competition of English and French 
boats, were in great alarm lest the Americans with their 
purse-seines and large boats should utterly sweep the 
seas of fish. 

Section IV. closes with a description of the dangers to 
which American fishermen are exposed, and an account 
of the management of fishing-craft. The whole is most 
interesting reading. 

Section V. comprises two thick volumes of text and one 
of plates. The subjects it deals with ranm from whale- 
fishing to sponge-gathering, from baiting nooks to pre- 
paring sardines. Each branch of the fishing industry is 
minutely described in the text ; the history of the fishery 
is given ; old and new methods are compared ; the boats, 
crews, fishing-gear, methods of packing and caring on 
board are carefully explained, and the descriptions are 
supplemented by a profuse number of illustrations. 

It will be unnecessary to follow the various branches 
of fishing in detail, but a few remarks on special forms 
of fishing will be of interest. As has been said above, 
the Americans have qp beam-trawl fishery : the flat-fish 
which are so highly prized in Europe are q!ither*lfBSBfft 
from the American shores, or are held in low estimation, 
and we find no special mention of flat-fish fisheries in 
this section, with the exception of the extensive fishery 
for halibut There appears to be a prejudice against 
flat-fish in many parts of America, and there is certainly 
a prejudice against the use of the beara-trawl. If the 
latter were introduced, and the several flat-fishes which are 
abundant in some parts of the United States waters were 
thrown freely into the market, an important braiich of 
fishery would no doubt be established. ^ Halibut are 
caught in deep water by means of long lines, known in 
America as “ trawls,”’ just as they are by the Grimsby 
boats working in the neighbourhood of the Faroe Islands. 
The method of setting several long lines round the 
schooner by means of smaller boats called dories/’ is 
well worth noticing, but the great risk to life entailed by 
the use of the dories” is an objection to introducing 
this mode of fishing into British waters. 

The cod-fishery of the United States is very large, and 
is carried on to a large extent on the Great Bank Of 
Newfoundland, as well as on the Labrador and St. Law- 
rence coasts. There appears to be a fine cod-fishery 
off Alaska, but it has only been partially worked by a 
small fleet hailing from San Francisco. The cod-fishery 
•was formerly, and still is to a large extent, carried oh by 
hand lines and long lines, or “trawls,” but^ in 1880 the 
U.S. Fish Commission succeeded in introducing gill-nets, 
long since used by the Norwegians, among the fishermen 
of Gloucester. The obvious advantages of the cod gill- 
nets are that they save the fishermen the trouble and 
expense of obtaining bait, which is often Us diffietdt to 
procure as it is in England, and thus ihcthaie thek profit ; 
they are easily set and worited, they Catch more than the 
long lines working on the same ground, and as the size 
of the mesh is adapted only for cod of a certain size, the 
small fish or “ trasn ” pass througle and escape. This is 
a good example of the practical usefulness of the U.S. 
Fish CommisSiont 
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The accounts of the menhaden and mackerel hshii^ 
show that the Americans are as prone to complain of 
particular modes of fishing as English fishermen : the 
purse-seine is as obnoxious to some of them as the beam- 
trawl is in England, and the use of steani is at least 
equally unpopular. Steam is used chiefly in the men- 
haden fishery, and this, in combination with the purs^ 
seine, net practically unlmown in England, has, it is 
alleged, ijitterljr destroyed the menhaden fishing in certain 
districts. This led to petitions to Congress for the pro- 
tection of the menhaden fishery, and in 1882 and 1883 
the matter was inquired into, and protective legislation 
recommended. The evidence of actual decr^se in the 
fishery does not appear in the Report on the fishery, but 
as the Commissioner of Fisheries was a member of the 
Committee which drew up the Report recommending 
legislative interference, it is to be presumed that he was 
satisfied that the fact of a diminution of the menhaden, 
due to over-fishing, was established. 

Mackerel-fishing is conducted entirely by sailing-boats, 
most of them schooners of sixty tons register and up- 
wards, and in these days it is carried on almost entirely 
by means of the purse-seine. In England, the summer 
fishing for mackerel is carried on by means of hand lines, 
and small boats may be seen ** railing ” or “ whiffing ** 
amongst the schools of mackerel. This method was 
formerly followed in America, but is now, to all intents 
and purposes, a thing of the past, the figures of small 
boats jigging” and “drailing,” as it is called in America, 
being given only in illustration of an obsolete industry. 

The purse-seine first came into general use in 1850, 
but its greatest development dates only from 1870, and 
since the latter date there has been great opposition to 
its use, on the score of its destructiveness. The statistics 
of the mackerel-fishery do not, however, warrant this 
oppetttion. wMackerel-fishing has*always been uncertain, 
and, as early as 1660, prohibitory laws of various kinds 
were passed to prevent, as it was supposed, the destruc- 
tion of this industry. In 1838, twelve years before the 
introduction of purse-seines, the catch of mackerel was 
very small, and then the blame was laid on ** the bar- 
barous method of taking mackerel called gigging.” The 
largest take of mackerel in a single year was in 1831, 
when 449,950 barrels of pickled mackerel were ofificiailly 
inspected ; the second largest catch was in 1881, when 
39* >657 barrels were inspected. The worst catch was !n 
1877, when 127,898 barrels were inspected. A glance at 
the official tables shows that the fluctuations in the mack- 
erel-fishery are quite independent of the usual method of 
fishing. The use of purse-seines might advantageously 
be tried in England, though it was found a faimre by 
American schooners fishing off the Norwegian coasts, 
because, as it was alleged, the mackerel moved there in 
smaller schools than on the opposite side of the Atlantic^ 

In the second volume, on history and methods, Eng- 
lish readers will find especial interest in the account of 
the great fur-seal industry of Alaska, which is regulated, 
as is well known, by a wise law prohibiting the destruc- 
tion of more than a fixed number of seals every year. 

No one who reads these volumes can fail to be struck 
with the practical national benefit of the United States 
Fish Commission. The production of this great work is 
only 4 small part of their active usefulness, but if it be 
judged by its utility alone, it is an exceedingly important 
part. When finished, this monograph of the fishing in- 
dustry of the United States will form a complete text- 
book of Americai} fisheries in all their branches, and will 
serve pot only to interest the Ameri6an public in a great 
national industry, but as a reliable guide to all those who 
are engaged in the fishing trade itself. In many cases it 
will be eminently serviceable as a book of reference tq 
the practical fishern^an, informing him of the localities 
and characteristics of fishing-grounds with which he is ^ 
unacquainted, of the kinds and abuivdance of fish that 


he may expect there at different seasons, and of the best 
methods of prosecuting fisheries to which he is unaecus- 
tomed. Capitalists and manufacturers will learn from it 
how they may most profitably embark in a new industry, 
and the consumer wul know from it how to judge of the 
quality of the article he consumes, and where to obtain 
it to the best advantage. It is impossible to refirain'from 
drawing a comparison between this enlightened support 
given to an industry which fix>m its very nature is in- 
capable of being benefited by private effort, and the 
comparatively sinall support given by the English Go- 
vernment to our' own fisheries, which, when the whale 
and seal fisheries are discounted, are at least of equal 
value with those of the United States. There are, in- 
deed, signs that it is being ^nerally recognized that the 
laissezfaire policy as applied to national fisheries is a 
mistake. It is to be hoped that, when our Government 
takes another step forward, the example of the United 
States m^ not be lost sight of, and that, in addition to a 
central office with its necessary clerks and official ad- 
ministrators, a staff of skilled scientific investigators and 
practical men may be appointed, such as will be able to 
produce as exhaustive a work as that under review. 


NOTES. 

On f riday evening last, Sir Lyon Playfair, having distributed 
the prizes and certificates gained by the students of the City of 
London College, delivered an interesting address, taking as his 
chief subject the need for vital improvements in English methods 
of education. There had been, he said, a marked change going 
on over the world in regard to work. Machineiy had been 
taking the place of muscular labour. Less human labour was 
employed, but it was much better paid than formerly. The 
workman must adapt himself by trained intelligence to these 
changes, otherwise he would go to swell the ranks of unskilled 
labour. Foreign countries had been quicker awake to the changes 
that were going on than we had been. We were proposing 
technical education, while France, Germany, Belgium, and 
Switzerland had been adapting themselves to the altered state of 
things by improved schools, secondary schools, commercial, 
building, and other special schools, which they had been pro- 
moting for many years. Germans and Frenchmen were taking 
places in English counting-houses, because the youth of London 
had not been educated in those languages which were necessary 
to commerce. We were now beginning to awake to the necessity 
of doing what was being done in other countries. Until com- 
paratively lately we had nothing but classical schools. The 
learned classes had been entirely separated from the people ; but 
the people’s knowledge of trade improved science, and science 
improved trade. The learned classes were ignorant of this. This 
was not the way that the magnificent science and literature of 
Greece and Rome arose. Their great philosophers were busy in 
commerce, and were acquiring experience and knowledge among 
the masses of their own countrymen. This, he was rejoiced to see, 
was what we were now trying to bring about in this country. 

Thx formation of two new Microscopical Societies has recently 
been announced. One of these is the Scottish Microscopical 
Society, meeting in Edinburgh, with the following office-bearers : 
President, Prof. Sir W. Turner ; Vice-Presidents, Prof. Hamil- 
ton and Mr. Ad. Schulze; Secretaries, Dr. A. Edington and 
Mr. Geo. Brook. This Society has already held two successful 
meeting. The other Society is the Italian Microscopical Society, 
intended to bring tq{ether microscopists from the whole of Italy. 
The subjects for research, specially mentioned in the prospectus, 
are animal and vegetable histology, petrology, bacteriology, and 
the structure of the microscope and its appliances. 

At Leyden there is a fine ethnographical collection, which is 
especially valuable so far as it relates fo the Dutch East Indian 
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territories. At present this colle^ion is ^n to great dis- 
advantage, but there is some prospect that it ’may soon be trans- 
ferred to better quarters. A Parliamentary Committee has re- 
commended that proposals should be submitted to Parliament 
for the erection of a suitable building. 

The Public Free Libraries Committee of Manchester, in 
their annual report, just issued, state that the success which has 
so long attended . the working of the public free libraries in that 
city still continues in all departments. During the last twelve 
months the number of reaflors and borrowers at the various 
libraries and reading rooms (t.t., the number of visits they 
made) reached an aggregate of nearly four millions and a half 
(4,442,499), being over 70,000 in excess of the previous year. 
The number of books used for home reading and for perusal in 
the reading rooms was 1,649,741. In the preceding year the 
number was 1,606,874, the increase being 42,867. The daily 
average of volumes used in all the libraries was 4700. Of the 
volumes issued to readers at the libraries, 336,058 were read in 
the reference library, 507,964 in the reading rooms attached to 
the branches, and 64,770 in the Bradford, Harpurhey, and 
Hyde Road reading rooms. The number of volumes lent out 
for home reading was 740,949. Out of these only sixteen are 
missing. There are now 197,947 volumes in the libraries. 
The committee express regret that the limited resources at 
their disposal prevent the extension of branch libraries* and 
public reading rooms, but they trust that the Council will, 
before long, enable them to take the necessary measures for 
giving effect to the resolution of the Council passed unanimously 
on December 21, 1887, with regard to obtaining parliamentary 
powers for the removal of the present restriction of the rate (a 
iJ. in the ;C) expended for library purposes. 

The following scientific lectures will probably be delivered at 
the Friday evening meetings of the Royal Institution before 
Easter, 1890: — ^January 24, Prof. Dewar, F.R.S., scientific 
work of Joule; January 31, Sir Frederick Abel, F.R.S., 
smokeless explosives ; February 14, Prof. J. A. Fleming, 
problems in the physics of an electric lamp ; February 21, 
Shelford Bidwell, F.R.S., magnetic phenomena; February 28, 
Prof. C. Hubert H. Parry, evolution in music ; March 7, Francis 
Gotch, Esq., electrical relations of the brain and spinal cord ; 
March 14, Prof. T. E. Thorpe, F.R.S., the glow of phos- 
phorus; March 21, Prof. G. F. Fitzgerald, F.R.S., electro- 
magnetic radiation. On Friday, March 28, a lecture will be 
given by Lord Rayleigh, F. R. S. 

On December 8, at 6.30 a.m., a sever ' shock of earthquake 
was felt in Upper and Central Italy, Daliqatia, the Herzegovina, 
and Bosnia. At Serajewo three shocks were felt, the direction 
being from south-east to north-west. They lasted for five 
seconds each. 

The inhabitants of the town of Re^io d'Emilia, in Upper 
Italy, are very much alarmed by the activity of the volcano, the 
Queccia de Salsa, which is situated about eight kilometres from 
the town. During the last two or three weeks it has thrown up 
lava, stones, and ashes. 

In the Comptes rtndus of the French Academy of Sciences | 
for December 9, M. Angot has published an interesting paper on 
the observations of temperature at the top of the Eiifel Tower. 
The mean monthly maximd and minima for July to November 
inclusive are compared with those recorded at the Parc Saint- 
Maur. According to the usual decrease of temperature with 
height, the tower observations should be about 2**9 lower than 
at the ground station, but the difference is much greater in sum- 
mer during the day, and much less in winter during the night. 
In calm and clear nights especially, the temperature has been 


found to be nearly 11° higher at the summit than at the base. 
At the time of a change of atmospheric conditions, the change 
is manifested some hours, or even da}rs, at the higher station. A 
striking instance of this occurred in November. After a period 
of high pressure, with calnos and easterly breezes, the wind on 
the surface became strong, and shifted to south-south-west, and 
temperature rose. But the change bad manifested itself on the 
tower on the evening of the 2ist, and during the whole ^riod 
from the evening of the 2i8t to the morning of the 24th, the 
temperature at the tower was higher than at the base, at some 
times even exceeding 18°. Observations made by a swinging ” 
thermometer at llh. a.m. on the 22nd showed that the inferior 
limit of the warm current was approximately between 500 and 
600 feet above the ground. 

The Third Report of the Meteorological Institute of Rou- 
mania for the year 1888 shows that much progress is being 
made, with very scanty means, thanks to the willingness of the 
observers and to the voluntary assistance rendered in the pre- 
paration of the observations for publication. The Institute has 
been establuhed only four years, and at the beginning of 1889 it 
numbered 21 stations of various classes, in addition to 42 rainfall 
stations. The observations are regularly published in the 
Annales of the Institute, a quarto volume of about 600 pt^es, 
about half of the volume being devoted to discussions, in French 
and Roumanian. 

For a year past Mr. R. W. Schufeldt has been working at a 
memoir on the morpholep and life-history of Heloderma sus- 
pectum^ the well-known poisonous lizard of the south-western 
part of the United States. This memoir is now nearly ready 
for publication. Biologists have hitherto denied Heloderma even 
the rudiment of a zygomaric arch, and Dr. Gunther, of the British 
Museum, has said in his article Reptiles," in thejjinth 
of the " Encyclopsedia Britannica" (p. 451), that “ the skull of 
Heloderma is very remarkable in that it has no zygomatic arch 
whatever." We learn from Mr. Schufeldt that his recent dis- 
sections of this lizard go to prove that such statements must be 
qualified. Upon examining skulls of both old and young in- 
dividuals of H, suspectum, he has found at least a very substan- 
tial vestige of the arch in question. It consists of a freely 
articulated, conical ossicle, standing on the top of the quadrate, 
being moulded to the outer side of the posterior end of the 
squamosal, with which it also freely articulates. It is seen to be 
present upon both sides. That this is the osseous rudiment of 
4he hinder end of the z]^omatic arch in this reptile, there cannot, 
Mr. Schufeldt thinks, be the shadow of a doubt. 

At a recent meeting of the American Ornitholc^ists’ Union, 
Mr. Jonathan Dwight, Jun., read a paper on birds that have 
struck the statue of Liberty, Bedloe’s Island, New York 
Harbour. He said, that, on account of its lighter colour, more 
birds strike the pedestal of the statue than the statue itself. The 
statue was erected too late in 1886 for the migratory birds. 

It was first struck on May 19, 1887, then late in August, 
when the lights were said to be put out by birds. The 
first date at which birds struck the statue in 1889 was August 5, 
when fourteen were killed. A few others were killed during the 
month, and a considerable number in September and October. 
October 24 was the last date at which birds were killed. 'The 
whole number killed this year was 690, which was considerably 
less than in 1888 or 1887.^ He found that every cold wave in^ 
the early fall was followed by migratory birds flying against the 
statue. Of the dead birds picked up this year, 60 peiwcent. 
belonged to one species, the Maryland yellow-throats. The 
remaining 40 per cent, included a great variety. 

At the meeting of the Scientific Con^mittee of the Royal 
Horticultural Society on December 10, Mr. Morris read a letter 
addressed to the Director, Ro]ral Gardens, Kew, by Mr. R. W. 
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Blunfield : — “I see in the August number of the /Tew BtiUetin, 
an interesting account of the Icerya purchasi, and its depreda- 
tions in South Africa, California, &c. During the past four 
years our gardens at Alexandria have been invaded by a coccus, 
which threatens now to destroy aU our trees, and is causing the 
greatest alarm here. ... It first appeared about four years ago, 
wheivl noticed it in quantities on the under side of the leaves of 
a banyan tree, but it has since spread with extraordinary rapidity, 
and one of our most beautiful gardens, full of tropical trees and 
shrubs, has bi^n almost destroyed. A breeze sends the 
cottony bugs down in showers in all directions. It seems to 
attack almost any plant, but the leaves of the Ficus rubiginosa, 
and one or two other kinds of fig, seem too tough for it, and it 
will not touch them. It seems almost hopeless here for a few 
horticulturists to try to eradicate this formidable pest, while 
their indifferent neighbours are harbouring hotbeds of it, and 
there will have to be some strong measures taken by law to put 
it down.” The insect in question had been referred to Mr. 
Douglas, and was said to be an undescribed species ofDacty- 
lopius. Spraying with kerosene emulsion was recommended, 
but no remedy was likely to be effectual that was not carried 
out universally. 

The new number of the Journal of the Royal Horticultural 
Society contains a full and interesting report of the proceedings 
of the National Rose Conference held at the gardens of the 
Society at Chiswick on July 2 and 3. In the same number 
there are the following papers : on irises, by Prof. Michael 
Foster ; the strawberry, by Mr. A. F. Barron ; strawberries 
for market, by Mr. G. Bunyard ; the origin of the florist’s 
carnation, by Mr. S. Hibberd ; peaches and nectarines, by Mr. 
T. F. Rivers; on conifers, by Mr. W. Coleman; on pears, by 
Weldsmith. 

A German biography of the late Dr. E. G. F. Grisanowski, 
by Elpis Melena, has just been published (Hanover : Schmorl 
und von Seefeld). The book ought to be interesting to anti- 
vivisectionists, as Dr. Grisanowski was an enthusiastic advocate 
of their ideas, and much attention is given to the subject by his 
biographer. I 

The United States Department of Agriculture has issued the 
first and second of a series of illustrated papers on the North 
American fauna. They are by Dr. C. Hart Merriam. The 
first is a revision of the North American pocket mice, and 
includes descriptions of twelve new species and three new sul^ 
species. The second paper contains descriptions of fourteen 
new species and one new genus of North Am erican m a mmal s . 

The sixth edition of Mr. H. Bauerman’s Treatise on the 
Metallurgy of Iron ” (London : Crosby Lockwood and Son) has 
been published. Mr. Bauerman explains that, as the progress 
in iron and steel manufacture during the seven years that have 
elapsed since the last issue of the volume has been mainly in I 
the direction of perfecting the appliances and working details of 
the great processes introduced tetween 1858 and 1878, it has 
not been necessary to make any very great alteration in the | 
principal part of the text. The additions required to bring the ■ 
info/mation up td date have been placed mostly as supplemental 
notes at the end. The statistical details have been revised and 
brought up to the latest dates for w^uch returns are available. 

In a recent paper on zoogeography, in Humboldt, Dr. Lamport 
states that a good many wolves are stfll captured in the east and 
west provinces of Germany, e.g. about fifty annually in Lorraine. 
IiR'France, 701 wolves were destroyed in 1887 ; in Norway, only 
15. It is estimated that in Russia the yearly loss in domestic 
animals through wolves is over ^2,000,000, and the loss of game 
from the same cause, over £y, 000, 000, The German mdle 
swarms, apparently, in the neighboul'hood of Aschersleben, 


where 97,519 individuals were taken last year, and rewards 
amounting to £^^ were paid. In great part, of Germany, how- 
ever (Upper arid Lower Bavaria, East and West Prussia), it is 
not met with. Mecklenburg and Pomerania are its northern 
limits, at present. 'The beaver is nearly extinct in Germany, 
but a new settlement of thirty individuals was recently discovered 
at R^enwehrsbeig, not far from Schiinebeck, on the Elbe. A 
recent catalogue of diurnal birds of prey in Switzerland (by 
Drs. Studer and Fatio) gives thirty-two species. The disapi)ear- 
ance of the golden vulture is here noteworthy. Early in this 
century it w as met with in all parts of the Alpine chain; whereas 
now, only a very few individuals survive on the inaccessible 
heights of the Central Alps. 

An interesting inquiry into prehistoric textiles has been re- 
cently made by H«rr Buschan (Arch, fiir Anthrop.) He ex- 
amined tissues wtti). reg^ to the raw material used, to their 
distribution in pi^ehUtoric Germany, to their mode of production, 
and to their alteration by lying in the ground. With certain 
chemical reagents he was able to distinguish the various fibres, 
though much altered. The oldest tusues of Germany (as we now 
know it) come from the peat-finds of the northern bronze 
period. On the other hand, some articles of bone found in caves 
of Bavarian Franks, and evidently instruments for weaving or 
netting (bodkins, knitting needles, &c. ), show that already in the 
Neofflthic period textiles were made. The art of felling probably 
preceded that of weaving. Herr Buschan sums up his results as 
follows: (i) in the prehistoric times of Germany, wool (mostly 
sheep’s) and flax were made into webs, but no hemp ; (2) the 
use of wool preceded that of flax ; (3) the wool used was always 
dark ; (4) most of the stuffs were of the nature of huckaback 
(none smooth.) ; (5) the textiles have, on the whole, changed 
but little in course of time. The author has some interesting 
observations on the oldest kinds of loom. The pile-builders on 
the Pfaffiker, Niederwyl, and Boden Lakes, were busy weavers ; 
and they knew how to work flax fibres not only into coarse lace, 
fish nets, or mats, but into such finer articles as fringes, coverlets, 
embroidery, and hair-nets. 

In a recent Consular Report from British North Borneo, 
an account is given of the explorations for gold which were 
made in the territories of the British North Borneo Company 
last year. The main obstacle had always been the difficulty 
of ascending the river, which is full of shallows and rapids, and 
of forwarding supplies of provisions, as the country is totally un- 
inhabited, and does not afford supplies of any kind whatever. 
Striking into the forest at a point in Darvel Bay, which was 
judged to be nearest to the desired district, Mr. Skertchly 
crossed three sharp ridges of mountains, and at length struck 
the higher Segama, at a place some 250 miles inland from its 
mouth. The track is only 31 miles long, but great difficulty w'as 
experienced in bringing up provisions, as, owing to the rocky and 
mountainous nature of the ground, animals could not be used tor 
transport, and everything had to be carried, at considerable ex- 
pense, on men’s backs. Payable gold was found soon after the 
Segama was reached, and the higher the river was ascended the 
more there was, but it was patchy and uncertain, and, so far, 
no reefs are reported, the gold being almost entirely in the 
river-bed. It is now certain, sa3rs the Consul, that payable gold 
exists, but whether the extent of country it is found in is large 
or small has yet to be ascertained, while the expense of convey- 
ing provisions to the gold-fields will require gold to be abundant 
to make it worth while working, unless an easier path is found. 
Mr. Skertchley was five months and a half in the forest without 
coming out once, and it was mainly owing to his foresight in 
arranging details, and his perseverance in carrying on the 
expedition, that success was due. 

The Annual Report of the Conservator of Forests at Singa- 
pore refers at great length to the difficulty of dealing with'a. 
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grass called lalang {Imperata cylindrical Cyr.), which is not 
only useless, but very injurious, both by reason of its inflamma- 
bility, and because it prevents any cultivation of the land covered 
by it, except with a great deal of labour and expense. Wherever 
the land is burnt or having been under cultivation is suffered to 
run to waste, it is soon covered with lalang^ whatever may have 
been the previous vegetation, except where the soil is sandy, or 
wet, or shaded by trees. The treatment of the soil by chemicals, 
such as salt, sulphate of iron, &c., apart from the heavy expense 
connected with it, is liable to have a very injurious effect, even 
for many years, on the plants with which the ground is after 
wards afforested. The introduction of some more actively 
growing plant to combat and destroy the lalang^ has been pro- 
posed, but this would be to destroy one noxious weed by another 
still more noxious. When trees are tall enough to throw a 
shade upon the ground, the lalang qulilcly disappears, nor can 
it penetrate even into forest glades if but a few trees bar its 
progress. It is suggested, therefore, that shade trees and 
bushes should be gradually planted. 

OUR ASTRONOMICAL COLUMN 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at lop.m., December 26 ^4h. 
22m. 20s. 


Name. 

1 Mag. 

Colour. 

1 

R.A. 189a 

Deck 2890. 


j 


h. m. s. 

0 / 

(1) G, C. 839 

1 ~~ 


4 X 5 3 » 

+>9 7 

(a) 47 Krklani 

; 5 

Reddish-yellow. 

i 4 28 54 

- 8 *5 

( 3) e Tnuri 

! 4 

Whitish-ytllow. 

1 4 22 12 

+ 1856 

(4) M Kridani 

4 

White. 

! 4 40 0 

- 3 27 

(5) R Leporis 

I Var, 

Red. 

1 4 54 36 

-1456 

(6) U Geminorum 

1 Var. 

Variable. 

1 7 48 34 

+a. 17 

(7) Neptune, Dec. 26. 

1 

•* Greenish. 

i 4 2 21 

+ 18 59 

„ Jan. 2 .. 

- 

— 

1 4 1 44 

+ »8 57 


Remarks. 

(1) This is described in the General Catalogue as an exceed- 
ingly interesting object, but very faint and small ; according to 
Hind it is variable. 1 have not been able to find any record 
of its spectrum. Continuous observations over a considerable 
period, even with small dispersion, may throw light upon the 
nature of the changes which take place. 

(2) A star of Group II., in which Duner records the bands 
2-8. Bands 2 and 3 are the strongest, indicating that the star 
is well advanced in condensation towards Group III. As in 
similar stars, dark metallic lines and lines of hydrogen should 
receive special attention, as the stages at which these make their 
appearance have not yet been determined. 

(3) Vogel classes this with stars of the solar type, and the 
usual differential observations are suggested. (For criteria, see 
p. 20.) 

(4) According to Konkoly, this is a star of Group IV. The 
usual observations of the relative intensities of the hvdrogen and 
metallic lines are required, so that the star may be placed in line 
with others on the temperature curve. 

(5) This is a variable star of Group VI. , but the range of 
variation is small (6’5-8’5). The origin of variability in stars of 
this group has not yet been satisfactorily explained, and there is 
no record of the spectroscopic changes which accompany the 
changes in magnituae. Further observations are therefore neces- 
sary, and it is suggested that variations in the intensities of the 
carbon flutings should be particularly noted. The star was at 
minimum on October 23. 

(6) This variable reached its maximum bn December 21, and, 
as the period is only 86 dayip observations may be made from 
maximum to minimum, providing that sufficient optical power is 
employed. The magnitude ranges from about 9 at maximum to 
14 at minimum. The colour is stated to vary from white at 
maximum to reddish at minimum. The spectrum has been 
described as continuous (probably near maximum), but the 
cWlour-cbanges indicate that considerable variations in the 
spectrum may also be expected. 


(7) The spectrum of Neptune was first observed by Secchi, 
in 1869. Fie noted that there were three broad dark bands, 
which were nebulous at the edges, and that there was a remark- 
able absence of red light. Vogel gave a more detailed account 
of the spectrum in 1872 {Bothkamp Beobachtungen^ 1872, p. 71). 
The bands then recorded were as follows : — 

Wave-lengths. Remarks. 

597 End of spectrum. 

565 *7 End of a wide dark band. 

556 Very feeble band. 

540 Middle of the darkest band. 

518 Faint band. 

513 

507 

485*8 Middle of a dark band. 

477 Middle of a wide dark band. 

The whole spectrum is very similar to that of Uranus. The 
proximity of the edges of some of the dark bands to the bright 
flutings of carbon and manganese led Prof. Lockyer to suggest 
that in Uranus and Neptune we might have to deal with the 
radiation of those substances, the dark bands being produced 
by contrast. Acting on this suggestion, I made observations of 
Uranus with a lo-inch equatorial, and afterwards, in conjunc- 
tion with Mr. Taylor, with Mr. Common’s 5-foot reflector. 
Direct comparisons certainly showed coincidences of the flutings 
of carbon with luminous parts of the spectrum. No solar lines 
were visible, but Dr. Huggins has recently photographed the 
spectrum, and found nothing but solar lines. In a recent obser- 
vation of Neptune, 1 thought the bright flutings were more 
evident than in Uranus, but I have not nad an opportunity of 
making comparisons. Further observations with reference to 
the existence of bright flutings are suggested. A. Fowler. 

Variable Star in Cluster G.C. 3636. — Prof. Pickering 
writes {A sir. Nachr.p 2941) that photographs are being taken 
at Wilson’s Peak, Southern California, with a telescope of 13 
inches aperture. Four photographs, with exposu^gs of al^vLv 
one hour each, were taken of the above cluster, whose position 
for 1900 is R.A. I3h. 37m. 35s., DecL + 28® 52'*9. A star 
about twenty seconds south of the centre of the cluster was 
found to be much brighter on May 21 and June 8, 1889, than 
on May 31 and June 17, 1889. Two maxima seem to be indi- 
cated by the photographs separated by an interval, during which 
the star becomes comparatively faint. Visual observations made 
at Cambridge Observatory since June appear to confirm this 
variability. 

Changes in Lunar Craters. — A few observations made 
by Prof. Thury {A sir. Nachr.p 2940), of craters in the terraced 
ring of Plinius, indicate some striking changes. On November i, 
Plinius presented the same aspect as that described in 1882 by 
MM. Eiger, Gaudibert, and H. Klein. Two craters, cutting 
one another, appear in the middle of the ring, and it is thought 
that one of these was not visible in the middle of September. 
The central opening seems to have been enlarged, for on Nov- 
ember I its diameter was estimated as at least one-third of the 
total crater, whereas in September the diameter of the opening 
was rather less than one-fourth of the total diameter. 

The interpretation put by Prof. Thury upon these appearances 
is that in the centre of Plinius there are two small craters, the 
aspect of which is modified by the different amounts of snow 
and ice about them. Emissions of heated gas and vapour would 
affect considerably the state of the lunar surface, for if, in the 
beginning of an eruption, water-vapour were predominant, it 
would be immediately condensed around the crater, forming a 
circular field of snow, so that the apparent enlargement of the . 
opening may be due to the melting of the snow surrounding it 
by the hot gases emitted. 

SIR HENRY ROSCOE ON TECHNICAL 
EDUCATION. • 

AST week we referred to an address delivered by Sir lienry 
Roscoe at Goldsmiths’ Hall on Tuesday, December 17, 
after the distribution of the prizes and certificates to the students of 
the City and Guilds of London Institute. He spoke as follows : — 

In his admirable address delivered laft year on a similsur 
occasion to the present, Sir Lyon Playfair pointed out that 
one of the important objects for which the City Guilds were 
originally founded was to develop and restore arts and sciences, 
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and act as teachers to pupils. In the ancient charters the^word 
** Universities ” is used for the modern designation of Guild. 
University simply means a teaching corporation, whether for 
professional or trade purposes. In both cases the teacher is 
termed a “master,” and the pupil an “ apprentice ” from 
apprendre^ to] learn. The function of teaching by the Guilds 
was gradually lost. The master became the capitalist, the 
pupil the workman. The capitalist does not consider it part of 
his duty — quite the contrary — to teach the workman his craft, 
and thus the latter, though handy in one branch, never becomes 
a craftsman ; intelligence is wanting, and the industry suffers 
when placed in competition with that for which the craftsman 
has been intelligently trained. 

But now the Guilds have recovered their long lost ground, and 
by a natural process of evolution they are now engaged separately 
and collectively in nobly carrying out the work for which to a 
great extent they were originally constituted. 

This new departure, or rather this recurrence to the ancient 
type, we know as technical education, and we define it as 
the instruction in those arts and sciences which underlie the 
practice of the industry or trade, this instruction being given in 
the technical school. 

No attempt is there made to teach the trade or industry itself ; 
this is done, and can only be done, in the factory or workshop. 
The school teaches how to make the best article ; the workshop, 
how to make that article cheapest. The school ignores econo- 
mical production, whilst this is the all-important factor in the 
workshop. 

In my remarks this evening I propose to consider how the 
Guilds are now carrying on their work, and to point out the rela- 
tion which that work bears to the general question of technical 
education in the country, which is now acknowledged on all 
hands to be one vitally affecting our industrial supremacy 
amongst the nations. 

This acknowledgment has now received a national recogni- 
tion in the passing of the Technical Instruction Act of last session 
oLl^liamei^ and this has materially changed the whole aspect 
of affairs. Nenu technical instruction, which has hitherto been j 
sporadic may become systematic, for jirivate effort has received ! 
national authorization, and sooner or later a complete scheme for ; 
technical instruction roust be forthcoming. I 

The commencement of such a scheme has indeed already been ' 
made by the efforts of the City Guilds. Your Institute, with its | 
various branches, is the nucleus of such a system, the importance 
of which will perhaps only be recognized when the history of this I 
great educational movement comes to be written. 

Starting from small beginnings, this work has already attained 
dimensions which exceed the most sanguine expectations of its 
founders. 

The extension of your technological examinations has been 
so rapid that now no fewer than 12,000 students are receiving 
instruction in 500 registered classes in 1 13 towns in the Kingdom, ^ 
whilst 6000 students passed the examinations last year. 

Of the value of these examinations as stimulating a knowledge 
of the rationale of practical processes there can be no doubt. 
The age of eroj^iricism is pwt, rule-of-thumb is dead, and a new 
rule, that of scientific training or organized common-sense, has 
taken its place. 

These examinations serve to spread tliat scientific training 
amongst the masses of our population, and though they do not 
accomplish all^ they accomplish much, and the classes if not all 
first-rate are still vastly better than none at all, and it is satis- 
factory to note that the employers of skilled labour are beginning 
to find out that the men thus trained are of greater value than 
those who have not had such training. 

To quote one example of this among many, a pupil of the 
Manchester Textile School gained at the last examination the 
silver medal in honours. He was simply a “ cotton operative,’’ 
but since that time he has obtained the post of manager of 1170 
looms under a large manufacturing firm, and the determining 
factor in his succe^ over a great number of competitors was his 
possession of the silver medal first-clasi certificate in honours of [ 
this Institute. 

But, after all, the attendance on these classes is only the 
beginning. A more thorough training is needed ; for this the 
Institute has founded the admirable model “Intermediate” 
Technical School in t'insbury, where the course is a real pre- 
paration for entering the workshop, and thus the pupils begih 
industrial life under more favourable conditions than othervnse 
would have been the case. 


It is much to be hoped that the Institute may not only be able tO' 
continue grants lo this most useful school, but may see its way 
to plant other similar schools in various parts of the metropolis, 
which after all is the greatest industrial centre in the Kingdom. 

But the Institute does not standalone in carrying on this mat 
work of raising up the true craftsman, and thus hdping to keep 
down that danger to our overcrowded centres of population — the 
great army of unskilled labour. The Guilds are separately 
taking up the Question, and if we may deplore the witodrawal 
of some from the general scheme, we may well commend their 
efforts in other directions. Witness.the foundation by the Com- 
pany in whose hall we are now assembled of a great technical 
and recreative institute at New Cross, which bids fair to become 
a centre of light and leading in a district dark and backward. 

Again, look at what the Drapers* Company have done, and 
are doing, at the East End to place the People’s Palace on a 
sound financial basis ; or at the still greater work, if such things 
can be compared, which the Clothworkers’ Company has done 
in Yorkshire and other districts to place upon sure scientific 
foundations the clothworker’s craft. 

Amongst these efforts to raise the industrial capabilities of our 
population we must not foi^et the scheme of the Charity Com- 
missioners for the* application of the property of the City of 
London charities. This arose out of an Act passed six years ago 
at the instance of my friend Mr. Bryce, which directed that 
the general funds of these charities should be applied to the benefit 
of the poorer part of the population. 

NoJess a sum than ;^So,ooo per annum is thus applicable, 
and the scheme lately put forward by the Commissioners for the 
appropriation of this sum is, on the whole, an admirable one, 
which may, if wiselv worked, end in the creation of what may 
be termed a popular technical University for London. l*he 
value of such an organization as is thus proposed will be appre- 
ciated by those who have some knowledge of how these things 
are managed on the Continent, and in how chaotic a state is the 
whole of London education beyond the rank of the primary 
school. 

All these efforts are truly “ signs of the times ; ” they point to 
the recognition by the better endowed that not merely is it their 
duty, but their self-interest, to see that those who have the power 
know how to use it wisely, for it is on this that our national 
stability and progress depend. 

But it is not enough simply to educate the craftsman ; his 
employer needs it equally, if not more, and this task is, perhaps, 
a more difficult one, for as the Royal Commissioners on Technical 
Education report, “Englishmen have yet to learn that an ex- 
tended and systematic education, up to and including original 
research, is a necessary preliminary to the fullest development of 
industry,” and this necessity your Council have fuHy^ acknow- 
ledged, for, at the inauguration of your Central Institution, Lord 
Selbome said “It is, however, in the appreciation of, and in 
the facilities for higher technical instruction, that we in this 
country are most deficient, and it is to supply this want that the 
Central Institution has been established, ... in which new and 
increased facilities will be afforded for the prosecution of original 
research, having for its object the more thorough training of 
the students and the elucidation of the theory of industrial pro- 
cesses.” 

I do not think that one could more emphatically or more 
clearly define the character of the work needed for the highest 
instruction of the future leaders of industry, than Lord Selborne 
has done in these words. 

Now, the question arises, Is the Central Institution ac^m- 
pHshing the ends thus clearly marked out ? It must be admitted 
that the supply of students has hardly been equal to the expecta- 
tions formed by its friends at the outset. But if the work done 
is of a high class, and if those who come within its walls are 
there fitted for discharging the higher duties #hich modern in- 
dustry requires, we may be satisfied, for the fact is that the 
demand for high-class technical instruction has yet to be created. 
Other difficulties beset this particular kind of teaching. One is 
that, as in many new institutions, the students enter ill-prepared, 
and thus the instruction is forced into elementary lines, and the 
time which can be given to higher work materially shortened. 

A second, is that of hitting off the happy mean between the 
teaching of theory and that of practice, and in order that this 
essentw may be accomplished, it is necessary that the teachers 
giving this higher technWl instruction should be men who are 
well known and respected in their seterul professions, and not 
mere schoolmasters. In other words, that they sh^l know the 
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practice as well as the theory of the subjects they profess. Such 
men, as far as I am able to judge, your Council has found in 
the present able staff of professors. 

Tnen again, in measuring the success of such a College, it 
must be remembered that it is intended for the M/e of the 
industrial world, and that, as individual attention must be paid 
to each student in the laboratories and drawing- offices, the 
highest technical instruction of crowds is impossible. 

Little seems hitherto to have been done in the way of training 
technical teachers, and for the obvious reason that the demand 
for such is very limited, whilst that for competent men to enter a 
more practical career is great. 

But whether the College is training teachers, or those who are 
to carry out the lessons of such teachers into practice, does not 
matter. The object is to train men who can improve our present 
industries, and raise up new ones ; and this may be accomplished 
by either or by both methods. Neither the one nor the other 
can, however, succeed unless the student of technology has a 
firm grasp of the scientific principles upon which his industry is 
based. 

It is useless, and worse, to attempt to teach the applications 
to pupils to whom the science itself is an unknown quantity. 

lienee arises the question, How and where can the preliminary 
science training be best given ? and the answer to this raises 
many difficult and some delicate matters. 

First, however, let me disabuse your minds of a notion which 
may become general, and, if so, harmful — namely, the new 
Metropolitan Polytechnic Institutions, as they are called, can 
overtake this highest and most important kind of educatiin. Do 
not let us fancy that the establishment of these no doubt very 
valuable institutions is the ultimatum to be aimed at in technical 
education, or imagine that they can attempt to do what is done 
in Germany, France, or Switzerland by institutions bearing the 
same name. I look upon it as a misfortune that, by mere 
chance, the name of the old Institution in Regent Street, known 
to fame as the home of the diving-bell and of Prof. Pepper’s 
Ghost, should have been retained for institutions which neither 
resemble it nor the high schools which form so marked a feature 
in the Continental educational system. These latter are in our 
country rather represented by the scientific departments of our 
Universities, and by those of the metropolitan and local Uni- 
versity Colleges, by the Royal Normal School of Science, and 
by your own Central Institute. We cannot too clearly under- 
stand that whatever success attends the foundation of these 
Metropolitan Polytechnics — and no one more cordially wishes 
them success than I do — the work of the centres of the highest 
education still remains ; indeed, the greater the popularity of 
the lower institutions, the greater the need and scope for the 
higher ones. 

The rapid growth in London of this idea of the importance 
of handicraft and recreative education is most remarkable, and 
for this stimulus we are almost wholly indebted to Mr. Quintin® 
Hogg. 

The effect of this movement upon your Institute has been 
severely felt, for it is clear that, whereas seven or eight years ago 
the enthusiasm of the City Companies was strongly in favour of 
the higher technical education in the Continental sense, it is now 
all for this newer and more popular, I will not say less useful, 
form of handicraft and recreative instruction. 

It is a fact which may as well be clearly stated, that the Central 
College cannot do all it might do for want of a few thousands, 
and that the scheme of technological examinations is crippled by 
the loss of the support of those who at first nobly contributed 
towards these objects. 

The Drapers prefer to support more popular institutions at the 
East End, and the Goldsmiths do likewise in regard to their own 
institution at New Cross, so that there is no doubt that the in- 
terest formerly felt in the general and collective work of the 
Institute is distinctly on the wane. 

Well, ladies and gentlemen, a consideration of these patent 
facts leads one to the question, How are these things to go on ? 
Are we never to have “ law and order” — ^aboul which we have 
heard enough in other matters — introduced into affairs educa- 
tional ? 

And in what I am about to say, let me premise that I merely 
express my own individual opinion as an independent observer, 
anxious only for the success of the good cause which we all have 
at heart. Then may I say that I am dead against a cut -and- ^ 
dried system of Governmental education such as we see in other 
countries. I am all for stimulating and developing local effort 
to local requirements, and it is because I am fufly aware of the 


dangers of centralization, and desire to promote adaptability to 
local needs, that I gave my hearty support to the Government 
Technical Instruction Bill as amended in the House of Commons, 
in which the power of the locality to work out its own educational 
salvation is fully safe-guarded. ^ ^ 

But holding these views I see clearly that there are things 
which can only be satisfactorily accomplished by a central 
authority. • 

That our primaiy education can only be properly conducted 
on a national basis has been admitted for more than a quarter of 
a century ; so it will be with the higher or secondary education, 
whether technical, commercial, or professional — we mus/ have a 
system. As I have said, the foundation of your Institute was 
the beginning of such a system for technical instruction ; but has 
it not already outstripped the bounds of your control ? Can it ' 
be satisfactorily worked in the future on its present lines ? 

Let us look at the matter from an independent point of view. We 
have now three Government Departments charged with educational 
work — the Education Department for Elementary Instruction, 
the Science and Art Department, and the Charity Commissioners. 
One of the most important steps which could be taken to bring 
these under effect ive control is the appointment of a Minister 
of Education, of Cabinet rank, who would be in close touch with 
every part of our now discordant educational system. But that 
is not the immediate question before us. ^ 

This refers more especially to the desirability of consolidating 
the Science and Art Department. As you know, this controls and 
stimulates, in what I think we may allow to be a satisfactory 
manner, the teaching of elementary science and of art through- 
out the country. Would it not conduce to the benefit of the 
country, if the Guilds’ technological examinations were to be 
undertaken by the Department, and thus placed on a national 
basis? Several of the subjects now included in the Directory of 
the Department, on which grants are made, are of a distinctly 
technical character, and therefore no objection can be raised that 
the other subjects now under the Guilds Institute cannot equally 
well be placed under the Department. 

The benefits which would thus accrue are greaUand palpaW-e, 
the two systems of examinations in pure’ and in applied science 
would then work side by side without friction or overlapping, 
and the extension of the technical examinations would be easy 
and certain. 

If this were accomplished, I for one would strongly urge the 
removal of the system of payment on individual results — a 
method in all cases to be deprecated, but one which is e^ecially 
unsuited for testing the value of technical instruction. This can 
be much more certainly effected by ascertaining the efficiency of 
the whole class, of the teacher, and of his appliances, by in- 
spection or otherwise. 

If once we get rid of this system of payment on individual 
results in one set of subjects, we may look forward to its ultimate 
extinction in the others, and no subject seems so suitable for 
making a beginning as that of technical instruction. 

I would therefore suggest that the best means of securing the 
permanency and the extension of the very useful technological 
examinations which your Council — and all honour to them for it — 
have started, is to request the Government to take them over, 
thereby rendering the Science and Art Department more efficient, 
and enabling that Department to make the improvements and 
alterations in the system which it undoubtedly requires. 

May I go one step further in these suggestions, and ask if this 
should be done, is it not a necessary corollary that the Central 
Institute should likewise become a Government Normal School 
for Applied Science ? TTiere is much to be said in favour of such 
a proposal. 

The very situation, close to the Rojral Normal School of 
Science, seems to forecast its ultimate destiny. Under separate 
management, no consistent or well-arranged scheme of common 
work is possible ; brought under one direction, the essential 
alliance between pure and applied science, as regards teaching, 
becomes easy of attainment. * 

Students would pass and re-pass from the one school to the 
other, obtaining at the one the knowledge of the scientific 
principles, and, at the other, that of their applications. 

Of the national advantages of such a fusion there can, I think, 
be little doubt. England would then be in possession of an 
institution which might, for completeqpss and efficiency, both 
as regards the personnel and the appliances, soon be made 
second to none on The Continent, and worthy of the greatest 
industrial nation in tne world. 

Your Institute would thus set itself free to extend its influence 
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in other directions, and could then concentrate its efforts on what 
is perhaps, after all, its most legitimate and most useful function 
— that of providing intermediate technical schools on the pattern 
of the Finsbury School, of which many are required in the 
metropolis. 

The exact terms on which the Government would be prepared 
to take over this part of your work is a subject on which, of 
course, f cannot pretend to enter, but a satisfactory basis can, I 
do not doubt, easily be found. 

Your Council would then feel that the great work which they 
have begun has been handed over in its full vigour to the nation, 
and that with the nation lies the responsibility of extending and 
perfecting the system which they have had the honour and the 
gratification of inaugurating. 

^ If, in the foregoing remains, I have raised a somewhat burning 
question about which I know there is a difference of opinion, 
my apology must be the importance of the subject, and the 
anxiety which we all feel that the technical education of our 
country shall be placed on a firm and enduring national basis. 


A FIRST FORESHADOWING OF THE 
PERIODIC LA W. 

TT is well known that the Newlands-Mendeleeff classification 
of the elements was preceded by the discoveries of certain 
numerical relations between the atomic weights of allied ele* 
inents, due to Dbbereiner, Dumas, add others ; but what has 
been almost entirely ignor^ is the immense advance made by 
M. A. E. Beguyer^de Chancourtois,' a French geologist of notCi 
Professor at the Ecole des Mines, who was the first to publish 
a list of all the knenvn elements in the order of their atomic 
weights. 

M. de Chancourtois embodied his results in two memoirs 
presented to the French Academy of Sciences in April i86a 
and March 1863. These memoirs have never been printed in 
exlenso,^ but extracts from them, and Additional notes relating 
to nie subject, %cre published in the Comptes rendus for 1862 
(liv. pp. 757, 840, and 967 \ Iv. p. 600), 1863 (Ivi. pp. 253 
and 479), and 1866 (voL Ixiii. p. 24). The nrst note bears 
the date of April 7, 1862, so that there can be no doubt as to 
de Chancourtois^s claim to priority in this Important matter.^ 

I have in my possession a thin quarto pamphlet, by de 
Chancourtois, entitled VisTellurique : Classeinent naturel des 
corps simples qu radicaux, obtenu au moyen d’un systeme de 
classification helicoidal ct num^rique” (Paris, Mallet- Bachelier,^ 
1863), which contains nearly all the extracts from the Comptes 
rendus^ together with some additional matter. It contains, also, 
what is absolutely essential to the comprehension of de Chan« 
courtois*s ideas, the graphic representation of his system, which 
is not to be found in the Comptes rendus. 

1 propose to give here a translation of the first communica- 
tion to the Academy, followed by certain explanatory comments 
and brief extracts from the other papers : — 

** Geological studies in the field of research opened up by 
M. Elie de Beaumont in his note on volcanic and metalli- 
ferous intrusions {Emanations) have led me, for the completion 
of a litholomcal memoir on which I am now engaged, to a 
natural classification of the simole bodies and radicles by a table 
in the form of a helix, founded on the use of numbers which I 
call characteristic numbers or numerical characteristics. 

** My numbers, which are immediately deduced from the 
measure of the equivalents or other physical or chemical capacities 
of the different bodies, atre, in the main, the proportional numbers 
given by the treatises on . chemistQr, these being reduced to half 
in the case of hydrogen, nitre^en, fluorine, emorine, bromine, 

* Wurt*(**The Atomic Theory,” p. 170) and Berthelot (“Lea Origines 
■<ie rAlchimle,” f>. 30a) give a bare mention of de Chanoourtois’s name. 
Meodcleeflf, in hU Faraday Lecture (fourn. Chem. Soc.. October 1889X 
cot^ples his name with those of Newlands and Strecker, and shows greater 
appreciation of his work. 

^ M. Friedel, the eminent Professor of Organic (^hemistry at the Sorbonne. 
has kindl>i^I)rocured for me the information that the origioM manuscripu of 
these memoirs are preserved in the archives of the Institut ; I hope to be 
able to examine them at some future period. 

^ Mr. Newlands* first paper, chiefly devoted to showing that the nume- 
rical differences between the atomic weights of allied elements are approxi- 
n>ately multiples of 8 was publ.hhed on February 7, 1863 {.Chemical Newt. 
YOl. vii. p. 70); his second palper, in which he arranges the elements in the 
order of their atomic weights, was published on July 30, 1864 {Chemicat 
Neu»t. vol. X. p., 39) See J. A. R. Newlands On the Discovery of the 
Periodic Law,*' fltc. (Sp^in, 1884). ‘ 

4 Now Gaiithier-Vi^lljEurS; 


iodine, phosphorus, arsenic, lithium, potassium, sodium, and 
silver ; in other words, I either divide the equivalents of these 
bodies by two in the system in which oxygen is taken. as 100, 
or multiply by two ,the equivalents of the other bodies* in the 
system in which hydrogen is taken as unity. 

On a cylinder with a circular base, I trace a helix which cuts 
the generating lines at an angle of 45^ I take the length of one 
turn of the helix as my unit of length, and starting from a fixed 
origin, I mark off on the helix lengths corresponding to the 
different characteristic numbers of tne system in which the 
number for oxygen is taken as unity. The extremities of the 
lines thiis marked off determine points on the cylinder which I 
j call indifferently characteristic points or geometrical characters^ 

; and which I distinguish by the ordinary symbols for the different 
I bodies. The same paints will evidently be obtained if we take 
I as the unit of length the iV of a turn of the helix, and mark off 
! on the curve lengths corresponding to the numbers of the system 
! in which hydrogen is represented by unity. 

I “ The series of points thus determined constitutes the graphic 
j representation of my classification, which may easily be traced 
i on a plane surface by supposing the surface of the cylinder de- 
: veloped ; by its aid I am enabled to enounce the fundamental 
i theorem of my system : The relations between the properties of 
j different bodies are manifested by simple geometrical relations 
I between the positions of their characteidstic points. 

I ** For instance, oxygen, sulphur, selenium, tellurium, bismuth,^ 

I fall approximately on the same generating line, while magnesium, 

I calcium, iron, strontium, uranium, and barium, fall on the 
opposite generating line. On either side of the first of these 
lines we find hydre^n and zinc on the one hand, bromine and 
iodine, c'^pper and lead on the other ; parallel to the second line 
we find lithium, sodium, potassium, manganese, &c. 

** Simple relations of position on a cylindrical surface would he 
obviously defined by means of helices, of which the generating 
lines are only a particular case ; hence, as a complement to the 
first theorem, we may add the following : Each helix drawn 
through two characteristic points and passing through several 
other points or only near them^ brings out relations of ace p^ain 
kind betiveen their properties ; likenesses and differences being 
manifested by a certain numerical order in their succession^ for 
examblCf immediate sequence or alternation at various periods. 

** In order to attain a greater degree of accuracy, it is necessary 
to discuss the results of different measurements with respect to 
the same body. 

**Onc question is all-important in this discussion; it is to 
know if the divergencies which occur may have causes other 
than the error of experiment. I reply to this question in the 
affirmative. 

** I think that here, as in all determinations of constants which 
we wish to compare, they must be reduced to the same con- 
ditions. This idea seems to me the indispensable complement 
to the notion of an absolute characteristic number. Once the 
existence of this absolatc^ number or numerical characteristic 
guaranteed by the possibility of connecting it afresh with ob- 
served facts, certain limits of variation being allowed [literally^ 
varying within certain limits], we promptly arrive at Front's 
law, which presents itself as furnishing a means for reducing 
experimental observations to a comparAle state by a series of 
trials, without this state being even a completely defined one, 
but, on the contrary, in order to be able to define it. The 
combination of this principle with the rules for alignment allow 
me to give the most striking form to my invention. I am thus 
led to formulate the table of integral numbers, which, as I must 
not omit to mention, exhibits under cerUin aspects the rIsumE 
of the work of M. Dumas on this subje^. 

** In the construction of this table I have had recourse to the 
determinations of specific heats, not only as a means of control, 
but a^so to find new numbers unattainable by the methods of 
chemical investigation. By adopting as the constant product of 
specific heat by atomic weight, the number which corresponds 
both to sulphur and to lead, I have deduced from the senes of 
results given by M. Regnault, purely thermic quotients or num- 
bers, which take their places on my alignment in the most felici- 
tous way. I will only quote two examples : firstly, the number 
44, obtained from the specific heat of the diamond, which finds 
its place on the generating line of the characteristic, 12, of car- 
bon, by the side of the characteristic, 43, which corrAspoods to 
cOne of the equivalents generally accepted for silicon ; ana another 

* This is probably a misprint, as bismuth does’ net fall on the same 
generating line in the table. 
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characteristic, 36, of silicon deduced from an equivalent pro- 
pojied by M. Regnault, and which is very remarkable, from its 
coincidence with the characteristic of ammonium. 

By* the discussion, which has shown me the advisability of 
accepting various results hitherto looked on as scarcely recon- 
cilable, I have been led to conceive the possibility of reproduc- 
ing the series qf natural numbers in the series formed by the 
numerical characteristics of the real or supposed simple bodies 
supplemented by the characteristics of the compound radicles 
formed from gazolytic^ elements, such as cyanogen, the ammo- 
niums, &c., and doubtless also by the compound radicles formed 
from metallic elements, of which the alloys offer us an example. 
In this natural series, the bodies which are really simple, or at 
least irreducible by the ordinary means at our disposal, would 
be represented the prime numbers. It will be at once seen 
that there are in my table at least twelve bodies, which, 
like sodium (23), have characteristics which are prime numbers. 
This is what led me to perceive this law, which, I believe, is 
destined, when established, to form one of the bases for the 
discovery of the law of molecular attraction. The predomin- 
ance of the law of divisibility by 4 in the series of my table, 
a predominance which is also to be found in the elements of the 
theory of numbers, has confirmed me in the idea — an idea in 
itself really simple — that there is a perfect agreement between 
bodies, the elements of the material order, and numbers, the 
elements of the abstract order of things {iUments de la variitS 
vmtirielle^ de la variiti abstraite). This goal once caught sight 
of, it will seem natural that I should have recourse to the theory 
of numbers to help me attain it. It will seem not lesa natural 
that I should also have recourse to higher geometry ; for the 
series of relations it offers cannot fail to affo^ resources which 
may enable one to establish connections between the different 
numerical characteristics. 

My helicoidal system in this way leads me on towards abstract 
views of an extremely general nature ; and on the other hand it 
should, it seems to me, find an application in the naturaP 
sciences, as a method of classification throughout their whole 
domain, from the series of simple bodies which forms the proto- 
type, to the opposite extreme of our natural divisions ; in it 
will be found, I Delieve, the means of bringing into connection 
simultaneously, and by all their characters, the different terms 
of those parallel series, orders, families, genera, species, and 
races, in each natural kingdom, of which men of science have in 
vain tried to show the affiliation. In geology, as is evident, the 
application is implicit. 

“ Whatever may be the import of these considerations, and to 
return to the principal object of the present memoir, I think 
that the efficacy of the helicoidal system will be admitted as a 
means towards hastening the advent of the time when chemical 
phenomena shall be amenable to mathematical investigations. 

My table, by the distribution of bodies in simple or coupled 
series, by its indication of the existence of conjugate groups, dcc^ 
traces a plan for diverse categories of syntheses and analyses 
already executed or to be executed ; it draws up very definite 
programmes for the execution of several researches which^ are 
exciting attention. Will not my feries, for instance, essentially 
chromatic as they are, be a guide in researches on the spectrum ? 
Will not the relations of the different rays of the spectrum prove 
to be derived directly from the law of numerical characteristics, 
or vice versd f This idea, which occurred to me before we were 
taught the identification of the lines in the spectrum, and the 
admirable applications of this discovery, seems to me now even 
more than probable. Finally, looking upon it only as a concise 
* representation of known facts, and reducing it to the points 
which offer no matter for discussion, the geometrical table of 
numerical characteristics affords a rapid method for teaching a 
large number of notions in physics, chemistry, mineralogy, and 
geology. I hope, therefore, that my natural classification of the 
simple bodies and radicles being capable of rendering manifold 
services, will need, like every object in habitual use, a name of 
easy application ; hence, on account of its graphic representation 
and its origin, I give it the significant name of tellufic helix/^ 

It will be well to point out immediately that M. de Chan- 
courtois’s system assigns to the numerical characteristics of the 
elements a general formula of the form {n -h where n' is 

necessarily an integer ; ’ and his table thus brings out the fact 

' Meulloid. 

* Thft term includes physical science. 

3 M is always represented in the author's table as integral, but he expressly 
states that he looks on this as by no means necessary. * * The conspruction of 
the telluric helix rests on the use of proportional numbers derived from 


that the differences between the atomic weights of allied bodies 
approximate in many cases to multiples of 16.^ 

Thus we get the parallel series of which our author speaks — 
Li Na K Mn 

7 ... 7 + 16 = 23 ... 7 + 2 . 16 = 39 ... 7 + 3 . 16 = 5S 

Rb 

7 + 5 . 16 = 87,2 

os Se Te^ 

16 ... 16 -h 16 = 32 ... 16 + 4 . 16 = 80 ... 16 7 . 16 =5 128.^ 

As we glance at the first two turns of de Chancourtois’s helix, 
we ask ourselves if the discovery of Newlands and Mendeleeff 
does not lie before us. 



But the discovery of the “octaves” or periods” cimnot be 
ascribed to our autnor, although it seems almost impossible that 
chemists should not have perceived their existence on looking at 
his table. • • 

experiment. It would remain valid with fractional numbers, anfi often the 
heLcoidal alignments would be even more easily applicable to these than to 
integm** (Cemptes rendus, vol. liv. p. 842). 

• This fact, now familiar^ has again been noticed by your correspondent, 
Mr, A M. Stapley. in the issue of November at, 1S89. 

^ The atomic weight of rubidium should beiSs. notice that the 

author gives as probable also Cs = 135 = 7 f 8 . x6, which is thus placed on 
the same generating line. 

3 Certstnly too highs a value; according to Brauner, the exact atomic 
weight of teOurium remains to be determined. 
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Three important points, however, do exist in common 
between de Chancourtois's system and that of MendeleeflF:— 

Firstly, all the known elements are arranged in the order of 
their combining weights. 

Secondly, the combining weights chosen as best suited to 
bring out clearly the numerical relations existing^ between them 
are those adopted by Cannizzaro in 1858, a striking fact when 
we recollect tnat de Chancourtois wrote only in 1862, at a date 
long before these numbers had gained anything like general 
acceptance. 

Lastly, an attempt is made to show that simple numerical 
relations exist, not only between the combining weights, but 
between all the measurable properties, {toutes les capitis 
physiques ei chimiques) of allied elements. 

The reasoi^ for the neglect of de Chancourtois*s researches 
'and the oblivion into which they have fallen are not far to seek. 
His style was heavy and at times obscure, and, moreover, his 
ideas were presented in a way most unattractive to chemists. 

A geologist by profession, de Chancourtois had been power- 
hillylmpressed by the facts of isomorphism in the case of the 
feldspars and pyroxenes, which form such important constituents 
of the volcanic rocks he was studying ; and ne was thus led to 
seek for a system of classification which should bring out some 
simple relationship between the elements they contained. 

To quote from his paper (Comptes rendus^ vol. liv. p. 969) : 
*‘The parallelism of the groups of manganese (7 + 3 . 16) 
and iron (8 + 3 . 16), of potassium (7 + 2 • 16) and calcium 
(8 + 2 . 16), of sodium (7 + 16) and magnesium (8 + 16), is the 
origin of my system ; and again, suggesting the expediency of 
adopting 55 (= 7 4- 3 . 16) as a characteristic for aluminium, 
which would bring the element on the sodium and potassium 
generating line, ^*this would render perfect the parallelism 
^tween the elements of the feldspars and the pyroxenes, the 
starting-point of my system ** {Comptes rendus^ Ivi. p. 1479). 

Thus the correct idea of seeking for a relationsnip between 
the combining weights of isomorphous elements was marred 
by a somewhat imperfect comprehension of the facts of 
isomorphism. No chemist would certainly have tried to show 
any close relationship between aluminium on the one hand and 
the group of the alkalies on the other, notwithstanding their 
union in the feldspars and pyroxenes ; and a suggestion of this 
kind served to cast discredit on de Chancourtois’s really important 
views. 

Notwithstanding his frequently eccentric ideas, de Chancour- 
tois had the merit, so rare in an inventor of this stamp, of not 
considering his system as final. We cannot do better than let 
him speak for himself ; and quote the conclusion of his last paper 
on the subject {Comptes rendus^ Ivi. p. 481); — ‘‘In presence 
of the rapid increase in the list^ of elements which engage the 
attention of chemists and physicists, it has become urgent to 
unite in one synthesis all the notions of chemical and physical 
capacities, of which the exposition would otherwise become an 
impossible task. 

‘*Itis, therefore, perhaps not unnecessary to recall the ideas of 
Pythagoras, or what 1 may better term the Biblical truth which 
dominates all the sciences, and of which 1 propose to make 
practical use by the following concrete example,^ the first general 
conclusion of my essay : — 

“The paopERTiEs of bodies are the properties of 

NUMBERS. 

“ It is easily perceived, that a helicoidal system of some kind 
or another, which is necessarily a mphic table of divisibilitv, 
offers the most convenient means for rendering manifest the 
relations between the two orders of ideas. It is evident, also, 
that the particular system which I have adopted brings into 
relief the relations of the most important and usual of the proper- 
ties of matter, because the case of divisibility by 4, which is the 
basis of my plan, is the first which presents itself in arithmetical 
speculation after the case of divisibilitv by 2, to which there 
corresponds directly, as one perceives by a first glance at mv 
table, the existence of the natural couples of elements, witn 
odhsecutive odd and even characteristics. 

“ I hope, therefore^ that the telluric helix will offer, until it 
is replaced by some more perfect invention, a practical frame- 
work, a convenient scale, on which to set down and compare all 
measurements of capacities, whatever the point of view which 
may be taken, whatever elasticity or variation, whatever inter- 
pretation may be given to the numerical characteristics^ by which 
these capacities must always be represented. 

The French Is vnl^risation^ \\xml\y popularitatien. 


“The development in a plane of the cylinder ruled 
into squares, witn the circumference at the base divided into 
16 equal parts,* seems to me, in a word, to be a stave on 
which men of science, after the fitshion of musicians, will note 
down the results of their experimental or speculative studies, 
either to co-ordinate their work, or to give a summary of it in 
the most concise and clear form to their colleagues and the 
public.” 

Lothar Me;^r has noted down his classification in the form of 
a helix,' and Dr. Johnstone Stoney, F.R.S., has shown that the 
numerical values of the atomic weights may be expressed geo- 
metrically as functions of a series of Integral numbers by points 
all lying approximately on a logarithmic spiral. 

But no simple mathematical formula has so far been discovered 
to express the relationships of the atomic weights accurately — 
i.e. within the limits of experimental error, and de Chancourtois’s 
predictions still remain but incompletely fulfilled. 

I need not comment further on the remarkable breadth and 
originality of our author’s views, taken as a whole. Strange to 
say, it was only a year or two before his death that he heard, 
through a colleague, of the immense development they had 
undergone ; nor did he ever set up any claims to priority. ^ But 
when we speak of the greatest generalization of modern chemistry, 
and recall the names of Newlands and Mendeleeff, it is only just 
that we should no longer forget their distinguished precursor, 
de Chancourtois. P. J. Hartog. 


SCIENTIFIC SERIALS. 

American lournal of Science, December. — The temperature 
of the moon, by S. P. Langley, with the assistance of 
F. W. Bery. With this memoir the authors complete the 
researches ^mn at the Allegheny Observatory in 1883 and 
continued dunng the next four years. The main outcome is 
that the mean temperature of the sunlit lunar surface is much 
lower than has been supposed, most probably not being greatly 
above o® C. — The Lower Cretaceous of the South-West, and its 
relation to the underlying and overlying formations, by Charles 
A. White. The chalk formations constituting the so-called 
“ Texas Section ” are here referred to two natural divisions, 
which may be desimmted the Upper and Lower Cretaceous 
respectively, althouf^ not necessarily the exact equivalents of 
the corresponding European strata. Their fossil contents show 
that each represents an unbroken portion of Cretaceous time, 
while the palseontological contrast between the two indicates 
that there is a time hiatus between them. But this hiatus is no 
greater than exhibited in others of the mountain uplifts in the 
same region, and not so great as it is in some cases. — On the 
hinge of Pelecypods and its development, with an attempt 
toward a better subdivision of the group, by William H. Dali. 

''Three fundamental types of hinges are described, and on these 
is based a new classification comprising the three orders of 
Anomalodesmacea with five sub-oraers, Prionodesmacea with 
eight sub-orders, and Teleodesmacea with eleven or more sub- 
orders. — The magnetism of nickel and tungsten alloys, by 
John Trowbri^e and Samuel Sheldon. The question is here 
discussed whether nickel and tungsten alloys magnetized to 
saturation increase in specific magnetism as different kinds of 
steel alloyed in small proportions with tungsten or wolfram are 
known to do. The tabulated results show that tungsten greatly 
increases the magnetic moment of nickel, if the alloy be foiged 
and rolled, but has small influence if simply cast ; nor do changes 
in the amount of tungsten appear to cause corresponding changes 
in the magnetic properties of the alloy. — Note on the measure- 
ment of the internal resistance of mtteries, by B. O. Peirce 
and R. W. Willson. The authors’ researches show that the 
value of the resistance of a cell obtained by the use of alternate 
currents is always smaller than that obtainea by other methods, 
but the application of the method of alternate currents “ fatigues ” 
all but the so-called constant cells. In most cases there is a 
tendency in the *intemal resistance to decrease as the strength of 
the current which the cell is delivering increiuies. — Papers were 
contributed by Robert T. Hill and R. A. F* Penrose, Jun., on 
the relation of the uppermost Cretaceous beds of the Eastern 
and Southern United States, and on the Tertiaiy Cretaceous 
parting of Arkansas and Texas ; by W. E. Hidden lind 

' ’ Die modenien Theorien der Chemie,*’ iy. Aullag*, p. 137 ; English v 

translation, p. 1x8. 
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B, Mackintosh, on sundry yttria and thoria minerals from 
lano County, Texas ; and by O. C. Marrfh, on the skull of the 
gigantic Ceratopsidse. 

The American Meteorological Journal for November contains 
the first part of an article on ** Theories of Storms, based on 
Redfield’s Laws,” by M. H. Faye, member of the French 
Institute. In support of his ‘‘ whirlpool theory, he urges that 
meteorologists have constructed a theory of storms on the basis 
of a single fact, viz. that storms which burst over a region cause 
a fall of the barometer there, and he points out that starting with 
the idea of an ascending column, exercising an aspiration below, 
a thing is invariably produced which neither turns nor progresses. 
Mr. A. L. Rotch contributes the first part of an article on 
“Meteorology at the^ Paris Exposition,” dealing with the 
instruments exhibited in the French Section. Among the most 
interesting are (l) the actinometers exhibited by the Montsouris 
Observatory ; (2) the Richard actinometer, which has bright and 
black bulbs in vacuo^ connected with two thermometers, by 
which curves are traced giving at each instant the radiation from 
the sky, both at night and day ; (3) the Richard anemc^aphs, 
which have, instead of the usual Robinson cups, a fan wheel 
formed of six blades inclined at 45^ and fastened to a very light 
axis, one revolution of the wheel corresponding to one metre of 
wind. Parrigou- Lagrange’s anemometer (Nature, vol. xxxvii. p. 
18), givinjg; the vertical component of the wind, was also exhibited. 
M. Baudin showed some very fine standard thermometers, and 
Mr. Kotch describes various other instruments, such as hygro> 
meters, aneroids, &c. Dr. F. Waldo continues his discussion of 
the “ Distribution of Average Wind-velocities in theoUnited 
States.” ITie present article deals with the comparison of 
average wind-velocities with other elements, e.g, with barometric 
minima. Lieutenant Finley contributes State tornado charts 
for Arkansas, North Carolina, and Dakota. 

The numbers of the Journal of Botany for November and 
December are chiefly occupied with articles of special interest to 
students of British botany, Mr. Thiselton Dyer gives a very 
interesting biography of the late Mr. John Ball, F.R.S., first 
President of the Alpine Club, Under- Secretary of State for the 
Colonies under Lord Palmerston, an ardent explorer in all the 
four quarters of the globe, and a botanist of wide and varied 
knowledge. In the December number is a remarkable article 
on the disappearance of British iplants, mainly through the 
depredations of collectors. 

RendicoptH del Reale Istituio Lombardo^ November i.— Phy- 
sical researches on the lakes of North Italy, by Prof. F. A. Forel. 
During a visit to this lacustrine region, last autumn, the author 
studied the waters of Lakes Maggiore, Como, Piano, and 
Lugano, with a view to determining their temperature, colour, 
and transparency, as compared with the analogous properties of 
Lakes Lucerne and Geneva. The results, which are here tabu- 
lated, show that the temperature is generally higher, and the^ 
colour deeper in the Italian than in the Swiss lakes, while the 
transparency is about the same, except in the shallow Lake 
Piano, where the temperature is lower and the transparency less 
than in any of these basins. — Meteorological observations made 
at the Brera Observatory during the month of September. 
These observations include records of temperature, barometric 
pressure, atmospheric moisture, rainfall, direction of the winds, 
and cloudiness. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, December 12. — “The Relation of Physio- 
logical Action to Atomic Weight.” By Miss E. J. Johnston, 
University College, Dundee, and Thos. Carnelley, Professor of 
Chemistry in the University of Aberdeen. Communicated by 
Sir Henry Roscoe, F.R.S. 

A. As deduced from the Character of the Elements occurring 
naturally in Living Organisms. — It is shown (a) that life is 
associated M*ith a low atomic weight, so that elements with an 
atomic weight of 40 ahd under are re<juircd by the living 
organism, whereas those of an atomic weight greater than 40 
are more or less inimical to life (compare Scstini, Gazz. Chim. 
Ital^ vol. 15, p. 107). {p) That the eight elements which enter 

^,most largely into the composition of the earth’s cnist, and which, 
therefore, are the most easily accessible to the living organism, 


are all included, with the exception of aluminium, in the fourteen 
elements which are required by the living oiganism. 

A consideration of the exceptions (viz. Li, Be, B, AI, and Fe) 
to the first rule and of all the known facts bearing on the 
question leads to the conclusion that, “ The degree of necessity 
of an element to the living organism is a function of firsts its 
atomic 7 veight^ and^ second^ its accessibility to the organism 
An element may be inaccessible to living organisms eithenbecause 
it is rzxe{e.g. Li and Be) ; or because, though 'moderately 
common, it has a very limited distribution \e.g. B; ; or because, 
though plentiful and widely distributed, it does not occur in 
nature in a form in which it can be assimilated {e.g. Al, on 
account of the insolubility of its native compounds). 

That elements which are necessary to life must be readily 
accessible is self-evident, but that living organisms should require* 
elements with low atomic weights, while elements with high 
atomic weights are inimical to life, is not so evident. This, 
however, may be due, in part at least, to the fact that the 
elements with low atomic weights are on the whole tha^nost 
common elements (as shown bv Gladstone, Phil. Mag, [5], voK 
4, p. 379 ; compare also Mencieljeff, Zcit. f. Chem. vol. 5, 1869,^ 
p. 405), and therefore the most accessible, so that from the first 
the elements utilized in vital processes have been those ivhich have 
been the most acc^sible^ and therefore those with the lowest atomic 
weights. 

B. As deduced from the Toxic Action of Compounds adminis^ 
tcred artificially. — In view of the somewhat discordant results 
obtained by previous observers as to the relation between atomic 
weight and physiological action, the authors have reinvestigated 
the subject as caremlly as possible. Their experiments have 
been made partly with fish (sticklebacks) and partly with aerial 
micro-organisms, the salt being administered by solution in the 
medium (water or Koch’s jelly) in which the organism lived, 
the following conclusions are drawn from the results of ab out 
800 experiments which the authors have made during the two 
years they have worked on this subject ; — 

1. With corresponding compounds of elements belonging to the 
same sub^group^ the toxiO action^ alters regularly {\,q. increases 
or diminishes) with the atomic weight, • 

2. In almost all cases this alteration takes place in such a way 
that the toxic fewer increases with the atomic weight, (This is 
analogous to increase in toxic action in homologous series of 
carbon compounds.) 

3. Elements belonging to odd series (MendeljeiT’s classification) 
are much more toxic than the corresponding elemcpits of even 
series. 

4. Other things being the samc^ the greater the ease of reduci- 
bility of an element from a state of combination to the free state 
the greater its toxic action. (Applicable to compounds of odd as 
compared with those of elements of even series, and also to com- 
pounds of the elements of odd series belonging to the same group 
when compared with one another.) 

5. Other things being the same and the compounds comparable^ 
the greater the heat of formation of a compound from its elcfnents 
the smaller is its toxic power; or, in other words, the greater the 
stability of a compound the smaller its toxic power. (Applicable 
to elements belonging to odd series ; data for those belonging to 
even series are wanting or are too incomplete.) 

There is a close connection between rules 3, 4, and 5. 

6. Lithium forms a very marked exception to all the above 
rules^ for notwithstanding its very low atomic weight, its difficult 
reducibility to the free state, the fact that it belongs to an even 
series, and the great stabiliw of its compounds, as indicated by 
their relatively great heat of'^formation, its toxic power is, never- 
theless comparatively veir great. This exceptional character of 
lithium, however, is not limited to its physiological action only, 
but applies likewise to many of its purely chemical and physical 
properties. So much so, indeed, is this the case that its 
exceptional physiological character might have been foreseen. 

7. The toxic action of a series of comparable salts runs parallel 
with the solubility in such a way that as the solubility increases 
the toxic action either increases likewise or else diminishes, 

8 . When the quanKty of salt present in KocKs jelly is less 
than the minimum dose required to prevent the development of 
micro-organisms^ the number of colonies which develops increases 
as the amount of salt diminishes^ but as a rule much more 
rapidly. 

' As re|>re8C(nteci in terms of either the minimum toxic weight of metal or 
cf the minimum roolecul v toxic dose. The minimum molecular toxic dose = 
minimum toxic weight (u salt -r- molecular weight of the s.%It. 
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9. When Koch’s jelly has been previously neutralized with 
sodiunr carbonate the minimum <][uantity of metallic salt required 
to prevent the development of aerial micro -oi^anisms is scarcely 
altered in the case of KCI, NaCl> MgCl^, and HgClg, but is 
slightly greater in that of CaCly, and much less in the case of 
KBr, Kt, NaBr, Nal, ZnCl«, and CdCl,, than when the jelly has 
not been neutralized. 

10. Mercuric iodide, notwithstanding its comparative insolu- 
bility, nas an excePtifmaiiy high antiseptic power, which is ij 
limes as great as that of mercuric chloride per weight of salt, 
or 2^ times as great per weight of metal, or 3 times as great 
]>er minimum' molecular toxic dose. 

Geological Society, November 20. — Mr. W. T. Blanford, 
F.R.S., President, in the chair. — The Secretary announced that 
• a series of specimens from the line and the neighbourhood of the 
Main Reef, east and west of Johannesburg, Witwatersrand 
Gold Fields, had been.presented to the Museum by Dr. H. Exton, 
a id a letter from that gentleman in explanation of them was 
rea^^ In this Df. Exton stated that all but one of the mines 
, ,>epresented were on the main reef of the district, which has a 
'^general direction east and west, its dip varying generally from 
45* to 80”. South of the main reef, and parallel to it at a distance 
of 15-20 feet, is a narrow reef known to the miners as the 

south leader,” and generally much richer than the main reef. 
The gold-bearing deposits consist of conglomerates, specimens 
of which, and of a purplish-red rock which forms a jagged ridge 
at some distance north of end parallel to the so-calM reef, were 
contained in the collection. The President consider^ the 
occurrence of the gold in large quantities in such a conglomerate 
was a remarkable and interesting case. The rock was an ancient- 
looking one, and the country appeared to have undeigone much 
disturbance. Dr. Hinde remarked that in Nova Scotia beds of 
conglomerate of supposed Carboniferous ago were formerly 
worked for gold, but the yield had not been very great. — ^The 
f iliowing communications were read : — On the occurrence of the 
striped hyaena in the Tertiary of the 'Val d’Arno, by R. 
Lydekker. — The catastrophe of Kantzorik, Armenia, by Mons. 
F. M. Corpi : communicated by W? H. Hudleston, F.R.S. 
.Secretary. Toe villi^e is 60 km. from Erzeroum, and 1600 
metres above sea-level. Subterranean noises and the failure of 
the springs had given warning, and on August a last part 
of the “eastern mountain” burst open, when the village, with 
136 of its inhabitants, was buried in a muddy mass. The 
author described the ^strict as formed of Triassic, Jurassic, 
and Cretaceous strata, subsequently broken up and torn by 
granitic, trachytic, and basaltic rocks, which overlie the Second- 
ary rocks, according to the nature of the dislocation. The flow 
was found to have a length from east to west of 7-8 km., with 
a width ranging from loo to 300 metres, and the contents were 
estimated at 50,000,000 cubic metres. It appeared as a mass of 
blue-grey marly mud, which, after the escape of the gases, 
solidifled at the top ; the inequalities projected to the extent of 
10 metres. The site of the village was marked by an elevation 
■of the muddy mass, some of the Mbris of the houses having been 
carried forward. The lower part of the flow was still in a state 
Ilf motion, and carried forward balls of marly matter. It was 
difficult to approach the source of this flow on account of the 
crevasses in the side of the mountain. An enormous breach 
served as the orifice for the issue of the mud, which emitted, it 
■was said, a strong odour. The violent projection of this marly 
liquid and “ incandescent ”(?) mass had carried away a con- 
siderable portion of the flanks of the mountain, whose dibris 
might be recognized on the surface of the flow by the difference 
of colour. Great falls were stilly taking place, throwing up a 
fine powder which rose into the air like bands of smoke. There 
■were also fissures and depressions of the ground at other 
localities in the neighbourhood. . The President, in commenting 
on the remarkable nature of the phenomenon, said it was not a 
volcano eruption, but more of the nature of a mud-flow 
produced by a big landslip — possibly connected with the stop- 
page of the springs. Still it was on a very large scale, though 
clearly the effect of water and not of fire. Dr. Evans agreed 
with the President". It was difficult t& reconcile the alleged 
incandescence with the other phenomena. Infiltration of water 
probably had somethin to Ao with the outburst. It was not 
■even a mud volcano. Ine falling in of the mountain, he thought, 
might have been due to soft beds covered by harder material 
'haying oozed out. It ttrould be interesting to know if there had 
been increased rainfisU prior to the occurrence. There was 
nothing of a truly voktuiic nature mentioned in the paper. He 


should like to have, further information about the incandes- 
cence. Mr. Dallas (Uie tran.slator of the paper) said that the 
“ redness ” was reported by the people to the author. Rev. 
Edwin Hill thought that the mud-balls could in no. way be 
explained by igneous agency. The photographs gave no indi- 
cation of the presence of steam. As a landslip the amount was 
vet^ great, and possibly the phenomenon might be something 
similar to the overflow of peat-bogs. Mr. Hudleston recalled 
the statement of the author r^ording the geological constitution 
of the district, where masses of Secondaiy rocks are folded 
within igneous ones, jMfobably of Tertiary age. It was likely, 
therefore, that some of the softer Secondary marls, pressed in 
more than one direction by hiuder rocks and soaked by water, 
might at last have given way. The immediate cause of the 
catastrophe could scarcely be mdicated without a knowledge of 
the district. Such events occurred from time to time elsewhere. 
The Russian topographers, if his memory served him right, had 
described the bating of a mountain-side with fatal results, in 
one of the valleys near Lake Issyk KuL The smoke-like powder, 
resulting from the continued falls of rock, bad often given rise to 
the notion of volcanic action. There could be no better instance 
of this than the cose of Mount St. Elias, the highest mountain in 
North America. In geography-books this mountain has almost 
invariably been described as a volcano, and a portion has 
actually been designated as the crater. This illusion had been 
occasioned by the dust of rock-falls resembling smoke. 'We 
might well pardon the author for speculating on the probability 
of a return to volcanic Activity in a region which bears so many 
traces of it as this part of Armenia. — On a new genus of Siliceous 
sponged from fhe Lower Calcareous Grit of Yorkshire, by Dr. 
G. J. Hinde. 

December 4.— Mr. W. T. Blanford, F.R.S., President, 
in the chair. — The President stated that a circular letter 
had been received from the Secretary of the Committee on 
Geological Photographs, formed at the last meeting of the 
British Assoriation for the Advancement of Science, to ar- 
range for the collection, preservation, and systematic regis- 
tration of photographs of geological interest in the United 
Kingdom, in which the aid and co-operation of geologists is 
earnestly requested. Copies of instructions, &c., drawn up in 
order to secure uniformity, are to be obtained on application t > 
Mr. O. W. Jefis, Secretary to the Committee, 12 Queen’s Road, 
Rock Ferry, Cheshire, and one would be suspended on the 
Society’s notice-board. — The following communications were 
read : — On remains of small Sauropodous Dinosaurs from the 
Wealden, by R. Li^kker. — On a peculiar hom-like Dino- 
saurian bone from toe Wealden, by K Lydekker. Among a 
series of vertebrate remains sent from the Dorsetshire County 
Museum to the British Museum, there is an imperfect, stout, 
short, cone-like bone from the Wealden of Brook, Isle of 
Wight. It spears to present a close resemblance to the horn- 
cores of the Dinosaur described by Prof. Marsh as Ceratops. 
’The author did not regard the specimen as aflbrding conclusive 
evidence of the existence in the Wealden of a large Dinosaur 
furnished with horn-like projections on the skull like those of 
the American Ceratops, but suKeated that such might really 
prove to be its true nature. — The igneous coiutiluents of the 
Triassic breccias and conglomerates of South Devon, by R. N. 
Worth. The reading of this paper was followed by a discussion, 
in which the President, Prof. Bcmney, Or. Geikie, Dr. Hicks, 
Mr. Hudleston, Prof. Hughes, and Prof. Judd, took part. — 
Notes on the glaciation of parts of the valleys of the Jhelam 
and Sind Rivers in -the Himalaya Mountains of Kashmir, by 
Captain A. W. Stifle. After referring to the previous writings 
of Messrs. Lydekker, Theobald, and 'Wynne, and Colonel 
Godwin- Austen, the author gave an account of his observations 
made during a visit to Kashmir in 1885, which appeared to him 
to indicate ngns of fonner glaciaticm on a most raormous scale. A 
transverse valley from the south joins thia Sind vah^ tt the plain 
of Sonamurg, and contains glaciers 00 its west srae. These, 
the author stated, filled the valley at nO iemote period, and ex- 
tended across the main Sind valley, where horseshoe- shaped 
moraines, many hundred feet high, <»Bcorred, ^ii^ dammed the 
river, forming a take of which the Sonammwpliin was the result. 
The mountains which originated the above gtaonrs were described 
as being cut through by the iSindrirar, l^ld the rocks of the gorge 
were obserred to ne striat^, whiist coelha urh^ a ap- 

pearance extended to a h]ri||w bit abbat ^opp feet The wheae 
of the Sind i^ley was stated to be characterised 1 ^ a succeidon 
9f inpinines throqgb which the river had cot gorges, whliet riu’’* 
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hillsides were seen to be comparatively rounded' to heights of 
2000 feet or more. The author had al^ formed the opinion 
-that at B^ra^tuU^- the barrier of a former lake occupying the 
Kashmir valley was partly morainic, before reading Prof. Leith 
Adams’s view of the glacial origin of some of the gravels of this 
point. The whole valley of the Jhelam from this point to 
Mozuflerabad showed extensive glacial deposits, which had been 
modified by denudation and by the superposition of detrital 
fans, widely different in character from the glatial deposits. 
Below Rampoor the valley was thickly strewn with enormous 
granite blocks resting upon gneiss, and the author believed that 
they had been transported by ice. In conclusion, it was noted 
that the existing torrential stream had further excavated the 
valley since Glacial times, and, in places, to a considerable 
depth. Comments on this paper were offered by the President, 
Mr. I.ydekker, General MacMahon, and Prof. Hughes. 

Entomological Society, December 4. — llie Right Hon. 
Lord Walsingham, F.R.S., President, in the chair. — Prof. 
Franz Klapalek, of Prague, was dected a Fellow. — Mr. W. L. 
Distant exhibited, on behalf of Mr. Laonel de Niccvilte, a 
branch of a walnut tree on which was a mass of eggs laid by a 
butterfly belonging to the Lycanida. He also exhibited two 
specimens of tms butterfly which Mr. de Niceville had referred 
to a new genus and described as Chato^octa odata. The 
species was said to occur only in the mountainous districts of 
North-West India, at elevations of from 5000 to 10,000 feet 
above the sea-level. — Dr. D. Sharp exhibited the eggs of 
Piezosternum subulalum, Thunb., a bug from South America. 
These eggs were taken from the interior of a specimen which 
had been allowed to putrefy before being mounted. Anhough 
the body of the parent had completely rotted away, the eggs 
w'ere in a perfect state of preservation, and the cellular con- 
dition of the yelk was very conspicuous. — Mr. J. H. Leech 
exhibited a large number of Lepidoptera recently collected for 
him by Mr. Pratt in the neighbourhood of Ichang, Central 
China. The collection include about fifty-four new species of 
butterflies and thirty-five new species of rnoth^ Captain Eiwes 
observed that he noticed only two genera in this collection 
which did not occur at Sikkim, and that the similarity of the 
insect fauna of the two regions. was very remarkable; about 
fifteen years ago, in a paper “On the Birds of Asia," he had 
called attention . to the similarity of species inhabiting the 
mountain ranges of India, China, and Java. Mr. McLachlan, 
F.R.S., remarked that he had lately received a species of 
dragonfly from Simla which had previously only been recorded 
from Pekin. Mr. Distant said he had lately had a species of 
Cicada from Hong Kong, which had hitherto been supposed to be 
confined tojfava.— Mr. W. H. B. Fletcher exhibited a preserved 
specimen of a variety of the larva of Sphinx liguslri, taken in a 
wood near Arundel, Sussex. Mr. W. White exhibited drawings 
of the larvse of this species; and called especial attention to one of 
a variety that had been exhibited at a previous meeting by Lord 
Walsingham. — Mr. F. D. Godman, F.R.S., read a letter fronr 
Mr. Herbert Smith, containing an account of the Hymenoptera, 
Diptera, Hemiptera, and Coleoptera, he had recently collected 
in St. Vincent, where he was employed under the direction of a 
Committee of the Royal Society, appointed to investigate the 
natural history of the West Indies. A discussion followed, in 
which Dr. Sharp, Csptain Eiwes, Lord Walsingham, and Mr. 
McLachlan took part.— -Captain Eiwes read a letter from Mr. 
Doherty, in which the writer described his experiences in 
collecting insects in the Naga Hills, by means of light and 
“ sugar.^ Colonel Swinhoe said that the attractive power of 
light depended very much on its intensity, and. on the height of 
the light above the ground. By means of the electric light^ in 
Bombay he had collected more than 300 specimens of Sphingida 
in one night. Mr. J. J. Walker, R.N., stated that he had 
found the electric light very attractive to insects in Panama. 
Dr. Sharp, Mr. Leech, Captain Eiwes, the Rev. Canon Fowler, 
and others continued the discussion. — Mr. de Niceville communi- 
cated a paper entitled "Notes on a New Genus of LycanidaP 
— Mr. F. Merrifield regd a paper entitled “Systematic Tempera- 
ture Experiments cm some Lepidoptera in all their Stages,’ and 
exhibited a nuasher of specimens in iliustration of his paper. 
The author stated that riie darkness of colour and the markings 
in Ennomos atduikmaia resulted from the pupss being subjected 
to a very low temperature. In the case of SeUnia illustraria, 
exposing the pupse to a low temperature had not only affected 
the colour of the imsgos, but had altered the markings in a 
striking manner. Lora Walsingham observed that it appeared 


that exposure to cold in the pupa-state produced darker colouring 
in the imago, and that forcing in that stage had an opposite 
eflect ; that insects subjected to glacial conditions probably 
derive some advantage from the development of dark or suffused 
colouring, and that this advantage was, in all probability, the 
more rapid absorption of heat. He said he believed that an 
hereditary tendency in favour of darker forms was established 
under glacial conditions, and that this would account for the 
prevalence of melanic forms in northern latitudes apd^at h%h 
elevations. Captain Eiwes, Mr. Jenner Weir, and Dr. Shkrp 
continued the discussion. 

Linnean Society, December 5. — Mr. J. G. Baker, Vice- 
President, in the chair. — Mr. George Murray exhibited and 
made some remarks upon specimens of Struvea macrophylta and 
S. plumosa. — Mr. A. W. Bennett communicated some observa-, 
tionsonanewanda little-known British fresh- water AIgm — Schho- 
thrix anglica and Sphceroplaa annulina. It was pointed out 
that SchitolhrixcitYitxsecfi “ Phycologia Britannica ” is really an 
Inactis. — Mr. E. M. Holmes exhibited, as anew British jmirine 
Alga, a specimen of Gracilaria divergens, a rare native 
warmer portions of the Atlantic and the Mediterranean, which ' 
had been recently found at Brighton by Mr. J. Myles. The 
specimen exhibited possessed tetrasporic and cystocarpic fruits 
not described by Agardh. — Mr. Pascoe exhibited (with a view 
of eliciting information as to the modus operandi) a number of 
Crustacea and certain shells of the genus Phorus having various 
foreign substances attached to them. Commenting upon these 
specimens. Prof. Stewart gave an interesting account from 
personal obseiyation of the way in which certain Crustacea 
collect and adttfn themselves with fragments of shell, seaweed, 
&c., apparently as a protective covering.— Mr. T. Christy ex- 
hibitea and made remarks on some “liquid-amber" or resin 
(Attingia exeelsa) from Cochin China. — A paper was then read 
by Mr. George Miusee on the life-history of a stipitate fresh- water 
Alga, illustrated by some excellent diagrams. A discussion 
followed, in whlbh the chairman, Mr. Murray, and Mr. Bennett 
took part. — In the absence of the author, Mr. Harting detailed 
the chief points of interest in a paper by Mr. Geoige .Sim on 
the anatomy of the sand grouse {Syrrhaptes paradoxus), and the 
habits of this bird as observed on the sand hills of the coast of 
Aberdeenshire. A comparison was made of the sternum and 
the alimentary organs with the same parts in the pigeon and red 
grouse. 

Chemical Society, December 5. — Dr. W. J. Russell,. 
F.R.S., in the chair. — The following papers were read: — 
Compounds of phenanthraquinone with metallic salts, by Prof. 
F. R. Japp, F.R.S., and Mr. A. E. Turner. The authors have 
obtained several double compounds of phenanthraquinone with 
metallic salts, viz. Ci4Hg03, ZnCl., crystallizing in dark, 
reddish-brown needles ; (C14H8O3L, HgCL, crystallizing in red, 
obliquely truncated prisms ; and (Cu^sOs/t* Hg(CN)j, crystal- 
lizing also in red forms. They have prepared a similar com- 
pound from mercuric chloride and B-naphtf^uinone, but could 
not obtain double compounds from benzoquinone, a-naphthaqui- 
none, anthraquinone, diacetyl, or benzil. It would, therefore, 
appear that compounds of this class are derivable only from 
orthoquinones, and not from paraquinones or open-chain 
a-diketones. The intense colour of the double compounds 
indicates that in them the quinone preserves its distinctive cha- 
racter. In this respect they differ from the colourless com- 
pound of the orthoquinones with sodium hydrogen sulphite, 
which, inasmuch as their formation involves reduction, are to be 
regarded as quinol derivatives. — Action of aldehydes and 
ammonia on a-dlketones, by Mr. G. H. Wadsworth. — Phenyl- 
hexamethylene derivatives, Iw Dr. F. S. Kipping and Prof. W. H. 
Perkin. — Diphenylfarfuran, ny Prof. W. H. Perkin and Dr. A. 
Schloesser. 

Royal Microscopical Society, November 13. — Dr. C. T. 
Hudson, F.R.S., President, in the chair.— -The Rev. Armstrong 
Hall exhibited a Bacillus from urine, which closely resembl/sd 
B. tuberculosis. — Mr. Hardy exhibited and described a little 
apparatus which he h^ devised for the pu^se of photograph- 
ing an object under the microscope, without having to alter the 
position of the instrument in any way. He had originally made 
it in metal, but had found it too heavy ; the one now before them 
was made of wood, and weighed about one ounce, the cost being 
nothing at all beyond the trouble of making it. — Mr. Watson 
exhibited and described a new pattern microscope for students 
(the “ Edinburgh student’s microscope"), and a student’s petro- 
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logical microscope made upon the same lines ; also, a small box 
for holding slides, for which a patent had been obtained by Mr. | 
Moseley, its inventor. The slides were held in flat trays in the 
usual way, but they were so arranged that, upon opening the 
front of the box, the trays were drawn forward so as to form a 
series of layers overlapping sufficiently to expose the labels at 
the front end of each row, and enabling the position of any par* 
ticular slide to be seen without the necessity of removing the 
trays Ki search of it. — Mr. Crisp exhibited apparatus by which 
it was proposed to convert a microscope into a microtome by 
placing the embedded substance in the lower end of the tube, 
and cutting sections by means of a blade fitted to move upon the 
stage plate. — Mr. J. Mayall, Jun., described the various micro- 
scopes and accessories which he had examined at the Paris 
Exhibition, pointing out that, whereas at former International 
Exhibitions most of the best makers in England, America, and 
other countries were exhibitors, on this occasion they had been 
rather conspicuous by their absence. The French opticians 
were fairly well represented as to numbers, but the instruments | 
exhibited were for the most part of the old, not to say j 
antiquated, types. He had seen very little that was new in the [ 
matter of design. | 

Zoological Society, December 3. — Mr. Osbert Salvin, 
F.R.S., Vice-President, in the chair. — The Secretary read a 
report on the additions that had been made to the Society’s 
Menagerie during the month of November 1889. — An extract 
was read from a letter received from the Rev. G. H. R. Fisk, 
concerning some specimens of Bipalium kauensc^ which he was 
keeping in captivity at Cape Town. — Mr. Henry Seebohm ex- 
hibited and made remarks upon some specimens of new or rare 
species of birds lately received from the Bonin Islands, North 
Pacific. — Mr. Sclater exhibited and made remarks on an egg of 
{Chaufta chavana)^ from the collection of 
Mr. J. J. Dalgleish. — Mr. F, E. Beddard read the first of a 
series of contributions to the anatomy of Picarian birds. The 
present communication treated of some points in the structure of 
the hombills {Bticerotida\ particularly of the svrinx, and of the 
muscular anatomy of these birds.— Mr. Beddard also read a 
paper upon Kie anatomy of Bufmeister’s cariama (Chunga bur- 
meisteri)^ and pointed out the differences between this form and 
Cariama cristata, — Mr. G. W. Butler read a paper on the rela- 
tions of the fat-bodies (subperitoneal and subcutaneous) of the 
Sauropsida. The author showed that a consideration of the sub- 
peritoneal fat-bodies appeared to throw light on the condition of 
the abdominal membranes in the monitors. — A communication 
was read from the Rev. H. S. Gorham, containing descriptions 
of new species of the Coleopterous family Erotylidai from various 
localities. — A communication was read from Mr. L. Taezanowski, 
containing the description of a new warbler of the genus Locus- 
tella from Corea, which he proposed to call Locustella pleskeL — 
Mr. Oldfield Thomas pointed out the characters of a new mun- 
goose, allied to Herpestes albicaudalus^ which he proposed to 
call H, grandis. The type specimen (a skeleton) had been« 
obtained by Mr. T. E. Buckley in South-East Africa. 

Stockholm. 

Royal Academy of Sciences, December ii.— The Asco- 
ceratidae and the Lituitidae of the Upper Silurian formation of 
Gotland described, by Prof. G. Lindstrbm. — Researches on the 
constitution of the spectra of emission of the chemical elements, 
by Dr. T. R. Rydberg. — On the observations at the Observa- 
tory of Upsala to determine the equinoctium of the spring 1^9, 
by Dr. K. Bohlin and C. Schulz-Steinheil.— Definitive elements 
of the orbit of the comet 1840, by C. Schulz-Steinheil.— On | 
the ores and minerals of the Gellivard district, especially the j 
apatite, by Herr A. Sjogren.— The English edition of the atlas | 
of fac-simile maps, by Prof. A. £. Nordenskidid, exhibited by 
‘himself.— On the conductibility of snow, by Dr. S. Hjaltstrom. 

— Oh the influence of the averting force of the telluric rotation 
on the movement of the air, by Dr. N. Ekholm. — A large 
collection of mosses from Japan, Korea, and East India, pre- 
sented to the State Museum oy Captain S. Ankarcrona, 
and determined by Dr. W. Brotherus, of Helsingfors, and by Dr. 
Carl Muller, in Halle, exhibited by Prof. Wittrock. On the 
recently-published first part of the second supplement to C. F. 
Nyman’s Conspectus flora Europese,” by Prof. Wittrock.— 
Echinologica, by Prof. S. Lovin. — Some morphologic researches 
on the arteries of the ^rain of the Vertebrata, by Herr A. Klin- 
kowstrom. — Derivatives of orthoHunido-benzyf alcohol, ii., by 
Dr. G. H. Soderbaum and Prof. Widman. — On distri azol com- 
binational by Dr. Bladin. — On naphtoe dbids, by Dr. Ekstrand. 


— Derivatives of sulphate of ammonium, bjr Herr O. S. Hector. 
—Demonstration of some theories of Poincart^, by Herr de 
Brun. \ 
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THE BERMUDA ISLANDS. 

A Contribution to the Physical History and Zoology of 
the Somers Archipelago. With an Examination of the 
.Structure of Coral Reefs. By Angelo Heilprin, Curator- 
in-Charge and Professor of Invertebrate Palaiontology 
at the Academy of Natural Sciences of Philadelphia, 
&c. With additions by Prof. J. P. McMurrich, Mr. 
H, A. Pilsbry, Dr. George Marx, Dr. P. R. Uhler, and 
Mr. C. H. Bollman. (Philadelphia : Published by the 
Author, 1889.) 

' n’HIS-work is mainly the outcome of researches con- 
cerning the physical history, geology, and zoology 
of the Bermudas, which were accomplishe'd under the 
auspices of the Academy of Natural Sciences of Phila- 
delphia in the summer of 1888. The author’s principal 
object was to satisfy his own mind on certain points 
connected with the structure of coral reefs, and but little 
zoological work was contemplated. Fortunately, how- 
ever, the collection of zoological material proved more 
extensive than was expected, and in this respect Prof. 
Heilprin was greatly assisted by the students who ac- 
companied him. 

After a pleasant chapter of “ general Impressions,” the 
author gives the results of his examination of these 
islands, and then proceeds to make such a vigorous attack 
on the views advanced by Agassiz, Murray, and their 
followers, concerning the origin of coral islands, that 
those attacked may be pardoned if they regard him as 
an apostle of the old belief. 

Coming from the pen of Prof. Heilprin, this volume 
will, however, be welcomed by both sides in the con- 
troversy, but he must expect from his opponents an 
energetic reply to some of his criticisms, and an unmis- 
takable dissent from some of his conclusions. Thus 
when the author asserts that the existence of an atoll in 
the present position of the Bermudas is not demonstrable, 
and that we have yet to learn to what form of coral 
structure these islands belong, he is at variance with 
most other authorities on the subject ; and it becomes at 
the same time a little difficult to follow him in his conclu- 
sion that the results of his researches go to sustain the 
atoll-theory of Darwin. However, laying this difficulty 
aside, and accepting the fact, fairly established in this 
volume, that these islands have undergone recent move- 
ments, first of upheaval and then of subsidence, we may 
ask : Of what use is this double testimony to any theory, 
whether of upheaval .or of subsidence, unless a direct 
connection is first established between the form of a reef 
and the character of the movement ? ” The direct testi- 
mony of a single atoll that can be proved to have grown 
in a stationary area will, unless diis connection be estab- 
lished, far outweigh the presumptive evidence derived 
from a slight subsidence of every atoll in the Indian and 
Pacific Ocemis. 

Dr. Rein, in the instance of the Bermudas, was the 
leader of one of the early skirmishes in this controversy,^ 
and it vms to his description of these islands that the 
opponents of the atoll-theory of Darwin pointed in sup- 
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port of their views. They miss, therefore, in this book, 
any special exposition on the author’s part of the relation 
of his own views to those of Dr. Rein. They also will 
fail to see how Murray’s explanation of the origin of the 
inner basins of the Bermudas by solution can be met 
merely by a statement of contrary conviction unsupported 
by experimental proof. Nor will they tgree with Prof. 
Heilprin’s assertion that the recent memoir of Agassiz on 
the Hawaiian Islands can scarcely be said to contribute 
materially towards the solving of the problem. 

The author in this volume treats as absurd my attempt 
to show that a true conception of the relative dimensions 
of an atoll is necessary to understand the nature of the 
problem. I was aware that, if my meaning was not under- 
stood, I should lay myself open to some curious refiec-'- 
tions, and therefore the point is further elucidated in my 
description of the Keeling Islands, in the Scottish 
Geographical Magazine. To Prof. Heilprin’s inquiry as 
to how near are we brought to an understanding of the 
character of an atoll by a true conception of its relative 
dimensions, I would answer with the query, “ How far are 
we misled from the truth by the woefully-distorted sections 
of atolls that are employed by lecturers and by the authors 
of text-books?” Let me cite a single instance — that of 
Darwin’s section of the Great Chagos Bank, which gives that 
atoll (which is 76 miles in width and 40 to 50 fathoms deep) 
the relative dimensions of a soup-plate. Some go further, 
and draw, with a free hand, a deep, saucer-shaped section 
of such reefs. Illustrations of this kind practically beg 
the question at the start, if we are arguing m favour of 
the theory of subsidence. The mind is at once informed 
by the eye that there is a deep basin to be accounted for, 
whereas a section on a true scale would exhibit no 
appreciable depression. In the exaggeration of the rela- 
tive depth of an atoll is concerned the very essence of the 
problem, and a side-note cannot remove the impression 
made by a false section on the mind. Our conception of 
the problem can scarcely be assisted by a section of an 
atoll representing in the lagoon greater oceanic depths 
than the Challenger ever plumbed. 

* Passing from these controversial matters to the zoo- 
logical section of this volume, we find a very interesting 
chapter on the relationship of the Bermudian fauna. The 
number of known species of marine Mollusca has been 
increased from 80 to about 170, none of the eleven spe- 
cies peculiar to Bermuda having been described before 
this exploration. Strangely enough, though “over- 
whelmingly Antillean in character,” the marine Mollusca 
include a Pacific element The land mollusks have been 
increased from about twenty to thirty species, of which 
eight appear to be confined to these islands; but, in 
explaining the mode of transport of the non-peculiar 
species, the author scarcely seems to have laid sufficie’nt 
importance on the transporting agencies>of commerce. A 
remarkable fact noted in connection with the Bermudian * 
crustaceans is the occurrence of three* macrurans — 
PaJcemonella ienuipes, Palmnon affinis, and Penikus 
hitherto only recorded from the Pacific. Prof. 
Heilprin arrives at some interesting conclusions in this 
chapter, and perhaps the most impo^ant one is con- 
nected with the large proportion of peculiar forms 
amongst the Utnd-sheU% a circumstance which is pointed 
to as evidence not only of the antiquity of a portion of 
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the fauna, but also of its derivation from some pre-existing 
fauna in those islands. Much other zoological matter is 
to be found in this volume, though only a portion of the 
collections are here described. We are informed, how- 
eve^ Chat a great deal of systematic work still remains for 
the naturalist in the Bermudas, and Dr. Uhler, in respect 
of the insects, avers that much arduous collecting, 
particularly of the less conspicuous kinds, is still needed. 

I do not know whether any argument for the consider- 
able antiquity of the Bermudas from the character of the 
fauna has been advanced before. At all events, Prof. 
Heilprin’s valuable suggestion opens up a line of inquiry 
in the case of coral islands generally, which might be 
p^sued vrith profit. From investigations of the coral 
"phenomena alone, I arrived at the conclusion that Keel- 
ing Atoll has a life-history of from 1 5,000 to 20,000 years, 
and that it is now in the last quarter of its existence. If 
this coral island is a type, then atolls must possess a high 
antiquity ; and, taking our cue from Prof. Heilprin, we 
may ask whether, in the fauna and flora of a typical 
Pacific or Indian Ocean atoll, there is anything to suggest 
that they are derived from a pre-existing order of things. 
Confining ourselves to the flora, we find that oceanic 
atolls are mostly characterized by Hemsley as possessing 
no endemic element amongst their plants. Yet some of 
these large atolls must have once engirt, according to the 
theory of subsidence, a mountainous island possessing 
an upland flora, and, as in the case of the Fijis, not a j 
few peculiar species. The islands formed on the encir- | 
cling reef, just like the coral islands that often front the | 
shore of a mountainous island in the Western Paciflc, , 
would possess, in addition to the common littoral plants, | 
a number of plants derived from the slopes of the ad- | 
jacent island. How comes it, then, that, if these large ' 
groups of oceanic atolls mark the disappearance of moun- 1 
tain-ranges, we And no sign of the vanished upland flora j 
amongst the common littoral plants that are now brought 
by currents, winds, and sea-birds to every atoll? The 
Island of Tahiti could hardly disappear beneath the 
ocean without leaving a Tahitian impress on the flora 
of the surviving atoll. A similar reflection often occurred 
to me whilst on the Keeling Islands. 

In conclusion, I would remark that partisanship in 
matters of scientific dispute cannot affect the value of 
this work by an American naturalist on one of the oldest 
of British possessions. The book is illustrated with 
several beautiful phototypes of general views in the 


The literatureVpf Australian economic botany may be 
said to date flom the Great Exhibition of 1851. Owing, 
however, to the unsettled nomenclature of Australian 
plants previous to the publication of the great Flora 
Australiensis,” by Bentham and Mueller, the properties of 
the same plant were often found described under numerous 
botanical names. The publication of the “ Flora,” and 
the subsequent issue of Baron Mueller’s “ Census of Aus- 
tralian Plants” (with annual supplements), have now 
rendered species names easily accessible to workers in 
all parts of Australia, and the ground is well prepared 
for such a publication as that which lies before us. It is 
a bulky volume of 700 pages, well arranged, well got up, 
and furnished with an excellent index of botanical names, 
and also one of vernacular names. As Mr. Maiden 
reminds us, this is the first attempt made to grapple with 
the economical botany of Australia. He has wisely 
followed Baron Mueller in all essential details of classi- 
fication, and due credit is given throughout the book to 
this learned and indefatigable worker, now, the greatest 
living authority on all that relates to Australian vegetable 
life. The arrangement of subjects has been adopted 
as Aat found most convenient in the Museum. This is 
not, perhaps, the best arrangement for a text- book, as it 
involves considerable repetition of names and synonyms 
I under each section ; but on that point we are not dis- 
posed to quarrel with the author. It opens, with human 
foods, and food adjuncts ; and these are succeeded by 
forage plants, drugs, gums, resins and kinos, oils, per- 
fumes, dyes, tans, timbers, fibres, and it closes with plants 
having miscellaneous uses not previously enumerated. 
A glance at the book shows very clearly, that if we except 
timbers, a description of which occupies about one- half 
the contents, the economic products of Australia are not 
of extraordinary importance. It is noticeable that the 
northern parts, where the flora is reinforced by represen- 
tatives from the Malayan Archipelago and Southern Asia, 
yield most of the plants possessing medicinal properties. 
The genus Eucalyptus, comprising more than 130 species, 
yields excellent timber, kinos, and essential oils, and prob- 
ably the chief economic products of Australia derived from 
native plants. Mr. Maiden has brought together practi- 
cally all that is known about the industrial application of 
‘‘ gum ’’-trees, but we cannot now attempt to follow him. 

Eucalyptus Gunnii (a large plant of which grows in 
the open air at Kew) yields a sweetish sap converted by 
settlers into an excellent cider. This, and manna. 


islands, as well as of the seolian formations and of the 
coast scenery ; and seventeen lithographic plates accom- 
pany the zoological descriptions. H. B. Guppy. 

THE USEFUL PLANTS OF A US TEA L/A. 

The Useful Plants of Australia {including Tasmania). 
By J. H. Maiden, F.L.S., F.C.S., &c. (London : 
Triibner and Co. Sydney : Turner and Henderson. 
I889.) 


from E. viminalis and E. dumosa are probably the 
only food products derived from Eucalyptus trees. 
In the production of Eucalyptus oil (from E. amygdalin 
and E. globulus), Australia, it appears, has powerful 
competitors in Algeria and California, where gum-trees 
have been largely planted during the last twenty years. 
In the latter country, a large quantity is available as a 
by-product in the manufacture of anti-calcaire prepara- 
tions for boilers. 

The widely-spread Acacias of Australia, locally known 


A lthough designed in the first instance as a 
hand-book to the specimens in the Technological 
Museum at Sydney, this work in its present form is really 
a concise text-book treating of ‘‘all Australian plants 
which, up to the present, are known to be of economic 
value, or injurious to man and domestic animals.” 


as wattles, are hardly less useful than the gum-trees. Owing 
to the immense number destroyed for the sake of the 
bark used in tanning, the wattles in some districts are 
said to be threatened with extinction. Some whose leaves 
are eaten by stock are also beco.ming scarce. To coun- 
teract these influences, systematic attempts have been 
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made to plant wattles on a large scal^,* It is doubtful, 
however, whether, except in South Australia, such planta- 
tions will be ultimately successful. Gum arabic, of good 
quality, is yielded by various species of Acacia, but owing 
** to the great cost of unskilled labour in Australia, and 
the impossibility of utilizing the services of the aborigi- 
nals, it will never find its way into the world’s market to 
any verygreat extent.” Australian indigenous edible fruits, 
roots and leaves and stems, are apparently wisely left 
to the appreciation of “school-boys and aboriginals.” 
Almost more important than food in a dry country is a 
constant supply of water. The aboriginal method of 
obtaining water from the fleshy roots of certain trees 
such as Hakea leucoptera^ and from the stem of Vitis 
hypoglauca^ is similar to that adopted in other countries, 
but Mr. Maiden has wisely given prominence to the fact, 
as the knowledge of it may be the means of saving the 
lives of many lost in the bush. V6ry few native Aus- 
tralian plants yield valuable fibres. The aboriginals 
appear to prepare their fishing-nets by chewing fibrous 
plants, and “ this practice causes their teeth to be worn 
down to a dead level.” In the same manner, we may 
add, the natives of Formosa prepare certain fibres for 
making clothes. 

The best fodder grass of Australia is said to be An- 
thistiria ct'/taia, known as the “common kangaroo grass.” 
There are several poison bushes (species of Gastrolo- 
bittm^ Swatnsoma, and Sarcostemma) dangerous to stock 
so widely distributed as to render extensive tracts of 
country unoccupiable. These of late years have been 
reinforced by noxious weeds from other countries. 

It is not to be supposed, however, that our knowledge 
of the economic uses of Australian plants is yet com- 
plete, and we are glad to learn that the author is actively 
engaged in observations that no doubt will be incor- 
porated in a later edition. In the meantime, however, 
we cannot do better than commend this work as a most 
trustworthy guide in a handy form to the useful plants 
of Australia. D. M. 

MOUNT VESUVIUS. 

Mount Vesuvius. A Descriptive, Historical, and Geologi- 
cal Account of the Volcano and its Surroundings. By 
J. Logan Lobley, F.G.S., &c. (London : Roper and 
Drowley, i88g.) 

M any people have been puzzled by the fact that 
there are so few English books on Vesuvius, 
especially of the descriptive type. The appearance of 
this work was looked forward to with ardent expecta- 
tions, but it is doubtful whether it will fulfil them. 
Prof. Phillip’s work was a remarkable one considering 
the short stay he made in Naples, but possessed 
those defects that all books must have which are written 
from little experience. Prof. Phillips wrote immediately 
after his visit. The first book of Prof. Lobley was pre- 
pared under similar circumstances, but apparently he has 
not re-examined the district for twenty years. Nearly 
every geologist on his visit to the type volcano of the 
world is attacked by a fever to write something about it 
—witness the 1300 or more books and articles in aB 
lanniages referring to it — but a few months bring him 
saf^ through his complaint, and leave him satisfied that 


years of careful study on the spot will hardly qualify him 
to produce even a short description. This leads us to 
the main defects of the work, which spring from the 
author’s want of personal observation, and the necessity 
of his obtaining information second-hand. Many ij^ent 
authorities do not seem to have been consulted by Prof. 
Lobley. In consequence, he constantly makes statements 
that are incorrect or only partially accurate. Another 
fault to be found is the very incorrect and old-fashioned 
illustrations which would much bother a new-comer to 
the district with this work as a guide. Many of the 
crystal forms are incorrectly drawn, and in Plate xiv. 
dykes should not be represented as pipes branching out 
from the main chimney, but principally as radial sheets. 

The accounts of the Phlegrean Fields, so far as they go, 
are very attractive, but lack that accuracy that a recent 
visit would have conferred. In describing Vesuvius, 
he mentions the library of vulcanology collected in the 
Naples section of the Italian Alpine Club, stating that 
25,000 volumes are there preserved, which is more than 
three times the number. Neither will most people have 
had such a favourable experience of Vesuvian guides as 
Prof. Lobley. Yet altogether, the chapters on Vesuvius 
are the best part of the work, and are quite as much as a 
visitor with a couple of days to give to the mountain can 
comfortably absorb. The chapter on the geology of the 
volcano is clear and well written. 

Unfortunately the book is spoiled — more perhaps than 
by anything else — by the*author’s views as to^he causes 
of volcanic action. In the first place, the class of readers 
to whom the rest of the book appeals are not likely to 
possess sufficient physical and geological knowledge to 
be able to enter into the question, and to them chapter 
viii. is likely to prove a bore, and should they begin to 
peruse the book at this point, the effect will probably be 
that they will read no more. Even if it be supposed that 
the questions regarding the mechanics of the extrusion of 
igneous matter on the earth’s surface are an easy matter 
of comprehension, the method of putting the subject into 
numbered paragraphs is much to be deprecated when the 
reader is not a specialist. 

In the same way it is doubtful whether a description ot 
rocks not occurring in the district is likely to be of use. 
Why mention the rare local rocks, “ analcimite,” “ haiiy- 
nophyre,” “tholeite,” &c., while “gabbro,” “diorite,’ 
“ syenite,” are neglected 

The chapter on the minerals of Vesuvius is little more 
than a catalogue of every one that can possibly be raised 
to a species ; some being obtained by dissolving saline 
crust in water, and allowing the solution to crystallize — a 
method that is hardly justifiable. Of far greater interest 
would have been a chapter on the general mode of occur- 
rence, origin, &c., of the principal species, their characters 
being left to the systematic treatises on mineralogy. 

The book* is neatly got up and well-divided into separate 
chapters, so that the traveller, who will maAce most us( of 
it, can easily turn up to a short account of any particular 
locality or subject. The language is clear, and not over- 
burdened by petrological or other very learned words. 
Altogether, putting aside the above-mentioned blemishes, 
the work is likely to be of much use in leading travellers to 
observe for themselv^ one of the most interesting of 
geological phenomena. 
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OUR BOOK SHELF. 

Index oj British Plants, arranged according to the 
London Catalogue {Eighth Edition), including the 
Synonyjns used by the Principal Authors, &*c. By 
I'i^bert Turnbull. Pp. 98. (London: George Bell and 
Son, 1889.) 

Tfiis alphabetical synonymic list of British flowering- 
plants and vascular Cryptogamia is similar in general 
plan to that which was published about a year ago by Mr. 
Egcrton-Warburton, which we noticed at the time of its 
issue (Nature, vol. xl. p. 306). The author uses as a 
basis the last edition of the London Catalogue, and gives 
the synonyms of all the species that are described under 
different names in “ English Botany,” Bentham’s “ Hand- 
book,” Babington’s “Manual,” Hooker’s “Student’s 
"Flora,” “British Wild Flowers,” Lindley’s “Synopsis,” 
Hooker and Arnott’s “British Flora,” Withering’s “Ar- 
rangement,” Notcutt’s “Hand-book,” and Haywards 
“ Pocket-book.” The author has carried out his task 
very carefully, and has added an English name for each 
species, and given at the end a list of English names 
in alphabetical order. Two things lately have com- 
bined to cause considerable change ' in plant-names, 
the revision and redescription of the genera by Bentham 
and Hooker, and the increased attention which has been 
paid in tracing out priority by Mr. Daydon Jackson and 
Mr. Britten in England, and by Ascherson, Nyman, and 
many other writers on the Continent. We have noted a 
few slips in turning over the pages. For instance, there 
are only two native species oiAchillea,Tiot five — decolorans, 
serrata, and tanacetifolia, being manifest introductions. 
No wonder the author has no^ been able to refer some 
of the older bramble names to their London Catalogue 
synonyms. Guntheri, Bab., and saltnum, Foche, are both 
synonyms of the plant called ftexuosus in the London 
Catalogue. The book will be found useful to many 
collecting botanists scattered up and down the country 
who have been puzzled to understand what was intended 
by many of the newly-introduced names. J. G. B. 

Practical Observations on Agricultural Grasses and other 
Pasture Plants. By Wiluam Wilson, Jun. (London: 
Simpkin, Marshall, and Co., 1889.) 

Mr. Wilson tells us that “agriculturists have allowed 
themselves to run too much after a channel of indoor in- 
vestigations.” We do not know that this has been a fault 
in agriculturists, and are not convinced of the fact. Mr. 
Wilson appears to have omitted to acquire one important 
accomplishment in a writer on any subject— namely, the 

S ower of writing intelligibly. He tells us that “ soil may be 
escribed as earthy matter on the surface of the globe”; 
that ** climate has been described as a very complex 
matter, depending on a great variety of conditions”; 
but he does not say by whom it has been so lucidly 
“described.” We are told that “sweet-scented vernal 
grass is one which most writers on grasses give a 
place as a useful grass, but not very definite as to what 
place it belongs, as it is not very readily eaten in some 
parts where there' is a considerable quantity of it.” 
Speaking of rough-stalked meadow-grass, he says: — 
“ The Rev. J. Farquharson, F.R.S., mentions in his paper, 
which I have previously s^ken of^ as having cultivated 
it successfully on such soil, testifies as to the fondness 
of animals — bbth cattle and horses — for it, both as pasture 
and hay.” Again, he informs us that “ the fact has been 
pretty well borne out that a great fault has been to look at 
cultivation too much in the light of a matter which has 
been thoroughlv Investigated, when in reality it has little 
more than reached its infancy.” Now, with all respect to 
Mr. Wilson, it appears to us to be mere cant to talk of the 
most, ancient of all arts as having obly reached its infancy. 
The style in which this little eighteen-penny book is written 


is poor and obscul(e, and the above quotations may be con- 
sidered as fair samples of it. F or instance, the eye falls by 
chance on the following passage (p. 70) : — “ The results of 
my observations have led me to the same conclusion as 
Mr. Sinclair — am of opinion that a mixture of it (sic) on 
dry soil would pfove satisfactory, but should not be sown 
on clay moist soil.” That this work should have reached 
a second edition is certainly strange, and appears to indi- 
cate that the agricultural palate is, as yet, particularly 
fresh. It must require a good deal of open-air exercise 
to enable a reader to digest Mr. Wilson’s crudities. 

W. 

The State. Elements of Historical and Practical Politics 

By Woodrow Wilson, Ph.D., LL.D. (Boston, U.S.A. : 

Heath and Co., 1889.) 

This work may be regarded partly as a text-book of 
political science a^pted to the education of the young, 
partly as a repertory of what the writer calls “govern- 
mental facts,” useful to readers of all ages. In the first 
part of his task Mr. Wilson has encountered great diffi- 
culties. He has no predecessors in whose steps to follow. 
Also the loose mass of facts and opinions which make up 
what is called political science does not admit of being 
compressed with safety. Again the class to whom Mr. 
Wilson offers a highly concentrated intellectual pabulum 
are little able to assimilate this species of nutriment 
even in its most digestible form. The young man, says 
Aristotle is not fit to be a student of political science. 
These difficulties appear to have been surmounted by Mr. 
Wilson better than might have been expected. He avoids 
the dogmatism to which short catechisms are liable. For 
instance in his section on the probable origin of govern- 
ment he does not rule that the earliest constitution of the 
family was patriarchal, or “ matriarchal,” as we believe it 
is now the fashion to say. W’hile inclining to the 
former view he presents also the latter ; and gives refer- 
ences by the aid of which the enquiry can be pursued. 
He stimulates curiosity and affords the means of gratify- 
ing it. The “evolution of government ” is traced from 
the origin of the Aryan family through the changing types 
of Greek and Roman governments. This “ institutional 
history ” is somewhat dry ; but the writer expects that the 
topical skeleton furnished by him will be clothed upon by 
the lessons of the intelligent teacher. Coming to modern 
times, we find a description of the principal pieces of 
political machinery which are now in use in the civilized 
world. This compilation seems to serve the purpose of a 
sort of magnified “ Whittaker.” If anyone who has not 
exhausted the subject of Home Rule wishes to refresh his 
memory as to the relations between Austria and Hungary 
or Sweden and Norway, he can here look out, as in a 
political dictionary, the main facts. We come nearest to 
the “practical politics” announced in the title in the 
chapter which discusses what are the proper objects of 
government. “ This,” says Mr. Wilson with much good 
sense, “ is one of those difficult problems upon which 
it is possible for many sharply op^sed views to be held 
apparently with almost equal weight of reason ... It 
is a question which can be answered^ if answered at all, 
only by aid of a broad and careful wisdom whose conclu- 
sions are based upon the widest possible inductions from 
the facts of political experience in all its phases.” Mr. 
Wilson’s solution of what Burke has callM the “ finest 
problem in legislation ” is thus stated “ It should be the 
end of government to accomplish the objects of organized 
society. ... Not licence of interference on the part otgovem- 
ment, only strenMh and adaptation of regulation. The 
regulation which 1 mean is not interferenccj it is the equal- 
ization of conditions, so far as is possible, in all branches 
(pi endeavour.” Perhaps this teaching would have been 
more impressive if the writer, condescending to particulars, 
had discussed pretty fully any one question such as whbther 
in any assigned country, the railways ought to be managed 
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by the state. Once more however we admit that the 
scope and limits of his work have •mppsed upon him 
almost insuperable difficulties. 

Introductory Lessons in Quantitative Analysis. By John 

Mills and Barker North. (London : Chapman and 

Hall, 1889.) 

This book of eighty-five pages is the first part of a larger 
work by the same authors, which will shortly be published. 
It is designed mainly for the use of “students in evening 
classes who have but little time to spare in acquiring 
such knowledge,” and also to. be of service for the Science 
and Art Department examination,' as well as those of 
London University. The descriptions contained in the 
three chapters constituting the book, and which treat of 
]>reliminary operations, gravimetric analysis, and volu- 
metric analysis, respectively, are meagre in the extreme, 
and lack many details essential to a primer. Slips and 
loose statements are numerous. For example, the student 
is led to infer that the ash of any of Schleicher and Schiill’s 
filter-papers is negligible. Lead is estimated by means 
of “ bichromate of potash,” which is formulated as K2Cr04. 
On p. 62 the authors assert that “ Normal solutions of 
univalent substances like iodine, silver nitrate, sodium 
chloride, &c., contain their molecular weight in grams in 
one litre.” Whatever be the meaning attached t» this, 
it is in no way confirmed by what follows on p. 63 — 
namely, that “ The atomic weight of iodine being 126*5, ® 
normal solution would contain this number of grams in 
one litre.” 

The general scheme of work set out in the lessons is 
satisfactory, and if carefully elaborated might be useful. 

I n its present condition, however, the effect of the book 
on the beginner cannot be other than confusing. 


LETTERS TO THE EDITOR, 

{The Editor does not hold himself resp^sible for opinions ex- ; 
pressed by his correspondents. Iveither can he undertahe \ 
to return, or to correspond with the writers rejected 
manuscripts intended for this or any other part of Naturk, 
No notice is taken of anonymous communications.] 

Note on a Probable Nervous Affection Observed in an 

Insect. 

Whilst walking in the garden one bright September morning, • 
my attention was called to a moth fluttering in a peculiar manner 
on the ground ; it kept going round and round in a circle, 
running with its feet on the stones, its wings meanwhile being in 
rapid motion. 

1 captured the insect, which proved to be a quite fresh speci- 
men of a male Orgyia antiqua (vapourer moth), of which there 
were many in the garden. 

I replaced the insect without injury on the path, and watched 
it more closely. 

The movements of the wings were irregular, convulsive, and 
very rapid in character ; the met and body were also in rapid 
movement, resulting in a circular motion of the whole insect 
from right to left — ^that is, in the same direction as the move- 
ments of the hands of a watch. 

1 again captured the iasect, thinking that perhaps one of its 
antennae might have been injured ; but on careful examination 
with a hand lens, I could detect no lesion nor the presence of any 
parasite which might account for the condition. 

I again placed the insect on the path, when, it immediately 
began to rotate as before. It seemed unable' to keep still, 
though evidently trying to do so. 

Occasionally it would wedge itself in between two or more 
small stones, with its head downwards, and the under surface of 
its tody upwards, its wings resting on the stones below ; in this 
position it appeared to obtain some relief, as the movements 
Y(*re less continuous, though every breath of wind caused a 


convulsive twitching of the wings and body. On one occasion 
a leaf fell upon the insect whilst wedged in, causing a very 
violent convulsion of the whole insect, by which it was jerked 
quite out of its retreat, when the gyrating movements at once 
Began again. 

I tried stroking the antennae with the point of a pencil, but 
this had no effect, nor could I obtain cessation of movement 
by stroking the body or the wings ; on the contrary, wHbn the 
insect was wedged in each touch caused a convulsion, varying 
with the intensity of the stimulus applied. 

These movements continued without interruption for fully 
forty minutes, the insect gyrating in a space about a foot square. 
At the end of that time I placed it upon a piece of smooth 
paper, when the movements became more rapid and the 
gyrations less ample, it completing a turn in much less time than 
on the stones, owing, no doubt, to there being no projections on 
the paper to cause tne insect to deviate. 

I then placed it in a shallow cardboard box in the full sun- 
light, but protected from the wind. In this way the convulsive 
movements were less intense and less freciuent ; the insect, how- 
ever, was often jerked over on to its back, then, after a struggle 
or two, would right itself, and begin to go round. When, how- 
ever, it managed to press the top of its head against the side of the 
box, so that its antennae were pressed between the head and the 
side of the box, all movement ceased till some external stimulus 
again set it in motion. 

At the end of one hour the insect seemed quite exhausted, a 
! strong stimulation being required to develop one convulsion, 
j On examination I found that It had worn away, in its move- 
i ments, all its legs with the exception of the left hind leg, which 
I was apparently pretty intact, and had broken both its wings on 
the right side, so that the greater part of them hung useless over 
: its body. 

i After a few more violent convulsions, the upper wing of the 
j .right side was broken off, and the insect now began to revolve 
j from left to right, owing, I suppose, to the movements of the 
I left leg ; the others being reduced to mere stumps would have 
! little power of propelling the insect. ^ 

j About twenty minutes later, during a convulsion, the right 
' hind wing was broken off. 

Shortly afterwards I noticed that the convulsive movements 
of the nntennse, which had been slight up to that time, were 
much increased ; indeed, they were moving so rapidly as to have 
the appearance of two small black wings. 

One hour and fifty-five minutes after I first noticed the insect 
all convulsions had ceased ; no stimulus could excite any ; the 
moth was dead. 

Conclusion . — The insect, suffering fi*om no apparent injury, 
and being attacked by no internal or external parasite, was, I 
believe, suffering from some nervous lesion. I was unfortunately 
unable to examine the insect microscopically to ascertain if the 
nervous centres exhibited any pathological characters. 

' E. W. Carlier. 


Does the Bulk of Ocean Water increase ? 

The idea was, I think, suggested by myself, and has toen 
referred to with approval by Mr. Jukes-Browne, that much of the 
water on the surface of the globe was originally occluded in the 
molten interior, and has toen emitted by volcanic action in the 
course of ages. Mr. Mellard Reade argues against this, that the 
moon is covered with volcanic craters, and yet has no water on 
its surface, and that if the accumulation of surface water has 
followed volcanic action on the earth, it ought likewise to have 
done so on the moon. He concludes “ At all events, it seems 
a reasonable question to ask why oceans should to suiiplied with 
water from the perspiring pores of mother earth, while her off- 
spring, the moon, is so diy as to have absorbed into herself all 
evidence of any aqueous envelope that may have formerly 
existed.” 

It is a singular coincidence that one possible answer to thik 
objection is suggested bj^a notice in the “ Astionomical Column ” 
of the same number of Nature which contains Mr. Reade’s 
letter. Therein Prof. Thury attributes apparent changes in the 
aspect of a lunar crater to the melting of snow or ice around it. 
Neither is he the only selenologist who thinks that those crater- 
rings consist more or less of frozen watqf. If they do so, then 
there is water on the moon, although in a solid state. On the 
other hand, Proctor, jn his work on the moon, says that 'her 
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surface is more nearly black than white, which seems to render 
the existence of snow fields upon it less probable, unless they are 
covered with volcanic dust, as the end of a glacier usually is 
with rock dibris. 

But even if we take Mr. Reade’s view, it is still conceivable 
that steam may have been the explosive agent in the moon’s 
volcanoes, while her internal temperature was very high, and 
that tfte resulting water may have been subsequently aosorbed 
after the body became cool, because the water would occupy 
less space within the interstices, which this theory of imbibition 
postulates, than the equivalent vapour did, when the temperature 
was high. The case of the earth would not be a parallel one, 
because it has not yet cooled. ^ ! 

Although not myself a selenologist, I have a suspicion that veiy 
' little is known about the constitution of the moon ; and that it is 
not even certain that its enormous craters are all of them really . 
volcanic. It has been admitted by Prof. Darwin, in discussing , 
the subject with Mr. Nolan, that on his view of the genesis of the . 
moon it must have originally existed as a flock of meteorite^” , 
These falling in during the later stages of the building up of its I 
mass would nave produced pits on a viscous surface, much like , 
some of the craters. 

At any rate it seems unsafe to rely upon ailments respecting 
the condition of the earth’s interior, of which we know little, 
drawn from that of the moon’s body, of which we know less. j 

Harlton, Cambridge. O. Fisher. 


Exact Thermometry. j 

The interesting experiments of Dr. Sydney Young, recorded : 
in Nature of December 19 (p. 152), seem to leave no doubt ! 
that the main part of the permanent ascent of the zero-point of 
a mecurial thermometer, after prolonged heating to a high tem- 
perature, is not due to compression of the bulb— rendered more . 
plastic by the high temperature — by the external atmospheric j 
pressure. Researches on the effects^ of stress on the physical j 
properties of matter have convinced me that the molecules, not ’ 
only of glass, but of all solids which have been heated to a | 
temperature at all near their melting-point, are, immediately 
after cooling, in a state of constraint, and that this state can 
be more or less abolished by repeatedly heating the solid to 
a temperature not exceeding a certain limit, and then allowing 
it to cool again (it is not only the heating but the cooling also 
that is efficacious). It appears that the shifting backwards and 
forwards of the molecules, produced by this treatment, enables 
them to settle more readily into positions in which th^ elasticity 
is greatest and the potential ener^ is least. 

This ‘^accommodation” of the molecules, as Prof. G. 
Wiedemann and others have called it, is, as one might suppose, 
attended with alterations of the dimensions and other physical 
properties of solids, and is not confined to the release of mole- 
cular strain set up by thermal stress, but is extended to the 
strain set up by any stress whatever. As years roll on, the 
time of vibration of a metal pendulum gradually alters (and so, 
no doubt, do the lengths of our standard measures), the bulb of 
a thermometer diminishes in volume, a steel magnet parts with 
more or less of its magnetism, a coil of German-suver wire gains j 
in electrical conductivity, The changes in all these cases j 
would probably be far less than they actually are if the tempera- l 
ture throughout the whole time could be maintained constant : ' 
but this last is not the case — heating and cooling goes on more I 
or less every day. We may assist the effect of time by artificially ! 
increasing the range of temperature, but it would appear that j 
we must not exceed a certain limit of temperature, which limit j 
depends partly upon the nature of the substance and partly upon j 
the stresses that are acting upon it at the time. Thus, the in- 
ternal friction of a torsionally oscillating iron wire which has Ixen 
previously well annealed may be enormously diminished by 
repeatedly raising the temperature to 100^ C., keeping it there 
lor several hours, and then allowing it to fall again. The amount 
of diminution of internal friction depends upon the nature of the 
wire, and on the load which there is at the end of it (if the load 
exc^ds a certain amount, the friction is increased instead of 
diminished). In attempting to accommodate ” the molecules 
in this manner the heating must, at any rate in some cases, be 
prolonged for several^ hours, and the substance should then be 
allowed to remain cold for a still longer period. 

I have not had much experience with glgiss, but I think it prob- 


able that the settling down of the zero-point of an ordinary ther- 
mometer into its ultimate position could be very materially 
facilitated by the heating and cooling process mentioned above. 

Herbert Tomlinson. 

36 Burghley Road, Highgate Road, 

December 23, 1889. 


Self-luminous Clouds. 

Without venturing to call in question the occasional occur- 
rence of self-luminous clouds, I may be permitted to relate an 
observation which seems to reveal a possible source of error in 
the records of such phenomena. 

On June 14, 1887, about 10.45 p.m., I witnessed an ap- 
pearance over the north*north-west horizon which struck me 
as very remarkable. Amidst the strong glow of twilight a few 
fragments of ciiTUS cloud shone with a pure white light having so 
much the character of phosphorescence that it was difficult to 
believe the objects were not self-luminous. Looking out again 
an hour later, I found no trace of bright clouds, hut in their 
place were small bands of cirrus showing dark and grey against 
the feeble twilight that remained. I could not but conclude that 
the clouds in both instances were the same or similar, lit up by 
the direct rays of the sun at the time of the first observation, and 
having lost his rays at the time of the second observation. Had 
they been self-luminous they should have become brighter 
instead of darker as the twilight faded. 

It has been suggested to me that the bright clouds seen at 
10-45 P-n)- may have owed their brightness, not to the sun’s rays 
falling on them at the time, but to a temporary phosphorescence, 
the result of exposure to the sun’s ra^s in the day-time, and that 
this tempora^ quality had died out in the interval between the 
two observations. 

1 think this explanation is unnecessary for the following 
reasons. In the first place, it is certain that if a cirrus cloud 
were present in the atmosphere at a sufficient height to catch the 
sun’s rays at 10.45 P*™* of a midsummer day, it would appear 
as a bright object amidst the surrounding gloom. And, secondly, 
there can be nothing incredible in the presence of a cirrus cloud at 
that height, when the persistence of twilight proves the presence 
of atmospheric particles of some kind at a greater elevation 
still. George F. Burdkr. 

Clifton, December 19, 1889. 


Duchayla’s Proof. 

I HAVE read with much interest the new proof given by Mr. 
W. E. Johnson of “ the parallelo^am of forces,” in Nature of 
December 19 (p. 153), and regard it as deserving a place among 
the best proofs that have been given. 

I think, however, that, in his criticism of Duchayla’s proof, Mr. 
Johnson runs to excess, when he say.s, “To base the funda- 
mental principle of the equilibrium of a particle upon the 
transmissibility of force, and thus to introduce the conception of 
a rigid body^ is certainly the reverse of lexical procedure.” 

Duchayla’s proof only requires us to suppose the transmission 
of force by strings, A particle is unthinkable. In presenting 
to a learner the conception of three equilibrating forces acting 
on a particle, we cannot do better than represent the force^^ 
by pulls in strings, and the particle itself by the knot where the 
three strings are tied together. All the steps of Duchayla’s 
demonstration that the resultant force is directed along the 
diagonal of the parallelogram can be presented in tangible form 
witn the aid of strings. I do not think this is an illogical or 
unnatural procedure. J. D. Everett. 

Belfast, December 23, 1889. 


The Satellite of Algol. 

The results of Vogel’s photographs as to the satellite of Algol 
are of great interest to your astronomical readers. The ob- 
servations made at Greenwich tended to the same result, but were 
unfortunately intermitted before anything approaching certainty 
was arrived at. 

Regardini^ it as certain that the variations of Algol are due to 
the interposition of a satellite, the question of the slight change 
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in its period and the much larger change observed in the period 
of another variable of the same class in Cygnus becomes 
important. Besides the possibility of a third disturbing body it 
may be remarked that the existence of the solar corona and 
perhaps other appendages of the sun suggests that a resisting 
medium may exist in the entire space traversed by Algol and its 
satellite at each revolution. Also if the influence of gravitation 
is propagated in time (with whatever degree of velocity) the very 
rapid angular motion of a satellite which performs a complete 
revolution in less than three days (and in another variable of 
this class in twenty hours) could hardly fail to exhibit traces 
of this time-propagation. The attractive force, in fact, 
would never act in the line joining the centres of the principal 
star and satellite, and the deviation would probably be per- 
ceptible. I hope some mathematical astronomer wiu take up 
the problem, and show wlrat the effects of each of these supposed 
causes would be. W. H. S. MoNCK. 

16 Earlsfort Terrace, Dublin, December 21, 1889. 


Maltese Butterflies.* 

In reading Mr. Wallace’s ** Darwinism” I am reminded by 
his observations on Island fauna (p. 106) of the impressions 
made upon me by the natural productions of Malta. My time 
was so fully occupied that I had little opportunity of exploring 
the country districts. I paid one visit to the extraordinaiy ruins 
of a Phoenician temple at Hagiar Kim, and one to the curious 
islet in St. Paul’s Bay. On the latter I noticed several strange 
thistles and a beautiful flower — something like a large fiink or 
purplish Tutsan, On the barren wastes round Hagiar Kim 
many familiar wild flowers grew, but all seemed shrunk and 
shrivelled as compared with those of Britain. The only un- 
familiar one was c^led by the natives the English flower.” It 
was a tall trefoil with a drooping yellow trumpet-flower (not at 
all papilionaceous in form), and grew plentifully by the edges of 
the dustiest roads — unlike anything I know in England. 

I lived for some time at the Imperial Hotel, at Sliema, which 
has a somewhat extensive garden, m which I used to spend about 
half an hour every morning. During April and May it was very 
lovely. The oleanders were then in their richest bloom; a 
shrub like a gigantic heliotrope, both in flower and leaf, was 
frequented by myriads of humming-bird moths ; there were a 
few strawberry-plants, the fruit of which was delicious, although 
even smaller than that of our own wild kind ; but most attractive 
to me were the clumps of valerian and scabious which were 
haunted, just as at home, by crowds of butterflies. These in- 
cluded blues, coppers, wood-ladies, painted-ladies, red-admirals, 
tortoise-shells, and swallow-tails. All of these were smaller 
than their English relatives are, and much less brilliant in colour. 
The swallow-tails were especially dwarfed in their proportions. 

I am puzzled to account for their presence in Malta, as there is 
nothing like a marsh or a fen in the whole island, whilst ini 
England they are only to be found in the district of the meres. 
Can any of your readers throw light on this mystery ? I saw 
.several of the laiger hawk-moths. They did not seem to suffer 
in size, but even they were dimmer in their colours. 

Hoping to get a general idea of Maltese entomology, I visited 
the University Museum — only to find a few cases of insects in 
which every specimen had been devoured by mites ! 

Georgs Fraser. 

Leighside, Tunbridge Wells, December 22, 1889. I 


A Preservative. 

I HAVE been very much troubled in conducting classes in 
mammalian anatomy by the want of a preservative medium 
which would retain the natural colour and texture of tissues, 
would impart to them no offensive smell, would be inexpensive, 
and easily handled. Various experiments with freezing, alco- 
holic, glycerine, and other media have all proven failures, and 
this fall I turned to experimentation upon the simplest and 
cheapest of all chemical reagents-— water and iable-salt My 
entire success with these was so satisfactory that I shall, at the 
risk of telling an old story, state the experiments here. 

I tried preserving squirrels in three strengths of salt solution, 
one of S parts by weight of salt to 95 of water, a second of 
to per cent, salt, and a third of 15 per cent. All gave satisfac- 
tion, but the 10 per cent, seems best, l^cause the weakest 
solution in which putrefaction could not take place. Specimens 


placed in five times their bulk of this solution retain the natural 
flexibility of all the tissues ; the peculiar look of nerve-tendon 
and blood-vessel against muscle is retained ; the tint of muscle 
is faded somewhat by the solution of haemoglobin firom^ the blood, 
but it is still distinctly reddish ; there is no putrefactive odour ; 
all of this after four weeks standing in the laboratory. 

This is so simple a preservative that I wonder that it is not 
in common use. H. Leslie Osborn. 

Hamline University, St. Paul, Minnesota, 

December 7, 1889. 


The Evolution of Sex. 

It is a fact well known to pigeon fanciers that the two eggs laid • 
by pigeons almost invariably produce male and female. But no 
attempt appears to have been made to ascertain which of the 
two eggs produces the male, and which the female. The second 
egg is laid about twenty-four hours after the first. I have kept 
pigeons for seven or eight years, and have only met with one or 
two instances of the young birds, produced from the two eggs, 
being of the same sex. Recently I have made several experi- 
ments to ascertain if an^r relation exists between the order in 
which the eggs are laid and the sexes of the young birds 
produced. The results show that the egg first laid produces the 
female, the second egg the male. It may, perhaps, be well to 
give the experiments. 

(i) I of pair A produced a female ; egg 2 was bad. 

(ii) Egg I of pair B produced a female ; egg 2 a male. 

(iii) Egg I of pair B produced a female ; egg 2 a male. 

(iv) Egg 2 of pair B produced a male ; egg i was bad. 

(v) Egg X of pair C produced a female ; egg 2 was bad. 

(vi) Egg 2 of pair D produced a male ; egg i Was broken. 

These experiments were made on white fantail shakers. A 
large number of experiments must be made to prove if this 
relation does exist ; should it be found correct, an examination 
of the eggs and of the ovjiry of the parent might throw some 
light upon the ‘‘evolution of sex.” * M. S! Pembrey. 

Oxford, December 14, 1889. 


Fighting for the Belt. 

A FIGHT has been going on in my verandah for the last half- 
hour between two young birds — minas — with four birds of last 
season looking on. 

Now the fight is just over. I have watched it throughout, and 
am positive that one of the on-lookers walked often round the com- 
batants without interfering ; and that another on-looker came, 
when he (or she?) could, and attacked one of the fighters. I say 
“ came when he could,” because the other on-looker prevented 
him if possible— even fighting to that end. It seemed to me 
very much as if two youngsters from different nests were fighting 
for the belt, and the parents looking on— the one complacently at 
her offspring’s success, the other angry and breaking the rules of 
the ring to help the weaker. F. C. Constable. 

Karachi, December 1, 1889. 


The British Museum Reading-Room. 

The proper ventilation of this spacious room is a problem, 
surely not insoluble, but still awaiting solution. Is it not a 
serious grievance that to make use of one of the finest libraries in 
existence, means, for many, injury to health ? Bad headaches 
and other ills, due to the stuffy and impure atmosphere which 
collects about the desks, are a common experience ; and I know* 
men who have given up going to the place on that account. 
For readers who live by work which can only be done there 
(some of whom are women), the matter is especially grave. 
Officials, a:gain, will tell you that they often feel thoroughly donB 
out after their day’s woi;)c, which in itself is i\pt generally severe. 
It seems to me the atmosphere improves after the lamps are lit ; 
possibly owing to the upward current of heated air. If this were 
verified, it imght offer a clue to improvement. The whole 
matter calls for thorough scientific investigation ; and I would 
suggest, as a preliminary step, that analysis be made of the air 
(say) on a Saturday afternoon, with regard not only to its gaseous 
constituents, but also to micro-organisms, which are no doubt 
plentiful. • A. B. M. 
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AMONG CANNIBALS"^ 

I N the year 1880, Mr. Carl Lumholtz — as he explains in 
the preface to the work the title of M'hich is given 
below — undertook an expedition to Australia, partly at the 
expense of the University of Christiania, with the object 
of making collections for the zoological and zootomical 
museums of the University, and of instituting researches 
into the customs and anthropology of the Australian 
aborigines. His travels occupied four years, and the first 
part of that time he spent in the south-eastern colonies, 
South Australia, Victoria, and New South Wales. From 
November 1880 to August 1881 he was in Central Queens- 
*land, and at the latter date he began his first journey of 
discovery, in the course of which he penetrated about 800 
miles in Western Queensland — the results, he says, in no 
wise cprrespondiog to the hardships he had to endure. 
He then went to Northern Queensland, where he spent 
fohrteen months in constant travel and study, his head- 
quarters from August 1882 to July 1883 being in the valley 
of what he describes as “the short but comparatively 
broad and deep Herbert River,” which flows into the 
Pacifle at about 18° S. lat. From his base on this river 
he made expeditions in various directions, extending in 
some instances to nearly 100 miles, and he repeatedly 
came in contact with savages who had never before been 
visited by a white man. 


It is to the period spent by him in the camps of the 
northern aborigines that Mr. Lumholtz chiefly devotes 
attention in the present volume, and it would hardly be 
possible to praise too highly the manner in which he has 
recorded his experiences. In every part of his narrative 
he displays a remarkable power of keen and accurate 
observation, aod he presents his facts in a style at once 
so fresh and &o simple that from beginning to end the 
reader’s ihterest is maintained. Hitherto students of 
anthropology in Australia have derived their materials 
mainly from the southern part of the continent. Mr. 
Lumholtz, may almost be said, therefore, to have, broken 
new ground, and it is ground which it was well worth 
while to break, for the northern aborigines-^from an 
anthropological point of view — are even more interesting 
than the southern tribes. They are decidedly at an 
earlier stage of development, and many of them have been 
only slightly and indirectly influenced by the ideas of 
European settlers.* 

If there are any survivors of the school of Rousseau, 
who attributed so many fine qualities to “the noble 
savage,” it would be wholesome for them to study what 
Mr. Lumholtz has to tell about the savages of Northern 
Queensland. A more unlovely picture than his descrip- 
tion of these poor people it would hardly be possible to 
imagine. He went to Australia full of sympathy with the 
native*; when be left it, he found that bis interest in 



Fig. X. — Brow-band from Centra] Queensland (i size). 


them was as deep as ever, but that his sympathy bad 
nearly vanished. That they are cannibals is beyond 
doubt. Luckily, they do not take to white flesh ; it has 
too salt a flavour for their taste. But native flesh, when 
they can get it, provides them with the meal they like 
best, and they are quite willing to talk freely about the 
parts which they consider the most delicious morsels. 
They are not only treacherous, but seem to have not the 
faintest idea that treachery is anything to be ashamed of. 
If anyone is kind to them, they at once mistake his 
motive : they fancy that his generosity springs from fear, 
and if this notion gets into their minds, it is time for their 
benefactor to look about him, for they will not scruple to 
kill him in order to obtain possession of his goods. Mr. 
Lumholtz found that, when accompanied by a party of 
natives, it was unsafe for him to walk in front ; he had 
always to bring up the rear, and to keep every one well 
in view. At night, before going to sleep in his tent, he 
had to fire his gun as a reminder that he had the means 
of defending himself. For this weapon they had the 
most profound respect ; also for his revolver, “ the baby 
of the gun.” Thc^ supreme ambition of the native is to 
have as many wives as possible, their number being re- 
garded as a test of his wealth and importance. And he 

' Among Canntbalsi ; an Account of Four Venn’ Travel in Auitrolia, 
and of Camp Life with the Aborigine! of Queensland/' By Carl Lumholtz, 
M.A. With Maps. Coloured Plates, and xaa Illustrations. (I^ndon: John 
Murray, 1889.) we a^e indebted to the kindness the publisher for the use 
of itit cuts reproduced in this article. 

' ieit 


takes good care that they shall not earn his approval too 
easily. All the hard, disagreeable work has to be done 
,by women, and when they excite the displeasure of their 
lords they may think themselves well on if they are not 
severely beaten. 

In every way these savages are creatures of impulse. It 
is difficult for them to fix their attention on anything, and 
they can look ahead only a very short way. Fortunately 
for themselves, they have no intoxicating stimulants, but 
tobacco gives them intense delight, and it was chiefly by 
promising to reward them with small ^udntities of it that 
Mr. Lumholtz was able to secure their services. When 
they have a chance, they gorge themselves with food ; 
and on a hot day they plunge like dogs into water they 
may happen to pass. At' the approach of night they be- 
come timid, trembling at every sound they hear in the 
bush ; but with sunrise all their fears are dispelled, and 
after they have bet:ome thoroughly awake — a rather slow 
process — they are ready for any pleasure that may come 
in their way. It is a happv moment for them when they 
discover a tree in which tnere is honey. This they eat 
with rapture ; and Mr. Lumholtz says he has known cases 
in which they have lived upon it for three days in succes- 
sion. If a savage finds such a tree, and is not able at 
once to take possession of its treasure, , he marks the tree, 
and the mark will be respected by members of his own 
family or clan. There is, however, no conception cor- 
responding to the idea of property, so far as anything^ 
claimed by strangers is concerned. 
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As the people live in small groups, they have, of course, 
the germs or social life; but more than ‘this they can 


scarcely be said to possess. But they have aptitudes 
which have been naturally developed in the circumstances 



Fig. 2.-^Wallaby Hunt. 


in which they spend their lives. They display extra- 
ordinary cleverness in climbing trees, and their sense of 



^ Fig. 3.— Peculiar poeitlon of aatlvee reatiaa. 

smeifis so keen that it is invaluable to them when thev 
are tracking wild animals. In various kinds of handiwork 


they have considerable skill. Fig. i represents a brow- 
band of native workmanship size). This specimen 
however, comes from Central Queensland. The Austra- 
lians are generally supposed to throw the spear well, but 
Mr. Lumholtz never discovered any remarkable ability of 
this sort among the blacks of Herbert River. Fig. 2, 
represents a wallaby hunt, which he had an opportunity 
of seeing. He says : — 

, Soon those who had remained behind spread them- 
selves out, set fire to the grass simultaneously at different 
points, and then quickly joined the rest. The dry grass 
rapidly blazed up, tongues of fire licked the air, dense 



Camlinga ' - ' I I 

come here to-morrow j 

end take Nowwanjun^. 

Fig. 4.-*-Message stick, with interpretation of inscription. 

• 

clouds of smoke rose, and the whole landscape was soon 
enveloped as in a fog. 1 fastened up my horse and went 
into this semi-darkness, watching the blacks, who ran 
about like shadows, casing their spears after the animals 
that fled from the flames. But though many spCars 
whizzed through .the air, and though a large field was 
burned, not a single wallaby was slain.” 

Mr. Lumholtz often noticed natives resting in a most 
peculiar position, represented in Fig. *3. “They stood 
on one foot, and placed the sole of the other on the inside 
of the thigh, a little above the knee. The whole person 
was easily supported by a spear.” This custom is said to 
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prevail among the inhabitants 'of the Soudan and the 
White Nile district. 

A kind of sign lan^age is occasionally used by the 
Australians. It consists of figures scratched on **a 
message stick made of wood, about four to seven inches 
long, and one inch wide. Fig. 4 represents one of these 
sticira. It conveys a message from a black woman named 
Nowwanjung to her husband Carralinga, of the Woongo 
tribe. “ Other message sticks,” says Mr. Lumholtz, “are 


engraved with straight or circular lines in regular patterns 
as in embroidery ; this has caused an entirely different 
view of their significance, which supposes them to be 
merely cards to identify the messenger. This view may 
be correct, but it is not corroborated by my experience on 
Herbert River,” 

Mr. Lumholtz secured a valuable collection of zoological 
specimens, and some of the best passages in his book are 
those relating to this part of his work. Fig. 5 represents 



a young cassowary, which the natives one day brought 
to him, with two eggs. He at once asked the natives to 
guide him to the nest, near which, in a bed of loose 
leaves, he placed the young bird, hoping to attract the old 
one. After the l^se of about ten minutes they suddenly 
heard the voice of the cassowary. This usually sounds 
like thunder, “ but now, when calling its young, it re- 
minded us of the lowing of a cow to its calf.” Soon the 
beautiful blue and red neck of the bird became visible 


BRITISH EARTHQUAKES. 

' T T is somewhat remarkable that the ordinary notion 
-*■ that Great Britain has a special.immunity from serious 
earthquake phenomena, still very generally obtains credit. 
An explanation of this popular fallacy may perhaps be 
found in the simple fact that, on the average, few people 
living at any one time chance to have experienced any 
considerable shock; whilst in the case of those few — we 
except the many who were affected by the disastrous Essex 
earthquake five years ago — who hare felt the sensation, 
as a momentary mental impression it has been soon for- 


among the trees. The creature “ stopped and scanned 
its surroundings carefully in the dense scrub, but a charge 
of No. 3 shot, fired from a distance of fifteen paces, laid 
it low.” Six natives carried home the prize, which proved 
to be an unusually fine specimen of a male. 

We cordially recommend this book to all who take an 
interest in anthropology and zoology, or in incidents 
of travel through unfamilar scenes. They will find in it 
much that cannot fail to give them genuine pleasure. 


gotten. It should, however, by this time be more gener- 
ally known and accepted that no part of the habitable 
globe is entirely exempt from seismic action, and that 
earth-tremors of considerable amplitude and intensity are 
by no means necessarily connected with volcanic disturb- 
ances, as was formerly supposed. When it is duly 
recognized that, at the lowest computation, 600 dis- 
connected shocks are known to have taken place in 
this country during the present era, the popular belief 
respecting ” our tight little island” may well be eVirely 
shaken. This number includes many earthquakes of ron- 
siderable magnitude, and the additional seismological 
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evidence of modern compilations furnishes the testimony 
that as many as six or eight minor shocks 4 iave occurred 
annually in recent years. In evidence of the prevalence of 
such phenomena in England, it should be also remem- 
bered that it was on this island that Prof. George Darwin 
first discovered the fact of the continuous microseismic 
vibration of the earth’s crust. 

The new edition of the late Mr. William Roper’s excel- 
lent summary of the principal earthquakes that have 
been recorded in Great Britain and Ireland during this 
era, which has lately been issued,^ bears witness both 
to the frequency of such 'phenomena, and, even more 
strikingly, to the great advance that has taken place within 
recent years in the study of seismology in Britain. The 
increased attention which has been devoted to the subject 
is doubtless partly due to the extensive shock which 
occurred in this country in 1884. 

The famous Catalogue compiled by Robert Mallet will 
ever remain the cyclopaedic work of reference upon which 
all subsequent earthquake catalogues will necessarily be 
based ; and the name of Mallet, as the authority, naturally 
figures most extensively in Mr. Roper’s list. Until re- 
cently, it may, indeed, be said that the work of Mallet, 
and of M. Alexis Perrey, of Dijon, stood almost alone 
as the historical register of seismic force in the world. 
Within the last few years, however, the valuable experi- 
mental work of Prof. Milne and others in Japan, aflid of 
numerous European and American seismologists, has 
been supplemented by several treatises devoted to British 
earthquakes alone. Some of these publications — as the 
detailed report of the great Essex earthquake, and Mr. 
E. Parfitt’s Devonshire Catalogue — being issued in con- 
nection with particular areas, and by local scientific 
bodies, have had a restricted application ; whilst others, 
as Prof. O’Reilly’s catalogue, and the one just mentioned, 
have included the entire British Islands in their scope. 
It was the intention of the present writer, when engaged, 
in conjunction with Prof. Meldola, upon the Report of the 
East Anglian earthquake,® to furnish a full list of British 
earthquakes ; but, from the quantity of material accumu- 
lated from very many sources, it was found that so ex- 
tensive a catalogue grew entirely out of proportion to 
the purpose of a special monograph, and only those 
disturbances which had similarly caused structural 
damage were included in that memoir. These alone, 
however, number as many as sixty well-authenticated 
records, although Mr. Roper, in his catalogue, which, 
unfortunately, is very scanty in point of detail, oniits fully 
25 per cent, of these injurious shocks. But since his 
catalogue too modestly professes to include only “the 
more remarkable earthquakes,” it is to be expected that 
numerous omissions might be noticed, and we could 
readily add to his list over two or three dozen records 
(both mediaeval and modern) which fully equalled the 
.average intensity of those he has included. In fact, 
while it may be said to form the most comprehensive 
list of British earthquakes that has yet been produced, 
it is incomplete, and it is much to be regretted that 
the compiler did not survive to finish his erudite 
undertaking, as is explained in a prefatory note by 
his son. 

Mr. Roper has, in effect, unconsciously erred unduly 
on the side of moderation, since he includes most of the 
fabulous stories that belong to mediaeval times, while he 
has omitted many important shocks. This recalls a 
somewhat strange incident in connection with the 1884 
earthquake — namely, that more damage actually occurred 
in the out-of-the-way villages chiefly affected by the shock, 
than was ever reported in the London , newspapers — a 
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fact which does credit to the caution exercised by 
the daily press writers at the time. Too much, on the 
other hand, was made of the really slight but widely dis- 
tributed shock which took place on May 30 in the present 
year, when no displacement of furniture nor stoprage of 
clocks then resulted ; the experience being limited to the 
rattling of windows and the swaying of walls, as m^ be 
seen on referring to the summary which appeared in 
Nature for June 6 (pp. 140-42). 

Covering so considerable a period of history, and in- 
cluding so much subject-matter, Mr. Roper’s work cer- 
tainly deserved a more extended treatment than it has 
received. An introductory analytical chapter would 
have added considerably to the interest of such a cata- 
logue, while a fuller elaboration and thorough editing 
would have advantageously extended the work beyond 
its unpretentious limit of fifty pages. The convenient 
method adopted by Mr. Roper of inserting a preliminary 
list of “ principal authorities cited,” is almost compulsory 
in such a work, for the purpose of establishing a code of 
abbreviations for subsequent use in the columns of the 
list ; but the titles are generally given imperfectly or in- 
correctly, without the requisite details of publication, 
while the dates, where given, are not throughout those 
of the original, as they should be, but of later reprints. 
These and similar slight defects are inconvenient in an 
historical treatise, and we hope they may receive attention 
in the event of another edition of this interesting list being 
called for. 

The total number of distinct earthquakes included in 
this catalogue — regarding the series of repeated shocks 
which sometimes take place within a brief period as a 
single record — amounts to 582, and an analysis of these 
records may be of interest here, as furnishing some slight 
indication of the chronological distribution of the chief 
seismic disturbances which have been accounted in 
British annals as having taken place within our area. 
They may, for convenience, be arranged as they occurred 
during each century, and term of 500 years : thus — 


1st century 
2nd 
3rd 
4th 
5 th 
6th 
7th 

8tli 


9 9 
99 
99 
99 
9 9 
99 


• 9tb 
loth 
nth 
12th 


99 

99 

99 

99 


13 th 
14th 
iSth 
i6th 

17th 

18th 

t9th 


99 


99 

99 

99 


„ (to 1889) 



Total during the 1st 


500 years 34 



2nd ,, 28 


» 3 rfl »i 97 

f> 4th „ 423 


It may perhaps be fairly assumed from this table that 
no true estimate of the actual number of shocks happen- 
ing within each period can be arrived at, for the chief . 
reason that the records are entirely subject to the irre- 
gularities of the few capable observers of the early cen- 
turies. It is to be observed that 423 shocks, or nearly 
75 per cent of the total number, have occurred since* 
1600, which may be cqpsidered as the peyod from which 
the more trustworthy accounts commenced. There 4 s po 
reason whatever for supposing that the frequency of 
seismic shocks has increased since that period ; and the 
evidence indicates little more than the activity of the 
observers, who appear to have fallen off considerably^ at 
times, as during the fourteenth and fifteenth centuries. 
This point is worthe-emarking, on account of the mis- 
leading statement that has been more than once made. 
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that the twelfth century was specially subject to earth- 
quakes. 

Since the development of telegraphy, and the conse- 
quent rapid production of daily press news, the means of 
recording such phenomena with prompt accuracy has of 
course been greatly facilitated. This is very apparent 
when the number of shocks which have occurred within 
the present century is apportioned into decades of ten 
years. Thus — 


In 1800-10 there were 9 shocks recorded. 


„ 1811-20 


36 „ 

,, 1821-30 


23 

,, 1831-^40 

f9 

49 ,> 

„ 1841-50 

>9 

27 

,, 1851-60 

9f 

12 ,, 

„ 1861-70 


25 

„ 1871-80 

9> 

iS „ 


„ 1881-88 „ 34 

Making a total number, between i8oo~88, of 233 shocks. 

Although it appears from this artificially divided list 
as if a low decade was followed, as a rule, by a high 
decade, the number being often doubled, no safe compu- 
tation whatever can be inferred ; and the more one 
considers the facts accumulated, the more one feels 
that there is no real evidence upon which the various 
conjectures respecting earthquake periodicity have been 
made. About a dozen only of the numerous Comrie 
shocks are included in the above figures, but even 
this number is sufficient to materially affect any such 
calculation, whilst very many other well-authenticated 
shocks, as already mentioned, are omitted in Mr. 
Roper’s list. With regard to Comrie, in Perthshire, 
it may further be remarked that, during the month 
of October 1839, as many as lixty*six separate shocks 
are reported to have taken place ; and during the years 
1839-42, altogether upwards of 200 vibrations were ex- 
perienced in that district {pide Nature, vol. xxiii. pp. 
117 and 170). 

With regard to the trustworthiness of the earlier records, 
it may be generally assunted that some earth vibration did 
actually take place at the time stated, notwithstanding the 
exaggerations and extraneous notions that were mixed up 
with such phenomena in superstitious times. But whether 
the occurrence was in every case an earthquake in the 
proper sense of the term is open to doubt It is, 
indeed, highly probable that such occurrences as that 
recorded under the date of June 7, 1750, and other 
more recent cases, were not earthquakes at all, but the 
effect of bursting bolides, similar to the phenomenon 
which was described very fully in Symons's Meteorological 
Magazine for December 1887. Others, again, appear to 
have been no more than extensive landslips, or other 
superficial rock displacements resulting from aerial denu- 
dation ; while some others were probably only connected 
with violent storms, or the frost-cannonadings which are 
commonly produced on exposed chalk cliffs during the 
winter season. 

The absurd statements that were made respecting 
some of the older occurrences are evidently either inten- 
tional or unintentional falsehoods ; but many of them con- 
tain so much quaint humour that a few samples are well 
worth quoting. In the year 132 A.D. there was a terrible 
earthquake in England, when *‘men and cattle were 
swallowed up ” ; but this fashion in recording events had 
been set at Ijast twenty-nine years earlier, for in the 
year 103, “ a city is said to have been swallowed up.” 
In 418 there was one that was ** great and general ; then 
famine, plague, hail, snow, cold, and meteors.” In 505 
one lasted for three hours. At about three o’clock on 
August II, io 89 ,cthc>'C ^ terrible one in England, 
which caused great scarcity of fruit, and a late harvest ; 
while twelve years later there was another that terrified 


all England with a horrid spectacle, for buildings were 
lifted up and then again settled as before.” Again, in 
1177, near Darlington, “the earth swelled up to a great 
height from nine in the morning to the setting of the 
sun, and then with aloud noise sank down again ” : there 
was anotheir that took up all the day in 1 1 10 : while on 
September ii, 1275, a great earthquake was felt in New- 
castle, with “ dreadful thunder and lightning, blazing stars, 
and a comet, .... with the appearance of a great 
dragon, which terrified the people between the first' and 
third hour of the day.” This savours somewhat of the 
Chinese dragon fables, while some others almost match 
the deluge of Noah in their vast extent. In 974, for 
instance, “ a ^reat one shook the whole of England ” ; 
while earlier still, in 856, one occurred “ over the greatest 
part of the known world.” In 1133, “in manie parts of 
England an earthquake was felt so that it was thought 
that the earth would have sunke under the feete of men, 
w'ith such a sound as was horrible to heare.” In 1290, 
there was one felt in England that was described as 
being “nearly universal (!) in Europe” ; while we are 
assured, with circumstantial evidence, that, in the year 
1426, “ on the even of St. Michael the Archangel, in the 
morning before day, betwixt the hours of one and two of 
the clocke, beganne a terrible earthquake, with lightning 
and thunder, which continued the space of two noures, 
and*was universal through the world. The unreasonable 
beasts rored and drewe to the townes with hideous noise ; 
also the fowls of the ayre likewise cried out.” 

Space does not permit of other equally curious accounts, 
as marvellous almost as the more primitive traditions of 
patriarchal times regarding the vindictive forces of Nature. 

Whatever may be said about the accompaniments and 
absurd effects which have been ascribed to earthquake 
action, the majority of those shocks which are recorded 
as having caused damage to buildings may fairly be set 
down as facts, and although they may have occasionally 
been exaggerated, some of the details are generally 
authentically described. 

A curious problem may be raised with regard to the 
effect of earthquakes upon river courses. That shoals 
have frequently ' been produced along marine coasts is 
well known, a striking case being that which happened 
early in January 1885, off Malta, to the extent of danger- 
ously affecting navigation ; but there are several accounts 
which agree in the assertion that the beds of such navi- 
gable streams as the Trent and the Thames have been 
temporarily raised by local earthquakes so as to permit 
of people “ passing over dry-shod.” What became of the 
river course during the operation is a problem that does 
not appear to have required solution. Yet sufficient 
circumstantial evidence has been produced, in connection 
with the shock in nio at Nottingham, and in 1158 at 
London, to almost warrant the idea that a certain amount 
of credence may be given to the stories. Whether it 
may be inferred from such statements that a change in 
the bed of the rivers in question then took place is doubtful, 
as history yields us no information on the point. 

As a general statement we may safely infer finally that 
earthquakes in Great Britain, including the microseism ic 
disturbances which are now so frequently recorded, were 
as common in the past as in the present period of more 
scientific observation ; though, fortunately, such calamitous 
results as attended the catastrophe in Essex within recent 
times continue to be rare. It is still a matter for regret, 
however, that no steps have yet been taken to establish 
seismographs in different parts of this country. Until 
this is done, the chance records of various individuals — 
whose impressions, being inevitably affected more or less 
by the personal equation, produce only doubtful data — 
must continue to take the place of jirecise observation 

William WhiVe. 
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EFFECT OF OIL ON DISTURBED WATER. 

• • 

G enerally speaking, proverbs are the resultant 
expression of observed facts, but the efficacy of 
oil upon troubled waters would appear to be a proverb 
which, instead of being preceded bv and founded upon 
trial and experiment, has rather led to the scientific de- 
monstration and establishment of the truth it asserts. 
From the very earliest ages the effect of oil when poured 
upon disturbed water appears to have been widely known. 
Aristotle mentions it, and accounts for the phenomenon 
by assuming that the thin film of oleaginous matter into 
which oil resolves itself when poured upon water pre- 
vents the wind from obtaining a hold upon the water, 
and so checks the wave formations which are the usual 
results of wind at sea. Pliny, too, observes that among 
the officers of his fleet the soothing influence of oil was 
matter of common knowledge, and that the Assyrian 
divers were in the habit of sprinkling the surface water 
with oil when they wished to smooth down ripples, and 
so obtain a better light for prosecuting their work below. 
Coming down to more recent times, the custom of oiling 
the waves with a view to facilitate navigation would ap- 
pear to have fallen into desuetude. Benjamin Franklin, 
however, seems to have been led, from observing the 
effect of pouring overboard some greasy water, to test 
its potency in a thoroughly scientific manner, whfti on a 
voyage across the Atlantic. Having experimented with 
great success upon the surface of a pond near London, 
he tested the effects of oil upon the sea itself. A 
stormy day was chosen, and from a boat, some half a 
mile from the beach at Portsmouth, oil was poured 
upon the sea. The experiment met with a very small 
share of success, for, while a greasy patch of water 
was discernible right to the shore, the surf con- 
tinued to break upon the beach with unabated vigour. 
Subsequent and recent investigation has confirmed 
Franklin’s finding, and proved that the greatest benefit 
derived from the use of oil is obtainable in deep water, 
where wave-motion is merely undulatory. When a shore- 
approaching wave ceases to find enough depth to impart 
to its neighbour its peculiar undulatory motion, it is no 
longer a wave pure and simple, but becomes an actual 
moving body of water which moves rapidly forward, 
until it breaks with great violence upon the shore ; upon 
such waves as these, oil has little or no effect. 

The knowledge of the influence of oil upon a rough sea 
has long been known to those engaged in the whale andi 
seal fisheries, and its application is of common occurrence. 
When their vessels or boats are overtaken by a storm, 
they usually, by means of a drogue or sea anchor, make 
what is nautically termed a dead drift, i.e. they suffer 
themselves to be slowly drifted before the wind. In such, 
circumstances as these, the application of oil to the waves 
insures that the area into which the boat drifts is one of 
calm, as the oil spreads more rapidly than the boat 
moves, and consequently prepares a smooth patch for 
the vessel to drift into. If the captain, however, prefers 
to run his vessel before the wind, then she ranges ahead 
of the oiled patch, and thus the effect of oiling the waves 
is very materially discounted., 

The native Eskimo, when engaged in transporting 
his family from place to place, always insures a sinooth. 
passage for the oomiak., or women’s boat, by trailing a 
punctured skin filled with oil from the stern of hiikayak, 
which he propels at some consi<}erable distance ahead of 
the boat containing his wife and children. ’ , . 

Within the last twenty years many well-authenticated 
instances have been placed oh record as to the potency 
of oil as a water-soother, but unfortunately the value of 
sucl^eports is very much diminished hy the ship-masters 
noi^ctinx to explain the relative position of their vewel 
in regard to the wind and sea. The British warship 
Swiftsure^ when on a voyage from Honolulu to Esqui- 


mault, encountered a gale accompanied by tremendous 
seas. A bag, punctured with the point of a knife, was 
filled with oil and rigged out on the weather side of the 
vessel. This had such a marked effect, that the vessel 
rode bravely through the gale, and reached her destina- 
tion in perfect safety. On October 8, 1880, a Mr. Fonda- 
caro left Monte Video for Naples in a three-toA boat. 
He arrived at Malaga on February 4, 1881. On his 
voyage across the Atlantic, he had repeatedly to lay-to 
during stress of weather, and reports that he considered 
his safe arrival entirely due to his use of oil. A gallon of 
olive-oil would last him, when hove-to, for twenty-four 
hours. He gives it as his experience that oil does not, 
diminish the size of the waves, but renders them compara- 
tively harmless by preventing their breaking. There is 
a consensus of opinion among those who have tested 
the use of oil, that a small quantity is quite as efficacious 
as a larger one, a consumption of one pint per hour 
being sufficient. Small as this quantity is, the ex- 
treme expansibility of oil when floating upon the water 
renders it quite adequate. Thus a ship running 10 knots 
an hour will leave behind her a wake some 10 knots by 
40 feet, covered with a thin film of oil. 

The Dunkirk Chamber of Commerce, fully alive to 
the vast importance of the use of oil as materially con- 
ducing to safe navigation, have just reported on the 
results of some tests made at their direction among 
the French fishing fleet off Iceland. One master reports 
that by its use he was enabled to ride out successfully a 
prolonged and severe spell of bad weather, which com- 
pelled his confreres to run to port until the weather 
moderated. The Chamber rewarded him with too francs. 
Other captains who have reported in detail the result of 
their experiments, agree with him in stating that, for 
small vessels experiencing stress • of weather in deep 
water, the use of oil cannot be too highly recom- 
mended. 

Nor is the utility of oil confined alone to this branch 
of marine navigation. Advices just received from New 
York furnish some interesting particulars relative to the 
towage of the disabled steamship Italia of the Ham- 
burg American Company. The Italia broke her shaft 
whilst proceeding from Havre to New York. In this 
condition she was taken in tow by the Gellerty of the 
same company. The towing hawsers — 6-inch steel wire — 
were lengthened by heavy chain cables until the distance 
between the two vessels was increased to 1000 feet. 
Unfortunately, a heavy gale from the north-west caused 
a dangerous sea to arise, and it was feared that 
the Italia would have to be abandoned. As a last 
resort, a can of oil with a small hole in the bottom was 
set over the stern of the Gellert. The effect, according to 
the master. Captain Kampf, was magical. The seas broke 
over the bows of the Italia with much less fury, merely 
surging past in a heavy swell, while the tension on the 
cable was immediately relieved, and the Gellert was 
enabled, in spite of continued bad weather, to reach New 
York in safety, having towed her charge continuously for 
the distance of 750 miles. Possibly many cases of aban- 
doned towages in bad weather might be averted did the 
masters of tugs but try the effect of a little oil prior to 
casting the vessel adrift. 

The true part played by this oleaginous film in 
diminishing the disturbance of the sea seems to be that of 
a lubricant. Waves are formed by the friction of wind 
and water. , Any force, therefore, that t^nds to lessen the 
friction reduces the Violence of the waves. As far as Js 
at present known, animal or the heavier vegetable oils 
form the be.st lubricant between the two elements. 
Mineral or fossil oils, which possess less viscosity and 
are less oleaginous in their mechanical properties, ncert 
much less influence upon the water. This anti-frictional 
force of oil can hgfdly be over-estimated. The Atlantic 
waves have been calculated to exert an average pressure 
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during the winter months of 2086 pounds per square foot. 
During a heavy gale this pressure is increased to 6983 
pounds ; yet the thin oil blanket is sufficient, when applied 
under certain conditions, to enable a vessel to navigate 
through them in perfect safety, their oiled summits raising 
themselves in sullen grandeur, but never breaking aboard. 
What* the exact coefficient of friction between air In 
motion and water is, and the proportion of its reduction 
by oil or other lubricants, are questions that open up a 
most interesting subject of inquiry, the resolution of 
which will prove highly benehcial to the whole nautical 
and mercantile world. 

^ Numerous experiments have been made with a view to 
testing the utility of oil in smoothing the approaches to 
exposed harbours in rough weather. The tests undertaken 
at Peterhead have met with unqualified success. The 
modus operandi has been to lay leaden pipes along the 
bottom of the harbour, taking care to keep the pipes 
sfationary by means of concrete. The pipe is provided 
with numerous roses for disseminating the oil. When 
rough weather comes on, oil is forced along the pipes, 
and it escapes into the water through the apertures 
provided, and then, its specific gravity being less than 
that of water, it rises to the surface and quickly renders 
the sea less turbulent and the passage into the harbour 
^uite safe. Another method employed to render safe 
ingress into harbours in bad weather is that of firing out 
to sea an oil-carrying projectile. This consists of a heavy 
tin tube weighted with lead at one end. The tube is 
filled with two or three quarts of oil, and the aperture 
stopped. When the projectile is fired from a gun or 
mortar, it reverses, and, the time-fuse exploding, the 
powder blows out the plug, and the liberated oil falls 
into the sea. A series of experiments, conducted by a 
Committee appointed by the Umted States Life-saving 
Service to inquire into the practical utility of oil-carrying 
projectiles, goes to confirm the statepient made above, viz. 
that the power of oil to subdue the force of the waves in 
shoal water, or to prevent the waves breaking in surf, is 
very small indeed. There is one point, however, upon 
which ail authorities who have tested the use of oil at 
sea are agreed. As an adjunct to the equipment of ships’ 
boats it is simply invaluable. Many a shipwrecked crew 
have been enabled to keep their frail craft afloat until 
land was reached or a rescue effected, solely by its use. 
Nothing is more common among the records of ship- 
wrecks than to read of the small boats either being 
swamped while at the vessel’s side, or capsizing through 
stress of weather. In January 1884 the Cambria emi- 
grant ship was run into bv the Sultan in the North Sea, 
and, out of 522 on board, 416 were drowned. Of the 
four starboard boats, no less than three capsized, and all 
their occupants perished. In the collision in the Channel 
between the Forest and Avalanche^ two out of three boats 
which left the Forest were swamped, and all on board 
lost their lives. These are but two instances out of many 
where lives might have been saved by the use of a little 
oil. 

The subject of saving endangered life at sea is one that 
always enlists the deepest sympathies of all sorts and 
conditions of men. The perusal of the “ Annual Wreck 
Chart,” published by the Board of Trade, or of the 
lamentable records of personal sorrows and destitution 
consequent upon the disasters around our coasts, sug- 
gests the possibility that the loss of life might be con- 
siderably reducet^ oy a practical knowledge of the best 
methods of applying oil during stonfis at sea. We think 
that much might be done by its use to facilitate the 
launching of boats from distressed vessels, and their safe 
subsequent navigation. Harbours of refuge on exposed 
coasts might be estat>lished at a very small cost. 

In one department alone of our maritime industry, 
deep-sea fishing many lives might J>e saved. At pre- 
sent, thb mortality among the carriers, i.e. those engaged 


in carrying in small boats the fish from the smacks to the 
steam despatchrboats, is very great. Their boats might be 
equipped, at a very low cost, with oil-tanks or oil-bags to be 
used when trans-shipments are being effected in heavy 
weather. Already the Governments of the United States 
^d Germany have realized the vast importance of this sub- 
ject, and have instituted an exhaustive series of experiments 
with the view of rendering compulsory the carrying of 
oil for use as a life-saving equipment. When that com- 
plex and overburdened instrument of government, the 
Dom'd of Trade, was asked in Parliament to cause experi- 
ments to be made relative to the use of oil at sea, the reply 
was, that there were no funds available for the pur- 
pose ; that the Board could not spend money or become 
investors in such schemes. The Consultative Committee 
appointed under the Life-saving Appliances Act of last 
year have, however, suggested oil-bags, among other 
equipments, to be carried by boats and rafts. At the 
International Maritime Conference at Washin^^ton, U.S., 
this subject has received the attention its importance 
merits. Further, the National Life-boat Institution and 
the National Sea Fisheries Protection Association have 
amalgamated their forces with a view to testing the efficacy 
of oil, but as yet the results of their investigations have 
not been published. While it is very gr,atifying to know 
that the man of science and the philanthropist are ready 
to explore the practical utility of this question, we 
cannot hope for any satisfying material results until the 
Board of Trade sees its way to take administrative 
action in the matter, and to deal in a fitting manner with 
a question that is so indissolubly connected with the 
interests of all classes of this great mercantile community. 

Richard Beynon. 


RECENT OBSERVATIONS OF JUPITER. 

O BSERVATIONS of Jupiter have been conducted 
under great difficulties during the past opposition 
in consequence of the low altitude of the planet. His 
elevation, even at meridian passage, has only been about 
ifi”, as observed in this country, so that the study of 
his surface markings has been much interrupted by the 
bad definition which ususdly affects objects not far re- 
moved from the haze and vapours on the horizon. It is,, 
however, important that planetary features, especially 
those which exhibit changes of form and motion, should 
be watched as persistently as circumstances allow, and 
I* with this purpose in view Jupiter has been submitted to 
telescopic scrutiny whenever the atmosphere offered 
facilities for such work during the past summer and 
autumn. Few opportunities occurred, however, during the 
latter season owing to the g^eat prevalence of clouds, and 
on'the several nights sufficiently clear for the purpose, the 
atmosphere was unsteady and the definition indifferent ; 
thus the more delicate lineaments of the planet’s surface 
could be rarely observed with satisfactory distinctness. 

The great red spot was visible on the night of May 21, 
1889, and it was estimated to be on the central meridian 
at i2h. 31m. Further views of the same object were 
secured in June, July, and later months. In appearance 
and form it presentea much the same aspect as in pre- 
ceding years. Its elliptical outline is still preserved, and 
there seems to have occurred no perceptible change in its 
size. It is somewhat faint relatively to the very con- 
spicuous belts north of it, and it is only on a good night 
that it can be well recognized as a complete ellipse with a 
dusky interiot'. On the evening of September 12 last, I 
obtained an excellent view of it with my lo-inch reflector,. 

} )ower 252. The spot was central at 6h. 33m., and its 
bllowing end was seen to be much the darkest. This has 
usually been the case, and I have often noticed a very 
small, black spot at this extremity. Another obsen^on 
was effected on the early evening of November 26, when 
the spot crossed the planet’s centre at 3h. 54m., but the 
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exact time was a little uncertain, the conditions being far 
from favourable. Possibly the spot may have effected its 
passage a little before this time, as from several views of 
the following end of this object at about 4h. 30m., I con- 
cluded my estimate might be a trifle late, but in any case 
the error would be smjul. 

Comparing the observation on November 26 with that 
recorded on May 21, it will be found that in the interval 
of 188*64 days the red spot completed 456 rotations, and 
that its mean period was 9h. 55m. 40*155. This is nearly 
identical with the rotation period I found for the same 
object in 1888, when it was ph. 55m. 40*243. (462 rotations), 
and in 1887, when the figures were 9h. 55m. 40*53. It is 
evident from these several determinations that during the 
last three oppositions the motion of the spot has been 
very consistent and equable. There has been a slight 
acceleration perhaps in velocity, inducing the rotation 
period to become a little shorter, but the differences are 
so small that they may well be covered by the observa- 
tional errors which cannot be altogether eliminated from 
work of this character, and particularly at a time when 
the object observed is unfavourably placed. In any case 
the red spot has rotated with more celerity during the last 
year or two than in 1886, when its mean period was 
9h. 55m. 41 ’IS., to which it had gradually increased from 
9h. 55m. 34*2s. in 1879-80. These variations of motion 
may be regularly effected in a cycle, and it will bb very 
important if future observations can determine the exact 
period. 

The white spots near the equator of Jupiter are still 
occasionally visible, but it has not been feasible to secure 
views of them of a sufficiently exact nature to deduce 
their rotations. In recent years the apparent velocity of 
these objects has been decreasing, for while in the autumn 
of 1880 their period was qh. 50m. 6s., it was found, from 
many observations of similar markings by Mr. A. Stanley 
Williams, of Brighton, in 1887, that it had increased to 
9h. 50m. 22*4s. 

.Since 1884 a number of white spots have been also 
observed on the northern borders of the great northern 
equatorial belt. The period of these is but very slightly 
less than that of the red spot. On September 12, I ob- 
served one of these situated in a longitude not far pre- 
ceding the west end of the red spot, and it appeared to 
have divided the equatorial belt with a vein of bright 
material. There was another object of the same kind 
following the red spot, but in this case the continuit)'] of 
the belt was not interrupted, the bright matter appearing «| 
as a slight indentation in its northern side. These mark- 
ings are shown in a drawing of Jupiter made by Mr. 
Keder with the great Lick refractor, power 315, on 
September 5 last, but they are not delineated in quite 
the same characters as seen here. The drawing alluded 
to is perhaps the best and the most replete with detail of 
any I have ever seen of this planet, and it furnishes clear 
testimony that the defining properties of the 36-inch 
telescope are of the highest order. 

The curiously curved belt immediately north of the red 
spot is still one of the most prominent features on the 
planet's disk. It forms the southern half of the great 
south equatorial belt which is double. Under the ends 
of the red spot it suddenly dips to the north and runs 
into the other half of the belt. In recent years the 
curved belt has been very dark and pronounced in the 
region contiguous to the following end of the red spot, 
and upon its crest there have been condensations of 
extremely dark matter. Under the precedihg end of the 
spot this belt is, however, more delicate in tone, and it 
looks like a mere pencil shading. 

During the few ensuing years these interesting features 
may he studied to greater effect, as the planet will assume 
a n^re northerly position, and rise above the vaporous 
undulations which have recently much interfered with 
observations of his surface. W. F. Denninc. 


NOTES. 

Dr. Archibald Gbikie, F.R.S., has just received a diploma 
of membership of the Kaiserlich Leopoldinisch-Carolinisch 
Deutsche Akademie der Naturforscher, the oldest scientific 
Society of Germany. 

Sir John Lubbock’s name appears in the list of those who 
have received New Year’s honours and appointments. He has 
been made a member of the Privy Council. A baronetcy has 
been conferred on William Scovell Savory, F. R. S., President 
of the Royal College of Surgeons. 

The Paris municipality proposes to do honour to the memory 
of Darwin by naming a new street after him. 

A Committee has been formed in Paris for the puq>ose of 
preparing the way for the erection of a statue of the late M. 
Boussingault. Flis scientific researches were of so much serviee 
to industry, especially to agriculture, that the Committee ought 
to have little difficulty in obtaining the necessary funds. 

The death of Sir Henry Yule, which we regret to have to 
record, is a great loss to geographical science. He died on 
Monday, in his seventieth year. His masterpiece was his 
splendid edition of the ‘^Book of Ser Marco Polo” — a work 
to the permanent value of which he added largely by his 
learned and luminous notes. 

We regret to announce the death, after an illness which lasted 
some months, of M. Eugene Deslongchamps, of the Chateau 
Mathieu, Calvados. He was formerly Professor of Zoology and 
Palaeontology at the Faculty of Sciences at Caen, and a member 
of the committee of the ^^Palaeontologie Fran9aise.” He was the 
son of the celebrated Frencfi palaeontologist, Prof. Eudes- Deslong- 
champs, and published several memoirs on the palceontological 
fauna of Normandy, ranging from Brachiopoda to the Crocodilia. 
His best known memoirs are the Prodrome dcs Teleosauriens 
du Cavaldos ” and ** Les Brachiopodes des Terrains Jurassiques.” 

German papers announce the death of Dr. Karl Edward 
Venus, an eminent entomologist, and founder of the Entomo- 
logical Society “ Iris,” at Dresden. He died on December 13. 

The Congress of Russian men of science and physicians is 
now holding its eighth meeting. Work began on December 28, 
and will go on until January 7. 

The general meeting of the Association for the Improvement 
of Geometrical Teaching will be held in the Botanical Theatre, 
University College, London, on Friday, January 17. At the morn- 
ing sitting (II a.m.) the reports of the Council and the Commit- 
tees will be read, the new ofRcers will be elected, and various 
candidates will be proposed for election as members of the Asso- 
ciation. After an adjournment for luncheon at i p.m., members 
will reassemble for the afternoon sitting (2 p.m. ), at which papers 
will be read by the Rev. Dr. C. Taylor, on A New Treatment 
of the Hyperbola” ; by Mr. G. Heppel, on “ The Teaching of 
Trigonometry;” by Mr. E. M. Langley, on ‘*Some Geome- 
trical Theorems”; and by the President (Prof. Minchin), on. 

•• Statics and Geometry.” 

The Annual Conference of the Principals of the University 
Colleges was held on Tuesday at the Durham College of Science 
Newcastle-upon-Tyne, Principal Garnett occupying the chair. 
The Principals were subsequently entertained, at dinner i^y^the 
chairman. Several questions affecting, the interests of *the 
Colleges collectively were discussed at the meeting, and it was 
decided on the invitation of Principal Reichel that the next 
gathering should be held at University College, Bangor. 

The Paris Municipfil Council has lately instituted two new 
scientific chairs in the Hotel de Ville. One of them is devoted 
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to the study of the history of religions. The other is a Chair of 
Biology, and has been entrusted to Prof. Pouchet, of the Natural 
History Museum, who delivers a course of general lectures on 
the fundamental ideas relating to zoology, anatomy, life, &c. 

At a meeting of the Senate of the University of Sydney, on 
NovemT^er 4, 1889, a letter from Dr. Ilaswell was read, inti- 
mating his acceptance of the Senate’s offer of the Challis Pro- 
fessorship of Biology, to take effect from March 1, 1890. 

At the annual meeting of the Manx Geological Society ott 
December 28, in the Peel Grammar School, Dr. Haviland, the 
.retiring President, referred with pleasure to the fact that early in 
the summer Mr. Robert Russell had been sent to prosecute the • 
geological survey of the Isle of Man. Dr. Haviland was also 
able to congratulate Peel on the prospect of a system of technical 
education being established in Christian’s School, under the 
aif pices of the Cloth Workers’ Company and Sir Owen Roberts, j 

Mr. a. V. Garratt, Secretary of the American National 
Electric Light Association, has sent to the members a circular 
letter, asking them to state briefly the hardest electrical problems 
they meet in their investigations or in the conduct of their elec- 
trical business. He asks them also to slate what feature of their 
business is the least economical or efficient, and why, and where 
the greatest economy could be effected if the difficulty could be 
overcome. The answers to these queries will be digested, and 
the results submitted to Prof. Henry A. Rowland, of Johns 
Hopkins University, Prof. Rowland has con'^ented to address 
the next Electric Light Convention at Kansas City in February, 
basing his remarks upon the problems suggested by the members, 
and pointing out the direction in whiqh their solution must be 
sought. c 

M. Victor Giraud, the African explorer, has just published 
the narrative of his explorations in the African Lake Region 
from 1883 to 1889. The work contains many illustrations. 

The fourth volume of M. Grandeau’s ** Etudes Agrono- 
miques,” just issued, contains a review of British and American 
agriculture, as represented at the Paris Exhibition. 

An historical sketch of the geographical works relating to 
Russia has been compiled by Baron Kaulbars under the auspices 
of the Imperial Geographical Society of Russia, in which the 
author endeavours to show the respective parts played by the 
army and navy, with various scientific societies, in the exploration 
and representation of the Empire. Beginning with the map 
found by Dr. Michof in St. Mark’s library, Venice, only five 
years ago, and dating back to 1525, he traces all the labours^ 
geographic and geodetic, referring to Russia. The astronomer 
Struve figures well among the latter workers in the measure- 
ments of various meridian arcs and the determination of 
differences of longitude, whilst few can speak with more authority 
than Colonel Baron Kaulbars himself on the geographical portion. 
Hydrographical labours began with Peter the Great, and all 
similar undertakings completed by the Russian navy have been 
brought together ; the bibliographical sketch commencing with 
the Baltic Sea, as being the most important in the history of the 
navy. In the chapter chronicling the works of scientific societies, 
accounts are given of the many explorations into Siberia and 
Arctic regions. A long and complete list of all maps due 
to Russian topographers is also given in historical sequence, 
together with the various scales used. 

The Report of the Kew Committee for the year ending 
October 31 last* contain^ an interesting account of the experi- 
ments carried on at the Kew Observatory ; the list of instru- 
ments verified, especially clinical thermome^ters, Navy telescopes 


and sextants, and of chronometers and watches rated, is a suf. 
ficient test of the value set upon the certificates given. The 
death of Mr. De la Rue, the Chairman of the Committee, will 
be much felt, as he was one of the most munificent benefactors 
of the Observatory, and it was at his suggestion that the first 
photoheliograph . was constructed and brought into use there. 
The complete sets of magnetic, meteorological, and electrical 
instruments have been kept in perfect working order, and sum- 
maries of the results for the year’s working are given in the 
appendices to the Report. Sketches of sun-spots have been 
made on 173 days, and the collection of solar negatives taken 
between 1858 and 1872 have been handed over to the Solar 
Physics Committee, with a view to their utilization. A good 
whirling machine has been erected, for the purpose of examining 
the accuracy of small anemometers and of the air-meters em- 
ployed in measuring air-currents in mine-shafts, &c. In accord- 
ance with a resolution of the International Meteorological 
Committee, a thermometer of very low range has been con- 
structed, to be used as a standard spirit thermometer for 
temperatures ranging from zero to about -70'’ C. 

Messrs. Sampson Low have issued, with Mr. .Stanley’s 
permission, a shilling volume, containing “The Story of Emin’s 
Rescue as told in Stanley’s Letters.” It has been edited V>y 
Mr. K^tie, who contributes an introduction bringing the narra- 
tive of the Emin Pasha Relief Expedition up to the date at 
which the first of Mr. Stanley’s letters was received. A map, 
showing Mr. Stanley’s routes and discoveries, is included in the 
volume. 

At the meeting of the Photographic Society on December 10^ 
Mr. G. M. Whipple read an interesting and valuable paper on 
photography in relation to meteorology. There are now 32 
observatories — 8 in this country, 7 in the colonies, and 17 
abroad — in which photographic apparatus is used for meteoro- 
logical observations. 

At the meeting of the French Meteorological Society of 
December 3, 1889, M. Wada gave an account of the cyclone 
which ravaged the southern and eastern part of Japan on Sept- 
ember II and 12 last. The centre of the storm followed a 
coarse towards N. 35® E., progressing at a rate of 30 to 43 
miles an hour, the velocity of the wind reaching 65 miles an 
^our. The barometer fell to 28*23 inches — a reading which is 
only known to have occurred once before in Japan. This storm 
raised an enormous wave, said to have been nearly 20 feet above 
high-water mark, and which carried away 3000 houses. M. 
Ritter explained his experiments upon the artificial production 
of clouds in liquids and gases. With regard to the clouds in 
the atmosphere, the author distinguishes two principal kinds — 
viz. (i) the stratus” and semi-transparent mist, and (2) the or- 
dinary forms, such as “cumulus,” &c., and he deals with them 
from two points of view : the diffusion of vapour according to 
Dalton’s law, and the transference of clouds by the movement 
of the air. He referred to the different i^esults produced from 
these conditions, with regard to suspension in the atmosphere, 
&c. The details of the paper will be published in the Annuairt 
of the Society. 

The jaarbeek of the Royal Meteorological Institute of the 
Netherlands for 1888 is the fortieth of the series, and contains, 
in addition to the daily observations and summaries at various 
stations a summary of phenological observations for 1879-889 . 
and observations at Partmaribo, Jeddah, and from the Upper 
Congo. The preface contains an explanation of the conventional 
signs used in this long series, and of the curious errors w^^ch 
have occurred from time to time ; a reference to this volume is 
therefore necessary to anyone who wishes to make use of the 
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observations of previous years^ as the errors are not all typo- 
graphical ; for instance, the wind is given* during a year and 
eight months in kilometres per hour instead of i kilometres. 
But, notwithstanding certain defects and peculiarities of methods, 
the Institute has been consistent in keeping to one and the 
same plan, from a period at which the publication of systematic 
observations was in its infancy. 

The trustees of the Missouri Botanical Garden, in accord- 
ance with the intention of its founder, have set a good example 
by establishing six scholarships for garden pupils, the object 
being to provide theoretical and practical instruction for young 
men desirous of becoming gardeners. The course of instruction 
will extend over six years, and will include thorough training in 
every department of work in which practical gardeners are 
interested. 

From the latest Report of the School of Mines and Industries 
at Bendigo, Victoria, we are glad to learn that this institution 
continues to make steady progress. In 1883-84 it had 324 
students. The number in 1888-89 was 799. This shows, as 
the Council fairly claim, that the efforts of the school to supply 
scientific and technical education to miners, engineers, assayers, 
architects, pharmacists, artisans, art students, and others are 
thoroughly appreciated in Australia. Some of the students 
hail from Queensland, South Australia, and other distant jihrts. 

The fifth part of the second volume of the Internationales 
Archiv fiir Ethffographie has been issued. It maintains in 
all respects the high level reached by previous numbers. 
Among the contributions are an article in German, by F. 
Grabowsky, on death, burial, and the funeral festival among the 
Dajaks ; and one in English, by Prof. H. H. Giglioli, on a 
singular obsidian scraper used at present by some of the Galla 
tribes in southern Shoa. 

At a meeting of the Philosophical Institute of Canterbury, 
New Zealani, on October 3, Mr. H. O. Forbes, Director of the 
Canterbury Museum, Christchurch, described an extinct species 
of swan from osteological remains which he had discovered while 
excavating a cave recently exposed at Sumner, on the estuary of 
the Heathcote and Avon Rivers, a few miles distant from Christ^ 
church. The cave had been entirely concealed by the falling in 
of the basaltic rock overhanging the entrance. This great heap 
of dibris had been there since the arrival of the first .settlers at 
Canterbury, and had been quarried from for twenty-five years for 
the making of roads, without any trace of a cave being exposed 
till about the beginning of September. When the cave was first 
entered, there were found on the surface a few Moa bones, and 
various Maori implements — a well-made paddle, an ornamental 
baler, numerous greenstone adzes, obsidian flake scrapers, 
shell-openers, and ornaments carefully polished. In some of the 
latter, small holes for suspending them round the neck were 
drilled in the most beautiful manner. It is difficult to conjecture 
how the Maoris had accomplished this when European workers 
in greenstone find it a laWious process even with, and im- 
possible without, a diamond drill. Besides these greenstone 
objects, there was a great quantity of fishing paraphernalia — 
stone suckers, fish-hooks of all sizes made out of Moa and other 
bones — all carefully and elaborately fashioned. Some of the 
larger fish-hooks were carved out of bones which mhst have 
belonged to a Dinornis of great sire. ^On the floor of the cave 
was also found a well-carved representation in wood of a dog, 
which seems to have formed the terminating ornament of a 
paddle-handle — evidence that the Maoris were well acquainted 
with this animal. The femur of the Maori rat and a portion of 
the skin ^vered with dense reddish fur in perfect preservation 
were pJso obtained. A quantity of human hair was scattered 
about, both on the floor and in the kitchen midden in front of 
the cave. This midden was composed chiefly of marine shells 


of many kinds, and of the remains of fires and feasts. One 
large lock of long hair — evidently a woman’s — ^was discovered in 
the midden tied up with great care at both ends with plaited 
flax, and incased in a plaited flax pocket. Some very fine bone 
needles also were come upon, but little thicker than steel 
needles, with an eye exquisitely drilled. There were, besides 
Moa bones, those of many other species of birds, of dogs, 
of fish, of seals (both fur and hair), and sea elephants 
— all of which had been used for food, but no human 
bones. Of the ornithic remains, some apparently belong to 
species now extinct in New Zealand, and not yet described. 
The bones and ^g-shells of the Moa show incontestably 
that the Maori and ^t were contemporaneous. The geological 
{ evidence would seem to indicate that this cave was of consider- 
j able antiquity, and was inhabited at intervals for a long period 
I of time. Several fire-places occur interstratified with bands of 
I silt, as if the cave had been inhabited and then flooded many* 
times. Definite conclusions on the geological evidence have 
not yet been arrived at. The swan bones discovered consist of 
three complete coracoids, the proximal and distal portions of 
the humerus sufficient to complete the whole bone. They differ 
very little from those of the Chenopis atrata of Australia, except 
in their greater size. The new species has been named Chenopis 
sumnerensis. It is smaller, however, than a species of swan 
discovered— as a complete skeleton— many years ago in Otago, 
some 18 feet below the surface of the ground, when the foundation 
for a house was being dug in Dunedin. This Sumner cave has 
been closed since before the introduction of the Chenopis atrata 
into New Zealand. The extension, therefore, of the Cygnidae to 
New Zealand is a very interesting fact in ornithology. A 
similar cave, but far distant from the present one, was excavated 
and examined by Sir Julius von Haast (Mr.'Forbes’s predecessor) 
many years ago. Of the bones found in it, the Moa remains 
were fully described by their discoverer, but none belong- 
ing to the smaller birds have as yet been described. These 
with the osteological collections disinterred from the Glenmark 
and Hamilton swamps, and from the Earnscleugh Cave, will 
form the subject of a future paper by Mr. Forbes before the 
Institute. 

In a previous paper before the Philosophical Institute of 
Canterbury, Mr. Forbes pointed out that the bone figured by 
Prof. Owen on plate ciii. of his Extinct Birds of New Zealand ” 
as the coracoid of the Cnemiornis^ belongs with little doubt to 
Aptornis, The coracoid of Cnemiornis^ of which there are 
numerous specimens in the Christchurch and Otago Museums, is 
of the typical anserine form, and closely resembles that of 
Cereopsis. The coraco-clavicular angle in Aptornis approached 

130^ 

The following curious instance of inheritance of an acquired 
mental peculiarity is given by Pastor Handtmann, of Seedorf by 
Lenzen on the Elbe, in the Korrespondenzblatt of the German 
Anthropological Society. When acting as substitute for a few 
months in 1868, in the parish of Groben, in Brandenburg, he 
there met a farmer named Lowendorf, who, when he signed his 
name officially in connection with the school, always wrote his • 
Christian name ‘^Austug’* instead of ‘‘August.’’ Some years 
later, the writer was inspecting this school, and heard a little 
girl read “Leneb ” for “Leben,” “Naled” for “ Nadel,” and ^ 
so on. On inquiry, he found her name was Lowendorf, and 
she was a daughter of this farmer. The fatheF (then dead]^had 
in talk with his neighbours occasioned much amusement by tffe 
peculiar habit, which appeared to be the result of a fall from the 
upper story of a barn, some time before the birth of this girl. 
She wrote, as well as spoke, in the peculiaa way referred to. 

Prof. LEUMANKisof gpinion {^PkiL Studien) that the influence 
of blood circulation and breathing, on mind-life, has been too little 
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considered. He notices the parallelism between pulse accelera- 
tion and passion, the rush of ideas in fever, and so on. The 
differences of pulse and breathing in different persons are no less 
significant, and should be regarded in all psychometric deter- 
minations. The author noticed in boys of a Strasburg 
gymnasium, that in scanning verse, the number of feet spoken in 
a minute rose with the pulse-frequency. Even in one person, 
experimented on from midday till evening, the dependence of 
normal reading of metrical compositions on pulse- frequency was 
proved ; the rhythmic intervals in scanning corresponded to the 
pulse-intervals. Leumann supposes that to be the most general and 
normal song-metre, whose feet correspond to the pulsations, and 
its lines to respiration. And, in fact, the Indo-Germanic original 
metre consists of four times four trochees, an arrangement agree- 
ing with that view ; from it arose the Nibelungen strophe and the I 
hexameter. j 

^ In the Legislative Council of India recently, Mr. R. J. 
Crosthwaite in introducing the amended Land Revenue (Central ^ 
Provinces) Bill, said that many objections had been raised, | 
chiefly by the Malguzars* Association of Nagpore, to the powers * 
given by the Bill to the Chief Commissioner to make rules for 
the management of forests. To show that such powers were 
necessary, Mr. Crosthwaite instanced two cases of the wanton 
destruction of forests which is so common in India. In 1885 the 
Deputy Commissioner of Nagpore reported that the malguzar 
of Munsar had given a contract for the cutting and removal of 
the wood in the forest land of his mahal. The villagers had 
rights in this forest-land, and those rights were interfered with 
by the cutting of the wood ; but, in spite of the Chief Com- 
missioner, the malguzar continued the cutting, and the hills were 
completely stripped of all timber ^d brushwood. In another 
case a zemiiidar had sold the right to collect resin from his forest. 
The resin is obtained by girdling the trees, and it was found that 
in about four square miles of particularly fine forest every sab tree 
was killed outright. That is, four square miles of forest were 
destroyed to produce about 1200 rupees. Sir Charles Elliott, speak- 
ing on the same occasion, said that if some such provision as that 
now proposed had existed in the past, the forest clearances round j 
Simla and along the southern slopes of the Himalayas -abutting | 
the Punjab plain could never have taken place. 

Messrs. Dulau and Co. have issued a catalogue of works j 
on chemistry and physics. ! 

In some copies of Nature, last week, the following sentence j 
appeared in the first paragraph of the Duke of Argyll's letter * 
on “Acquired Characters and Congenital Variation": “But I 
it implies the denial of ^congenital’ causes." It ought to have 
been : “ But it implies no denial of * congenital ' causes. 

The additions to the Zoological Society’s Gardens daring j 
the past two weeks include a Malbrouck Monkey {Cercofiiihecus : 
cynosurus 6 ) from South Africa, presented by Mr. William F. j 
Hughes ; a Lesser White-nosed {Cercopithecus petaurista) ! 

from West Africa, presented by Mr. Lawson N. Peregrine ; j 
two Viscachas {Lagostomus irichodactylus d 9 ) from the ; 
Argentine Republic, presented by Mr. Thomas Taylor; two • 
Crimson-winged Parrakeets {Aprosmictus erythropterus d 9 ) 
from Australia, presented by Mrs. G« Byng-Payne ; a Bonnet 
Monkey {Afacacus sinicus 9 ) from India, presented by Mr. 
James Entwistle ; a Malabar Parrakeet {Paheomis columboides) 
(icora Southern India, presented by^Mr. J. E. Godfrey ; three 
Common Bluebirds {Sialia wilsoni) from North America, pre- 
sented by Commander W. M. Latham, R.N., F.Z.S. ; a Black 
Wallaby (Halmaturus waldbatus d ) from New South Wales, 
two Black and White Geese (Anseranas meianoleuca) from 
Australia, a Ring- tailed Coati {Nasua rufa) from South 
America, deposited. 
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RemarJts. 

(1) Described as “very bright, very large, very gradually 
brighter in the middle ; barely resolvable." The spectrum was 
observed at Harvard College in 1869. The continuous spectrum 
extended from about X 450 to 607. Two bright lines appear to 
have been observed, less refrangible than those of other nebulse, 
but no reliable measures were made, owing to errors in the micro- 
meter (Harvard College Observations, vol. xiii. part i. p. 64). 
Further observations are required, as all departures from the 
ordinary spectrum of bright lines are especially interesting in 
connection with the question of the variation of spectrum with 
temV>erature. Comparisons with the carbon flutings seen in the 
flame of a spirit-lamp, and the brightest flutings of manganese 
and lead, conveniently obtained by burning the chlorides in the 
flame, are suggested. 

(2) In this star of Group II. the bands are very weak, only 2, 
3, 7, 8 being well seen. The star falls in species 3 of the sub- 
division of the group, the manganese fluting (band 4) being 
absent because it is masked by the fluting of carbon near X 564, 
and 5 and 6 being absent because the temperature is low. The 
carbon flutings appear to be brightest in the earlier species, and 
it seems probable that band 9 is also present but has been over- 
looked. This band is the dark space lying between the bright 
fluting of carbon 468-474 and the end of the continuous 
spectrum. Comparisons with the spectrum of the spirit-lamp 
flame, with special reference to the presence of the carbon fluting 
468-474 are suggested. Duner’s mean value for the end of the 
band in other stars is X 476. 

(3) This is classed by Gothard with stars of the solar type. 
The usual observations are suggested. 

(4) Gothard describes the spectrum of this star as Group IV., 
but is somewhat doubtful about it. It is probably either a late 
star of Group III. or Group V., as in either case the hydrogen 
lines would 1^ moderately thick. 

(5) This is a good example of stars of Group VI., in which 
Dun^r records the bands 2, 3, 4, 5, 6, 9, and 10. The last 
three are carbon absorption flutings, and the only point to be 
noted in connection with these is the intensity of band 6 (near 
A 564), relatively to the other bands. The first four are 
secondary bands, possibly produced by vapours similar to those 
which produce the telluric bands in the solar spectrum. Other 
absorptions may also be looked for. 

(6) This is another variable of which no spectrum has been 
recorded. The range of variation is from about 8*5 at maximum 
to < 13 at minimum, and the period is 294 days. The maxi- 
mum occurs on January 2. 

(7) This is a variable star of Group II., of the same type as 

those in which Espin has found bright lines of hydrogen at 
maximum. The number and character of the bands and the 
presence or absence of bright lines should be noted. The 
intensity of the bright carbon flutings and their fading away, if 
any, as the maximum (Januaiy 7) is passed should also oe noted. 
The magnitude at maximum is stated by Gore as 7 *6 and that at 
minimum as <97. A. Fowler. 

Dr. Peters’s Star Catalogue. — The case of Dr. Peters 
against Mr. Borst, with reference to the possession of the Clinton 
catalogue, containing over 30,000 stars arranged in the order of 
their right ascension, has b^n definitely settled. It will be 
remembered that Mr« Borst claimed the catalogue on the grounds 
that most of the computations bad been made by him outside of 
his labours at the Oteervatory, and not under the direction of 
Dr. Peters, who, however, devised the work, and regarded it all 
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along as his own,' since it included his observations extending 
over very many years. The court held, firstly, that the manu- 
script could not belong to Hamilton College, of which Dr. 
Peters is Professor, nor to Litchfield Observatory, of which he 
is Director, but to the authors and to them alone ; and secondly, 
that the whole of the manuscript, numbering 3572 pages, held 
by Mr. Borst, had been wrongfully detained, and would have 
to be delivered to Dr, Peters, with compensation for the 
detention. 

Longitude ok Mount Hamilton. — A telegraphic de- 
termination of the longitude of Mount Hamilton has been made 
by the United States Coast and Geodetic Survey, and the result 
found for the transit hoilse meridian (Fauth transit instrument) 
of the Lick Observatory is — 

8h. 6m. 34 •807s., or 121® 38' 42"'io W. of Greenwich, 
with an estimated probable error ± O’ is. or i"'5. 

Comet Borelly, g 1889 (December 12). — The following 
elements and ephemeris have been computed for this comet by 
Drs. Zelbr and Froebe {Astr, Nach.^ ^943) • — 

T = 1890 January 27*7438 Berlin Mean Time. 
ir = 211 4 23 ) 

= 16 59 17 / Mean Eq. 1889 0. 

^ = 59 56 56 ) 
log q = 9*45755 

AA cos = - 4"* I 

A )3 ~ 4 - 107 • 


Ephemeris for Berlin Midnight. 


1889-90. 

R.A. 

h. rn. s. 

Decl. 

+ 21 36-2 

bright- 

ness. 

Jan. 4 

18 31 40 

368 

8 .. 

35 45 

IS 22 9 ... 

502 

12 

40 25 ... 

8 20‘5 

7 ‘06 

16 

46 40 

+ 0 197 

IO‘22 

20 

56 31 ••• 

- 8 42T 

14 'So 


The brightness at discovery has been taken as unity. 


Comet Brooks, d 1889 (July 6). — The following ephemeris 
is in continuation of that previously given (Natitke, voI. xli. 


P- IIS):— 

i8go. 

R.A. 

Decl. 

Bright- 


h. m. s. 

+ 7* 526 

ness. 

Jan. 4 ... 

0 45 54 ... 

.. 0*6 

8 ... 

S2 s - 

8 37-6 

.. os 

12 

58 2S ... 

9 227 

... 0-5 

16 

I 4 53 - 

10 7 ’8 

o‘5 

20 

II 29 

10 S2 7 

... 0*4 

24 ... 

18 12 

II 37'4 

... 0-4 

28 ... 

2S I ... 

12 21-9 

... 0-4 

Brightness at discovery = i. 




The Sot.ar Eclipse.— I ntelligence has been received by | 
Mr. Turner, Secretary of the Eclipse Committee, from Mr. i 
Taylor, stationed at I.,oanda, announcing that he has obtained ; 
no observations. j 


ACCUMULATIONS OF CAPITAL IN THE 

UNITED KINGDOM IN 1875-85. ; 

a meeting of the Royal Statistical Society on December 17, ! 
Mr. Robert GifFen read a paper on accumulations of | 
capital in the United Kingdom. He began by stating that he j 
proposed to continue and expand the paper which he read to the I 
Society ten years ago, on “ Recent Accumulations of Capital in 
the United Kingdom,’’ which dealt specially with the increase of 
capital between 1865 and 1875. He would now deal with the 
accumulations between 1875 and 1885, another ten years’ period, 
and 1885 also being practically the present lime, there being very 
little change in the income-tax assessments since 1885, though it 
appeared likely enough there would be considerable changes in 
a year or two. His notes had extended so much, as redly to 
become a book, which would be published immediately by 
Messrs. George Bell and Sons, under the title of The Growth 
of Capital,” and the paper he now proposed to read consisted of 
extracts from that boofe. It must be understood that the om- 
putations were necessarily very rough and approximate only, and 
only designed, in the absence of better figures, to throw light on 


the growth of societies in wealth, and on the relations of different 
societies in that respect, with reference to such questions as the 
relative burden of taxation and national debts, the rate of saving 
in communities at different times, and the like. Exact figures 
were impossible, but approximate figures were still useful. The 
method he followed was to take the income-tax returns, capitalise 
the different descriptions of income from property there mentioned 
at so many years’ purchase, and make an estimate for property 
of other kinds not coming into the income-tax returns. Formerly, 
in comparing 1865 and 1875, he had capitalised at the same 
number of years’ purchase in each year, but between 1875 and 
1885 there were changes in capital value irrespective of changes 
in income which it was important to take notice of, at least as 
between different descriptions of property, though the results in> 
the aggregate would not be much different from what they are 
if no change in the number of years’ purchase were made. In 
1885, then, the total valuation of the property of the United 
Kingdom, according to the method followed in the paper, came 
to 10,000 millions sterling in round figures, equal to about £2qO’ 
per head. The principal items were: Lands, 1691 millions > 
houses, ;^i, 927,000 ; railways in United Kingdom, 932 millions ; 
miscellaneous public companies in Schedule D, 696 millions ; 
trades and professions in Schedule D, 542 millions : farmers’ 
profits, &c., in Schedule B, 522 millions ; public funds (excluding 
home funds), 528 millions ; gasworks, 126 millions ; water- 
works, 65 millions ; canaLs, docks, &c., 71 millions ; mines and 
ironworks, 39 millions. These were all based on the method 
of capitalising income in the income-tax returns, and the principal 
item of other property, for which an estimate was made in a 
different way, was that of movable property not yielding income,. 
e.g, furniture of houses, works of art, &c., which was taken at 
about half the value of houses, or 960 millions. Comparing 
these figures with those of 1875, when the valuation was 8500 
millions, the apparent increase was 1500 millions, or about 17^ 
per cent. ; but there were important changes in detail, lands 
having declined considerably, mines and ironworks having also 
declined, and there being a ereat increase in houses and some 
other items. It appeared STso that the increase in the decade 
1875-85 was considerably less than in the previous decade dealt 
with in the former paper. In 1865-75, in fact, the increase was 
from about 6100 millions to 8500 millions, or no less than 2400 
millions, and 40 per cent, in ten years, and 240 millions per 
annum ; whereas in 1875-85 the increase was only 1500 millions, 
or 17^ per cent, in ten years, and only 150 millions per annum. 
The difference in the rate of growth was ascribed very largely to 
a difference in the rate of growth of money values only, reasons 
being given for the belief that in real prosperity, in the multiplica- 
tion or useful things, and not merely money values, the improve- 
ment in the later period was not less than in the first. The 
distribution of this great property between England, Scotland, 
and Ireland, could not be exactly shown, part of the income 
J^elonging to the community of the United Kingdom in a way 
which did not permit of a distinction being made ; but upon a 
rough estimate it appeared that England was considered to 
have 8617 millions, or 86 per cent, of the total ; Scotland, 973 
millions, or 9*7 per cent. ; and Ireland, 447 millions, or 4*3 per 
cent. These figures worked out about ;^3o8, ;^243, and ^93 
per head xespectively, as compared with the average of £2yo 
for the United Kingdom. The small relative amount of property 
in Ireland was commented upon, and the difference between it 
and Great Britain was ascribed very largely to the political 
amtation in Ireland, which depreciated property, and the excess- 
of population on the land, which had the same effect ; these 
two causes together making a difference of 200 millions in the 
apparent capital of Ireland. Measured by property, Ireland 
was enormously over-represented in the Imperial Parliament. 
Looking at the subject historically, they found that there had 
been an enormous and continuous advance in the course of <he 
ast three centuries, during which at different times there had 
een contemporary estimates on the subject. In 1600 the 
property estimate was for England only 100 millions, or ;^22 
per head ; t68o, 250 minions, or ;^46 per jv^ad ; 1690, 320 
millions, or ;^58 per head; 1720, 370 millions, or £^7^^ 
head ; 1750, <00 millions, or per head ; and in 1800, 150a 
millions, or ;6l67 per head. The estimate for Great Britain in 
the latter year being about one-eighth more in the aggregate than 
for England only, and £160 per head, ^ince 1800 there are 
fibres for the United Kingdom, and these show : 1812, 270a 
millions, or £t6o per head; 1822, 2500 millions, or;^i2oper 
head (a reduction largely due to fall of prices); 1833, 3600- 
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millions, or j£i 44 per head; 1845, 4000 millions, or ^^143 
per head; 1865, 6000 millions, or ;^200 per head ; 1875, 8500 
millions, or ;^26o per head ; and finally, the present figures of 
10,000 millions, or £ 2 ,^o per head. There was in fact a steady 
increase, with the exception of the interval between 1812 
and 1822, when there was a heavy fall of prices, and this 
increase, it was believed, represented almost all through a real 
increase in things, money prices at any rate being at a lower 
rate now than at the beginning of the century. There had also 
been a remarkable change all through in the proportions of 
different descriptions of property. Lands, at the commence- 
ment constitute about 60 per cent, of the total ; at the be- 
ginning of the century they are still about 40 per cent. ; at the 
present time they are 17 per cent. only. Flouses, on the other 
hand, are about 15 per cent, of the total at the beginning, 
and 19 per cent, at the present time, an increasing percentage 
of an ever-increasing total ; but the main increase after all 
is in descriptions of property which are neither lands nor 
houses. After referring to the accumulations of capital in 
/oreign countries, Mr. Giffen concluded by giving illustrations 
of the mode of using such figures, showing the difference of the 
burden of taxation and national debts in England, France, and 
the United States ; the preponderance of England in the United 
Kingdom as compared with England, Scotland, and Ireland ; 
the rapid growth of the United States in recent years as com- 
pared with the United Kingdom, and especially as compared 
with France (the national debt in the United States, from 
amounting twenty years ago to a sum equal to a fifth of the 
total property, having come to be only equal to a thirtieth of 
the property) ; and the small proportion of the annual savings 
of the country which comes into the public market for invest- 
ment, as compared with the savings invested privately as they 
are made. In passing, a reference was made to the talk of the 
vast expenditure on military armaments, and the burden they 
impose on certain communities ; and it was suggested that, 
he.%vy as the burdens are, yet the vast amount of property re- 
latively indicated that the point of exhaustion was more remote 
than was cpmmonly supposed. Ih conclusion, the hope was 
expressed that the discussion of recent years would lead in time 
to the production of better figures, especially with regard to the 
growth of different descriptions of property. Were trouble 
taken, results might be arrived at which would be of value to 
the Government practically, as well as to economists in their 
discussions. The progress of revenue was intimately connected 
with the progress of national resources, and the progress of 
money revenue with the progress of the money expression of 
those resources. The resources themselves, and the money 
values, must be studied by Chancellors of the Exchequer with 
almost equal anxiety, and they should both, at any rate, be 
studied together. Periodical complete valuations of property 
were in this view as indispensable as the census of population 
itself. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

University College, Liverpool.— The Sheridan Mus- 
pratt Chemical Scholarship, of the value of jCS^ per annum for 
two years, has been aws^rded to Mr. J. T. Conroy, who has 
been a student in the chemical laboratories during the past two 
years. Mr. Conroy has recently taken the degree of B.Sc., with 
honours in chemistry, at the University of London. The 
Scholarship, which is the gift of Mrs. Sheridan Muspratt, is 
intended to enable the holder to continue work in the higher 
branches of chemistry. The Sheridan Muspratt Exhibition of 
;^25 has been awarded to Mi*. A. Carey, of Widnes, who has 
been a student of the College during the last two and a half 
years, and is now in the final stage of preparation in the honours 
school of chemistry of Victoria University. 


^ SCIENTIFIC SERIALS. 

RendiconU del Reale Istiluto Lombardo^ November. — On 
the antidotes of the virus of tetanus, and on its prophylactic sur- 
gical^ treatment, by Prof. G. Sormani. In continuation of his 

f previous paper on tlfis subject, the author here describes some 
iirther experiments with alcohol, chloroform, and various pre- 
parations of camphor, chloral, and iodfine. He finds that cam- 


phor and camphorated alcohol produce no effect on the virus, 
and that chlorofornt and hydrated chloral have a more or less 
attenuating action, checking the development of the artihcially 
cultivated microbe, or even in some cases rendering it absolutely 
sterile, while camphorated chloral has a decidedly neutralizing 
effect on the virus. Other experiments show that when tetanus 
is once developed in the system iodoform is powerless to arrest 
its progress, but is most efficacious in neutralizing the virus of 
the injured part. The whole series of experiments fully con- 
firms the author’s previous conclusion that iodoform is the 
specific disinfectant of the microbe of tetanus. 

Bulletin de VAeadimie Roy ale de Belgique^ October 12. — 
Jupiter’s north equatorial band, by M. F. Terby. The author 
describes in detail the structure of this remarkable phenomenon 
which he has been carefully studying for the last three years 
with a Grubb 8-inch telescope. — Determination of the invariant 
functions or forms comprising several series of variants, by M. 
Jacques Deruyts. In continuation of his previous communica- 
tions, the author here extends to forms with several series of 
variants the results already made known for forms with a series 
of n variables. — M. C. Vanlair describes the symptoms and 
treatment of a new case of bothriocephaly in Belgium, due to 
the presence of Bothriocephalus latus in the patient. 

SOCIETIES AND ACADEMIES. 

^ London. 

Royal Society, December 5, 1889. — ‘‘Researches on the 
Chemistry of the Camphoric Acids.*’ By J. E. Marsh. 

An account is given of some experiments leading to the pro- 
duction, in any desired quantity, of a new camphoric acid, and 
to the mutual conversion of one acid into the other ; as well as 
to a method of quantitatively separating the two acids when 
mixed. The space at our dis;)osal does not permit us to enter 
into any details of the experiments, nor into the theoretical 
considerations involved. For this, reference must be made to 
the original paper. 

December 19, 1889. — “ On the Steam Calorimeter.” By J. 
Joly, M.A. Communicated by G, F. Fitzgerald, F.R.S., 
F.T.C.D. 

The theory of the method of condensation has been previously 
given by the author in the Proceedings of the Royal Society, 
vol. 41, p. 352. 

Since the publication of that paper a much more extended 
knowledge of the capabilities of the method has been acquired, 
which has led to the construction of new forms of the apparatus, 
simple in construction and easily applied. Two of these arc 
described and illustrated, one of which is new in principle, 
being a differential form of the calorimeter. The accuracy of 
observation attained by this latter form is so considerable that 
it has been found possible to estimate directly the specific heats 
of the gases at constant volume to a close degree of accuracy. 

An error incidental to the use of the method arising from the 
radiation of the substance, when surrounded by steam, to the 
walls of the calorimeter, is inquired into. It is shown that this 
affects the accuracy of the result to a very small degree, and is 
capable of easy estimation and elimination. 

Further confirmation of the accuracy of the method is afforded 
in a comparison of experiments made in different forms of the 
steam calorimeter. 

Various tables of constants are given to facilitate the use of 
the method, and the results of experiments on the density of 
saturated steam at atmospheric pressures, made directly in the 
calorimeter, are included. These are concordant with the 
deductions of 2^uner, based on Kegnault’s observations on the 
properties of steam, and were undertaken in the hope of 
affording reliable data on which to calculate the displacement 
effect on the apparent weight of the substance transferred from 
air to steam. 

The communication is intended to provide a full account of 
the mode of application of the steam calorimeter. 

Royal Meteordlogical Society, December 18, 1889.— Dr. 
W. Marcet, F.R.S., President, in the chair.— The ^following 
papers were read : — Report of the Wind Force Committee on 
the factor of the Kew pattern Robinson anemometer. This 
has been drawn up by Mr. W. if. Dines, who has made a 
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large number of experiments with various anemometers on the 
whirling machine at Hersham. Twelve of th^se were made 
with the friction of the Kew anemometer artificially increasedy 
seven with a variable velocity, and fourteen with the plane of 
the cups inclined at an angle to the direction of motion. In dis- 
cussing the results the following joints are taken into considera- 
tion, viz. the possibility of the existence of induced eddies, the 
elTect of the increased friction due to the centrifugal force and 
gyroscopic action, and the action of the natural wind. The 
conclusion that the instrument is greatly affected by the vari- 
ability of the wind to which it is exposed seems to be irresistible, 
and if so, the exact value of the factor must depend upon the 
nature of the wind as well as upon the mean velocity. There 
is evidence to show that during a gale the variations of velocity 
are sometimes of great extent and frequency, and there can be 
but little doubt that in such a case the factor is less than 2*15. 
The one point which does seem clear is, that for anemometers 
of the Kew pattern the value 3 is far too high, and consequently 
that the registered wind velocities are considerably in excess of 
the true amount. — On testing anemometers, by Mr. W. H. 
Dines. The author describes the various methods employed 
in the testing of anemometers, points out the difficulties that have 
to be encountered, and explains how they can be overcome. — 
On the rainfall of the Riviera, by Mr. G. J, Symons, F.R.S. 
'Fhe author has collected all the available information respecting 
rainfall in this district, which is very scanty. He believes that 
the total annual fall along the Riviera from Cannes to San 
Remo is about 31 inches, and that any difference between 
the several towns has yet to be proved. — Report on the peno- 
logical observations for 1889, by Mr. E. Mawley. This is a 
discussion of observations on the flowering of plants, the appear- 
ance of insects, the song and nesting of birds, &c. Taken as 
a whole, 1889 was an unusually gay and bountiful year. 

Physical Society, Dec. 6, 1889. — Prof. Reinold, President, 
in the chair. — The following communications were read On 
the electrification of a steam jet, by Shelford Bid well, F.R,S. 
The author showed that the opacity of steam issuing from a 
nozzle is greatly increased by bringing electrified points near it, 
and that its colour is changed to orange-brown. Electrified balls 
and disks when placed in the steam produce similar effects, and 
when these are connected with an influence machine at work, 
the decoloration of the jet rapidly responds to each spark. On 
examining the absorption spectrum of the unelectrified jet, little 
vv no selective absorption was detected, but on electrification, the 
violet disappeared, the blue and green were diminished, and the 
orange and red remained unchanged. From these results the 
author concludes that electrification causes an increase in the 
size of the water particles in the steam, from something small 
compared with the wave-length of light, to about 1/50000 of an 
inch in diameter. Allied phenomena with water jets have been 
observed by Lord Rayleigh, who found that a straggling water jet 1 
is rendered much more coherent by bringing a ru^ed stick of seal- | 
ing wax near it. These observations are of considerable meteoro- 
logical interest, for the steam jet phenomena go far towards ex- 
plaining the cause of the intense darkness of thunderclouds, and of 
the lurid yellow light with which that darkness is frequently 1 
tempered. After making his experiments the author learnt that j 
similar observations had recently been made by the late Rol^rt | 
Helmholtz, who viewed the steam jets by reflected light against 
a dark background. On electrification the jets became much 
better defined, and presented diffraction colours. Luminous^ 
flames also produced similar effects, and Mr. Bidwell has found 
that glowing touch paper is equally efficient. Helmholtz con- 
jectures that the sudden condensation may be due to molecular 
tremors or shock imparted by the electrification upsetting the 
unstable equilibrium of the supematurated vapour, just as a 
supersaturated saline solution is suddenly crystallized when dis- 
turbed. Another hypothesis suggests that condensation is caused 
by the introduction of solid matter into the jet by the exciting 
cause, thus producing nuclei upon which the vapour may con- 
dense. On reading Helmholtz^s paper, the aqthor tried the 
effect of gas-flames on water jets, and found that when lummous 
they influenced the jet considerably, whereas non-luminous 
flames had no appreciable effect. He also found that luminous 
flames are positively electrified, and demonstrated this before the 
meeting. Frof. Rucker thought the surface tension of the films 
surrounding the water jets might be lowered by the presence of 
a burning substance, and that the smoke from the loach paper 
used in some of the experiments on steam jets would introduce 


solid particles and facilitate condensation. Mr. Richardson in 
quireci whether a red-hot iron had aiw effect. Dr. Fison said he- 
had made experiments on the electrification of flame, and found 
that potentials varying from + 2 volts to - volts could be 
obtained in the region within and surrounding a Bunsen flame. 
Prof. S. P. lliompson commented on the contrast between Mr. 
Bidwell’s experiments and those of Dr. Lodge on the dissipation, 
of fogs by electricity, and also asked whether the colour Of the 
jet depended on the length of the spark produced by the 
machine. Prof. Forbes thought a crucial test between the twa 
hypotheses of Helmholtz could be obtained by trying the experi* 
ment in a germless globe. The President aaid he had recently 
noticed that gas flames were electrified. Mr. Bidwell in reply 
said he ought to have mentioned that the effect of flames on jets, 
may be due to dirt, for if soap or milk be added to the water in 
j the steam generator, no effect is produced by electrification or 
I flame. As to change of colour with spark-length, little (if any) 
variation is caused thereby. He had not tried whether a red-hot 
iron produced any effect on a steam jet. — Notes on geometrical 
. optics. Part 2, by Prof. S. P. Thoinpson. Three notes were 
1 presented, the first of which dealt witn the geometrical use of 
I focal circles” in problems relating to lenses and mirrors, and 
to single refracting surfaces. By “focal circles” the author 
means the circles having the principal foci as centres, and whose 
radii are equal to the focal lengths. By their use the point con- 
jugate to any point on the principal axis is readily determined. 
One construction for a mirror is to draw a tangent to the focal 
circle from a point P on the axis ; the foot of the perpendicular 
to the axis drawn through the point of contact gives the point 
conjugate to r. When applied to a thin lens, a tangent is drawn 
as above to one focal circle, and the line joining the point of 
contact with the centre of the lens is produced to meet the other 
focal circle ; a perpendicular to the axis from the remote point of 
intersection gives the conjugate point. Modifications applicable 
I to thick lenses and single refracting surfaces were also given. In 
I his second note the author treated similar problems by thq aid 
' of squares drawn on the principal focal distances, the construc- 
tions being remarkably simple, as will be seen from^ the figure, in 
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which Ml Mj represent the principal planes of a thick lens, Fi, 
Fq, its principal foci, and P and Q are conjugate points. The 
line B c is drawn parallel to p a. In the third note, the paths of 
rays through prisms are determined^ by the aid of imaginary 
planes representing the apparent position of the plane bisecting 
the dihedral angle of the prism when viewed through its two 
faces. Just as in problems on thick lenses in which the part be- 
tween the principal planes may be supposed removed, so when 
dealing with prisms, the part between the imaginary planes 
above referred to may be supposed non-existent. In another 
method of treatment, the apparent positions of points outside the 
prism when viewed from inside the prism are made use of, and 
their application to illustrate dispersion was pointed out. Mr. 
C. V. Boys asked whether the latter construction could be used 
to show why the slit of a spectroscope appears curved. — On the 
behaviour of steel under mechanical stress, b^ Mr. C. H. Caras- 
Wilson. This is an inquiry into the properties of steel as illus-‘ 
trated by the stnss-strain curves given in automatic diagrams 
from testing machines^ and by magnetic changes which take 
place during testing. After pointing out that the permanent 
elongation of a bar under longitudinal stress consists of a sliding 
combined with an increase of volume, the aptbor showed that 
the ** yield” is causea by the limit of elastic resistapfjs^Cp). 
parallel to one particular direction in the bar (generally at 4§ 
to the axis) being less than along any other direction. When this 
lower limit is reached, sliding takes place in this direction until 
the hardening of the bar caused thereby raises the limit of 
elastic resistance (In the direction referred to) to that of the rest 
of the bar, after which the stress must ^ increased to produce 
further permanent set.® From considerations based on the stress- 
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Strain curves of the same material when hardened to different 
degrees by heating and immersion^ &c.» it was concluded that 
the increase of (p) during “ yield '' is the same for all the speci- 
mens, and that the ** yield” is a measure of the ** hardness.” 
The question of discontinuity of the curves about the ** yield 
point ” was next discussed, and evidence to the contrary given 
by specimens which show conclusively that the yield does not 
take4>lace simultaneously at all parts of the bar, but travels 
along the bar as a strain wave* In these specimens the load had 
been removed before the wave had traversed the whole length ; 
and the line between the strained and unstrained portions could 
be easily recognized. As additional evidence of continuity, the 
close analogy between the stress-strain curves of steel of various 
degrees of hardness, and the isothermals of condensible gases at 
different temperatures when near their point of liquefaction, was 
pointed out ; the apparent discontinuity in the latter probably 
being due to the change from gas to liquid taking place piece- 
meal throughout the substance (see Prof. J. Thomson, Proc. 
Roy. Soc., 71, No. 130). In seeking for an explanation of the 
harde'ning of steel by permanent strsun, the author was led to 
believe this due to the displacement of the atoms within the 
molecules of the substance. To test this hypothesis, experiments 
on magnetization by stretching a bar in a magnetic field were 
made ; these show that the magnetization increases with the 
stress up to the “yield point,” and is wholly permanent when 
approaching that point. On comparing his results with Joule’s 
experiments on the elongation of lo^ed wires produced by 
magnetization, the author infers that there are two kinds of 
elongation — firstly, that produced by relative motion of the mole- 
cules, and secondly, an elongation resulting from a straining of 
the molecules themselves. To this latter straining the hardening 
by permanent strain is attributed, and this view seems com- 
patible with the results of Osmond’s researches on the hardening 
of steel. — Mr. F. C. Hawe’s paper was postponed. 

Mathematical Society, Dec. 12, 1889.— Mr. J. J. Walker, 
F.R.S., President, in the chair. — ^'I'he following papers were 
read : — On the radial vibrations of cylindrical elastic shell, by 
A. B. Basset,c F. R. S. — Note on the 51840 group, Dr. G. G. 
Morrice. — The President then vacated the chair, which was 
taken by Mr. E. B. Elliott, Vice-President. — Complex multi- 
plication moduli of elliptic ftinctions for the determinants - 53 
and - 61, by Prof. G. B. Mathews (communicated by Prof. 
Greenhill, F.R. S.). — On the flexure of an elastic plate, by Prof. 
II. Lamb, F.R.S. — Notes on a plane cubic and a conic, by R. 
A. Roberts (communicated by the Secretary). — Dr. Larmor and 
Mr. Curran Sharp made brief communications. 

Edinburgh. 

Royal Society, December 16, 1889.— Sir Arthur Mitchell, 
Vice-President, in the chair. — Dr, Thomas Muir read a note on 
Cayley’s demonstration of Pascal’s theorem. He has succeeded 
in simplifying the proof. — Dr. Muir also read a paper on self- 
conjugate permutations, and one on a rapidly converging series 
for the extraction of the square root. — Prof. Tait read a note 
on some quaternion integrals, and also a note on the glissette of 
a hyperbola. When a given ellipse slides on rectangular axes, 
any point in its plane traces out a definite curve, and the same 
curve can be similarly obtained as the trace of a definite point 
in the plane of a certain hyperbola sliding between axes in 
general inclined to the former. — Dr. Woodhead communi- 
cated a paper, written by Dr. Herbert Ashdown, on certain 
substances, formed in the urine, which reduce the oxide of 
copper upon boiling in the presence of an alkali. Dr. Ashdown 
was led to search for these substances in the human subject as 
the result of observations made upon lower animals. — Dr. G. E. 
Cartwright Wood discussed enzyme action in the lower organisms. 
— Dr. Woodhead communicated a paper, by Mr. Frank E. 
Beddard, on the structure of a genus of Oligochsetm belonging 
to the Limnicoline section. 

Paris. 

Academy of SV;ience8, December 16, 1889.— M. Hermite 
in ti*e chair.— Note on the eclipse of December 22, by M. J. 
Janssen. The arrangements are described which were made 
at the Observatory of Meudon for observing this event. — 
On the effects of a new hydraulic engine used for irrigation pur- 
poses, by M. Anatole de Caligny. The general disposition of 
this apparatus was.fully describe in the Comptes rendus^ Novem- 
ber .19, 1887. The present note has reftfrence to an improve- 


ment introduced for the purpose of remedying a serious defect 
in the ori^nal design. It has now the advantage of giving as 
good results as ^ny of the systems in general use, while superior 
to them in simplicity and economy.— On the production of films 
of ice on the surface of the alburnum of certain species of plants, 
by M. D. Clos* Early in December, after a hard frost, when 
the glass fell to - 6^C. at night, Verbesina virginica^ Helian- 
thus orgyalis^ and several other plants exhibited the same phe- 
nomenon of glaciation at the Toulouse Botanical Garden as 
was observed and described by Dunal at Montpellier in 1848. 
An explanation is here given of the phenomenon, which occurred 
on a much larger scale on the present than on the previous 
occasion. — Observations of Borrelly’s new comet (g 1889), made 
at the Paris Observatory with the equatorial of the west tower, 
by M. G. Bigourdan. The observations were taken on Decem- 
ber 15, when the comet presented the appearance of a nebulosity 
indistinctly round, of 2' diameter, slightly more ^brilliant in the 
central r^ion, but without notable condensation. In its expanse 
were clearly visible two stellar points, and the presence of 

several others suspected. — On the series 

Andre Markoff. From the nature of these series the author 
establishes a formula which yields the equation — 

* + 2S + 3*3 + ^ • = *'202 056 903 159 594 28540, 

correct to 20 decimals. M. Markoff's paper forms a sequel to 
Stirling’s memoir “De Summatione et Interpolatione Serierum 
Infinilarum.”— On magnetic potential eneigy and the measure- 
ment of the coefficients of magnetization, by M. Gouy. The 
mechanical action of magpets on isotropous substances, dia- 
magnetic or feebly magnetic isotropous bodies, has often been 
utilized for measuring or comparing the coefficients of magnetiza- 
tion assumed to be constants. On this hypothesis has been 
established the expression of the potential energy which serves 
to calculate the mechanical action in question. Here M. Gouy 
proposes to s^ply a somewhat more complete theory by regard- 
ing these coefneients, not as constants, but as variable with the 
magnetizing force, and utilizing the experimental data for 
measuring the variations. — On the colour and spectrum of 
fluorine, by M. Henri Moissan. The colour of fluorine as here 
determined is a greenish -yellow, much fainter than that of 
chlorine under like conditions, and inclining more to the yellow 
tint. Thirteen rajrs have been determined in the red region of 
the spectrum. With hydrofluoric acid several bands have been 
obtained in the yellow and violet, but very wide and not suffi- 
ciently distinct to fix their position with accuracy. — Action of 
ammonia on the combinations of the cyanide with the chlorides 
of mercury, by M. Raoul Varet. The paper deals severally 
with the action of ammonia on the cyanochloride of mercury ; 
the action of absolute ammoniacal alcohol ; the action of 
ammoniac pas ; the cyanochloride of mercury and zinc ; and the 
cyanochloride of mercury and coppef. — On an adulteration of 
the essence of French turpentine, by M. A. Aignan. This 
fraud, which consists in the addition of a small quantity of the 
oil of resin, is not easily detected, but may be discovered by 
studying the rotatory power of the liquid, as is here shown. — 
Papers were submitted b^ M. Besson, on the temperature of 
solidification of the chlorides of tin and arsenic, and on their 
faculty of absorbing chlorine at a low temperature ; by M. 
Seyewitz, on the synthesis of dioxidiphenylamine and of a red- 
'i>rown colouring substance ; by M« Pierre Mercier, on a general 
method of colouring photographic proofs with the salts of silver, 
platinum, and the metals of the platinum group; and by MM. 
G. Pouchet and Bic^trix, on the egg and first development of the 
alose, a fish allied to the sardine. 

December 23. — M. Hermite in the chair, — On the discovery 
of a fossil ape, by M. Albert Gaudry. On presenting to the 
Academy the skull of an ape recently discovered oy Dr. 
Donnezan at Serrat d’en Vaquer, M. Gaudry remarked that, 
except those from Pikermi in Greece, these are the only cranial 
remains of a fossil Simian hitherto brought to light. Many 
other fossils have been found in the same place, which evidently 
contains large accumulations, especially of extinct vertebrate 
animals. — Observations of the comet discovered by M. Borrellv 
at the Observatory of Marseilles, on December 12, by M. 
Stephan. The observations are for December 12, 13, and 14, 
dunng which period the comet steadily increased in brightness, 
and assumed more distinct outlines. On the 12th it was 
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obscured for a few minutes by a star of the tenth or eleventh 
magnitude.— Determination of the difference of longitude be- 
tween Paris and Leyden, by M. Bassot. *Thi$ international 
operation, executed by MM. Van de Sande Bakhuyzen and 
Bassot, presents a special geodetic interest, Leyden being the 
northernmost station of the meridian of Sedan which now passes 
through Belgium far into the Netherlands. From the observa- 
tions the difference of longitude between Paris and Leyden 
appears to be 8m. 35*6o2s., with probable error ± 0*01 is., 
which, reduced to the official meridians, gives 8m. 35*213$. — 
* On the degree of accuracy attained by thermometers in the 
measurement of temperatures, by M. Ch. Ed. Guillaume. On 
presenting to the Academy his Traitd pratique de la Thermo- 
metrie de precision,’* the author took occasion to reply to M. 
Renou’s recent remarks on the accuracy of the mercury ther- 
mometer. Reviewing the whole question, and comparing the 
opinions and experiences of the most distinguished physicists 
during late years, M. Guillaume considers it placed beyond 
doubt that mercury thermometers with glass of varying qualities 
yield varying results. But these differences, formerly supposed 
to be fortuitous, are now known to be systematic, so that any 
number of instruments giving identical results may be constructed 
by a judicious selection of glass and careful manipulation. 
— On iS-inosite, by M. Maquenne. In a previous note 

{Comptes renduSf vol. cix, p. 812) the author showed that 
pinite may be decomposed into a molecule of methyl iodide and 
a molecule of a new sugar called by him /S-inosite. The analysis 
of these two bodies leading to identical results, he inferred that 
they were isomerous, presenting relations of the same ordqr as 
those existing between the two known hexachlorides of ben^ne. 
This hypothesis has been fully confirmed by his further study of 
) 3 -inosite, communicated in the present memoir. — On a new 
class of diacetones, by MM. A. Behai and V. Auger. The 
authors have already shown that the chlorides of malonyl, 
methylmalonyl, and ethylmalonyl react on the aromatic car- 
burets, yielding diacetones, i8,R — CO — CHX — CO — R. They 
have also determined the formation of compounds having the 
characteristic property of yielding with the alkalies and alkaline 
carbonates blood-red solutions. A further series of researches 
has now enabled them to prepare several of these compounds in 
large quantities, and thus study their constitution as here de- 
scribed. The best results were yielded by metaxylene and the 
chloride of ethylmalonyl. — Optical properties of the polychroic 
aureolas present in certain minerals, by M. A. Michel Levy. 
This curious phenomenon is traced mainly to the presence of 
small crystals of zircon widely disseminated throughout granitic 
and other rocks. In some cases it may also be due to the 
presence of dumortierite and allanite These aureolas offer an 
interesting example of a simultaneous modification of birefraction 
and polychroism, a modification, however, which is not per- 
manent, or at least which may disappear, without involving any 
change in the properties of the mineral itself. — Analysis of the 
Mighei meteorite, by M. Stanislas Meunier. This meteorite, 
which fell on June 9, 1889, at MigheV, in Russia, yielded be- 
sides the usual constituents, a new clement, which M. Meunier 
has not yet succeeded in identifying. — Papers were contributed 
by M. Y. Wada, on the earthquake of July 28 at Kiushu Island, 
Japan ; by M. Ch. Contejean, on the circulation of the blood in 
mammals at the moment of birth ; by M. Ferre, on the semeio- 
logic and pathologic study of rabies ; and by Messrs. Woodhead 
and Cartwright Wood, on the antidotic action exercised by 
the pyocyanic liquids on the development of the anthracite 
disease. 

Berlin. 

Meteorological Sociisty, Dec. 3, 1889. — Dr. Vettin, Presi- 
dent, in the chair. —Dr. Kremser spoke on the freauency of 
occurrence of mist, a subject whose investigation he had recently 
undertaken. Up to the present time the material derived from 
observation is extremely scanty, as shown by the extremely 
divergent mean values obtained for different places in close 
proximity to each other, as, for instance, Hamburg and Altona, 
or even different’ parts of the one city, Berlin. It seems scarcely 
possible to attribute the differences to locai conditions in ali 
cases, for the ^ean annual values resulting from the observations 
of different Servers in one aiid the same place show an equally 
striking discordancy. This is undoubtedly due^ to the want of 
suitable units for estimating and measuring mists. From the 
above it follows that it is impossible to determine anv secular 
changes on the basis of existing observations, although the yearly 


variations may be. By comparisons based on a long series of 
observations, it appeared that a series extending over ten years 
suffices to give a reliable monthly mean. From this it appears 
that at most stations the maximal amount of mist occurs in the 
months of November and December, the maximum occurring in 
November in the eastern provinces of Prussia, and falling pro- 
gressively later the further the stations lie towards the west. 
On the coasts of the North Sea and on the adjacent islandssthe 
maximum is observed in January, while it occurs on mountains 
as early as September and October. At the latter stations the 
minimum is met with as early as May, and is progressively 
later (June and July) at the other stations according to the 
lateness of the maximum. On the islands, as, for instance, 
Heligoland, the minimum does not occur before September 
or October. As a general rule, 70 per cent, falls in autumn 
and winter, 20 per cent, in spring, and 10 per cent, in^ 
summer. The amplitude of the yearly differences is greatest 
on the plains and least on mountains. The number of 
days on which mist occurs is greatest at mountain stations, 
amounting on the average to 200 per annum, falling in the low 
lands to as few as 40 or less. The material at hand for deter- ^ 
mining the variations in the amount of mist per diem was ex- 
tremely scanty ; still it was possible to make out that, in winter, 
mist is most frequent in the morning, diminishing considerably 
towards midday, and being in the evening at times as frequent 
as at midday, at times somewhat more frequent. In summer, 
mist is observed only in the morning, and then disappears com- 
pletely. In the discussion which followed the above communi- 
cation it was pointed out how essential it is to distinguish 
between clouds and mist, as also many other factors, such as the 
frequency of purely local mists, the absence of wind, the diffi- 
culty of determining the density of mists, the differences of alti- 
tude, &c.-— Dr. Sprung spoke on some new self-recording appa- 
ratus of various kinds made by Richard of Paris, and described 
fully his actinometer and anemocinometer. 

Physical Society, Dec. 6, 1889. — Prof. Kundt, President, 
in the chair. — Prof. Planck spoke on the development of elec- 
tricity and heat in dilute Electrolytic solutions. From the 
experiments of Kohlrausch and Hittorf, and the^ theoretical 
considerations of Van t’ Hoff, Arrhenius, and Nernst, all that 
takes place in dilute electrolytic solutions during the passage of 
a current is very accurately known, especially in the cases where 
the solution is very dilute and the electrolyte is very uniformly 
distributed in it. It has become possible to subject the occur- 
rences in electrolytic solutions to mathematical investigation, 
owing to the existing conceptions of the osmotic pressure 
in such solutions, of the more or less complete dissociation 
of the electrolyte when in dilute solution, of the applicability 
of the gaseous laws to such solutions, and owing to the experi- 
mental determination of the rate at which the tons travel. The 
speaker had submitted the general case, in which the solution is 

{ lot quite uniform, to a mathematical analysis, and deduced the 
brmulse which represent that which is taking place in each unit 
of volume of the highly diluted solutions in which dissociation is 
complete. These mrmulm correspond exactly to those arrived 
at by Nernst for the development 01 electricity. Up to the present 
time the thermal phenomena in dilute electrolytic solutions 
have not been fully dealt with. The speaker showed that heat 
is the most important form of energy existing in the solution. It 
is only possible to arrive at a complete understanding of the heat 
production if, when drawing parallels between dilute solutions 
and gases, a further step is taken, and it is assumed that just as 
gases become wanner by compression and colder by a fall of 

g ressure, so also heat is developed in electrolytic solutions when 
le ions are increased in number, and disappears when they are 
diminished per unit of volume. Hence the mere diffusive pro- 
cesses in an electrolytic solution whose composition is not • 
uniform must develop an osmotic heat, which makes its appjear- 
Unce, and can be calculated in the absence of any electrical (mrrent. 
This osmotic heat must be taken into account, along with the 
two already known sources of heat production, during the pas- » 
sage of an electric current through a solution, before it is possible 
to calculate all the rel&tionships of energy’^in a dilute,^non- 
uniform, electrolytic solution during the passage of a cunfilit 
through it. — The President exhibited the air-pump constructed 
by Otto von Guericke in 1675, which had recently been acquired 
by the Physical Society. This pump is still in a thoroughly 
workable condition, with the exception of the glass vessel, which 
has been renewed. The pressure in this receiver could be re- 
duced to 20 mm. of %nercuTy, by means of the pump. The-* 
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celebrated Magdeburg hemispheres have also come into^ the 
possession of the Society, and were exhibited at the same time ; 
they are perfect except in the want of the leather packing. 

Amsterdam. 

Royal Academy of Sciences, November 30, 1889. — ^t)r. 
HoeK read a paper on the Zuyder Zee herring, showing that it 
belongs to a race of spring herrings (herrings spawning in spring) 
closely related to the spring herrings of the Baltic, as describe 
by Heincke. But whereas, in the Baltic, two races of herrings 
— ^an autumn or winter herring, and a spring herring — can be 
distinguished, all the herrings which enter the Zuyder Zee—both 
those which enter ik in autumn and those which are caught in 
spring — belong to one variety: they all spawn in the spring 
months only ; they are reproduced only in water that is rather 
brackish (nearly fi^h).; and their fry is very small in comparison 
with that of open-sea herrings. Considering that the Zuyder 
Zee herring is a variety which has sprung from the open North 
Sea herring, it furnishes a striking instance of the formation of 
a variety under changed conditions in the course of a few cen* 
turies. — Prof, van de Sanden Bakhuyzen gave an account of the 
meeting of the Committee for the Construction of the Photo- 
graphic Map of the Heavens, held at Paris in September last, 
and spoke about the share of the Dutch astronomers in that 
undertaking. 


D/ARY OF SOCIETIES. 

London. 

THVRSDAY,}KH\iKin^ 3. 

ilovAL Institution* at ^.^Electricity (adapted to a Juvenile Auditory) : 
Prof. A. W. Rtickcr, F.k.S. 

FRIDAY^ Jani(arv 3. 

'Okolooists* AIsociation* at 8.— On the Fotisil Fishes of the English 
Lower Odites (illustrated by Specimens from t'le Collection of Tni& 
lesson) : A. Smith Woodward. •-A Short Account of the Eacursiotito the 
Volcanic Regions of Southern Italy (illu'itrated by Photographic Views): 
Dr. H. J. John-ston La vis. 

" SATURDAY, January 4. 

Royal Institution* at 3.—Electriclty (adapted to a Juvenile Auditory): 
Prof. A. W. Rucker. F.R,S. 

SUNDAY. January 5. 

S indat Lbcturb Socibtv, at 4.— Ballooning in the Service of Science 
(with Oxyhydrogen Lantern Illustrations) : Knc S. Bruce. 

MONDAY. January 6. 

Victoria JNSTITUTE, at 8.«-lceland : Rev. Dr. F. A. Walker. 

SOCIETY OF Chemical Industry* at 8 .— Peroxide of Hydrogen* its 
Preservation and Commercial Uses : C. T. Kingzett. 

Aristotelian Socibtv* at 8.— Practical Cenamty the Highest Certainty ; 
R. E. Mitcheson. 


TUESDAY. January 7. 

Anthropological Institutb* at 8.30. 

Royal Institution, at 3.— Electricity (adapted to a Juvenile Auditory) ; 
Prof. A. W. RQcker. F.R.S* 


WEDNESDAY. January 8. 

Orological Socibtv. at 8.-*Oa some British Jurassic Fishviemains refer- 
able to the Genera Eurycormus and Hypsocormus : A. Smith Woodward. 
—On the Pebidian Volcanic Series of St. Davids : Prof. C Lloyd Moigan. 
The Vanolitic Roclb of Mount Genhvre : Grenville A. J. (^le and \\ W, 
Gregory. 

Royal Microscopical Socibtv. at S.— On the Variations of the Female 
' Reproductive Organs, especially the Vestibule, in Different Species M 
Uropoda : A. D. MichaeL 
Socibtv or Arts, at 7. 


THURSDAY. Jamuaw 9 . 

Royal Socibtv. at 4.30. 

M atmbmatical Society, at 8 .«^n the Defornation of an Elastic Shell: 
Prof/^. Lamb* F.R.S.— On the Relation between the Logical Theory M 
Ctoses and the Geometrical Theory of Points : A. B. Kempe* F. K.S. 
Rc^al iKimTUTioN. at j.^ElectncitirOulapted to a Juvenile Auditory) : 
Prof. A. W. ROcker* F.K.S. ^ 

FR/DAY.^Jasvaky 10. 

Royal AsTRONOMfCAL Socibtv* at 8. 

iNtrnnmoN w Civa SimMBBRt. at 7-30^ -The] Irrigation Works on 
the CsuHcry Delu $ Alfred Chatterton. w 


BOOKS. PAMPHLETS, and SERIALS RECEIVED. 

CftalUn^er Report ; physics and Chemistry, vol. ii. (Eyre and Spottis- 
woode). — ^Aianuel^le 1* Analyse des Vins : K Bsnllot (Paris* Gauthier^Villars). 

Traitd de Photographle par les Procdddi Pelliculaires, tome premier et 
second: G. Balagny. (Paris, Gauthier^Villars).— Le^oni sur fa Thdorie 
Mathdmatique de rElcctricitd : J. Bertrand (Paris. Gauthier* Vitlars).— 
Sundevalt’s Tentamen* translated by F, Nicholson (Porter).— The Nests and 
Eggs of Indian vol. i.. and edition : A. O, Hume, edited by E. W. 
Oates (PorterX*-** 11 ie Cosmic Law of Thermal Repulsion (New York. 
Wiley).— Old Age: Dr. G. H.' Humphry (Cambridge, Macmillan and 
BQwesX*-A Hand-book of Quantitative Analysis : J. Mills and B. North 
(Chanman and Hall).— Alternate Elementary Physics : J. Mills (Chapiq.*in 
and Hall).— Solutions to the Questions set at the May Examinations of the 
Science and Ait D^itment* z88i to x886 : Pure MathematioL Stages t and 
a: T. T. Rankin (Chapman and Hall).— Perspective Charts for Use in Class- 
teaching : H. ' A. James (Chapman and Hall).— TheOretische Mechanik 
Starrer Systeme-! Sir K. S. Bali* herausgeben von H. Gravelius (Berlin, 
Reimer).— Prodromus of the Zoology of Victoria* decade xix. : F. McCoy 
(TrObocr) — The Garden^s Stoiv. and edition : G. H. Ellwatiger (Appleton). 
—New Light feont Old Eclipses: W. M. Page (Sl Louts). — A Trip 
through the Bastecn C 2 aucasus: Hon. John Abercromby (Stanford).— 
A Manual of Palm^ntology, 2 vols.. 3rd edition : H. A. Nicholson and R. 
Lydekker (BlackwoodX-*A Thousand Miles on an Elephant in the Shan 
States: H« S. Hallett (Blackwood) — Descriptions of Eight New Species of 
Fossils* &C. : J. F. Whiteaves (Montrelal) — ^Victoria >^ter Supply, I'hird 
Annual General Report (Melbourne).— Studies from the Biological Labora* 
tury* Johns Hopkins University, vol 4, No. 5 (Baltimore).- Journal of the 
Asiatic Society of ^ngal* vol; 58, Part a, N084 1 and a (Calcutta).— Journal 
of the Anthropological Institute, November i88p (Jrabner). — Journal of the 
Royal Microscopical Society, December (Williams and Norgate). — Pro* 
ceedings of the Koyal Society of Queensland, 1889* vol. 6, Part 5 (Brisbane). 
— Zahl und Vertheilung der Markhalttgen Fascrn im Froschrnckenaiark, 
No. 9 (Leipzig, Hirzol).— Notes from the Leyden Museum, vol. xi., No. 4 
(Iieyden. liriU) — ^I'he Quarterly Journal of Microscopical Science* December 
(Churchill). 

c I — ' . - — .... — 

CONTENTS. PAGE 

The Bermuda Islands. By Oc. H. B. Ouppy . . . 193 

The Useful Plants of Australia. By D. M 194 

Mount Vesuvius 195 

Our Book Shelf : — 


Turnbull: ** Index of British Plants.” — J. O. B. . . 196 
Wilson : “ Practical Observations on Agricultural 

Grasses and other Plants.” — W 196 

Wilson ; ** The State ” 196 

Mills and North : ** Introductory Lessons in Quanti* 

tative Analysis ” 197 

Letters to the Editor. : — 

Note on a Probable Nervous Affection olwerved in an 

Insect.— B. W. Carlier 197 

Does the Bulk of Ocean Water Increase ? — Rev. O. 

Fisher • • 197 

Exact Thermometry. — Herbert Tomlinson, F.R.S. 198 
Self'luminous Clouds. — George F. Buruer .... 198 
Duchayla’s Proof. —Prof. J. D. Everett, F.R.S. . . 198 
The Satellite of Algol. — W. H. S. Monck .... 198 
Maltese Butterflies. — George Fraser ....... 199 

A Preservative. — H. Leslie Osbom 199 

The Evolution of Sex.— M. 8. Pembrey 199 

Fighting for the Belt. — F. C. Constable 199 

The British Museum Reading-Room. — A. B. M. . . 199 

Among Cannibals.” {Illustrated.) 200 

British Earthquakes. By William White 202 

Effect of Oil on' Disturbed Water. By Richard 

Beynon 205 

Recent Observations of J upiter. By W. F. Denning 206 

Notes . 207 

Our Astronomical Column 


Objects for the Spectroscope.— A. Fowler. 210 

Dr. Peters’s Star Catalogue * 210 

Longitude of Mount Hamilton 211 

Comet Borelly, g ^889 (December le) 21 1 

' Comet Brooks d 1889 (July 6) 211 

The Solar Ed 4 Mtt . . . 211 

Accumulations of Capital in the Upited Kln|rdom in 

187^^85 • • • 

University end Educational XntsUigsncs . . / . . . 212 

Scientific Serials I- . . 212 

Societies and Acadsmiss 212 

Diary of Societies . 216 

Books, Pamphlets, and Serials Received ..... 216 



NA TURE 


217 


THURSDAY, JANUARY 9, 1890. 


THE ZOOLOGICAL RESULTS OF THE 
CHALLENGER** EXPEDITION 

Report on the Scienti/ic Results of the Voyage of H.M.S. 
“ Challenger** during the Years 1873-76, under the 
command of Captain George S. Nares, R.N., F.R.S., 
and the late Captain Frank T Thomson, R.N. Pre- 
pared under the superintendence of the late Sir C. 
Wyville Thomson, Knt, .F.R.S., &c., Director of the 
Civilian Staff on board, and now of John Murray, 
LL.D., Ph.D., &c., one of the Naturalists of the 
Expedition. Zoology— Vols. XXXI. and XXXH. 

(Published by Order of Her Majesty’s Government. 
London : Printed for Her Majesty’s Stationery Office, 
and sold by Eyre and Spottiswoode, 1889.) 

7 ITH these recently pablished volumes, the series 

VV of Reports on the zoological results of the Chal- 
lenger Expedition, comes to a close. Volume XXXI. 
contains three Reports, the first of which is on the 
“ Alcyonaria,” by Profs. E. Perceval Wright and Th. 
Studer. It would appear that on the first distribution of 
the zoological treasures of the Expedition, the Alcyonaria 
were given to Prof, von Kfilliker to describe, and the first 
part of his Report on the Pennatulida;, forms the Second 
Report published in 1880. From a note of the editor, 
we learn that Prof. Kdlliker being unwilling to under- 
take the remainder of the group, the fixed forms were 
committed to Dr. E. P. Wright for description. After the 
appearance of the “Narrative of the Expedition” in 
which a few of the more remarkable of the new species 
were described by this author, Prof. Studer consented to 
join Dr. Wright in preparing the Report, and all the details 
were worked out in unison. 

The Report opens with a brief introduction, in which 
an attempt is made to present a more or less complete 
list of the orders, faniilies, and genera, of the recent 
Alcyonaria ; short diagnoses and references to the 
bibliography are given. While this introduction might 
with advantage have been greatly expanded, yet we think 
its value will be appreciated by all those working at this 
group. This is followed by the description of the genera 
and species in the Challenger coViiexXion. In the earlier 
pages an attempt has been made to include brief notices of 
all the known forms, but it was soon found that this would 
occupy too much space, as the forms from large portions 
of the Indian Ocean and the very rich Alcyonarian fauna 
of the western shores of North America were not repre- 
sented in the collection. 

One hundred and eighty-nine species are described as 
found during the voyage of the Challenger and of this 
number no less than one hundred and thirty-three are 
described as new. Of the more interesting of these, the 
following may be mentioned, Callosostron mirahilis, a, 
most extraonflinary species taken in the Antarctic Sea, in 
the most si^therly dredging made during the voyage. 
While there can be no doubt as to its affinities yet this 
form presents many puzzling features. Another remark- 
able species from the Fiji’s, Calypterinus although 

it has a rigid axis, in the arrangement of its polyps shows 
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some relationship to the previously mentioned species 
A great number of new species are added to a genus 
quite recently described by Verrill, and which is made 
the type of the family Dasygorgidae. The new genus 
Acanthoisis, which is nearly related to the well known 
genus Isis, exhibits an unique condition of its axis, which 
consists of alternate horny and calcareous joints, the 
latter being very beautifully grooved and spined. Keroeides 
koreni, with a sclerogorgic axis, from Japan, is also a 
curious species, with massive spicules. 

Under the heading of “ Geographical Distribution,” a 
brief history is given of the distribution of the species of 
most of the welbestablished genera ; while this subject is 
necessarily very incomplete, yet it would seem as if the 
West Indian Islands, the Californian shores of Americit, 
the Australian seas and especial y those of Japan were 
the chief centres of the groii;!. 1? J it cannot be overlooked 
that the record is ve/f im|i [rxX and that the recent 
researches of Dahix,!e»on have proved that immense num- 
bers of species exist in the seas of Norway. 

This Report extends to 386 pages and is illustrated by 
49 lithographic plates, the figures in which have been 
drawn by Mr. George West, Jun., and Mr. Armbruster of 
Berne. 

The second Report is by Dr. Gunther, on the pelagic 
fishes, and comprises an account of the specimens which 
were obtained in the open ocean by means, chiefiy, of the 
surface net. 

The specimens were*as numerous as those of either 
the shore or deep-sea fishes, described in the author’s 
first and second Reports on the Challenger fishes, and 
by far the greater number were of small size ; some, indeed, 
had been taken at so early a stage in their development 
as to make it impossible to refer them to their family or 
even order. The pelagic fish fauna, as defined by the 
author, consists, first, of the truly pelagic fish— those 
which habitually live on the surface of the ocean, acci- 
dentally and rarely approaching the shore ; the majority 
breed in the open sea and pass tl\rough all their phases 
•of growth without coming into the vicinity of land ; 
numerous representatives of these were in the collections. 
Secondly, there are a number of fishes inhabiting the depth 
of the ocean, from a hundred fathoms downwards, which 
seem periodically to ascend to the surface, possibly in 
connection with their propagation ; most of these are 
found at the surface, only during the early stages of their 
growth, but they connect the truly surface fishes with the 
deep-sea fishes, and were fairly well represented in the 
collection. Thirdly, the pelagic fauna receives a very 
considerable contingent from the littoral fauna ; some 
shore fishes, when in a young state, are, while floating on . 
the surface,- driven tq sea to great distances by currents 
and winds ; many such inunature forms were found. And, 
lastly, fully developed specimens of littoral species some-, 
times stray or are accidentally driven out to the open sea, 
and several sudi were^ in the collection.* 

Sixty-seven species are indicated, and several new 
genera and species are described. A new species of 
Bran'chiostoma is described from the Pacific ; it was 
either from the surface or from a depth of 1000 fathoms : 
the perfect condition of its delicate fin-fringe seemed to 
militate against. %he iSitter idea, and yet it would be even 

find a lancelet living at the surface 
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of the open sea. This Report extends to 47 pages, and 
has six plates. 

The third Report is by Arthur W. Waters, and is 
entitled a Supplementary Report on the Polyzoa.* 
From*- every point of view we regret that these ‘'notes 
the time for the preparation of which has been limited 
by Mr. Murray,” have been published as part of the 
present series of Reports. 

If the Reports on the Challenger Polyzoa by the late 
George Busk, which form Parts XXX. and L. the 
zoological series, had been defective, say, for example, 
that a number of new or rare species had escaped de* 
scription, then it would have been useful and perhaps 
excusable to have had a supplemental Report issued, 
n(>ting such ; but- out of the 41 pages of which this 
Supplementary Report consists, not more than one and 
a half are devoted to the record of the three new species 
described, while the rest is simply a series of criticisms 
on the late Mr. Busk’s work. 

The very heading of the Report contains an implied 
piece of criticism, “ The term Polyzoa is used for sake of 
uniformity.” Into the argument pro and con for the use, 
of this term it is not needful for us here to enter, but 
remembering what Mr. Busk had written to justify its use, 
this uncalled-for remark might have been omitted. We 
read ; — 

“.Shortly after the death of Mr. George Busk, who 
prepared the Report on the Challenger Polyzoa, I had, 
through th^ kindness of his daughter, Miss Busk, an 
opportunity of examining some of the duplicate speci- 
mens, and I desire to thank her for sending me those 
which, from published criticism, were most interesting to 
me. I have also to thank Mr. John Murray, the director 
of the Challenger publications, for allowing me to examine 
the whole of the duplicate material in Edinburgh. I 
communicated to Mr. Murray some valuable results 
arising from an examination of sections of the Challenger 
specimens prepared by a method similar to that employed 
in the examination of fossil Polyzoa, and at his request I 
have drawn up the following supplementary notes on the 
Challenger species.” 

We have been careful to quote the author’s own 
account of his work, which would have formed an in- 
teresting conununication to any of our scientific Societies, 
but which seems to us to be quite out of place where it is 
now published. There is probably not one of the eighty- 
two Reports published on the zoological results of the 
Challenger Expedition that could not be added to and 
emended, and no one would wish that they should escape 
every just criticism, but this is quite a different thing from 
employing the funds placed by the Treasury for the pub- 
lication of these Reports on the printing and illustrating 
of critical notes on the already published ones. This 
supplementary Report is illustrated by three plates from 
drawings of the author. 

In the editorial notes to Vol. XXXII. we are told ; — 

' ijf' This volume concludes the zoofogical series of Reports 
on the scientific results of the Expedition, with the pos- 
sible exception of a few supplementary notes to some of 
the memoirs pnd Prof. Huxley’s Report on the genus 
Spirula, which may appear as an apj^ndix to the con- 

cluing summary volume.” 

•• 

We must content ourselves with protesting against the 
publication of any further “ supplementary notes” on the 


Reports unless these are contributed by the several authors- 
thereof. As to a “ concluding sumnaary volume,” opinions 
may differ as to the advisability of publishing a summary 
of the thirty-two volumes in the same ^ries as the 
original volumes. For the scientific worker such a 
summary would be quite useless, for any such would have 
recourse to the full details. For the gtoeral reader, 
anxious to know something of the facts stored away, 
beyond his reach, in these many ponderous volumes, a 
summary would no doubt be of interest, and, if fairly well 
executed, of value, but the size and cost of a volume like 
those already published in this series would place such 
far beyond the. buying powers of most people, and to us 
it would seem a waste of public money to undertake so un- 
necessary a labour. If, indeed, the Treas ury would pub- 
lish, in a convenient handy vQlutne,a carefull y prepared 
sketch of the cruise of the Chaflengery with a few chap- 
ters added giving a summary ^ the additions to biological 
knowledge, which were the ^immediate results of the 
Expedition, such a volume would be acceptable to the 
general public, and would let them know more than they 
at present do of the most important voyage of discovery 
of this century. 

The first Report in Volume XXXII. is on the Antipath- 
aria by George Brook, and we believe it to be one of the 
most praiseworthy of all the Reports ; the time at the 
disposal of the author was of necessity very short, and 
perhaps no group of marine animals had been so little 
attended to. Our Museums no doubt possessed numerous 
specimens, but these being in the great majority of cases, 
only the dried skeletons, presented little upon which to 
work, there were therefore many and serious drawbacks 
to a determination of the species or to a knowledge of their 
anatomy. In spite of all this Mr. Brook has succeeded in 
making this Report an excellent contribution to our know- 
ledge of the classification, distribution, and anatomy ot 
the group. There was one fortunate circumstance about 
the Challenger specimens, most of them had the polyps 
well preserved, so that their structure could be fairly 
well made out. Mak ing the most of the material at his 
disposal, the author has attempted a partial revision of 
the group, and has placed the classification for the first 
time on a natural basis. The study of the fine collections 
made by Pourtales and during the voyages of the BlakCy 
would have greatly assisted Mr. Brook’s labours, but as 
in the case of the Alcyonaria, the specimens were not 
available. 

Nearly all the forms collected by the Challenger were 
new, which is to be largely accounted for, by the fact 
that almost all the collections were made in localities 
from which no Antipathariahad been previously recorded. 
The collection is remarkably deficient in littoral forms, 
but a number of species are now for the first time 
described from great depths. In this monograph not only 
are all the Challenger species described but a number of 
new speciea in the British Museum are al^o described, so 
that the Report forms quite a monograph if the group. 

The Report opens with a bibliography , not a very 
extensive one, and one which up to the time of Pallas, 
possesses little interest. Botanists like Bauhin, 'I'oumefort, 
and Breynius are among the pre-Linnaean writers who 
refer to these corals, and it is worthy of note that the last 
mentioned of these authors, describes and gives an 
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excellent figure of a species of Anti^athes, in his 

Prodomus fasciculi rariorum plantarum* anno 1679 
hortis celeberrimis Hdllandiae, etc., observatarum.’^ He 
calls it Abies maritimOf and mentions it as a fossil plant ; 
thus beginning his Prodomus with a form which was not 
a plant, and which certainly never grew in any of the 
Dutch gardens. After the bibliography there is a critical 
review of the literature ; it is pleasing to find the author 
doing justice to EspePs "beautiful work ‘ Die Pflanzen- 
thiere,”’ and without wishing to enter on any technical 
criticism in a general notice like this, we may mention, 
in reference to a remark that " Esper does not describe 
Antipntbes ericoides, but gives a figure of it,” that in the 
second volume of his work, p. 1 50, he tells us that the 
name Antipathes myriophylla should replace the name of 
Antipatkes erica ides engraved on the plate, and having 
a delamarck’s^ copy of the “ Fortsetzungen der Pflan- 
zenthiere ” open before us, we may add that nearly all the 
references to Part ii. of this work in Mr. Brook’s Report 
should be to Part i. Part ii. contains only 48 pages, and 
Antipatius virgaia, Esper, is the only species of the 
genus described in it. In justice to Esper it may b^ also 
mentioned that he corrects his mistake of describing 
a decorticated gorgonid as A. flaiellum {vide “ Pflanzenth. 
forts.,” ii. Th. p. 33). 

The general morphology is next treated of, a general 
outline of the structure of the various genera, more 
especially with regard to the forms of the zooids and the 
number of and relative development of the mesenteries ; 
this is the first detailed outline of the kind yet published 
on the morphology of the group, and it is illustrated by 
woodcuts. The classification and description of the 
genera and species follow j then notes on the geogra- 
phical and bathymetrical distribution. Four species were 
taken at depths of between 2000 and 3000 fathoms. 

A chapter on the anatomy concludes the Report, but 
we must content ourselves with quoting only the last 
few words of this most valuable contribution : — 

" The Antipathinas approach the Cerianthidic more 
closely than the Hexactinise in structure, particularly in the 
following points : the arrangement of the mesenteries ; 
the relatively thin mesogloea, which is entirely devoid 
of stellate connective tissue cells; the presence of an 
ectodermal muscular layer in the stomodaeum and body 
wall ; and the rudimentary condition of the musculature 
of the mesenteries.” 

This Report extends to 222 pages, and has an atlas of 
15 plates. 

The second Report in this volume is by Prof. Tb. 
.Studer, M.D. Bern, being a " Supplementary Report on the 
Alcyonaria.” We quote the short preface : — 

" After the main Report on the Challenger Alcyonaria 
was in the press, several further specimens were found. 
These were in part new species, of which however, it vas 
no longer possiole to insert a description in the text. 1 
am under great obligations to Dr. John Murray, the 
editor of the tChallenger Reports, for allowing me to 
publish in the /onn of a supplement an account of these 
new raecies yTth the necessary illustrations. At the same 
time I haveieized the opportunity to insert further illustra- 
tions of oiKh forms as Dr. Wright and myself had only 
been able to describe in the Report, as Telesio tneko- 
slempta and Siphonogorgia kolUkeri, This supplement 

' So Lanuurck has written his name on the titlo'psges. 


extends the list of the Challenger collection by three new 
species of the genus Siphonogorgia, three Muriceidae, an 
Indian representative of the genus Bebryce (which before 
had been known only from the Mediterranean), and one 
of the Plexauridae.” 

•> 

It seems surprising that as a matter of courtesy, quite 
apart from other considerations, either the editor of these 
Reports or the author of this supplementary one, could 
have brought out this 81st Part of the Challenger Reports, 
without any communication with or participation therein, 
by Prof. Wright, to whom the preparation of the Report 
of the fixed Alcyonaria was originally committed. 

With personal matters the reader has no right to be 
troubled, but he may well inquire why, when the Report 
itself was published in 1889 as the joint work of two 
Reporters, who narrate in their preface how pleasantly 
they worked in unison, there should appear in the same 
year this supplementary Report, written by but one of 
the two, and why he should acknowledge " his great obli- 
gations to Dr. Murray for enabling him to describe seven 
new species, under his own name,” which had been 
found not by himself, but had been transmitted to him 
by his co-reporter as new forms early in 1888. The dates 
of the reception of the manuscript of this supplement 
prove that it could have been easily added to the 
appendix to the Report. 

This supplementary Report adds eight, not seven as 
stated in the preface as quoted above, to the species 
collected during the ci^ise of the Challenger. The 
“ Indian representative of the genus Bebryce ” belongs to 
the Muriceidse ; but the interesting Sarakka crassa, Dan.^ 
belonging to the Alcyonidae must be added to the list. 
Seven new species are described and figured, in addition 
to the last mentioned species, and figures are given of 
Siphonogorgia kollikeri and Telesio Irichoslemma which 
were described in the original Report. To the fourteen 
pages of the Report is added a list of the Alcyonaria 
(Pennatulacea excepted) obtained during the voyage, 
arranged according to the order of the stations at which 
^hey occurred ; this comparatively useless record occupies 
ten pages, and is followed by a four page account of the 
bathymetrical range of the species, which takes no 
account of the record of the ranges as given in the 
original Report, which omits references to some of the 
Challenger forms and alludes to a large number of genera 
not found by the Challenger. 

The six plates have been well drawn by Armbruster of 
Berne. 

The third Report and the last of the series is by Prof. 
Ernst Haeckel, on the deep-sea Keratosa. 

It will be remarked that this is not a " supplementary ” . 
Report to the Report on the Keratosa by Dr. Poldjaeff 
published in 1884, and it may be mentioned that the 
forms herein described appear to be of a very doubtful , 
nature, " several spongiologists (among them some well 
known authorities) had" denied their spoii^e nature 
declared that these peculiar objects were either Rhizopoos 
or other Protozoa. Other naturalists on the contrary who 
were closely acquainted with the Rhizopods, could not 
acknowledge their Rhizopod nature, ifeither could they 
make out the class to which they belonged.” Possibly 
Prof. Haeckel uras eveft one of these later for he tells us 
that " A closer comparative examination of these doubtful 
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organisms of the deep sea has led me to the conviction 
that they arc true sponges, for the most part modified in 
a peculiar manner by the symbiosis with a commensal 
organism which is very probably in most cases (if not in 
all) a .Hydropolyp stock.” 

Four families and eleven genera of these strange forms 
are described, and the species are well illustrated. With 
some few of them we may have had a previous acquaint- 
ance, but these turn up here with quite new faces ; for, “ to 
avoid further confusion,” the author “ proposes to employ 
■'the term Haliphysema for that monothalamous Foramini- 
for in the sense of Mobius, Brady, and most recent 
authors”; while “for the true Physemaria, however,” 
which he described in 1876 “ as Haliphysema primordi- 
alis, &c., it will be best to adopt the term Prophysema,” 
and he thinks that “ it may be that the body-wall (in 
these Physemaria) is perforated by numerous microsco- 
pical pores, and that these were closed temporarily and 
accidentally during the few hours I was examining them ; 
in this case they are Ammoconidae,” that is, belong to 
the first family of these deep-sea Keratosa. 

In the truly extraordinary forms placed in the fourth 
family of Stannomidse, containing specimens taken from 
depths of between 2435 and 2925 fathoms, we find pre- 
sent a fibrillar spongin skeleton, composed of thin, simple 
or branched spongin fibrillfe, never anastomosing or re- 
ticulated and also symbiotic Hydroids. Haeckel thinks 
that these “ fibrillae ” throw some light on the peculiar fila- 
ments met ^ith in the Hircinidtc, and that in both in- 
stances these fibres are not independent organisms, but 
are produced by the sponges, in which they occur, and 
should be regarded, as monaxial Keratose spicules.” 

In concluding this notice of one of the most remark- 
able of the series of animal forms found during the ex- 
pedition of the Challenger^ we feel compelled to protest 
against the style of the author’s criticisms on Poldjaeff’s 
previously published Reports on the Keratosa. It is very 
easy to write that “the whole systematic work of Pofojaeflf 
turns in a large circulus vilrosus,” &c., &c., but is it fair 
or just for one Reporter to thus, at the expense of Her 
Majesty’s Treasury, write of a fellow Reporter.^ Such' 
sentences must have been overlooked by the editor. 

This Report extends to ninety-two pages, and is accom- 
panied by an atlas of eight coloured plates. 

THE VERTEBRATES OF LEICESTERSHIRE 
AND RUTLAND. 

The Vertebrate Animals of Leicestershire and Rutland. 

By Montagu Browne. Pp. 223, illustrated. (Birming- 
ham and Leicester, 1889.) 

A S we are informed in the preface, the volume before 
us is the first complete work treating of the verte- 
brate fauna of the two counties mentioned in the title, 
which has hitherto appeared, although scattered notes 
and a few lists have been published by several writers. 

ne author, who, from bis position as Curator of the 
Town Museum at Leicester, has exceptional opportunities 
for a work of this nature, can certainly claim that the 
result, of his laboars does not err on the side of incom- 
'pleteness. Tjius this volume is not only a record of all 
the Existing species of vertebrafies which have been 
‘ observed within the limits of the counties in question, but 


likewise includes the fossil forms hitherto described from 
the same area. ' The* recent and extinct forms are, indeed, 
arranged together in a systematic manner, without any 
difference of type or other indication to distinguish at a 
glance the fauna of the present from that of the past ; 
and it is certainly rather startling, at first sight, to 
find in a fauna of an English Midland county the dor- 
mouse immediately followed by elephants and rhino- 
ceroses. Now, although we are not on the side of those 
who regard the sciences of zoology and palaeontology as 
separated by a wide gulf, yet we venture to think that in 
this instance the author would have been better advised 
had he given his synopsis of extinct types in a separate 
portion of the volume, after having first dealt with the 
existing species. Faunas are, indeed, to a very large 
extent, features of one particular epoch; and when we 
have those of two or more distinct epochs mixed up 
together, we tend to lose sight of the peculiar features 
of each one. The ordinary student of the local distribution 
of existing English mammals will find that the introduction 
of a number of extinct types, of which he knows nothing, 
tends to distract his attention from the observations 
regarding the local distribution of the living forms. 
Fortunately, indeed, this objection does not apply to the 
birds, in which no extinct forms are recorded. 

The very natural tendency on the part of the author 
to make as much as possible of his subject, probably 
accounts for the introduction of some groups or species 
which might have been better omitted, or, at all events, 
passed over with a brief foot-note. Thus, in the first place, 
the introduction of the family Hominidee could have been 
very well spared, at all events in the systematic arrange- 
ment. Then, again, the devoting of nearly two pages to 
the order Cetacea seems to be very unnecessary, seeing 
that the only ground for the introduction of this order 
into the fauna of Leicestershire is that the bones of 
whales are sometimes used as gate-posts, or in one 
instance as an ornament to a carriage-drive ! The 
author’s remark in the latter instance that he records 
“ these, lest, in the event of their getting loose and being 
subsequently dug up, they should be mistaken for bones 
of an extinct elephant,” reads as though intended for 
a caustic sarcasm against palaeontologists. As another 
instance, we may mention the case of the avocet (p. 150), 
introduced on the ground that a gentleman fishing at 
the junction of the Soar with the Trent, at the extreme 
northemlimitof West Leicestershire,saw what he believed 
to be an example of this bird flying overhead. The 
inclusion of species on this account would almost justify 
passengers passing through a town by railway being 
entered among the list of visitors thereto. 

The same natural tendency to make the most of the 
subject will probably account for the introduction of 
sub-ordinal and sectional names {e.g. Carnivora Vera, 
yEluroidea, Arctoidea, &c.) which are of no possible 
importance in a work of this nature, and are really an 
incumbrance. L 

The author tells us he has followed th^atest descrip- 
tions throughout his work, and we see tmU in several 
instances he is even in advance of many writl^Jn regard 
to the adoption of early names on the ground of priority. 
Thus the name Microtus is employed for the voles, in 
lieu of the well-known Arvicolaj but in this particular 
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'instance it would surely have been well for the author to 
have departed from his rule and in|;roduced the latter 
term as a synonym. A still more glaring instance of the 
inadvisability of dropping all mention of synonyms 
occurs in treating of the lesser shrew (p. 13), for which 
the name Sorex minuius, Linn., is adopted, in place of 
the later S. pygmaus^ Pall. Now, the author refers to 
Bell’s “ British Quadrupeds ” for the distinctive characters 
of this species, which is there mentioned only as S. 
pygmaus; thus laying himself open to the criticism of 
those who are not specialists that he has confused the 
terms pygtneeus minutus. This species has, more- 
over, never been recognized in the district, so that its 
mention seems rather unnecessary. In discarding the 
name Lepus timidus in favour of L. europceus for the 
-common hare, our author follows those who regard the 
letter of the law as more than the spirit ; and although 
there is but little, if any, doubt that at least some of the 
hares to which Linnaeus applied the name of L. timidus 
were really of that species to which we commonly apply 
the name L. variabilis, yet we cannot help thinking that 
the former name might be advantageously retained in its 
common acceptation. ^ 

Among the Ungulata, the author retains the fossil 
Bos longifrons {/rontosus) as a distinct species, although 
it has been shown over and over again that it can only 
be regarded as a race of B.taurus, Similarly, all recent 
•observations tend to show that Bos primigenius\% nothing 
more than a larger variety of the same species ; while 
there appear to be no valid grounds for specifically dis- 
tinguishing the Pleistocene Bison priscus from the living 
Lithuanian aurochs. The author would confer a great 
benefit upon palaeontologists if he could show how the 
skull he refers to the so-called Sus palustris can be 
specifically distinguished from one of S. scro/a. 

In commenting upon the absence of remains of fossil 
Carnivora from the Leicestershire Pleistocene, Mr. Browne 
does not appear to be aware how extremely rare these 
remains are in the equivalent deposits of other counties. 
Thus, at Barrington, in Cambridgeshire, where bones 
and teeth of Ungulates are found by the hundred, or 
thousand, those of Carnivores may be reckoned by units 
or tens ; and the introduction of special hypotheses to 
account for their absence in Leicestershire is, therefore, 
quite superfluous. 

The total number of mammals mentioned is forty-eight 
(including man), but of this list only twenty-five are now 
found in a wild state in the area described. The num- 
ber of species of birds is very large, as we might expect 
in an area of the size of that forming the subject of the 
work. Several species, such as the gannet, cormorant, 
&c., are, however, but occasional stragglers from the 
coast ; while in other cases, as we have already remarked, 
the evidence of occurrence within the two counties is of 
the slightest. A good lithographic plate of Pallas’s 
sand-grouse, and a coloured one of the cream-coloured 
•courser, are given ; and we also have an elaborate table 
of the dates/of arrival of summer immigrants. In the 
reptiles, th^'nve existing species are almost lost among a 
number of fossil forms, to which they have but a very 
remote-kinship. This swamping of recent forms by their 
fossil allies is, however, not so marked among the fishes, 
owing to the circumstance that all the fossil forms belong 


to extinct families, which follow the recent ones. Mr. 
Browne follows Prof. Cope in abolishing the orders 
Teleostei and Ganoidei, and arranging the representatives 
of the former and the typical groups of the latter in a 
sub-class Teleostomi, which is ranked as equivalent to 
the Elasmobranchii. The Salmonidte are thus imme- 
diately followed by a family which the author, in defiance 
of all grammatical rules, terms Leptolepida, and which 
forms a transition from the Ganoids to the Teleostei. It 
seems strange that, while employing the correctly-formed 
term Rhigodontidee (instead of Rhigodidee)^ the author 
should retain names like Leptolepidce and Osteolepida 
in place of Beptolepididce and Osteolepididos ; but here, 
perhaps, he merely follows those who ought to know 
better. The number of fossil fishes from the Lias quar- 
ries of Barrow-on-Soar is very considerable ; and we 
believe that the Leicester Museum is rich in this respect, 
as well as in the remains of Saurians from the same 
locality. 

The author seems to have spared no labour in looking 
up references and making his work in all respects as 
nearly complete as possible ; and, since the volume is 
handsomely got up and well printed, with a remarkable 
freedom from misprints, it should take a place in the first 
rank of local faunas. R. L. 


THE SCIENTIFIC PAPERS OF ASA GRA Y. 

Scientific Papers of Afa Gray. Selected by Charles 
Sprague Sargent. Two Vols. (London f Macmillan 
and Co., 1889.) 

N O more fitting monument could have been raised to 
the memory of the late Dr. Asa Gray — who was 
almost as well known to botanists on this side of the 
Atlantic as on the other — than a reprint of a selection o 
his numerous writings. During a period of upwards of 
fifty years he was actively engaged in the investigation 
and publication of the botany of North America, and 
studies of a wider range. As Prof. Sargent says, in his 
preface to the present collection, “ The number of his 
contributions to science and their variety is remarkable, 
and astonishes his associates even, familiar as they were 
with his intellectual activity, his various attainments, and 
that surprising industry which neither assured position, the 
weariness of advancing years, nor the hopelessness of the 
task he had imposed upon himself, ever diminished.” 

The hopeless task, it may be explained, was a complete 
“Synoptical Flora of North America.” Botanists need 
not be told how he laboured to complete this gigantic 
undertaking, even at an age when most men are past 
work. Taking up the work where the unfinished “ Flora 
of North America,” by Torrey and Gray, ceased thirty- 
five years previously, Gray published the remainder of 
the Gamopetalce in 1878. This was followed in 1884 
by a re-elaboration of the Compositae and neighbouring: 
natural orders ; and the whole was re-isgued in the form 
of one voluitie in 1886. This volume comprises SSeut 
1000 closely printed pages of descriptive matter — descrip- 
tive matter perhaps unsurpassed in botanical literature, 
and dealing with 567 genera and 55^1 species. What- 
ever may be done by Gray’s successors towards com- 
pleting the “Synoptical Flora,” his own contribution is a 
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most valuable one — valuable because it embodies the 
whole of his numerous scattered writings on the group in 
question. 

In making a selection of Dr. dray's work for re- 
publication, Prof. Sargent naturally did not choose de- 
scrip^ve botany, though an index to the genera and 
species described in a variety of more or less inaccessible 
publications would be of the utmost service to botanists ; 
for even under the most favourable conditions a long time 
must elapse before the completion of the “ Synoptical 
Flora.” 

The selection, “ which was found difficult and em- 
barrassing,” is limited to reviews of works on botany and 
related subjects, essays, and biographical sketches, and 
it is on the whole, doubtless, as good a one as could have 
Ijeen made. Gray wrote “more than eleven hundred 
bibliographical notices and longer reviews,” and, as space 
for only fifty is found in a volume of 400 pages, it follows 
that “it was necessary to exclude a number of papers 
of nearly as great interest and value as those which are 
chosen.” 

Dr. Gray’s method, if I may so term it, of reviewing 
the productions of his contemporaries was of such an 
instructive, temperate, and impartially critical character 
that these reviews have a permanent value. On reading 
some of them again, one is more than ever impressed 
with the fact that he made himself thoroughly acquainted 
with the works he criticized, and that he well fulfilled his 
duty alike to the public and the author. He did not hesi- 
tate to point out what he regavded as defects in the 
writings of liis most intimate friends ; but he was more 
careful to give an analysis of the contents of a book, with 
his own views thereon, than to condemn it on its faults or 
weak points. 

These reviews cover a wide field, as well as a long 
period, and still remain profitable and interesting reading. 
The selection is too limited to be a history of botany 
during the last half-century, but it is sufficiently com- 
prehensive to give an idea of the most notable events. 
It is true that the essays on the Darwinian theory are not 
here reproduced, as they had already been republished by 
their author. 

The first volume, which is devoted to reviews, com- 
mences with a detailed notice of the second edition of 
Lindlcy’s “Natural System of Botany” and ends with 
Ball’s “ Flora of the Peruvian Andes,” reminding us of 
our most recent loss in the very small circle of private 
gentlemen who may be said to have studied botany 
successfully. 

Early among the reviews is that of Endlicher’s “ Genera 
Plantarum,” a work published at intervals between 1836 
and 1840 ; and, almost at the end, a short article on the 
completion of Bentham and Hooker’s “ Genera Plan- 
tarum,” 1862-83. In the latter we find a comparison of 
the number of genera admitted in various works of the 
Same class, from the appearance of the first edition of 
Linnaeus’s “Gepera Plantarum,” *. in 1737, down to 
Be^am and Hooker, and remarks on the ideas of 
generic limits entertained by the different authors, and on 
the relative quality of their work. 

Interspersed between these are notices of such widely 
different subjects as De Candolle’s “ Prodromus ” ; von 
Mohl’s Vegetable Cell ” ; Boussingault, “ On the Influ- 


ence of Nitrogen ” ; Bentham’s “ Hand-book of the British 
Flora”; De Candolle’s “G6ographieBotanique”; Hooker’s 
“ Distribution of Arctic Plants ” ; Ruskin’s “ Proserpina” ; 
Darwin’s “ Insectivorous Plants ” ; and Wallace's “Epping 
Forest.” 

Among the fourteen “ Essays ” in the second volume, 
those on the longevity of trees, the flora of Japan,. 
Sequoia, and forest geography and archaeology, may be 
named as specially interesting. 

The biographical sketches are thirty-eight in number, 
ranging from Brown and Humboldt to Bentham and 
Boissier. As only some two hundred pages are devoted 
to them, these sketches are, many of them, necessarily 
very brief ; but, as Gray had k personal knowledge of 
most of the men of whom he wrqte, they contain original 
and interesting observations and faqts not to be found 
elsewhere. And all who knew Dr. Gray will enjoy 
reading again his opinion of other men and their works. 

W. Botting Hem.slf.v. 


MANURES AND THEIR USES. 

Mamtres and their Uses. By Dr. A. B. Griffiths. (London ; 
George Bell and Sons, 1889.) 

T his is a hand-book for farmers and students, and 
may be described as a smaller and less ambitious 
successor to the treatise on manures, by the same author, 
reviewed some months ago in Nature. The principal 
value of this latter work consists in the direct information 
it contains as to sources of phosphatic, potassic, and nitro- 
genous manures, including guanos, in ail parts of the world. 
The analyses, localities, amounts imported, and values, are 
all interesting facts for farmers, and this little book may 
well take its place in an agricultural library as supplying 
knowledge which otherwise might need research through 
many scattered sources of information. When, however, 
we consider the book as a means for imparting sound 
views on agricultural principles, we must advise caution 
on the part of the reader. Dr. Griffiths is one of those 
f teachers who are infected with an inordinate affection for 
chemical manures. He believes, with M. Vilie, that “ the 
farmer who uses nothing but farmyard inanure exhausts 
his land.” Now, a man who starts with such an obvious 
fallacy can scarcely get into the right path. This doc- 
trine is contrary to science and practice ; and until Dr. 
Griffiths relinquishes it he cannot hope to enjoy the con- 
fidence of any farmer. We venture to put the matter in 
two or three positions from which it can be clearly viewed. 
Dr. Griffiths says, “ This [farmyard] manure is erroneously 
supposed to contain all the necessary plant-foods required 
for the growth of crops.” Erroneously I why, farmyard 
manure at least must contain all the constituents of straw, 
for it is largely made of straw. Similarly, it must contain 
the elements of turnips and root crops, when it is com- 
posed of them in no small proportion. rAlso it must 
contain the constituents of corn, because SM meals and 
cakes which are consumed by cattle, and alrshay, which 
is also consumed by cattle, contain the coni^huents of 
corn in the form of nitrogen, phosphorus, sulphui^ potash, 
lime, magnesia, &c. Whether looked at chemically or 
approached through pure reasoning, it is clear that farm- 
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yard manure is the true restorer of fertility, the very milk 
•of plants, the very life-blood of the soil, if such an expres- 
sion may be allowed. Farmyard manure during its decay 
has its elements liberated from organic combinations gra- 
dually, and when wanted, as well as in a condition so avail- 
able for the food of plants, that as a manure it is inimitable. 
No other manure can in all cases be applied to all crops 
with the same marked effects. It is strange that farm- 
yard manure alone acts promptly and certainly upon 
leguminous crops such as beans, peas, and clover. No 
chemical manure, whether nitrogenous or phosphatic, can 
be relied upon to affect these crops, and yet farmyard dung 
tells upon them at once. Dr. Griffiths lays stress upon 
the fact that animals retain phosphates and nitrogen for 
the formation of bones, nieryes, and muscles, and therefore 
to some extent rob the land.. This fact is, however, entirely 
over-ridden by the cUftOmary importation of extraneous 
matter on to the farm in the. form of foods purchased. 
The amount of phosphates and nitrogen removed by 
animals in their bodies is as nothing compared to the tons 
of cake, meal, hay, and even roots which are imported. 
Neither must we forget the town manure which is so often 
bought by farmers, and which will compensate for such a 
loss as that which Dr. Griffiths fears. Too mucff pro- 
minence is given to chemical manures, and too little 
importance is attached to stock-feeding as a manurial 
agency. Dr. Griffiths quotes many writers upon matters 
on which they are scarcely to be regarded as authorities. 
On such matters he might just as well have told us 
his opinion, instead of backing it up with the name of a 
solicitor who has been dead for years and whom nobody 
now knows of. Neither is an agriculturist, pure and 
simple, an authority on a chemical point such as the 
valuation of farmyard manure on the basis of its chemical 
constituent parts. 

Dr. Griffiths claims to have made a discovery with 
regard to the use of iron sulphate as a fertilizer, and a 
good deal of space is devoted to this subject, which is not 
without interest. Half a hundredweight of iron sulphate per 
acre produces extraordinary results, according to experi- 
ments recorded in this book. No doubt this is Dr. Griffiths’s 
great point, and far be it from us to detract from its* 
significance. If it is as potent a fertilizer as Dr. Griffiths 
thinks, we shall probably hear more of it. He is evidently 
not the man to let the matter rest. W. 

OC/Ji BOOK SHELF. 

Histoire Naturelle des CBacis des Mcrs d' Europe. By 

P. J. Van Beneden. Pp. 664. (Brussels : F. Hayez. 

1889.) 

It is fifty-three years since the veteran Professor of 
Zoology in the University of Louvain published his first 
paper on the Cetacea, entitled ‘*Caract&res spdcifiques 
des grands C^tacds tir^s de la conformation de I’oreile 
osseuse.” During the greater part of this long period he 
has made this group of animals especially his own, 
having industriously collected from ever^ available source 
information ^pon them, which he has given’ to the world, 
not only in' his great works on the osteology of the 
Cetacea and the fossil Cetacea of Antwerp, but also in a 
series of memoirs which have appeared from time to 
time i» the publications of the Belgian Academyr of 
Sciences. During the last three years the " M^moires 
couronnds et autres Mdmoires,*' published by that learned 


body in octavo form, have contained a number of articles 
from his pen upon the Cetacea of the European seas, and 
it has been a happy idea of the author to collect these 
together, and republish them in a handy form, so as to 
render them accessible to many who would have difficulty 
in referring to them when scattered throughout the pages 
of the journal in which they first appeared. 

The work treats systematically of all the species Iffiown 
to inhabit any of the seas by which Europe is surrounded, 
and under each species are sections devoted to the 
literature, the history, the synonymy, the characters, the 
organization, the habits, the geographical distribution, 
the mode of capture, the museums in which specimens 
are known to exist, the published figures, and finally an 
account of the commensals and parasites which dwell 
upon or within them. On all these subjects the informa- 
tion given is derived from years of close and diligent 
gathering, and the result is an exhaustive account 0/ our 
present knowledge of the European Cetacea. As a book 
of reference to all who are engaged in the study of 
cetology this work is absolutely invaluable, and if figures, 
even in outline, of all the species had been added, it 
might have gone far to occupy the place of the much- 
needed popular hand-book of this still little understood, 
though interesting order of mammals. 

The number, of species admitted is judiciously re- 
stricted, many of those appearing in previous works being 
relegated eithqr definitely or provisionally to synonyms. 
Twenty-six are, however, left, all undoubtedly distinct 
forms. Of these, seven are whalebone whales, viz. 
Balcena biscayensis, B. mysticetusy Megaptera bodps, 
Baleenoptera rostratUy B, borealiSy B. musculuSy and 
B. sibbaldii ; five are Ziphioids, viz. Physeter ma- 
crocephalusy Hyperoddon rostratusy ZiplUus cavirostris, 
Micropterus sowerbyiy and Diopiodon europoeus ; and 
the remaining fourteeif are Delphinoids, mbz. Phoccena 
communiSy Orca gladiaiory Pseudorca crassidensy 
Globicephalus melasy Grampus griseuSy Lagenorhynchus 
albirostrisy L. acutusy Eudelphinus delphiSy Tursiops 
tursio, Prodelphinus tetkyoSy P. dubiusy Steno rostratuSy 
Delphinopterus leucasy and Monodon monoceros. The 
only exceptions we can take to this nomenclature are the 
adoption of the generic term Micropterus in preference 
to Mesopiodon, as the former was preoccupied by a genus 
of Coleoptera, and the use of the needless term Eudel- 
phinus for the common dolphin. If this should be gene- 
rally accepted, the good old Linnean genus Delphinus 
would disappear altogether from the list. That it should 
be greatly restricted by the lopping off of aberrant 
branches was inevitable, but surely the name might have 
been left for such a characteristic species. 

W. H. F. 

Hand-book of Practical Botany for the Botanical Labcr- 

atory and Private Student. By E. Strasburger. 

Edited, from the German, by W. Hillhouse, M.A., 

F.L.S. Second Edition, Revised and Enlarged. With 

116 original and 33 additional Illustrations. (London: 

Swan Sonnenschein and Co., 1889.) 

The first edition of Prof. Hillhouse’s translation of 
Strasburger's “Practical Botany” was reviewed in 
Nature (vol. xxxv. p. 556). The new edition has been 
considerably enlai^ed, and is now intermediate in extent 
betWMn,tlte smaller and the larger German editions. 
The vem matter, mainly derived from the larger “ Botan- 
ischcs Practicum,” second edition, adds greatly to the 
value of the book. The most important additions are 
the Accounts of the reproduction of Fudhs and of 
and of the fertilization and embryology of Picea. T^he 
much fuller description of the reproduction of Mucor 
must also be noticed, as well as the considerable altera- 
tions, affecting both text and figure^ in the chapters on 
vascular bundles. Further, the structure of the grain 
of wheat is now de%;ribed— a very useful addition. 
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Some verbal inaccuracies which had crept into the first 
translation have been corrected, and in every respect the 
editor may be congratulated on the work in its present 
form. It will be of the greatest use to students — espe- 
cially, perhaps, to those who have to work alone. 

D. H. S. 

TratU’ (VOptique. Par M. E. Mascart. Tome I. (Paris: 

Gauthier- Villars, 1889.) 

This is the first half of a very elaborate treatise on 
optics, the full scope of which we cannot tell till the 
second volume appears, as no hint is given of what is 
yet to come. This first volume begins with the funda- 
mental principles of the wave-theory of light, deduces 
from them the elementary laws of geometrical optics, 
discusses the properties of a co-axal system of refracting 
surfaces, describes the structure of the eye, expounds the 
fdets of colour-mixture, points out the conditions which 
determine the resolving power of a telescope, develops at 
great length the theories of diffraction and interference, 
with some of their principal applications, and devotes 
about 80 pages to polarization and double refraction. 
There is practically nothing about the microscope, and 
nothing at all about the paths of rays in media of con- 
tinuously varying density. 

The book is by no means easy reading, and the labour 
of perusing it is increased by the smallne<s of the refer- 
ence letters (with their numerous accents and suffixes) 
which occur in the figures. The plan involves much 
specialization. For instance, the proof of the formula for 
retardation on which the theory of Newton’s rings de- 1 
pends is not given in the sections devoted to Newton’s j 
rings and colours of thin plates, but some 370 pages 
earlier. In^many cases, when the student has found a 
formula which appears to contain the information of 
which he is in quest, he has to search carefully through 
a long scries of preceding pages before he can find the 
meaning of some symbol which occurs in it. The volume 
contains a vast store of information, but not generally in 
a form to suit hasty seekers after truth. It requires to 
be studied at leisure, and the time so spent will not be 
wasted. Great pains have obviously been taken to em- 
body the latest information and present it in the clearest 
form. We may instance the spiral curves which illustrate 
the values of Fresnel’s integrals, and the curve (to which 
a folding-plate is devoted) showing the relations of 
the colours of diffraction fringes to the three primary 
colours. There is an excellent discussion of the theory 
of concave gratings, both for reflection and refraction. 
The least attractive chapter is that entitled “ Properties 
of Vibrations.” It is a discussion of the composition of 
simple harmonic motions, and occupies 40 pages bristling 1 
with elaborate formula;. We think a more moderate { 
display of mathematics under this head would have ' 
sufficed. 

The order of arrangement adopted in the volume is 
rather peculiar, and baffles all a priori conjecture. For 
instance, the discussion on colour-mixtures occurs in a 
chapter on “ Interferences,” and the investigation of the 
conditions which determine the resolving power of a 
‘telescope is given in the introductory chapter under the 
head of “ Preliminaries.” 

The book is essentially a mathematical treatise, all ex- 
perimental descriptions being reduced to the narrowest 
possible limits. 

The preface states that the work is addressed mainly 
t(f*^ pupils of the Faculties and Schools of higher in- 
structiq^,” but we think its principal use in this country 
will be W a book of reference for teachers. Its value for 
this purpose will be greatly increased if a good alpha- 
betical index is addbd at the end of the second volume. 

*' J. D. Everett. 


Bibliothique phot ographiq tie : Le Cylindrofrraphe^ Ap- 
pareil panoramique. Par P. Mo6ssard, Commandant 
du G^nie brevet^,* attach<5 au Service gdographique de 
I’Armde. (Paris : Gauthier-Villars, 1889.) 

This is a description of a photographic camera invented 
by Colonel Motfssard, in which the lens is pivoted on an 
axis, and the sensitive film is arranged in a cylindrical 
form about this axis, on a radius equal to the focal length 
of the lens. By this means a panoramic view of angular 
breadth up to 170° can be taken. The camera being fixed 
in position, the lens is uncapped, and then rotated quickly 
or slowly, according to the speed of the plate, and the in- 
tensity of light in any direction. The author claims for 
the instrument useful employment in surveying, either in 
the carefully detailed plans of an ordnance survey, or in 
the rapid views useful for warlike purposes, which the in- 
strument can afford. Two photographs taken with the aid 
of the instrument illustrate very favourably its powers, 
especially for architectural purposes. 

A Hand-book of Modern Explosives. By M. Eissler. 
(London : Crosby Lockwood and Son, 1889.) 

In this book the author of “ Modeirtt High Explosives” 
has collected much useful information about the various 
explosives now in use. The greater part of the work is 
devoted to nitro-compounds, but short accounts of the 
other types of explosives now being manufactured are 
added. The manufactures of gun-cotton and nitro- 
glycerine receive full treatment, together with the modifi- 
cations introduced in the various large factories both of 
America and Europe. The important subject of the use 
of explosives in fiery mines has a chapter to itself. The 
description of the tests of fiameless powders is of 
especial interest ; in fact, the official reports of the tests 
of many of the most important explosives are perhaps 
the most instructive portions of the book. The chapter 
dealing with the practical application of explosives should 
be useful not only to the miner, but also to officers of 
both services to whom blasting and the use of explosives 
generally may at any time become a necessary auxiliary. 
An interesting account of the history and trials of the 
Lalinsky gun, together with the manufacture and use of 
gun-cotton shells, is also well worthy of their perusal. 
Little is said on the use of explosives below water, 
especially on the subject of the removal of wrecks, which 
would stand far fuller treatment. Four appendices are 
added, two dealing with the analysis and determination 
of stability of explosives, and one containing abstracts 
from the principal provisions of the Explosive Act of 1875. 
Although there is much that is necessarily old, still this is 
a book that will be read with interest by most who are. 
accustomed to work with high explosives. The illustra- 
tions are well executed, and the whole wonderfully free 
from printer’s errors. 


LETTERS TO THE EDITOR. 

\Tke Editor dots not hold himself responsible for opinions e»- 
pressed by his correspondetUs. Neither can he undertakt 
to return, or to correspond with the winters of, rejected 
manuscripts intended for this or any other part of Nature, 
No notice is taken of anonysnotts communications.)^ 

The Peltier Effect, and Contact E.M.F. 

Without any further reference to the heading of a letter on 
p. 102, signed “The Reviewer,” I wish to discuie an interesting 
argument therein propounded as proving that a true electro- 
motive force at contact between two metms cannof be the cause 
or sole cause of the Peltier effect, unless the latter be simply 
proportional to absolute temperature. The argunlajjt is very 
like one that I indistinctly remember to have heard suggested 
some time ago by Prof. Schuster, and it struck me at the time 
as ingenious and not easily answerable! 
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On seeing it in print, however, a natural answer occurs to me, 
which it may be worth while to give. The whole point of the 
reasoning depends on assumed properties of •vacuum. 

The assumptions are as follow : — 

(1) That a perfect vacuum is an absolute non-conductor of 
electricity. 

(2) That no contact EM.F. exists between a metal and a 
vacuum. 

(3) That vacuum has a specific inductive capacity. 

Grant all these, and the argument is sound. Decline to 
admit any of them, and it proves nothing. Break down the 
first two of them, and it proves too much : it proves the non- 
existence of any thermal contact-force whatever between con- 
ductors. For if there were any E.M.F. at the metallic contact, 
and none at the other or vacuum contacts, a continuous current 
would flow, propelled by energy derived from a cold place. 

This argument is indeed the ordinary one to i)rove that the 
algebraic sum of the E.M.F.’s at all the junctions of a closed 
onducting circuit in which no energy but heat is supplied must 
be zero when the temperature is uniform. 

The proof scarcely holds when insulators are interposed, 
though the foict may be tnie nevertheless. When chemically 
active substances with their extraneous supply of energy are 
interposed, the fact itself is no longer true. But how do we 
know what is true when vacuum is interposed ? The hyp Dtliesis 
on which the argument is founded is a baseless conjecture. 

But it may be said, Are not the hypotheses probable ? Do 
you not yourself believe them? I believe in (i) and (3) pro 
visionally, but certainly not in (2). The contact K.M.F. be- 
tween two substances is probably some surface action o#skin 
phenomenon, and I see no reason why it should not occur as 
well in the boundary between metal and void as in the boundary 
betw’cen one metal and another. Indeed, it is not improbable 
that the sum of the E.M.F.'s in every circuit of chemically inert 
substances, whether conducting or not, and inclusive of vacuum, 
is zero under uniform temperature conditions. 

All that is wanted to establish this is the knowledge that in a 
circuit of any one substance at non-uniform temperature the 
total E.M.F. shall be zero,^ or that the Thomson effects in a 
single substance always balance each other ; iu\ that the total 
E.M.F. in a circuit shall depend on a potential function of 
temperature, or </!£= 

Now it is quite true that this /'(/) is the Peltier coefficient 
divided by absolute temperature, and that/(/) in its most general 
form contains an arbitrary constant, but what of that ? Nothing 
is known of /(/) except that it is a potential function : it is not 
known \o represent any physical effect, I never said that the 
Peltier effect enabled us to find the most general form of the 
function /(/) ; I said it gave us the K.M.F, at a junction. 

And there is much ground for the assertion ; for it is easy to 
show that in a simple AB circuit, with junctions at /i and 
the total E.M.F. is 

K = IIj — rig -f- / (0A. — 0 b)^/Z ; 

just as if the resultant E.M.F. were the algebraic sum of two 
Peltier E.M.F/s and of two Thomson E.M.F.'s. 

My only contention is that this equation, which is undeniably 
true when the IT are interpreted as heat-coefficients, is also true 
and immediately interpretable when they stand for' contact 
E. M. h .^s. The burden of proof as to the physical existence of an 
unnecessary and in every sense arbitrary constant rests with 
those who doubt this simple explanation. 

It is difficult to see how a doubt can arise, or how the Peltier 
and Thomson productions or destructions of heat can be ac- 
c:)unted for without local E.M.F.’s. Nohow, so Dr. Ilopkinson 
lias proved, and I also have insisted Mag*^ October 1885, 

nnd March 1886), excej^t by some wildly gratuitous assumption 
of an actual physical specific heat for electricity, dependent on the 
temperature and on the metal in which it happens to be. 

Liverpool, December 14, 1889. Oliver J. Lodge. 

ji . . 

Mirages. 

The article in Nature of November 21, 1889 (p* 69), recaUs 
to me mirages I saw in March x888, while travelling in the 
East on the steam yacht Ceylon. 

On the 29th we were crossing the Black Sea from Sebastopol. 

* Hopkioson virtually pointed this cut, PhiL October 1885. 


It was a fine cool day and quite calm. In the afternoon a false 
or mirage horizon about 3® above the true one was visible for a 
few hours. No objects were within range of vision. The 
mirage disappeared as the sun declined. 

The next day was very much warmer, and we saw a more 
marked and interesting mirage in the afternoon as we were 
steaming across the Sea of Marmora away from Constantinople. 
In this ca.se it appeared only in the west, and objects were^een 
reflected in an inverted position. A small conical -shaped island 
was seen with its inverted image at times distinct from and at 
times blending with the original. The image was distinctly 
seen of some land, which was actually below the horizon. The 
mirage of the reflection of the sun in the sea was, when seen 
through a glass, especially beautiful. It resembled a glorious 
cataract of golden water. This mirage lasted till quite the dusk 
of the evening, and then gradually thinned down and died 
away. 

I do not know whether mirages at sea are uncommon ; but as 
the officers on board did not remember seeing one before, I 
thought these instances might be worth recording. 

Arthur E. Brown. • 

Thought Cot, Brentwood, December 31, 1889. 


Self-luminous Clouds. 

I AM very sorry that I took no notes, some six or seven years 
ago, on the first and only occasion of my seeing self-luminous 
clouds, but though I can give neither date nor positions, the 
following facts are still fresh in my memory. 

Passing through Bushey Park after dark, I noticed an aurora 
borealis, and, as I had only recently seen the rather rare 
phenomena of the rays of the setting sun converging towards a 
point in the east, I followed the direction of one of the principal 
beams of light towards the south, when, at a point somewhat 
south of my zenith, 1 noticed an equatorial belt of luminous 
clouds. I found that each cloud belonged to a ray, and faded 
and brightened with it. but was separated by about 60® of clear 
sky. This belt of clouds extended down to the western horizon, 
the eastern one was obstructed by trees, while shortly afterwards 
small dark clouds appeared on that side, and the sky soon 
became overcast. 

The luminous clouds were auite transparent, so that even 
faint stars could be seen througn them when at their brightest. 

1 have heard from Scandinavian captains that these luminous 
belts are sometimes seen in northern latitudes, and are sure signs 
of bad weather. I have written these few remarks in the hope 
that those of your readers who may have the chance of seeing 
an aurora borealis will also look out for these clouds, and if 
possible determine their position. C. E. Stromeyer. 

Strawberry Hill, January 4. 

• The Revised Terminology in Cryptogamic Botany. 

The anglicized forms of most of the 'terms in common use, 
employed in the Hand-book of Cryptogamic Botany recently 
issued by Mr, G, Murray and myself, have not up to the present 
time found much support from our fellow-botanists. I propose, 
therefore, to give, in some detail, the reasons which have 
induced us to adopt them, and to urge their general use on writers 
on cryptogamic botany. For this purpose we will take as our text 
extracts from three reviews of the “ Hand-book,'* marked, as all 
the critiques have been, with only one or two exceptions, by a 
generous appreciation of the difficulties of our task, and a too 
great leniency to the many shortcomings of the work : — The 
most conspicuous, though not the most important, of these 
[changes] is the adoption of anglicized terminations for I^tin 
and Greek technical words. This is a matter in which it is . 
hard to draw the line aright. ... As a matter of taste we 
think the authors have gone much too far in this direction. 
They complain of the * awkwardness and uncouth form of these 
words * ; we diould have thought the reproach applied much* 
more, stronglv to ‘coenohe,* ^sclerote,* *nemathece,' and 
* columel ’ ” (Nature). • ** An Englishman* may guess .^at 
^archegone* is short for, for example ; but why puzzl?^ 
foreigner with a new form of a word with which he is familiar 
in every treatise hitherto written on the st>ecial subject in any 
European language ? ” (Academy). Too sanguine expectations 
on this head might well be toned down *by remembering the 
complete failure of the somewhat similar experiment made by 
Lindley. . , .Primworte, spuigeworts, bean-capers, and hip- 
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purids are decidedly simpler, even if less euphonious, than Primu- 
lacece, Euphorbiaccae, Zygophyllacese, and Halorageae ; yet the 
longer Latin terms are still universally used, while the quasi- 
English ones have never obtained even temporary acceptance 
{Journal of Botany). 

The last of these criticisms appears to rest on a confusion 
between the principles of nomenclature and those of terminology. 
In nomenclature, rigid rules have been laid down, and accepted 
by all leading naturalists of all countries, in order that the 
scientific names of species, genera, orders, &c., may correspond in 
scientific treatises in all languages. In the terminology of 
flowering plants no such rule has ever been attempted to be laid 
down ; but each writer, when writing in his own language, uses 
terms, usually of classic^ origin, and derived from common roots, 
but of a form as far as possible amenable to the laws of the 
language in which he writes. All that we are contending for is 
the extension of the same principle to cryptogamic botany ; one 
of the main objects in the publication of our Hand-book ’’ Iseing 
to make the study of flowerless plants as attractive to the public 
at lafge as is that of flowering plants. 

• In order to show how recent is the universal adoption of this 
practice in phanerogamic botany — a change largely due to the 
influence of Dr. Lindley’s writings— we append a list of a few 
terms in use in standard works of original research or of reference, 
published within the last thirty-two years, which presented 
themselves the first to our hand ; viz. — ** The Miscellaneous 
Botanical Works of Robert Brown'* (1866); Mr. Currey's 
translation of “ Hofmeister on the Higher Cryptogamia, &c.*' 
(1872); Berkeley's “Introduction to Cryptogamic Botany" 
(1857) ; and Bentley’s “ Manual of Botany ** (2nd ed., 1870) : — 


Achcenium 

Bentley 

Ant her a 

Brown 

A r Ulus 

Bentley 

Bractea 

Brown 

Carpellum 

Brown 

Integnmentum 

Berkeley 

Involucrum 

Brown 

Ovarium 

Brown 


Ovtdum 

Brown 

Perianthium 

Brown 

Pericarpium 

Brown 

Pistiilnm 

Brown 

Rhizoma 

Berkeley 

Spermatozoon 

Currey 

Siiimini (plural) Brown 

Stfpida 

Currey 


With the exception of words which have been incorporated 
into our language, such as corolla^ nucleus^ &c., comparatively 
few of those used in describing flowering plants now retain their 
classical forms ; the most conspicuous exceptions being those 
applied to the structure of tissues, such as epidermis and those 
ending in enchyma ; and can anything be more puzzling than 
the forms in common use for the terms derived from the Greek 
hipyitk — epidermis, hypodervia, and periderm ? We have no 
doubt that, had our critic lived in the days of Robert Brown 
and Lindley, he would have thought all the innovations intro* 
duced by the latter “ uncouth ” simply because we were not 
used to them; and would have said that Lindley had “gone 
much too far. " In some of those adopted by ourselves we have, 
in fact, been forestalled bv others, as in the cases of antherid and 
arckegone by Lindley, and sporange by Oliver. 

We now come to the charge made by our critic in the 
Academy, that the terms we have introduced would 
“ puzzle foreigners." Unfortunately, our polyglottism, or rather 
oligog^lottism, will not allow us to vie with our reviewer in his 
acquaintance with every European language ; we are compelled 
to confine ourselves chiefly to three ; but these include by far 
the greater part of European botanical literature —in fact, every 
treatise which nine out of ten English readers will wish to con- 
sult in the original. The statement quoted above seems to have 
been rashly made. 

In Italian, as far as our knowledge goes, the practice is 
absolutely uniform : no botanical writer of repute uses the 
classical forms ; but every technical term has its Italian spelling 
and termination. To such an extent is this adaptation to the 
laws * of orthography of the language carried, that we find 
“xylem** converted into xiletna, “phloem into floema, 

hormogonium " into ormogonio, and “ hyphm " into %/$ / and 
this by the first writers “ on special subjects." 

Our acquaintance with Swedish, Daftish, Dutch, and Spanish 
is^rtSo slight to allow us to speak with confidence ; but in all 
these the general practice is, we believe, the same as in Italian, 
though not to the same extent ; with the best writers, when 
writing in their own language, the use of terms with Latin or 
Greek terminations appears to be the exception rather thsm the 
rule. 

In Fref^h, the practice is by no n^eans so uniform as in 


Italian ; but still that of the highest authorities is, on the whole, 
very decidedly in favour of French, rather than Latin or Greek, 
forms of the wqrds in most common use. From works picked 
up almost at random, we select the following : — 


AnthMdie Van Tieghem, 
Guignard, Philibert, De 
Wildeman, Bomet, Thuret. 

Archigom Van Tieghem. 

Baside Tulasne, Rou- 

megujire {basidie, Fayod). 

CapituU Bomet. 

Conidie Costantin, Rou* 

meguere (conid, Bornet). 

ipiderme Van Tieghem, 

Renault. 

Favelle Bomet, Thuret. 

Gamitange De Wildeman. 

Glomirtile Bornet, Tulasne. 

Gonidie De Wildeman. 

Hormogonie Bornet. 

llyphe De Wildeman. 

Nucliole Guignard. 

Oogone De Wildeman 

{oogonie, Roumegufere). 

Opcrcuie Philibert. 

Ostiole Thuret, De 

Wildeman. 

Paraphyse De Wildeman. 


Parenchyme Guignard, Hec- 
kel, Fayod, Bornet, 
Tulasne. 

Perithke Costantin. 

PoUinide (Florideae) Guignard. 

Procarpe Bornet, Thuret. 

Propagulc Bornet. 

Prothalle Guignard. 

J^cnide Costantin, Rou- 

meguere. 

ScUrote Van Tieghem, 

Fayod. 

Sore Thuret. 

Sporange Bornet, Thuret, 

Roumeguire, Tulasne, Van 
Tieghem, De Wildem an, 

Guignard, Philibert. 

Stipe Fayod, Roumc- 

guire. 

Stomate Philibert, Thu- 

ret. 

Thalfe Thuret, Gay, 

De Wildeman, Fayod. 

Zoosporange Flahault. 


The great stronghold of the conservatives in terminology is 
the German language. No doubt a large mumber of the best 
writers do here maintain the classical form of most technical 
cryptogamic terms, including some in which it has already been 
abandoned with us, such as conceptaculum, receptacidum, 
stolo, and perianikium, just as we still meet with ovarium, 
ovtdum, and protoplasma. This is no doubt largely due to the 
greater difficulty which the German language has than the 
French or our own in naturalizing aliens. But even here the 
practice is by no means uniform, and Germanized forms are 
coming yearly more and more into use. In order that there may 
be no question as to the recency and authority of the examples 
quoted, the following list has been compiled exclusively from the 
standard treatises in Schenk's “ Ilandbuch der Botanik" ; had 
other works of equal authority been consulted, the list might 
have been considerably extended ; — 


Apophyse Goebel 
Archespor Goebel 
Basidie Zopf 
Carpogon Falkenberg 
Cilie Zopf 

Collenchym Haberlandt, Zim- 
mermann 
Conidie Zopf 

Endospor Goebel 
Enzyme Zopf 

Epithel Haberlandt 
Exospor Goebel 


I /lormogon Zopf 
My cel Zimraermann 

Paraphyse Zopf 
Parenchym Haberlandt, Zim- 
mermann, Detmer, Schenk, 
Zopf 

Plasmod Zopf 
Prokarp Falkenberg 
Sklerenchym Haberlandt, Det- 
mer, Schenk 
Sporogon Goebel 


We do not mean that these words are exclusively used by the 
writers quoted ; it is not uncommon to find the Latin and the 
German form used indifferently on the same page. It is note 
worthy also that even the most rigid conservatives do not use the 
Latin form in the plural of such words as “oogonium," “sporan- 
gium,”* * antheridium," “5clerotium,"&c., but always the German 
forms, Oogonien, Sforangien, Antheridien, Sklerotien, &c. ; such 
words as **oogonja," ‘‘sporangia^" “antheridia,” *‘sclerotia," 
&c., are, as far as our experience goes, to be found only in 
English and American writings and m Latin diagnoses. 

Analyzing, therefore, the statement that the Latin and Greek 
forms of words used in cryptogamic terminology are ** familiar 
in every treatise hitherto written on the special subject in any 
European language," we find that in Italian (he practice is 
unanimously, and in French (as also, we believe, in most other 
European languages) preponderatingly in the opposite direction ; 
and tnat German is the only widely read langu^e of Continental 
Europe in which even the weight of authority is still on that 
side. ^ 

There are some terms in which, no doubt, the classical form 
must be retained, especially those which, when deprived of their 
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classical termination, become monosyllabic, such as “thallus,” 
“sorus,” “hypha,” and *'ascus,” just as we still speak of a 
“corolla,” a “stigma,” a “hilum,”and a V raphe.” But, with 
regard to the great majority of terms in current use in descriptive 
cryptogamic botany, we entertain not the smallest doubt that the 
change will gradually be brought about which has, within the last 
forty years, become established in phanerogamic botany ; and we 
would venture to suggest to our fellow-workers in cryptogamic 
botany in this country and in America, whether it will not be 
best to accept it frankly once for all. 

At-fred W. Bennett. 


Exact Thermometry. 

I AM quite in agreement with Prof. Sydney Young (Nature, 
December 19, p. 152), that after the lapse of a sufficient time — 
let us say, an infinite time — the constant slow rise of the zero- 
point of a thermometer at the ordinary temperature will attain a 
definite limit ; but I cannot accept his view that the effect of 
heating the thermometer to a high temperature is simply to 
increase the rate at which this final state is approached. If the 
results of experiment at the ordinary temperature be expressed 
in a mathematical formula which admits of making the time 
infinite, the limiting value of the rise (on that condition) will 
not exceed on the average 2” C., even in a thermometer of lead 
glass. After exposure to a high temperature, and in the same 
thermometer, so great an ascent as 18* C. is a possible measure- 
ment, actually realized. The two phenomena are therefore very 
different in their nature. • 

The view that, owing to the more rapid cooling of the outer 
parts of the bulb after it has been blown, the inner parts are in a 
state of tension, and that it is the gradual equalization of the 
tension throughout the glass that causes the contraction, has 
frequently been held, and will probably be for a long time the 
favourite hypothesis upon the subject. It breaks down, however, 
when we attempt to calculate what the amount of the contraction 
might be, on the supposition that it is well founded : only a very 
small portion of the contraction could be thus accounted for. 

I regret that I cannot now conveniently refer to Guillaume’s 
interesting demonstration of this result. 

I’rof. Young has placed on record an experiment with three 
thermometers, which he heated to 280° C. The zero movement, 
however, only ranged from l* to l°’2, — small readings which 
might very possibly have been obtained, or not, on either of the 
thermometers at other times. It is consequently very difficult to 
draw any inference from this experiment. I may, however, 
mention that closed thermometers made of lead glass are very 
apt to show a rise of zero after heating to about 120° C. and 
upwards to some temperature in the ne^hbourhood of 270° C., 
and after that a descent of zero ; the temperature of 280" C. 
would in that case be an unsatisfactory one for a test experiment, 
and the effect of plasticity might very possibly be masked. On 
the other hand, if the three thermometers were of hard glass, all 
the zero movements would in that case be greatly diminished, 
and the results would be in less bold relief. 

I do not know any substance more curious or interesting in its 
properties than glass ; and I should be glad if Prof. Young— 
into whose able hands the matter has fallen — could decisively 
test my suggestion that plasticity is the main cause of the zero 
ascent after 120° C. Probably it has little or nothing to do with 
the ascent at the ordinary temperature. It is, however, known 
that fine threads of glass are undoubtedly plastic at the ordinary 
temperature. Edmund J. Mills. 

Melrose, N.B., December 29, 1889. ' 


THE PALEONTOLOGICAL EVIDENCE FOR 
THE TRANSMISSION OF ACQUIRED 
CHARACTERS,^ 

"V/rUCH of fhe evidence brought forward' in France 
and Germany in support of the transmission of 
acquired characters, which nas been so ably criticized in 

' This article Is an informal reply to the position taken by Prof. Weismann 
in his essays upon heredity. I have borrowed freely fVom the materials of 
Cope, Ryder, and others, without thinkinR it necessary to give acknowledg- 
ment in each case. 


Weismann’s recent essays, is of a very different order 
from that forming the main position of the so-called 
Neo-Lamarckians in America. It is true that most 
American zoologists, somewhat upon SempeFs lines, 
have supported the theory of the direct action of environ- 
ment, always assuming, however, the question of trans- 
mission. But Cope, the able if somewhat extreme 
advocate of these views, with Hyatt, Ryder, Brooks, Call, 
and others, holding that the survival of the fittest is now 
amply demonstrated, submit that, in our present need of 
an explanation of the origin of the fittest, the principle 
of selection is inadequate, and have brought forward and 
discussed the evidence for the inherited modifications 
produced by reactions in the organism itself— in other 
words, the indirect action of environment. The supposed 
arguments from pathology and mutilations have not been 
considered at all: these would involve the immediate 
inheritance of characters impressed upon the organism and 
not springing from internal reactions, and thus differ both 
in the element of time and in their essential principle front 
the above. As the selection principle is allowed all that 
Darwin claimed for it in his later writings, this school 
stands for Lamarckism pius — not versus — Darwinism, as 
Lankester has recently put it. There is naturally a 
diversity of opinion as to how far each of these principles 
is operative, not that they conflict. 

The following views are adopted from those held by 
Cope and others, so far as they conform to my own 
observations and apply to the class of variations which 
come within the range of palaeontological evidence. In 
the life of the individual, adaptation is increased by local 
and general metatrophic changes, of necessity correlated, 
which take place most rapidly in the regions of least 
perfect adaptation, since here the reactions are greatest ; 
the main trend of variation is determined by the slow 
transmission, not of the fhll increase of adaptation, but of 
the disposition to adaptive atrophy 'or hypertrophy at 
certain points ; the variations thus transmitted are 
accumulated by the selection of the individuals in which 
they are most marked and by the extinction of inadaptive 
varieties or species ; selection is thus of the ensemble of 
new and modified characters. Finally, there is sufficient 
palaeontological and morphological evidence that acquired 
characters, in the above limited sense, are transmitted. 

In the present state of discussion, everything turns 
upon the last proposition. While we freely admit that 
transmission has been generally assumed, a mass of 
direct evidence for this assumption has nevertheless 
Jseen accumulating, chiefly in the field of palaeontology. 
This has evidently not reached Prof. Weismann, for 
no one could show a fairer controversial spirit, when 
he states repeatedly : ** Not a single fact hitherto brought 
forward can be accepted as proof of the assumption.” It 
is, of course, possible for a number of writers to fall 
together into a false line of reasoning from certain facts ; 
it must, however, be pointed out that we are now deciding 
between two alternatives only, viz. pure selection, and 
selection plus transmission. 

The distinctive feature of our rich palaeontological evi- 
dence is that it covers the entire pedigree of variations : 
we are present not only at but before birth, so to speak. 
Among many examples, I shall select here only a single 
illustration from the mammalian series — the evolution of 
the molar teeth associated with the peculiar evolution of 
the feet in the horses. The feet, starting with plantigrade 
bear-like forms, present a continous series of readjustments • 
of the twenty-six original elements to digitigpdism which 
furnish proof suiBcieift to the Lamarckian. But,^s 
selectionists would explain this complex development 
reduction by panmixia and the selection of favourable 
fortuitous correlations of elements already present, the 
teeth render us more direct service in this discussion, since 
they furnish not only the most intricate correlations and 
readjustments, but tb^ complete history of the addition 
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of a number of entirely new elements— rise of useful 
structures from their minute embryonic^ apparently useless^ 
condition, the most vulnerable point in the pure selection 
theory. Here are opportunities we have never enjoyed 
before in the study of the variation problem. 

The first undoubted ancestor of the horse Hyraco- 
therium; let us look back into the early history of its multi- 
cuspid upper molars, every step of which is now known. 
Upon the probability that mammalian teeth were developed 
from the reptilian type, Cope predicted in 1871 that the 
first accessory cusps would be found on the anterior and 
posterior slopes of a single cone, i.e, at the points of 
interference of an isognathous series in closing the jaws. 
Much later I showed that precisely this condition is filled 
in the unique molars of the Upper Triassic Dromotherium. 
These with the main cusp form the three elements of the 
tritubercular crown. Passing by several well-known 
stages, we reach one in which the heel of the lower molars 
^intersects, and, by wearing, produces depressions in the 
transverse ridges of the upper molars. At these points 
are developed the intermediate tubercles which play so 
important a rSle in the history of the Ungulate molars. 
So, without a doubt, every one of the five main component 
cusps superadded to the original cones, is first prophesied 
by a point of extreme wear, replaced by a minute tubercle, 
and grows into a cusp. The most worn teeth, i.e. the first 
true molars, are those in which these processes take place 
most rapidly. We compare hundreds of specimens of 
related species ; everywhere we find the same variations 
at the same stages, differing only in size, never in position. 
We extend the comparison to a widely separate phylum, 
and find the same pattern in a similar process of evolution. 
Excepting in two or three side lines the teeth of all the 
Mammalia have passed through closely parallel early 
stages of evolution, enabling us^to formulate a law : The 
new main elements of the crown make their appearance at 
the first points of contact and chief points of wear of the 
teeth in preceding periods. Whatever may be true of 
spontaneous variations in other parts of the organism, these 
new cusps arise in the perfectly definite lines of growth. 
N ow, upon the hypothesis that the modifications induced 
in theorganism by use and disusehave nodirective influence 
upon variations, all these instances of sequence must be 
considered coincidences. If there is no causal relation- 
ship, what other meaning can this sequence have ? Even if 
useful new adjustments of elements already existing may 
arise independently of use, why should the origin of new 
elements conform to this law ? Granting the possibility 
that the struggle for existence is so intense that a minute 
new cusp will be selected if it happens to arise at the 
right point, where are the non-selected new elements, the 
experimental failures of Nature.? We do not find them. 
Paltcontology has, indeed, nothing to say upon individual 
selection, but chapters upon unsuccessful species and 
genera. Here is a practical confirmation of many of the 
most forcible theoretical objections which have been 
urged against the selection theory. 

Now, after observing these principles operating in the 
teeth, look at the question enlarged by the evolution of 
parallel species of the horse series in America and Europe, 
and add to the development of the teeth what is observed 
in progress in the feet. Here is the problem of correlation 
in a stronger form even than that presented by Spencer 
and Romanes. To vary the mode of statement, what 
must be assumed in the strict application of the selection 
* theory ? [et) that variations in the lower molars correlated 
with coincident variations of reversed patterns in the 
^l^per molars, fhese with metamorphoses in the premolars 
and pocketing of the incisor enamel ; (^) all new elements 
and forms at first so minute as to be barely visible 
imrnediately selected and accumulated ; (c) in the same 
individuals favourable variations in the proportions of the 
digits involving readjustments in the entire limbs and 


skeleton, all coincident with those in the teeth ; {d) finally, 
all the above new variations, correlations and readjust- 
ments, not found* in the hereditary germ-plasm of one 
period, but arising fortuitously by the union of different 
strains, observed to occur simultaneously and to be 
selected at the same rate in the species of the Rocky 
! Mountains, the Thames Valley, and Switzerland 1 These 
j assumptions, if anything, are understated. Any one of 
them seems to introduce the element of the inconstant, 

I whereas in the marvellous parallelism, even to minute teeth 
markings and osteological characters, in all the widely dis- 
tributed forms between Hyracotherium and Equus, the 
most striking feature is the constant. Viewed as a 
whole, this evolution is one of uniform and uninterrupted 
progression, taking place simultaneously in all the details 
of structure over great areas. So nearly does race adapt- 
ation seem to conform to the laws of progressive adaptation 
in the individual, that, endowing the teeth with the power 
of immediate reactive growth like that of the skeleton, we 
can conceive the transformation of a single individual 
from the Eocene five-toed bunodont into the modern 
horse. 

The special application of the Lamarckian theory to 
the evolution of the teeth is not without its difficulties, 
some of which have been pointed out to me by Mr. E. B. 
Poulton. To the objection that the teeth are formed 
before piercing the gum, and the wear produces a loss of 
tissile, it may be replied that it is not the growth, but 
the reaction which produces it, which is supposed to be 
transmitted. Again, this is said to prove too much ; why 
is the growth of these cusps not continuous .? This may 
be met in several ways : first, in the organism itself 
these reactions are least in the best adapted structures, a 
proposition which is more readily demonstrated in the 
feet than in the teeth — moreover, since the resulting 
growth never exceeds the uses of the individual, there is 
a natural limit to its transmission ; secondly, the growth 
of the molars is limited by the nutritive supply — we 
observe one tooth or part growing at the expense of 
another ; third, in some phyla we do observe growth 
which appears to lead to inadaptation and is followed by 
extinction. In one instance we observe the recession of 
one cusp taking place pari passu with the development of 
the one opposed to it. These and many more general 
objections may be removed later, but they are of such 
force that, even granting our own premises, we cannot 
now claim to offer a perfectly satisfactory explanation of 
all the facts. 

The evidence in this field for, is still much stronger than 
that against, this theory. To sum up, the new variations 
in the skeleton and teeth of the fossil series are observed 
to have a definite direction ; in seeking an explanation of 
this direction, we observe that it universally conforms to 
the reactions produced in the individual by the laws of 
growth ; we infer that these reactions are transmitted, if 
the individual is the mere pendent of a chain (Galton), 
or upshoot from the continuous root of ancestral plasm 
(Weismann), we are left at present with no explanation 
of this well-observed definite direction. But how can 
this transmission take place? If, from the evident 
necessity^ of a working theory of heredity, the onus 
prodandifaWi upon the Lamarckian — if it be demonstrated 
that this transmission does not take place — then we are 
driven to the necessit}^ of postulating some as yet un- 
known factor in evolution to explain these purposive or 
directive laws in variation, for, in this field at least, the 
old view of the random introduction and selection of new 
characters must be abandoned, not only upon theoretical 
grounds, but upon actual observation. 

Reading between the lines of Weismann’s deeply 
interesting essays, it is evident that he himself Is coming 
to this conclusion. Henry Fairfield Osborn. 

Princeton College, August 23. 



, yan . 9, 1890] 


NATURE 


229 


A FIELD LAID DOWN TO PERMANENT 

GRASS. 

A VALUABLE paper, by Sir B. Xawes, on the 
history of a field laid down to permanent grass, has 
been reprinted, b^ Messrs. Spottiswoode, from the Journal 
of the Royal Agricultural Society of England. The field 
in question forms part of the Kothamsted estate, and was 
laid down to permanent grass nearly thirty years ago, 
by Dr. Gilbert, to whom it was let in 1856. It has been 
mown for hay every year from the commencement ; and 
in the present pamphlet Sir J. B. Lawes gives full particu- 
lars as to the economical results, the constituents supplied 
in the manures and removed in the crops, the changes | 
within the soil in the formation of the meadow, and the ! 
botany of the meadow. The following are his summary I 
and general conclusions : — j 

(1) By the judicious employment of manures, both ' 
natural and artificial, arable land has been converted into 1 
permanent grass, not only without loss, but with some ! 
profit to the tenant. 

(2) The important constituents, nitrogen and phosphoric j 
acid, were supplied in the manures in larger quantities j 
than they were removed in the crops ; but potash in only j 
about the same quantity as it was removed. 

(3) The application of dung, not only compensates for 
much of the exhaustion from the removal of hay , but it 
has a beneficial influence on the botanical character of . 
the herbage. 

{4) Although the grass has been mown every year for | 
nearly thirty years, there has been a considerable accumu- 
lation of fertility within the soil. 

(5) Analysis has shown that there has been an increase 
of nitrogen in the surface-soil, beyond that which could 
be explained by excess supplied in manure over that re- 
moved in crops, and by the combined nitrogen coming 
down in rain, and the minor deposits from the atmosphere. 
Part, if not the whole, of this increase is probably derived 
from the subsoil by deeply-rooted plants, which after- j 
wards leave a nitrogenous residue within the surface-soil, j 
Or, possibly, some of it may have its source in the free 
nitrogen of the atmosphere, brought into combination 
within the soil, under the influence of micro-organisms, 
or other low forms. 

(6) In laying down arable land to permanent grass, 
especially if hay is to be removed, it is essential to 
supply, not only nitrogenous, but an abundance of mineral 
manures, and especially of potash, a large quantity of 
which is removed in the crops, and must be returned 
When the grass is not mown, but fed, the exhaustion is 
much less, but it is greater when consumed for the pro- 
duction of milk than when for that of store or fattening 
increase. 


THE TOTAL ECLIPSE OF DECEMBER 22. 

M isfortune has attended the double- expedition 
sent by the Royal Astronomical Society to observe 
the total eclipse of December 22. In Africa observations 
were made impossible by bad weather. Observations 
were secured off the coast of French Guiana, but at a 
cost which is deeply to be deplored — the death of Father 
Perry. 

The telegram received from Demerara is as follows : — 
“ 104 corona American Perry dead dysentery.” With 
regard to the part of this telegram which needs explana- 
tion, the Times of January 6 says: — “ 164 ‘is resolvable 
into the factors 2, 4, and 1 3, of which the first number 
means that the weather was only moderately good j the 
second' that successful exposures were made with the 
Abney 4-inch lens, but, that the development was not 
carried out, owing either to unfavourable climatic condi- 
tions, or possibly to the illness of Father Perry ; and the 


third, that successful photographs were obtained with the 
20-inch mirror, but again the development was not com- 
pleted. The words corona American signify most prob- 
ably that the corona was of the same form as that seen 
on January i, 1889, when a total eclipse was successfully 
observed m California, and the form was then that now 
generally ascribed to a period of minimum suiyspots, 
elongated at the sun’s equator and radial but short at the 
poles.” 


NOTES. 

The list of those who received New Year’s honours and* 
appointments included Brigade-Surgeon George King, F.R.S., 
Bengal Medical Service, Superintendent of the Royal Botanical 
Gardens, Calcutta. He has been made Companion of the most 
eminent order of the Indian Empire. 

The seventy-second anniversary of the Institution of Civil 
Engineers occurred last Thursday, when a revised list of the 
members of all classes showed that the numbers on the books 
amounted to 5904, representing an increase of 3^ (per cent, in 
the past twelve months. 

The Institution of Electrical Engineers will hold the first 
meeting of the current term this evening, when the President, 
Dr. John Hopkinson, F.R.S., will deliver his inaugural 
address. 

The annual general meeting of the Royal Meteorological 
Society will be held at 25 Great George Street, Westminster, 
on Wednesday, the ISth inst., at 7.15 p.m., when the Report 
of the Council will be reftd, the election of Ofhrars and Council 
for the ensuing year will take place, and the President (Dr. W. 
Marcet, F.R.S.) will deliver an address on “Atmospheric 
Dust,” which will be illustrated by a number of lantern 
slides. 

The Mining Journal is to be congratulated on the very 
admirable portait of Dr. Archibald Geikie which appeared in 
its issue of December 28. The portrait was accompanied by a 
short but very good account of Dr. Geikie's life and labours. 

Dr. Raoul Gautier has been appointed -Professor of 
Astronomy at the University of Geneva, and has at the same 
time been made director of the Observatory. His father. 
Colonel £. Gautier, retains his connection with the latter 
establishment, with the title of honorary director. 

The Professorship of Agriculture and Rural Economy at 
the Royal Agricultural College, Cirencester, vacant by the 
resignation of Prof. McCracken, has been conferred upon an 
old student and gold -medallist of the College, Mr. Janies Muir. 

The arrangements of the Royal Botanic Society for 1890 
include exhibitions of spring flowers on March 26 and April 23 ; 
summer exhibitions of plants, flowers, and fruit, on May 14 
and June 11 ; and an evening fSU and exhibition on July 2. 
Botanical lectures will be given on May 9, 16, 23, and 30, and 
on June 6 and 13. These lectures will be free to all visitors in 
the Gardens. 

On Thttttday, January 16, Prof. R. Meldola, F.R.S., t#ill 
begin a course of twel^ special evening lectures at the Finsbury 
Technical Collq-e, on coal-tar products. The object the 
course is to describe the technology of the raw materials manu 
factured from the tar. The theoretical treatment will serve 
as a general introduction to the chemistry of the aromatic 
compounds. A syllabus can be ha<f on apiflication to the 
College. ^ 
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In May next, the six hundredth anniversary of the foundation 
of the University of Montpellier will be celebrated. 

M. CossoN, member of the French Academy of Sciences, 
and tlic author of many memoirs on the flora of Algeria and 
Tunis, died a few days ago in Paris, and was buried on the 
4th inst. 

We review to-day the volumes which conclude the series of 
Reports on the zoological results of the Challenger Expedition. 
In a prefatory note introducing Vol. II. of the Report on 
Physics and Chemistry, just issued. Dr. Murray explains that j 
with the exception of a volume on deep-sea deposits, which will 
be issued in March next, and a summary volume, which, it is 
fioj)ed, may be finished in about a year thereafter, the entire j 
scries of Reports is now completed. These Reports have been 
issued at intervals daring the last nine years, whenever ready, 
and without any reference to systematic arrangement. They are 
bound up in forty-seven large quarto volumes, containing 27,650 
pages of letterpress, 2662 lithographic and chromo-Hthographic 
plates, 413 maps, charts, and diagrams, together with a great 
many woodcuts. 

Some time ago Mr. J. T. Cunningham, Naturalist at the 
Plymouth Marine Biological Laboratory, wrote to the Times 
about the occurrence of anchovies on the south coast of England. 
In another letter, printed in the Times on Wednesday, he has 
given some fresh information about the matter. From Mr. 
Whitehead, of Torquay, he learns that the sprat fishermen at 
that place were catching a number of anchovies in their sprat 
nets together with sprats ; that about a fifth of their catches 
consisted of anchovies. Mr, Dunn has sent him specimens 
from Megavissey. These were caught, as it were, accidentally 
in pilchard nets. Mr. Cunningham has made inquiries among 
the pilchard anfi herring fishermen at Plymouth, and finds that 
almost every time they shoot their nets they catch a few ancho- 
vies — from one to a dozen. The mesh of a pilchard net is much 
too large to hold an anchovy, and these occasional specimens 
arc caught only in parts of the nets that get entangled ; they are 
not meshed in the ordinary way. Of the anchovies he has 
obtained from the pilchard fishermen, he says there is no doubt 
whatever as to their being of the same species {Engratilis en^ 
i/^asicholus) as those which we import from France and Italy. 

A RATHER serious subsidence has occurred near Dane Bridge, 
Northwich. A large hole, nearly 10 feet deep and covering a 
space of 50 feet by 30 feet, has been formed near the roadway. 
The Bridge Inn is now 24 inches out of the perpendicular, or 
some 5 inches more than it was before the subsidence. The 
inn had been securely bolted and the walls secured some time 
since, otherwise it would probably have collapsed. Some 
wooden structures standing on the opposite side of the road 
have been rendered untenantable. The gas and water mains 
were dislocated, and had to be repaired by the local board. 

The General Report of the Survey of India Department for 
1887-88, which has recently been published, indicates a gradual 
increase in the annual amount of work done. The triangulation 
along the Madras Coast has been extended 370 miles in length ; 
and similar operations have been conducted in Baluchistan, one 
series along a parallel of 30^ N., and another along the meridian 
of 67^ £., both meeting at Quetta and having an aggregate 
length of 270 miles. The topographical surveys during the 
year covered an area of 15,673 square miles. It is gratifying to 
note the system, started in the previous year, of employing 
* the village as cadastral surveyors has been continued 
with very encouraging results, the aggregate area surveyed 
cadastrally being 543$ square miles. The special telegraphic 
longitude operations were resumed, and 7 arcs of longitude in 
Southern India measured, with the particularly interesting result 


of indicating an excess of gravitation toward the ocean surround- 
ing India. Geographical surveys in Burmah have been made on 
a laige scale, the *Ruby Mine tract receiving special attention. 
A valuable addition to our knowledge of Afghanistan is furnished 
by the report of Yusuf Sharif, who accompanied the Afghan 
Boundary Commission, and succeeded in surveying 4600 miles of 
new country on his return. The statistics of the output of maps 
and reproductions at the principal offices show a marked increase. 
The value of the Dehra Dun station for purposes of solar photo- 
graphy is forcibly demonstrated by the fact that photographs 
of the sun were obtained on no less than 327 days, and forwardedf 
to the Solar Physics Committee, to complete the Greenwich 
series. The Report is accompanied by the usual maps and 
narratives of the various expeditions. 

W E owe a new and interesting application of photography to 
M. Bertillon, the well-known director of the Identification 
Department at the Paris Prefecture of Police. Itf . Bertillon has 
been devoting himself for some months to the study of the 
physical peculiarities engendered by the pursuit of different 
occupations. The police have frequently to deal with portions' 
of bodies, and it would greatly aid their investigations to be able 
to determine the calling of the murdered person in each parti- 
cular case. The hand is as a rule the part naturally most 
affected by the occupation, and M. Bertillon has taken a very 
large seAes of photographs, each one showing on a large scale 
the hands, on a smaller scale the whole figure of the workman 
at his work, so that one may see at a glance the position of the 
body, and which are the parts that undergo friction from the 
tools in use. From the hands of the navvy all the secondary 
lines disappear, and a peculiar callosity is developed where 
the spade handle rubs against the hand ; the hands of tin-plate 
workers are covered with little crevasses produced by the acids 
employed ; the hands of lace-makers are smooth, but they have 
blisters full of serum on the back and callosities on the front 
part of the shoulder, due to the friction of the straps of the 
loom ; the thumb and the first joints of the index of metal- 
I workers show very large blisters, whilst the left hand has scars 
made by the sharp fragments of metal. Experts in forensic 
medicine (Vernois among others) have before drawn attention 
to the subject, but this is the first time that an investigation has 
been carried out on a large scale, and in M. Bertillon’s hands it 
should lead to the best results. 

Shocks of earthquakes continue to be felt in the province of 
^emiryetchensk, Russian Turkestan. After September 12, they 
were felt nearly every day, the most severe shocks having been* 
experienced on September 17, at 11.45 f 22nd, at 

1.15 p.m. ; on the 23rd, at 4.55 a.m. On September 30, at 6.30 
p.m., there was a particularly severe shock, preceded by a loud 
underground noise. 

Severe shocks of earthquake were felt on the northern and 
north-eastern shores of Lake Issyk-kul nearly every day from- 
November 19 to December 5. Many chimney-pots in several 
villages were destroyed by the shock of November 19. 

The latest information as to the earthquake which visited 
Lake Issyk-kul on July 12 is given in the Akmolinsk Gazette. 
It lasted from 3. 15 to 3.30 a.m., and destroyed, or rendered un- 
inhabitable, all buildings in the villages Uital, Sazanova, 
Preobrajensk, and Teplyi Klutch, of the Issyk-kul district. 
Eight persons were killed, and 43 injured, some of them 
severely. The greatest disasters, however, appear to have 
occurred among the Kiighizes, who camp^ in, the Kunghei 
Alatau, on the northern shore of Lake Issyk-kul. They 
had no fewer than 26 killed and 15 injured. The numbers 
of cattle killed during the earthquake were : 283 horses, 75 
horned cattle, and 379 sheep. Several* villages of the district 
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of Vycrayi also sufiered very much. At Przevalsk (formerly 
Karakol, on the southern shore) and the surrounding villages 
many houses were destroyed; while amidst the Taranchis of 
the district of Vyernyi 2 1 persons were killed and 2 severely 
injured. At Vyernyi itself (50 miles north of the lake) the 
earthquake was relatively feeble ; but at Jarkend all houses 
were rendered uninhabitable. In the west of Lake Issyk-kul 
the shocks were feeble, but in the north the wave of the earth- 
quake spread as far as Kopal (180 miles from Issyk-kul, as the 
crow flies), and even as far as Sergiopol, which is 380 miles 
distant from the northern shore of the lake. 

The Council of the Italian Meteorological Society, publishes 
an Anntiario Meteorologico^ in which will be found much useful 
information for general readers. The volume for 1890 contains 
276 small octavo pages, and is divided into four parts: — (1) 
Ephemerides and astronomical tables. This part also contains a 
special appendix giving the concordance of the calendars and 
other particulars of the 17 eastern nations. (2) Tables for the 
reduction of meteorological observations, by Padre Denza, with 
useful examples of how the corrections are applied, and also 
meteorological and magnetical statistics, (3) Geographical and 
topographical elements, together with an instructive paper on 
recent electrical terms and measurements. (4) A series of short 
articles on various sciences, among which we may specially 
mention one by Padre Denza, on the mode of determining the 
meridian line and time, for the use of observers who have only 
simple instruments. The most recent ideas upon the formation 
of hail, by Prof. L. Bombicci. On the types of isobars which 
favour frosts, by Prof. P. Busin, with suggestions for any ob- 
servers willing to work at this subject. And, on the cause of 
earthquakes, in which the various theories are discussed, by Dr. 
C. De Giorgi. 

The Deutsche Seewarte has published, in a separate memoir, 
the results of the meteorological observations taken at its nine 
coast stations for the two lustra 1876-80 and 1881-85, together 
with summaries for the whole decade. The work contains very 
useful information relating to the climate of Northern Germany, 
and the hope is expressed that other institutions will publish j 
similar results for their respective systems. In Symons's Mont?tly 
Meteorological Magazine for November it is pointed out that the 
yeais begin with December, in opposition to the regulations of ! 
the Vienna Congress that the years should begin with January, 
and an explanation of this is asked for. The explanation is given 
in the introduction : by this m.ethod the Seewarte has been able • 
to give seasonal means, as well as monthly means. The Decem- 
ber observations, which precede those for January, are for the | 
same year as all the other months, not ‘for the preceding year, i 
The greatest annual range of temperature is 107**’ x at Neufahr- 
wasser. The greatest daily rainfall occurred at Hamburg — viz. 

3 ’37 inches. The annual percentage of rainy days varies from 
4i'6to597. 

The Annual Report of the Chief Signal Officer of the United 
States, for the year 1889, sets forth the extended and important | 
character of the meteorological work that is carried on. Apart 
from weather forecasts, and storm warnings, the duties include 
the gauging and reporting of rivers, the reporting of temperature 
and rainfall conditions for the cotton interests, frost warnings in 
the interest of agriculture, and the notification of advancing cold 
waves for the benefit of the general public. The Chief Signal 
Officer estimates that the gratuitous distribution of meteorological 
data in the United States in a single week is greater than in all 
Europe in the entire year. The weather forecasts are issued 
twice daily, at 8 a.m. and 8 p.m., for a period of twenty- four 
hours, and the percentage of success shows a general average of 
8t. The present system of flag signals gives clear and definite 
information as to whether a storm is to be light or severe, 


whether its centre is approaching or has passed Ihe station, and 
from what quarter high winds are expected. With regard to 
scientific researches, systematic observations of atmospheric 
electricity have been made, to determine whether these could be 
made nse of in weather forecasting, the result being that negative 
electricity may be observed without being in any way related to 
precipitation, past, present, or future, and that such observations 
do not promise to be of practical use. Prof. C. Abt)e has 
prepared a popular and non-mathematical exposition of the laws 
of storms, with a view to their better prediction. The Chief 
Signal Officer states that the Report brings together many new 
results, and that Prof. Abbe finds the source and maintaining 
power of a storm in the absorption by the cloud of solar heat, 
and in the liberation of heat in the cloud by those particles that • 
subsequently fall to the ground as rain or snow, and endeavours 
to show that the movement of the storm centre is principally 
influenced by the location and amount of such precipitation. 

Remarkable electrical phenomena are witnessed at the n^ 
observatory on the steep and isolated Santis (821 5) iu Northern 
Switzerland. Thunderstorms are extremely frequent ; thus in 
June and July last year, only three days were without them. 
As a rule, thunder peals from midday till evening. The noise i.s 
short, partly owing to shortness of flashes and partly to the 
small amount of echo. The thunderstorms come on quite 
suddenly, in a clear sky. One of the surest indications of their 
approach is the bristling of the observer's hair. During hail, 
the iron rods of the house give a hissing sound, associated with 
luminous effects. 

M. E. Hospztalier, the electrician, has begun the publica- 
tion of a work in two volumes, entitled Traite Elementaire 
de TEnergie ^lectrique.'' The first volume, comprising the 
definition, principles, anti general laws, has^ been issued. 
Vol. IT., on industrial applications, will be issued during the 
present year. 

In the current number of the American Naturalist Mr. 
Clement L. Webster gives an interesting account of various 
‘‘ mound-builder mounds '' near Old Chickasaw, Iowa. Speaking 
of three human skeletons found in one of these mounds, the 
writer says that the crania show “an extremely low grade of 
mental development.’* They are smaller than the Neanderthal 
skull. 

M. VAYSSikRE has published the second part of his monograph 
of the Opisthobranchiate Mollusca of the Gulf of Marseilles. 

It contains many fine plates. 

The origin of the very extensive pampas- formation in South 
America, a humus-covert loess of fine dust-like material, from 
xoo to l6o feet thick, with limestone concretions, and numerous 
fine passages, hsts attracted the attention of several geologists* 
From an important recent contribution to the subject by Roth 
(German Geological Society), it would appear that wind, river, 
lagoon, and coast deposits may all be distinguished in the 
pampas., The coast deposits are chiefly recognized by sand and 
marine shells. The lagoon formations are darker in colour and 
of small extent and thickness. The deposits from rivers are 
either from those rising in the mountains, or from those rising in 
the pampas themselves. The former contain, near the tnoun- 
Uins, blocks of stone rolled down, and the granular nature of 
the deposit grows ever finer in the course of the rivers, whioh 
lose themselves in the p|impas, in a region rich in lagoons, with 
a pretty abundant vegetation under recurrent*rains. The depq^its 
from the poor streams rising iu the pampas have round, smooth, 
lime concretions, with smooth bone fragments of mammals. 

But most extensive are the seolic or air formntions, of which the 
vertical root- like tubes and irregularly- Armed lime concretions 
are characteristic. Violent winds carry the fine water-deposited 
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material in all directions over the plains till vegetation comes 
and retains it. The uniform character of the pampas loess arises, 
according to Roth, not from the material and mode of deposi- 
tion, but chiefly from its transformation under the influence of 
vegetation. The roots taking up the matters they need, decom- 
pose the soil, and the humus arising from the decay of the plants 
acts op the new material spread over the surface by wind and 
rain, along with fresh plants, by way of decomposition. A 
further metamorphosis occurs by water carrying down matter 
through the porous layers, with the result of new combinations, 
and a harder, more compact loess in the lower parts. From 
observations of marine Tertiary beds of (probably) Miocene age 
in Entre Rios, over typical pampas loess, Roth infers that the 
' formation of loess began some time in the Eocene period ; in 
diluvial times it grew in intensity, and has gone on till now 
without interruption, 

AN*interesting study has been lately made by Herr Tarchenoff 
{PJliigers Arc/nv) of electric currents in the skin from mental 
excitation. Unpolarizable cl ay- electrodes, connected with a 
delicate galvanometer, were applied to various parts — hands, 
fingers, feet, toes, nose, ear, and back ; and, after compensation 
of any currents which occurred during rest, the effects of mental 
stimulation were noted. Light tickling with a brush causes, 
after a few seconds* period of latency, a gradually increasing 
strong deflection. Hot water has a like effect ; cold, or the 
pain from a needle-prick, a less. Sound, light, taste, and smell 
stimuli act similarly. If the eyes have been closed some time, 
mere opening of them causes a considerable deflection from the 
skin of the hand. Different colours here acted unequally. It 
is remarkable that these skin-currents also arise when the sen- 
sations are merely imagined. One vividly imagines, he is 
suffering intense heat, and a strong gurrent occurs, which goes 
down when the idea of cold is substituted. Mental effort pro- 
duces currents varying with its amount. Thus, multiplication 
of small figures gives hardly any current ; that of large, a strong 
one. If a person is in tense expectation, the galvanometer 
mirror makes irregular oscillations. When the electrodes are 
on hand or arm, a voluntary movement, such as contraction of 
a toe or convergence of the eyes, gives a strong current. In all 
the experiments it appeared that, wit h equal nerve excitation, 
the strength of the skin-currents depended on the degree to 
which the part of the skin bearing the electrodes was furnished 
with sweat-glands. Thus some parts of the back, and upper 
leg and arm, having few of these, gave hardly any current. 
Herr Tarchenoff considers that the course of nearly every kind 
of nerve-activity is accompanied by increased action of the skin- 
glands. Every nerve-function, it is known, causes a rise of 
temperature, and accumulation of the products of exchange of 
material in the body. Increase of sweat-excretion favours 
cooling, and the getting rid of those products. 

A METEORITE of special interest to chemists has been exa- 
mined by M. Stanislas Meunier. It fell at Mighei, in Russia, 
on June 9, 1889, and it was evident, from a cursory inspection, 
that it was of a carbonaceous nature. In external appearance it 
exhibited a deep greenish-black colour, relieved by numerous 
small brilliant white crystals ; the surface was considerably 
wrinkled, and blown out into swellings. The material was very 
friabld, and readily soiled the fingers. A section under the 
microscope was observed to consist largely of opaque matter 
iitterspersed with crystals of a magnesian pyroxene and peridote. 
Fine particles of metallic iron and nickelifisrous iron were readily 
coReeted by a magnet from the powdered rock, having all the 
characteristics of meteoric iron. The density of the meteorite 
was not very high, 2 '495. About 85 per cent, of the rock was 
found to be attacked by acids, the portion so attacked being 
sho w by analysis to consist mainly of a silicate of magnesium and 
iron juving the composition of peridote. Op the remaining 15 per 


cent, being heated in a current of dry oxygen gas, it readily took fire 
and burnt brilliantly. The products of combustion, which were 
allowed to pass through the usual absorption lubes containing 
pumice and sulphuric acid and potash, shoured that the meteorite 
contained nearly 5 per cent of organic matter. In order to 
obtain some idea as to the nature of the carbonaceous substance 
present, a quantity of the rock was powdered and then digested 
with alcohol ; on evaporation the alcoholic extract yielded a 
bright yellow resin, which was readily precipitated from the 
alcoholic solution by water, and much resembled the kabiiitc of 
Wohler. The most curious chemical properties of the meteorite, 
however, are exhibited with a cold aqueous extract of the 
powdered rock. The filtered liquid is quite colourless, but 
exhales a faint odour due to an organic salt which carbonizes 
on evaporation to dryness, and may be burnt upon platinum 
foil. The aqueous extract further contains nearly 2 per cent, 
of mineral matter possessing properties of a novel character. 
Barium chloride solution gives a heavy white precipitate, which, 
however, is not barium sulphate. Silver nitrate gives a voluminous 
curdy reddish-violet precipitate, reminding one of silver chrom- 
ate, but of quite a distinct and peculiar tint, and which blackens 
in a very few minutes in daylight. The substance which exhibits 
these reactions is unchanged by evaporation to dryness and igni- 
tion to redness, readily dissolving in water again on cooling and 
giving the above reactions. The silver nitrate precipitate, when 
allowed to stand for some time undisturbed in the liquid, be- 
comes converted into colourless but brilliantly refractive crystals, 
which polarize brightly between crossed Nicols under the micro- 
scope, and which are insoluble in boiling water. The properties 
of ibis new substance contained in the water extract appear to 
approximate most closely to those of certain metallic telhirates, 
but the new compound appears also to differ in certain respects 
i from those terrestrial salts. 

The additions to the Zoological Society's Gardens during the 
past week include a Brown Capuchin (Cebus fatucllus 6 ) from 
Guiana, presented by J. II. Bostock ; a Common Gull {Lants 
canus), a Black-headed Gull {Larus ridibiindus\ British, pre- 
sented by Mr, E. Keilich ; two Schlegel's Doves {Chalcopclia 
piiella) from West Africa, presented by Majorca M. MacDonald ; 
a Common Barn Owl {SitHx Jbammea)^ British, presented 
by Mr. H. Craig; two Swainson's Lorikeets {I'richoglossus 
novce-hollanduc) from Australia, deposited. 
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Remarks. 

(1) The bright lines so far recorded in the visible part of the 
spectrum of the Great Nebula in Orion are as follows ; — 

Ob!ferver9. 

Dr. Copeland. 

Mr. Taylor. 

Dr. Haggins. 

»9 
9f' 

Mr. Taylor. 

Dr.^ Copeland. 

Dr' Huggins. 


Wave-lengths. 
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5 S 9 - 
520 
500 
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(F) 
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447 

434 (G) 
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The principal line in the photographic spectrum is near wave- 
length 373, and this seems to be special to certain parts of the 
nebula, according to Dr. Huggins's researches, . 

Although so much admirable work has already been done, 
there is still abundant scope for further investigations. One of 
the chief points requiring attention at present is the character 
of the brightest line, near A 500. Researches on the spectra of 
meteorites, coupled with previous records of the line as having 
a fringe on its more refrangible side, led Prof. Lockyer to sug- 
gest, in 1887, that it was the remnant of the fluting near A 500 
seen in the spectrum of burning magnesium. Observations 
have since been made by Prof. Lock)er, Mr. Taylor, and 
myself, and all agree that the line is not sharp on the more re- 
frangible side. Further observations are suggested. High dis- 
persion is not necessary, or indeed desirable. 

Direct comparisons of the chief nebula line with the mag- 
nesium fluting are also required, but this is an observation of 
great delicacy, requiring high dispersion. It must also be 
demonstrated that under the same conditions of com|?ar!scii the 
F line of hydrogen is coincident with the third nebula line. 

It has been suggested that the line near 559 recorded by Mr. 
Taylor is the remnant of the brightest manganese fluting ; this 
can only be decided by direct comparisons. 

In my own observations I noted that the F line is not seen 
in all parts of the nebula, and in this respect it resembles the 
ultra-violet line. I'his localization of the lines opens up a new 
field of work. 

(2) This is one of the finest examples of stars of Group II. 
The bands i to 9 are perfectly well seen, but there is no 
record of the presence or absence of line absorptions. Observa- 
tions of the carbon flutings are suggested, a spirit-lamp flame 
being convenient for comparisons. The two flutings to be 
examined, both for position and compound structure, are those 
near A 517 and 474. The latter is a group of five flutings, 
extending from about A 468 to A 474, and under some conditions 
the point of maximum brightness of the group is shifted from 
474 to 468. Comparisons of bands 4 and 5 with the brightest 
flutings of manganese and lead should also be made. 

(3) This is a star with a spectrum of the solar type, of which 
the usual differential observations are required. The relative 
thicknesses of the hydrogen and other lines should also be 
noted. 

(4) Gothard describes this star as belonging to Ciroup IV. 
The usual observations are required. 

(5) This is a star of Group VT., in which band g is dark, and 
baiul 6 pale. Dunt?r does not record any of the secondary 
bands. These and absorption lines should be looked for. 

(6) This variable has a period of 423 days, and ranges from 
8*5 at maximum to 13*5 at minimum (Gore). The spectrum 
has not yet been recorded. Maximum on January 9. 

(7) This is a variable wdth a spectrum of the Group 11. type. 

The period is 324 days, and the magnitude varies from about 8 
at maximum to 9*5 at minimum. The maximum will not occur 
until January 17, but observations for the bright lines of hy- 
drogen, &c., may be commenced at once. Variations of the 
widths and intensities of the bands before and after maximum 
may also be looked for. A. Fowlkr, 

Identity of Comet Vico (1844) with Brooks's (1889). — 
In a note on some comets of short period {BttUetin Asironomique^ 
November 1889), M. L. Schulhof observes that a comparison 
of the elements of Vico’s comet (1844) given by Le Verrier with 
those of Brooks’s comet (1889) shows a striking similarity. 
According to Mr, Chandler {Astronomical Jounial^ No. 205), 
Brooks's comet in May 1886 was at a distance 0*064 from 
Jupiter, and in heliocentric longitude 185®, whilst Vico’s comet 
found itself about i885-‘86, according to the elements of M. 
Briinnow in heliocentric longitude 162®, and approximately 0*4 
from Jupiter. M. Schulhof adds, however, that the only objec- 
tion to the hypothesis is that the action of Jupiter at a distance 
0*4 would hardly have been suflScient to change so considerably 
the perihelion distance and the time of revolution. It will be 
suflicient to calculate back the perturbations of Brooks's comet as 
far as 1885 to definitely settle this question. 

An investigation of the elements of Comets Lexell and Finlay 
has led to the conclusion that they are not identical, but the 
resuUs found are not to be taken as conclusive, a farther and 
more exact determination of the elements of Finlay’s comet 
having been undertaken. 


Observations of some Suspected Variables.— Observa- 
tions of Lalande 26980 = I4h. 42*7111. -f 6'" 28' *9 (1875), 
Rev. John G. Hagen, of Georgetown College, give the negative 
result that there is no proof of variation between the years 1884- 
89, and although an average of 15 observations a year have been 
made, the extreme range of magnitude is less than 0*2. 

Three stars were found that showed rather a large difference 
from the Bonn D.M. magnitudes, and were watched from«i886 
to 1889. Nb variation, however, was noticed during these 
three years. The following are the three stars and the magni- 
tudes found compared with A rgelander’s : — 

, m. m. m. 

D.M. 55 '2587 ... 7*8 ± O-I ; D.M. = 8*8. 

D.M. 44 '3368 ... 7’6 ± 0-1 ; D.M. = 7-0. 
j D.M. 44 '3402 ... 77 ± o'o; D.M. = 8'i. 

j Spkctr.um of a Metallic Promi.nence. — Prof. Vogel in 
I a letter to Prof Tacchini {Mem, Societh Spettroscopisti Jtaliani, 

' November 1889) observes that the positions of the lines 
measured in a metallic prominence on June 28 were incorrectly 
given by Prof Spoerer in the A/emorie for October (see Nature^ 
vol. xli. p. 1 1 5), and that the following should be substituted : — 


Wave-length, 

Origin. 

Wave-length. 

Origin. 

667*6 ... 

... Ee 

1 SS3’4 - 

... Ba, Fe, Sr. 

c 

... H. 

! 531*6... 

... Ceronium* 

649*6 

... Ba. 

526 9 ... 

... Ca, Fe. 

646*2 

... Ca. 

518*8 ... 

... Ca, Fe. 

l\ ... 

... Na. 

... 

... Mg. 

D« 

... Na. 

: ^ ... 

... Mg. 

d; ... 

... Helium. 


... Fe, Ni. 



l>l ... 

... Mg, Fe. 


The above table only contains a small number of the bright 
lines seen in this eruption. 


Comet Swift (/ 1889, November 17). — The following 
corrected elements are given by Dr. Zelbr (Astr, Nachr,, 

2944) 

T = 1889 Novemlfcr 29*66411 Berlin Mean Time. 

o . • 

= 40 55 52 8 ) 

a = 331 26 40*1 > Mean Eq. 1889*0. 

» = 19 3 21*1 ) 

« 1 > = 39 8 23*1 

log a = 0*559784 
log f* = 2"* 710331 
Period — years. 


Dr. Lamp has computed the ephemeris given below from 
these elements : — 


1890. 

R.A. 
h. m. s. 

Deck 

0 » 

1S90. 

R.A. 

h. m. .s. 

Decl. 

+ 27 46*2 

Jan. 8 ... 

I 19 48 ... 

+ 25 50*9 

Jan. 19 

. I 59 43 

9 -.. 

23 25 ... 

26 2*8 

20 . 

..2 3 21 

27 55 0 

10 . 

27 2... 

26 14*4 

21 . 

.. 6 59 

28 3 5 

11 ... 

30 39 ... 

26 25*7 

22 . 

.. 10 36 

28 11*8 

12 .. 

34 17 ... 

26 36*7 

23 • 

.. 14 14 

28 19*8 

13... 

37 54 - 

26 47 *5 

24. 

•• 17 51 

28 27*4 

14 ... 

41 32 ... 

26 58*0 

25 • 

.. 21 28 

28 34*8 

15... 

45 to ... 

27 8*2 

26 . 

.. 25 4 

28 41*9 

16 ... 

48 48 ... 

27 i8*i 

27 . 

2840 

28 48*7 

17.. . 

18 .. . 

52 27 ... 
I 56 5 .. 

27 27*7 
27 37*1 

28. 

.. 2 32 15 

28 55 ' 3 - 


The brightness on Jan. 8 = 0*48 and on Jan. 28 = 0*30, 
that at discovery being taken as unity. 

M. Schulhof notes {Bulletin Astronomique, November 1889^ 
that, according to the elements of this comet, it is probably 
identical with Blanpain’s comet (1819), which M. Clausen has^ 
shown to be identical with Grischow’s comet (1743)' 

# 

Solar Spots and Prominences. — In the November 
Memorie della Society, degli Spettroscopisti Italiani, Prof. Tacchinj 
contributes a note on spots and faculm observed from Jul^ to 
September of this year* A comparison of ^ese observations 
with those of the preceding quarter shows an augmentation ^f 
the phenomena described and a diminution of the frequency of 
days without spots. 

Spectroscopic observations made by Prof. Tacchini during the 
same period as the above show the m^an daily nunaber of 
prominences to have been 2*93, with an avenge altitude of 
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38"-8. This is an increase on the results of the preceding 

a Liarter both in the number and height of prominences. Two 
aborate plates are included in the Memorie^ indicating the 
prominences observed at Rome and Palermo from September to 
December 1886. 


GEOGRAPHICAL NOTES. * 

The following news was received a few davs ago at St. 
Petersburg from Colonel Roborovski, the present chief of the late 
M. Prjevalsky's projected expedition. They crossed the Tian-Shan 
l>y the llarskaun and Bedel Passes, and reached the Taushkan- 
daria. Then they crossed the Kara-teke chain, and when they 
*■ were on the banks of the Yarkend river, they found out that 
the Kashgar-daria no longer reaches the Yarkend -daria, but is 
lost in the irrigation canals of Maral-basb. They followed the 
Yarkend river, which rolls a mass of muddy water between quite 
flat banks, covered for some 15 to 30 miles on both sides 
of the river, by thickets of Popultts euphratica^ Populus prunosa^ 
tamarisks, Halostachus shrubs, and rushes. Sand deserts spread 
on both sides, — towards the west to Kashgar, and eastwards 
to Lob-nor. Many ruins of old cities are met with in the 
deserts which are never visited by the natives. In the thickets 
of shrubs which fringe them there are numbers of tigers and 
wild boars, while amidst the barkhans of the deserts the wild 
camels are freely grazing. From Yarkend, the expedition went 
south, towards the hilly tracts, where it stayed for a month, 
and then it moved towards Kotan, whence Colonel Roborovski 
wrote on October 7. lie proposed to winter at Niya, and to 
search for a pass to Tibet across the border-ridge to which 
Pijevalsky gave the name of ** Russian Ridge.” If they succeed 
they will spend next summer in Tibet. 

In a lecture lately delivered before the Geographical Society of 
Bremen, Prof. Kuckenthal, of Jena, gave some account of his 
researches in King Charles Land. Geologically, these islands 
belong to Spitzbergen, and not, osowas formerly supposed, to 
Francis Joseph Land. During his stay of nearly three months. 
Prof. Kuekenthal thoroughly investigated this remote district, 
which is almost unapproachable, the surrounding seas being 
densely packed with icebergs. The islands are almost entirely 
without vegetation ; only a few mosses struggle for existence on 
the clay soil. Numerous walrus skeletons are thrown up by the 
sea. Game is plentiful ; Prof. Kuekenthal shot 14 bears (besides 
bringing back two live specimens), 39 walruses, and as many seals. 
Many insects and crustaceans were obtained from the land 
lakes. I 


THE ANNIVERSARY OF THE ROYAL 
SOCIETY. 

'piIE l^resident, after giving an account of the scientific work 
^ of many Fellows deceased during the past year, addressed 
the Society as follows : — 

On account of the great importance of Joule’s labours, both 
directly, in the advancement of science, and indirectly, through 
the knowledge thus acquired, in enabling improvements to be 
made in the practical application of science for industrial pur« 
poses, it has been suggested that it might be desirable to raise 
some public memoriiu to him, and the Council has appointed a 
Committee to consider the question. 

I have referred, and that very briefly, to some only of the 
Fellows whom we have lost during the past year, but fuller 
Kletails both of them, of other Fellows whom we have lost, and 
of oqr recently deceased Foreign Members, will be found in the 
obituary notices which appear from time to time in the Proce^- 
ings, according as they are received from the Fellows who have 
kindly undertaken to draw them up. 

Of those who last year were on our list of Foreign Members, 
we have since lo^ one who was trufy a veteran in science. 
Mbre than three years have elapsed since the celebration of the 
centenary of the birth of M. Chevreul, and two more recur- 
rences of his birthday came round before he was called away, 
lie will be known for his researches on the contrast of colours. 
But bis great work wa& that by which he cleared up the constitu- 
tion of the fixed oils and fats, and established the theory of 


saponification. Few scientific men still surviving were even 
bom when this important research was commenced — a research 
in the course of which he laid the foundation of the method 
now universal]/ followed in the study of organic compounds, 
by showing that an ultimate analysis by itself alone is quite 
insufficient, and that it is necessary to study the substances 
obtained by the action of reagents on that primarily presented 
for investigation. 

There is one whose name, though he was not a Fellow, I can- 
not pass by in silence on the present occasion. I refer to Thomas 
Jodrell Phillips Jodrell, who died early in September, in his 
eighty-second year. About the time of the publication of the 
reports of the Duke of Devonshire’s Commission, the subject of 
the endowment of research was much talked of, and Mr. Jodrell 
placed the sum of /'6000 in the hands of the Society for the 
purpose of making an experiment to see how far the progress of 
science might be promoted by enabling persons to engage in 
research who might not otherwise be in a condition to do so.. 
But before any scheme for the purpose was matured, the Govern 
ment Grant for the promotion of scientific research was started, 
under the administration of Lord John Russell, then Prime 
Minister. This rendered it superfluous to carry out Mr. Jodrell’s 
original intention, but he still left the money in the hands of the 
Society, directing that, subject to any appropriation of the money 
that he might make, with the approval of the Royal Society, 
during his lifetime, the capital should, immediately upon his 
death, be incorporated with the Donation Fund, and that in the 
meantime the income thereof should be received by the Royal 
Society. Of the capital, ;^iooo was several years ago assigned 
to a fvmd for the reauction of the annual payments to be made 
by future Fellows, and the remaining £$000 has now, of course, 
been added to the Wollaston Donation Fund. By the Fee 
Reduction Fund the annual payment of ordinary Fellows elected 
subsequently to the time of the change was made ;^3 instead of 
and the entrance fee abolished. As to the Donation Fund, 
a very wide discretion was, by the terms of the original founda- 
tion, left in the hands of the Council as to the way in which 
they should employ it in the interest of science. 

Since the Croonian Foundation for lectures was put on its 
present footing, it has been made the means of securing for us 
the advantage of a lecture delivered before the Society by dis- 
tinguished foreign men of science. In the present year our 
Foreign Member, M. Pasteur, was invited to deliver the lecture 
Unfortunately, the state of his health would not allow him to 
deliver it himself, but at one time he hoped that he would have 
been able to be present at its delivery. It was ultimately 
arranged that his fellow-labourer at the Pasteur Institute, Dr. 
Roux, should deliver the Croonian Lecture in his stead ; and 
seversilof the Fellows have heard his lucid account, first of the 
discoveries of M. Pasteur in relation to diseases brought about 
by microscopic organisms, and then further researches of his 
own in the same field. 

In addressing the Fellows at the anniversary last year, I 
mentioned that Commandant Desforges had kindly offered to 
compare that portion of Sir George Schuckburgh’s scale, with 
reference to which the length of the seconds pendulum had been 
determined by Kater and Sabine, with the French standard 
metre ; and as the ratio of this to the English standard yard was 
accurately known, the length of the pendulum, as determined 
by these^ accurate observers, would thus for the first time be 
brought into relation with the English yard by direct comparison 
with accurately compared measures of length. The comparison 
was shortly afterwards executed, and the scale, which, of course, 
was very carefully packed for its journey to Paris and back, has 
long since been replaced in the apartments of the Society. This 
highly desirable comparison occupied but a few days in its 
execution ; which affords one example of the scientific advan- 
tages derivable under an international agreement, from the 
establishment of the Bureau des Poids et Mesures. Our own 
country, which for some years held aloof from the Convention, 
forming the sole exception to the general agreement among 
nations of imjMftance, joined it some years ago ; and we thus 
have the privilege of availing ourselves, as occasion may arise, 
of the appliances at the office in Paris for such* comparisons of 
measures of length or weight. 

The services of Mr. Arthur Soper, as a special assistant, have 
t^en retained during the past session, with advantage to the 
libraiT. He has completed the much-needed shelf catalogue, 
and tne re-arrangement of the books where necessary. In the 
course of this work the volumes of a purely liternrv character 



yan . 9, 1890] 


NATURE 


235 


have been collected together, and a selection of the most valu- 
able have been prescribed in a properly protected case. Of the 
remainder, about 150 volumes (in addition tb those reported last 
year) have been presented to various public libraries, and a slip 
catalogue of the volumes which are retained, containing about 
lycx) entries, has been prepared. 

The manuscripts (other than the originals of ordinary papers 
read at the meetings) which have accrued to the Society since 
the publication of Halliwell’s Catalogue have been collected from 
various parts of the building into the Archives Room, with the 
object of preparing a complete catalogue of the manuscripts at 
present in the possession of the Society. 

Since the last anniversary, twenty-four memoirs have been 
published in the Philosophical Transactions, containing a total | 
of 753 pages and 33 plates. Of the Proceedings, twelve num- ; 
hers have been issued, containing 1062 pages and 6 plates. Dr. ; 
R. von Lendenfeld's “Monograph of the Horny Sponges,*' i 
mentioned in my last anniversary address, has also been issued 
during the year in a quarto volume of 940 pages of text and 51 ; 
plates. i 

The Fellows are aware that for a great many years the Royal ' 
.Society has devoted a part of its funds to the collection, pre- 
paration for the press, and correction of the proofs of a Cata- 
logue of Scientific Papers. We,have endeavoured to make the 
work as complete as possible, and to include scientific serials in : 
all languages. The first part, covering the period 1800-63, is i 
printed in six thick quarto volumes, of which the last appeared i 
In 1872. The decade 1864-73 occupies two more volumes, of 
which the second was published in 1879. This work, the : 
preparation of which the Royal .Society has spent a large sum, | 
Is for the benefit of the whole civilized world, and the sale of it 
could not be expected nearly to cover the cost of printing, 
paper, and binding. On a representation to this effect being 
made to Government, when the first part was ready for the I 
press, the I.ords of the Treasury consented that it should be 
printed at the public expense, the proceeds of the sale of the 
work, after reserving a certain number of copies for presenta- 
tion, being repaid to the Treasury. In consideration of the 
large outlay involved in the preparation, those Fellows of the 
Society who wished to purchase the work could do so at about 
two-thirds of the cost to the general public. A similar application 
to the Treasury with reference to the decade 1864-73 with 
a similar response, and we proceeded, as I mentioned at the 
anniversary last year, with the preparation of the manuscript for 
the next decade, 1874-83, which was then nearly ready. On 
making application towards the end of last year to the Treasury 
for the printing of this decade, our request was not acceded to. 
While declining, however, to continue any further the printing 
of this great work, the sum of j^iooo was put in the Estimates, 
and has since been voted by Parliament, to assist us in the pub- 
lication, and the copies of the work still remaining unsold have 
been handed over to us. This has enabled us to conclude nego- 
tiations with Messrs. Clay^ and the Syndics of the Cambridge 
University Press for the printing of the decade last mentioned, 
and at the same time to make some provision towards the future 
continuation of the work, without, as it may be hoped, en- 
croaching to a greater extent than hitherto on our own 
resources. 

The utility of the work would obviously be much increased 
if it could be furnished with some sort of key enabling persons 
to find what had been written on particular subjects. I am not 
without hopes that this very desirable object may yet be accom- 
plished, notwithstanding the magnitude of any such undertaking. 

Within the last year the Council of the Royal Society has 
accepted a dutjr in connection with scientific agriculture, of 
which it will be interesting to the Fellows to be informed. It 
is well known that for the last fifty years, or thereabouts. Sir 
John Lawes has carried out on his estate at Rothamsted an 
elaborate and most persevering series of experiments on the 
conditions which influence the growth and yield of crops of 
various kinds, the effect of manures of different kinds, the result 
of taking the same crop, year after year, from off the same land 
without supplying to it any manure, &c. Long as these experi- 
ments have already been continued, there are questions, par- 
ticularly as regards the capabilities of the sub-soil, which require 
for their satisfactory answers that similar experiments should be 
continued on the same land for a still longer period. In respect 
of such questions, the investigator of the science of agriculture is 
in a position resembling that in which the astronomer is often 


placed, in having to make observations, the full interest of which 
It must be left to posterity to enjoy. 

To prevent the interruption of these experiments, which it 
would take a life-time to repeat on fresh ground, and at the 
same time to provide for the carrying out of researches generally 
bearing on the science of agriculture. Sir John Lawes has created 
a trust, securing to the trustees a capital sum of ;(fioo,ooo. and 
leasing to them for ninety-nine years, at a peppercorn rent, 
certain lands in his demesne on which the experiments have 
hitherto been carried on, tc^ether with his laboratory. The 
trust is intended to be for original research, not for the instruc- 
tion of students. The general direction of the experiments and 
researches to be carried on is vested in a committee of manage- 
ment consisting of nine persons, of whom four are to be appointed 
by the President and Council of the Royal Society. 

The trustees named in the deed were Sir John Lubbock, 
Dr. Wells, and our Treasurer, Dr. Evans. One of these is 
now no more. Lord Walsingham has been appointed a trustee 
in place of the late Dr. Wells. 

The Copley Medal for the year has been awarded to Dr,^ 
Salmon for his various papers on subjects of pure mathematics,*’ 
and for the valuable mathematical treatises of which he is the 
author. Dr. Salmon's published papers are all valuable. Among 
others may be mentioned his researches on the classification of 
curves of double curvature, and on the condition for equal roots 
of an equation ; the very important theorem of the constant 
anharmonic ratio of the four tangents of a cubic curve ; his 
researches on the theory of reciprocal surfaces ; his paper on 
quaternary cubics. But any notice of his contributions to the 
advancement of pure mathematics would be incomplete which 
did not specially mention his invaluable text-books on conic 
sections, higher plane curves, solid geometry, and the modern 
algebra — works which not only give a comprehensive view of 
the subjects to which they relate, but contain a great deal of 
■ ■ al matter. 

the Royal Medals, it is the usual though not invariable 
i practice to award one for mathematics or posies, including 
: chemistry, and one for some one or more of the biological 
i sciences. No distinction is, however, made beti^en the two 
' medals in point of order of precedence, and I will, therefore, 
take the names of the medallists in alphabetical order. 

The Council have awarded one of the Royal Medals this year 
to Dr. Walter Holbrook Gaskell for his researches in cardiac 
physiology, and his important discoveries in the anatomy and 
physiology of the sympathetic nervous system. 

In his memoir, “On the Rhythm of the Heart of the Frog" 
(Croonian Lecture, Phil. Trans., 1882), and in a subsequent 
memoir, “ On the Innervation of the Heart of the Tortoise *' 
(Journ. of Physiol,, vol. iv.). Dr. Gaskell very largely advanced 
our knowledge of the physiology of the heart-beat, more espe- 
cially as relates to the sequence of the beats of the several parts, 
the nature of the inhibitory action of the vagus nerve, and the 
I* relations of tonicity and conducting power to rhythmical con- 
traction. These memoirs, however, lacked completeness on 
account of their not taking into full consideration the action of 
the cardiac augmentor or accelerator fibres, the existence of 
which had been previously indicated in the case of mammals, 
and suspected in the case of the frog and allied animals. 

By a striking experiment (fottm. of Physiol,, vol. v.) Dr. 
Gaskell subsequently rave the first clear demonstration of the 
presence in the frog of cardiac augmentor fibres ; also he gave a 
clear account of the nature of the action of their fibres, and the 
relations of that action to the action of the vagus fibres. Revising 
his previous work by the help of the light thus gained. Dr. 
Gaskell was enabled to give the first really consistent and satis- 
factory account of the nature of the heart-beat, of the modifica- 
tions of beat due to extrinsic nerves, and of the parts played by ■ 
muscular and nervous dements respectively. 

Important as was this work on the heart. Dr. Gasl^ell’s 
subsequent work “ On the Structure, Functions, and Distribu- 
tion of the Nerves which govern the Vascular and Visceral* 
Systems” {youm. ^ Physiol.,” vol. vii.) has a fiw higher 
importance and significaifte. In spite of the knowledge which 
during the past thirty or forty years has been gained concertiiil^ 
vaso-motor nerves and the nerves governing the 'movements of 
the viscera, physiologists had up to the time of the appearance 
of Dr. Gaskelrs memoir failed to obtain a dear conception of 
the nature and relations of the so-calle(> sympathetic nervous 
system. By his researches, in which the several methods of 
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^ross anatomical investigation, minute histological examination, 
and experimental inquiry were^ in a striking manner, made to 
assist each other, Dr. Gaskell, by tracing out the course and 
determining the nature of vaso-constrictor and vaso-dilalor 
fibres, and comparing them with the cardiac augmentor and 
inhibitory fibres, and with the fibres governing the visceral 
muscles, has already reduced to order what previously was to a 
large extent confusion, and has opened up what promises to be 
the way to a complete understanding of the whole subject. 

The results arrived at, besides their great physiological im- 
portance, on the one hand promise to be of great assistance^ in 
practical medicine, and on the other are eminently suggestive 
from a purely morphological point of view. 

The other Royal Medal has l)cen awarded to Prof. Thomas 
. Edward Thorpe for his researches on fluorine compounds, and 
his determination of the atomic weights of titanium and gold. 

Prof. Thomas Edward Thorpe’s experimental work has 
secured for him a place in the first rank of living experi- 
mentalists. 

His researches, which are not confined to one department of 
chemical science, but extend over many branches, are all distin- 
guished both by accuracy and originality of treatment. As 
examples of the high character of his investigations, those of the 
determinations of the atomic weights of titanium and gold may 
be specially cited as permanently settling the value of two most 
important chemical constants ; whilst his researches on the 
fluorine compounds, including the discovery of thiophosphoryl 
fluoride, a body capable of existing undecomposed in the state 
of gas, and his latest work on the vapour-density of hydro- 
fluoric acid, do not fall short of the highest examples of 
classical chemical investigation. 

The Davy Medal has been awarded to Dr. W. H. Perkin for 
his researches on magnetic rotation in relation to chemical 
constitution. 

Dr. Perkin is well known as the originator of what is now a 
great industry, that of the coal-tar colours, by his preparation 
and application to tinctorial purposes of a colouring matter 
which had previously merely been n( 9 ticed as affording a chemical 
test for the jJVesence of aniline. This, however, is now a long 
lime ago, and it is for more recent work, ihe interest of which 
is purely scientific, that the medal has been awarded to him. 

Dr. Perkin first showed, in 1884, that a definite relationship ! 
exists between the chemical constitution of substances and their | 
power of rotating the plane of polarization of light when under | 
magnetic influence ; and he pointed out how the molecular 
coefficient of magnetic rotation” or “ molecular rotatory 
power ” might be deduced. 

In 1884 he presented to the Chemical Society a lengthy paper 
•describing his method, and the results obtained for a very large 
number of paraffinoid hydrocarbons and haloid and oxygenated 
derivatives thereof ; from these he deduced “constants,” which 
he has since shown to be applicable in calculating the magnetic 
rotatory power of paraffinoid compounds generally. From time 
to time he has published further instalments of his work, and 
only quite recently has described the results obtained on examin- 
ing nitrogen compounds, which exhibit many most interesting 
peculiarities. 

The results are of special value on account of the exceptional 
care devoted to the preparation of pure substances, and the 
guarantee, which Dr. Perkin’s reputation affords, that everything 
possible has been done to secure accuracy ; and also because the 
substances chosen are for the most part typical substances, or 
belong to series in which a simple relationship exists. 


HAIL^STORMS IN NORTHERN INDIA. 

T N a paper recently published in the Journal of the Asiatic 
Society of Bengal, Mr. S. A. Hill describes certain severe 
hail -storms and tornadoes that occurred on April 30 and May i, 
i888, in the Gangetic doa^ and Rohilkand in Northern Inaia*^ 
Tornadoes are not very common in Ipdia, but they appear to 
h^e been somewhat more prevalent than usual in the spring of 
1888, the storms in question having been preceded on April 7 
by a very destructive tornado at Dacca in Bengal, a full descrip- 
tion of which was given by Mr. Pedler and Dr. Crombie in a 
previous number of the Society’s Journal. Like all previously 
recorded storms of thh character, these occurred in the spring, 

* Ojt. cit , , vol. Iviii., Part 2, 2, 1889, 


when the seat of minimum pressure is established in the Lower 
Punjab, and a trough of low pressure extends from this region 
eastward to the<jangetic plain. To the south of this trough veiy 
dry west winds, the hot winds of Northern India, prevailed in 
Rajputana and Central India, while, to the north of it, damp 
easterly winds blew up the northern margin of the plain and 
across the outer slopes of the Himalaya, It is apparently in the 
meeting of these two winds, where the former blows in an upper, 
the latter in the lower, stratum, that are generated the thunder 
squalls that form a normal feature of the spring months in 
Northern India ; and tornadoes, ns Prof. Ferrel has shown, are 
merely an exaggerated development of the thunder squall. In 
the present instance, ordinary storms of this character, and dust 
storms, occurred pretty generally over all the north-western 
districts of the North-West Provinces, simultaneously with the 
tornadoes in Rohilkand and the Gangetic doab^ 

From the evidence quoted by Mr. Hill, it does not appear 
indeed to be positively established that any of the storms described 
exhibited all the characteristic features of tornadoes, as was un- 
doubtedly the case of the Dacca storm. No mention is made in 
any of the reports of any whirling column having been actually 
ol>served ; and that whirlwinds were the real agents of destruction 
seems to be inferred chiefly from the destructive force of the 
wind, especially its lifting power, and some rather vague reports 
on the wind’s changes during the passage of the storm. On a 
point of this kind, however, in India, negative evidence goes for 
little, and the chief subject discussed in Mr. Hill’s paper, viz. 
the conditions which determine these atmospheric disturbances, 
is of egual interest, whether they were really tornadoes or only 
remai^ably severe bail-storms of the more usual kind. 

In the barometric changes of the days preceding the storms 
there does not appear to be anything that throws much light on 
their genesis. The relative distribution of pressure shown by the 
observations on the Indo-Gangetic plain underwent but little 
variation, and the existence of a slight secondary depression in 
the immediate neighbourhood of the storm tract, on April 30, is 
inferred solely on the evidence of two Himalayan stations at 
elevations of 5300 feet and 6000 feet above the sea, and may be 
delusive. There had, however, been a general steady fall of the 
barometer for three days before the storms of April 30 — one of 
those oscillations, apparently, which Mr. Abercromby has termed 
surges, and a rapid rise set in after the storms. As has been 
pointed out elsewhere, this is an ordinary recurrent feature of 
the season. 

It is in the changes in the vertical distribution of temperature 
that Mr. Hill finds the conditions that determined the atmo- 
spheric disturbance. Taking as his fundamental data the observed 
temperatures of the three stations, Roorkee at 886 feet, Dehra 
at 2233 feet, and Mussooree at 6881 feet, and assuming that 
these represent approximately the rate of vertical decrease over 
the neighbouring plain, he computes the fall of temperature for 
increments of 1000 feet up to 10,000 feet by means of a simple 
formula of interpolation, and finds that, up to the forenoon of 
April 30, the condition of unstable equilibrium which results 
from the diurnal heating of the plains did not extend beyond 
3000 or 4000 feet above the ground .surface. This would set up 
a considerable amount of convective interchange between these 
lower strata, but the cloud-forming strata would still be in a 
stable condition, at least in a non-saturated atmosphere. On 
the afternoon of April 30, the conditions were changed. With a 
great fall of temperature at the lowest and highest stations, 
compared with the previous day at the same hour, that of th-* 
intermediate station was but little affected, and hence the com- 
puted table shows redaction of the vertical decrement at low 
levels, a corresponding increase at the higher levels, and a 
transfer of the condition of unstable equilibrium from the former 
to the latter. Simultaneously with this change took place that 
violent disturbance of the atmosphere that resulted in the hail- 
storms on the plains. 

Mr. Hill’s conclusions are entirely in accord with what might 
be expected on a priori grounds. But before thev can be fully 
accepted, it is necessary to scrutinize the data, and as the result 
of this scrutiny we ihust confess they do not seem to us com- 
pletely convincing. We may put aside the question whether 
and to what extent the empirical formula of interpolation 
adopted by Mr. Hill really expresses the law of decrement of 
temperature, since, although it would evidently fail for extrapola- 
tion much beyond the altitude of 7000 feet, it probably does not 
involve any very serious error below that limit, provided the 
numerical values afforded by observation are trustworthy. The 
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critical point of the whole reasoning is whether the observed 
temperatures at the three stations Roorkee,DQhra, and Mussooree, 
can oe safely accepted as approximately representing those of the 
free atmosphere over the plains at the same levels, and this 
seems to us at least open to question. In the case of the lowest 
and highest stations, indeed, there is not much to object to. 
Roorkee is a fairly representative station of the northern part of 
the Gangelic plain, and the Mussooree Observatory, situated on 
the ver^ crest of the ridge of the Himalava, overlooking the 
plains, 18 probably as little affected by the local heating of the 
ground as any mountain observatory can be. But Dehra, which 
furnishes the really critical datum of Mr. Hill’s reasoning, is on 
the plain of the Diin^ a flat valley six or eight miles across, 
stretching between the Sivaliks and the foot of the Mussooree 
ridge, and it is by no means self-evident that the local tempera- 
ture is not largely affected by causes which are quite inoperative 
in the free atmosphere at the same elevation over the plains. 

In our opinion, then, Mr. Hill’s conclusion that the storms of 
April 30 and May I were determined by a change in the vertical 
distribution of temperature, transferring the condition of in- 
stability from the lower to the higher atmospheric strata, is at 
least open to doubt. To a certain extent, indeed, it is supported 
by the evidence of other observatories in the North-West Himalaya, 
especially Chakrata, the situation of which is very similar to 
that of Mussooree; but the difference of their elevation (170 
feet) is too small to allow of its having much weight in determin- 
ing the point at issue. 

The most noteworthy feature of the storm of April 30 was the ; 
fearful loss of life cause A by it at Moradabad. Not less th^ 230 | 
deaths were reported at this station alone, the vast majority of 
which were caused directly by the hail. The collector's report 
states that men caught in the open and without shelter were 
simply pounded to death. The spring is especially the season of 
native weddings, and “more than one marriage * party was 
caught by the storm near the banks of the river and was anni- 
hilated." It is, however, suggested by Mr. Hill that many of the 
deaths may have been caused by cold. “Immediately before 
the storm the temperature had been very high, and many if not 
the majority of the deaths due to it may have been occasioned by 
the persons exposed to its fury being knocked down and temporarily 
packed in ice." At Moradabad the hailstones are stated to have 
been the size of plums — probably the bir plum, Zizyphus jujuba^ 
the cultivated form of which is two or three times as large as a 
walnut. 

In the storm of May i, the hailstones at some places were 
larger, though the destruction was less. At Ghaziabad they are 
said to have been as large as cricket balls, and one was picked 
up at Delhi weighing 4^ ounces. At Tilhar they are reported 
to have been larger than goose eggs, and at a neighbouring 
place they averaged 3 inches in diameter. Their form is 
described as a flat oval. 


SCIENTIFIC SERIALS. 

Bull din de l*AcadJmie RoyaU de Belgique^ November 1889. — 
On the existence of a gizzard, and on its structure, in the family 
of the Scolopendridae, by M. Victor Willem. The presence of 
a gizzard in the lower organisms was first determined by M. F. 
PJatcau in 1876. But the gizzard of insects was long supposed 
to be merely a triturating organ acting mechanically, without 
any physiological function. Continuing Plateau’s researches, M. 
Willem now finds that the gizzard is not only present in several 
enera of the Scolopendrid family, but that it is a true digester, 
'he structure is fully described, and illustrated by two plates, 
on which are figured the gizzards of Scoloptndra hisfamca^ S. 
cingulatay S. hcros^ Scolopocrypiops^ Cryptops pnnctatuSj and C. 
hortensis. In these last, the apparatus is most highlv developed^ 
being even more complicated than amongst the higher order of 
insects. No explanation is offered of this apparent anomaly. — 
Unexpected psoof of ^diurnal nutation, and neceissity of taking 
it into consideration in the reduction of observations, by M. F. 
Folie. The coefficient of diurnal nutation as already approxim- 
ately determined at 0*01 s. by^ the authors numerous researches, 
has recently been confirmed in a somewhat remarkable manner 
by the results of M. Kobold’s obseirvations of the Polar star 
with the meridian circle of Strassburg. The azimuthal errors 
of this instrument were found to present, not an annual, but a 
diurnal period, and Kobold’s corrections are shown to be 


illusory, being due to his neglect of the element of diurnal 
nutation in the reduction of his observations. When this ele- 
I ment is taken into account, the results harmonize with those 
; previously arrived at by M. F'olie. 


SOCIETIES AND ACADEMIES. * 

London. 

Royal Society, Dec. 19, 1889. — “ On the Effects of Pressure 
on the Magnetization of Cobalt." By C. Chree, M. A., Fellow 
of King s College, Cambridge. Communicated by Prof. J. J. 
Thomson, F.R.S. 

It has long been known, from the classic researches of Dr. 

! Joule, that a rod of iron free from stress increases in length when 
magnetized in a comparatively weak field. When, however, the 
; strength of the field is continually raised, it has been found by 
I Mr. Shelford Bidwell that the rod ceases to increase in lengthy 
and then shortens, so that in a sufficiently strong field the lengtj;k 
becomes less than it was originally. It ha.s also been found b^ 

I Villari, Sir W. Thomson, and others, that when a rod of iron is- 
exposed to successive loadings and unloadings of a given weight 
in a magnetic field, there appears a corresponding cyclic change 
of magnetization. In this cyclic change the maximum mag- 
netization occurs when the load is “on," or when the load is 
“off," according as the field is weaker or stronger than a certain 
critical field depending on the load, called by Sir W. Thomson 
the Villari critical field. 

Cobalt has been found by Mr. Shelford Bidwell to shorten* 
when magnetized in weak fields, but to lengthen in very strong 
fields. The field in which it ceases to shorten is very much 
higher than the field in which iron ceases to lengthen. Also in 
weak fields Sir W. Thomson has found the magnetization of a 
cobalt rod under cyclic applications of tension to be least when 
the tension is “ on." 

Now, Prof. J. J. Thomson has shown that on dynamical' 
principles the effect of chihges of magnetization on the length 
of a rod of magnetic metal, and the effect of changes in the 
length of the rod on the magnetization, must be fundamentally 
connected. In his “Applications of Dynamics to Physics and 
Chemistry," he has arrived at mathematical equations connecting 
the two phenomena, such that from a knowledge of the one set 
of phenomena the character of the other set can be deduced. 

The conclusions derived from the theory are in the case of 
I iron in accordance with the results of experiment, at least in 
j their general character. In cobalt there is also an agreement 
between theory and experiment, so far as Sir W. Thomson’s 
I experiments go. In the absence of further experiments it 
j would, however, be inipossiblc to tell whether or not this 
j agreement extended to the strong fields in which occurred the 
* important phenomena observed by Mr. Shelford Bidwell. The 
application of Prof. J. J, Thomson’s formulae to Mr. Shelford 
Bidwell’s results led him to the conclusion that under cyclic 
applications of pressure a cobalt rod should experience cyclic 
change of magnetization, and that the maximum magnetization 
should answer to pressure ** on,” or to pressure “ off, ’^according 
as the magnetic field was weaker or stronger than a critical field, 
corresponding to the Villari field in iron. It was for the purpose 
of determining whether such a critical field did actually exist 
that the present investigation was commenced at Prof. J. J. 
Thomson’s suggestion. 

Employing the magnetometric method, it was found that the 
agreement between theory and experiment was at least as satis- 
factory in cobalt as in iron. The application of pressure-c)rcles 
in a magnetic field led to a cyclic change of magnetization in a 
cobalt rod, in which the maximum magnetization occurred when* 
pi::essurewas “on," or when it was “oft;" according as the 
strength of the field was below or above 120 C.G.S. units. 
This accordingly was the Villari critical field foreshadowed by 
theory. • 

In weak fields the first pressure applied after the introduction 
of the cobalt rod into the magnetizing coil Caused a large in- 
crease in the induced magnetization. As the strength of fhe 
field was raised, this change in the magnetization attained a 
maximum, then, diminishing, vanished in a field considerably 
stronger than the Villari field for the cyclic effect, and in all 
stronger fields consisted in a diminution %t magnetization. 

Botn Villari and Prof. Ewing observed thatf after the break 
of the magnetizing cuArent, cyclic changes of tension produced 
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eventually, in iron wires, cyclic changes of the residual mag- 
netization. In these, the maximum magnetization answered, as 
in the induced magnetization in fields below the Villari point, to 
tension on.” 

In the present investigation, the existence of a cyclic change 
in the residual magnetization of cobalt accompanying cyclic 
changes of pressure has been established, and the magnitude of 
the effect examined in a large number of fields, extending from 
o to 400 e.G.S. units. It was found that not only the mag- 
nitude, but the sign even, of the effect depended largely on the 
condition of the rod during the break of the current. When 
the rod was under pressure during the break, the residual mag- 
netization in the cyclic stale showed a maximum underpressure, 
whatever was the strength of the pre-existing field. When, 
however, the rod was free from pressure during the break of the 
current, it was only in the residual magnetization left after the 
weakest fields that the maximum answered to pressure **on.” 
When the strength of the pre existing field was raised, the effect 
passed through the value zero and changed sign. 

• ‘‘On the Extension and flexure of Cylindrical and Spherical 
Thin Elastic Shells.” By A. B. Basset, M. A., F.R.S. 

The method which I have employed in dealing with problems 
relating to the equilibrium and motion of thin cylindrical and 
spherical elastic shells, is as follows : — 

Taking the case of a cylindrical shell, let OADB be a small 
•curvilinear rectangle described on the middle surface, of which 
the sides OA, BD are generators, and the sides AD, OB are 
•circular sections. The resultant stresses per unit of length 
across the section AD are completely specified by the following 
five quantities, viz. (i) a tension, Tj ; (2) a tangential shearing 
stress, ; (3) a normal shearing stress, N.^, ; (4) a flexural couple, 
G3 ; (S) a torsional couple, ; and the stresses across BD may 
be derived by interchanging the suffixes i and 2. If, therefore, 
we resolve all the forces which act upon the element along OA, 
OB and the normal, and take moments about these lines, we 
•shall obtain the six equations of motion in terms of these stresses. 

The expression for the potential energy is next found, which 
differs from Chat obtained by Mr. Love (Phil. Trans., 1888), 
owing to the fact that he has omitted to take into account 
several terms involving the product of the extensions and the 
cube of the thickness. 

The variational equation can now be written down, and if it 
be applied to a curvilinear rectangle bounded by two lines of 
curvature and worked out in the usual way, the line integral part 
will determine the values of the edge stresses T|, T^, ... in terms 
of the displacements ; and the surface integral part will deter- 
mine the three equations of motion in terms o 7 the displacements. 
These results furnish a test of the accuracy of the work, and 
also of the fundamental hypothesis upon which the theory is 
based (viz. that if the surfaces of the shell are not subjected to any 
surface pressures or tangential stresses, the three stresses, H, S, 
T, are of the order of the square of the thickness) ; for if we sub- 
stitute the values of the edge stresses in the last three of our 
original equations, they ought to reduce to identities ; whilst if 
we substitute these values in the first three, we ought to reproduce 
the equations of motion which we have obtained by means of 
the variational equation ; and this is found to be the case. 

'Die boundary conditions are obtained by Stokes's theorem, 
which enables us to prove that it is possible to apply a certain 
distribution of stress to the edge of a thin shell, without pro- 
ducing any alteration in the potential energy due to strain. 

Geological Society, December 18, 1889.— W. T. Blanford, 
F. R. S. , President, in the chair.— The following communications 
were read : — On the occurrence of the genus Girvanella, and 
remarks on Oolitic structure, by E. Wethered. The author 
-referred to his previous work, wherein he had shown that 
Girvqnella is not confined to Silurian rocks, and that as a rock* 
formmg organism it is more important than was tupposedf 
occurring in the Gloucestershire Pea-grit, and also m the 
Coralline Oolite of Weymouth. He now dealt more in detail 
with its occurrence (l) in the Carbonife^us Oolitic Limestone ; 

(2) in the Jurdssie Oolites* In the Carboniferous limestone 
ox the Avon valley, Oolitic limestone occurs on four horizons, in 
three of which the Oolites rest on dolomite. In none of these 
three cases are there signs of Girvanella* From beds partly 
Oolitic, and not restii^ on dolomite, he has been able to de- 
termine two new specieti. The Oolite not associated with dolomite 
is less crystalline^ and the original structure is better preserved. 
In referring to G. pisolitica, he discussed whether Gifvanella is 


most allied to the Challeftger Foraminifer, Hyperammina vagans, 
or to Syringammina fragilissima* Traces of the organism occur 
in the Clypeus-gxii, but none are quoted from beds of the Great 
Oolite, nor from the Portland Oolite. The author had already 
shown that the pisolites in the Coralline Oolite of Weymouth were 
not concretions, „ but forms of Excluding these, he 

showed that the spherules are of four types, of which one is the 
ordinary Oolitic granule, while each of the others suggests the 
presence of Cif^vanella* The characters of the genus, as seen 
under the microscope were indicated, and four new species were 
described. The President remarked on the importance of in- 
vestigating the question whether these appearances are otganic 
or not. We should take warning from Eozoon as to possible 
differences of opinion in the interpretation of tubular structure, 
though these mystifying appearances seem more common in 
ser[^ntine and chalcedony than in calcite. In the bodies 
I depicted, the wall, the irregularity, and the manner in which 
I the tubes curve round each other are in favour of their being 
: organic. Prof. Rupert Jones thought that these forms were not 
I due to mineral but to organic laws. Dr. Evans, while dis- 
I claiming any special knowledge of the subject, suggested that 
the appearances might be interpreted on the supposition of an 
organism boring into a comparatively hard substance. Dr. 
Hinde, who had seen most of the known species of Girvanella, 
spoke of the wide distribution of these organisms. Remarks 
were also offered by Dr. Hicks, Prof. Bonney, Prof. Judd, the 
Rev. H. II. Winwood, and the author. — On the relation of the 
Westleton Beds or “ Pebbly Sands ” of Suffolk to those of Norfolk, 
and 0^ their extension inland, with some observations on the 
))eriod of the final elevation and denudation of the Weald and 
of the Thames Valley, Part 2, by Prof. Joseph Prestwich, 
F.R.S. — The author having, in the first part of this paper 
(Proc. Gcol. Soc., June 5, 1889), discussed the relationship of 
the Westleton Beas to the Crag series and to the Glacial 
deposits, proceeded in the present contribution to consider 
the extension of the Westleton Beds beyond the area of the Crag, 
and described their range inland through Suffolk, East, West, 
and South Essex, Middlesex, North and South Hertfordshire, 
South Buckinghamshire, and North and South Berkshire, 
noticing their relationship to the overlying Glacial beds, where 
these were developed, and the manner in which they reposed 
upon older deposits. He gave an account of the heights of the 
various exposures above Ordnance Datum, and mentioned 
the relative proportion of the different constituents in various 
sections, thus showing that in their southerly and westerly 
extension they differed both in composition and in mode of 
distribution from the Glacial deposits. Distinction was also 
made between the Westleton Beds and the Brentwood Beds. 
Attention was next directed to the occurrence of the Westleton 
series, south of the Thames, in Kent, Surrey, and Hamp- 
shire, and their possible extension into Somersetshire was 
inferred from the character of the deposits on Kingsdown and near 
Clevedon. In tracing the deposits from the east coast to che 
Berkshire Downs, the author noticed that at the former place the 
beds lay at sea-level, but ranging inland, they gradually rose to 
heights of from 500 to 600 feet ; that in the nrst instance they 
underlay all the Glacial deposits, and in the second they rose 
high above them, and their seeming subordination to the Glacial 
series alto«ther disappeared ; thus at Braintree, where the 
Westleton Beds were largely developed, they stood up through 
the Boulder-clay and gravel which wrapped round their base, 
whilst further west, where they became diminished to mere 
shingle-beds, they attained heights of from 350 to 400 feet, capping 
Lonaon-clav hills, where the Boulder-clay lay from 80 to x 00 
feet lower down the slopes, the difference of level between the 
two deposits becoming , still greater in a westerly direction, until 
finally the Boulder-clav msappeared. The origin of the 
component pebbles of the becU was discussed, and their de- 
rivation traced (1) to the beds of Woolwich a^e in Kent, 
North France and Belgium, and possibly to some Diestian beds, 
(2) to the older rocks of the Ardennes, (3) to the Chalk and older 
drifts, and (4) (u the Lower Greensand of Kent and Surrey, or 
in part to the Southern drift. The marine nature of the beds 
was inferred from the included fossils of the troe-area, and the 
absence of these elsewhere accounted for by decalcification. 
The southward extension of the beds wae shown to be limited 
the anticlinal of the Ardennes and the Weald, and the scanty 
palssonlological evidence of the nature of that land was noted, 
and the possible exmtence of the Scandinavian ice-sheet to the 
north was referred to in connection with the disappearance of the 
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beds in that direction. From the uniform character of the 
Westleton shingles, the author maintained that tHey must origin- 
ally have been formed on a comparatively level sea-floor, and 
that the inequalities in distribution had been produced by 
subsequent differential movement to the extent of 500 feet or 
more to the north and west above that experienced to the east 
and south, where the chronological succession remained un- 
broken, also that the inequalities below the level of the West- 
leton beds had been produced since the period of their deposition, 
as, for instance, the gorge of the Thames at Pangbourne and 
Goring, and most of the Preglacial valleys in the district ; 
furthermore, evidence was adduced in favour of the formation of 
the escarpments of the Chalk and Oolites since Westleton times, 
whilst certain observations supplied data for estimation of the 
relative amounts of pre- and post-glacial denudation of the 
valleys. It was stated, in conclusion, that the time for the vast 
amount of denudation was so limited that it was not easy to 
realize that such limits could suffice, but the author did not see 
how the conclusions which he had arrived at could well be 
avoided. After the reading of this paper there was a discussion, 
in which the President, Mr. Topley, Prof. Hughes, and others 
took part. 

Linnean Society, December 19, 1889. — Mr. J. G. Baker, 
F.R.S., Vice-President, in the chair. — Prof. P. M. Duncan made 
some supplementary remarks on a specimen of Hyalonema SU- 
boldii^ which he had exhibited at a previous meeting. — Mr. W. 
Hatchett Jackson exhibited and gave an account of an electric 
centipede {Geophilus eUctricus)^ detailing the circum^nces 
under which be had found it at Oxford, and the results of experi- 
ments which he had made with a view of determining the nature 
and properties of a luminous fluid secreted by it. This, he 
found, could be separated from the insect, and could be com- 
municated by it to every portion of its integument. An inter- 
esting discussion followed, in which Mr. Briese, Mr. A. W. 
Bennett, Prof. Stewart, Mr. A. D. Michael, Dr. Collingwood, 
Mr. Christy, and Mr. J. E. Harting took part. The last-named 
speaker pointed out that the observations made by Mr. W. 
Hatchett Jackson on this centipede had been long ago antici- 
pated by Dr. Macartney in an elaborate paper on luminous 
insects published in the Philosophical Transactions for 1810 
(vol. c. p. 277). — A paper was then read by Mr. T, Johnson on 
Dictyopteris^ in which he gave a detailed account of the life- 
history of this brown seaweed, with remarks on the systematic 
position of the Dictyotace<€. Dr. Scott, Mr. George Murray, 
and Mr. A. W. Bennett criticized various portions of the p^er, 
and acknowledged the important scientific bearing of the facts 
which had been brought out by Mr. Johnson’s careful and 
minute researches. — In the absence of the author, Mr. W. P. 
Sladen detailed the more important portions of a paper by the 
Kev. JohnGulick, on intensive segregation and divergent evolu- 
tion in land Mollusca ; a paper which might be regarded as a 1 
continuation and amplification of the views which the same 
author had expressed in a former paper published in the Society's 
Journal last year (vol xx., Zqol., pp. 159-274). 

Paris. 

Academy of Sciences, December 30, 1889.— M. Hermite 
in the chair. — List of the prizes awarded to successful competitors 
in the various branches of science during the year 1890 : — Gio- 
meUy • Frix Francoeur, M. Maximilien Marie ; Prix Poncelet, 
M. l&douard Goursat. Mechanics : Extraordinary Prize of 6000 
francs, MM. Caspari, Clauzel, and Degouy, 2000 francs each ; 
Prix Montyon, M. Gustave Eiffel ; Prix Piumey, M. Widmann. 
Astfonomy: Prix Lalande, M. Gonnessiat ; PrixValz, M. Char- 
lois; Prix Janssen, Mn Norman Lockyer. Physics: Prix L. 
La Caze, M. Hertz. Statistics: Prix Montyon, two prizes 
awarded*— -one to the late M. Fetitdidier and M. Lallemana, the 
other to Dr. F. Led^. Chemistrv: Prix Jecker, MM. A. 
Combes, R. Engel, and A. Vemeuu ; Prix L. La Caze, M. F. 
M. Raoult. Geology : Prix Delesse, M. Michel I^vy. Botany : 
Prix Desmazi^res, M. E« Br^al ; Prix Montagne^ MM. Ch. 
Richon and Em. Roze ; Prix There, MM. de Bosredon and de 
Ferry de la Bellone. Agriculture : Prix Vail^ti M. Ed. Pril- 
Iteux. Anatomy and Zoology: Grand Prize of the Medical 
Sciences, MM. L. Frflix Henneguy and Louis Roule. Medicine 
and Surgery : Prix Montyon, three prizes were awarded to M. 
A. Charrin, to MM. A. ICelsch ana P. L. Kiener, and to M. 
Basile Danilewsky, respectively ; Prix Bryant, M. A. Laveran ; 
PrixBarbier, MM. M. E. Duval, Ed. Heckel, and F. Schlagden- 


hauifen ; Prix Godard, M. A. Le Dentu ; Prix Lallemand, M. 
Paul Loye ; Prix Bellion, MM. F. Lagrange, and Laborde and 
Magnan ; Prix M^e, Dr. A, Auvard. Physiology : Prix 
Montyon, M. A. d^rsonval ; Prix L. La Caze, M. Francois 
Franck : Prix Pourat, Dr. Johannes Gad and Dr. J. F. Pley- 
mans ; Prix Martin-Damourette, M. J. V. Laborde. Physical 
Geography : Prix Gay, M. Drake del Castillo. General Prizes : 
Prix Montyon (Unhealthy Industries), honourable mention of 
Dr. Maxime Randon; Prix Tr^mont, M. Jules Morin; Prix 
Gegncr (Physiology), M. H. Toussaint; Prix Petit d’Ormoy 
(Natural Sciences), M. Jean Henri Fabre ; Prix Petit d’Ormoy 
(Mathematical Sciences), M. Paul Appell ; Prix Leconte 
(Chemical Explosives), M. Paul Vieille ; Prix Laplace, two 
prizes, ex eequo^ to MM. E. A. A. Verlant and E. Ch. E, Herscher. 
— The following prizes were proposed for the year 1890 : — Grand 
Prize of the Mathemathical Sciences : To perfect in any im- 
portant point the theory of differential equations of the first 
order and of the first degree. Prix Bordin : To study th^ sur- 
faces whose linear element may be reduced to the form ^ 

ds^ =s [fiu) - il>{v)](du- + dv-). 

Prix Francceur : Inventions or works tending to the progress of 
pure and applied mathematics. Prix Poncelet : The author of 
any work tending most to further the progress of pure and 
applied mathematics. Extraordinary Prize of 6000 francs : Any 
improvements tending to increase the efficiency of the French 
naval forces. Prix Montyon : Mechanics. Prix Piumey : Im- 
provement of steam-engines or any other invention contributing 
most to the progress of steam navigation. Prix Lalande : 
Astronomy. Prix Damoiseau : To [perfect the theory of the 
long periodical irregularities in the movement of the moon caused 
by the planets. Prix Valz x Astronomy. Prix Janssen : Physical* 
Astronomy. Prix Montyon : Statistics. Prix Jecker : Organic 
chemistry. Prix Fontannes : The author of the best work on 
palseontology. Prix Vaiilant : Researches on the agencies that 
have caused the foldings in the terrestrial crust — part played by 
horizontal displacements, ^rix Gay ; Orographic study of any 
mountain system by new and rapid processes. Prix Barbier : 
Any valuable discovery in the surgical, medical, or pharma- 
ceutical sciences, and in therapeutic botany. Prix Desmazi^res r 
The best work on the whole or any part of the Cryptogamic 
flora, Prix Montagne : The authors of important works on the 
anatomy, physiology, development, or description of the lower 
Crytogamic plants. Prix There : Works on the cellular Crypto- 
gams of Europe, and on the habits or anatomy of any species 
of European insect, alternately. Prix Bordin : Comparative 
study of the auditory nerve in mammals and birds. Prix 
Savignv : For young zoological travellers. Prix Serres : On 
general embryology wplied as far as possible to physiology 
and medicine. Prix Dusgate : The best work on the diagnosis 
of death, and on the means of preventing premature burials. 
Prix Montyon : Medicine and surgery. Prix Breant : The dis- 
covery of a certain cure for Asiatic cholera. Prix Godard : On 
the anatomy, physiology, and pathology of genito-urinary oigans 
Prix Lallemand : Researches on the nervous system in the 
widest sense of the term. Prix Bellion ; Works or discoveries 
serviceable to the health of man or to the improvement of the 
human species. Prix M^ge : The author of a continuation and 
completion of Dr. Mage’s essay on the causes that have retarded 
or favoured the advancement of medicine. Prix Montyon : 
Experimental physiology. Prix Pourat : On the properties and 
functions of the nervous cells attached to the organs of sense 
or to any one of them. Prix Dclalande-Guerineau ; For the 
French traveller or naturalist who shall have rendered the greatest 
service to France or to science. Prix Jerome Ponti : The author 
of any scientific work the continuation or development of which* 
may l^ deemed valuable to science. Prix Montyon : Unhealthy 
industries* Prix Tr^mont ; For any naturalist, artist, or mecnanic 
needing help in carrying out any project useful or glorious for 
France. Prix Gegner : In aid of any savant distinguished b^ 
solid work done towsuds^the advancement of the positive sciences. 
Prix Laplace : For the best student leaving the Ecole Pc^y- 
techniq^ue. 

Berlin. 

Physical Society, December 20, 1889. — Prof, von Helm- 
holtz, President, in the chair.— Dr. Assfhann demonstrated his 
aspiration thermometers and psychrometers after having first ex- 
plained the theory andeconstniction of the latter (see Nature, 
vol. xxxvii. p. 215, and vol. xl. p. 660). He first dipped oneo 
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the thermometers into warm water at 45*^ C., in such a way that 
its external metallic envelopment was in contact with the water 
and took on the temperature of the latter, while at the same time 
aspiration could proceed undisturbed. When the clock-work 
was not set in motion and the turbine in the upper part of the 
instr|nnent was at rest, the thermometer indicated a temperature 
of 35'* C. ; but as soon as aspiration was started by setting the 
clock-work in motion, the temperature recorded fell to 22‘'*5 C., 
being now identical with that indicated by a second thermometer 
not immersed in water. In the next place, a series of experi- 
ments was made in order to determine the rate of flow of the 
air through the thermometer. To effect this the thermometer 
was attached by an air-tight joint to the upper end of a glass 
cylinder whose capacity was 5 litres, whose jnlerior was moistened 
with soapy water, and whose lower end was closed with a soap- 
film. On setting the instrument in work the time required for 
the aspiration of 5 litres of air was measured by the time the 
5oap;nlm occupied in ascending from the lower to the upper end | 
pf the cylinder. The speaker showed that when the turbine was 
m motion the rate of flow of the aspired air was about 2*5 m. 
per second ; when in addition to the turbine an external injector 
was used, the velt)city rose to rather more than 3 m. ; when the 
injector alone was used the velocity was similarly 3 m. The 
bellows which he had used in his earlier instruments gave a very 
variable and much slower current of air. Finally, he demon- 
strated the action of the instrument when employed as a 
psy chrome ter. By surrounding the thermometer with gauze and 
moistening the latter the instrument recorded a temperature of 
18° C., while at the same time a similar non-moistened thermo- 
meter recorded 21® C. An ordinary psychrometer which was 
placed in close proximity to the other indicated 21® C. with the 
iry-bulb, and i6®C. with the wet. The President pointed out 
that when determining temperatures with an aspiration thermo- 
meter the rarefaction of the air must lead to a slight fall of 
temperature, which is, however, partly compensated for by the 
friction of the air. Both these factors can be calculated from the 
known rate of flow of the air. * 

In the report of the Berlin Physical Society, Nature, 
January 2, p. 215, in the fourth line from the bottom, for 
^‘Society read Institute/’ 
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THE NEW MUZZLING REGULATIONS. 

A N essential fault of popular government is in danger 
of being exemplified just now by the possibility of 
the selhsh interests of a few individuals attracting favour- 
able attention, in utter opposition to the true interests of 
the nation at large. 

A very reprehensible leading article which appeared in 
the Standard on the 4th inst., to which we shall presently 
refer in fuller detail, has started an agitation in the home 
counties, especially in Kent, in opposition to the valuable 
regulations recently issued by Mr. Chaplin against 
hydrophobia or rabies. 

It is not uninstructive to review the way in which the 
issue of these regulations has been brought about, while 
it is a matter of painful interest to compare our position ^ 
in England, as regards the prevalence of rabies, with that j 
of some of the more advanced nations on the Continent. ! 

Before M. Pasteur began his wonderful researches into 
rabies, the vast majority, even of the highly instructed 
public, regarded hydrophobia as a kind of Divirfb visita- 
tion, and rabies as a form of canine lunacy. Legislation, 
in the absence of that which has so frequently been called 
with a double meaning “a healthy despotism,” necessarily 
lagged behind in the arrest of what everyone now knows 
to be a simple zymotic disease, which, enzootic in Eng- 
land, becomes, by steady increase during every few years 
of unchecked development, both epizootic and unfortu- 
nately epidemic. 

The first advance towards rational prevention of the 
trouble was made in London in 1885-86 by the Chief 
Commissioner of Police, first by Sir E. Henderson, after- 
wards by Sir Charles Warreh. 

The result of their work is well known- -namely, the 
temporary extirpation of rabies in London. In a country 
with more respect for scientific fact, such a benefit to the 
community would have been followed by the general 
establishment of preventive legislation throughout the 
centres of the disease, so as to arrest it completely ; and 
this having been effected, the adoption of proper quaran- 
tine measures would alone of course have been required 
to free us for ever from the evil by preventing its re- 
introduction from abroad. 

Partly owing to the fact that, until the most wise estab- 
lishment by the present Government of a General Board 
of Agriculture, there was no special authority for moving 
in the matter, no such general action was ^taken. Lord 
Cranbrook, however, was earnestly convinced of the im- 
portance of the subject, and conferred a lasting benefit on 
all those interested in it by appointing that Select Com- 
mittee of the House of Lords whose Report and evidence 
not only furnished a complete and exhaustive account of 
rabies, but also strongly emphasized the necessity of the 
adoption of thorough legislative measures, especially of 
muzzling, to prevent and eradicate the malaidy^ 

In the meanwhile, rabies in dogs, and of course con- 
currently its fatal attacks on men, steadily increased, until 
the spring of last year (1889) saw us threatened again in 
London with an epidemic like that of 1885. 

All the large dog-owners and breeders who had experi- 
VoL. XU.— No. 1055. 


enced the manifest value of the regulations of 1885 called 
for the reinstitution of the muzzle, and at the present time 
the Field, Fancier* s Gazette, &c., afford strong proof, in 
I the earnestness of their expressions of satisfaction at the 
' present muzzling order, of the folly of their contemporary 
who has endeavoured to oppose it. 

Of course, as before, a few agitators, trading on the 
I innate selfishness of some natures, and supported by the 
I money of a small band of individuals whose names should 
be for ever preserved as having sought to work harm to 
their fellow-creatures, recommenced their irresponsible 
attacks on the authorities and others for this much-needed 
sanitary regulation, and it is a recrudescence of this selfish 
obstruction which the Standard has attempted for some 
(as yet unknown) reason to revive. 

An amusing, if degrading feature of such opposition is 
the constant change of front which the inevitable progress 
of scientific truth forces upon these people, as their mis- 
statements and ignorance become revealed to the public. 
At different stages of the agitation, their leaders. Miss 
Cobbe, “ Ouida,” and others, have stated with inexplicable 
self-contradiction, that no such disease as rabies existed, 
that it was wholly imaginary, that it was rare in England, 
that the police ran no risks in extirpating it, that the 
muzzle produced this (non-existent) disease, and so on to 
the end of the chapter. But while the logical difficulties 
in which these writers involve themselves must excite 
amusement, it is a matter of serious regret that they cannot 
be legally dealt with like other disseminators of false 
news, such for instance as those who in the wilderness of 
the “ great gooseberry season ” cry “ ’ofrible murder ” 
when homicide is pro tern, non-existent. The evil done 
by these latter is indeed small, compared with that of the 
far graver false statements which we have cited above. 

In spite, however, of this flood of misrepresentations 
the muzzling regulations were enforced in London, and 
with notable benefit, and by the recent order they have 
been continued and extended by Mr. Chaplin, so as to cut 
right at the root of the evil, viz. in all the centres of the 
disease simultaneously. 

It was with the consciousness that this measure would 
be required by the country of the President of the Board 
of Agriculture, that the anti-muzzlites made a last effort 
against it by holding a public meeting. The real nature 
of this agitation, which had been notorious from the com- 
mencement, was then made most amusingly conspicuous. 
We refer to the fact that this variety of obstruction is in 
truth only a branch of the anti-vivisectionist agitation, and 
worthy of such a parent stem. It seems that at the meeting 
an amendment in strong support of muzzling was carried 
by a majority of something like 80 per cent. The fact 
of the origin of the Association which had summoned the 
meeting having been alluded to, the Chairman, the Bishof) 
of Ely, first (we ate glad to see) repudiated the idea that 
he was an anti-vivisectionist, and then went on to say 
that the anti-vivisectionists had nothing to do with tile 
anti-muzzling agitatipn. This repudiation on the Bishop’s 
part was followed by the resignation of the originatorf of 
the movement, Miss Cobbe and others, demonstrating the 
truth of what we have just said and the inaccuracy of the 
Bishop’s second statement. , 

The general facts bearing upon the origin and develop- 
ment of the agitatioj[i were fully exposed at the meeting,^ 

M 
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so that the strong expression of opinion in favour of the 
muzzling regulations (in conjunction with the dis- 
ingenuousness of the argument of their opponents) is 
easily understood. 

From a survey of the known behaviour of animals 
affected with rabies, and in accordance with the measures 
customarily adopted in dealing with infection among 
animals, where as in the present case it is not desirable 
to interfere with their free movement from place to place, 
Mr. Chaplin declared a number of counties as infected, 
taking areas around to provide sufficient margin against 
• conveyance of contagion. 

It is this wise and carefully-designed attempt to stamp 
out the disease, which the Standard, alone in the Press, 
has attacked in the most unmeasured language. Having 
the scientific and medical stand-point, 
the editor through his leader-writers abuses his opponent’s 
attorney (if Mr. Chaplin will forgive the simile). The 
Conservatives in Kent are positively called upon by the 
leading daily paper of their party to vote against their 
own Government, and why ? Because they are asked to 
help stamp out rabies ; and at what cost ? it may be 
asked. None save that of the hire of a muzzle. 

This is where the difficulty of our kind of Government 
arises. Because a solitary voice in the Press objects to a 
sanitary measure, which has nothing whatever to do with 
politics, ill-feeling is to be aroused among the voters. It 
is, however, satisfactory to add that possibly no such 
attempt on the part of any journal has ever met with such 
a chilling re^ception from the rest of its contemporaries — 
those who have not refrained from observations on the 
matter having only mentioned it to utterly condemn it. 

A sanitary question, to our mind, becomes a question of 
moral right or wrong when the means proposed for its 
solution involve nothing beyond a little reasonable trouble, 
and it is this view of the matter which we fancy finally 
crystallizes out in the form of what is called public 
opinion. After the process of the actual experience of 
the last five years, public opinion is evidently set in the 
direction of preventing hydrophobia by muzzling. It is 
of course impossible that Mr. Chaplin should yield to 
this, the first abusive attack that has been made upon him ' 
in his official capacity, but certainly if anything should 
support him, it is the cognizance of the unworthiness of 
the opposition which the Standard has fomented against 
his action in the service of the community. 

VVe should wish in conclusion to direct attention to 
certain obvious deductions which can justly be drawn 
from the history of this matter, and other events con- 
nected with the subject of rabies. 

Both the prevention and the cure of this horrible 
zymotic malady are the outcome of close scientific experi- 
mental work. It was reserved for M. Pasteur to make 
clckr and harmonize the various stages (always obscure 
and apparently contradictory at first) of our knowledge 
by the immense progress he inaugurated and carried out 
in the study of infection; r 

^ It is M. Pasteur who himself has pointed out better 
than anyone how the disease can be prevented from attack- 
ing man or animals, and he is the first who has shown 
in the slightest degree how it can be prevented from 
developing in the system after it has gained access to the 
body. 


The nineteenth century, however, affords no shelter to 
the man of science to discover benefits for his fellow- 
men, for although the progress of knowledge has fortu- 
nately destroyed the Inquisition, yet society tolerates 
the existence of the anti-vivisectionist agitation, which not 
only scatters broadcast the foulest and falsest aspersions on 
such a man’s life and character, but in its most recent 
development violently opposes the advance of hygiene. 

POLYTECHNICS FOR LONDON. 

W HETHER or not the London County Council 
comes to the wise decision to utilize the pro- 
visions of the new Technical Instruction Act, it is prob- 
able that for the most part Londoners will have to look for 
intermediate and higher technical instruction to other 
agencies than rate-aided schools, at all events in the 
immediate future. In these matters London is in an 
exceptional position as the capital of the Empire. In 
the first place, it is the natural home of the Normal 
Schools of Science and Art which form part of the 
machinery of the Science and Art Department. And, 
besides this, it is the centre of greatest activity of the 
organization of the City and Guilds Institute, whose three 
model Colleges are all situated within the metropolitan 
area. 

The proportion, however, of the inhabitants of London 
whose education is affected by these higher institutions 
is necessarily small. The Government schools are im- 
perial rather than local, and their situation is chosen 
regardless of the industrial needs of London The 
Central Institution of the City and Guilds likewise 
belies its name by its situation at South Kensington. 
The other two schools of the City and Guilds, at Fins- 
bury and Kennington, have a direct and most important 
relation to surrounding industries, and keep high the 
standard of what teaching in applied science and art 
ought to be. But teaching of this high order is very- 
expensive, though the fees charged may be low, and of 
recent years a newer and more popular movement has 
sprung up, aiming at a lower standard of instruction 
carried on at less cost, and adapted, so far as practicable, 
to the benefit of the mass of working men. 

The best type of such institutions in London is the 
so-called “ Polytechnic ” in Regent Street. The basis of 
the organization is the Young Men’s Christian Institute 
started some years ago by Mr. Quintin Hogg. Round 
this nucleus he has gradually built up an institution in 
which evening classes, recreation, and gymnastics ha-i-e 
all a part. Under his guidance the Institute has grown 
to great dimensions, and a number of very largely-attended 
classes of all kinds are now conducted in the building 
which for many years was occupied by the “ Polytechnic ” 
of the diving-bell and Prof. Pepper. Many of the classes 
are in general and commercial subjects, but there are 
science and art classes in connection with South Ken- 
sington, technological classes in connection with the City 
and Guilds* Institute, and trade and practical classes in 
various industries and handicrafts. The greater part are 
held in the evening, but there are also day classes ; and 
day schools for boys and girls are attached to the institu- 
tion. 

It will be seen that this expinriment in technical educa- 
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tion differs very materially in plan from that of such an in- 
stitution as Finsbury College. The educational side of the 
Polytechnic does not form an organized school course 
so much as a set of classes among which a student may 
choose, and the standard aimed at is not so high. But 
there is this obvious advantage in taking the Polytechnic 
as a model for similar institutions that the instruction, so 
far as it goes, is far less costly than at Finsbury, being 
largely subsidized by science and art grants. 

The example of the Polytechnic has been recently fol- 
lowed, with a certain amount of success, at the People’s 
Palace in Mile End, where the Drapers’ Company have 
devoted the funds which they have withdrawn from the 
City and Guilds Institute to building and endowing a 
school somewhat on the Polytechnic lines. 

While these institutions have been developing, the 
Charity Commissioners have been engaged in pursuance 
of Mr. Bryce’s Act of 1883 in framing a scheme for the 
application of the funds of the City parochial charities 
for the benefit of the working classes of greater London. 
The Commissioners came early to the determination 
to devote a large proportion of the proceeds of the chari- 
ties to some educational purpose, and decided further that 
the main direction of the educational institutions thus 
established should be technical and industrial. 

It is not our purpose to enter at all into the questions 
that have been raised as to the mode of division of the 
endowment between secular and ecclesiastical purposes, 
or the wisdom of tying up the greater part of the dis- 
posable funds in perpetuity. There are plenty of keen 
observers who will make their views felt on these questions; 
and indeed many champions of other schemes, such as 
the promotion of open spaces, are already in the field. 
But we must regard the main object to which the funds 
will be devoted as practically decided. The Charity 
Commissioners gave notice of it in their last Report, and 
little exception seemed then to be taken to the project. 
Since then large sums of money have been raised by 
local subscriptions on the faith of the proposal. It is too 
late now to advocate the application of the main part of 
the fund to any other object than education, and tho^e 
who are agitating for such a change are, in our opinion, 
wasting their powder and shot. 

But while the public is easily induced to join in a 
general outcry which, if it has any justification, certainly 
comes far too late, it is quite possible that, unless vigilant 
care is exercised, the final scheme may come into force 
without those alterations and improvements in detail 
which seem individually of small importance,- but may 
make all the difference between a good and a bad scheme 
of technical education for London. The funds handled 
are far larger than those authorized to be raised for the 
whole of Wales under the new- Intermediate Education 
Act. It behoves all friends of education to take care 
that these large endowments are used aright. 

Let us glance, then, at the main outline of the scheme 
so far as it ^relates to technical education. .. The Com- 
missioners were instructed under the Act to make pro- 
vision for the poorer classes.” Consequently any 
technical schools established or aided under the scheme 
must aim directly at the benefit of the workman rather 
than that of the manager. 

The Commissioners propose to devote large capital , 


grants to the erection of technical and recreative institutes 
in various parts of London, somewhat on the model of 
the Regent Street Polytechnic, and to give a permanent 
endowment to these institutes, as well as to the Poly- 
technic and the People’s Palace already in existence. 
Each institute is to be governed under a schemd, devised 
by the Charity Commission, and is to be subject to the 
general control of a Central Governing Body of Trustees. 

The objects of the institutes are threefold. They are 
to be social centres, where concerts and entertainments 
maybe given, and where outside clubs and working men’s 
societies may have an opportunity of meeting ; they afe 
to include young men’s and young women’s institutes 
for social and recreative purposes, open to “ young 
persons ” between the ages of sixteen and twenty-five ; 
and lastly, they are to provide for the educational wants of 
the working classes in the neighbourhood. Libraries, 
museums, swimming-baths, and gymnasia will form part 
of the equipment of most of these institutions. 

It is with the educational work of these “ Polytechnics ” 
that we are here most directly concerned. But their 
educational and social sides must be very closely linked 
together, and the success of the classes will largely 
depend on the success of the institute as a whole. En- 
trance to the clubs may, under the scheme, be made con- 
tingent on entrance to the classes, as is now the case at the 
People’s Palace, though such a course seems to us to be un- 
wise. In any case we must not pass over the social side of 
the institutes without a word. The Young Men’s Institute 
at the Polytechnic hSs been a great success, but it has 
been a growth of time, and it has grown round the nucleus 
of the Y.M.C.A. The social Institute at the People’s Palace 
has sprung suddenly into existence, without the pre-existing 
nucleus ; it is admitted to have been a failure, and is 
now suppressed. Can the lesson be mistaken ? Doubt- 
less the Charity Commissioners are alive to the difficulty. 
Their detailed regulations for the management of an insti- 
tute, of which the draft has been published, are, in the 
main, carefully drawn. But those who hope that the 
scheme will result in the growth of a number of Palaces 
of Delight which will delight Mr. Walter Besant’s heart 
will be doomed to disappointment. There will be no 
People’s Palaces ” — only “ Young People’s Institutes.” 
The present People’s Palace will be constrained to con- 
fine its membership in future to persons between the 
ages of sixteen and twenty-five. Why this limita- 
tion 7 We see with pleasure that the Goldsmiths’ Com- 
pany, who are founding an institute at New Cross on 
somewhat the same model as those proposed by the 
scheme, have struck out the upper limit. There are far 
too many of these restrictions in the scheme. For 
e.xample, smoking and dancing are (the latter with certain 
specified exceptions) forbidden. Surely details such as 
these can be left to the by-laws of the several institutes. 
Here, again, the Goldsmiths’ Company have shown them- 
selves in advance of the Charity Commission. 

We have a similar criticism to make on the whole of 
;he educational scheme. There is too little guidance in 
matters of principle, too much restriction in matters of 
detail. 

Perhaps the most important thing to ensure is that the 
Central Governing Body shall be a strong body, exercising 
effective supervisidh over the teaching of the various 
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institutes. Its official name (“Trustees of the City 
Parochial Charities ”) is unfortunate ; it has too much of 
a flavour of Mr. Bumble’s “ porochial ” office. It would 
require an Act of Parliament to change the name, so the 
best thin^ to do is to let it be forgotten. The Central 
Governing Body (for so let us call it) is to be representa- 
tive of the Crown, the City Corporation, the County 
Council, the higher Colleges and University of London, 
the Ecclesiastical Commissioners (temporarily), and the 
Governing Bodies of the Bishopsgate and Cripplegate 
Foundations. No one can forecast the action of such a 
hybrid body until we know the actual men who are to be 
nominated. A very efficient educational body might be 
elected as proposed, and on the other hand it mightn’t. 
It is to be hoped that one of the blots on the constitution of 
the Board — the absence of working-men representatives — 
will be partly corrected by the inclusion of some working- 
men leaders among the five Crown nominees. But it is 
impossible to resist the conviction that the suggested 
constitution — suitable enough to the time when the Act 
was passed and London had no organized system of local 
government — has far too little of the popular element, 
and that it would be far better to put the whole manage- 
ment of the scheme in the hands of the County Council, 
or a joint committee of the County Council and School 
Board. 

Supposing that the Central Body is all that could be 
wished, the next thing to ensure is the satisfactory com- 
position of the governing bodies of the various institutes, 
and their organic connection with the Central Body. It 
is essential that the schemes shall be so arranged that the 
educational programme of all the institutes shall pass 
through the hands of competent experts, and the 
educational work shall be adequately supervised, in- 
spected, and revised, from time to time. The Charity 
Commissioners propose two methods of attaining this 
result. They give three nominations on each governing 
Board to the Central Governing Body, and these three mem- 
bers may be experts, though of this there is no guarantee. 
F urther, the secretary of each institute is required to send 
to the secretary of the Central Governing Body a com- 
plete list of proposed classes a week before each term* 
This is presumably intended to give a power of sugges- 
tion, if not revision, to the Central Body, but what is the 
use of suggestions a week before term ? What is wanted 
is a central committee of well-known experts to advise 
the Central Governing Body on educational matters. 
The committee should be small — say three scientific and 
three artistic representatives. They should be paid for 
their services, and should be in touch with the science 
and art divisions of every institute. 

. There is nothing in the scheme to prevent the appoint- 
ment of such a Committee, though it would be well if 
some distinct suggestion of the kind were made. In any 
case it is a matter to be borne in mind and pressed when 
the time comes, for it may make all the difference in the 
wofld to the futnre of technical !.education in London. 
Let us be frank about the matter. How many men are 
likely in any given district to be on the governing body 
of the local institute who know the difference between 
good teaching and bkd ? And yet no scheme, however 
admirably drawn, will produce a good technical school, 
unless it is worked by such men. On the other hand. 


with a first-rate governing body we have little fear. 
Payment by results will lose most of its terrors if those 
in power know the difference between the incompetence 
which cannot earn grants, and the independence which 
prefers real teaching to cram. And we may add that it 
is only by associating with the governing body members 
engaged in local industries that the practical character 
of the trade classes can be assured. 

So much for the machinery. We must next say a word 
about the character of the instruction to be aimed at in 
the institutions. It is to be mainly technical, and hence 
must be adapted to the special needs of each locality. 
It is by this time a truism to say that this adaptation will 
not be brought about by allowing a set of science and 
art teachers to take the line of least resistance through the 
South Kensington Directory to the goal of the maximum 
of grant. A lady is reported to have lately obtained a 
silver medal for agriculture at a London institution which 
the Charity Commissioners are proposing to endow. Is 
this adaptation to local needs and industries ? 

We wish sincerely that those responsible for the whole 
scheme had been able to arrange for exceptional treat- 
ment off the new institutes in the matter of the appor- 
tionment of the Government grant now paid on results. 
No better opportunity is likely to present itself for an 
experiment in basing grant on efficient inspection rather 
than on examination. But what chance is there of such 
a proposal when our Government departments responsible 
for public education are cut up into air-tight compartments 
without connection among themselves? The Charity 
Commission, the Education Department, and the Science 
and Art Department still form a great circumlocution office, 
and until this is altered abuses will continue, which it is 
nobody’s business to remedy. Our great hope, therefore, de- 
pends on the choice of the principals, teachers, secretaries, 
inspectors, and governing bodies, who will make or mar 
the institutes through which, for many years, Londoners 
will derive their technical instruction. Let them be en- 
lightened men, with broad views and sympathies, who 
know their business, or at least know their limitations, 
and all may be well But if not, it were better that the 
whole scheme were put in the fire. 

What, again, is to be the scope of the instruction ? Is it 
to be mainly confined to the level of “ elementary ” science 
and “ second-grade ” art ? Or are there to be advanced 
classes inimore specialized subjects ? Provision is made 
for such 'classes in the scheme if they can be arranged 
without trenching on the endowment. The Commis- 
missioners are probably afraid of misapplying funds in- 
tended for the poor to the benefit of the middle classes. 
There is justice in their objection, but such instruction 
can never be made self-supporting, and it is most im- 
portant that it should be included in the programme of 
the institutes, if only to keep the standard high throughout. 
Here is then an opportunity for the City and Guilds 
Institute. Let it relieve itself of the charge of its examina- 
tions, whicbmay now be transferred on equitable terms to 
the Science and Art Department under the provisions of 
the Technical Instruction Act, and let it also transfer to 
the Government the Central Institutipn, the geographical 
situation of which marks it out plainly as an adjunct 
rather than a rival to the Normal jSchool, and let it apply 
the energy thus liberated in establishing in every “ Poly- 
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technic ” a higher department, providing for the more 
specialized wants of each locality. ' This will be a work 
which no body is so well fitted to undertake as the great 
Institute which has been a pioneer in higher technical 
instruction. Such, it appears to us, is the true solution of 
the question of the relations between the Charity Com- 
missioners’ scheme and the City and Guilds of London. 

One word of caution in conclusion. The new institutes 
should be allowed to grow, and not be started on too 
ambitious a scale at first. Local wants change, and the 
institutes should develop in harmony with their changes. 
This is the lesson of the old Mechanics’ Institutes and 
Athenaeums. The lesson is repeated in the newer experi- 
mentsof Mr. Hogg’s Polytechnic, and the People’s Palace, 
We do not want to begin with erecting huge shells of 
bricks and mortar, hoping that life will somehow come 
into them after a time. The life first, then the buildings, 
to grow as it expands and deepens — that surely is the law 
of nature. “Several architectural white elephants” is 
the dismal but suggestive forecast of a writer in the 
Charity Organization Review ^ on the supposition that this 
law is violated. If these warnings are neglected, the pro- 
moters of the movement will be merely courting *failure, 
however good their intentions may be. And they will 
have failed because “they were not poets enough to 
understand that life develops from within.” 

ASS A YING. 

Text-book 0/ Assaying. By C. Beringer and J. J. Beringer. 

(London: Griffin and Co., 1889.) 

T his text-book marks an important departure in the 
literature of assaying. The authors abandon the 
dreary details of traditionary methods, and attempt with 
success to rationalize the art of the assayer, rather than 
to follow the usual course of reproducing “ dry ” assay 
methods and elaborate classifications of processes the 
interest of which is only historical. Assaying is here 
treated, in a broad sense, as the determination, by analy- 
tical methods, of components of ores and of intermediate 
or finished metallurgical products. Such compounds ma/ 
be either of value in themselves, or important from being 
valuable or injurious in the operations of smelting, or in 
adapting the metals for use. 

The methods of the authors, and the measure of success 
which they have attained, may be fairly judged by their 
treatment of copper, lead, and iron. Copper ores and 
furnace materials are still sold in the English market by 
the “ Cornish ” assay. This antiquated method of assay- 
ing has really no claim to retention, now that more 
trustworthy methods are well known, and the authors give it 
but little prominence. They, however, repeat the fallacious 
argument of its apologists by stating that “ it gives the 
purchaser an idea of the quantity and quality of the metal 
that can be got by smelting.” The Cornish assay does 
not deserve even this modified approval, as the results it 
affords neither represent the actual amount of copper 
contained in the ore, nor the proportion of metal which can 
be produced by smelting, and several expert assayers, 
working on portions of the same samples, will obtain 
results which vary in the most erratic way. Fortunately 
for those who may be guided by this text-book, its authors 
proceed to describe assaying processes which are really 


well calculated to give trustworthy indications as to the 
quantity and quality of metal obtainable from ores. 
These are to be found in well proved “ wet ” methods of 
determining actual copper contained in ores as well as 
the components that interfere with the extraction and 
the quality of the metal. In describing these methods, 
ample information is given for the guidance of the smelter 
under the varying conditions of the metal’s occurrence. 
While passing shortly over the Cornish assay, the authors 
judiciously omit such clumsy “ wet ” methods of assay as 
the direct titration by cyanide of potassium, which is re« 
tained in some recent books of standing, although it has 
been abandoned by most skilful assayers. On the other 
hand, titration by cyanide of potassium after separation 
of the copper from interfering metals, and the assay «by 
electrolysis, leave little to be desired in rapidity and 
accuracy, and to these due prominence is given. Failing 
reasonable manipulative skill, no assay can be accitrate, 
and the expertness demanded by those who conduct the 
I “ dry ” or Cornish assay is not more easily acquired than 
is the analytical skill needed for better “ wet ” methods. 
In an assay method giving accurately the amount of metal 
actually present in the ore, the metallurgist has a sure 
basis for calculation, the results of which can be brought 
under the control of his experience as to the losses of 
metal in operations on a large scale. The results of the 
Cornish assay, with all its inherent uncertainty, have 
, equally to be judged in the light of the smelter’s experience 
as to what the final “ out-turn ” will be. In lead, again, 
the dry assay is usually treated in books on "assaying with 
I much elaboration, which is no longer useful, if it ever was. 

It gives results that indicate neither the actual amount of 
j metal contained in the ore, nor the amount which will be 
I produced by smelting, and like the Cornish assay for 
copper is most unsatisfactory for guidance in smelting. 
The wet methods of lead assaying which are described 
are convenient and trustworthy, while the only practically 
useful methods of dry lead assay are given in sufficient 
detail. In the assay of iron ores we find dry methods 
entirely omitted. The wisdom of this cannot be doubted, 
for the want of exactitude which is characteristic of the 
dry assay of copper and lead is still more marked in the dry 
assay of iron. Processes of wet assay capable of giving 
prompt and strictly accurate results are available, and 
these are fully described. 

The plan of subordinating or ignoring unsatisfactory 
methods of assay, while giving prominence to those 
which have proved to be trustworthy, runs through the 
treatment of methods of assaying the other metals, as 
well as estimating the components of ores which are not 
usually dealt with in books on assaying. Among the 
latter are silica, the earths, sulphur, arsenic, and phos- 
phorus. These demand study by the metallurgist, to 
whom, under either the necessity of “ fluxing ” them away, 
or of minimizing their interference with the purity of tHfe 
metals, their ready aiyl accurate determination is a matter 
of the greatest importance. The details of assaying the 
precious metals, though hardly sufficient for adoption in 
the assay of bullion in a mint, are all that is needed in a 
works. , 

The authors have clearly not been content to merely 
record published piy>cesses, but in order to add to the 
completeness of their work have given unpublished 
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results of the experience acquired by themselves and 
others. The writer notices their description of a process 
for the estimation of arsenic in minerals and metals, 
which was devised by himself for use in works under his 
control)- that has not hitherto been published. It consists 
in the separation of arsenic from its associations, by 
distillation with ferric chloride mixed with calcium 
chloride, and subsequent titration of the distillate by 
iodine. The authors are mistaken in stating that there is 
a difficulty in obtaining ferric chloride free from arsenic. 
Even if there were difficulties, it is obvious that the 
process itself affords a ready means of eliminating arsenic 
from the ferric chloride mixture, before using it in the 
actual assay. In this and one or two other cases, there 
is n tendency to adopt the always undesirable method of 
“blank” experiments to correct error arising from the 
use of impure reagents, rather than whenever practicable 
to avoid the source of danger by the use of pure materials. 
These are, however, hardly noticeable blemishes in a 
really meritorious work, that may safely be depended 
upon by those using it either for systematic instruction 
or for reference. Thomas (iine. 


ll^/NG M/CROSCOP K 

The Microscope in the Brewery and Malt House. Hy 
Chas. Geo. Mathews, F.C.S., F.I.C., &c., and Francis 
Edw. Lott, F.I.C., A.R.S.M., &6. (London and Derby; 
Bemrose afcd Sons, J889.) 

T here are certainly few industries the growth and 
development of which have been more influenced 
by the progress of pure scientific discovery than those of 
the brewer and distiller. These industries, formerly 
carried on upon purely empirical lines, handed down 
from father to son through countless generations, have 
in recent years, through the advances in chemical and 
biological science, been so transformed that their suc- 
cessful conduct at the present time requires a most 
thorough acquaintance with the leading principles of 
these sciences. As a consequence of this change, we 
find an increasing tendency for these industries to be- 
come concentrated in a smaller number of hands each 
producing on a larger and larger scale. The small 
brewer himself lacking the necessary scientific training, 
and not able to afford the requisite skilled assistance, 
gives way before the larger breweries employing a com- 
plete scientific staff and provided with the latest im- 
provements. 

The present work is, we understand, intended to bring 
before those connected with brewing a concise account 
of the assistance which may be derived in the conduct of 
their business from the use of the microscope. We are 
of opinion that the authors have been unfortunate already 
in the choice of their title, as one of the most conspicuous 
results of modern scientific researchin this direction is that 
tfte use of the microscope alone is of comparatively little 
value in the study of micro-organisms in general, whether 
connected with fermentation or other processes. This in- 
adequacy of microscopic study per se the authors in 
various parts of their work indeed frankly admit. Modern 
students of these low forms of life Oiave, in fact, become 


more and more aware of the fallacious results yielded by 
mere microscopfeal o'bservation when unaccompanied and 
uncontrolled by those processes of cultivation which have 
been developed during the past ten years. Even the work 
performed under the auspices of the masterly genius 
and supreme experimental skill of Pasteur has had to be 
revised and brought up to date by Hansen, with the aid 
of the more recent methods of research. Now, although 
the authors appear fully aware of the great change which 
has taken place since the earlier work of Pasteur, Reess, 
Fitz, and others, they have not sufficiently distinguished 
between observations which rest upon the surest founda- 
tion and fulfilling the most modem requirements, and 
those which, though possibly correct, require repetition 
I and confirmation. 

The absence of sharp differentiation in this matter 
cannot fail, we believe, to occasion much confusion in 
the mind of the ordinary practical student who depends 
I upon text-books and manuals for his guidance and in- 
j formation, and it is, in our opinion, quite unnecessary 
! that he should be burdened with the microscopic de- 
scriptions of the various forms of yeast given by the older 
observers, who were almost certainly dealing with impure 
cultures, but on the contrary he should rather devote his 
whole attention to the characters of such undoubtedly pure 
forms of yeast as have been obtained by the most recent 
methods. Moreover, unless the necessity of resorting to 
these cultivation experiments for obtaining accurate in- 
formation is duly impressed upon the student, he will 
naturally be inclined to shirk these far more laborious 
and difficult observations, and place undue reliance upon 
microscopic features. 

These remarks apply, perhaps, with even greater force to 
the manner in which the authors have dealt with the 
schizomycetes ; in this part of the book we find much 
space devoted to microscopic descriptions of bacteria ot 
uncertain purity, whilst there is little or nothing Said 
about the methods by which these organisms can be 
really identified, and their characters defined. We also 
miss any adequate account of the staining-processes 
which are so invaluable in obtaining a correct idea of the 
microscopic forms and dimensions of bacteria. As an 
instance of the unsatisfactory present condition of brew- 
ing microscopy, we may quote the following sentence : 
“ Bact. lactis, as seen in beers, is generally in the form 
of small rods, 2 to 3 ^ in length, and sometimes in threads 
containing from 2 to 5 individuals ; it is not cert.^in, 
however, that this form is B. lactisP Thus, in respect of 
the bacterium which is perhaps of most consequence to 
the brewer, as being “the most commonly occurring 
I disease-organism encountered in the brewing process ” 
there is this absolute lack of all precise information. 

What may be called the more purely scientific part of 
the work is succeeded by a chapter of “ general remarks 
on the brewing process,” which, embodying as it does 
some of the, practical experience of the authors them- 
selves, we would have gladly seen enlarged. 

The book, which is printed on excellent paper and 
elegantly got up, is illustrated with a number of admir- 
ably executed plates, many qf the best of which are 
original. 

A full index and glossary are appended. 
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OUR BOOK SHELF. . 

Flo 7 ver~Land : an Introduction to Botany. By Robert 
Fisher, M.A., Vicar of Sewerby, Yorks, (London: 
Bemrose and Sons, 1889.) 

This is a capital first book of botany, intended for small 
children. The style, however, is really more elementary 
than the matter, and a child who has mastered this book 
will have made a very good start in the science. There 
is a good deal of information given about the internal 
structure and function, as well as the external form, of 
the organs of plants, and this information is given cor- 
rectly, as well as clearly. 

'Hie book is illustrated by 177 woodcuts, most of which 
are well suited to their purpose. D. H. S. 

Five Months Fine Weather in Canada^ Western U.S.y 
and Mexico, By Mrs. E. H. Carbutt. (London ; 
Sampson Low and Co., 1889.) 

In this book Mrs. Carbutt records her experiences during 
a remarkably pleasant journey made by herself and her 
husband in the New World. The scenes she describes 
have often been described before, but she writes so brightly 
about what she saw that even readers to whom she has 
nothing new to tell will find a good deal to interest them 
in her narrative. They will be particularly pleasefi with 
her account of “ sunny Mexico, and its merry, courteous 
people.'" 


LETTERS TO THE EDITOR. 

\^Tht Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of NATURE, 
No notice is taken of anonymous communications. \ 

The Duke of Argyll and the Neo- Darwinians. 

It has a curious and not uninstructive effect to see the 
pages of this journal invaded by the methods of discussion 
which are characteristic of political warfare. The letter of the 
Duke of Argyll, published in Nature for December 26, 1889 
(p. 1 73) is a clever debating speech. But it rather obscures than 
illuminates the questions really at issue. And, afier the fashion 
of the political orator, it attributes to those who disagree with 
the writer motives which, in so far as they differ from reasoned 
conviction, are essentially insincere. \ 

In politics, the personal rivalry which is bound up inextricably 
with the solution of great problems may make it a necessary 
part of the game to endeavour to belittle one’s opponents. But 
in science it is not so. The newer problems which have been 
raised by Darwinism depend for their solution upon the discussion 
of evidence, and no competent biologists will, in the long run, 
be influenced in the opinions they form about them by anything 
else. 

There is nothing in the Duke’s letter which has not been worn 
threadbare by discussion. Still, there are, no doubt, many 
readers of Nature who, while taking a general interest in the 
matter, have not followed all that has been written about it. I 
am disposed to think, therefore, that it may not be without its 
use to go over the ground which the letter covers. 

First, as to acquired characters. Let us take a simple case. 
It is admitted that a blacksmith, by the con.stant use of his arms, 
may stimulate their abnormal muscular development ; that is an 
acquired character. But a working man, whose arms are of per- 
fectly average dimensions, may nevertheless have a son with 
arms which wonld seem to mark him out for the blacksmith’s 
rofession ; that would be a congenital variation. Now we 
now that a congenital variation is likely to be inherited ; that 
is a matter of observation. What is the case as to the acquired 
character? The answer must be, I take it, that there is no 
probability that the arms of a blacksmith’s son will differ in any 
respect from those of the average inhabitant in the locality where 
be was born. The Duke of Argyll, however, suggests that there 
is ^’no necessary antagonism between congenital variation and 
the transmission of acquired characters.’’ This is perfectly 


reasonable ; theoretically, there is none. But this does not 
make the transmission of acquired characters less doubtful. 
The Duke has no doubt about it, however. **So far from its 
being unproved, it is consistent with all observation and all 
experience. It lies at the foundation of all organic develop- 
ment.” Very possibly, but where is the observation and^where 
is the experience ? These are the biological desiderata of the 
day. Imagine the fate at the Duke’s hands of any scientific 
writer who put forward statements such as these unsupported by 
a shred of a fact. 

This l)eing so,” however, the question then arises, Why do 
extreme Darwinians so fiercely oppose the idea of the trans- 
mission of acquired characters ? Well, it is obvious that they do 
so because they think the evidence in its favour insufficient, and 
it is clearly the duty of a scientific man, whether an extreme 
Darwinian or not, to oppose the acceptance of that which ex- 
perience does not support. But the Duke of Argyll attributes 
their opposition to two causes : first, jealousy of associating the 
names of Lamarck and Darwin ; and, secondly, the dethrone- 
ment of their idol Fortuity. The first of these reasons is almost 
too preposterous to discuss. No serious naturalist would speak 
with other than respect of Lamarck’s position in scientific 
history ; this cannot be effaced however much that of Darwin 
may be magnified. And no serious naturalist would adhere to 
any theory Darwin had propounded a moment longer than the 
evidence seemed to carry conviction. I'he charge in this par- 
ticular matter is, however, the more grotesque, because, although 
Darwin did not esteem as of much value Lamarck’s doctrine of 
development and progression, we know that his own mind 
became more and more fluid on the question of the ‘‘direct 
action of conditions.” The idea is in fact so plausible that the 
difficulty is not in accepting it, but in shaking oneself free from 
it. What were probably the last words which Darwin wrote on 
the subject are contained in a letter to Prof Semper, dated 
July 19, 1881. I quote a passage which appears to me to 
pretty accurately define th^present position of the question 

“ No doubt 1 originally attributed.too little weight to the direct 
action of conditions, but Hoffmann’s paper has staggered me. 
Perhaps hundreds of generations of exposure are necessary. It 
is a most perplexing subject. I wish I was not so old, and had 
more strength, for f see lines of research to follow. Hoffmann 
even doubts whether plants vary more under cultivation than in 
their native home and under their natural conditions (“ Life and 
Letters,” voL iii. p. 345). 

Darwin’s difficulty, in point of fact, was exactly that of every- 
one else. The evidence, instead of being “ consistent with all 
observation and all experience,” failed to be forthcoming. 

The second reason is equally baseless. Fortuity is no idol of 
the neo- Darwinians ; if it is an idol at all, it is an “ idol of the 
market,” imposed upon their understanding by the puke. But 
at any rate he does not attribute any blame to Darwin. And as 
this is a rather important matter, on which I admit that persons 
who ought to know better have gone astray, I will quote a 
passage on the subject from Prof. Huxley’s admirable biography 
(Proc. Roy. Soc., No. 269) : — 

“Those, again, who compare the operation of the natural 
causes which ming about variation and selection with what they 
are pleased to call ‘ chance,’ can hardly have read the opening 
paragraph of the fifth chapter of the ‘ Origin’ (ed. i, p. 131) : 

‘ I have sometimes spoken as if the variations .... had been 
due to chance. This is of course a wholly incorrect expression, 
but it seems to acknowledge plainly our ignorance of the cause 
of each particular variation .’ " 

It is obvious that the use of accidental in the guarded sense in 
which it is employed by Darwin is widely different from for- 
tuitous as employed by the Duke of Argyll. Darwin took ' 
variation as a tact of experience. Its causes and laws have, still 
to be worked out. One of the latter, due to (^uetelet, was ex- 
plained by Prof. George Darwin in this journal (vol. viii., 1873., 
p. 305). He says : “One may assume, with come confidence, 
that under normal conditions, the variation of ^ any organ in the 
same species mav be symmetrically grouped about a centre v»f 
greatest density.” 

And this is quite in accord with the remark of Weismann that 
variability is not something independent of and in some way 
added to the organism, but is a mere expression for the fluctua- 
tions in its type. Variation is therefore not unlimited, and we 
must itdmit with Weismann that its limits are determined by 
“ the underlying physical nature of the organism ; ” or as he 
again puts it, “ under the most favourable circumstances a bird 
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can never be transformed into a mammal.” There is .something 
more therefore than blind chance at work here. 

But within the limits, it is a matter of experience that every 
possible variation may occur. If anyone will take the trouble 
to examine the leaves of the ribbon-grass so commonly cultivated 
in gardefts, he will find it impossible to obtain any pair in which 
the green and white striping is exactly alike. If it were pos- 
sible to raise to maturity all the progeny of some prolific organ- 
ism, the same diversity (in different degree, of course) would 
manifest itself ; but the whole group of variations in respect of 
any one organ w'ould obey Quetelet^s law. . When we attempt 
to give some physical explanation of this fact, we know from 
the objective facts which have been made out about fertilization 
that, although the protoplasmic content of the fertilized ovum 
is, in a general sense, uniform, its actual structure and physio- 
logical components must be combined in as endless variety as 
the green and white stripes of the leaves of the ribbon-grass. 
If, with Prof. Lankester, we say that the combinations are 
kaltidoscopic, I do not see that we go beyond the facts. And 
it appears to me quite permissible to correlate the ascertained 
variable constitution of the o\uim arising from this cause with 
the equally ascertained varying structure of the organism deve- 
loped from it. 

Of the varied progeny, we know that some survive and others 
do not. And what Darwin has taught us is, that the reason of 
survival is the possession of favourable variations. The surviving 
race necessarily differs somewhat from its progenitors, and Dar- 
win has further stated that it is probable that by the continued 
repetition of the process all the diversity of organic natui^ has 
been brought about. 

The area of fortuity is narrowed down therefore, on this point 
of view, to the variable constitution of the individual ovum. 
And it is upon the recognition of this fact, for which there seems 
to be good scientific evidence, that the Duke of Argyll founds his 
charge that the neo-Darwinians make fortuity their idol. The 
reason appears to be that it comes into /:ollision with teleological 
views. But such collisions are no new event in the history of 
the biological sciences. And teleology, like a wise damsel, has 
generally, though temporarily ruffled, manned to gather up her 
skirts with dignity and make the best of it. For some element 
of fortuity is inseparable from life as we see it. It is at the 
bottom one of the most pathetic things about it. Nowhere is 
this more vividly portrayed perhaps than by Addison in the 
“ Vision of Mirzah/' Yet I do not remember that anyone was 
ever so unwise as to taunt Addison with making fortuity his idol. 

But, philosophically considered, what is gained by this tenacity 
about out-works ? I reply, exactly as much as was gained by 
the tenacity of the Church in respect to the geocentric theory of 
the planetary system. Scientific men cannot be stopped in the 
application of their best ability to the investigation of Nature. If 
their conclusions are false, they will detect the falsity ; if true, 
they will not be deterred from accepting them by some a priori 
conception of the order of the universe. It is not justifiable to 
say that this is due to any devotion to such an empty abstraction 
as fortuity. No scientific man is, I hope, so foolish as to suppose 
that, however completely mechanical may be his conception of 
Nature, he is in any way competent to account for its existence. 
The real problem of all is only pushed further back. And the 
Duke of Argyll’s difficulty resolves itself into the old question, 
whether it is more orthodox to conceive of the universe as an 
automatically self-regulating machine, or as one which requires 
tinkering at every moment of its action. 

It may be replied that this is all very well, but that it is not 
the way the neo-Darwinians state their case. I may be, there- 
fore, excused for quoting some passages to the contrary from 
Weismann's ‘‘ Studies in the Theory of Descent ” : — 

“This conception represents very precisely the well-known 
decision of Kant ; ^ Since we cannot in any case know a priori 
to what extent the mechanism of Nature serves as a means to 
every final purpose in the latter, or how far the mechanical ex- 
planation possible to us reaches,’ natural science must every- 
where press the attempt at mechanical explanation as far as 
possible ” (p. 638). 

Fnrth^, he quotes from Karl Ernst von Baer i-— 

*’The naturalist must always commence with details, and may 
then afterwards ask whd^.her Cne totality of details leads him to 
a general and final basis of intentional design ” (p. 639), 
he says*: — 

“We now believe that organic nature must be conceived as 
mechanicajr But does it tnerel^ follow that we must totally 
"deny a final universal cause? Certainly not; it would be a 


great delusion if anyone, were to believe that he had arrived at 
a comprehension of the universe by tracing the phenomena of 
Nature to mechanical principles’* (p. 710). 

In truth, this revolt of teleology against Darwinism is a little 
ungrateful. For, if Darwinism has done anything, it has carried 
on and indefinitely extended its work. In the last century, 
teleology was, it seems to me, a valuable motive-power in bio- 
logical research. Such a book as Derham’s “Physico-Theology ” 
(1711) may be read with interest even now. I well remember 
that my first ideas of adaptive structures were obtained from the 
pages of Paley. Thirty years ago I do not know, except from 
them and the notes to Darwin’s “ Botanic Garden,** where such 
information was to be otained. The basis of research was, 
however, too narrow to continue ; it did not look beyond the 
welfare of the individual. The more subtle and recondite springs 
of adaptation opened up by the researches of Darwin, which look 
to the welfare of the race, were not within its purview. Conse- 
quently it dried up, and virtually expired with the Bridgew’ater 
Treatises. 

To return, however, to the Duke of Argyll. “ Neither 
mechanical aggregation, nor mechanical segregation, can possibly 
account for the building up of organic tissues.” Who has said 
they did? The Duke has entirely misunderstood the matter. 
Prof. Lankester never suggested that it was possible to put so 
much protoplasm into a vessel, and shake out a cockatoo or a 
guinea-pig 'at choice. His image of the kaleidoscope had 
nothing to do with the building up of organisms, only with the 
varied cconbination of the elements known tp take part in the 
formation of the fertilized ova from which organisms originate. 

I am not sure that 1 perfectly comprehend what follows. 
Perhaps some further emendation than that already published is 
needed in one of the sentences. But it seems evident that the 
Duke is re-stating his old doctrine of “ prophetic germs. ” He 
has already defined what he means by these (Naturk, vol. 
xxxviii. p. 564). “All organs,” he says, “do actually pass 
through rudimentary stages in which actual use is impos.sible.” 
Here, again, as in the case of the transmission of ac^juired 
characters, what one wants is not a reiteration of the assertion, 
but some definite observed evidence. For the production of 
this, if only in a single instance, Prof. Lankester pressed the 
Duke more than a year ago (Nature, /,c. p. 588). None, 
however, has as yet been forthcoming ; and it appears to me 
that it is not permissible to persist in statements for which he 
does not attempt to offer a shadow of proof. 

The Duke exults in a very amazing fashion over what he 
strangely calls Prof. Lankester’s admission that “natural selec- 
tion cannot account for the pre-existence of the structures which 
are prescribed for its choice.” I am afraid I have already tres- 
passed on your space too much with quotations ; but 1 have 
done so in order to show, in some measure at any rate, what is 
the consensus of opinions amongst students of Darwinism ; and 
I must answer the Duke with one more from Prof. Huxley’s 
admirable biography. It is true that the Royal Society publishes 
these things in the least attractive way possible ; but this par- 
ticular paper coidd hardly have escaped attention, as it won the 
notice and admiration of even a journal so little occupied with 
scientific discussion as Truth* 

“ There is another sense, however, in which it is equally true 
that selection originates nothing. * Unless profitable variations 
. . . occur, natural selection can do nothing* (‘ Origin,* ed. i, 
p. 82). * Nothing can be effected unless favourable variations 

occur p. 108). *What applies to one animal will apply 

throughout time to all animals — that is, if they vary— for otherwise 
natural selection can do nothing. So it will be with plants * {Lc* 
p. 113). Strictly speaking, therefore, the origin ot species in 
general lies in variation; while the origin of any particular 
species lies, firstly, in the occurrence, and, secondly, in the 
selection and preservation of a particular variation. Cle^ness 
on this head will relieve one from the necessity of attending to 
the Mlacious assertion that natural selection is a eUusex machind^ 
or occult agency.** 

And the Duke um he has been waitinj{ for this for thirty 
years. One can only wonder what Darwinian literature has 
been the subject of his studies during that time. 

• W. T, Tmiselton Dyer. 

Royal Gaidchs^ Kew, January 6* 

The Microaeiamic Vibration of the Barth’s Crust. 

In Mr. White's article on British earthquakes (Nature, Jan. 2, 
p. 202) he refers to me as having discovertd the microseismic 
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vibration of the earth’s crust. My brother Horace and I were, 
we believe, the first to verify in England the observations of 
Bertelli, Rossi, d’Abbadie, and the other (principally Italian) 
pioneers in this interesting subject. 

In our Reports to the British Association for 1881 and 1882 
on “The Lunar Disturbance of Gravity,” some account will be 
found of the earlier literature on the subject. 

January 9. G. H. Darwin. 


Meteor. 

On Sunday, 12th inst., about 8.10 p.m., a bright meteor 
was seen here, coming into view near 6 Aurigse. It was of a 
reddish colour, moved slowly, leaving a short tail, and burst 
above c I.eonis, then with diminished light continued its course 
to the horizon. T. W. Morton. 

Beaumont College, Old Windsor, January 13. 


MAGNETISMS 

I. 

A S old as any part of electrical science is the knowledge 
that a needle or bar of steel, which has been touched 
with a loadstone will point to the north. Long before the 
first experiments of Galvani and Volta the general pro- 
perties of steel magnets had been observed — how like 
poles repelled each other, and unlike attracted each %ther ; 
how the parts of a broken magnet were each complete 
magnets with a pair of poles. The general character of 
the earth’s magnetism has long been known — that the 
earth behaves with regard to magnets as though it had 
two magnetic poles respectively near the rotative poles, 
and that these poles have a slow secular motion. For 
many years the earth’s magnetism has been the subject 
of careful study by the most powerful minds. Gauss 
organized a staft’of voluntary observers, and. applied his 
unsurpassed powers of mathematical analysis to obtaining 
from their results all that could be learned. 

The magnetism of iron ships is of so much importance 
in navigation that a good deal of the time of men of 
great pow'er has been devoted to. its study. It was the 
scientific study of Archibald Smith ; and Airy and 
Thomson have added not a little to our practical know- 
ledge of the disturbance of the compass by the iron of 
the ship. Sir W. Thomson, in addition to much valuable 
practical work on the compass, and experimental work on 
magnetism, has given the most complete and elegant 
'iiathematical theory of the subject. Of late years theg] 
development of the dynamo machine has directed 
attention to the magnetization of iron from a different 
point of view, and a very great deal has been done by 
many workers to ascertain the facts regarding the 
magnetic properties of iron. The upshot of these many 
years of study by practical men interested in the mariner’s 
compass or in dynamo machines by theoretical men 
interested in looking into the nature of things, is, 
that although wc know a great many facts about mag- 
netism, and a great deal about the relation of these facts 
to each other, we are as ignorant as ever we were as 
to any reason why the earth is a magnet, as to why its 
magnetic poles are in slow motion in relation to its sub- 
stance, or as to why iron, nickel, and cobalt are magnetic, 
and nothing else, so far as we know,, is to any practical 
extent. In most branches of science the more facts we 
know the more fully we recognize a continuity in virtue of 
which we see the same property running through all the 
various forms*of matter. It is not so in magnetism ; here 
the more we know the more remarkably exceptional does 
the property appear, the less chance aoes there seem to 
be Of resolving it into anything else. It seems to me that 
I cannot better occupy the present occasion than by re- 
calling yoiu: attention to, and inviting discussion of, some 

' ImtURWlil Address delivered before the Insthutioo of Electrical En- 
sineers, on Thursday, January 9, by J. Hopkinson, M. A., D.Sc., F.R.S., 
President. 


of those salient properties of magnetism as exhibited by 
iron, nickel, and cobalt — properties most of them very 
familiar, but properties which any theory of magnetism 
must reckon with and explain. We shall not touch on 
the great subject of the earth as a magnet — ^though much 
has been recently done, particularly by RiickA* and 
Thorpe — but deal simply with magnetism as a property 
of these three bodies, and consider its natural history, 
and how it varies with the varying condition of the 
material. 

To fix our ideas, let us consider, then, a ring of uniform 
section of any convenient area and diameter. Let us sup- 
pose this ring to be wound with copper wire, the convolu-* 
tions being insulated. Over the copper wire let us suppose 
that a second wire is wound, also insulated, the coils of 
each wire being arranged as are the coils of any ordinary 
modern transformer. Let us suppose that the ends of the 
inner coil, which we will call the secondary coil, are con- 
nected to a ballistic galvanometer ; and that the ends of 
the outer coil, called the primary, are connected, through 
a key for reversing the current, with a battery. If the 
current in the primary coil is reversed, the galvanometer 
needle is observed to receive a sudden or impulsive deflec- 
tion, indicating that for a short time an electromotive 
force has been* acting on the secondary coil. If the re- 
sistance of the secondary circuit is varied, the sudden 
deflection of the galvanometer needle varies inversely as 
the resistance. With constant resistance of the secondary 
circuit the deflection varies as the number of convolutions 
in the secondary circuit. If the ring upon which the 
coils of copper wire are wound is made of wood or glass 
— or, indeed, of 99 out of every 100 substances which 
could be proposed— we should find that for a given 
current in the primary «)il the deflection of the galvano- 
meter in the secondary circuit is substantially the same. 
The ring may be of copper, of gold, of wood, or glass— 
it may be solid or it maybe hollow — it makes no difference 
in the deflection of the galvanometer. We find, further, 
that with the vast majority of substances the deflection of 
the galvanometer in the secondary circuit is proportional 
to the current in the primary circuit. If, however, the 
ring be of soft iron, we find that the conditions are enor- 
mously different. In the first place, the deflections of the 
galvanometer are very many times as great as if the ring 
were made of glass, or copper, or wood. In the second 
place, the deflections on the galvanometer in the secondary 
circuit are not proportional to the current in the primary 
circuit ; but as the current in the primary circuit is step 
by step increased we find that the galvanometer deflec- 
tions increase somewhat, as is illustrated in the ac- 
companying curve (Fig. i), in which the abscissas are 
proportional to the primary current, and the ordinates are 
proportional to the galvanometer deflections. You ob- 
serve that as the primary current is increased the galvano- 
meter deflection increases at first at a certain rate ; as 
the primary current attains a certain value the rate at 
which the deflection increases therewith is rapidly in- 
creased, as shown in the upward turn of the curve. This 
rate of increase is maintained for a time, but only for a 
time. When the primary current attains a certain v^ue 
the curve bends downward, indicating that the deflections * 
of the galvanometer are now increasing less rapidly as 
the primary current is increased ; if the primary current 
be still continually increased, the galvanometer deflections 
increase less and less rapidljr. 

Now what I want to particularly impress upon you is 
the enormous difference which exists between soft iron dh 
the one hand, and ordinary substances on the other. On 
this diagram I have taken the galvanometer deflections 
to the same scale for iron, and for such substances as 
glass or wood. You see that the deflections in the case 
of glass or wood, to the same scale, are so small as to be 
absolutely inappreciable, whilst the deflection for iron at 
one point of the curve is something like 2000 times as 



250 


NATURE 


\ yan , 1 6, 1890 


great as for non-magnetic substances. This extraordinary 
property is possessed by only two other substances 
besides iron — cobalt and nickel. On the same figure are 
curves showing on the same scale what would be the 
deflections for cobalt and nickel, taken from Prof. 
Rowlands’s paper. You observe that they show the same 
general characteristics as iron, but in a rather less degree. 
Still, it is obvious that these substances may be broadly 
classed with iron in contradistinction to the great mass of 
other bodies. On the other hand, diamagnetic bodies 
belong distinctly to the other class. If the deflection with 
a,non-magnetic ring be unity, that with iron, as already 
stated, may be as much as 2000 ; that with bismuth, the 
most powerful diamagnetic known, is o‘999825 — a quantity 
differing very little from unity. Note, then, the first fact 
which any theory of magnetism has to explain is : Iron, 
nickel, and cobalt, all enormously magnetic ; other sub- 
stances practically non-magnetic. A second fact is : 
With most bodies the action of the primary current on j 
the secondary circuit is strictly proportional to the j 
primary current ; with magnetic bodies it is by no 
means so. 

You will observe that the ordinates in these curves, 
which are proportional to the kicks or elongations of the : 


i galvanometer, are called induction, and that the abscissae 
; are called magnetizing force. Let us see a little more 
' precisely what we mean by the terms, and what are the 
units of measurement taken. The elongation of the 
galvanometer measures an impulsive electromotive force 
— an electromotive force acting for a very short time. 
Charge a condenser to a known potential, and discharge 
it through the galvanometer : the needle of the galvano- 
meter will swing aside through a number of divisions 
proportional to the quantity of electricity in the condenser 
— that is, to the capacity and the potential. From this 
we may calculate the quantitjr of electricity required to 
give a unit elongation. Multiply this by the actual re- 
sistance of the secondaiy circuit and we have the impulsive 
electromotive force in volts and seconds, which will, in 
the particular secondary circuit, give a unit elongation. 
We must multiply this by \c? to have it in absolute C.G.S. 
units. Now the induction is the impulsive electromotive 
force in absolute C.G.S. units divided by the number of 
secondary coils and by the area of section of the ring in 
square centimetres. The line integral of magnetizing 
force is the current in the primary in absolute C.G.S. units 
— that is, one-tenth of the current in amperes — multiplied 
by 47r. The magnetizing force is the line integral divided 
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by the length of the line over which that line integral is 
distributed. This is, in truth, not exactly the same for 
all points of the section of the ring — an imperfection so 
far as it goes in the ring method of experiment. The 
absolute electro-magnetic C.G.S. units have been so 
chosen that if the ring be perfectly non-magnetic the 
induction is equal to the magnetizing force. We may 
refer later to the permeability, as Sir W. Thomson calls 
it ; it is the ratio of the induction to the magnetizing 
force causing it, and is usually denoted by ft. 

There is a further difference between the limited class 
of magnetic bodies and the great class which are non- 
magnetic. To show this, we may suppose our experiment 
with the ring to be varied in one or other of two or three 
different ways. To fix our ideas, let hs suppose that the 
secondary coil is collected in one part of the ring, which, 
provided that the number of turns in the secondary is 
maintained the same, will make no difference in the 
result in the galvant^lneter. Let us suppose, further, 
that the ring is divided so that its parts may be plucked 
from .together; and the secondary coil entirely withdrawn 
from the ring.- If now the primaky current have a 
certain \(hiue, and if the ring be plucked apart and the 
' secondary coil withdrawn, we shall find that, whatever 


be the substance of which the ring is composed, the 
galvanometer deflection is one-half of what it would have 
been if the primary current had been reversed. I should 
perhaps say approximately one-half, as it is not quite 
strictly the case in some samples of steel, although, 
broadly speaking, it is one-half. This is natural enough, 
for the exciting cause is reduced from — let us call it a 
positive value, to nothing when the secondary coil is 
withdrawn ; it is changed from a positive value to an 
equal and opposite negative value when the primary 
current is reversed. Now comes the third characteristic 
difference between the magnetic bodies and the non- 
magnetic. Suppose that, instead of plucking the ring 
apart when the current had a certain value, the current 
was raised to this value and then gradually diminished to 
nothing, and that then the ring was plucked apart and 
the secondary coil withdrawn. If the ring be non- 
magnetic, we find that there is no deflection of the 
galvanometer ; but, on the other hand, if the ring be 
of iron, we find a very large deflection, amounting, it may 
be, to 80 or 90 per cent, of the .deflection causra by the 
withdrawal 01 the coil when the current had its full value. 
Whatever be the property that the passing of the primary 
current has imparted to the iron, it is clear that the iron 
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retains a large part of this property after the current has 
ceased. We may push the experiment a stage further. 
Suppose that the current in the primary is raised to a 
great value, and is then slowly dimihished to a smaller 
value, and that the ring is opened and the secondary 
coil withdrawn. With most substances we find that 
the galvanometer deflection is precisely the same as if 
the current had been simply raised to its final value. It 
is not so with iron : the galvanometer deflection depends 
not alone upon the current at the moment of withdrawal, 
but on the current to which the ring has been previously sub- 
jected. We may then draw another curve (Fig. 2) represent- 
ing the galvanometer deflections produced when the current 
has been raised to a high value and has been subsequently 
reduced to a value indicated by the abscissas. This curve 
may be properly called a descending curve. In the case 
of ordinary bodies this curve is a straight line coincident 
with the straight line of the ascending curve, but for iron 
is a curve such as is represented in the drawing. You 
observe that this curve descends to nothing like zero when 
the current is reduced to zero ; and that when the current 
is not only diminished to zero, but is reversed, the galvano- 
meter deflection only becomes zero* when the reversed 
current has a substantial value. This property possessed 
by magnetic bodies of retaining that which is impressed 


upon them by the primary current has been called by 
Prof. Ewing ‘‘ hjrsteresis,” or, as similar properties have 
been observed in quite other connections, ** magnetic 
hysteresis.” The name is a good one, and has been 
adopted. Broadly speaking, the induction as measured 
by the galvanometer deflection is independent of the time 
during which the successive currents have acted, and 
depends only upon their magnitude and order of succes- 
sion. Some recent experiments of Prof. Ewing, however, 
seem to show a well-marked time effect. There are 
curious features in these experiments which require more 
elucidation. 

It has been pointed out by Warburg, and subsequently 
by Ewing, that the area of curve 2 is a measure of the 
quantity of energy expended in changing the magnetism, 
of the mass of iron from that produced by the current 
in one direction to that produced by the current in the 
opposite direction and back again. The energy expended 
with varying amplitude of magnetizing forces has been 
determined for iron, and also for large magnetizing foroes 
for a considerable variety of samples of steel. Different 
sorts of iron and steel differ from each other very greatly 
in this respect. For example, the energy lost in a com- 
plete cycle of reversals in a sample of Whitworth’s mild 
steel was about 10,000 ergs per cubic centimetre ; in oil- 
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hardened hard steel it was near 100,000 and in tungsten* 
steel it was near 200,000 — a range of variation of 20 to i. 
It is, of course, of the greatest possible importance to 
keep this quantity low in the case of armatures of dynamos, 
and in that of the cores of transformers. If the armature 
of a dynamo machine be made of good iron, the loss from 
hysteresis may easily be less than i per cent ; if, how- 
ever, to take an extreme case, it were made of tungsten 
steel, it would readily amount to 20 per cent. In 
the case of transformers and alternate-current dynamo 
machines, where the number of reversals per second is 
great, the loss of power by hysteresis of the iron, and the 
consequent heating, become very important. The loss of 
power by hysteresis increases more rapidly than does the 
induction. Hence it is not well in such machines to 
work the iron to anything like the same intensity of in- 
duction as is desirable in ordinary continuous current 
machines. The quantity o a, when measured in proper 
units, as already explained — that is to say^ the reversed 
magnetic force, which just suffices to reduce the induction 
as measured by the kick on the galvanometer to nothing 
after the material has been submitted to a very great 
magnetizing force — is called the “ coercive force,” giving 
a definite meaning to a term which has long been used in 
a somewhat indefinite sense. The quantity is really the 
important one in judging the magnetism of short per- 


manent magnets. The residual magnetism, o b, is then 
practically of no interest at all ; the magnetic moment 
depends almost entirely upon the coercive force. The 
range of magnitude is somewhat greater than in the case 
of the energfy dissipated in a complete reversal. For 
p very soft iron the coercive force is i'6 C.G.S. units ; for 
tungsten steel, the most suitable material for magnets, it is 
51 in the same units. A very good guess may be made of 
the amount of coercive force in a sample of iron or steel 
by the form of the ascending curve, determined as I de- 
scribed at first. This is readily seen by inspection of 
Fig. 3, which shows the curves in the cases of wrought 
iron, and steel containing o‘9 per cent, of carbon. With 
the wrought iron a rapid ascent of the ascending curve is 
made. «men the magnetizing force is small and the 
coercive force is small ; in the case of the hard steel the 
ascent of the curve is made with a larger magnetizing 
current, and the coercive force is large. There is one 
curious feature shown in the curve for hard steel which 
may, so far as I know, be observed in*all magnetizable 
substances ; the ascending curve twice cuts the descend- 
ing curve, as at m and N. This peculiarity was, so far as 
I know, first observed by Prof. G. Wiedenaann. 

I have already called emphatic attention to the fact 
that magnetic substances are enormously magnetic, and 
that non*magnetic s^ibstances are hardly at all magnetic : 
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there is between the two classes no intermediate class. 
TTie magnetic property of iron is exceedingly easily des- 
troyed. If iron be alloyed with 12 per cent, of maa- 
g^ese, the kick on the galvanometer which the material 
will give, if made into a ring, is only about 35 per cent, 
greater than is the case with the most completely non- 
magi^etic material, instead of being some hundreds of 
times as great, as would be the case with iron. Further, 
with this manganese steel, the kick on the galvanometer 
is strictly proportional to the magnetizing current in the 
primary, and the material shows no sign of hysteresis. 
In short, all its properties would be fully accounted for if 
we supposed that manganese steel consisted of a perfectly 
non-magnetic material, with a small percentage of metallic 
iron mechanically admixed therewith. Thus the property 
of non-magnetizability of manganese steel is an excellent 
proof of the fact — which is also shown bjr the non-mag- 
netic properties of most compounds of iron — that the 
property ap^rtains to the molecule, and not to the atom ; 
or, to put it in another way, suppose that we were 


to imagine manganese steel broken up into small par- 
ticles, as these particles became smaller there would at 
length arrive a point at which the iron and the manganese 
would be entirely separated from each other : when this 
point is reached the particles* of iron are non-magnetic. 
By the magnetic molecule of the substance we mean the 
smallest part which has all the magnetic properties of the 
mass. The magnetic molecule must be big enough to 
contain its proportion of manganese. In iron, then, we 
must have a collection of particles of such magnitude that 
it would be possible for tne manganese to enter into each 
of them, to constitute an element of the magnet. Man- 
ganese is, so far as I know, a non-magnetic element. 
Smaller proportions of man^nese reduce the magnetic 
property in a somewhat less degree, the reduction being 
greater as the quantity of nianganese is greater. It 
appeared very possible that the non-magnetic property 
of manganese steel was due to the coercive force being 
very great — that, in fact, in all experiments we were still 
on that part' of the magnetization curve below the rapid 
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rise, and that if the steel were submitted to greater forces 
it would presently prove to be magnetic, like other kinds 
of steel. Prof. Ewing, however, has submitted man- 
ganese steel to very great forces indeed, and finds that 
its magnetism is always proportional to the magnetizing 
force. 

No single body is known having the property of 
capacity for magnetism in a degree which is neither very 
great nor very small, but intermediate between the two 
extremes. We can, however, mix magnetic and non- 
magnetic substances to form bodies apparently inter- 
mediate. It is, therefore, interestlni; to consider what 
tlvs properties might be of such a mixture. It depends 
quite as much on the way in which the magnetic part is 
arranged in the mass, as on its actual quantity. Suppose, 
for example, it is arranged as in Fig. 4 — in threads or 
plates haying a very long axis in the direction of the 
magnetizing force — we may at once determine the curve 
of magnetization of the mixture fron\ that of the magnetic 


substance by dividing the induction for any given force 
in the ratio of the whole volume to the volume of magnetic 
substance. If, on the other hand, it is as in Fig. 5 — with 
a very short suds in the direction of the force, and a long 
axis ^ipendiculair thereto — ^we can equally construct the 
curve or magnetization. This is done in Fig. 6, which 
shows the curve when nine-tenths of the material is highly 
magnetic iron, arrange as in Fig. 5, whilst the other curve 
of the same figure is that when only one-tenth is magnetic, 
but arranged as in Fig. 4. You observe how very different 
is the character of the curve — a difference which is reduced 
by the much less proportion of magnetic mjiterial in the 
mixture in ihe one case than in the other. One peculiarity 
of these arrangements of the two materials in relation to 
each other is, that the resulting material is not isotropic ; 
that is, its jnxiperties are not the same in all directions, but 
depend upon the direction of the magnetizing force in the 
material. Of course, this is not at all a probable arrange- 
ment, but it is instructive in showing the character of the 
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result as depending iipon the construction of the material, j matrix or the spheres are of the magnetic material. 

Let us, however, consider the simplest iwtropic arrange- ] Suppose that the volume of the spheres is one-half of the 

. . ment ; let us simpose that one material is* in the form of whole volume. In Fig. 7 we have approximately the 

f', > spheres bedded in a matrix of the other : if the spheres curve for iron, for a mixture of equal quantities of iron 

are placed at random this is clearly an isotropic arrange- and a non* magnetic material ; the spheres being non- 

ment. ,The result is very different according as the magnetic and the matrix iron, .and for a mixtuys, the 



Fig. 4. 

spheres being iron and the matrix non-magnetic. 
Observe the great difference. When the spheres are 
iron, the induction is near four times the force for all 
values of the force. When the matrix is iron, the induc- 
tion is near two-fifths of the induction when the material is 
iron only. 



magnetic. Suppose the filings to be spheiei ; in the 
following table are given comparative values of the forces 
they would experience in terms of if placed in a 
magnetic field of given value, ft having its ordinary 
signification— that is, being the ratio of the kick on the 
galvanometer iwhen a ring is tried made of the material 

of the filing to the kick if f ' '?ctly 

non-magneticimaterial 



Fic. s> ’ • 

In speaking of the properties of bodies which, like 
manganese steel, are slightly magnetic, it may be well 
here to enter a caution. But little that is instructive is 
to be learned by testing filings, or the like, with magnets, 
as these show but little difference between bodies which 
are slightly magnetic and those which are strongly 


M Attractioib * * 

I ’ o Non-magnetic body. 

X 47 0*18 Manganese steel with fa per cent. 

3 ‘fi 1*2 Manganese steel with 9 per cent. 

S IS ' , 

10 a’l 

100 • 2'8 

1000 a*9? a 
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Now bodies in which /x is so small as 3’6 belong distinctly 
to the non-magnetic class ; but the test with the magnet 
would very markedly distinguish them from manganese 
steel with 12 per cent of manganese. The distinction, 


however, between /x » 3*6 and ft = 1000 is comparatively 
small ; whereas, under the conditions of experiment, ft is 
much more than iboo for most bodies of which iron is 
the principal constituent. 



Fig, 

* 

The effect of stress on the magnetic properties of iron 
and nickel have been studied by Sir VV. Thomson. A fact 
interesting from a broad and general point of view is 
that the effects of stress are diff<jrcnt in kind in the case l 
of iron andfiickel. In the case of iron, for small mag- ' 


LORENZO RESPIGHI. 

POURING the last forty years the Eternal City has 
possessed two astronomical observatories. It was 
at the old building, connected with the Collegio Romano, 
that .Scheiner collected the principal materials for his 
famous work on the sun, called from its dedication to 
Prince Orsini, the Duke of Bracciano, “ Rosa Ursina” ; 
and though it is with some justice that Delambre speaks 
disparagingly of its contents as compared with its bulk, 
the observations of the solar spots show with what care 
they were made, and they afford the first indication of 
the now familiar fact that their rotation varies in duration 
in different heliographical latitudes, though Scheiner’s 
idea seems to have been that it was not the same in the 
two solar hemispheres. But it was not until 1787 that the 
present observatory of the Collegio Romano was com- 
menced, nor until 1804 that the general interest felt in the 
great eclipse of February*! i in that year induced Pope Pius 
yil. to provide G. Calandrelli with the means of furnish- 
ing it with suitable instruments. Another astronomical 
phenomenon, the appearance of the great comet of 1843, 
led his son Ignazio Calandrelli, to wish to form a new 
observatory on the Capitoline Hill ; but it was not until 
five, years later that Pius IX. was able, in 1848, to provide 
him with the means for carrying out this' design. Mean- 
•while Calandrelli continued nis observations at Bologna, 
ably assisted by the subject of our notice. 

Lorenzo Respighi was bom at<Cortemaggiore, in the 
(>rovince of Placentia, in 1824. His first studies were 
made at Parma, from which town he proceeded to the 
University of Bologna, where he obtained high honours 
in the departments of mathematics and philosophy in 
1847. Nominated 'Professor of Optics and Astronomy in 
1851, he subsequently succeeded Calandrelli as Director 
of the Observatory. On the retivement of the latter in 


7. 

netizing forces in the direction of the tension, tension 
increases the magnetization ; for large forces, diminishes 
In the case of nickel the effect is always to diminish 
the magnetization. 

{To be continued) 


1865 (followed by his death in 1866) Respighi was ap- 
pointed his successor. His earliest papers were on 
mechanical and optical subjects ; but he will be best 
remembered by his subsequent labours on stellar spectra, 
on those of the solar corona and protuberances, and on 
the scintillation of the stars. In 1871 he went on an ex- 
pedition to Poodocottah, in Hindustan, to observe the 
total eclipse of December 12 in that year ; an account of 
the observations will be found in the eclipse (4tst) volume 
of the Memoirs of the Royal Astronomical Society, of 
which Respighi was elected an Associate in 1872. He 
formed from his observations between 1875 and x88i a 
catalogue of 2534 stars in the northern hemisphere from 
the first to the sixth magnitude, which was published 
in successive numbers of the Memoirs of the Linccan 
Academy. 

His death took place after a long illness, aggravated by 
the recent epidemic, on December 10 last, and the Cam- 
pidoglio Observatory has thus been deprived of its second 
director, who has so ably and energetically conducted its 
operations during nearly the last quarter of a century. 

W. T. Lynn. 


NOTES. 

On Saturday evening, at the Royal Institution, Prof. Max 
Mliller delivered an address to inaugurate the establbhment of 
a school for modem Oriental studies by the Impefrial Institute in 
union with University College and King's Oollegc, London. 
The Prince of Wales presided, and among those present were 
many eminent persons, including some distinguished Orientals 
Prof. MUlIer presented with admirable force and clearness the 
need for a great English school for Oriental studies, and had 
much to tell his hearers as to work done in this direction in 
other countries. His account of the new Berlin seminary of 
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Oriental languages was particularly interesting. Xhis institution 
^as the following staff of professors and teachers : — One pro- 
fessor of Chinese ; two teachers of Chinese, both natives — one 
for teaching North Chinese, the other South Chinese; one 
professor of Japanese, assisted by a native teacher ; one professor 
of Arabic, assisted by two native teachers— one for Arabic as 
spoken in Egypt, the other for Arabic as spoken in Syria ; one 
• native teacher of Hindustani and Persian ; one native teacher of 
Turkish ; one teacher of Suaheli, an important language spoken 
on the East Coast of Africa, assisted by a native. Besides these 
special lectures, those given by the most eminent professors of 
Sanskrit, Arabic, Persian, and Chinese in the Universities of 
Berlin are open to the students of the Oriental seminary. The 
number of students amounts at present to 115. Of these, 56 
arc said to belong to the faculty of law, which must be taken to 
include all who aspire to any employment in the consular and 
colonial services. Fifteen belong to the faculties of philosophy, 
medicine, and physical science ; four to the faculty of theology, 
who are probably intended for missionary work. Twenty-three : 
are mentioned as engaged in mercantile pursuits, three are I 
technical students, five officers in the army, and nine are returned I 
as studying modern Greek and Spanish, languages not generally | 
counted as Oriental, though, no doubt, of great usefulness it^the 
East and in America. Prof. Miillcr succeeded in conveying a I 
remarkably vivid impression of the fact that England, looking 
at the subject simply from the point of view of her own material 
interests, cannot afford to neglect the studies to which so much 
attention is devoted elsewhere. “ England,*’ he said, ‘‘cannot 
live an isolated life. She must be able to breathe, to grow, to 
expand, if she is to live at all. Her productive power is far loo 
much for herself, loo much even for Europe. She must have a 
wider field for her unceasing activity, and that field is the East, 
with its many races, its many markets, its many languages. To 
allow herself to be forestalled or to be ousted by more eloquent 
and persuasive compelitvjrs from those vast fields of commerce 
would be simple suicide. Our school, in claiming national 
support, appeals first of all to the instinct of self-preservation. 

It says to every manufacturing town in England, help U5, and, in 
doing so, help thy.«!eir. Whenever the safety and honour of 
England are at stake we know what enormous sums Parliament 
is willing to vote for army and navy, for fortresses and harbours 
— sums larger than any other Parliament would venture to name. 
We w»ant very little for our School of Oriental Languages, but 
we want at least as much as other countries devote to the same 
object. We want it for the very existence of England ; for the 
vital condition of her existence is her commerce, and the best 
markets for that commerce lie in the East.” 

On Saturday, February 22, the Physikalisch-dkonomische 
Gesellschaft of Kdnigsberg is to hold its centenary celebration. 
The proceedings will consist of a Festsitzung at ii a.m., a visit 
to the Pro vinzial- Museum at I, and a Festessen at 8 p.m, 

Several courses of afternoon lectures which promise to be 
exceptionally interesting will be delivered during the present 
season at the Royal Institution. On January 21 Mr. G. J. 
Romanes, F.R.S., will begin a series of ten lectures, forming 
the third part of his course on Before and After Darwin.’’ 
This series will relate to the po$t«Darwinian period, and will 
include a discussion of Weismann’s theory of heredity. Prof. 
Flower, F.R.S., .will begin on January 25 a course of three 
lectures on the natural history of the horse, and of its extinct 
and existing allies. A course of four lectures on the early 
developments of the forms of instrumental music will be begun 
by Mr. F. Niecks on March 6. 

The annual general meeting of the Institution of Mechanical 
Engineers will be held at 25 Great George Street, Westminster, 
on January 29, 30, and 31. The chair will be taken each even* 
ing by the President at 7.30 p.m. The following are the papers: 


on the compounding of locomotives burning petroleum refuse 
in Russia, by Thomas Urquhart ; on the burning of colonial 
coal in ihe locomotives of the Cape Government railways, by 
Michael Stephens; on the mechanical appliances employed in 
the manufacture and storage of oxygen, by Kenneth S, Mueray. 

The annual general meeting of the Anthropological Institute 
of Great Britain and Ireland will take place on Tuesday, the 
28th inst., at 8.30 p.m., Dr. John Beddoe, F.R.S., President, 
in the chair. The following will be the order of business : — 
Confirmation of the minutes, appointment of scrutineers of the 
ballot. Treasurer’s financial statement, Report of Council for 
1889, the Presidential Address, report of scrutineers, and 
election of Council for 1890. 

During the last few years anthropological studies have excited 
a good deal of popular interest, and lately it occurred to’the^ 
Council of the Anthropological Institute that it might be worth 
while for them to arrange for the preparation of a series of 
lectures presenting clearly the results of recent anthropological 
research. Accordingly a course on the following branches of 
the subject has been planned : physical anthropology ; the geo- 
logical history of man ; prehistoric and non-historic dwellings, 
tombs, and oinaments ; the development of the arts of life ; 
social institutions ; anthropometry. The Assistant-Secretary of 
the Institute is prepared to arrange for the delivery of these 
lectures at places within convenient distance of London. 

The first volume of Prof. Thorpe’s “ Dictionary of Applied 
Chemistry ” (Longmans) will be published in a few days. The 
work will consist of three volumes, and will treat specially of 
chemistry in its relations to the arts and manufactures. It will 
be uniform with the new edition of Watts’s “ Djetionary of 
Chemistry,” edited by Muir and Morley. 

M. Grankl has been appointed Professor of Botany to the 
Faculty of Medicine at Montpellier. 

On Monday the Khedive opened the new Museum at Ghizeh, 
whither the archjeological treasures hitherto preserved at Boulak 
have been transfen'cd. 

The “ tercentenary of the invention of the compound micro- 
scope” will be celebrated by a Universal Exhibition of Botany 
and Microscopy, to be held at Antwerp during the present year, 
under the auspices of M. Ch. de Bosschere, President, M. Ch, 
i'^an Geert, Secretary, and Dr. H. Van Heurck, Vice-President. 

It is proposed to organize an historical exhibition of microscopes 
I and an exhibition of the instruments of ail makers, and of 
accessory apparatus and photomicrography. At the conferences 
the following subjects will be discussed and illustrated ; — The 
history of the microscope ; the use of the microscope ; the pro- 
jecting microscope and photomicrography ; the microscopical 
structure of plants ; the microscopical structure of man and of 
animals ; microbes ; the adulteration of food-substances, &c. 
Communications are to be addressed to M. Ch. de Bosschere, 
Lierre, Belgium. 

We regret to have to record the death of Mr. Daniel Adamson, 
well known from his connection with the iron and steel industries. 
He died on Monday at the age of 71. Mr. Adamson was 
President of the Iron and Steel Institute in 1887, and a 
member of other mechanical and scientific associations. 

Dr. F. Hauck, the egiinent algologist, died at Trieste on 
December 21, 1889,* at the early age of forty* four. He wa» 
the author of the volume on marine Algae in the new edition of 
Rabenfaorst’s “ Cryptogamic Flora of Germany.” 

The December number of \hc\4m^rtc'aH Geologist contains 
an interesting paper, by William Upham, on the late Prof. 
Henry Carvill Lewis, who, it will be remembered, died at 
Manchester on July 21, 1888, a day or two after his arrival in 
this country from America. He became ill during the voyage, 
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and it seems that the immediate cause was the contamination of 
the water supply of Philadelphia, where he had been living, 
and where about a thousand cases of typhoid fever appeared at 
nearly the same time. Prof. Lewis was only in his thirty-fifth 
year. An excellent portrait of him accompanies Mr, Upham’s 
paper.* 

At the meeting of the University Experimental Science 
Association, Dublin, on December 13, Mr. J. Joly read a paper 
on a resonance method of measuring the constant of gravitation. 
A simple pendulum of small mass is hung in a tall glass tube, 
rendered vacuous. Inclose proximity two massive pendulums, 
one at either side, are maintained in a state of vibration for any 
desired period of time. The times of vibration of all these pen- 
dulums are alike. The observations consist in observing the 
amplitude, or the increase of amplitude, of the central pendulum, 
a/ter a known number of vibrations executed by the exterior 
pendulums. Several modifications, carrying out the same 
principle, were suggested. It. is proposed to test the method in 
the vaults of the physical laboratory. 

The Central Meteorological Observatory of Mexico, which is 
situated at 7489 feet above the sea, has published a summary of 
meteorological results for each month of twelve years ending 
1888 (excepting January and February 1877). The coldest 
month is January, the mean temperature of which is 54®, and 
the warmest month is April, the mean temperature of which is 
64®. The absolute maximum in the shade was 89'', and the 
minimum 28“ *9. The wettest month is August, in which the 
mean rainfall is 5*4 inches, and the driest month is February, 
with an average of 0^4 inch. The greatest fall at one time was 
2*5 inches. The prevalent direction of the wind is north-west. 

c 

The Essex^ County C///v;nV/r of January 10 says that on Tues- 
day, the 7th inst., two slight shocks of earthquake were noticed 
at Chelmsford. The first occurred at 12.30, when a low rumbling 
sound like thunder in the distance was heard, accompanied by 
a vibration of the ground and a rattling of the windows. The 
^hock was observed in several parts of the town. The more 
pronounced shock was, however, at 1.25 p.m., when the rumbling, 
moaning sound was intensified, there being a heavy throbbing 
in the air like the pulsation of an engine. At many houses there 
was a violent shaking of the windows, and two cases are reported 
of things trembling on the tables. Some men working for Mr. 
Norrington heard the sound, took it to be the rumble of a heavy 
waggon, and went out to see it. Nothing was in sight. Several 
(^ople recognized the shock as being similar to the forerunner 
of the 1884 earthquake, and rushed out of their hou.ses. Mr. 
Arthur E. Brown, writing to us from Brentwood, says that the 
shocks were noticed there. They were attributed by the people 
in his house to the firing of guns at Woolwich. They rattled 
the doors violently. 

A CORRESPONDENT writes that daring the thunderstorm which 
prevailed over the greater part of Scotland early on Monday 
morning, January 6, a slight shock of earthquake was felt in a 
district of Perthshire. ** This,*' he says, '‘is somewhat similar 
to what took place at Argyll on the evening of July 15 last year, 
and might lead one to suppose that atmospheric influence has 1 
something to do with the production of seismic disturbances.’’ ' 

“ At a meeting of the Royal Botanic Society on Saturday, 
attention was called to a specimen of the double cocoanut, or 
Ck coa de mer^ now known to come from the Seychelles. For 
some hundreds of years these nuts have been occasionally found 
washed up by the sea, and their extraordinary appearance, large 
size, and mysterious origin have given rise to many stories of 
miraculous virtue in the cure of diseases. Some are even said 
to have been sold for their weight in gold. This specimen 
belohged 10 General Gordon, and was (^iven by him to General 
Gerald Graham, by whom it has been presented to the Society. 


The Transactions of the Congres pour TUtilisalion des Eaux 
fluviales, held last summer in Paris, have just been issued. The 
volume contains a great number of engravings. 

A BOOK on the Congo State, by E. Dupont, the Director of 
the Natural History Museum of Brussels, has just been published. 
He presents the scientific results of his travels, devoting especial 
attention to geological questions. 

Messrs. George Philip and Son have published the 
second issue of their valuable “Educational Annual.” The^ 
work has been enlarged, revised, and to some extent re- 
arranged ; and it ought to be of great service to all who are 
for any reason especially interested in educational institutions. 

Messrs. Perken, Son, and Rayment have produced a 
I projecting optical lantern, which is likely to be of considerable 
service. When enlargements are required, a condenser of 
lodnch diameter is available ; but when a magiedantern 
entertainment is to be provided, a condenser of 4- inch diameter 
can be substituted. The apparatus consists of a mahogany- 
body lantern with a long bellows-camera adjusted by the patent 
quick-action rack and pinion, and lighted by the refulgent 
three- wick lamp. 

I On January 21, and the three following evenings, Dr. K. 

I SymG§ Thomson will deliver, at Gresham College, a course of 
I lectures on influenza or epidemic catarrh. In the first lecture 
he will present a historical sketch of the subject. The remain- 
ing lectures will be on influenza as it affects the lower animals, 
the causes and consequences of influenza, and diagnosis and 
management. 

The additions to the Zoological Society’s Gardens during the 
past week include four Leopard Tortoises {Testudo pardalis)^ 
three Well-marked Tortoises {Homopus signatus)^ a Rufous 
Snake (Ablabes rufulus\ six Gray’s Frogs {Rana grayi) from 
South Africa, presented by the Rev. G. 11. R. Fisk, C.M.Z.S. ; 
two Spur- winged Geese {PUctropterus gamhensis) from West 
Africa, presented by Mr. C. B. Mitford ; six Red-bellied Wax- 
bills {Estrelda rnbriventris\ five Crimson-eared Waxbills 
{Estrelda phcenicotis\ seven Grenadier Waxl^ills {Urceginthus 
grantinuSf 6 i I 9 ), three Paradise Whydah Birds ( Vidua 

paradisea)^ three Weaver Birds (Euplectes ) from 

Benguela, West Africa, presented by Mr, T. W. Bacon ; a 
Bluish Finch {Spermophiia cotrulescens 6 ) from Brazil, presented 
by Mrs, Mayne ; a Green Turtle {Chelone viridis) from the 
West Indies, presented by Mrs. Harris ; a Chattering T^ory 
(Lorius garruius) from Moluccas, presented by Captain Bason, 

P. and O. s.s, Bombay ; three Yellow-winged Sugar Birds 
{Carea cyanea)^ two Yellow-fronted Tanagers {Euphonia Jiavi- 
frons) from South America, deposited ; four Tufted Umbres 
{Scopus umbretta) from Africa, a Geoffrey’s Terrapin {Hydraspis 
hiiarit) from the Argentine Republic, purchased ; a Koala 
{Phascolarctus cinereus 9 ) from Australia, two Indian Cobras 
{Naia tripudians)^ an Indian Python {Python molurus) from* 
India, received in exchange. 


OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m., January 16 s 5IV. 
45m. 89. 


Nam^ ' 

Mag. 

Colour. 

R.A. 1890. 

Decl. 1890. 

fi) G.C. 118^ 

la) 1 IQ Taun ... ... 

13) IT OrionU 

(4) y Orionis 

04 Schj. ••• ••• ••• 

t^/ R Ci.cti ... ... ... 

\7) U Call ... ... •.. 

■ 4 

4 

a 

8 

Var 

Var. 

Reddish-yellow. 

WhitUh-yellow. 

White. 

Vety red. 
Yellowieh-r^. 
Reddish. 

h. m. s. 

5 30 7 

S 9 $ 46 

5 33 

5 19 

5 38 89 

9 90 94 

9 98 90 

• / 

- 5 90 

+ X8 31 

- 9 40 

4 - 6 IS 
4-84 82 

- 0 40 
- 13 37 
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Remarks. 

* (i) This is described in Herschers general catalogue as ‘‘a 
remarkable object, very large, round, with tail, much brighter 
in the middle/* The spectrum has not yet been recorded, but it 
promises to be one of great interest, as the nebula is apparently 
one of the cometic ones. The meteoritic hypothesis suggests 
that these are produced by a condensed swarm moving at a high 
velocity through a sheet of meteorites at rest, or a swarm almost 

^ at rest surrounded by a moving sheet. In the former case the 

* collision region would be beliind the swarm, and would be spread 
out like a comet’s tail, the angle of the fan and length of ** tail ” 
depending upon the velocity of the moving swarm. Observa- 
tions for variations of spectrum between nucleus and tail will 
also be valuable. 

(2) This is a typical example of stars of Group II. Observa- 
tions similar to those suggested for 20 Leporis, U. A., last week, 
are required. 

(3) Konkoly classes this with stars of the solar type. The usual 
differential observations, as to whether the star belongs to Group 

III. or to Group V., are required. 

(4) In Gothard’s list of star spectra this is described as Group 

IV. The usual observations are suggested. 

(5) Duner describes the spectrum of this star as Group VI., 
but his description is not complete. The characters of the 
different bands, especially of Band 6, require further observa- 
tion. It may be remarked in connection with these stars of 
small magnitude, that the observations are by no means so diffi- 
cult as in the case of small stars with spectra consisting ofefine 
lines, l^he bands are broad and generally dark, so that the 
continuous spectrum is broken up into zones. 

(6) This variable has a period of 167 days, and ranges in 
magnitude from about 8 at maximum to 13 at minimum. The 
spectrum is of the Group II. type, and, as in other variables of 
the same group, bright lines may appear at maximum. Duner 
states that the bands are very wide and dark, but he does not 
state what bands are present. Maximum on January 18. 

(7) The spectrum of this variable has not yet been recorded, 

but the colour indicates that it is probably either Group II. or 
Group VI. The period is 228 days, and the range from 7 at 
maximum to lo at minimum. The maximum will occur on 
January 18. A. Fowler. 


The Temperature of the Moon. — Prof. Langley, by 
means of the bolometer, made some measurements of the heat 
from different parts of the eclipsed moon on the night of Sep- 
tember 23, 1885 (/%//. January, 1890). These measure- 

ments were made in connection with a much more extended 
study on the temperature of our satellite. The following par- 
ticulars are given : — The diameter of the lunar image was 
28*3 millimetres, and of this only a limited portion (o 08 of the 
whole) fell upon the bolometer. As the penumbra came on, 
the diminution of heat was marked, being measured by the 
bolometer even before the eye had detected any appearance of 
shadow. The heat continued to diminish rapidly with the pro- 
gress of the immersion in the penumbra. At one hour before 
the middle of the total eclipse, the deflection in the umbra was 
3*8 divisions. Fifty minutes after the middle of the eclipse, it 
had diminished to approximately 1 *3 divisions, this being less 
than I per cent, of the heat from a similar portion of the un- 
eclipsea moon. The rise of the temperature after the passage 
of the umbra was apparently nearly as rapid as the previous fall. 
The most important conclusion drawn by Prof. Langley from 
his researches is that the mean temperature of the sunlit lunar 
soil is most probably not greatly above zero Centigrade. 

On the Orbit of Struve 228. — ^The Monthly Notices of 
the Royal Astronomical Society, December 1889, contains a 
note, communicated by Mr. J. K Gore, on this binary star. 
Recent measures show that, sines Struve discovered the star in 
1829, it has described about 120^ of its apparent orbit. The 
following provisional elements have been computed : — 


Elements of 2 228. 


P = 8873 years, 
T =5 1906*03 
e = 0-5311 
* « 70^ 59' 


fl - 84 49 
A a 5 * 36 

a ss o''-^ 

>4 * +4" oS7 


According to this orbit, the distance between the components 
will gradually increase during the next few years up to a maxi* 
mum of about o'' *55, and then diminish again as the companion 
approaches the periastron. The minimum distance will not be 


reached until the position angle is 180® (after the periastron pas- 
sage), when the components will probably be separated by less 
than o"-2. The binary lies a little preceding 62 Andromedse, 
the position for 1890*0 being approximately — 

R.A. 2h. 6m. 59s., Decl. 46^ S^''4* 

The magnitudes of the components are about 67 and 7*6. * 

Orbit of Swift’s Comet (V. 1880). — The orbit of this 
comet has been computed, by Gibbs’s vector method, by Messrs. 
W. Beebe and A. W. PWllips {A sir, Journ,^ Nos. 207, 208). 
This method is found to possess advantages over those of Gauss 
and Oppolzer. Below are given elements which have been 
computed from eight observations ranging from October 25, 
1880, to January 7, 1881, and compared with these are the 
elements computed from three observations by Gibbs’s method. 
Both are referred to the ecliptic and mean equinox of i88o*o : — 
Eight observations. Three observations. 


S 23 3*8 

IT - = 106 13 4*1 

Q, 296 42 SS'I 
log e ^ 9-8163726 
log a = 0-4905937 

T = 1880 Nov. 7-786610 
Periodic time 1988-33 days. 


/ = 5 22 2*03 

ir- Si = 106 13 19*17 
Si = 296 52 2-09 
log e = 9-8146985 
log a = 0-4873065 

T = 1880 Nov. 7-782810 
Periodic time = 1965*88 days. 


On the Variability of R Vulpecul/e. — Schbnfeld, from 
a discussion of the observations from 1859 to 1874, found that 
a uniform period left systematic deviations outstanding which 
exceeded seven or eight times the uncertainty of the single 
maxima, but that a quadratic term, corresponding to a shorten- 
ing of 0-12 days from epoch to epoch, brought them within the 
range of the probable errors. The divergence from observation, 
however, soon began, and rapidly widened, until in 1885 it 
amounted to 106-5 days. Mr. Chandler (Astr. fourn,^ No. 
208) gives a table showing the maxima and minima observed 
since 1807, with the deviations from the elements of his cata- 
logue. It is seen that, whereas the difference between the ob- 
served and the calculated maxima and minima, using Schbnfeld’s 
elements, are very considerable, the elements given by the author 
differed from those observed only in a very slight degree. 


On the Rotation of Mercury. — Nearly a century has 
elapsed since Schroter published his first observation of the 
physical aspect of Mercury, and assigned to the planet a period 
of rotation ; but it has been left to that perspicacious observer, 
Signor Schiaparelli, to demonstrate the fact by a series of re- 
markable observations given by him in Astronotuische Nach- 
rickien^ No. 2944. observations extend from 1882 to the 

end of last year. As many as 150 drawings have been made of 
the markings upon the planet with respect to the best positions 
for observation. It is noted that one of the finest drawings was 
fhade on August 11, 1882, when Mercursr was only 3” 2' from 
the sun's limb. The markings that are visible on Mercury when 
observed at the same hour on consecutive days are identical in 
their aswet, and this being so, three hypotheses have been pro- 
pounded {Astr. Nack.f 2479) regarding the rotation of the planet, 
viz. 

ITiat (i) the lime of rotation is about 24 hours. 

(2) The planet makes two or more rotations in the same in- 
terval. 

(3) The time of rotation is so slow as to be inappreciable when, 
observing the markings during a few days. 

Schroter decided in favour of the first hypothesis, and Bessel,, 
from a discussion of this observer’s data, determined the time of 
rotation to be 24h. om. 52*975. Schiaparelli’s observations 
support the last of these hypotheses, and are opposed to the 
rotation i^riod determined by Schroter. 

Following a series of dark markings, shown in the figure 
which accompanies the article, it was found that~ 

Mercury revolves round the sun in the same manner that the 
moon revolves round the earth, always presenting to it the same 
hemisphere; hence, since *the planet’s periodic jtime 1587-9693: 
days, this must be the time of rotation on its axis. * 

The dark markings observed appear extremely faint, and are 
not easily recognizM. On good occasions the colour may be 
seen to ot reddish-brown, and always differs from the general 
colour of the planet’s disk, which is a bright rose changing to 
copper. 

This most interesting and important communication^ from 
Milan Observatory must ft read in detail in order that it may 
be appreciated. 
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ON CERTAIN APPROXIMA TE FORMULAE FOR 
CALCULATING THE TRAJECTORIES OF 
SHOT. 

TN the postscript to a paper by Mr. W. D. Niven, “On the 
^ CUIculation of the Trajectories of Shot,’* which is published 
in the Proceedings of the Royal Society, vol. xxvi. pp. 268-287, 
1 have given, without demonstration, some convenient and not 
inelegant formulae applicable to a limited arc of a trajectory 
when the resistance is supposed to vary as the nth power of the 
velocity. 

In these formula:, the angle between the chord of the arc and 
the tangent at any point is supposed to be always small* The 
index n is not restricted to integral values, but may take any 
value whatever. 

As the proof of these formulae is not altogether obvious, and 
a similar method of treatment may be found useful in other 
problems, I think it may not be unacceptable to your readers if 
Pshow here how the formulae may be demonstrated. 

Analysis. 

Investigation of formulae applicable to a small arc of a 
trajectory, when the resistance varies as the /ith power of the 
velocity. 

Let X and y denote the horizontal and vertical co-ordinates at 
time /, u the horizontal velocity, and ^ the angle which the 
direction of motion makes with the horizon at the same time. 

Hence the velocity at time / is w sec and we may denote 
the resistance by /’//"(sec 0)", where k is constant throughout the 
small arc in question. 

Also let p and q denote the values of u at the beginning and 
end of the arc, a and B the corresponding values of g the force 
of gravity, T the time taken to describe the arc, X and Y the 
corresponding total horizontal and vertical motion. 


Making thq independent variable, the fundamental formulae 
are — 


(I) 


liu 

tl<f> 

dx 


- - ---(sec 0)" + ^ ; 


(2) = - "\sec^P; 

’ d^ g 

d^ g 

(4) = - l^sec ♦)= 

g 

From the first of these equations — 

—I — = —(sec a)" "f* * • 

and therefore, by integration between the limits ^ = o and 

^ = A 

1 \ _ kn f' 

Also, we have-— 

X = If «2(sec ; 

/9 


and 


-.a 

Y — I { «!>(sec tan ^ dtp ; 

T = i / //(sec qt)^d<p ; 

..VV 


and we wish to compare the two former of these definite integrals 
with the following known one, viz. : — 


c 

and the last with — 




I /“* I dit 2) , 

■J Y ~ ~ ~ f 0 )« + ‘dtp. 

^ J /3 it" dtp J 


I 


This may be done by means of the following lemma, which follows immediately from Taylor’s theorem : — 


Lemma. 


If F(^) be any function either of ^ only, or of ^ and «, where I and if a and 3 be the limiting values of tp in the integral atul 
« is a function of tp given by the- above differential equation (i), | y = i(o + 3), then, putting for a moment ss y + w, 

r¥(tp)dtp = f F(7 + = r f ^ ^ ^ ^ 1 

Ja 2 o 24 

= («-3){ F(y) + -^^(a - ^)®F"(7) + - - 3)^F""(7) + &C. } 

where F'(^) = F"(^) = and F(7), F'(‘y), | In the first place, we will apply the above formula to the 

. t. u • case in which F(^) is a function of ^ only, viz. when F(0) = 

F'fy), &c., are what F(^), F (4>), F'(^), &c., become when y w 

substituted for and the corresponding value of « («o suppose) 
is put for u. 

In what follows, the last of the terms above written, which is 
of the 5th order in (a - 3), is n^lected, together with all terms 
of the same order of small quantities. 

All the definite integrals with which we are here concerned 
are included in the two forms 


/: 


Hence 


f /d(scc 4 >y^di^f and f ?d(sec tan ^ d^t 

{ 


Hence 

F'(^) — (« + l)(sec ^)« + 1 tan tp ; 

Y^itp) = (« + 0t(« + i)(sec ^)" + Mtan tp)^ + (sec ^)- + »] 
= (« + iX« + 2(sec - « + i(sec + 

and therefore, 


(sec4.)« + W^ = (o - 3 )(sec 7 )« + »)-| i + " - 3)* [« + 2(8ec7)»- «' + i]J-, to the 4th order inclusive. 

- 3 ){ 8 ec 7 )« 1 1 + ^ “ 18 )“ [« + *(»«c 7)* - 


1 


I kn, 
s= (a 

r 


which gives q when p is knowm 
In the next place, let F(^) = «^(8ec 
Hence 

F'(*) = ^ « /«/ - 1'^? (sec tpY” + s.tt^(scc tpy» tan ^ 

lip • dip 


or 

F'(^) =s F(^)^^«*'{8ec ^)* + *+’/» tan ; 



yan , 1 6, 1890] 


NATURE 


259 


and F"(^) = F'(<f>)r~^ t/”(scc <p)’' + ^+ m tan u* i'f"(sec *)” + *+ -{h + i)j»"(scc 0)" + 1 tan* + iw(sec ^)®1» 

, . L ^ • J • L ^ g J . 

\ or 

¥"((p) ~ F(<^»)j^^«®«(sec + * + 2-|["w"(sec ^)" n tan <p + /«*(sec 

+ F(^)r^ J^^V-’*(sec 4>)*" +- +-^(« + i)«"(sec^)" +1 tan ^ + »i(scc 

= 0 )-" - + ^~(2//i + // + i)/i" (sec tan tp + m(/// + i)(sec^)- - 

Since 

= - //" + ^ (sec 
A'* 

this last expression may be put under the form — 

« 

F''( 0 ) ” F( 0 ) /(/ + f- /(^w + // + I) 

Hence, by the above lemma, 

J Vsec<p'V(p = (o - )SjF(7) I I + 2*^ (a - + + z/ + i)(sec7)- - w- J| 

= (a - 8) //^, (sec I + (a - 8)‘^(as before) | 

where ( ^ denotes what becomes when w — o, or when y is substituted for A, and f/n for //, that is — 

\ii.i(pJo mi<p 

(.‘f’l-) = ^ <(seC7)’' + \ 

'i'he factor ^ may be eliminated from this expression, and the expression itself simplified, by means of the formula — 

= <« - =^-i^ 

fur, putting m = // + i in the above expression, we have — 

j ‘ n' (sec 0)" + \/<p -: (a - $)ui (sec 7)" ’ 1 1 + «\(a - i8)-[^/(/+ + 3A« + <^+ « + I « + 2 (sec y)- - (;/ + X)^ Jj* 


» Hence 


j “ (sec ^))'"</^. 4- y “ (sec^)" + ‘ ^0, or J' «'(sec f)"' /T(;7V/7(^/ " 

I ^ _ ^y.> ^2/(/// - 1 ! - tan7+w-«- I w + w + 2(seC7)- - w - // -I// 


= (sec7)""'" ^ I I f 44 (« - 3)" ^2/(/// - w - l) tan7+ w - « - r w + w + 2(seC7)- - m - 11 - I w + «+lJ | • 

It will be noticed that the term involving disappeared by this division. 

Now make m = 2 , and this formula becomes — 

j V (»« f)= L , ■ /5^') " '’C^X ” M («c V)= - » - ■ -7+3]}- 

Divide throughout by g, and put / = 2, then, from before, • 

^ ‘ ‘ + '•> ■>•>’ - ^ 3 ] } • 

Similarly, divide throughout by^*; and put / = i, then — 

= ivrW) -r^) % '(•-«“[= (^X •“•>' + (” + «> (“» •>-)’ - " + 3] ! • 


Lastly, let 
so that 


Hence 


and therefore 


F(^) = (sec <f>)"' tan <p = A<l>) ^ supimse, 

/(tf,) = «^(sec ^)"' ; 

F'(^) =/(♦) tan 4 * + /(^) ( 8 «c ^)*, 

F"(^») == /'(^) tan ^ + 2/'(^) (sec 0)* + 2 y(^) (sec tan p. 

f‘F{i,y<p = (o - i8){F(7) + * (« - ^)* F'M approximately, 

= (« - W {/(v) tan 7 + ,\ia - HyiTiy) tan 7 + V’(y) (sec 7)8 + 2/(7^ (sec 7)® tan 7] ^ ; 
Jyifyf * (« - /8){/(7) + - ^)*/ "(7)} approximately : 

-T- j* = tan 7 + A(o (sec y)® + (sec 7)® tan 7 j ; * 


in which the term involving/"(7) has disappeared. 
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Now, since = «^(sec 0)'", we have, as before 


and therefore — 


Hence — 


Ar) == i{A^\ 
y( 7 ) \ « 


+ m tan 7. 


j -i- j = tan 7 + ,*a(a - /8)-(sec + m + i tan 7 J ; 

and in the particular case where /= 2, and tn = 2, we have — 

I = tan r + + 3 tan 7] 

. = tan {7 + + 3 tan 7] j . 

Hence the an^le which the chord of the arc makes with the axis of x is — 

7 + + 3 tan 7 J = 7, suppose. 

Multiplying by the value of X found above, we have — 

^ ~ ^)C'' ~p» - 7)" I tan 7 - (« - 3 )» | (tan 7)* - 4 (sec 7)* J + tan 7 |^m - i w + 4(sec 7)- - 6(sec 7)® 

-« -1 « + 3l} I 5 

or -j I 

^ /•(// - 2)(t> -2 sjCcos 7)"-^ {tan 7- ^(a - {(^Jr)^[^4'^^(seC7)''* - 4 #^J + y^i~-2 »i + 5 (sec 7)' 

- «- I « + 3 j ) } • 

Considering “ j>« — s’ , ju - 1 ~ T’ ®ttd«-^fo be small quantities of the first order, the above expressions for 

« “ AM> true tathe fourth order. 

The quantity which occurs as a factor in some of the terms of the third order may be put under a very convenient 

form in the following manner. 

VVe have, by Taylor’s theorem, 

“ = w ^ {%): * 

In this make w = 5 (o - ff) and - i a - fi) successively ; therefore 

/ = „. + !(• - >i %\ + !(. - + & 0 -. 

and 

./ = ... - 1(. - »(%\ H- i(. - K’QI - &=. 

Hence we have to the first order of small quantities — 

P - ^ 

_ a 3 \d(b/o 


and therefore 


a 3 \cfif>/o 
iiP + '/) = «o ; 


to the first order. 

(p + y)(a — fi) 

Making this substitution for{^^^ the expressions for X, Y, and T become — 

^ (a-fl)*[» + 4(8ec7)3 - «+3]}; 

iip--* ~ 7[«-2»+s(seC7)*-«-i « + 3 ]|‘, 

and these values are still true to the fourth order, considering and a— 3 to be small quantities of the first order as before. 

The angle which the chord of the arc makes Ufith the axis of x Ceoomes, in like manner— 

7 = 7 + + J(a-6)« tan 7, 


which is true to the third order. 



and 


or 
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The above expressions for X and Y may be transformed by introducing this angle y into them instead of y, thus— 

(cos*/)"'^ = (cos 7)""^ - («- i) (cos 7)*-® sin 7 (““ ^) 1^" 7 ^ 

= (cos 7)”-* I i^^-^(a-/8)tan7- ” (a - j8)'- (tan 7)®}"- 


Hence we find- 


Y = Xtany = (“» t)”'* ™ («-«)’[«-5(»!Cr)*-»-3l} i 

* = i(i?^ fr--« - y-) ■”>" -'2 = 


Q being — i - * (a - 0 )^ [« - 2 (sec 7)- - « - 3 ]. 


Similarly, if 
we have 


24 


y = 7 + _ /3) + i (« - |3)“ tan 7, 

+ f/ 


(cos 7 ')« — 1 = (cosy)" — 1 ~ i) (cos 7 )" — - sin yP l^rL«2.(a — iB) + i(a - tan y T ; 

• L"/ + J 


and therefore 


— 

(cos 7)" — ^ ( I 

_ - I / - ^ 


6 / +%/ 

I 

- _i_ 
V/'-' /»- 

j) (cos y)«-« ( 

'k{n - V) 

ii» - I) { 

_J 

f/" — 1 /« — */ 

(cos y')» — i Q, 


where Q has the same value as Viefore. 

Hence the values of X, Y, and T are as stated in my postscript to Mr. Niven's paper. 

Although the method of finding the expressions for X and T given above, is perhaps the plainest and most straightforward^that” 
can be taken, the following leads to simpler operations. 

Let /[<!>) = «^(sec <(>)"+*. 

Then = j «^(sec ^ ^ f by equation (i) 


Hence 

Now let 

then 

and 


==--_^_. 4- const. 

^(/ - ;/) 


/■ 




. -&(/-«) 

P’(^) =yi^)(sec <p)”' = «^(sec 
F'(^) =/'(^)(sec + »i/(4>)(sec '"tan 

F"(^) = /''(^)(sec + 2 mf{<p){atc ^)"‘tan ^ + »(/((^)[OT(sec ^)"»(tan ^)® + (sec 


= /"Wi^ec ^)*» + 2/«/'(^)(sec ^)"»tan ^ +»»/(^)[»i + i(sec0)«»+» -»»(8ec^)**]. 

Hence, by the lemma, 

j‘F(<l>)d<l> = (« - mny) + A(a «- i8)»F"(7)} 

s= (a - ^) |/(7)(sec7)'« + *(a - /8)*(sec7)"'[/''(7) + 2«/'(7)tan 7 + m/(y)[tn + i(sec 7)* - w] ] } 

sr (« - /9)(sec 7)'« jjf?7) + - j8)®[/"(r)+ 2«/'(y) 7 + »{/(7)t»»* + '» (sec 7 )® - w] 3 j • 

But from above ^ 

- (• - ^){/( 7 ) + *(• - ^)»/'( 7 )}- 

Hence, by division, „ ^ 

j(/>'«'‘-?»-**)=(sec7)'“ j I + A<« - «®[ + w(»» + i(sec7)® - «)]} 
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It will be noticed that in this division the quantity /"(v) has disappeared. 
Now, from above, 


and therefore 
and 
H*ence 


/(^) = ///(sec <.)«+!, . 


==:(sec7)"' I I + 3^4 (a - ;3)2j^ tan 7 + ;;/(;// + 2;/ + 3)(sec 7)- - fn{m +2;? + 2) J | 


Now make m + ;/ H- i = 2, 

or PI = - - i), and we have 


f «/(sec -4- , /- (/-«-/-«) (cos y)«-i I l - A(a-j3)2r2/(//- i/^^Van 7 + («- 0(«+4)(sec y)*-(«- iX/z + sH 
y A*(/ - «) t L \ua<p/o J ' 


Jn this make / = 2, and / = i, successively, and we obtain the . 
same expressions for X and T as before. ; 

The case thus treated is not one of mere curiosity, but is | 
practically important. From theoretical considerations, Newton , 
concluded that the resistance of the air to the motion of pro- 
jectiles is proportional to the square of the velocity, and very | 
little progress has been made in the theory of the subject since | 
his time. Experiments have shown that the relation between j 
the velocity of a projectile and the resistance offered by the air ! 
to its motion is far from being so simple as that given by the 
theory. The most extensive and accurate series of such experi- j 
mcnts which we have are those made by Mr. Bashforth by j 
means of his chronograph, which measures with the greatest | 
precision the times taken by the same projectile in passing ; 
over several successive arcs in the course of its flight. In j 
a summary of his results for ogival-headed shot, struck with a \ 
radius of li diameters, given in Nature (vol. xxxiii. pp, 605, ; 
606), Mr. Bashforth concludes that the resistance may be ap- i 
proximately represented by supposing it to vary as one power of ! 
the velocity when that velocity lies between certain limits, as 
another power when the velocity lies between certain other 
limits, and $0 on. 


the former to io8*8 in the latter case. Again, for velocities 
which are nearly equal to that of sound in air, the proportionate 
increase of the resistance is much greater than that of the 
velocity. 

Mr. Bashforth remarks that the points of transition from one 
law of resistance to another, as stated above, are somewhat 
arbitrary, but that, if they were changed a little in either direc- 
tion, the practical error would not be large. 

Of course, if we had at our disposal much more numcrou.s 
and still more accurate observations, it would be possible to 
represent the experimental results with any degree of exactness 
that might be desired, by subdividing the observations in‘.o a 
larger number of groups, so that the limiting velocities in any 
one group should be closer together, and that the change of the 
index of the power of the velocity in passing from one group to 
the next should be less abrupt. J. C. Adams. 

SOCIETIES AND ACADEMIES. 

London. 


Thus, if V denote the velocity expressed in feet per second. 


</ the diameter of the shot in inches, 
and 7 u its weight in pounds, 


and if 


./2 


— 


then, when v lies between 430 f.s, and 850 f.s., 

the resistance is nearly 61 - V; 

Viooo/ 

when V lies between 850 f.s. and 1040 f.s., 

the resistance is nearly = 74*4 c ( ^ V; 

V 1000/ 

when V lies between 1040 f.s. and 1100 f.s., 

the resistance is nearly = 79*2 r A ^ V; 

Viooo/ 


when V lies between 1100 f.s. and 1300 f.s.. 


the resistance is nearly = 108 ‘8 r 



and lastly, when v lies between 1300 f.s, and 2700 f.s., 
the resistance is nearly = 141*5 c 

\ ICOO/ * 


f 

Hence the resistance varies nearly as the square of the velocity 
both when the velocity is less than 850 f.s., and when it is 
greater than 1300 f.8., but the coefficient increases from 61*3 
in the former case, to I4i'5 in the latter. Also, the re- 
sistance varies nearly as the cube of the velocity, both when v 
lies between 850 f*s. and 1040 f.s*., and also when it lies between 
1100 f.s. and 1300 f.s., but the coefficient increases from 74*4 in 


Chemical Society, December 19, 1889. — Dr. VV. J. Russell, 
F.R.S., in the chair. — The following papers were read : — Fran- 
gulin, by Prof. T. E. Thorpe, F.R.S., and Mr. 11. H. Robinson. 

; %e authors prepared the glucoside frangulin from the bark of 
the alder buckthorn {Rhamnus frangtda)^ and find its fonnula to 
i beCjaH^aOj, On hydrolysis it yields a yellow product, Cj 5 1 IioO.,, 

: which agrees in its properties with emodin, and a sugar which 
I has the power of reducing Fchling's solution; and is not identical 
■ with dextrose. — Arabinon, the saccharon of arabinose, by Mr. 

! C. O’Sullivan, F.R.S. The substance having an optical activity 
“well above [a]/= 140,” obtained by the author by the 
‘ hydrolysis of arabic acid, and described under the name of a- 
arabinose (Chem. Soc. Trans., 1884, 55), yields arabinose on 
hydrolysis, and appears to bear to this carbohydrate a relation 
similar to that which saccharon (cane sugar) bears to dextrose ; 
the author therefore terms it arabinon. It has the formula 
CioHjgOg, and on hydrolysis gives a yield of arabinose agreeing 
very closely with that required by the equation HoO 

= 2CftH)(,Oo. As yet it has not been obtained in a crystalline 
state ; it has a specific rotatory power of [a],, = 198'’ *8, and 100 
parts have the same cupric reducing power as 58*8 parts <.f 
dextrose. — On the identity of cerebrose and galactose, by Mr. 
H. T. Brown, F.R.S., and Dr. G. H. Morris. The authors 
give the results of an examination of a specimen of cerebros?, 
prepared from phrenosin, which was placed in their hands early 
in 1888 by Dr. Thudichum, who first isolated and crystallized 
this sttbstan^.' They show ! that its specific rotatory power, 
cupric reducing power, and molecular weight as determined by 
Raoult’s method, are identical with those of* galactose, thus con- 
firming the recant work of Thierfelder, Zeit. Physiol. Chem.^ 14, 
209} who has proved the sugar produced by the action of acid on 
cerebrin to be identical with galactose. In the discussion which 
followed the reading of the paper, Dr. Thudichum said that 
phrenosin, C4xH79NOg, consistea of the sugar now shown to be 
identical vmh galactose, of neurostearicacid, 

an isotnerioeof ttearic acid, iu«ing at 84 , and of sphmgosine, an 
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alkaloid of the formula C17H35NO.2. Some human brains con- 
tained as much as 4 per cent, of phren ^sin in addition to other 
glucosides. The crystallized sugar (galactose) from phrenosin was 
. always accompanied by an almost equal weigh^of uncrystalHzable 
sugar, of which the nature was not yet ascertained. —The action 
of chloroform and alcoholic potash on hydrazines, Part 3, by Dr. 
S. Ruhemann. The products formed by the action of chloroform 
and alcoholic potash on hydrazines are to be regarded as deriva- 
.CH.NH. 

tives of tetrazine, jN ; and in the present com- 

Xnh.ch/^ 

* munication the author describes the di-paratolyl,-orthotolyl, and 
-pseudocumyl derivatives of this base (cf. Chem. Soc. Trans., 
1889, 242). 

Royal Microscopical Society, December ii, 1889. — The 
Rev. Dr. Dallinger, F.R.S., Vice-President, in the chair. — Mr. 
E. M. Nelson read a short paper descriptive of a new semi- 
apochromatic objective which he exhibited. — Mr. C. Rousselct 
exhibited a small tank for Rotifers which could be readily 
moved about in such a way as to render an examination 
of the contents very easy, so that any desired specimens 
could be easily picked out. The lens used was a Zeiss’s 
No. 6 Steinheil, the focussing being done by rackwork. — 
Mr. Crisp called attention to a number of stereoscopic photo- 
micrographs of embryos, by Prof. Fol. They afforded a con- 
clusive answer to the question brought forward at their meeting 
as to whether stereoscopici photomicrographic slides had been 
produced before that time. — Mr. Crisp read some extracts 
from a paper by Mr. Gill, which he was sorry to say 
was only handed in at the conclusion of their last Meet- 
ing, as otherwise it could have been read then, and 
would have added to the interest of the specimens ex- 
hil)ited at the which’ seemed almost conclusively 

to prove that the markings ” on certain diatoms were aper- 
tures. — Mr. A. W. Bennett gave a n^sumJ of his paper on the 
freshwater Algm and Schizophyceoe of Hampshire and Devon. 
It was the result of collections made, during his summci 
holidays, in the New Forest and on Dartmoor, many of the 
species being not only interesting, but also new to science. 
— Mr. Crisp reminded the Fellows present that at the last 
meeting mention was made of a new objective with an 
aperture of I *60, the price of which was said to be £400, Some 
doubt was expressed at the time as to whether the account was 
true, but since then they had received several communications 
about it. A letter from Prof. Abbe, describing the principles of 
its construction, was read. I.etters were also read from Dr. 
van lieurck, describing the performance of the lens, and 
inclosing a series of remarkable photomicrographs of diatoms 
taken with it, with magnifying powers of 10,000 and 15,000 
liaipeters. 

Paris. 

Academy of Sciences, January 6. — M. Herinite in the 
chair. — State of the Academy on January i. Full lists are 
given of the Members of the various Sections. Amongst the 
foreign Associates and Correspondents occur the following 
English and American names : — Associates : Sir Richard Owen, 
Sir (ieorge Biddell Airy, and Sir William Thomson. Cor- 
respondents: Geometry — ^James Joseph Sylvester and George 
Salmon ; Astronomy — ^John Russell Hind, J.C. Adams, Arthur 
Cayley, Joseph Norman Lockyer, William Huggins, Simon 
Newcomb, Asaph Hall, Benjamin Apthorp Gould, and Samuel 
Langley ; Geography and Navigation — Rear-Admiral George 
Henry Richards ; General Physics — George Gabriel Stokes ; 
Chemistry — Edward Frankland and Alexander William William- 
son ; Mineralogy — ^James Hall and Joseph Prestwich ; Botany — 
Joseph Dalton Hooker and Maxwell Tylden Masters ; Rural 
Economy — John Bennet Lawes and Joseph Henry Gilbert ; 
Anatomy and Zoology— 'IzxMSs Dwight Dana, Thomas Heniy 
Huxley, and Alexander Agassiz ; Medicine and Surgery-Six 
James Paget. — M. Duchartre was elected Vice-Prtsident for the 
year 1890. — Analogy of diamantiferou^ matrix in South Africa 
to meteorites, bv M. Daubr^e. It is argued that^ the South 
African diamonds were not formed in situ^ but were erupted 
from great depths together with the fragmentaxy materials in 
which they are embedded. The presence of the diamond in the 
normal state and as carbonado, as well as transformed from 
graphite in various types of meteorites, is now placed beyond 
reasonable doubt. Attention is here called to the analogous 
conditions of association under which this ciystal occurs in 


South Africa and in meteorites. M. Daubree incidentally infers, 
that the diamond is not, as is generally supposed, of vegetable 
origin, but is of inorganic nature, a.s is also the graphite 
occurring in analogous beds. — On some new fluorescent materials, 
by M. Lecoq de Boisbaudran. "I'he author describes some 
new fluorescent appearances which he has obtained by employ- 
ing samaria and the earths Za and Z )3 as agents, and calcined* 
silica and zircon as solid solvents. Mr. Crookes’s failure to 
obtain any fluorescences from samaria with SiOo and ZrCt^, he 
considers was probably due to their having *been calcined 
at too low a temperature. — Observations of llorrelly’s comet 
made at the Observatory of Algiers, by MM. Trepied, Ramraud, 
and Renaux. The observations are for the period December 
23-30, when the nebulosity was somewhat elongated, and about 
2' in extent. — Observations of Brooks’s comet (July 6, 1889) 
made at the Observatory of Nice with the o*38m. equatorial, by 
M. D. Eginitis. — On the elliptic functions, by M. Paul Appell. 
It is shown that the representation of the elliptic functions by 
the quotient of 0 functions may be justified a priori by con- 
siderations which seem capable of being extended to the functions 
of two variables with four groups of periods. — On the rational 
integrals of equations of the first order, by M. P. Painleve.* 
Given a differential equation of any order, it is shown that the 
polynomes may al>yays be found which verify the equation by 
determining a higher limit of their degree. — On the absolute 
value of the magnetic elements on January i, 1890, by M. Th. 
Moureaux. These values are deduced from the mean of the 
horary observations taken at the Parc Saint-Maur on December 
31, 1889, and January l, 1890, and at Perpignan from the 
twenty-four horary observations taken on January i. — On the 
refracting powers of the simple salts in solution, by M. E. 
Doumer. Owing to Mr. B. Walter’s recent note in WiedemamPs 
Annalen{\%%% No. 9, p. 107), M. Doumer here publishes some- 
what prematurely the researches on this subject, which he has 
carried on for over five years, and during which he has dealt with 
90 salts. He concludes that all salts formed by the same acid 
have the same molecular refracting power when they are con- 
structed on the same type ; that the refracting powers of salts 
belonging to different types# are approximately multiples of the 
same number ; lastly, that the molecular refracting powers of all 
salts are functions of the number of valencies of the metallic 
element entering into their construction. — Papers were read by 
M. Georges Vogt, on the composition of the rocks employed in 
China for the manufacture of porcelain ; by M. Charles Combes, 
on matezite and matezo-dambose ; by M. E. Guinochet, on the 
carballylates ; by M. A. Lacroix, on the mineral-bearing cipo- 
Hne marbles and the wernerite rocks of Ariege ; and by M. 
Thoulet, on the sub-lacustrfoe relief, geology, and temperature 
of Lake Longemer (Vosges). 

Berlin. 

Physiological Society, December 13, 1889. —Prof, du Bois- 
Reymond, President, in the chair. — Prof. Moebius spoke on a 
!•“ drumming” fish {Batistes aculeatus) from Mauritius. During 
a recent visit to this island he observed a bright blue-coloured 
fish in the shallow waters of the harbour ; when caught and held 
in the hand this fish emitted from its interior a most striking 
noise, like that of a drum. A careful examination of the animal 
failed lo reveal any obvious movements, with the exception of 
one part of the skin, lying just behind the gill-slit, which was in 
continuous vibration. Noth withstanding prolonged endeavours 

he had not been able to secure a second living example of this 
fish, and had hence been able to carry out his investigations on 
the cause of the drumming noise only on dead specimens. The 
portion of the skin (membrana supra-axi Haris) which vibrates 
stretches from the clavicle to the branchial arch : it is provided with 
four large bony plates, and lies over the swim-bladder, which in 
this fish for the most part projects out of the trunk -muscles. . 
Behind the clavicle lies a curiousiv-shaped long bone, which is 
attached to the clavicle at one point in suqh 2 wav as to (om a 
lever with two arms. The long arm of this bony lever (os post- 
clavicularej is embedded in the ventral trunk-muscles, and is*., 
capable ot easy movement to and fro. The short arm slides 
during this movement ovdir the rough inner side of the clavicle, 
and gives rise to a crackling noise, and this noise is then inten- 
sified by the swim-bladder, which lies in close proximity to the 
short arm of the lever, and acts as a resonator. When the trunk- 
muscles contract the body cavity is diminished in size, the air in 
the swim-bladder is driven forward, and the bladder then com- 
municates the vibrations of the bony lever to the membrana 
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fiupra-axillaris, and the latter communicates them to the air. The 
speaker was of opinion that the above was the explanation of the 
“drumming” of this fish ; he was, at all events, unable to find 
any other organ in it which could account for the noise. This 
noise is not known to be emitted by other species of Balistes, 
although it is known to occur in other groups. — Prof. Fritsch 
spoke on the anatomy of Torpedo mannorata. In opposition to 
th§ revolutionary views of many recent investigators, who deny 
the nervous nature of the ganglion-cells, he laid great stress upon 
the extremely close relationship which exists between the ganglia 
and end-organs, and is so strikingly shown in Torpedo. A thick 
nerve-fibre runs from each ganglion-cell to the electrical-organ, 
divides into twelve to twenty-three fibrils before it reaches the 
organ, and each of these fibrils is connected up with some one 
special plate of the organ. Now, since each plate, which is of 
hexagonal shape, owing to the close juxtaposition of the columns, 
receives one nerve-fibre at each of its angles, it hence follows 
that the number of the plates must be, on the average, three 
times as great as the number of the ganglia. The fibres of one 
ganglion supply eighteen plates, the latter (being hexagonal) 
ret^uire six times eighteen fibres for their supply, and since on an 
average eighteen fibres run out from each ganglion, it requires 
six ganglia to supply eighteen plates with nerves. The speaker 
had counted the plates of an electrical-organ in Torpedo, and 
obtained a number corresponding closely with an older enumera- 
tion of Valentines made on a Torpedo of the same size ; the 
number of plates he found to be 179,625. He had further 
counted the ganglion-cells which supply the plates with nerves 
and found them to number 53f739 ; this corresponds closely with 
the enumeration of Boll, who counted 53,760. The counting of 
ganglion-cells is subject to much uncertainty, chiefly owing to 
the /act that in sections of the central nervous system many cells 
are cut through, and are thus liable to be counted twice : hence 
the speaker had enumerated, most readily by means of photo- 
graphs, the axis -cylinders of the nerves which supply the electric- 
organ ; he found them to number 58,318, correspon^ng to the 
same number of ganglion-cells. The last number is nearly one- 
third the number of plates in the electrical-organ, and corre- 
sponds closely to the number whteh should be found if the older 
view is thoicorrcct one, that the ganglion-cells are the centres for 
the nervous end- organs. 
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THE FUTURE INDIAN CIVIL SERVICE 
EX AMIN A TIONS. 

T he importance of obtaining a satisfactory posi- 
tion for future science candidates in these ex- 
aminations is now very great. We have not only to 
consider the need there is that the men selected should 
represent every side of modern thought and culture, but 
also to bear in mind the influence of such examina- 
tions on the development of education at home. It is 
unfortunately notorious that candidates offering science in 
the examinations conducted by the Civil Service Com- 
mission stand, as a rule, at a great disadvantage. The 
marks allotted to science subjects have often been rela- 
tively small, and even when outside pressure has secured 
the allotment of a fair proportion of marks to science, the 
methods adopted in conducting the examinations have, 
as has been pointed out in our columns and elsewhere, 
frequently been such as to prevent good candid^es from 
actually obtaining an equitable proportion of them. 

Now as the Commissioners, year by year, deal with 
thousands, we might say with tens of thousands, of candi- 
dates of various types and ages ; and as their influence is 
by no means confined to the actual candidates examined, 
it is plain that we have in this organization a body whose 
influence, for good or ill, on education in this country 
is enormous. Therefore we regard it as most urgent that 
those who are familiar with this question should press 
the facts of the present case not only on the attention of 
the Civil Service Commission, but also at the India Office 
and on the notice of the public. We are happy to know, 
indeed, that the subject is being energetically taken up by 
a number of distinguished graduates of Cambridge. But 
the forces on the other side are very strong, and past 
experience of the action of the Commission has made it 
plain that the representatives of science have a serious 
task before them. 

In their Report for 1888, the Commissioners have been 
at some pains to convince the public that their examina- 
tions . have had a minimum disturbing effect on the 
ordinary course of education. For example, they show 
that at several recent examinations for Class I. clerkships 
in the home services, all, or nearly all, the successful 
candidates have been men of University education. 
The Commissioners should carry their investigations 
somewhat deeper, and ascertain how far these selected 
candidates represent all classes of University graduates. 
We have done this so far as opportunity has permitted ; 
and the results of our investigation in the case of the 
Class I. clerkships (which alone we have at present 
examined, as it only affects the present question) do not 
bear out the contention of the Commissioners, but go to ■ 
show that the examinations concerned arct^ery distinctly ' 
calculated either to disturb the course of education or to 
fail to select men representing all the chief types of 
University culture. 

From our results, which are given below, it is easy to 
foresee what it is that is to be feared under the coming 
scheme. For in the competition for Class I. clerkships, 
the major limit of age, twenty-four, is not far removed from 
VoL. XLi.— No. 1056. 


that about to be adopted for future Indian Civil servants 
of the highest class. And in them, as we learn will be the 
case in the future examinations for the Indian service, 
no limit is placed on the number of subjects that may be 
selected from those which are examined. • 

We have before us the results of a number of these 
competitions held during the last ten or eleven years, 
and they show,- as might have been expected from the 
scheme of marks, that science men are practically ex- 
cluded. We have ascertained as far as possible the 
degrees taken by the successful candidates, and out pf 
thirty we find that twenty-two have taken their degrees 
in classics, seven in mathematics, and one in natural 
science ; whilst the marks of forty others, whose degrees 
could not be ascertained, show a similar preponderance 
of classical men. Now, when it is remembered that many 
men take honours in science at Oxford, that the number 
who do so at Cambridge is approaching that of those who 
take classical honours, and that scholarships are now 
given for science in considerable numbers at both Univer- 
sities, it is plain that a scheme which is likely to produce 
such results as those we have quoted ought on no account 
to be adopted for the Indian Civil Service. Such a one- 
sided system of selection is not fair to the various classes 
of candidates, and it is not fair to the dependency which 
they will be charged to administer. The plain fact is that 
in the competition for the home services, the marks 
assigned to classics, mathematics, and spience respec- 
tively are scarcely faiifto mathematics, and very distinctly 
unfair to science. These brahehes of leailiing have been 
placed upon a far more equal footing at our Universities, 
and science candidates may fairly claim more equal treat- 
ment from the Commissioners in competitions such as 
those which we are now considering. In the examinations 
for first-class appointments in the home services, there 
is the enormous difference of 375 marks against science, 
out of 1250 in the effective mark values of classics and 
science. On a recent occasion the difference between 
the highest and lowest on the list of successful candidates 
was no more than 158, and although this is indeed a very 
exceptional case, it shows how enormous the effect of 
such a difference may be when the candidates are at all 
evenly matched. 

Such a boycotting of the men of scientific training is 
deplorable enough in the selecting of men for the home 
services, but in the case of the future administrators of 
our Indian dependency it would be far more unfortunate. 
There, if anywhere, men of every type should play their 
part in the national work. The Cambridge men of science 
are doing their best to avert the catastrophe that we fear. 
We hope they will be supported promptly, universally, 
and energetically by their scientific brethren, both great 
and small. . 

THE SHAN STATES. 

A Thousand Miles on an Elephant id the Shan States, 
By Holt S. Hallett. (London and Edinburgh : William 
Blackwood and Sons, 1889.) 

M r. HALLETT’S journeys iji Burmah, Siam, and 
the Shan States, in search of the ^st path to 
connect Burmah «(|th China and Siam, were performed * 
partly by boat, and partly on the back of elephants. 

N 
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The problem before him was a difficult one, owing to the 
geography of Central Indo-China being unknown at the 
time of his visit. He has filled up a great blank in the 
map of this interesting region, and has proved that a 
practicable route for the railway exists, chiefly through 
great and fertile plains, to the populous parts of the 
Chinese province of Yunnan, and thence through 
Southern into Central China. The project has been 
for some years before the public, and has received the 
unanimous support of the manufacturing and mercantile 
<;ommunities, who have constantly, through the Chambers 
of Commerce, pressed the matter upon the attention of 
the Government. The Siamese section of the line, and 
several important branches, are now being surveyed and 
estimated for the King of Siam by English engineers, and 
are likely soon to be taken in hand. 

The handsome volume before us contains an excellent 
index map of Southern China and Indo-China, five route 
maps, and nearly a hundred original illustrations. The 
index map shows clearly the projected Anglo-Siamese 
system of lines, and its continuation into Central China, 
together with the proposed branch to Pakhoi, the Southern 
Chinese seaport. On the same map are shown the rival 
lines which the French propose to construct in order to 
draw the trade of Southern and Central China and of the 
Shan States to a French port in Tonquin. The route 
maps, which are beautifully executed from Mr. Hallett’s 
survey, have the population, geology, and height above 
sea-level of the country noted ok them, which greatly 
increases theif value. Apart from its commercial and 
geographical aspect, the book will prove of great interest 
to the politician and the general reader. It gives the 
account of an able, intelligent, and careful inquirer on 
the spot, concerning the position of the frontier of the 
British and Siamese Shan States at the time we annexed 
Upi>er Burmah, and it indicates the districts claimed by 
our new subjects which were then forcibly occupied by 
the Siamese. It describes the mode of government and 
the condition of the people in Siam and its Shan States, 
countries which are now being brought into close political 
and commercial relations with us. It treats of the 
threatened absorption of Siamese territory by the 
French, and shows how vast is our present stake in 
the country. It points out how imperative it is that we 
should pay close attention to the proceedings of the 
French, and safeguard our interests, which include the 
only known practicable route for the railway connection 
of Burmah with the populous and fertile regions of 
Southern and Western China. 

The author expresses himself fluently and concisely. His 
descriptions of scenery, people, and wayside incidents, 
ai*e extremely good, and the story of the journey is lightly, 
brightiy, and amusingly told. He was except! onally fortunate 
in his companions, and had no trouble in gaining the good- 
wfil and assistance of everyone he met during his travels. 
Dr. Cushing and Dr. McGilvary, who joined the party as 
interpreters, were* masters of the Shan language, and, 
being missionaries, took a great interest in the welfare 
of the people. They had made a careful study of their 
manners and custom^, and, having previously traversed 
the Shan States in various directions, were well known to 
the chiefs, nobles, and officials of thf country. Another 
missionary, Mr. Wilson, who had resided at Zimm^ for 


several years, afforded Mr. Hallett great assistance in 
collecting statistics 'and particulars of the trade of the 
country, and information about the religions, supersti- 
tions, and folk-lore of the various races. In the 
preface, Mr. Hallett gives an interesting history of 
the races found in Indo-China, and during his 
travels he collected several of their vocabularies. 
The aborigines of Lower Indo-China appear to have 
been Negritos, probably akin to those of the Andaman 
Islands and the hills of the Malay Peninsula. Other 
dwarf races of Negrito origin were met with on the 
journey, belonging to the Ka tribes in the neighbourhood 
of Luang Prabang. These are probably of the same 
stock as the Trao in Cochin China and one of the native 
races in Formosa, and are, in all likelihood, akin to the 
Tiao, a race of pygmies with whom the Chinese became 
acquainted when they entered North-Eastern China more 
than 4000 years ago. The Bau Lawa tribes met by him 
in the Shan States, and found in the hills as far south as 
the latitude of Bangkok, as well as the Mon race in 
Lower Burmah and the Cham or people of Cambodia, 
migrated into their present habitat at an early period, 
and are' Mongoloid tribes of a race with Malaysian affi- 
nities. This Mon race is represented in Western Bengal 
and Central India by the Kolarian tribes. They are prob- 
ably descendants of the Ngu stock, including the Pang, 
Kuei, and Miao tribes, who, with the Shan, Yang or 
Karen, and King or Chin tribes, formed the chief part of 
the population of Central and Southern China during the 
struggle for empire — 604-220 b.c. 

Other interesting tribes, known asLa-Iiu and KiangTung 
La-Wa, were met with by Mr. Hallett ; and these are said 
to belong to the same white race as ourselves. They had 
already settled about the southern bend of the Hoang-ho at 
the time when the Chinese tribes arrived on the borders of 
China after their long journey from the neighbourhood of 
Chaldaea. Part of these various races have been gradu- 
ally amalgamated with the Chinese, who have doubt- 
less received from them and other races much of their 
folk-lore and superstitions. It may therefore prove highly 
ihteresting to compare the habits, customs, folk-lore, and 
superstitions of these early inhabitants of China with 
those of the Chinese. Many of the customs and super- 
stitions must have been widespread at an early date. 
Mr. Hallett notices the strong similarity between some 
of the customs and superstitions of the Finnish tribes 
and those of the Shans. The book is rich in legends 
connected with various events which are said to have 
happened in the country. Some of these relate to the 
time when the Lawa were conquered or driven into the 
hills by the Shans ; others relate to events which have 
since happened in the country ,* and the remainder are 
adaptations from Buddhistic stories, or refer to ^ the 
guardian spirits of the country, or to romantic incidents 
that have occurred. The guardian spirits universally 
worshipped the Shans are, strange ,to .say, the 
spirits of ancient Lawa kings and queens reigning in the 
country at the time when wars were carried on between 
the Lawa and the Shans. Some of these local Sivas are 
believed to have ogre propensities, and formerly human 
sacrifices were offered up to them. Even the year 
previous to Mr. HalletPs visit, the execution of several 
criminals was hurried on in order appease the local 
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Lawa spirits, so that they might be induced to allow the 
waternee^edfor the irrigation of thehelds to flow down from 
the hills. Human sacrifices at the obsequies of their chiefs 
were offered by the Shans up to the middle of the sixteenth 
century, when the States became feudatory to Burmah. 
At the time the chiefs were buried, elephants, ponies, and 
slaves were interred with them. The continuance of this 
custom was strictly prohibited by the Burmese Emperor 
Bureng Naung. Besides the legends, many humorous 
stories and fables are current amongst the people, speci- 
mens of which are given in the book. 

Buddhism, with the Shans, as with the Chinese, is merely 
adoak covering the belief in ancient superstitions, ancestral 
worship, and spirit worship of the people. Even the images 
of Buddha in the temples are believed to be inhabited by the 
spirits of deceased monks, and when an abbot, celebrated 
for his learning and virtue, dies, it is the custom for those 
who have spent their monastic life under his instruction to 
prepare a shrine for him in some part of their house, or, 
if still in the monastery, in their dormitory, where flowers 
and food are placed for the acceptance of the spirit of 
their deceased teacher. If he is treated with neglect or 
disrespect, he may become a spirit of evil towards his 
former pupils. This custom probably arises from the 
monks being celibate, and therefore having no children 
to carry on the ancestral worship of the family. Another 
peculiar practice in relation to the images of Buddha is 
the transferring to him of some of the attributes of the 
Kwan-yin, the Chinese Goddess of Mercy, the offspring 
of the lotus flower, who terminates the torment of souls 
in purgatory by casting a lotus flower on them. In China, 
miniature offerings are laid before this goddess as a hint 
for her to convey the articles implied by their likenesses 
to the spirits of friends or relations. The offerings, 
frequently accompanied by a scroll stating who the 
articles are for, consist of miniatures — cut out of paper — 
of money, houses, furniture, carts, ponies, sedan-chairs, 
pipes, male and female slaves, and all that one on this 
earth might wish for in the way of comfort. In Siam 
and the Shan States, there being no temple of this god- 
dess, Buddha, who is generally depicted as sitting on ,a 
lotus flower, is besought to do her work, and similar 
things are heaped on his altar, but cut out of wood, or 
formed of rags or any kinds of rubbish, as paper is not 
easily obtainable. The whole country outside the villages 
is, according to the Shans, infested with jungle demons, 
the spirits of human beings who have died when absent 
from their homes. These endeavour to cause the death 
of others by the same means as caused their own. Their 
victims have to join the company or clan of demons to 
which the successful demon belongs. Thus the clan 
increases in numbers, and is ever becoming more potent 
for mischief. The people believe in divination, charms, 
omens, exorcism, sorcery, mediums, witchcraft, and 
ghosts. Witch-hunting rages throughout the country, 
and villages are set apart in which those accused of 
witchcraft must reside. Mr. Hallett netted that the 
elephant-drivers every evening placed pieces of lattice- 
work on tall sticks stuck in the ground on the paths 
leading to and from the camp ; and on inquiry he learned 
they were to entangle any evil spirit that might wish to 
enter the camp and injure the party. The Shans con- 
sider such precautions fully sufficient to ward off their 


malignant foes. The spirits, in their opinion, have as 
little intelligence as the birds of the air, and any scare- 
crow device will keep them at a distance. The spirits of 
those who die from abortion, miscarriage, or childbirth 
are much dreaded by the widower. If the child dies with 
the mother, its spirit joins hers in its rambles, endeavour- 
ing to harm the living. The first object of their search is 
the husband and father, whose death they do all they can 
to accomplish. Sometimes the man endeavours to escape 
by becoming a monk in a monastery far from his home. 
This belief, like most of the superstitions in Indo-China, 
is also current in China. • 

With reference to the condition of the people in the 
Shan States, Mr. Hallett says : — 

“Nowhere in the Shan States is misgovernment and 
oppression of the people so rampant as in Siam. Taxa- 
tion in the Shan States is exceedingly light ; and the people 
are not placed under grinding Government masters, but 
have the power to change their lords at their will ; they 
are not compelled to serve for three months in the year 
without receiving either wages or food ; amongst them 
gamblers, opium-smokers, and drunkards are looked 
down upon and despised, and libertinism is nearly 
unknown. The only loose women seen by me in the 
Shan States were a few Siamese, who had taken up their 
quarters at Zimmd, the head-quarters of the Siamese 
judge.” 

Referring to Siam, he gives a fearful description of the 
oppression ruling in the country, and he says : — 

“ If it were not for slavery, serfdom, ve.xatious taxation 
and for the vices of tHe people, the Siamese might be a 
happy race. Living as they do chiefly xfpon vegetables 
and fish ; in a country where every article of . food is 
cheap ; where a labourer’s wages are such as to enable 
him to subsist upon a fourth of his earnings ; where a 
few mats and bamboos will supply him with materials for 
a house sufficient to keep out the rays of the tropical sun 
and the showers in the rainy season ; where little clothing 
is needed, and that of a cheap and simple kind ; where 
nine-tenths of the land in the country is vacant, without 
owners or inhabitants — surely such a people might be 
contented and happy. The land is so fertile and the 
climate is so humid, that every cereal and fruit of the 
tropics grows there to perfection. Yet among the 
common people it is seldom a man or woman can be 
found who is not the slave of the wealthy or the noble. 
The Government battens on the vices of the people by 
granting monopolies for gambling, opium, and spirits. 
Government places the people under unscrupulous and 
tyrannical Government masters — merciless, heartless, and 
exorbitant leeches — who, unless heavily bribed, force the 
peasantry to do their three months’ con>de labour at tinies 
and seasons that necessarily break up all habits of in- 
dustry, and ruin all plans to engage in successful business. 
Government imposes taxes upon everything grown for 
human requirements in the country : fishing-nets, stakes, 
boats, spears, and lines, are all taxed. The Government 
net is so small that even charcoal and bamboos are taxdd 
to the extent of one in ten, and firewood one in jive^ in 
kind. Fancy the feelings of an old woman, after trudging 
for miles to market with a hundred sticks of firewood, 
when twenty of the sticks are seized by the tax-gatherer 
as his perquisite ! There is a land-ti^ for each crop of 
annuals sown, and paddy and rice are both subject to 
tax : so that three taxes can thus be reaped from one 
cereal. The burdensome taxation is levied in the most 
vexatious manner that can be conceived ; for the taxes 
are let out to unscrupulous Chinafiien, who are thus able 
to squeeze, cheat, and rob the people mercilessly. It is 
no use appealing from the tax-gatherer to the officials. 
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Money wins its way, and justice is unknown in Siam. 
Everyone who Jias not a friend at Court is preyed upon 
by the governors and their rapacious underlings. Such 
being the present state of Siam, one is not surprised to 
learn that the majority of its inhabitants, besides being 
slaves arvd selling their children, are libertines, gamblers, 
opium smokers or eaters, and given to intoxicating 
beverages.” 

Mr. Alabaster, the confidential adviser of the King of 
Siam, told Mr. Hallett that nine-tenths of the non- I 
Chinese inhabitants of Bangkok were slaves ; that 
‘squeezing” was so universal amongst the nobility, ' 
officials, and monopolists, that no man could become 
rich in the country unless he purchased an appointment, 
and thus became one of the rulers ; and that justice in 
the courts was a farce — the heaviest purse, or the most 
powerful person, invariably winning the case ; besides 
which, if a man was believed to be in possession of 
money, false charges were brought against him, directly 
or indirectly, by the officials, in order to wring the money 
out of him. Everyone that he questioned in Bangkok 
was of opinion that the state of the people could not be 
much worse than it was at the time of his visit. Accord- 
ing to an inspector of police in Siamese employ, the 
magistrates in that city have the reputation of being the 
biggest liars in the country, and the police are said to be 
the greatest thieves, and so unsafe arc the people from 
false charges and lawsuits, that they willingly become 
the slaves of the powerful in order to gain their protection. 

The whole volume is replete wkh interesting informa- 
tion ; we heaftily commend it to the attention of our 
readers. 


THE LESSER ANTILLES. 

The Lesser Antilles. A Guide for Settlers in the British 
West Indies and Tourists’ Companion. By Owen T. 
Bulkeley. (London : Sampson Low, Marston, Searle, 
and Rivington, Limited, 1889.) 

S I N CE Mr. Froude wrote on the West Indies, numerous 
books and pamphlets have been produced, either to 
show he was entirely wrong, or to supplement in some 
important particular the information he gave respecting 
these islands. The author of the little book before us 
took note of Mr. Froude’s lament that all hand-books to 
the West Indies “ were equally barren ” of facts con- 
nected with the higher interest which the islands possess 
for Englishmen, and he seeks to supply the deficiency. 

Although it is evident that Mr. Bulkeley has not an 
intimate knowledge of all the islands concerned, this is 
no great disparagement — especially when we recall their 
comparative isolation, and the general ignorance which 
exists even in the West Indies themselves in regard to 
the affairs of their neighbours. 

•^ The facts stated are generally trustworthy, and the 
hints given to visitors and intendinj' settlers are likely to 
be«useful. Thert: are a moderately good map and some 
twenty illustrations, most of which, however, are already 
familiar to us. Although usually grouped together, the 
several islands in the Lesser Antilles differ much more 
from each other than is usually supposed. One end of 
the chain, at the Virgin Islands, touches 19° N. lat., 
while the other end at Trinidad * is in 10* N. lat. 


Hence, the extreme points of the Lesser Antilles are 
about six hundred miles apart, and there is such a 
diversity of soil and climate that each island really re- 
quires separate treatment. 

There is still much misconception in the mind of the 
British public as regards the healthiness of thete islands,, 
and also as regards their suitability for settlers with a 
small capital. If there were someone in this country 
whose business it was to give accurate information re- 
specting the West Indies, they would probably be greatly 
benefited. 

The revival of interest in these islands, and the large 
number of people who annually visit them, are facts which 
have naturally led to the production of a guide-book. 
Mr. Bulkeley has, however, aimed at producing some- 
thing more than a guide-book. The greater part of the 
volume is devoted to a minute description of the physical 
features, and the circumstances of the several islands, 
and this is followed by information for intending settlers, 
with the view of inducing those who have capital to in- 
vest to make their homes in these islands. While we 
cannot endorse all Mr. Bulkeley’s statements on this latter 
point, ikis only right to say that none of them are posi- 
tively misleading, and at all times they are discussed with 
a modesty, and an evident desire to arrive at a right con- 
clusion, that disarms criticism. 

Besides the sugar-cane and cocoa-nut palms, there are 
industries connected with fruits, fibres, spices, annatto, 
arrow-root, pepper, maize, medicinal plants, scent-pro- 
ducing plants, coca, ramie, tea, tobacco, and many others 
well suited to the soil and climate. 

It is well known that in former days large fortunes were 
made by sugar planters in the West Indies. Now, how- 
ever, even the best estates do little more than give a 
small return on the capital invested, while many cannot 
even do this. It would be unwise, therefore, for the West 
Indies to confine their attention exclusively, or, indeed, 
largely, to the sugar-cane. Already a change is taking place. 
Jamaica has pimento, coffee, tropical fruits, cinchona,, 
dye-woods, annatto, cacao ; Trinidad has cacao, cocoa- 
nuts ; Grenada is almost exclusively cacao and spices : 
Montserrat is noted for its lime plantations and lime-juice ; 
while Dominica exports concentrated lime-juice, cacao, 
cocoa-nuts, as well as oranges to the neighbouring 
islands. The tendency is for the cultivation of the West 
Indies to become more and more diversified, and it is 
well it should be so. 

With such good markets for produce of all kinds in the 
United States and Europe, it is evident that West; Indian 
planters could regain much of their former prosperity if 
only they adapted themselves to the new order of things. 
To assist them in the development of new industries. 
Government botanical gardens are in course of being 
established, under the auspices of Kew, in every island, 
and from these new plants and information respecting 
their cultivation are being widely distributed. In such a 
work enterpt^ing governors, such as the late Sir Anthony 
Musgrave, and the present Governor of Trinidad^ Sir 
William Robinson, and othersi have taken an active part. 
It is not, however, as regards industrial s^jects only that 
interest in the West Indies has revived of late. The 
publication of' Grisebach’s "Flojra of the British West 
Indian Islands*' in 1864 (one of the series of colonial 
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flora projected by the late Sir William Hooker) was for 
-a long time the only effort made in the cause of botanical 
science in this part of the world. Since that time, both 
the fauna and flora have received systematic attention in 
this country and in the United States, and after a lapse 
•of nearly two hundred years we are beginning to have a 
clear idea of the distribution of life in the Caribbean 
Archipelago. 

A Joint Committee of the Government Grant Com- 
mittee of the Royal Society and of the British Associa- 
tion, has been engaged for the last three years in 
investigating ascertained deficiencies in the fauna and 
flora. Almost every page of Mr. Bulkeley's work affords 
ample evidence of the aid he has received, directly 
or indirectly, from the botanicnl efforts of recent years. 
More, however, might have been said of the special 
plants which are characteristic of the several islands, and 
which contribute so large a share to the interest of daily 
•life in them. 

It is to be hoped the day is not far distant when this 
first unpretentious guide-book to the Lesser Antilles will 
be followed by others, not less interesting, but still more 
fully meeting the requirements of those who nflly visit 
them for pleasure, or go to them in the hope of pursuing 
some of the numerous industries opened to settlers in these 
beautiful islands. D. M. 


A TEXT-BOOK OF HUMAN ANATOMY, 

A Text-book of Human Anatomy ^ Systematic and Topo- 
graphical. Including the ^ Embryology, Histology, and 
Morphology of Man, with special reference to the re- 
quirements of Practical Surgery and Medicine. By 
Alex. Macalister, M.A., M.D., F.R.S., Professor of 
Anatomy in the University of Cambridge. (London : 
Charles Griffin and Co., 1889.) 

W HEN it was announced some time ago that the 
Professor of Anatomy in the University of Cam- 
bridge was engaged in writing a systematic work on 
Human Anatomy, its publication was looked for with 
anticipation and interest. Prof. Macalister deservedly 
enjoys a high reputation as a man of remarkable culture 
in many branches of knowledge, and as an anatomist in 
the comprehensive meaning of the term. Curiosity was 
excited, therefore, as to the mode in which he would 
treat the subject : whether he would follow the old lines 
pursued by so many of those who have preceded him in 
the writing of text-books, or if he would strike out a new 
path for himself. 

In his preface he tells us that he has endeavoured to 
give a comprehensive account of the Anatomy of Man 
studied from the Morphological standpoint. Accordingly, 
we find that, after a few explanatory paragraphs on the 
meaning of terms used in description, he proceeds to 
state his conception of a Cell. His definition is so com- 
prehensive that he^ regards it in its simplest formas a 
minute speck of protoplasm without either nucleus or 
cell-wall : and, in this respi^, he may be said to coincide 
with the view held by Strieker in his well-known article 
on the Cell. He then briefly describes the process of 
Karyokinesis, and very properly states that the study of 
the specialization of the products of cell multiplication 


is the only trustworthy guide to the solution of the many 
morphological problems which Human Anatomy presents. 
This very naturally leads to an account of the Development 
of the Embryo, which is, however, compressed into so few 
pages that we doubt whether a beginner can derive from 
it a clear conception of the very elaborate set of changes 
which lead from the simple laminated blastoderm to the 
form of the foetus at the time of birth. 

A chapter on Histology or tissue-anatomy comes next 
in order. He groups the tissues into five classes — 
epithelial or surface limiting; connective or skeletal ; 
nervous or sensory ; muscular or contractile ; blood and 
lymph or nutritive. This classification is both simple and 
convenient, and is much to be preferred to the grouping 
into cellular, fibrous, membranous and tubular tissues, 
sometimes adopted. In the course of this chapter he in 
part fills up some of the gaps in the section on embryo- 
logy* hy describing the development of the nervous and 
vascular systems. 

The skeleton is next described, and following the plan 
pursued by Prof. Humphry in his well-known treatise* 
and by Hyrtl, Gegenbaur, Krause, and others in their 
systematic works, he describes the joints and ligaments 
along with the bones with which they are associated. 
This arrangement, undoubtedly, has certain advantages 
more especially in the direction of economizing space in 
description. 

About one-third of the work, extending to 248 pages, is 
occupied with the chapters to which we have just referred, 
and the remaining two-thirds is devoted t« an account of 
the soft parts, including the anatomy of the brain and 
organs of sense. In this, the larger division of his text- 
book, Prof. Macalister alters his mode of treating the 
subject, and departs from the method which systematic 
writers are in the habit of pursuing. 

The rule, almost without exception, has been to describe 
in separate chapters the muscular, vascular, nervous, ali- 
mentary, respiratory, and genito-urinary systems, so as 
to bring ^fpre the student in a continuous series all 
those organs which possess corresponding properties. 
To some extent, therefore, the arrangement adopted in our 
text-books of systematic anatomy has had a physiological 
basis. 

Dr. Macalister has not followed this plan. He has 
adopted 4tn arrangement on a topographical basis, i.e. 
according to the method pursued in the dissecting-room, 
in which the student works out for himself the constituent 
parts of the body as he displays them in the course of his 
dissections. This method of studying the anatomy of the 
human body is, as everyone will admit,of enormous import- 
ance— indeed, we may say of primary value — to the prac- 
titioner of medicine and surgery. But it is the custom of the 
schools to distinguish between the analytical or dissect- 
ing-room method, in which the body is picked to pieces by 
the dissector himself, and the synthetical or systematic 
method, in which the body is, as it were, built up by the 
teacher for the .student. This custom te the fruit of leng 
experience, for yrhilst giving full value to the topographical 
or regional aspect of anatomy, it enables the teacher to 
show to the student the continuousness of such systems 
as the vascular, nervous, and alii^entary, and to point 
out their physiological relations. For it should be kept 
in mind that anatomy is the basis of physiology, as well 
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as the foundation of that side of medical and surgical 
practice which is based on a sound knowledge of regional 
anatomy. The incomplete recognition of the physio- 
logical aspect of anatomy is, we think, the weak part of 
the book, and it is especially shown in the scanty notice 
which is taken of the action of the muscles and their 
association with the movements of the joints. 

To enable both these lines of anatomical study to be 
pursued, the student is accustomed to employ at least 
two text-books ; the one in connection with his syste- 
matic work, the other as a guide to the dissection of the 
body. Prof. Macalister apparently expects, as, indeed, 
he states in his preface, that his text-book should stand 
in the place of the two customarily employed. We doubt, 
however, whether this expectation will be fulhlled. F or his 
text-book, in addition to what is essential in topographical 
description, by containing an account of the microscopic 
structure of tissues and organs, a section on embryology, 
and a detailed description of the bones, is necessarily a 
work of considerable size and weight, and too cumber- 
some to be conveniently carried to and fro by the student, 
as is required with a dissecting-room manual On the 
whole, therefore, we prefer the old and well-accustomed 
lines on which text-books have for so long been written, 
to Prof. Macalister’s modified plan. 

But whilst expressing our inability to regard the method 
which has been followed in the descriptive anatomy of 
the soft parts as an improvement on the customary 
arrangement of systematic text-bqpks, we recognize with | 
pleasure the ckamess of the descriptions and the many 
suggestive hints, both morphological and practical, which 
the book contains. The volume is profusely illustrated 
with upwards of eight hundred wood-cuts, about one half 
of which are original figures. 

OUR BOOK SHELF. 

A Treatise on Ordinary and Partial Differential Equa- 
tions. By W. W. Johnson. (London: Macmillan, 
1889.) 

We have read Prof. Woolsey Johnson’s work with some 
interest : his style is clear, and the worked-out examples 
well adapted to elucidate the points the writer wishes to 
bring out. He appears to recognize Boole, but, so far as 
the text is concerned, does not acknowledge the existence 
of Mr. Forsyth’s fine work. We do not say that he was 
under any obligation to do so, but nowadays we are so 
accustomed to see a list of authors upon whom a writer 
has drawn that we missed it here. An amount of space 
somewhat greater than usual has been devoted to the 
geometrical illustrations which arise when the variables 
are regarded as the rectangular co-ordinates of a point. 
This has been done in the belief that the conceptions 
peculiar to the subject are more readily grasped when 
embodied in their geometric representations. In this 
connection the subject of singular solutions of ordinary 
differential equations, and the conception of the character- 
istic in partial differential eoiiations may be particularly 
mentioned.” This is certainly the most prominent feature 
of the early chapters, and it is, to our mind, clearly put 
before the student. Reference is duly made to Prof. 
Cayley’s work in the Messenger of Mathematics (vol. ii.), 
which initiated the present mode of treatment of the sub- 
ject, but not to Dr. Glaishet’s ** Illustrative Examples ” 
(vol xii.), nor to Prof. M. J. M. Hill’s paper (London 
'<ath. Soc. Prpe., vol xix.), in which the theorems stated 
l^^-Prof. Cayley are proved. This, paper, though read 
'“ ire the Society, June 14, 1888, may not have reached 


the author before his work was in the printer’s hands : we 
do not say that ^ perusal of it would have called for any 
further notice than a reference. Symbolic methods come 
in for their due meed of recognition and employment. The 
author satisfies himself with referring the student to the 
table of contents for the topics included and the order 
pursued in treating them. The work consists of twelve 
chapters divided up into twenty-four sections : i. (i) dis- 
cusses the nature and meaning of a differential equation 
between two variables ; ii. (2, 3, 4,) equations of the first 
order and degree ; iii. equations of the first order, but not 
of the first degree, (5) singular solutions (discriminant, 
cusp-, tac-, and node-loci), (6) Clairaut’s equation, (7) 
geometrical applications, orthogonal trajectories ; iv. (8) 
e(}uations of the second order ; v. (9, lo) linear equations 
with constant coefficients, in (10) symbolic methods are 
employed ; vi. (11-13) linear equations with variable co- 
efficients ; vii. (14, 15) solutions in series; viii. (16) the 
hyper^eometric series ; ix. (17) special forms of differential 
equations, as Riccati’s equation (due reference is made to 
Dr. Glaisher’s classical paper in the Phil. Trans, for 1881), 
Bessel’s equation, and Legendre’s equation (reference is 
made to text-books and memoirs) ; x. (18-20) equations 
involving more than two variables ; xi. (21, 22) partial differ- 
ential equations of the first order ; xii. (23, 24) partial differ- 
ential equations of higher order. Examples for practice are 
added at the end of each section. Though Prof. Johnson 
cannot lay claim to have made here any additions to our 
knowledge of the subject, he has produced an excellent 
introductory hand-book for students, and this, we expect, 
was the object he proposed to himself in its compilation. 
We have omitted to state that all use of the complex 
variable is eschewed. 

The Land of an African Sultan : Travels in Morocco* 
1887,1888, andiZZ^. By Walter B. Harris, F.R.G.S‘ 
(London: Sampson Low and Co., 1889.) 

A GOOD deal has been written about Morocco lately, 
and Mr. Harris’s volume is an interesting, although not a 
very impiortant, contribution to the literature of the subject. 
He describes first a journey through northern Morocco, 
then a journey with H.B.M. Special Mission to the court 
of the Sultan at Morocco city, next a visit to Wazan and 
a ride to Sheshuan ; and in a final chapter he sums up 
the impressions produced ui>on him by the Moors and their 
country. In the chapter on his ride to Sheshuan, he de- 
scribes a place which had been “ only once before looked 
vpon by Christian eyes.” Mr. Harris does not pretend 
to have produced an exhaustive work on Morocco ; but 
he presents clearly what he himself has had opportunities 
of observing. 

Wayside Sketches. By F. Edward Hulme, F.L.S., F.S.A. 
(London : Society for Promoting Christian Knowledge, 
1889.) 

This is a pleasantly conversational book on all sorts of 
subjects more or less connected with natural history or 
country life : birds, caterpillars, flowers, snow-crystals, 
and the forms of clouds, all come in for a share of atten- 
tion. Without having any scientific pretensions of its 
own, the book may well serve to rouse a first interest in 
many branches of science. The numerous illustrations 
are very good indeed. 


LETTERS TO THE EDITOR, 

\,The Editor does not hold hinutlf re^onsibU foy opinions ex- 
pressed by his eorrespossdessts. Heither eon he nndertaie 
to retumt or to correspond with the writers rejected 
sssamsscripts intended for ^ds or any ^her part of Natvmi, 
No notice is taken cf anotgmsosu commmnications.] 

Influenaa. 

Thb following paragraph, taken from Sir David Brewster’s 
**Life of Sir Isaac Newton,”- is not uninteresting at the present 
time 
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**Some light has been recently thrown on the illness of 
Newton by Dn Dowson, of Whitby, who, at a meeting of the 
Philosophical Society there on the 3rd of January, 1856, read a 
pa]^r *On the Supposed Insanity of Sir Tsaac Newton/ in 
which he has shown that the malady with which he was afflicted 
in September 1693 was probably influenza or epidemic catarrhal 
fever, which prevailed in England, Ireland, France, Holland, 
and Flanders in the four last months of 1693. This distemper, 
which lasted from eight or ten days to a month, was so general, 
that ^ few or none escaped from it ’ ; and it is therefore probable, as 
Dr. Dowson believes, that Newton’s mental disorder was merely 
the delirium which frequently accompanies a severe attack of 
influenza. See Dn Theophilus Thomson’s ^ Annals of Influenza 
or Epidemic Catarrh in Great Britain/ published in 1852 by 
the Sydenham Society. See also the Philosophical Transactions 
for 1^4, vol. xviii. pp. 105-115.” W. Greatheed. 


About forty- five years ago I paid a visit with a friend to the 
laboratory of the celebrated chemist Prof. Schonbein, the dis- 
coverer of ozone in the atmosphere and the cause of influenza. 
Just prior to our visit the Professor had obtained some ozone, 
and had inhaled it for the purpose, as he said, of giving himself 
influenza, in order to ascertain how it would affect him. We 
both distinctly observed most of the ordinary symptoms of the 
malady. Augustus Harvey. 

12 Landridge Road, Fulham, January 17. 


Rainbow due to Sunlight reflected from the^Sea. 

I HAVE never heard of a rainbow, due to the image of the sun 
in water, having been seen ; and I think the following letter, 
from an old student of mine of sixteen years ago, may interest 
your readers. William Thomson. 

The University, Glasgow, January 7. 

On September 18, 1889, I saw a rainbow, caused, not by the 
direct rays of the sun, but by their reflection from the sea. 

We were at the height of 900 feet ; the sky was all clouded 
except along the western horizon ; the sun, an hour before set- 
ting, was hidden ; but its rays were reflected from the sea. A 
drizzle was falling, and my companion was remarking how strong 
the light from the sea was, when it occurred to me that it might 
give a bow. And there it was behind us — not the usual recum- 
bent bow, less than a semicircle, but an overhanging one, greater 
than a semicircle. The clouds were drifting from the west, so 
that the sun came into view ; and the usual rainbow became 
visible with its secondary bow ; so that three rainboivs were seen 
at once. The sea- bow and the usual bow were identical at the 
horizon. The angle between them was greater than the sun’s 



Osteolepidse. 

Your reviewer R. L. is mistaken in condemning so absolutely 
I the above form. The word Osteolepus ” would be a legitimate 
I adjective expressing the same idea as the substantive Osteolepis ; 
I and the patronymic of the ^^Osteolepi” would be simply 
Ostcolepidae,’^and not Osteolepididse.” 

It may be useful for R. L. and some others to apprehend this 
principle in word-building — ^viz. that compound Greek adjectives 
do not take the lengthened genitive as root ; thus the correct 
Latin equivalent for the corresponding Greek adjective is not 
echinodermatus ” but ^^echinodermus,” not distomatus” 
but distomus.” Hence, the correct form for the neuter plural 
of the former is Echinoderma ; ” and for the neuter singular of 
the latter is Distomum. And it would be wrong to write ** Dis- 
tomatidm” as the family name, and correct to write ^'Dbto- 
midse.” Hence Osteolepidse and the like are admissible, sinci 
they may be considered as formed from adiectives, and not from 
the substantive (of questionable form itself; in -is. 

R. L. + E. 


Exact Thermometry, 


Since the publication of my letter in Nature (December 19, 
1889, p. 152) on the cause of the rise of the zero-point of a ther- 
mometer when exposed for a considerable time to a high 
temperature, two letters on the same subject have appeared, one 
(rom Mr. Herbert Tomlinson (January 2, p. 198), the other from 
Prof. E. J. Mills (January 9, p. 227), who replies to my 
objections to the plastic theory. 

Mr. Tomlinson considers that my experiments seem to leave 
no doubt that compression, due to thepls^ticityof the glass, is not 
the main cause of the rise of the zero-point, but he considers that 
it is not merely the prolonged heating, but also the change of 
temperature (heating or cooling), that^ is effective in bringing 
about the change. 1 have not yet had time to make any special 
experiments to test this point, but I may perhaps mention that 
such data as I possess seem rather to point to the conclusion that 
long-continued steady hating is more effective than alternate 
heating or cooling. As the following experiment, made about a 
year ago, seems to bear on the point, I give the results : — 


Approximate ) g 
time in hours. S 
Rise of zero- \ 
point / * ® 


3666 
o*-i5 o**85 o' s o’ l 


31 6 6 

l''2 O" o’ 


Total 
rise of 
cero 


Two other thermometers, heated each day for about six hours, 
showed after nine days rises of zero-point of 3°'8 and 4”'! re- 
spectively, but in these cases the chaise was apparently not 
quite complete. The temperature was in each case 280% and 
all these thermometers belonged to the same batch as those 
employed in my experiments already described in Nature. 

Prof. Mills does not regard the experiments as conclusive, but 
criticizes my results in the following words : ** The zero move- 
ment, however, only ranged from 1’ to i’’2 — small readings 
which might very possibly have been obtained, or not, on either 
of the thermometers at other times.” This criticism, in striking 
contrast to the rest of the letter, apmars to be rather unkind 
either to me or to my thermometers, I hardly know which. I 
sincerely hope that none of my thermometers are capable of such 
erratic behaviour as to show changes of zero-point of 1° (or even 
twice this amount if the plastic theory is correct) without extra- 
ordinary treatment, or that my readings of temperature are 
reliable only to within l’ or so. But to make the matter more 
certain, I vnll continue the heating of the two thermometers, A 
and C, under the same conditions as before, and will also heat 
two more thermometers under similar conditions to about 360’. 


angular height, but not double. It seemed as if the complemen- 
tary segment of the rim had been folded up from beneath into 
view, but that the colours were not reversed. The sea-bow was 
just as bright as the secondary bow, which it intersected. 

From the fact, that the three were seen together, for over 3 
minutes, at least in part, I would argue that it is no unusual 
sight, and that in Scotland, where bows are m fiequent, and 
plentv of comparatively smooth water available, this sea-bow 
may be looked for and seen. 

1 may mention, also, that I saw a fourth bow that evening. 
After the ran had set, a bow of one colour, an orange-pink, toM 
the place of the usual bow. The source of light, I thought, was 
a cloud just over the place where the sun had set. 

William Scoullbr. 

36 Calle de la Independencia, Valparaiso, November 9, 1889. 


Prof. Mills mentions the very curious behaviour^ of lead-glass 
thermometers at difierent temperatures, but his objection on that 
score to the temperature 280’ does not seem to apply, as my 
thermometers are all made of soft German soda-glass. It may, 
however, be useful to heat two more thermometers to a tempera- 
ture of about 320 * in order to compare the total rise with thatttt 
280* and 360*. 

With rqrard to the sitatement that the final state of a thermo- 
meter kwt at the ordinary temperature for an infinite time 
would dimr from that of the same thermometer after being sub- 
jected to pndonged heating at a hi^h temperature, I am not 
prepared to give a decided opinion either one way or the other, 
but it does appear to me to be rathew a daring procedure to 
make observations of the minute changes of zero-point over a 
few years, and to extrapolate from a decade or so to eternity. 
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I am also quite willii^ to admit that there may be other 
causes tending to raise the sero^point besides the equalization of 
tension,, such, for instance, as the chemical changes alluded to 
by Prof Mills ; but I should like to ask, as I am ignorant on the 
point, whether there is any experimental evidence of their 
nature or existence. SYDNEY Young. 

Unive|sity College, Bristol, January 11. 


Foreign Substances attached to Crabs. 

In your issue of December 26, and also in exhibiting his 
collection of crabs before the Linnean Society, Mr. Pascoe cast 
some doubt on the function of the two pairs of modified legs of 
Dromia vulgaris^ which are usually supposed to be adapted to 
Uie retention of the sponge with which" it covers its carapace. 

That these legs were really used for this purpose I was enabled 
to observe, during mjr stay at the zoological station in Naples 
last winter. I had in my tank several specimens, in some of 
which the sponge had also extended on to the ventral surface, 
ovv* the edge of the carapacS^'Ifius securing a firm hold apart 
from the action of the l^s. In all specimens, however, there 
are seen, when the scmnge is removed, which reouires con- 
siderable force, two oblique depressions into which tne legs fit, 
giving them thus a distinct hold on the sponge. 

If Ae latter be, however, removed from the animal but left in 
the tank, the crab soon sets to work to regain possession of its 
covering, and can be seen to use its modifiea hinder pairs of 
legs most effectually for this purpose. It would seem therefore 
beyond doubt that these modified legs serve not only for holding 
on the sponge, but also for petting hold of a new sponge, should 
the old one get injured or die, as must happen not unfrequently. 

F. Ernest weiss. 

The Zoolt^ical Laboratory, University Collie, January 6. 

OnUs. 

I AM sorry if I unintentionally misrepresented the opinions of 
Prof. Romany and Dr. St. George Mivart in suggesting that 
they wished to*assail the theory of natural selection in their 
recent communications to Nature on this subject. They must, 
however, pardon me for saying that I still think the extract 
to which I alluded in my note admits this interpretation. As 
my views' of the relations of gall-formation to the theory of 
natural selection are clearly at variance with those of your corre- 
spondents, perhaps yon will allow me ^ace to give briefly the 
grounds upon which I base my conclusions. 

There are in England about ninety well-known varieties of 
galls, and of this number fully a third are found in the oak. 
About half the oak-galls are formed on growing leaves. In 
nearly one-third of the total number the grub is hatched, and 
the gall is fashioned in a developing bud. We can readily 
imagine, in the case of a tree with deciduous leaves, that the 
presence of a few palls upon its foliage would not greatly affect 
its chances of survival, if its fitness was in other respects com- 
plete. It is otherwise^ when a gall occupies the position of a 
developing bud, especially when the bud is a terminal one. In 
this case there occurs coincidently with, and as a result probably 
of, the adventitious formation, an arrest of normal development 
and growth. Indeed, I believe ** the gnarled and twisted oak ” 
owes many of its gnarls and most of the twi^ts to the common 
oak-apple and other bud-galls. If a tree endowed with less 
developmental vigour and with fewer supplementary buds than 
the oak had been exposed to the repeated attacks of the insects 
for many generations in a struggle for existence, it would doubt- 
less have long ago succumbed, and it would have done so by a 
process of natural selection operating in the ordinary manner, 
■and not ** at the end of a long lever of the wrong kind,” what- 
ever that may mean. This selective process in the case of gall- 
bearing trees has left possible traces of its action to-day, for I 
am unaware that any other Ei^lish tree than the oak is attacked 
"^y terminal bud-galls. The terminal leaf-galls of certain Salices 
and Conifers can scarcely affect their growth and development 
to the same exteiK as the bud-palls. 

When we compare pathological tumours in the higher animals 
with these vegetable excrescences, we must make due allowances 
for the different condilioils under which each lives. I cannot 
then see that the “morphological specialization” of galls, 
which, for the most pait, are composed of hypertrophied repro- 
. ductioii|. of the simpler vegetable tissues, is greater than that 
'exhibltaflt by man mmself, when, for iqstance, he becomes the 


involunla^ host of Dr. Lewis’s Filaria, and his leg the seat of 
Elephantiasis lymphangiectodes, accompanied by hypertrophy 
of many integumentary structures of the limb. Oak-spangles, 
on the other hand, are to my mind comparable to the circular 
nests of ringworm, or to the sprouting epithelium of a Verruca 
necrogenetica. Such comparisons may be of little scientific 
value, yet I take it they are as useful in their place as attempts 
to gauge the amount of “ disinterestedness ” shown by acabbue 
when it becomes the unwilling host of the gall-producing 
Ceuthorhynchus sulcicollis, W. Ainslie Hollis. 

Brighton, December 30, 1889. 


The Evolution of Sex. 

The interesting note of Mr. M. S. Pembrey in your issue of 
January 2 (p. 199), induces me to draw the attention of your 
correspondent to a short paper of mine just published (or in 
course of publication) in the Ibis, where I communicated the 
experiences of a friend, who had hatched a series of parrot 
e|^, belonging to the genus Eclectus, in which the young 
ii^es are green, the young females red. It is remarkable that 
by far the larger number of the birds hatched were males. In 
each cose only two eggs were laid, and the breeder himself, with- 
out being able to tell why, is of opinion that nearly all his 
hatches consisted of male birds. As there are still many embryos 
of those JEr-ZerArr In my hands, the sex of which is not yet de- 
termined, I hope to be able to make known the result of my in- 
vestigation later, whether the pairs are always males, or always 
females^or consist of a male and a female bird, at least sometimes. 
Meanwhile, 1 should be glad to hear if anything more is known 
about the sexes of birds which lay only two eggs at a time. 

A. B. Meyer. 

Royal Zoological Museum, Dresden, January 5. 


“ Manures and their Uses.” 

Allow me to thank the well-known writer “W.” for his 
review of the above-mentioned book. '* W.” does not hold 
with the view that “ farmyard manure is erroneously supposed 
to contain all the necessary plant-foods required for the growth 
of plants.” I believe, with M. Ville and others, that “the 
farmer who uses nothing but farmyard manure exhausts his 
land.” “ W.” speaks of this as an “obvious fallacy.” If the 
statement is wrong, would “ W.” kindly answer the quotation 
given on p. 76 of the book in question. The quotation “runs ” 
as follows : — 

“M. Grandeau (the French agricultural authority) recently 
estimated that one year’s crop in France represents 298,200 
tons of phosphoric acid, of which only 151,200 tons were re- 
covered from the stable dung, thus leaving a deficit of 147,000 
tons, equal to over one million tons of superphosphate, to be 
feade good by other means. 

“M. Grandeau also estimated that the entire number of farm 
animals in France in 1882, representing a live weight of 
6,240,430 tons, bad accumulated from their food 193,453 tons of 
mineral matter containing 76,820 tons of phosphoric acid. 
These figures give some idea of the enormous quantities of phos- 
phoric acid required to restore to the soil what is continually 
being carried away by the crops sold oflf the farm.” 

It must be borne in mind that in the above estimates, H. 
Grandeau includes the purchase of oil-cakes and other feeding 
stuffs. Therefore, if farmyard manure only contains about half 
the amount of phosphoric acid (to say nothing of nitrogen, 
potash, &c. ) required to retain the land in a fertile condition, 
now can I have attached “too mudi prominence to chemical 
manures, and too little importance to stock-deeding as a manurial 
agency ” ? A. B. Griffiths. 

[Dr. Griffiths assumes that because, as asserted by M. 
Grandeau, the* balance of fertilizing matter in France is against 
the land, “ the farmer who uses nothing but farmyard manure 
exhausts his lagd.” This is arguing from general principles to 
special cases, and there it no sequence in his reasoning. A 
nation may rushing to ruin, but that docs not prevent an in- 
dividual from growing rich. Phosphates and nitrates may be 
diminishing, but that does not prevent them from accumulating 
oil any particular farm. We traverse Dr. Griffiths’s statement 
without qualification, that the farmer who uses nothing else but 
farmyard manure exhausts his land. . We believe he improves 
his land.-— The Reviewer.] 
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MAGNETISM} 

II. 

T^HEN one considers that the magnetic property is 
peculiar to three substances— that it is easily 
destroyed by the admixture of some foreign body, as 
manganese — one would naturally expect that its existence 
would depend also on the temperature of the body. This 
is found to be the case. It has long been known that iron 
remains magnetic to a red heat, and that then it somewhat 
suddenly ceases to be magnetic, and remains at a higher 
temperature non>magnetic. It has long been known that 
the same thing happens with cobalt, the temperature of 
change, however, Ming higher ; and with nickel, the tern* 
perature being lower. The magnetic characteristics of 
iron at a high temperature are interesting. Let us return 
to our ring, and let us suppose that the coils are insulated 

with a refractory material, such as 

asbestos paper, and that the ring is 
made of the best soft iron. We are 
now in a position to heat the ring to a 
high temperature, and to experiment 
upon it at high temperatures in exactly 
the same way as before. The tempe- 
rature can be approximately deter* 
mined by the resistance of one of the 
copper coils. Suppose, first, that the 
current in the primary circuit which 
we use for magnetizing the ring is 
small : that from time to time, as the 
ring is heated and the temperature 
rises, an experiment is made by re- 
versing the current in the primary cir- 
cuit, and observing the deflection of 
the galvanometer needle. At the or- 
dinary temperature of the air the de- 
flection is comparatively small ; as the 
temperature increases the deflection 
also increases, but slowly at first ; when 
the temperature, however, reaches 
something like C, the galvano- 
meter deflection begins very rapidly 
to increase, until, with a temperature 
of 770° C., it attains a value of no less 
than 11,000 timies as great as the de- 
flection would be if the ring had been 
made of glass or copper, and the same 
exciting current had been used. Of 
course, a direct comparison of 11,000 
to I cannot be made : to make it, we 
must introduce resistance into the 
secondary circuit when the iron is 
used ; and we must, in fact, make use 
of larger currents when copper is 
used. However, the ratio of the induc- 
tion in the case of iron to that in the case of copper, at 
770° C, for small forces is no less than 11,000 to i. Now 
mark what happens. The temperature rises another 
1 5° C. : the deflection of the needle suddenly drops to a 
value which we must regard as infinitesimal in comparison 
to that which it had at a temperature of 770* C. ; in fact, 
at the higher temperature of 785® C. the deflection of the 
galvanometer with iron is to that with copper in a ratio 
not exceeding that of 1*14 to 1. Here, then, we have a 
most remarkable^ fact : at a temperature of 770'’ C. the 
magnetization of iron 11,000 times as great as that of a 
non-magnetic substance; at a temperature • of 785'’ C. 
iron practically fion-magnetic. These changes are shown 
in Fig. 8. Suppose now that the current in the primary 
circuit which serves to Itiagnetize the iron had been great 
instead of very small In this case we find a very diifer- 

* Inaugural Address delivered before the Institntioa of Electrical En* 
gineers, on Thursday, January 9 . 1 >yJ* Hopkinson, M.A., rD.Sc., F.R.S., 
President. Continued from p. 354. 


ent order of phenomena. As the temperature rises, the 
deflection on the galvanometer diminishes very slowly 
till a high temperature is attained ; then the rate of 
decrease is accelerated until, as the temperature at 
which the sudden change occurred for small forces 
is reached, the rate of diminution becomes very 
rapid indeed, until, finally, the magnetism of* the 
iron disappears at the same time as for small forces. 
Instead of following the magnetization with constant 
forces for varying temperatures, we may trace the curve 
of magnetization for varying forces with any temperature 
we please. Such curves are given in Diagrams 9 and 10.' 
In the one diagram, for the purpose of bringing out 
different points in the curve, the scale of abscissae is 20' 
times as great as in the other. You will observe that the 
effect of rise of temperature is to diminish the maximum, 
magnetization of which the body is capable, slowly at 


Fig. 8. 

first, and rapidly at the endu It is also very greatly to 
diminish the coercive force, and to Increase the facility 
with which the body is niagnetized. To give an idea of 
the magnetizing forces in question, the force for Fig. 8 
was o'3 ; and as' yoU see from Figs. 9 and 10, the force 
ranges os high as 60. Now the earth's force in these 
latitudes is 0*43, and the horizontal component of the 
earth's force is 0*18. In the field of a dynanio machine 
the force is often more than 7000. In addition to the 
general characteristics of the curve of magnetization, a , 
very interesting, and, as I take it, a very important, fact 
comes out. I have already stated that if t^e ring be sub- 
mitted to a great current in one direction, which current* 
is aftei^vhrds gradually reduced to zero, the ring is not in 
its non-magnetic condition, but that it is, in fact, strongly 
ms^netized. Suppose now we heat the ring, whilst under 
the influence of a strong magnetizing Current, beyond the 
critical temperature at which it ceases to have any mag- 
netic properties, and that th«i we reduce the current to 
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zero, we may in this state try any experiment we please, cent, of nickel is non^magnetic as it is sure to come from 
Reversing the current on the ring, we shall find that it is the manufactiirer ; that is to say, a substance compounded 
in all cases non-magnetic. Suppose next that we allow of two magnetic bodies is non>magnetic. Cool it, how- 
the ring to cool without any current in the primary, when ever, a little below freezing, and its properties change : 
cold we find that the ring is magnetized ; in fact, it has a it becomes very decidedly magnetic. This is perhaps 
distinct recollection of what had been done to it before it not so very remarkable : the nickel steel has a low critical 
was heated to the temperature at which it ceased to be temperature — lower than we have observed in any other 
magnetic. When steel is tried in the same way with magnetizable body. But if now the cooled material be 
varying temperatures, a similar sequence of phenomena allowed to return to the ordinary temperature it is mag- 
netic : if it be heated it is still mag- 
netic, and remains magnetic till a tem- 

very non-ma|pietic, 

exactly other bodies do 

they pass tempera- 

Now the alloy non- 

the temperature has fallen to 

the 

from 

seen from — 
alloy may 

stable— a 

the by whether 

alloy has been to — 

or to 
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magnetic metaL 

is observed ; but for sm^l forces tjie permeability rises to Prof. Toiiilinson has investigated how n^y other pro- 
c lower maxinAim, and its rise is less rapid. 'Hie criticid perries of iron depend upon the temp^ature. But the 
temperature at which magnetism disappears changis most significant phenomenon is that indicated by the 
rapidly with the composition of the steel. For very soft property ,of recal^ence. Profi Barrett, of Dublin, ob- 
cbarcoal iron wire the critical temperature is as high as served that if a wire of hard steel Is heated to a veiy 
880" C. ; for hard Whitworth steel it is 690“ C. bright redness, and is then allowed tb cool, the wire will 

The properties of an alley of manganese and iron are cool down rill it hardly emits any li|ht at all, and that 
curious. More curious are those of an alloy of nickel then it suddenly glows out quite bri^t again, and aft^- 
and iron. The alloy of nickel and^iron containing 35 per wards finally corns. This phenomenon is observed with 
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great difficulty in the case of soft iron, and 
is not observed at all in the case of man- 
ganese steel. A fairly approximate numeri- 
' cal measurement may be made in this 
way : Take a block of iron or steel o t 
which a groove is cut, and in thjs groove 
wind a coil of copper wire insulated with 
asbestos ; cover the coil with many layers 
of asbestos ; and finally cover the whole 
lump of iron or steel with asbestos again. 
• We have now a body which will heat and 
cool comparatively slowly, and which will 
lose its heat at a rate very approximately 
proportional to the difference of tempera- 
ture between it and the surrounding air. 
Heat the block to a bright redness, and 
take it out of the fire and observe the 
resistance of the copper coil as the 
temperature falls, due to the cooling of 
the block. Plot a curve in which the 
abscissae are the times, and the ordinates 
the logarithms, of the increase of resist- 
ance of the copper coil above its resistance 
at the temperature of the room. If the 
specidc heat of the iron were constant, 
this curve would be a straight line ; if 
at any particular temperature latent heat 
were liberated, the curve would be hori- 
zontal so long as the heat was being 
liberated. If now a block be made of 
manganese steel, it is found that the 
curve is very nearly a straight line, show- 
ing that there is no liberation of latent heat 
at any temperature. If it is made of 
nickel steel with 25 per cent, of nickel, in 
its non-magnetic state, the result is the 
same — no sign of liberation of heat. If 
now the block be made of hard steel, 
the temperature diminishes at first ; then 
the curve (Fig. 13) which represents the 
temperature bends round : the tempera- 
ture actually rises many degrees whilst 
the body is losing heat. The liberation 
of heat being completed, the curve finally 
descends as a straight line. From in- 
spection of this curve it is apparent why 
hard steel exhibits a sudden accession of 
brightness as it yields up its heat. In 
the case of soft iron the temperature does 
not actually rise as the body loses heat, 
but the curve remains horizontal, or nearly 
horizontal, for a considerable time. This, 
again, shows why, although a consider- 
able amount of heat is liberated at a 
temperature corresponding to the hori- 
zontal part of the curve, no marked re- 
calescence c.in be obtained. F rom curves 
such as these it is easy to calculate the 
amount of heat which becomes latent. 
As the iron passes the critical point it 
is found to be about 200 times as much 
heat as is required to raise the tempera- 
ture of the iron i degree Centigrade. 
From this we get a very good idea of 
the importance of the phenomenon. 
When ice is melted and becomes water, 
the heat absorbed is 80 times the heat 
required to mise the temperature of 
the water i degree Centigrade, and 
160. times the heat required to raise 
the temperature of the ice by the 
same amount The temperature of re- 
calescence has been abundantly identi- 
fied with the critical temperature of 
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magnetism.* I am not aware that anything ,cor^ 
spending with recalescence has been observed in the 
case of nickel. Experiments have been tried, and gave 
a negative result, but the sample was impure; and 
the result may, I think, be distrusted as an indication of 
what it would be in the case of pure nickel. The most 
probable explanation in the case of iron, at all ev^ts, 
appears to be that when iron passes from the magnetic to 
the non-raagnetic state it experiences a change of state of 
comparable importance with the change from the solid to 
the liquid state, and that a large quantity of heat is ab- 
sorbed in the change. There is, then, no need to suppose 
chemical change ; the great physical fact accompanying 
the absorption of heat is the disappearance of the capacity 
for magnetization. 

What explanations have been offered of the phenomena 
of magnetism ? 'lliat the explanation must be molecular 
was early apparent. Poisson’s hypothesis was that each 
jnofecule of a magnet contained two magnetic fluids,, 
which were separated from each other under the influence 
of magnetic force. His theory explained the fact of mag- 
netism induced by' proximity to magnets, but beyond this 
it could not go. It gave no hint that there was a limit to 
the magnetization of iron — a point of saturation ; none of 
hysteresis ; no hint of any connection between the mag- 
netism of iron and any other property of the substance ; 
no bint why magnetism disappears at a high temperature. 
It does, however, give more than a hint that the perme- 
ability of iron could not exceed a limit much less than its 
actual value, and that it should be constant for the mate- 
rial, and independent of the force applied. Poisson gave 
his theory a beautiful mathematical development, still 
useful in magnetism and in electrostatics. > 

Weber’s theory is a very distinct advance on Poisson’s. 
He supposed that each molecule of iron was a magnet 
with axes grranged at random in the body ; that under 
the influence of magnetizing force the axes of the little 
magnets were directed to parallelism in a greater degree 
as the force was greater. Weber’s theory thoroughly 
explains the limiting value of magnetization, since no- 
thing more can be done than to direct all the molecular 
axes in the same directidn. As modified by Maxwell, or 
with some similar modifleation, it gives an account of 
hysteresis, and of the general form of the ascending curve 
of magnetization. It is also very convenient for stating 
some of the facts. For example, what we know re^T^dii^S 
the effect of temperature may be expressed by saying that 
the magnetic moment of the molecule diminishes as the 
temperature rises, hence that the limiting moment of a 
magnet will also diminish ; but that the facility with 
which the mol.cules follow the magnetizing force is also 
increased, hence the great increase of ft for small forces, 
and its almost instantaneous extinction as the temper- 
ature rises. Again, in terms of Weber’s theory, we can 
state that rise of temperature enough to render iron non- 
magnetic will not clear it of residual magnetism. The 
axes of the molecules are brought to parallelism by the 
force which is impressed before and during the time that 
the magnetic property is disappearing ; they remain 
parallel when the force ceases, though, being now non- 
magnetic, their effect is niL When, the temperature 

' I have onfr leceolly bcoome soqtiaioted with th« adSiiratlls work of 
M. Oumond on racaleMeooe. fie haa caamined a gmurtuhtf of maiple$ 
of (teel, and determiiMd the tejupmture* at which they give off an eacep' 
tional amount of beat. Sane of ue remin are wparent on my own curvee, 
thouRh I had OMumed Ibem to be ner» error* of otwervaUon. Forcxanple, 
referring to mykoyal Society pwper. there i*. in Fig. 38, a hint of a second 
small anomahius point a little below the larger one. And, eooipari'ig 
Fig*. 38 and 38A, we ase that Um Wg W th^hcating, the lower is the point 
«of recalescence; Vth fcattiNa are hr. ught outlet M. Osmond The 
double recalescence ofaeerved W M. Osm nd in steel with a modenste 
quantity of carbon I w< aid aapiaia pr<m*mi)elfr by supposing this steel to 
be a mixture of two Muds wUoi nave different critical temperature*. 
Although M. Osmond’s method It admirable for determining tbetempe'anue 
of recalescence. and whether it i* a smgla point or mukiple, K la not 
adapted 10 determine ttfb quantity of beat liberated, as the small sample 
usfsd u inclossdl, in a lube of comnaemble mass, which cool* down at the 
'<sama time as tlw sanqils eape r iote n tsd apon.^ 


falling, they become again magnetic, the eflet^ of the 
direction of their axes is apparent. But Webers theo^ 
does not touch the root of the matter by connecting the 
magnetic property with any other property of iron, nor 
does it give any hint as to why the moment of the mole- 
cule disappears so rapidly at a certain temperature. 

Ampere’s theory may be said to be a development of 
Weber’s : it purports to state in what the magnetism of 
the molecule consists. Associated with each molecule is 
a closed electric current in a circuit of no resistance; 
each such molecule, with its current, constitutes Webers 
magnetic molecule, and all that it can do they can do. 
But the great merit of the theory— and a very great one 
it is — is that it brings magnetism in as a branch of elec- 
tricity ; it explains why a current makes a magnetizable 
body magnetic. 1 1 also gives, ’as extended by W eber , an 
explanation of diamagnetism. It, however, gives no hint 
of connecting the magnetic properties of iron with any 
other property. Another difficulty is this : When iron 
ceases to be magnetizable, we must assume that the mole- 
cular currents cease. These currents represent energy. 
We should therefore expect that, when iron ceased to be 
magnetic by rise of temperature, heat would be liberated ; 
the reverse is the fact. 

So far as I know, nothing that has ever been proposed 
even attempts to explain the fundamental anomaly. Why 
do iron, nickel, and cobalt possess a property which we 
hav^ found nowhere else in nature ? It may be that at 
lower temperatures other metals would be magnetic, but 
of this we have at present no indication. It may be that, 
as has been found to be the case with the permanent 
gases, we only require a greater degree of cold to extend 
the rule to cover the exception. For the present, the 
magnetic properties of iron, nickel, and cobalt stand as 
exceptfmal as a breach of that continuity which we are in 
the habit of regarding as a well- proved law of Nature. 

NOTES ON A RECENT VOLCANIC ISLAND 
IN THE PACIFIC. 

I N 1867, H.M.S. Falcon reported a shoal in a position 
in about 3o° 20' S., and 175“ 20' W., or 30 miles west 
of Namuka Island of the Friendly or Tonga Group. 

In 1877 smoke was reported by H.M.S. Sappho to be 
rising from the sea at this spot. _ 

In 1885 a volcanic island rose from the sea during a 
submarine eruption on October I4i which was first re- 
ported by the Janet Nichol, a passing steamer, to be 2 
miles long and about 250 feet hi^h. 

The U.S.S. Mohican passed it in 1886, and from calcula- 
tion founded on observations in passing, gave its length 
as lAj miles, height 165 feet. The crater was on the 
eastern end, and dense columns of smoke weye rising 

from it. . „ . j •. 

In 1887 the French man-of-war Deeres reported its 

height to be 290 feet. , „ . 

In the same year an English yacht, the Sybil, passed it, 
and a sketch was made by the owner, H. Tufnell, Esq., 
which is here produced. . j 

The island has now been thoroughly examined and 
mapped, and the surrounding sea sounded by H.M. 
j«urveying-ship Egeria^ Commander Oldham. 

It is now mile long, and of a mile wide, of the 
shape given in the accompanying plan. The southern 
portion Is high, and faced by cliffs on the south, the 
summit of which is 153 feet above the se^ A long flat 
stretches to the north from the fbot of the >ill. 

The islaod is apparently entirely formed of ashes and 
cinders, with a few blocks and' volcanic bombs here and 
ther«, especially on the verge qf the ^ ^ ^ , 

Under tiie action of the waves, raised hy the almost 
constant sottth-east winds, this loqse material is being 
rapidly removed: continual land^ips take place, ^nd 
Commander Oldham is of •bpihidn that the original 




By 1889, btaring E, ij mile. 
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summit was some 200 or 300 yards southward of the 
present highest cliff, and that the shallow bank stretching 
to the south represents the original extension of the 
island. 

As far as can be judged from Mr. Tufnell's sketch from 
the north-west and that of the Egeria from the south- 
south-^st, considerable changes have taken place in two 
years, the different summits shown in the former having 
disappeared as the sea has eaten away the cliffs. 

The flat to the north seems to be partly due to redis- 
tribution under- the lee of the island of the material 
removed from the southern face. It is crossed by curved 
ridges from 3 to 12 feet high, which Commander Oldham 
/:onsiders to have been formed as high beaches during 
spring tides and strong winds, the flat ground between 
them, almost at the level of the water, being deposited 
under normal conditions of weather. 

Th^ island is thus gaining on one side, while losing on 
the other, but when the high part has gone, this partial 
recovery will probably cease. 

'A little steam issuing from cracks in the southern cliffs 
was the sole sign of activity, but a pool of water at a 
temperature of from 91° to 113° F., water which rose in a 
hole dug in the flat of a temperature of laS** F., and a 
temperature of 100° F. in a hole dug half-way up the slope, 
also show that the island stiU retains heat near the sur- 
face. The water is sea-water that has filtered through the 
loose ashes, and it rose and fell with the tide. 

It appears by the condition of the flat that the island 
has neither risen nor subsided during the past two or 
three years. 

It will be interesting to watch the ultimate fate of this 
last addition to the Pacific isles, but it seems probable 
that its existence as an island will be short unless a hard 
core is yet revealed. • 

The soundings between Falcon Island and Namuka 
show that they are separated by a valley 6000 feet deep. 

Metis Island, 73 miles north-north-east of Falcon 
Island, is another volcanic cone that appeared a few 
years before the latter, but has not yet been examined. 

W. J. L. Wharton. 


WEATHER FORECASTING. 

OOPULAR interest in weather prediction shows no 
sign of abating. The January number of the Kew 
Bulletin is devoted to an account of Herr Nowack's so- 
called “weather plant,” and its failure as an indicator 
either of coming weather or of earthquakes. Vepr 
recently a lively correspondence has been carried on in 
the daily press on the merits or demerits of the forecasts 
issued by the Meteorological Office. Accordingly, some 
remarks on the subject in the columns of Nature may 
not be out of place. 

One critic says that the forecasts are little better than 
hapharard guesses, and that the money devoted to them 
would be better spent on an additional lifeboat or two 
on the coast. Another says the forecasts are not worth 
the paper they are printed on, and wishes that the Office 
published in the newspapers fuller accounts of the weather 
j-eported from the coasts. 

The fact is that the Office is compelled by public 
opinion to issue forecasts. The public will have its 
Jiprecasts, as in 1867 it would have its storm-warnings, 
notwithstanding the reluctance of meteorologists to issue 
either the one twenty years ago or, the other at present 
It*can hardly be'doubted that, for these islands at least, 
conscientious meteorologists would be disposed to agree 
with Arago, who said in 1846, and printed it in italics 
in the Annuaire du Bureau des Longitudes'. “Jamais, 
quels que puissent 4 tre les progr^s des sciences, les 
aavants de boone foi et soucieux de leur reputation ne se 
basaitleront k prddire le temps.” , We are, of course, 


speakinjg of forecasts based on telegraphic reports, and 
emanating from a central office. In every country, with- 
out exception, .where forecasts for distant counties or 
provinces are issued from headquarters, the complaints 
from outlying stations, of occasional failure, are frequent 
enough. 

The fact is that at individual stations the percentage 
of success may be highly satisfactory, as at Mr. C. £. 
Peek’s observatoi^ at Rousdon, Lyme Regis. The 
results for this point appeared in the Times of January 
14, and are as follows : — 
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is percentage of reliable wind and weather. 
„ ,, wind only. 

,, wind doubtful. 

„ wind unreliable. 

,, reliable weather. 

„ weather doubtful. 

„ unreliable. 


On the other hand, at other points the forecasts may 
be frequently unsuccessful. 

In oj^e important particular not only our own Office, 
but all other Offices in Europe, signally fail, and that is 
the quantitative prediction of rain. No one is able, ap- 
parently, to predict whether the amount of rainfall on 
the morrow will be a tenth of an inch or a couple of 
inches. No sudden floods have ever yet been foretold. 
By this we are not speaking of predicting the approach 
of floods to the lower valleys from rain which has already 
fallen on the upper reaches of a river, for that is not 
meteorological prediction at all. 

With the necessarily incomplete character of the in- 
formation reaching head-quarters, the wonder is that the 
Office can attain such success as it does. The main 
deficiency in the information is in its quantity, and this 
seems to lie at the door of the Postal Telegp’aph Office, 
which insists on ^ing paid for its telegrams. If meteoro- 
logical messages were transmitted gratis, we might expect 
to hear at frequent intervals from our outposts, instead 
of twice, or, at most, thrice in the twenty-four hours : in 
fact, from several stations we can only hear once, the 
cost of more telegrams being prohibitive. It is self- 
evident that such an amount of information is quite in- 
sufficient The weather will not abstain from changing 
because the hour for a telegraphic report has not arrived. 

The information contained in the telegrams is also 
deficient in quantity, for the reporters cannot, within the 
prescribed form of their messs^es, communicate all the 
impressions which the ever-varying appearance of the 
sky may have conveyed to their minds. A skilled cloud 
observer, who has leisure to practise his powers, is often 
able to form a very correct idea of what is coming for 
the region boimded by his own horizon, but he is quite 
unable to give the tenefit of his observations and experi- 
ence to a friend in another county by telegraphing the 
information. 

The greatest want which the Office finds in its observers 
is skill in cloud observation, and it appears to be the case 
that a cloud observer nascitur non Jit^ and that it is next 
to impossible to teach the art to a new hand, at least by 
correspondence. 

Instrumental records of the phenomena taking place in 
the higher strata of the atmosphere are of course unat- 
tainable. and it is only by carefully watching the upper 
clouds tnat we can gain any notion of changes taking 
place up there, but, by means of such watching, Mr.. 
Clement Ley is able to predict with nearly perfect 
certainty the weather for the Mijllands — his own neigh- 
bourhood. 
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It must sdways be remembered that the forecasts are 
■drawm for districts, not for individual stations ; and disre- 
garding the amount of correctness claimed by the Office 
bv its own checking of its work, they attain a very credit- 
able amount of success when tested by independent 
observers. This happens even in the summer-time, the 
very season at which a recent critic said that the forecasts 
for one month, if shuffled about, and drawn at random 
from a bag, would suit just as well for the next ! This is 
proved by the results of the hay harvest forecasts, which 
are deduced from the reports of the recipients, practical 
agriculturists. 

The following is the table for the season of 1888, the 
latest for which the figures are available : — 




Percentages. 

Districts. 

Names of stations. 

(Complete : 
success. 

Partial 

success. 

Partial 
! failure. 

Total 

&ilure. 

Scotland, N 

Golspie and Munlochy ... ... ... 

48 

34 

17 

1 

•p E 

North Berwick, Glamis, Aberfeldy, 





and Kothiemay 

43 

41 

XX 

5 

England, N.E. ... 

Chat ton and Ulceby 

50 

27 

*7 

6 

** E 

Thorpe and Rothamsted 

48 

39 

10 

3 

Midland Counties.. 

Cirencester and East Retford 

53 

32 

9 

6 

England, S 

Horsham, Maidstone, and Downton 

5* 

40 


2 

Scotland, W. 

Dumbarton, Islay, and Stranraer 

45 

4* 

•s 

6 

England, N.W. ... 

Leyburn and Prc.scot 

57 

24 

11 

3 

S.W. ... 

Bridgend (Glamorgan), Clifton, 



Ireland, N 

Glastonbury and Spring Park 
(Gloucestershire) 

46 

36 

13 

5 

Moynalty and Holly mount 

43 

38 

*4 

S 

,, S. ... ••• 

Moncygall, Kilkenny, Ardfert 






Abbey ... ... ... ... ... ... 

53 

3* 

xo 

6 


Every year the Office hears of farmers expressing their 
interest in these announcements, and sending daily to 
the places where they are exhibited, to learn what they 
contain. 

To give an idea of the difficulty of obtaining accurate 
opinions from outsiders as to the value of storm-warnings, 
which are a class of forecasts, it may be interesting to 
give some specimens of reports. 

Inquiries were made in 1882^ from all the stations where 
signals are hoisted, as to their correctness and general 
utility. From Tynemouth the answer was that “these 
signals have been, and will be, an inestimable boon to our 
seafaring population.” From South Shields, just opposite 
Tynemouth, the reply to a recent official inquiry was 
that “ the warnings were not a ha’p>orth of use, and thatf 
no one minded them.” Each answer merely represented 
the private opinion of the person who uttered it. 

The reader can see that there is some difficulty in 
picking out the actual truth from such a heap of incon- 
gruous statements as the foregoing are certain to furnish. 

I^. II. S. 


THE LABORATOEIES OF BEDFORD 
COLLEGE, 

B edford college, in York place. Baker Street, 
which was one of the earliest institutions devoted to 
the higher education of women, is taking a leading part 
in providing facilities for their instruction in science. 
Founded long before Oxford and Cambridge con- 
descended to the “weaker sex ” (which has since proved 
strong enough to attain to the highest place in the j 
Classical Tripos), it is the result of the work of en- 
'thusiasts who would not admit the possibility of defeat. 
It has had to struggle not only against the inevitable 
difficulties due to its earljr foundation, but a»inst the 
apathy of London. Provincial towns feel that their 
honour is involved in the success of their institutions, 
"fhe Colleges for women at Oxford and Cambridge share 


in the picturesque surroundings of those old homes of 
learning. They attract attention and intemst by their 
situation amid scenes and traditions of which the whole 
English-speaking race is proud. Bedford Collie has 
had no such advantages. London institutions are re- 
garded as either Imperial or parochial — as too large or too 
small to interest its citizens as such. Bedford Square 
compares unfavourably with the “ backs,” and it is im- 
possible to regard York Place with that gush of emotion 
which “ the High ” sets free. Thus it is that, although 
Bedford College has been at work since 1849, and though 
one in every four of the whole number of women who 
have gained degrees of the University of London has 
been a student in its classes, the work of the College does ^ 
not yet receive the meed of public appreciation which it * 
has fairly earned. Bedford College is for women what 
University and King’s Colleges are for men. It provides, 
within easy reach of all Londoners, an education which is 
tested by the severe standard of the University of 
London, and bears the hall-mark of success. One-third 
of its students are aiming at degrees, and their presence 
in the class-rooms, their work in the examination-hall, 
guarantees the quality of the teaching they receive to 
class-mates who do not intend to face the same 
ordeal. Science has for long been taught in Bedford 
College, but there has been a pressing need for better 
laboratories and class-rooms. These the Council has 
now provided. A new wing has been built, dedicated to 
the memory of the late Mr. William Shaen, who worked 
long and devotedly for the College. About £,2.000 is 
required to complete and fit up this building free of all 
debt, and Mr. Henry Tate, who had already given £\ooo 
to the fund, has promised to supplement it by a like 
amount if the Council on its part can raise the other 
moiety of the deficit. It is too probable that this sum 
will only be obtained by an exhausting efroct, but surely 
it is not too much to hope that the public may at last 
appreciate the importance of promoting the higher educa- 
tion of women in London. In a northern manufacturing 
town the money would be forthcoming in a week. 

As regards the laboratories, it may be sufficient to say 
that Dr. W. Russell, F.R.S., is the Chairman of the 
Council, and that they have been built under his general 
supervision. They appear to be in all respects suited to 
the purposes for which they are intended. The physical 
laboratory and lecture-room are on the ground floor. The 
former has a concrete floor, and is well lighted, partly by 
windows, partly by a skylight. It looks out uj^n East 
Street, and is therefore removed as far as possible from 
the effects of the heavy traffic in Baker Street. The 
chemical laboratory is at the top of the house, and opens 
into a class-room which is fitted with all the usual 
conveniences for experimental illustration. 

It is surely a hopeful sign that a College for the higher 
education of women should now be regarded as incom- 
plete unless it controls physical and chemical laboratories 
specially designed and fitted for the delivery of lectures 
and the performance of experiments. These Bedford 
College now possesses. We can only hope that it may 
soon possess them free of debt. The Editor of Nature 
will be happy to receive and forward to the College 
authorities any subscriptions which may be sent to him. 
for that purpose. 


STEPHEN JOSEPH PERRY, F.R.S. 

O N the evening of January 4 a telegrant from Demerasa 
announced that there had been a successful ob- 
servation of the eclipse of December 22, and that Father 
Perry had succumbed to dysentery. 

Stephen Joseph Perry was bom in London on August 
26, 1833, and received his early education at Gifford Hall 
School Having decided to enter the priesthood, he went 
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to the Catholic Colleges at Douai and Rome. While at 
Rome, he resolved to enter the Order of Jesuits ; and, 
returning to England, he joined the English province of the 
Order on November 12, 1853. After two years’ noviciate, 
he went to France for mie year. He then returned^ to 
Stonyhurst for a course in philosophy. His inclination 
to matiiematics was soon apparent, and his superiors in 
the Order decided to train nim specially for this line of 
work. In 1858 he occupied the 6th place on the Mathe- 
matical Honours list of the London University. After 
attending lectures by De Morgan, he went to Paris for a 
year to hnish his mathematicfd studies. On returning to 
Stonyhurst, he was appointed Professor of Mathematics 
and Director of the Observatory, succeeding Father 
' Weld, who had for many years occupied the position. 
During the College year 1862-63, Father Perry taught 
one of the classes at Stonyhurst. In September 1863 he 
went to study divinity at St. Bueno’s College, North 
\y Aids, and in 1866 he was ordained priest. Two years 
later he returned to Stonyhurst to resume his professor- 
ship and the charge of the Observatory. From this time 
he never left the College save to take part in some 
scientific expedition. 

The work at Stonyhurst Observatory had been chiefly 
meteorolt^ical and magnetic before Father Perry’s as- 
sumption of the directorship. In 1866 it was selected as 
one of the first-class meteorological stations. In 1867 the 
astronomical department of the Observatory was placed 
in a much more satisfactory position by the acquisition of 
an equatorial which originally belonged to Mr. Peters, 
and a small instrument destined for spectroscopic work. 
The first of th^ instruments was an 8-inch by Troughton 
and Simms, the second a 2|-inch. The first spectroscope 
was procured in 1870 from Mr. Browning, and was used 
for preliminary work on star spectra, pending the con- 
struction of |i larger instrument ordered from Troughton 
and Simms. In 1874 a large direct-vision spectroscope 
was ordered from Browning for use in observing the 
transit of Venus. Two years later a Maclean spectroscope 
was added, and in 1879 Another by Brownin^^ containing 
6 prisms of 60° ; and more recently a Christie half-prism 
by Hilger. 

With these instruments Father Perry has carried out 
systematic work of the highest class, his aim being to 
make Stonyhurst as efficient an observatory for solar 
physics as the means at bis disposal would admit. His 
first communication to the Royal Astronomical Society 
indicates the policy he pursued — to undertake no work 
which was a mere duplication of that done at other places. 
His solar work during the last ten years formed the sub- 
ject of a lecture at the Royal Institution on May 24. It 
may be divided into two classes — drawings and spectro- 
scopic observations. For the drawings an image of the 
sun loi inches in diameter was projected on a sheet of 
drawing-paper affixed to a sketch-board carried by the 
telescope, and all markings on the sun traced. The 
drawing finished, the chromosphere and prominences 
were examined with the spectroscope. About 250 draw- 
ings were made every year from 1880. The results of 
the observations were published annually in a neat little 
volume, and also in various publications. 

In addition to this work, regular observations of 
Jupiter’s satellites, comets, &c., were made, as also 
spectroscopic observations of comets, stars, &c. 

Father Perry’s labours were not confined to the Ob- 
''Servatory alone, and in fact the extraneous work which 
he undertook ^ave the world the best opportunities for 
studying his h^h character, and impressed astronomers 
with a sense of his great devotion to their science. The 
first occasion on which he left the Observatory for 
scientific work was in the autumn of 1868, when, accom- 
panied by Father Siplgreaves, he made a magnetic survey 
of the west of France. In the following year the vacation 
was splent in a like work for the east of that country. In 


1871, assisted by Mr. Carlisle, he made a similar survey 
of Belgium. 

In 1870, Father Perry took part, for the first time, in an 
eclipse exi)edition, being stationed near Cadiz, whither he 
had taken the two spectroscop)es acquired by the Observa- 
tory in 1870, and two telescopes — ^a Cass^rain of 9^ 
inches and a 4-inch achromatic. In 1874 he volunteered 
for the Transit of Venus expeditions, and was selected by 
Sir George Airy as chief or the Kerguelen party. Much 
tact and energy were required for the success of his 
party, who encountered several obstacles before arriving 
at the “ Island of Desolation,” as he termed Kerguelen. 
The spirit in which these obstacles were met is shown by 
his words — “ We were determined that no consideration 
should make us flinch where the astronomical interests 
of the expedition were at stake.” That this was no vain 
boast is proved by the evidence of those who were his 
colleagues in any excursions bv water. His sufferings 
from sea-sickness were so fearful that everyone wondered 
that he cared to venture on even the most promising trip ; 
aad that he should have undertaken the terrible voyage 
to Kerguelen speaks volumes for his enthusiasm for 
science. Four days and nights the mighty waves had 
been washing over the Voiage" His patience in suffering 
on this and other occasions help)ed to win for him the 
esteem of the officers with whom he came in contact. 
Not one word of his discomfort is to be found in any of 
the johmals kept by him. In addition to the work of the 
expedition, he took magnetic observations at the Cape, 
Kerguelen, Bombay, Aden, Port Said, Malta, Palermo, 
Rome, Naples, Florence, and Moncalieri, and lectured on 
the Transit of Venus at the Cape and Bombay, and, on 
his return, at the Royal Institution. 

In 1882 he went to Madagascar for the Transit of 
Venus. For the eclipse of August 29, 1886, he went to 
Carriacou, for that of August 19, 1887, to Russia ; and 
last November he sailed for Salut Isles on his final expe- 
dition. It is worthy of remark that the Archbishop of 
Demerara, who had been a pupil of his, went to Barba- 
does in 1886 to see his old master ; and on the present 
occasion the body of the master was taken to Demerara. 

When at Stonyhurst, Father Perry, in addition to his 
Observatory work, carried out to the fullest extent his 
duties as a professor. He was very popular as a lecturer ; 
and at Liverpool, Wigan, and neighbouring towns, he 
often delighted audiences, some of which numbered more 
than 3000 people. Father Perry but rarely occupied the 
pulpit of recent years, but he was much admired as a 
4 >reacber. His sermons were marked by the earnestness 
which formed so distinguished a feature of his character. 

To those who came in contact with him in connection 
with bis scientific work, he endeared himself by his genial 
and retiring manner, retiring on all occasions save when 
some sacrifice was demanded for the science he loved so 
well, and for which he laid down his life on December 27. 

In 1874, Father Perry was elected a Fellow of the Royal 
Society, and very Shortly before his last voyage he was 
placed on its Council. He was a Fellow and Member of 
Council of the Royal Astronomical Society, and a Fellow 
of the Royal Meteorological Society, the Physical Society 
of London, and the Liverpool Astronomical Society. Of 
the last-named Society he was President at the time of 
bis death. In 1886 he received the honorary degree of 
D.Sc. from the Royal University of Ireland, and at 
various dates he was elected by the Accademia dei Nuovo 
Lincei, the Socidtd Scientifique de Bruxelles, and the 
Soci6te Gdogyaphique d’ Anvers. For several years pre- 
ceding his death, he served on the Committee of Solar 
Physics, appointed by the Lords of the Committee of 
Council on Question, and also on the Committee for Com- 
paring and Reducing Magnetic Observations, appointed 
by the British Association for the Advancement of Science. 
In April 1887 he took part in the International Astro- 
photography Congress held at Paris. 



yan . 23, 1890] 


NATURE 


281 


MR. DANIEL ADAMSON. 

a mechanical engineer and a metallurgist, Mr. 
Daniel Adamson must always maintain a foremost 
place, for he was in the van in the industrial progress of 
the century. He was bom at Shildon, in the county of 
Durham, in 1818, and apprenticed to Mr. T. Hackworth, 
locomotive superintendent of the Stockton and Darling- 
ton Railway, with whom he remained from 1835 to 1841. 
He then held various stations in the same railway until 
*1850, and in 1851 he began business on his own account 
as an iron-founder, engineer, and boiler-maker. 

From this time forward until quite recently Mr. Adam- 
son has brought out many highly successful inventions 
in connection with the manufacture of boilers and the 
application of steam. The first of these was a flange 
seam for high-pressure boilers, patented by him in 1852, 
and well known as Adamson’s flange seam. In 1856, 
Mr., now Sir Henry, Bessemer, read a paper before the 
British Association at Cheltenham describing his steel 
process, and one of the first to apply it was Mr. Adamson. 
Having satisfied himself by experimental trials of the 
quality of steel, he determined to use it for the manu- 
facture of boilers ; and Sir Hemy Bessemer, when 
on May 9, 1888, he presented the Bessemer Medal to 
Mr. Adamson on behalf of the Council of the Iron and 
.Steel Institute, referred with satisfaction to this circum- 
stance, as being the turning-point in his own career, ihtd 
as having given a start to the use of steel for general 
engineering purposes. Later on, when open-hearth steel 
was introduced by the late Sir William Siemens, Mr. 
Adamson made trial of it for boiler use, and was for 
years an upholder of the merits of steel. He wTOte a 
comprehensive paper “ On the Mechanical and other 
Properties of Iron and Mild Steel,” which was brought 
before the Paris meeting of the Iron and Steel Institute 
in 1878, when it gave rise to a most interesting discus- 
sion. This paper is looked upon as a standard one on the 
subject of steel. 

Mr. Adamson’s inventions appear to have been all 
intimately connected with his business. In 1858 he 
applied hydraulic power for the riveting of steel structures, 
and in 1862 he brought out an invention for building 
steam boilers, the rivet holes being drilled through the 
plates when these were in position. He was entirely 
opposed to the punching of steel plates ; he de- 
scribed it as a barbarous mode of treatment, as it 
tore the fibre of the material ; and he would never allow 
it to be used in his own works. The important feature in 
all Mr. Adamson’s work was its thoroughness ; all the 
material used was subjected to chemical and mechanical 
tests, so that he obtained a reputation throughout the 
world for the soundness of everything he turned out. 

Mr. Adamson was one of the first to show the superi- 
ority of compound engines. Tbis class of engine had 
already been introduced by Mr. John Elder, of Glasgow, 
but to Mr. Adamson is greatly due the credit of the era 
ployment of triple and Quadruple expansion engines. In 
i874he read a paper at Manchester, in which he maintained 
that pressures of 1 50 pounds on the square inch could be 
as safely applied as pressures of 50 pounds by a careful 
extension of the compound system. As far back as 1861 
he patented and brought out a triple-expansion engine, 
and in 1873 ^ quadruple engine. In the paper to which 
we have just referred Mr. Adamson gave expression to 
the opinion that the consumption of coal per horse-power 
per hour should.not exceed from 1 to pounds of coal, 
whilst at that time 2J pounds per horse-power per hour 
was considered a very good result* 

Besides these inventions, Mr. Adamson took out patents 
in connection with the manufacture of steel by the 
Bessemer process, with machinery Rir compressing steel, 
and for testing machines, as also improvements in guns 
and armour. 


No account of his woric would be complete without a 
reference to his connection with the Manchester Ship 
Canal. He was of an enthusiastic temperament, and this 
was made specially evident in connection with this great 
undertaking. A Manchester man, and thoroughly con- 
vinced of the benefit which would accrue to the sur- 
rounding manufacturing towns, Mr. Adamson sets to- 
work to effect what others had proposed. It is more than 
65 years ago since it was proposed that Manchester 
should be connected with the sea by a ship canal, but it 
was Mr. Adamson’s invitation to various persons to meet 
at his house oh June 27, 1882, that really started the 
project. The proceedin|^ then initiated resulted in the 
incorporation of the Manchester Ship Canal Company in 
1885. Mr. Adamson’s work in connection with inter- 
national progress, and his labours to make Manchester an 
ocean steam port, will not readily be forgotten. 

In September and October last he was engaged on an 
examination of the iron mines of the island of Elba, and • 
he embodied the results in a report to the Italian Govern- 
ment. About two months ago he caught a cold on his 
Flintshire estate of Wepre Hall. He returned to his 
home at Didsbury, and died there on Monday, the 
13th inst. 

Quite recently Mr. Adamson was elected President 
of the Iron and Steel Institute. He was a member 
of the Institution of Civil Engineers, of the Institution 
of Mechanical Engineers, and of the Iron and Steel In- 
stitute, and to the proceedings of these Societies he 
presented many papers containing the results of his 
inquiries as to the properties and treatment of metals,, 
especially iron and steel. . 


NOTES. ' . 

At a meeting of a Committee appointed by the Council of the- 
Royal Society to set on foot a memorial to the late James Pres- 
cott Joule, held on November 30 last, at Burlington House, it 
was unanimously resolved that a fund should be raised for a 
memorial of an international character commemorative of the 
life-work of Joule. This memorial will have for its object tho 
encouragement of research in physical science. It is proposed 
also that a tablet or bust ^11 be erected to his memory in- 
London, a Mani^ester Memorial Committee having already 
taken steps to ensure a suitable monument in his native city.^ 
Joule's discoveries were of such commanding importance that 
there can be no doubt as to the success of tbis movement The 
Committee feel confident not only that men of science will gladly 
contribute towards a fund to do honour to Joule’s memory, and 
to assist others to follow in his footsteps, but that those who 
j devote themselves to the practical application of scientific 
principles will also be anxious to aid in the promotion of a 
fitting memorial of one whose work has exerted so great an 
influence on industry. 

We regret to announce the death of Gustave- Adolphe Him, 
the eminent physicist. He died at Colmar on January 14, in 
his seventy-fifth year. 

Mr. RooneV, who accompanied the late Father Perry on the 
solar eclipse expedition to the Salut Isles, has arrived in England,, 
bringing with him the plates successfully exposed during the 
totality of the eclipse by Father Perry and himself. Mr. 
Rooney has put himself in^ommuiiication with yie Astronomer^ 
Royal, and the plates will be handed over to the Royal Astro- 
nomical Society to be developed. 

The Forth Bridge was tested by the engineers o n Tuesday as 
a preliminary to the passage of the first trafh over it on Friday. 
The following is the official report : — “ Sir John Fowler and Mr.. 
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Baker, engineers of the Forth Bridge, have to-day tested the 
two 1 700- feet spans by placing on the centres two trains, each 
made up of 50 loaded coal waggons and three of the heaviest 
engines and tenders, the total load thus massed upon the spans 
being the enormous weight of 1800 tons, which is more than 
double what the bridge will ever be called upon in practice to 
sustain. The observed deBections were in exact accordance 
with the calculations of the engineers, and the bridge exhibited 
exceptional stiffness in all directions.” Every part of the bridge 
will be in perfect order for the visit of the Prince of Wales on 
March 4. 

At the meeting of the Convocation of London University, on 
Tuesday, there was some discussion as to the question of the re- 
constitution of the University. Dr. F. J. Wood, who presided, said 
he was not in a position to help Convocation very much. As they 
were well aware, the Senate had drawn up a scheme which was 
* intended to follow on the lines of the recommendations of the 
Royal Commission. That scheme had been submitted to the 
consideration of University College and King’s College, and up 
to now those Colleges had arrived at no decision upon it, but 
requested a conference. That conference was about to take 
place, and, of course, until it was held it was impossible for 
any of them to say what shape the scheme would ultimately 
assume. Mr. T. Tyler moved a resolution declaring that “The 
proposal of the University for I.ondon Commission that, under 
a new charter for this University, special powers and privileges 
should be conferred on certain institutions in or near London is 
incompatible with the fair and just treatment of the provincial 
Colleges, and that the acceptance of this proposal would be 
detrimental alike to the interests of the provincial Colleges and 
to those of the University itself.” ^This motion was unanimously 
adopted. ^ 

On Friday, January 24, at 4.30 p.m., Mr. Holland Crompton 
will begin a course of ten lectures at the Central Institution, 
Exhibition Road, on the theory of electrolysis and the nature of 
chemical change in solution. In this course an historical account 
will be given of the recent development of the Clausius dissocia- 
tion hypothesis by Arrhenius, Ostwald, and others; of van’t 
Hoffs extension of Avogadro’s theorem to dilute solutions ; 
and of the Raoult methods of determining the molecular weights 
of dissolved substances. On Monday, January 27, at 4.30 p.m.. 
Prof. Armstrong, F.R.S., will begin a special course of ten 
lectures on methods of analysis as applied to the determination 
of the structure of carbon compounds. The object of this course 
will be to explain and experimentally demonstrate the methods 
adopted in determining the structure of the more important and 
typical compounds, including alkaloids, carbohydrates, and oils 
and fats. 

The annual meeting of the Association for the Improvement 
of Geometrical Teaching was held last Friday morning in one 
of the theatres of University College, London, under the presi- 
dency of Prof. Minchin. While observing with pleasure that 
the Universities of Oxford and Cambridge had embodied in the 
printed regulations for various examinations some requests of 
the Association with regard to elementary geometry, the Council 
indheir report expressed regret that the Euclid papers set for 
responsions at Oxford still consist exclusively of “ bMk work.” 
The response of the University of Dublin to the Society’s 
petition is that^hey are not prepared do decide on such important 
^questions without much consideration. At the afternoon meeting 
papers were read by the Master of St. John’s College, Cambridge, 
on a new treatment of the hyperbole ; by Mr. G. Heppel, on 
the teaching of trigonometry ; by Mr. E. M. Langley, on some 
geometrical theorems ; by Prof. Minchin, on statics and geometry ; 
And by Mr. I^. Tucker, on isosceiian hexagrams. 


Fears having been expressed as to a possible connectior 
between influenza and cholera epidemics, Dr. Smolenski pub 
lishes, in the, Russian Official Messenger^ an elaborate repor 
upon the subject. He points out that the suspicion is not new, 
and that in 1837 it was discussed by Gluge (“ Die Influenza ”), 
and refuted. In fact, influenza or grippe epidemics have beer 
known in Europe since 1173 — more than sever 
hundred years ; whilst the first cholera epidemic appeared in 
Europe in 1823, but did not spread, that time, further than 
Astrakhan. Six years later it broke out in Orenburg ; next year 
in Caucasia and Astrakhan again, whence it spread over Russia, 
and, in 1831, reached Western Europe. As a rule, influenza 
spreads very rapidly, and in 1782, at St. Petersburg, no fewer 
than 40,000 persons fell ill of it on the same day (January 14). 
In 1833 its progress was also very rapid, and within a few 
days it appeared at places so far apart as Moscow, Odessa, 
Alexandria, and Paris, while cholera epidemics are usually slow 
in their migrations from one place to another. Moreover, 
influenza is chiefly a winter epidemic, while cholera prefers the 
spring and the summer. Dr. Smolenski has further tabulated 
all influenza and cholera epidemics which have broken out in the 
course of our century in Europe, and he comes to the following 
results: — Influenza broke out in 1816, in Iceland; 1827, in 
Russia and Siberia ; 1830-33, in Europe generally ; 1836-37, 
in l^urope ; 1838, in Iceland ; 1841-48 and 1850-51, in Europe ; 
1853, in the Faroe Islands ; 1854-55 and 1857-58, in Europe ; 
1856, in Iceland and the Faroe Islands ; 1862, Holland and 
Spain ; 1863-64, France and Switzerland ; 1866, France and 
Great Britain ; 1867, France, Germany, and Belgium ; 1868, 
Turkey; and 1874-75, Western Europe. As to the cholera 
epidemics during the same period they were : 1823, Astrakhan 
and Caucasia (from Persia) ; 1829, Orenburg (from Turkestan) ; 
1830, Russia (from Persia) ; 1831-37, various parts of Europe ; 
the next epidemic appeared in 1846 in Transcaucasia (coming 
from Persia) ; in 1847 it spread over Siberia and Russia, and in 
1848 it was in Europe ; in 1849-52 it was followed by feeble 
outbreaks all over Europe. The third cholera epidemic came 
from Persia again in 1852, and it resulted in a severe outbreak 
during the years 1853-55 Jn Europe, followed by feebler out- 
breaks till 1861. The fourth cholera epidemic came through the 
Mediterranean ports in 1865, and lasted in Europe till 1868, 
with feebler epidemics in 1869-74. The latest invasion of 
cholera was in 1884, when it came again through the Mediter- 
ranean ports. As to the cholera epidemic which now begins to 
die out in Persia and Mesopotamia, it certainly is a danger — 
the more so as, out of the five epidemics of cholera which have 
visited Europe, three have come from Persia. 

Attention has lately been called to the fact that anchovies 
are found off Torquay and other south coast fishing centres. 
Prof. Ewart, of Edinburgh, has written to the Ti/Jfcs that during 
the present winter they have made their appearance in the 
Moray Firth. At the end of December they were abundant off 
Troup Head, where considerable numbers were captured in the 
herring nets by the Buckie fishermen. Prof. Ewart thinks that 
further inquiries may perhaps show that the northward migration ^ 
of the andiovies is in some way related to the mildness of the 
winter. He points out that it is most desirable to ascertain 
whether they have reached the Moray Firth with the warm 
Atlantic water that during western winds rushes through the 
Pentland Firth, or by travelling along the east coast through the 
cold Arctic.water that wells up from the bottom in the vicinity of 
the Dog|^ Bank. 

Thb programme of the Royal Horticultural Society for the 
present year includes a daffodil exhibition and conference, to be 
held at Chiswick on four days of April ; the great show in the 
Temple Gardens in May; an exhibition of tea roses, by the 
National Rose Society, in June ; in July an exhibition of and 
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conferences upon carnations^ ferns, and selaginellas ; and in 
September, at Chiswick, exhibitions of and conferences upon 
dahlias and grapes. The drill-hall meetings began ‘with one on 
^ the subject of winter gardening, introduced by the Rev. W. 
Wilks ; and, after the annual meeting in February, there are to 
be papers and discussions upon hippeastrums (amaryllis), salad 
^ ings, spring flower gardening, spring flowering shrubs and trees, 
herbaceous pseonies, lilies, fruit-drying, hollyhocks, crinums, 
trees and shrubs for large towns, and Chinese primulas. The 
accommodation at the drill-hall is not adequate to the wants of 
the Society, and the Council is considering whether it would 
not be possible to erect a suitable building on the Thames 
Embankment. 

The International Horticultural Exhibition to be held in 
Berlin under Royal and Imperial auspices, from Apiil 25 to 
May 5, will be characterized by two special features— an exhibi- 
tion of horticultural architecture, and one of horticultural models, 
apparatus, &c. It is requested that all exhibits or announce- 
ments of such should be promptly sent to the General Secretary 
of the Society for the Promotion of Horticulture, Prof. Dr. L. 
Wittmack, Invalidenstrasse 42, Berlin N., from whom all 
further information may be obtained. The Exhibition will be 
held in the Royal Agricultural Exhibition building, on the 
Lehrt Railway. The general organizer of the scientific depgirt- 
ment is Prof. Dr. Pringsheim ; and the following gentlemen have 
undertaken the management of special branches: — For the 
geography of plants. Prof. Dr. Ascherson ; for physiology. Prof. 
Dr. Frank ; for seeds, Herr P. Hennings ; for morphology, 
anatomy, and the history of development. Prof. Dr. Kny ; for 
fungi. Prof. Dr. Magnus ; for soils. Prof. Dr. Orth ; for histpry, 
literature, and miscellaneous, Dr. Schumann ; for officinal and 
technical objects. Dr. Tschirch. The Minister for Agriculture, 
Dr. Freiherr V. Lucius-Balhausen, will be the Honorary President 
of the Exhibition. The city of Berlin has granted the sum of 

15.000 marks towards its expenses; and a guarantee fund of 

80.000 marks has been raised. 

The Calcutta Herbarium contains a rich collection of Malayan 
plants, and Dr. King, the superintendent of the Calcutta Royal 
Botanic Garden, proposes to publish from time to time a sys- 
tematic account of as many of them as are indigenous to British 
provinces, or to provinces under British influence. In addition 
to the States on the mainland of the Malayan penninsula, these > 
provinces include the islands of Singapore and Penang, and the I 
Nicobar and Andaman groups. The classification which Dr. 
King intends to follow is that of the late Mr. Bentham and Sir 
Joseph Hooker. The current number of the Journal of the 
Asiatic Society of Bengal contains the first of this proposed | 
series of papers. 

The January number of the Ktw Bulletin contains an able 
and most interesting report, by Dr. Francis Oliver, on the so- 
called weather plant. This plant is Abrus precatorius, Linn., a 
well-known tropical weed. Mr. Joseph F. Nowack claims to 
have discovered that its leaves have " the peculiar property of 
indicating by their position various changes in nature atmut 
forty-eight hours before the said changes occur." Numerous 
observations with hundreds of such plants have convinced him 
that “any given position of the leaves corresponds always to a 
certain condition of the weather forty-eight hours afterwards." 
Some time ago he Revised an apparatus for the purpo^ of putting 
his supposed discovery to practical use. It consists of a “ trans-' 
parent vessel containing the weather plant, closed on alt sides, 
protected against injurious external influences, and adapted to be 
internally ventilated and maintained at a temperature of at least 
18* Reaumur, these being the conditions underwhicb, in temperate 
climates, Nowack’s weather plant answers the purpose of a 
weather indicator." Last year Mr. Nowack was anxious that 


his apparatus should be scientifically tested at Kew, but it would 
not have been easy for any member of the staff of the Royal 
Gardens to find time for the necessary observations. The task 
was undertaken by Dr. Francis Oliver, who now presents the 
results of his investigation. The following is a summary of the 
conclusions at which he has arrived : — “ I contend that al^ tlie 
movements exhibited by the leaves of Abrus preeatorius depend 
on causes not so far to seek as those suggested by Mr. Nowack. 
The ordinary movements of the leaflets, of rising and falling, are 
called forth in the main by changes in the intensity of the light. 
In a humid atmosphere they are more sluggish than in a relatively 
dry one. In other words, when the conditions are favourable 
for transpiration the movements are most active. The position 
for snow and hail is connected intimately, in the cases that have 
come under my observation, with a spotting or biting (by insects) 
of the leaflets, and is not due to any other external factor. The 
position for fog and mist, and for electricity in the air, is prob- 
ably due to the disturbance caused by varying light, the rhythmical 
movements of the leaflets being temporarily overthrown. The 
position indicating thunder and lightning 1 take to be patho- 
logical from its tendency to recur on the same leaves. Daily 
movements of the rachis constitute a periodic function in this as in 
many other plants with pinnate leaves. The r^ularity of these 
oscillations is considerably influenced by both light and tem- 
perature." 

On Tuesday an Archaeological Congress began its proceedings 
at Moscow. The sitting was attended by delegates from German, 
Austrian, and French Archaeological Societies. The section of the 
Russian Imperial Historical Museum in Moscow allotted to the 
Moscow Archaeological Society was formally opened on January 8, 
by Prince von Dolgoroukoff, the Governor- General. The collec- 
tion consists of a variety of amfSquities from the Caucasus, stone 
and glass ornaments, beautiful enamel work from varlbus parts of 
Russia, ancient holy images, and antique gaurments and china. A 
correspondent of the Times, who gives an account of the exhibits, 
calls attention especially to a number of ancient gold ornaments 
from the Caucasus (described as Merovingian), contributed by 
the Countess Ouvarova, the President of the Society. He also 
refers to certain Osetinian copper pins,'i8 inches long, found 
near some human skulls, and supposed to have been used for 
dressing the hair. A helmet of Assyrian form has attracted 
much notice. 

In one of the lectures he is delivering at Aberdeen, under the 
^ifford Bequest, Dr. £. B. Tylor offered a most interesting 
suggestion the other day as to the meaning of a well-known but 
puzzling Assyrian sculptured group. This group consists of two 
four-winged figures, with boditt of men and heads of eagles, 
standing opposite a tree-like formation, which is easily recog- 
nized as a collection of date-palms, or a conventionalized re- 
presentation of a palm-grove. Each of the two figures carries 
in the left hand a bucket or basket, in the right a body which 
each seems to be presenting to the palm-tree. What is this 
body ? It is usually described as a fir-cone, but some have re- 
garded it as a bunch of grapes, others as a pine-apple. Dr. 
Tylor suggests that it should be connected with the most obvious 
point of interest for which the date-palm has been famous 
among naturalists since antiquity — ^namely, its need of artificial 
fertilization in order to produce a crop of edible dates. TBis 
process in its simplest form consists in shaking the pollen from • 
the inflorescence kA the male date-palm over the inflorescence of 
the female. The inactice Is mentioned by Theophrastus and • 
Pliny, and in modem times in such works as Shaw’s Travels 
in Barbary." Dr. Tylor exhibited a drawing of the male palm 
inflorescence, and said it was hardly necessary to point out the 
resemblance to the object in the hand of the winged figure of 
the Assyrian sculpture. As the cultivator of the palm-tree has 
to ascend the tree in order to perform the process of fertilization. 
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he of course takes with him a supply of fresh flowers in a basket. 
Dr, Tylor’s theory, therefore, is that the objects carried by the 
winged genii of the Assyrians are the male inflorescence of the 
date-palm in one hand, the basket with a fresh supply of inflor* 
escence in the other, 'and that the function the genii are depicted 
in the sculptures as discharging is that of fertiliaing the palm- 
groves of the country — a function which must have been held to 
denote their great beneficence, since it showed them fulfilling 
the great duty of providing the Assyrians with bread. 

The current quarterly statement of the Palestine Exploratfon 
Fund contains a brief review of the work done in connection 
with the Fund during 1889. It is stated that excavations on 
property belonging to a French gentlemen on the eastern slope 
of Zion have revealed a number of rock-hewn chambers, which 
appear to have been used in ancient times partly as dwellings 
an4 partly as storehouses. In describing them Ilerr Schick re- 
' marks that nearly all the ground covered by the city of Jerusalem 
is found on examination to be honeycombed with these rock- 
hewn chambers. It is not improbable that the Jebusites were to 
some extent troglodytes. In the Apocryphal Acts of the Apostles 
mention is made of a cave at Cyprus “where the race of the 
Jebusites formerly dwelt." 

Several violent shocks of earthquake occurred in Carinthia 
on January 14, at 9.30 p.m., their direction being from south- 
east to north-west. In the theatre at Klagenfurt, which was 
<lensely packed, the seismic disturbance caused a panic, which 
was heightened by a false alarm of fire. The audience, how- 
ever, soon became reassured, and there was no accident to life 
or limb. 

The Pilot Chart of the North Atlantic Ocean for the month * 
of January states that December was notable for the severe 
storms that'prevailed along the Transatlantic routes. A number 
of the depressions followed each other in rapid succession ; the | 
most notable of these was one on the i6th, in about lat. 51* N., ' 
long. 37 W. Gales of hurricane force, with mountainous seas, 1 
accompanied this disturbance, as it moved to the north-eastward, i 
to the serious embarrassment of west-bound steamers. Two storms 
occurred to the eastward of Bermuda during the first week of the 
month. The first of these disturbances was central on the 4th, 
in about lat, 36’ N., long. 55* W. After 16 hours the wind 
hauled to south-east and moderated. The south-east wind ex- 
perienced after the passage of the storm was probably due to the 
approach of the second cyclone, which was central on the fth ir 
about lat. 31 N., long. 63* W., and was accompanied by severe 
hailstorms and heavy seas. Very little fog was reported. \ 
dense fog along the coast of the United States on the I9tlj, 20th, 
and 2ist, extended some distance inland i navigation in New 
York harbour was practically suspended on the 20th. Ocean ice 
was reported in the neighbourhood of lat. 48“ N,, long. 47“ W. 

We referr^ lately to a new kind of butter which is now 
being made in Germany from cocoanut milk. The Calcutta 
Correspondent of the *1 tints says that the cocoanuts required for 
this industry are imported in large numbers from India, chiefly 
Bombay, and that the trade seems likely to attain still greater 
importance. 

According to the Perseverama of Milan, quoted in the 
, current number of the Board of Trade Journal, important 
sponge-banks have lately been discovered close to the of 
^ Lampedusa, qp the southern coast* of Sicily. These deposits 
of sponges extend for over a surface of. from 15 to 18 marine 
leagues, and are situated about an equal distance from the south- 
eastern extremity of the Ulsind. The smallest depth above these 
banks is 20 ells ; t))e greatest depth is from 30 to 31 ells. At 
the leswr depths rock is met with, on which the sponge grows ; 

-at greater depths a sandy soil is fouiyd. All varieties of sponge 


are discovered here, including those which are in the greatest 
commercial request, and they are easy to obtain. Greek and 
Italian vessels have already proceeded to Lampedusa to take 
advantage of this discovery. 

I At the meeting of the Linnean Society of New South Wales, 
on November 27, Mr. K. H. Bennett read a paper on the 
I breeding of the glossy ibis (Ibis fatcinellus, Linn. ). The un- 
■ precedented rainfall of the year on the Lower Lachlan induced 
several species of birds to breed in the district, contrary to the. 
author’s experience of previous years. Among these was the 
glossy ibis, two nests of which with ^gs of a beautiful green- 
ish-blue colour somewhat resembling those of Ardea noiuc- 
hollanditB, but much brighter, were found in October and 
November. At the same meeting Mr. J. H. Maiden com- 
municated preliminary notes, by Dr. T. L. Bancroft, on the 
pharmacology of some new poisonous plants. Mr. T. P. I.ucas 
read a paper on Queensland Macro-Lepidoptera, with localities 
and descriptions of new species. Forty-one species belonging 
to various families were proposed as new, and new localities 
were given for about ninety-five other species. 

The new number of “The Year Book of Pharmacy” (J. and 
A. Churchill) has been issued. It comprises abstracts of papers 
relating to pharmacy, materia medica, and chemistry, con- 
tribfited by British and foreign journals from July i, 1888, to 
June 30, 1889. It presents also the Transactions of the British 
Pharmaceutical Conference at the twenty-sixth annual meeting, 
held at Newcastle-on-Tyne, September 1889. 

Messrs. E. and F. N. Spon have issued a third edition of 
“ Guide for the Electric 'I'esting of Telegraph Cables,” by 
Colonel V. Iloskiser, of the Royal Danish Engineers. The first 
edition appeared in 1873. The Congress of Electricians in 
1881 made some alterations necessary, and the author explain.^ 
that he has added a few methods of testing, in the hope of 
making the book more useful. 

The Society for Promoting Christian Knowledge has issued, 
in the series entitled “ Chief Ancient Philosophies,” a third 
edition of the Rev. I. Gregory Smith’s “ Aristotelianism,” in 
which an attempt is made to tabulate from the “Ethics” the 
opinions of Aristotle on questions relating to what has been 
called “ the scientific basis of morality.” In the same volume 
is printed a treatise, by the Rev. W, Grundy, Head Master of 
Malvern College, on the more important of Aristotle’s other 
works. 

Some interesting properties and reactions of the chlorides of 
selenium are described by M. Chabri^ in the current number of 
the Bulletin de la SociiU Chimique de Paris, Selenium tetra- 
chloride, SeCI^, was obtained by Berzelius by passing a stream 
of chlorine over selenium at the ordinary temperature, a quantity 
of the reddish-brown liquid subchloride, SejClj,, being first 
form^, and eventually converted to the pale yellow solid tetra- 
chloride. The tetrachloride was subsequently volatilized by 
beating and obtained in small white opaque crystals. By heating 
the crystals obuined by this method in one end of a sealed tube 
to I90^“200 C., M. Chabri^ has obtained a sublimate of much 
laiger and belter formed crystals, presenting brilliant faces. 
With these crystals disterminations of the vapour density of the 
tetrachloride were attempted by Victor Meyer’s method at 360* 
in an atmosphere of nitrogen. The resulting numbers show 
that two molecules of SeCI* dissociate at 360". into one molecule 
of SctCIj and three molecules of cblotine. The subchloride, 
SetClg, is a very much more stable body, and may be distilled 
Unchanged at 360 . Determinations of the density of its vapour 
yield values closely approximating to 7*95, the theoretical density 
of a molecule of the formula .Se|CI^ Among the numerous 
reactions of these compounds which M. Cbabriii has studied, the 
most interesting are those between selenium tetrachloride and 
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benzene. It is curious that when pure benzene is allowed to 
react upon pure SeCl4, the latter body undergoes precisely the 
*same decomposition as when heated to 360^ the liberated 
chlorine reacting with the benzene to form several chlor- 
benzenes and all the selenium remaining in the form of 
863012. If) however, the benzene and selenium tetrachloride 
^ are brought together in presence of that most useful of inter- 
mediate reagents, aluminium chloride, quite a different series of 
(hanges occur. On treating the mixture with water, and separat- 
ing and distilling the oil obtained, three distinct fractions may | 
be collected. The first, which passes over at 131^-133®, consists | 
of monochlor benzene, C0H5CI. The second, distilling at 227''- 
228'' under a pressure of only a few millimetres of mercury, con- 
sists of phenyl selenide, (C<,H[ft)aSe, corresponding] to phenyl 
sulphide, (0^115)28, and phenyl oxide, (C«H5)20. It is a yellow 
oil of sp. gr. 1*45 at I9‘’*6. The third fraction, boiling between 
245** and 250® under the same reduced pressure, consists of 
another new compound of the composition Se2(C5Hfi)3C(jH4Cl. 
This substance is a red oil of sp. gr. i'55 at 19'" *6. On allowing 
this red oil to stand it deposits yellow crystals of a compound of 
powerful odour, which may be obtained rccrystallized from 
alcohol in long ihombic prisms. On analysis this substance 
turns out to be selcno-phenol, CgH^SeH, analagous to thiophenol 
and mercaptan, both of evil odour. l..ike all the hitherto in- 
vestigated mercaptans, its alcoholic solution readily reacts \fith 
salts of mercury and silver. Analysis of the silver salt leads to 
the formula CgHnSeAg. The reactions by which phenyl selenide 
and seleno-phenol are respectively produced are believed by M. 
Chabrie to be as follows : — 

2C«IT« + SeCl4 = (CflHo)2Se + 21101 + Clg, 

C«Hc + SeCl4 = QH^Sell f 2CI2. 

The additions to the Zoological Society’s Gardens during the 
past week include a Black-headed Gull {Larus ridibundns)^ 
Ikitish, presented by Mr. E. Hart, F.Z.S. ; a Chinese Jay 
Thrush {Garrulax chinensis) from China, presented by Sir j 
Harry B. Lumsden, C.B., K.C.S.I., F.Z.S. ; a King Parakeet | 
(AprosmicUiS scapulatus <S ) from Australia, presented by the ' 
Rev. A. J. P. Matthews, F.L.S. ; a Peregrine Falcon {Falco j 
peregrinus) from Scotland, presented by Mr. Geo. W. Landels ; j 
a Vukurine Eagle (^Aquila verreauxi), a Jackal Buzzard {Buieo j 
jacal)^ a White necked Raven {Corvultur albicollis) from South ^ 
Africa, presented by Mr. Marshall ; a Pigmy Cormorant {Pkala- 
crocorax africanus\ a Moorhen {GalHnula chloropus)^ two 
Shining Weaver Birds {Hypochcra nitens)^ four Black-bellied 
Weaver Birds {Euplcctes afer 2 <5 2 9 ), two Abyssinian Weaver 
Birds {Ploceus abyssinicus <5 <5 ), four Ked-beaked Weaver Birds 
(Quelea sanguinirostris 26 29), four Cutthroat Finches 
(Arnadina fasciata 2 2 9 ), four Orange- checked Waxbills 

{Esirelda melpoda)^ a Paradise Whydah Bird ( Vidua paradisea d ) 
from West Africa, an Indian Silver-Bill (Afunia malabarica) from 
India, two Cardinal Grosbeaks {Cardinalis vir^inianus 6 <5) 
an Indigo Bird {Cyatu^spiza cyanea <S ) from North America, 
purchased. 
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Objects for the Spectroscope. 
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Remarks. 

(1) The General Catalogue description of this nebula is as 
follows: '‘Planetaiy nebula; pretty bright, very small, very 
little extended.” So far as I know, the spectrum has not yet 
been recorded, but if it is of the same nature as other planetary 
nebulse, bright lines may be expected. The character of the 
chief line, near \ 500, if visible, should be particularly noted. 

(2) Duner classes this with stars of Group II., but states that 
the type of spectrum is a little uncertain. He notes, however, 
that the bands 2, 3, and 7 are visible, so there seems to be no- 
reasonable doubt about the type. The probability is that it is 
either an early or late star of the group, in which case we should 
not expect to find all the bands fully developed. The star has 
been provisionally placed in species 2 of the subdivision of the 
group, but further observations are at once suggested to deter- 
mine whether this is right or wrong. If right, the bright flutings 
of carbon should be fainy prominent, as it is probably due to the 
masking effects of these fiuiings that sotne of the dark bands are 
absent. The carbon flutings near 517 and 474, seen in the spectrum 
of a bunsen or spirit-lamp flame, should therefore be particularly ’ 
looked for. It is possible, too, that in the earlier stars of the 
group the hydrogen lines may appear bright, as the swarms are- 
only a little more Condensed than those constituting stars with 
bright lines, so that the interspacial radiation may more thaiv 
balance the absorption. 

(3) According to the observations of Konkoly, this is a good 
example of stars of the solar type. The usual observations, as 
to whether the star belongs to Group HI. or to Group V., are 
required. 

(4) A star of Group IV. (Gothard). The main point to be 
noted in stars of this class is the relative intensities of the lines 
of hydrogen and those of iron, magnesium, and sodium, for the 
purpose of arranging them in a line of temperature. If possible, 
the criterion lines which indicate increasing or decreasmg tem- 
perature should also be noted, as in the stars which have 
hitherto been classed as of the solar type 

{^) This is a star of Group VI., showing the usual carbon- 
flutings and the subsidiary bands 4 and *5 (Duner)^ In some 
stars of the group of smaller magnitude, a greater number of 
secondary bands have been noted, and it seems possible, there- 
fore, that 74 Schj. may not have been observed under the most 
favounable conditions. Further confirmatory observations are- 
therefore necessary before conclusions as to the specific differ- 
ences between the different stars of the group can safely be* 
drawn. 

(6) The spectrum of this variable has not yet been recorded. 
The period is 3057 days, and the range from 8*2-io’6 au 
maximum to < 13 at minimum (Gore), The maximum occurs 
on January 23. 

(7) This variable star has a period of 2^*5 days, and ranges 

from 7-87 at maximum to •< 13 at minimum. The spectrum 
i§ of the Group II. type, and the range of variability is such 
that the appearance of bright lines at maximum may be ex- 
pected, as in R Leonis, &c., observed by Mr. Espin. The 
maximum occurs on January 25. A. Fowler, 

The Cluster G.C. 1420 and the Nebula N.G.C. 2237.. 
— Dr. Lewis Swift, in the Sidereai Messenger for jMUATy i8^, 
calls attention to a wonderful nebulous ring entirely surrounding^ 
this cluster. The ring was discovered by Prof. Barnard last 
year {Asir, Nach.^ 2918), and its average outer diameter esti- 
{ mated as not less than 40", so that in comparison the ring nebula 
I in Lyra is a pygmy. Although Dr. Swift discovered, in 186$, a 
If^e diffused nebula north-preceding the star-cluster G.C. 1420, 
j his attention was first directed to the ring structure by Prof. 

I Barnard in January 1889, 

I The nebula N.U.C. 223719 in the constellation Monoceros;: 
its position is R.A. 6b. 24m. 48s., Decl. -f* 8^ ; hence it will 

soon be favourably situated for observation, and Dr. Swift hopes, 
that Mr. Isaac Roberts will be induced to photograph it, as a 
change both in brightness and form is suspected. 

On the Spectrum op ( Urs^e Majoris.— An examination 
of seventy photogmfflis of the spectrum of this sCor, taken on as. * 
many different nights at Harvard College, and b^inning on 
March 27, 1887, ha3 led Prof. Pickering to conclude that the 
K line is double at intervals of 52 days, and that, for several 
days before and after it is seen to be dquble in the photo- 
graphs, it^ presents a hazy appearance. From the period 
^ssi^ed, it was predicted that the line should be double 
on December 8, 1^9, andsjanuary 30, 1890, and the duplicity- 
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was confirmed on the former of these dates by each of three 
photographs. Two more stars have been found having a similar 
periodicity— Aurigae and b Ophiuchi. The hydrogen lines of 
^ Ursse Majoris appear to be broader when the K line is double 
than when it is single. Several other lines are also seen double 
when the K line is double. Measures of the plates gave a 
mean separation of 0*246 millionths of a millimetre for a line 
whose wave-length is 448*1, when the separation of the K line, 
whose wave-length is 3937, was 0*199. 

The explanation of this phenomenon proposed by Prof. 
Pickering is that the brighter component of this star is itself 
a double star having components nearly equal in brightness, 
but too close to have been separated as yet visually, and some 
interesting results have been worked out which appear to 
support this h3rpothesis . — American Journal of Science^ January 
1890. 


Spectroscopic Observations of Algol. — A note on the 
motion of this star in line of sight has previously appeared 
(Nature, vol. xli. p. 164). The detailed investigation of the 
six photographs taken at Potsdam is given by Prof. Vogel^ in 
Astronomische Nachrickten^ No. 2947, from which the following 
is taken. Motion towards the earth is represented by a minus 
sign, and a motion of recession by a plus sign ; both are ex- 
pressed in geographical miles per second : — 


Potsdam mean time. 


h. 


1888, Dec. 4, 6*6 

1889, Jan. 6, 5*7 


9$ 

Nov. 


9 . S S 
* 3 . 9 3 

23. 9’0 

26, 8*5 


Distance from 
minimum, 
h. 

1 1 *4 after. 
22*4 before. 
19*4 before. 
13*3 after. 
22*3 before. 
19*6 before. 


MotinnMn line 
of sight. 

-SO 

+ 6*9 

+ 7'5 
- 5*6 
-f-6*2 
+ 6*8 


From these results it will be seen that, before minimum, Algol 
has an average motion of recession of 6*8 geographical miles 
per second, but after minimum it approaches the earth with an 
averse velocity of 5*3 geographical miles per second. A re- 
duction oPthe measures by the method of least squares shows 
the velocities per second to be — 

Before the minimum, + 5 *3 geographical miles, 

After the minimum, -6*2 „ 

which give an average motion of recession or approach ~ 57 
miles. The entire system is found to be moving towards the 
earth with a velocity of 0*5 geographical miles per second. 


GEOGRAPHICAL NOTES. 

At a meeting of the South Australian branch of the Royal 
Geographical Society, on November i, 1889, Mr, Tietkens gave 
an account of his recent explorations in Central Australia. His 
expedition was despatched by the Central Australian Exploring 
and Prospecting Association, and consisted of a party of five 
persons, including a black tracker and a native boy. At one 
point of his journey, when the party came within sight of an 
imposing range,” Mr. Tietkens hoped to find a watercourse flow- 
ing from its slopes to Lake Amadeus. He was disappointed. No 
watercourse worth mentioning was discovered, nor any spring 
or place where water could collect. Mr. Tietkens discovered 
several ranges of hills, to which he gave names. One of the 
pleasantest places found by him he called Gill’s Creek, after the 
hon. treasurer of the South Australian branch of the Royal 
Geographical Society. Here a stream flows ftom a range of 
hills through a gorge or plen of sandstone formation. This, ’ * he 
says, ** was a most beautiful spot, where a few days could be spent 
profitably, so the camels were unloaded, and Billy and myself 
went up the creek to explore its wonders. We found that the 
creek separated into three distinct channels. Following the 
principal one, we found the creek to be running through a glen 
with perpendicular cliflb 80 or 100 feet high on each side, and 
fully three miles in length. We returned to our charmingly 
situated camp late in the afternoon. . . , The water will not be 
found to be alwavs running, but in the glen at the head of the 
creek, and which I have named after my sister Emily, large 
deep pools will be found, four or five chains long, 10 and 15 
feet deep, and so shaded 1^ rocks from the sun that they cannot 
be looked upon as otherwise than pjjrmanent.” After the read- 


ing of the paper Mr. G. W. Goyder,^ Surveyor-General, ex- 
pressing gratitude to Mr. Tietkens, said that although as an 
effort to increase the extent of Australian mineral and pastoral 
resources Mr. Tietkcn*s expedition might have been a compara- 
tive failure, yet the route which he had travelled might serve as 
a most useful base for after-comers. His journey showed that 
no large large river, as had been hoped, flowed into Lake 
Amadeus, and only gave another proof that the interior of 
Australia consists of a series of low mountains with shallow 
basins, which in wet seasons form lakes and in dry seasons 
evaporate. 

Messrs. George Philip and Son have issued an excellent 
msLD showing all Stanley’s explorations in Africa from 1868 to 
1889. Each expedition is distinctly marked in colour, and dated 
on the map ; and a condensed account of the explorer’s travels 
and discoveries is provided by Mr, E. G. Ravenstein. 


THE SOURCES OF NITROGEN IN SOILS> 

'T'HE number of this half-yearly Journal, issued last April, con- 
^ tains nineteen valuable contributions, covering a considerable 
portion of the large subject of agriculture. Many of them are of 
purely practical import, such as the report upon the previous 
year’s prize farm competition, on implements exhibited at the 
Nottingham meeting, and on the Exhibition of thoroughbred 
stallions of February last. Among the articles of special 
scientific interest may be named “ The History of a Field newly 
laM down to Permanent Grasi,” by Sir J. B. Lawes, F.R.S. ; 
‘‘Grass Experiments at Woburn,” by W. Carruthers, F.R.S. ; 
“The Composition of Milk on English Dairy Farms,” by Dr. 
Paul Veith, and the Annual Reports of the scientific staff of the 
Society. The Journal contains 380 closely- printed pages, is well 
illustrated, and replete with tables and statistics. Among such 
a mass of information, all of which possesses important economic 
value, it is by no means easy to make a selection for special 
notice. The changes within the soil, in the formation of a 
meadow by Sir John Lawes, are, however, worthy of close 
attention at a time when grazing and stock-feeding appears to 
be the most popular remedy for the agricultural depression under 
which the country has so long suffered. These observations are 
also important scientifically, as they throw light upon the in- 
teresting question as to the sources of nitrogen in all soils. The 
gradual improvement of grass land, from the period when it is 
first laid down until it assumes the character of old pasture, is a 
well-known agricultural fact. The gradual increase in the 
amount of nitrogen per acre in the meadow selected by Sir John 
Lawes throws light upon this practical observation, and is 
recorded as follows: — “There can be no doubt that the^e has 
been a considerable accumulation of nitrogen in the surface soil 
daring the formation of the meadow (1856 to 1888), amounting 
in fact to an average of nearly 52 pounds per acre per annum over 
the last twenty-three years. The question arises. Whence has 
this nitrogen been derived?” This is, as is well known, a con- 
troverted point. The balance in favour of this acccumulation of 
nitrogen within the soil is still large, even after every source of 
nitrogen in fertilizers employed, foods fed upon the land by live 
stock, rainfall, and from eveiy other possible source is taken 
into account. Therefore, Sir John comes to the conclusion that 
the gain of nitrogen in the surface soil must have had its source 
either in the subsoil, the atmosphere, or both. There is much 
experimental evidence pointing to the conclusion that at any 
rate some deep-rooted leguminous plants derive a considerable 
quantity of nitrogen from the subsoil. Reasoning upon the 
Question as to how far the whole of the accumulated nitrogen in 
tne surface soil has been derived by -deeply-searching roots from 
the subsoil, Sir John says, “ On this point we think it may safely 
be concluded, from the results of the experiments of Boussingault 
and of those made at Rothamst<kl| many years ago, that our 
agricultural plants do not themselves directly assimilate the free 
nitrogen of the air by their leaves. Bat in recent years the 

S iesnon has assumed quite a new aspect it now is, Whether 
e free nitre^en of the atmosphere is brought into combination 
within the sou under the influence of micro-organisms, or other 
low forms, and so serving indirectly as a source of nitrogen to 

S * ‘ I of a higher order ? Thus Hellreigel and Wilfarth have 
, in experiments with various leguminous plants, that if a 

* The Journal of the Royal Agricultural Soclsty of Englsni,” April x889. 
(John Murray, Albemarle Street.) 
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soil free of nitrogen hare added to it a small quantity of soil- 
extract containing the mrganisms, the plants will fix much more 
^ Aitrogen than was otherwise available to them in the combined 
'^orm. It further seemed probable that the growth and crop 
residue of certain plants fiivoured the development and action of 
special organisms. It is admittedly not yet understood, either 
in what wav the lower organisms affect the combination, or in 
What way the higher plants avail themselves of the nitrogen thus 
brought into combination. . . . Should it be firmly established 
that such an action does take place in the case of certain plants, 
though not in that of others, it is obvious that part, at any rate, 
of the gain of nitrogen by the soil supporting the mixed herbage 
of grass land may be due to the free nitrogen of the air brought 
into combination under the influence of uie action supposed." 
This must be regarded as an important concession to the view 
that nitrogen may be derived for the purposes of plant nutrition 
from the inexhaustible ocean of the atmosphere, and it will 
probably not be long before the vexed question of the sources of 
nitrogen in soils will be placed ui>on a more satisfactory basis. 

John Wrightson. 

SOCIETIES AND ACADEMIES. 

London. 

Royal Society, December 5, 1889. — “A New Form of 1 
Wedge Photometer." By Edmund J. Spitta. | 

The author explained that his attention was called to the j 
necessity of devising an arrangement of this nature during^ a j 
series of experiments upon which he has for some time been en- ' 
gaged to ascertain the cause or causes of the discrepancy pre- 
viously shown to exist when points of light are photometrically 
compared with objects of sensible size (“ On the Appearances 
presented by the Satellites of Jupiter during Transit,” Monthly 
Notices R.A.S.^ vol. 48). This investigation has served to 
indicate that a portion of the error to which reference has been 
made arises from the wedge form itself when employed upon a I 
disk of any appreciable area, for it will be remembered that | 
hitherto this instrument has only been employed upon points of 
. light such as is exhibited by the stars. Woodcuts are given to 
explain how this takes place, but it may be briefly stated, that as 
the field of view in a single wedge photometer is of necessity 
variable in intensity of absorption, so the preceding limb of a 
disk is not extinguished at the same part of the wedge, and so 
not at the same “wedge-reading,” as the following limb. Hence 
when comparing two different sized disks it is not difficult to 
understand that an error in the “ wedge-interval,” technically so 
called, must inevitably occur. To meet this difficulty, the error 
resulting from which will of necessity vary with the size of the 
area under consideration, the new photometer has been devised. 

It essentially consists of two wedges of neutral tinted glus, 
arranged to pass one another in equal proportions by the turning 
of a single milled headed screw. A little consideration suflices 
to show that by this exceedingly simple means, the field of view 
in the photometer must be absolutely uniform in density through- 
out its extent, but that its power of absorption can be increased 
or diminished by the shifting of the wedges in the manner de- 
scribed. Another improvement is submitted by the addition of 
a wheel of tinted glasses of varying density, which, by revolving 
in front of the eye-piece, enables the operator to employ the 
photometer upon objects having a wide range of intensity. The 
instrument in its complete form, is mounted on the occulting eye- 
piece (Monthly Notices R,A.S., vol. 45) to afford the observer 
a means of hiding any object or objects not under examination 
“Ibr the time being, which it is needless to point out is a matter 
of great consideration in all photometric comparisons. 

Mathematical Society, January S{.— J. J. Walker, F.R.S., 
President, in the chair.-- Hie following communications were 
made On the deformation of an elastic shell, by Prof. H.Lamb, 

F. R. S. — On the relation between the logical theory of claues and 
the geometrical theory of points, by A. B. Kempe, F.R.S.— On 
the correlation of two spaces, each of three dimensions, by Dr. 
Hirst.— On the simultaneous reduction of the ternary quadric 
. and cubic to the forms Ajf* -I- •+• Cs* Die*, «*• + 

rz* + <fte*, by the President (Sir J. Coekl^ F.R.S., Vice- 
President, in the chair). 

Paris. 

Academy of Sciencea, January 1^— M. Hermite in the 
chair.— On some new fluorescent materiaM, by M. Lecog dc Bois- 


baudran. In continuation of his recent communication the author 
has investigated zircon and Z /3 ; tin dioxide and samaria ; tan- 
talum jpentoxide and samaria ; tin dioxide and 2 a ; tantalum 
pentoxuie and Za ; tin dioxide and Z /3 ; tantalum pentoxide and 
Z/ 3 . All these fluorescent substances are fresh examples of the 
number of spectra obtained from^ the same active material igith- 
different solid solvents. In combination with the agents the sol- 
vents must naturally always modiijr the wave-lengths of the bands 
as well as their constitution, while still leaving to the various 
spectra of the agents a ftunily likeness, whereby their common 
origin ma]^ at once ^ recognizM. But if the identity or diversity 
of two active materials has to be determined exact wave-length 
measurements, then it becomes essential to operate with abso- 
lutely similar solid solvents.— Multiple resonances of M. Hertz's 
electric undulations, by MM. Edouard Sarasin and Lucien de la 
Rive. Certain experiments are here described, which tend to 
throw doubt on Hertz's well-known hypothesis on the undulatory 
propagation of electric induction. The reading of the paper was 
followed by some remarks by M. Comu, who pointed out that 
it would now be necessary to receive with the greatest reserve 
the theoretical consequences drawn by M. Hertz from his re 
markable researches, more especially as regards the measure, 
ment of the velocity with which the induction is prop^ated in a 
rectilinear conductor. His experimental method will have to 
be subjected to much careful study before it can be accepted as a 
demonstration of the identity of light and electricity. — On the 
relation between the electric and thermal conductivities of the 
metals, by M. Alphonse Berget. In a previous paper the author 
described an easy method for measuring, by means of simple 
determinations of temperature, the thermal conductivity of the 
different metals relative to that of mercury, whose absolute 
value had already been determined. He has now extended these 
determinations to copper, zinc, iron, tin, lead, and several other 
metals. The tabulated results show that the order of the con- 
ductivities is the same for heat and electricity, but that the 
relation of the mean coefficients of thermal and electric conduc- 
tivity is not absolutely constanl. Hence the law of their pro- 
portionality is only approximately correct, and subject to some- 
what the same conditions as Dulong and Petit's law of specific 
heats. — Heat of formation of platinum tetrachloride, by M. 
L. Pigeon. A process is described for obtaining this substance 
in considerable quantities, and the heat of formation of the 
anhydrous chloride is determined at -f 20*5 calories. To com- 
plete its thermochemical study M. Pigeon is^now endeavouring 
to determine its heat of solution in water and that of its hydrate. 
— On the combinations of gaseous phosphoretted hydrogen- 
with boron and silicium fluorides, by M. Besson. The boron 
compound has the formula 2BF,.PH-, and is decomposed by 
water with liberation of gaseous phospnoretted hydrogen. The 
silicon compound was obtained in the form of small and very 
bright white crystals, their composition corresponding to two 
velumes of phosphoretted hydrogen gas to three of silicon fluoride 
or thereabouts. These and some other compounds that remain 
to be studied render the analogy between phosphoretted hydro- 

f en gas and ammonia still closer.— On the state of equiii- 
rium of a solution of a gas in a liquid, different portions oi ' 
which are kept at different temperatures, by M. P. Van Berchem. 
These researches were made with hydrochloric acid and am- 
monia, their high coefficient of solubility facilitating the detection - 
of slight differences of concentration. The results show that 
there exists a special state of equilibrium for solutions of gases if 
the lower part of the solution is cooled, and the upper part heated. 
— Note on the rotatory power of matezite and matezo-dambose, 
by M. Aim^ Girard. Some numerical errors in the author's former 
papers on the rotatory power of these bodies (ComNa rendus, 
Ixxvii. p. 995) are here rectified, and the author's fresh experi- 
ments confirm his previous conclusion that their rotatory power is 
absolutely identical.— Papers were submitted by M. Emile Picardy 
on the employment of successive approximations in the study of 
certain equations with partial derivatives ; by MM. Maquenne 
and Ch. Taiuet, on a new inosite (“racemo-inosite”) ; by M. 
Edouard Heckd, on the utilization and transform^ons of some 
alkaloids present in com during germination ; byM. A. Giard, 
on the relationship of the annelids and mollusks ; by M. L<k>n 
Vaillant, on Uie bichique (GcHus and Sievdium) fisheries in the 
island of Rifnnion ; by M. A. Vaissiere, on Prosopistoma 
vari^atum of Madagascar ; and by M. Salonen Reinach, on the 
volcanic eruptions supposed to have taken place in France during 
the Mth century A.D. 
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Berlin. 

Physiolog:ical Society, December 27, 1889.— Prof. duBois- 
Reymond, President, in the chair. — Dr. Augustus Waller, of 
London, demonstrated the electrical negative variation of the 
heart which accompanies the pulse. The demonstration was 
pi^ceded by a short introductory description of the method by 
which it is possible to detect the negative variation accompany- 
ing each beat of the heart both in man and other normal 
animals. The peculiar position of the heart determines the 
special position of the equipotential lines for the cardiac muscle, 
and these then determine the way in which the electrodes must 
be applied to the outer surface of the body in order to obtain 
the most marked results. Thus, for instance, when one pole of 
the capillary-electrometer is applied to the head or right 
shoulder of a man, while the other pole is connected with his 
left hand, this arrangement is effective, and the mercurial 
meniscus in the electrometer can be seen to move synchronously 
vilh the pulse. When the poles are applied to the left shoulder 
and left foot, or left hand and left foot, or right hand and right 
foot, these arrangements are non-effective. In the horse, dog, 
and cat, results are obtained by connecting the fore-limbs with 
the hind-limbs through the electrometer ; this is due to the fact 
that in these animals the heart is placed with its axis from right 
to left, thus dividing the body symmetrically into a front and 
hinder half. The demonstrations were made on a man, a horse, 
and a dog. — ^Mr. Auschiitz exhibited an apparatus (“ Schnell- 
seher '*) for the stroboscopic examination of instantaneous 
photographs (twelve per second) of moving objects. The 
reproduction of the movements afforded by the instrument was 
very perfect. 

Stockholm. 

Royal Academy of Sciences, January 8.— On our know- 
ledge of the nature of the Antarctic regions, and on the desirable- 
ness of researches there as well planned and comprehensive as 
those which have been conducted by Swedish investigators in 
the Arctic regions during man^e years, by Baron Nordenskiold. 
If contributions could be obtainecl from Australia, Baron O. 
Dickson and Baron Nordenskiold would fit out a scientific ex- 
pedition to the Antarctic regions to start from Sweden in — 
On remains of birds from the Saltholms Limestone (Upper 
Cretaceous) at Limhamn, in Scania, by Prof. W. Dames, of 
Berlin. (The right humerus, scapula, and coracoideum, of i 
probably a wading-bird, being next the Enaliornis of the chalk > 
of Cambridge, in England, the only JCuropean find of a Cre- j 
taceous bird. It has been named Scaniornis Lundgreni^ Dam.) 
— Researches on oiazotiol combinations, by Herr Hector. — On 
Jurassic woods from Green Harbour, in Spitzbergen, by Prof. 
Schrenk, of Leipzig.— On the secretions of the digestion in the 
median intestines, and some phenomena in combination therewith 
in insects and Myrinpoda, by Dr. G. Alderz. 
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THE HYDERABAD CHLOROFORM 
COMMISSION. 

T he safety of anaesthetics is a subject of the deepest 
personal interest to everyone, either on his own 
account or on that of his family or friends. For this 
reason, the general public, as well as the medical pro- 
fession, have been looking with interest for the Report of 
the Chloroform Commission which has lately been trying 
to work out the subject under the generous auspices of 
the Nizam and his Minister Sir Asman Jah. As we 
pointed out in Nature of December 19, 1889, p. 154, 
two views regarding chloroform are commonly held. 
The one view is that it may kill by paralyzing the heart 
directly. The other is that it really kills by paralyzing the 
respiration, and only stops the heart indirectly through 
the asphyxia which quickly follows stoppage of the 
respiration. The first view is generally held in London, 
the second in Edinburgh, where it was strongly insisted 
on by the late distinguished surgeon Prof. Sym«. As 
we learn from the Report now published, it was in con- 
sequence of his reverence for Syme’s teaching, that 
Surgeon-Major Lawrie moved for the appointment of 
the Commissionj which was generously granted by the 
Nizam’s Government. This teaching was founded on 
clinical experience, but the results of some physiological 
experiments appeared to show that it was incorrect, and 
that chloroform paralyzed the heart directly. To en- 
sure anything like general acceptance of Syme's teaching 
it was necessary that it should be shown that these ex- 
periments did not really disprove it. But this necessitated 
a complete revision of the whole question of the modus 
operandi of chloroform, and of the production of an 
immense amount of experimental evidence. This has 
been supplied by the present Commission, and the re- 
sult of their labours appears to be that there is some truth 
in both views, but that when chloroform is given in the 
ordinary way by inhalation, it is the respiration which^ 
stops first. When chloroform vapour is blown down the 
trachea the heart may be stopped by it, but when the 
vapour is drawn into the lungs in the usual way by 
the movements of the chest, this is not the case, for, the 
respiratory movements being arrested first, their stoppage 
prevents any more chloroform vapour from being taken 
into the lungs. Embarrassment of respiration constitutes 
the first sign of danger, and should be at once attended 
to. The breathing should not be allowed to stop, but if 
it should do so by any accident, life may still be pre- 
served by the immediate use of artificial respiration. 
Should the interval of asphyxia between the stoppage of 
natural breathing and the commencement of artificial 
respiration be too long, the heart may fail to such an 
extent that artificial respiration is in vain; and if the 
administrator ‘waits for a falling pulse to warn him of 
danger, the warning tnfty come too late. In a former 
reseasdi by the Glasgow Committee of the British 
Medical Association, some of the experiments, in the 
opinion of . tha Committee, seemed to show that chloro- 
form not only lower! the bloOd-tamsure and paralyzes 
VoL. XU.~Na. l057. 


the heart, but does so sometimes in an unexpected and 
capricious manner. The Commission has repeated their 
experiments, and found a similar fall of the blood-pressure 
and slowing of the pulse, but has come to a different 
conclusion regarding their causation, and attributes them 
not to chloroform but to asphyxia. If this opinion be 
correct, it shows how much care is necessary to avoid 
asphyxia, for the Glasgow Committee appear to have 
overlooked its presence, notwithstanding the serious effects 
it was producing on the heart in the animals on which 
they were experimenting. The work of the Hyderabad 
Commission points strongly to the conclusion that deaths 
from chloroform in man are likewise due to asphyxia,* 
and the Commission considers that by careful attention 
to the respiration all deaths may* and should be pre- 
vented. The Report points out that instead of the con- 
clusions at 'which the Commission has arrived beirfg 
opposed to those of Claude Bernard, they are almost . 
exactly those at which that distinguished physiologist, 
so well known for his accurate work, had arrived, 
although his name is often quoted in support of the 
doctrine that chloroform kills by paralyzing the heart. 
The number of experiments on which the Commission 
bases its conclusions is very large, no fewer than 430 
having been done without recording apparatus, and 157 
with recording apparatus. The former consisted chiefly 
of experiments, firstly, on the general action of chloro- 
form given in various ways, in various dilutions, and in 
different conditions of the animal, e.g. fasting, after 
meals, after a preliminary dose of spirits, &c. ; and, 
secondly, on the limits within which artificial respiration 
could restore life, and the effect of morphine, strychnine, 
atropine, &c., in modifying the action of the an:usthetic * 
and the reviving power of artificial respiration. The 
necessary apparatus was taken out by Dr. Lauder 
Brunton, and on his arrival at Hyderabad the Com- 
mission was at once constituted ; SurgeonrMajor Lawrie, 
President ; Drs. Lauder Brunton, Bomford, and Rus- 
tamji, members ; Dr. Bomford acting as secretary. 
They were greatly aided in their work by the members 
of the first Commission, Drs. Hehir, Kelly, and Chama- 
rette, as well as to Messrs. Tripp, Carroll, and Mayberry, 
the latter of whom gave the chlorofonn. To Dr. Chama- 
rette’s energy and fertility of resource the success of the 
experiments was mainly due. The work was continued 
daily from ^ a.m. to 5 p.m., except on Sundays and 
holidays, from October 23 to December 18. From a 
speech ipade by Dr. Lauder Brunton at a dinner given * 
to the Chloroform Commission by the Nawab Intesar 
Jung, vye learn that the facilities for work afforded to the 
Commission were such as were not to be found even in 
the great laboratories of the continent of Europe ; and, 
indeed, the large number of experiments which were 
made in a comparatively short time, is sufficient of itself ‘ 
to show this. At this dinner the Nawab Intesar Jung 
reminded his guests that Europe is indebted to Moham;^ 
medan writers of the schools of Bagdad and Cordova 
for tb^:pK!Sservatioii of medical science ijuting the da^k 
ages j and as Dr. Lauder Brunton very truly said in his 
reply; Nizam has not only followed the traditions of 
the hjussulmana in selecting the subject of research, but 
has rivalled the. generosity of Hasoun-al-Raschid and 
Abdurrahiman in . supplying the Commission with every- 

» o 
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thing it could require. Although the liberal endowment 
of universities and schools is now fortunately much more 
common, especially in America, than it used to be, yet 
there are few instances of such liberality as the Nizam 
has shown towards definite subjects of scientific research. 
For ^he excellent example they have shown in this 
matter, the Nizam and his enlightened Minister, Sir 
Asman Jah, deserve the thanks of the scientific world, 
while they also deserve that of the public in general for 
their endeavour to save life and lessen suffering by 
rendering the administration of anaesthetics so safe that 
they may be employed without fear whenever they are 
required. 


HYGIENE. 

Hygiene, or Public Health. By Louis C. Parkes, M.D. 
(London: H. K. Lewis, 1889.) 

D r. LOUIS PARKES has conferred an important 
service by the opportune publication of his manual 
of hygiene. The public mind has been slow to perceive 
the importance of the science of preventive medicine. 
For nearly half a century Sir Edwin Chadwick and others 
have preached the doctrine. It fell for a long time on 
sterile ears. No doubt provisions have been made by 
Parliament from time to time, when some special danger 
or diseasc'cause was brought prominently into notice : 
not, indeed, as a part of a system of sanitary protection, 
but as if it were the only matter to be cared for. Thus, 
vaccination jvas made compulsory to stop small-pox, but 
for a long time many other diseases were ignored. These 
scattered efforts in sanitary legislation were brought to a 
focus in 1875, 3>^d systematic sanitation may be said to 
have been instituted by the division of the country into 
sanitary areas, and by the appointment of medical officers 
of health. These provisions were rather a theoretical 
recognition of the importance of the subject than a prac- 
tical creation of efficiency, for the medical officers in a 
large number of instances have not received such re- 
muneration as would enable them to give their whole j 
time to their duties ; nor do they possess security of j 
tenure. They have been, for the most part, men in local | 
practice, who have been content to receive an honorarium 
in some, cases as low as £flo or £^\o, and occasionally ' 
even £,$ and a year. Such payments could not be j 
expected to induce men to do more than give a nominal | 
service to their official duties ; and it is, indeed, notorious 
that in many instances the object of members of the 
sanitary authority which has made the appointment, who 
are themselves owners of house property, has been to 
nominate men who would let matters rest, and would not 
compel owners of cottages to spend money on sanitation. 

We are now, however, entering upon a new era in 
sanitation. The creation of County Councils which took 
place last year has introduced a new feature. Although 
the powers vested in these bodies are permissive and 
S9mewhat tenta/ive, it has already^ become quite certain 
that they will, sooner or later, bring the whole sanitary 
service of the country under their general supervision 
and control. 

The Local Government Act of 1888 lays down the 
provision that the medical officer of health to be ap- 


pointed by a county must be qualified in sanitary know- 
ledge— that is to say, in the knowledge of the prevention 
of disease, as. distinguished from curative knowledge. It 
will, therefore, be necessary that the men appointed shall 
have spent time and money in obtaining the required 
qualifications for their duties : hence they will expect 
adequate salaries to remunerate them for the trouble 
and expense which they will have incurred in thus edu- 
cating themselves. The call for education in preventive 
medicine will react upon the medical schools and the 
various degree-conferring bodies — such as the Univer- 
sities — and will compel them to hold examinations in, 
I and to confer diplomas or certificates upon the possessors 
of, sanitary knowledge. Moreover, the sanitary authori- 
ties, in order to justify to themselves the higher salaries 
which they will be compelled to pay, will be induced to 
place enlarged areas under the medical officer, and, in 
order that he may effectually perform his duties, he will 
insist on being furnished with a better educated staff of 
sanitary inspectors or inspectors of nuisances than have 
been, as a rule, appointed under the old regime. 

It is thus evident that there will soon be a great call 
for sanitary education, and Dr. Parkes’s volume forms a 
very fiseful commentary upon what arc the general heads 
comprised in a course of instruction in the methods 
necessary for applying various branches of science to the 
prevention of disease. A glance at the table of contents 
shows the very large field embraced under the title of pre- 
ventive medicine. It concerns not only the medical man, 
but the engineer, the architect, the chemist, the physiologist, 
the meteorologist, and the statistician. The questions to 
be studied include climatic conditions ; the effect on 
health of the state and movement of the atmosphere 
the health of soils ; the purity of water-supply, and the 
prevention of injury to health from fouled water ; the 
construction of buildings, their warming, lighting, and 
ventilation ; questions of food and clothing ; the history 
of communicable diseases ; and bacteriology, as well as 
hygienic chemistry and statistics. 

A brief summary of the present position of our know- 
ledge shows us that preventive medicine is still far re- 
' moved from being an exact science. We have, no doubt, 
lately made much progress in removing from the medical 
man the imputation that his proceedings were empirical. 
Physiological studies in recent years have established the 
relationship between certain diseases and the presence 
of micro-organisms ; and although this relationship may 
not be as universal as some persons would hold, yet we know 
that there is a positive relationship in the case of certain 
diseases. When the causes of diseases are known ; when 
the action of the causes can be studied, and their mode of 
entrance into the body ascertained ; when the methods 
which can be applied to their destruction are discovered 
then the science of the prevention of disease ceases to be 
empirical. 

Whilst, however, our progress in this knowledge has of 
late years been extremely rapid as compared with former 
experience ; yet when, as in this volume, are brought 
face to face with the various problems of the prevention 
of disease, we are amazed to find what a vast field is still 
unexplored in the knowledge of the causes of disease. Dr. 
Parkes has g^ven a very interesting summary of our 
knowledge on this part of the question in his chapters on 
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contagia and communicable diseases. We may be said 
at present to be only standing on the threshold of this 
very intricate subject. Even in the case of those diseases 
which have been ascribed with the greatest assurance to 
the presence of organisms in the blood or the tissues, we 
are told that it is as yet uncertain whether the symptoms 
of disease are the results of the direct action of microbes 
themselves upon the tissues, or are caused by their j 
indirect action in producing poisonous alkaloids or fer- 
ments. We have not yet elucidated the curious connec- 
tion between the diseases of animals and mankind ; but 
whilst we are gradually acquiring the conviction that 
some diseases from which animals suffer are communic- 
able to the human race, it is at any rate satisfactory at 
the same time to have arrived at the certainty that those 
laws of cleanliness in air, soil, and water, which arc the 


leaves something to be desired in its treatment of some 
of the subjects. We would especially refer to those re- 
lating to civil engineering and architecture, which are not 
the special subjects of a medical man. The treatment of 
these branches presents some weak points, and there is an 
occasional tendency to recommend specific invdbtions 
rather than to enunciate principles, which may somewhat 
militate against the general acceptance of the volume as 
a complete and permanent text-book. 

It would have been better if the educational features of 
the book had been limited to those special subjects with 
which the profession of the author has made him most , 
familiar. The work is, however, a convenient hand-book, 
and will serve as a valuable guide to show the student 
what are the several subjects which have to be studied ; 
and in that sense we can safely recommend it afs aji 


basis of human sanitation, are the most effective safe- 
guards to be observed in the case of domestic animals, if j 
certain classes of disease are to be avoided. But with all i 
our increased knowledge of the existence and methods of 1 
propagation of the various forms of organisms which 
appear to co-exist with certain forms of disease, we have 
not yet discovered why certain diseases become epidemic 
at certain times, whilst they lie comparatively dormant at | 
other times ; Nature has not yet revealed all her secrets 
to the microscope or to the laboratory. 

Take as an instance, the influenza which is now present 
with us. Its epidemics are historical. It has appeared 
over and over again at somewhat distant intervals. But 
we do not know why it comes at one time and not at 
another. It has been specially described on various 
occasions since 1557. In 1837 it covered the whole of 
the north of Europe in fifteen days. It travels as rapidly 
through sparsely inhabited as through populous countries. 
In 1780 it manifested itself in ships in mid-ocean, which 


adjunct to the library of every sanitarian. 

IN THE HIGH ALPS. 

Im Hochgebirge. Wanderungen von Dr. Emil Zsigmondy. 
Mit Abbildungen von E. T. Compton. Herausgegeben 
von K. Schulz. (Leipzig: Duncker and Humblot, 
1889.) 

T his handsome volume possesses a melancholy 
interest, for it is in reality a memorial to a young 
and ardent mountaineer who was killed by a fall from a 
precipice in the year 1885. Emil Zsigmondy was by 
descent a Hungarian, but was born and educated in 
Vienna, where his father* practised as a physician. The 
son followed the same profession, of which he was a 
distinguished student. As a boy he showed a love of 
mountain-climbing. At the age of fifteen, he and his 
brother Otto, without guides, made an ascent of the 
Rei^eck, a peak 2958 metres high. The expedition occu- 


had had no communication with the shore. The facts 
connected with its incidence are thus well known. Its 
progress would scarcely seem to be accounted for by 
contagion or infection in the common acceptance of the 
word. Is its present advent due, like the beautiful 
sunsets with which we were favoured a few years ago, 
as some observer suggests, to a catastrophe in some 
distant part of the globe? or is it owing, as M. Descroix, 
of the Meteorological Observatory at Montsouris, tells us, 
to the remarkably stagnant atmosphere of last autumn ? 
Large populations agglomerated in towns depend, for the 
removal of the foul emanations continually passing into 
the atmosphere from their midst, upon the action of 
winds and storms, and these causes of ventilation j 
were notably absent during the past autumn ; and Dr. 
Descroix points out that the failure to remove this im- 
purity would favour the propagation of organisms in- 
jurious to the health of the community, acting in this 
respect just as a festering drain or manure heap would I 
act. ! 

The advance which each separate lienee makes j 
opens out new. views to the hygienist, and this short j 
reference to the epidemic of influenza serves to point out 
the extent of the subject, and to impress upon us the fact 
that it is almost impossible that a moderate-sized treatise 
by a single individual could form an adequate text-book 
for the student in these various and intricate questions. 

Dr. Rarkes’s volume, admirable as it is in many respects. 


pied twenty-six hours, of which twenty-two were spent m 
actual walking, a remarkable feat of endurance on the part 
of two lads. 

After this Emil made annually an Alpine excursion, 
the expeditions increasing in difficulty and (with the 
exception of one year) in number. The first of which a 
description was published was accomplished in his eight- 
eenth year, and after this references to the journals of 
foreign Alpine Clubs and similar publications are frequent 
on the list. Altogether, as we are told in the brief bio- 
graphical notice prefixed to this work, Emil Zsigmondy, 
though he perished a few days before completing his 
twenty-fourth year, had climbed nearly 100 summits of 
more than 3000 metres in height above the sea — in more 
than nine cases out of ten unaccompanied by guides. 
Most of the expeditions described in this volume have 
already appeared in various journals, and describe excur- 
sions which in themselves are not new ; but many of them 
have this special interest, that they were made without 
guides. Sometimes the brothers were alone, but on 
more difficult excursions they were generally accom- 
panied by one or two tzusty friends, such as Prof. Schulz, 
editor and part-author of this work. 

The book is a record of Alpine expeditions told in plain 
but graphic language. It scarcely touches upon scientific 
questions, though we are informed thaf^Emil was a student 
of Alpine botany, zoology, and geology, and published 
some observations on, these subjects in a work which 
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appeared before his death. But now and then a chance 
remark indicates the geologist, and there is an interesting 
account of a remarkable appearance of the “ Brocken 
spectre.” This was witnessed from a rocky ridge near 
the summit of the Bietschhorn, a lofty peak on the 
southern side of the Bernese Oberland. The shadow of 
the observer was seen within a triple rainbow-ring. Of 
these rings, the inner one exhibited the usual tints ; these 
were weaker in the second, and barely visible in the third. 
The shadow was larger than life, but was less than the 
diameter of the inner ring. By this, according to the 
, text, it was encircled ; but in the accompanying woodcut 
the shadow of the legs from below the knees is thrown 
upon the rings. The sun was getting low, and towards 
the west, for it was ne.arly 4 o’clock on an afternoon early 
iji September. The wind came from the same direction, 
and the clouds were drifting eastwards from the moun- 
tain-peak. The “ spectre ” remained visible for nearly 
an hour, while the observers completed the ascent to the 
actual summit. 

The illustrations are numerous, and some of them are 
not without a scientific value as faithful renderings of 
mountain scenery. It is seldom that the same can be 
said of similar engravings in English books. These, if 
no longer the caricatures which were formerly supposed 
to represent mountains, are still too often devoid of cha- 
racter. Mr. Whymper can and does give the outline of a 
mountain peak and the distinctive features of its rocks, 
but the ordinary illustrator is content with some con- 
ventional smudging which serves impartially for granite 
or limestone, for schist or slate, and is equally unlike 
each one of them, or, indeed, anything that exists on this 
earth. But as our artists are at length beginning to 
realize that Nature’s workmanship is better than their 
own, and to follow the path which was trodden by Turner, 
Elijah Walton, Ruskin, and a few pioneers, we may 
hope that the illustrations of mountain scenery in English 
books may rise to the level of Continental publications, 
which, though not free from mannerisms, do make some 
attempt at accuracy. Those in the present work consist 
of eighteen full-page photogravures, copied apparently 
from water-colour drawings, and of a large number of 
woodcuts, which are in part from finished drawings, in 
part from pen-and-ink outline sketches. Many of the 
former are excellent, so also are some of the latter ; but 
these are less successful in representing scenery than 
in recording little incidents in the mountaineers’ expe- 
rience. The simple unaffected narrative of adventure, 
in which there is evidence of skill in dealing with moun- 
tain difficulties, and courage, pushed, perhaps, sometimes 
to the border of rashness, is very pleasant to read, and it 
is sad to think that such a life has been lost to his many 
' friends. The fatal fall occurred during an attempted 
ascent of the MeQe, in Dauphind, by a new route up the 
soufhern cliffs. Emil had climbed some distance above 
*bis two companions, when he fell from a cliff. They 
bravely attempted to check his descent by means of the 
rbpe which wits attached to his waist, but it snapped 
under the strain, and the climber in a few moments lay 
lifeless on a glacier 2000 feet below. A full account of 
the accident was published in the Alpine Journal for 
1885, which indicafes that on this occasion more risk 
.was" being incurred than could be justified. T. G. B. 


THE STORY OF CHEMISTRY. 

The Story of Chemistry. By Harold Picton, B.Sc., 
With a Preface by Sir Henry Roscoe, M.P., D.C.L. 
LL.D., F.R.S. Pp. 386. (London: Isbister, 1889.) 

I T is a matter for surprise that, among the many books- 
on the different branches of chemistry, so few are 
to be found devoted to the historical treatment of the 
science. The ordinary student in attempting to get an 
idea of the development of the subject labours under 
considerable disadvantages. From time to time, in- 
deed, our professors are to be heard expounding ** The 
Atomic Theory,” “Joseph Priestley,” “The Birth of 
Chemistry,” and like topics ; books on such subjects also 
exist. Our larger treatises, as a rule, have short historical 
introductions ; text-books, too, occasionally contain infonn- 
ation such as “ the gas discovered by Rutherford in 1772 
was subsequently named nitrogen by Chaptal.” From 
such sources, however, a conception of the fundamental 
discoveries which have led up to the chemistry of to-day 
is only possible by dint of much searching, and at an 
expenditure of time far beyond that at the disposal of 
most students. A short history of the science in a handy 
form would be a decided acquisition to chemical literature. 
The Aame of the little volume before us is thus a promising 
one, and on perusal, the book in no way belies its title. 

After showing who the alchemists were, and the state 
of chemical knowledge before they appeared on the scene, 
the author proceeds to divide his subject into nine periods. 
The first of these, “ Alchemical Mysticism,” extending 
from the time of the mysterious Hermes Trismegistus to 
that of Roger Bacon and Raymond Lully, includes also an 
account of Geber and Albertus Magnus. Next comes 
* Medical Mysticism,” in which are sketches of Basil 
Valentine and his “Triumphant Chariot of Antimony,” of 
Paracelsus and Van Helmont ; followed by the “ Decline 
of Mysticism,” reaching down to the founding of the 
Royal Society of London by Charles II. in 1662, and 
embracing the work of Glauber and Helvetius. The 
fourth period, “ The Beginnings of Science,” deals with 
Boyle, Hooke, Mayow', and Hales. The reader’s 
attention is then directed to Black’s introduction of 
‘ weighing ” as a means of investigation. This chapter, 
which gives, besides, a pretty picture of Cullen, Black’s 
nstructor, constitutes the “ Childhood of Truth.” Then 
follows, under the heading of “ The Conflict with Error,” 
succinct account of the rise and progress of Stahl’s 
phlogiston theory, with its bearings on the researches of 
Priestley, Cavendish, Scheele, and their contemporaries. 
LavoisieFs keen penetration and masterly deductions, 
The Triumph of Truth,” are then discussed, and lead 
,ip to “ The Atomic Theory,” Dalton’s idea, and its later 
developments, from the time of Gay-Lussac, Ampere, and 
Avogadro, to that of Newlands and Mendel^efT. After a 
separate chapter on Davy and Faraday the book is brought 
to a dose by short descriptions of the present state of 
inorganic and organic chemistry. 

Mr. Picton’s style is fresh and pleasing ; his descriptions 
are clear and to the point. Whenever possible, brief sur- 
veys of the life and work of the men of science mentioned 
are given. Extracts from original writings are frequently 
quoted, and pains taken to enable the reader to form an 
idea of the general character of the individuals apart 
from their chemical discoveries alone. Chronological 
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-order has not in every case been adhered to, the main 
idea and its subsequent development being frequently 
treated together ; but the sequence of epoch-making events 
is strictly maintained. The work is quite up to date ; 
when advisable, the author has introduced facts which 
have only been established by recent investigations. 

The book is tastefully bound, and the illustrations are 
numerous. The latter are varied, and embrace cuts from 
“ Die Zw5lf Schlussel,” apparatus historic and modern, 
and portraits of celebrated chemists. 'I'o the reader pos- 
sessed of some chemical knowledge the volume will be 
most useful, and to the uninitiated its earlier chapters, at 
least, cannot fail to be inviting. 

LUMINOUS ORGANISMS. 

Les Animaux et les Vigliaux Lmnineux. Par Henri 
Gadeau de Kerville. (Paris : J. B. Bailli^rc ct dls, 
1890.) 

T his little book is a semi-popular summary of what is 
known in regard to the photogenous structures of 
the various kinds of luminous animals and plants, com- 
monly (but improperly, as the author points out) known 
as phosphorescent. As it is on the whole fairly complete 
and accurate, being based largely upon the important 
researches of Panceri, Sars, R. Dubois, Emery, and 
others, it will probably be useful not only to amateurs, 
but also to students who wish to get a general knowledge 
■of the range in organic nature of light-producing forms, 
and of the more important investigations on the subject 
which have been made since the days of Aristotle and 
■Pliny. 

Although the title-page of this book bears the date 
1890, the important discovery by Giard, in September 
.last, of luminosity in Amphipods which is due to an 
infectious disease is, it may be supposed, too recent to 
have been included — at any rate, it is not referred to. 

After a short historical risumi, the - first half of the 
work (170 pages) is occupied by a systematic account of 
those plants and animals which are luminous, commencing 
with the plants and then working up through the animal 
series from Protozoa to Vertebrata. More animals than 
plants are photogenous, and most of these are marine. 
Pew observations have been made upon freshwater forms, 
and none are known from brackish water. M. Gadeau 
de Kerville takes care to point out, what is undoubtedly 
the case, that many supposed instances of luminosity, 
•especially in dead animals or in the neighbourhood of 
harbours, &c., where there is much decaying oiganic 
matter, are due, not to any “ phosphorescence ” of the 
animal observed glowing, but to the presence of luminous 
Bacteria on the surface, in mucus, or in the tissues. 
Several species of light-producing micro-organisms {Ba- 
cilli and Micrococci) are already known, and the list will 
probably be largely added to in the future. It is, how- 
■ever, an excess of caution to doubt the claim of Ceratium 
{Peridinium) t6 be placed amongst photogenous genera, 
as two or three of the species appear to be responsible 
for a good deal of the ''phosphorescence of the sea" 
around our western coasts in autumn — a phenomenon 
which is usually attributed even by naturalists to Nocti- 
.luca fniliaris, although at such times it often happens 
tthat not a single Noctituca is caught by the townet I , 


The well-known observ'ations and experiments of Pan- 
ceri on Pennatula and other forms are given, and the 
figures reproduced, and it will no doubt be useful to many 
to have the information obtained by various investi- 
gators thus collected into one volume. On p. 83 isigiven 
an observation by Quatrefages upon certain luminous 
Talitri (Amphipod Crustaceans) on the beach, which he 
supposed had derived their luminosity from contact with 
Noctiluca. Is it not more probable that, like Giard’s 
diseased Amphipods at Wimereux (which, by the way, 
have turned up lately at Jersey, and will probably be 
found to be widely spread), they were infested by a 
photogenous microbe? 

In connection with the remarkable “ luminous globules ” 
of some Schizopods {Euphausia, Nyctiphancs, &c.), M. 
Gadeau de Kerville suggests that these organs are light- 
perceiving, as well as light-producing, and that, therefore, 
the old designation of " accessory eyes ’’ was not impro- 
perly applied. This view is supported by several ob- 
served cases where the true eyes of higher Crustacea 
were luminous ; but it should be remembered that it is 
entirely opposed to the matured opinion given by G. O. 
Sars in his Report on the Challenger Schizopods. 

Chapter xiii. is devoted to an account of the anatomy 
and physiology of the photogenous organs, in which, 
however, little of importance is added to what was 
given in the preceding part of the book. The author 
adopts the view of Dubois (founded upon experiments on 
Pholas dactylus made at Jhe Roscoff Laboratory), that in 
all cases the luminosity is a purely physico-chemical phe- 
nomenon, and is dependent on the presence of two sub- 
stances — the one {luci/Mne) soluble in water and obtain- 
able in the crystalline state, the other {luci/Irase) a soluble 
ferment (like diastase) — which must be brought in contact 
in order that light may be produced. This seems going 
further than our present knowledge really warrants. The 
light-producing organisms and organs are so varied that 
it is possible that the causes of the luminosity may be 
manifold ; and, at any rate in the higher forms, the bring- 
ing together of the luci/Mne and lucifirase must be 
under the direct control of the nervous system, as the 
production of light is a reflex, perhaps in some cases a 
voluntary, action. 

In a short chapter, entitled ** Philosophie naturelle,” 
the author considers, from the evolution stand-point, such 
questions as the origin of luminosity, the reason why 
only relatively small numbers of animals and plants are 
luminous, why the majority of luminous animals are 
marine, &c. ; but for a discussion of these points, and 
also of the various uses (both to animals and to man) 
which the luminosity may have, reference must be made 
to the book itself, which, although some of the illus- 
trations are poor, and there is unnecessary repetition 
and verbosity in the text, forms a readable and useful 
introduction to a very interesting and important subject. .» 

W. A. Herdman. 

OUR BOOK SHELF. 

The Chemistry of Photography. By R. Meldola, F.R.S. 

(London : Macmillan and Co., 1889.) 

This work is well worthy of study by* serious devotees of 
photography. It enters, as its title indicates, into the che- 
mistry of photography^ and that in a very thorough and 
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easily understandable manner. There are some very few 
points in the author's explanations of phenomenaas regards 
which we cannot quite agree with him. For instance, when 
he is considering the action of light on silver chloride he 
states that an oxychloride is formed (on the authority of ! 
Dr. Hodgkinson). That this is not always the case is 
shown by the fact that silver chloride is darkened when ’ 
exposed in the presence of bodies which contain no 
oxygen, as, for instance, when the exposure is given in 
benzene. The author has adopted the plan of calling his 
chapters lectures, and in this instance we shall find no 
fault with what often is an artihce to cover slipshod 
writing, since the subject-matter is good, the language - 
clear, and descriptive experiments are appended after each 
note in the narrative. We feel assured that if a student < 
be fairly grounded in elementary chemistry and carries 
out these experiments, he will have a far better knowledge 
qf tlic theory of photography than nine out of ten students ' 
possessed before this work was written. The author 
rightly points out that much in the theory of photography ; 
still requires elucidation, and with this we quite agree ; but i 
by putting into a connected shape those portions of the i 
theory which may not require reconsideration, he has ' 
done much towards facilitating the solution of the remain- 
ing problems which are still si/fi judice. 

The Popular Works of Johann Gottlieb Fichte. Trans- 
lated from the German by William Smith, LL.D. j 
With a Memoir of the Author. Fourth Edition. In i 
Two Vols. (London : Triibner and Co., 1889.) j 

These volumes form part of the well-known “ English j 
and Foreign Philosopnical Library,” The translations | 
included in them were first published in 1845-49, when i 
Gernian philosophy had only begun to attract attention 
in Flngland. Fichte holds so caearly marked a place in ■ 
the developdient of modern thought that it is still worth 
the while of students to make themselves familiar with 
his governing ideas ; and there can be no disadvantage in 
their beginning with his popular rather than with his 
more systematic works. So far as the form of Fichte’s 
teaching is concerned, it cannot of course be said to meet 
the needs of the present day. To many minds there is 
something even irritating in his use of large, abstract 
expressions, which are incapable of precise definition, 
and in the dogmatic tone in which he proclaims his con- 
victions, as if he had somehow had special access to the 
sources of absolute truth. But his effort to solve the 
questions w'hich lie behind the problems of physical - 
science has at least the interest that belongs to perfect 
sincerity ; and his methods and conclusions, whether 
they commend themselves to our judgment or not, are 
often in a high degree suggestive. He was personally of 
so manly and noble a character that his popular writings, 
in which he expressed his sympathies and tendencies 
freely, are perhaps more valuable from the ethical than 
from the strictly intellectual point of view. Dr. Smiih’s 
work as a translator is, we need scarcely say, excellent ; 
and the like may be said of his work as a biographer. 
His memoir of the philosopher is written in a thoroughly 
appreciative spirit, and with adequate knowledge. 

Trat>els in France. By Arthur Young. With an In- 
troduction, Biographical Sketch, and Notes, by M. 
Bctham- Edwards. (London : George Bell and Sons, 

, 1889.) 

Everyone who has given even ^slight attention to' the 
pre-revolutionary period of French history knows, at 
least by hearsay, something about Arthur Young’s 
“ Travels in France.” No other work of that time 
throws so clear and steady a light on the social and 
economic condition's which prevailed among the mass of 
the French people immediately before their great national 
convulsion. This is well understood by French historical 
students, who have found in the' record of Young’s ob- 


servations a mine of information on the very subjects 
about which they are most anxious to obtain trustworthy 
contemporary ’statements. The present reprint deserves, 
therefore, to be cordially welcomed. It has been care- 
fully edited by Miss Betham-Edwards, who, in an in- 
teresting introduction, prepares the way for the study of 
the book by presenting “a contrasted picture of France 
under the ancien regime and under the third Republic.” 
She also gives a valuable biographical sketch of Arthur 
Young, the materials having been supplied by his grand- 
son. 


LETTERS TO THE EDITOR. 

\Th* Editor does not hold himself re^onsUle for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of, rejected 
manusert^s intended for this or any other part of Naturk, 
No notice is taken of anonymous communications.'^ 

Acquired Characters and Congenital Variation. 

Mr. Dyer accuses me of invading the pages of Nature by 
methods of discussion characteristic of the political debater. 
Those methods, however, may be good as well as bad. In 
addition to direct affirmative arguments in support of a particular 
conclusion, they may trace the working and the power of pre- 
conceptions which in science, as well as in other things, are an 
abounding source of error. On the other hand, methods of 
debate may be confused and declamatory, dealing in vague 
phrases, and delighting in clap-trap illustrations. If I could not 
handle a scientific question by some method less adapted to the 
“ shilling gallery ” than the method of my censor in this case, 
I should wish to«be silent for evermore. In his letter I see 
“ Teleolc^y ” compared to " a wise damsel ” who is “ tempor- 
arily ruffled,” but who nevertheless “gathers up her skirts 
witn dignity.” I see AddLson brought in, head and .shoulders, 
with “the vision of Mirza.” I see Fortuity described as “in- 
separable from life,” with the somewhat obscure oratorical 
addition that “it is at the bottom one of the most pathetic 
things about it.” I see mixed metaphors of all sorts and kinds, 
“the church,” and “orthodoxy," and “automatically self-re- 
gulating machines,” and “ tenacity about outworks ” — and many 
other such words and phrases — all handled according to methods 
which do not strike me as at all perfect examples of true scientific 
reasoning. 

Nor am I able to follow Mr. Dyer’s logic better than I can 
admire his declamation. The object of my last letter, which he 
attacks, was to lay down and defend the proposition that “ there 
is no necessary antagonism between congenital variation and 
' the transmission of acquired characters.” Mr. Dyer admits this 
proposition to be “ perfectly reasonable,” adding, in respect to 
: this supposed antagonism, “theoretically there is none.” But 
I then he proceeds to say, “ this does not make the transmission 
of acquired characters less doubtful.” In other words, the com- 
plete and effectual removal of an adverse presumption is of no 
value in an argument which rests altogether on difficulties and 
doubts. This would be unreasonable enough considered merely 
. in the abstract. But it becomes still more unreasonable when 
j we recollect that the whole doctrine of evolution implies, of 
: necessity, the continual rise of new characters and the transmis- 
i sion of them. These new characters are “acemired” in one 
sense, and they may be congenital in another. They not Only 
may be, but probably they must be, acquired from latent con- 
genital tendencies, and they may be fixed and transmitted only 
by those tendencies ceasing to be latent. On this view of the 
matter, the present controversy between the two conceptions 
becomes a mere logomachy. The different breeds of dog do 
undoubtedly transmit characters which have been “acquired." 
But it is always possible to assert, and always impossible to den^, 
that these chftracters arose out of congenital teiraencies latent in 
the species, Mr. Dyer’s assertion that this method of reconcil- 
ing the two ideas “does not make the transmission of acquired 
characters less doubtful,” is an assertion, therefore, which is 
obviously wrong. The reconciliation attacks the difficulty about 
the “ inheritance of acquired characters ” at its very heart and 
centre. It shows it to lie — as a thousand other difficulties have 
lainbefore — ^in an ambiguous word. “Acquired"? Yes; butfrom 
what? From “use”? Yes, bni whence came the possibility 
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of ^^use” — and the tendency— or the disposition — or the instinct— 
to use ? The answer may be, and perhaps always must be, that 
the possibility of each new use, and the disposition to it, has 
been acquired from the evolution of elements inherent in the 
germ. 

The next specimen of pure scientific reasoning which I find 
in Mr. Dyer’s letter is involved in his rebuke to me for having 
made an assertion in support of which I have produced no 
** definite observed evidence.” That assertion he correctly 
quotes thus: — *^A11 organs do actually pass through rudi- 
mentary stages in which actual use is impossible.” lie chal- 
lenges me for proof. I return the challenge, and summon 
Mr. Dyer to produce one single instance of any animal which 
does NOT pass through such stages. It is the universal law of 
all organic beings. In some germ — in some bud — in some egg 
— in some womb, every living thing begins to grow. Moreover, 
what is true of it as a whole, is true of all its parts. All its 
organs — be they few and simple, or many and complex — pass 
through stages of incipience, of impotence — of divorce from 
even the possibility of actual and. present use. It is truly an 
astonishing circumstance that any scientific man should ask for 
any proof of this. It is a signal illustration of the power of 
neglected elements in reasoning — of the familiar becoming the 
practically unknown, because it is the unconsidered. 

Possibly, Mr. Dyer may say that he did not understand me to 
make the assertion of each individual organism. But this is a 
distinction without a difference. If the Darwinian theory be 
true, there has never been any other origin for species than the 
origin of a few first germs — developed ever since by thl! pro- 
cesses of ordinary generation, through a succession of individuals. 
The well-known generalization of Darwinian embryologists is that 
the foetal development of the individual organism is the type and 
repetition of the development of species in the womb of time. 
In the doctrine of prophetic germs,” which he quotes as mine, 
nothing is mine except, perhaps, the adoption of the words. It 
is the embodiment, in what I hold to be accurate and appro- 
priate language, of the most familiar facts in nature, and of the 
intellectusd conceptions which are their necessary counterpart in 
mind. 

There is one consequence necessarily following from this con- 
ception, which is seldom thought of and never fully accepted or 
recognized; and that is, that, if every organism has been deve- 
loped from older organisms by very slow and gradual and 
minute changes through unnumbered ages, there must have been 
a constant succession of new organs coming on, along with an 
equally constant succession of other oigans passing off.^ I see 
no escape from this conclusion. Yet if it be true, nothing can 
be more unreasonable than to wonder at the occurrence of struc- 
tures which are divorced from actual use, and which are variously 
called ‘‘rudimentary,” or “aborted.” The common interpreta- 
tion always is that they are the inherited remains of structures 
which have been once in full use, and have been lost by the 
atrophy of disuse. This may or may not be true, according to 
special facts in each case. But that there has always been in 
time past a series of incipient structures on the rise for actual 
use in future generations of development is a necessary conse- 
<iuence of the Darwinian hypothesis, and indeed of all other 
forms of pure evolutionism. The only escape from it is the sup- 
position that special orrans may have arisen suddenly — may have 
advanced rapidly into functional use — as rapidly as a caterpillar 
rushes into tne structure of a butterfly, after a short interval of 
inactivity or sleep. 

This is possible — this is at least conceivable. Nay more, this 
may have been the process by which new species have been 
introduced. But this is not Darwinism. The occasional intro- 
duction of new germs, with new potentialities, and the “hurry- 
ing up” of these through rapid stages of development, or of 
hatching, is an idea which, if 1 remember right, did not escape 
the speculative glance of Darwin* But it was too incongruous 
to be easily assimilated with his special formulse, and so bis fine 
eye glanced off it again, after only a momentary look ; and at a 
later date he was* so biassed in favour of the mechanics of for- 
tuitous variation that he came to regard the very idea of develop- 
ment being guided towards any use yet lying wholly in the 
future as incompatible with his theory, and indeed destructive 
of it. 

Mr. Dyer says that there was nothing in my last letter “ which 
has not been worn threadbare by discussion.” If so, it seen^ a 
pity that Mr. Dyer should have interposed in a discussion which 
he thinks exhausted. This impression may account for the 


poverty of the contribution made by an able man to a subject 
which is perhaps the most difficult, the most interesting, and 
the most far-reaching which can engage the human under- 
standing. Argyll. 

Inveraray,* January 19. 

•> 

Multiple Resonance obtained with Hertz*s Vibrators. 

While Mr. Trouton and I were carrying out some experi * 
ments to try and drive an independent current through the arc 
formed when a spark passes in a Hertzian resonating receiver, 
we succeeded to some extent in doing so, but obtained an un- 
expected result which may be of service to others working upon 
this matter. We found that if the two sides of the receiver be 
connected with a delicate galvanometer, it is affected whenever 
a spark passes. It is not so easy to get sparks to pass when the 
galvanometer is so connected as when the receiver is insulated ; 
but whenever a spark passes, the galvanometer — a 7000-ohm 
Cambridge Scientific Instrument Company’s pattern— is deflected 
through several degrees and often off the scale. It is not very 
easy to see how the action takes place, because one would 
imagine that an electro-dynamometer would be required. The 
current is reversed along with the reversal of the primary induc- 
tion, and seems to be connected with the direction of the electro- 
magnetic impulse that first breaks down the air-space in the 
receiver : an explanation founded upon this consideration' ex- 
plains the facts so far, but further investigation is required to 
fully confirm it. We have found this method of observing the 
Hertzian phenomena, which we have worked successfully with 
an apparatus giving a wave-length of 0*6 metre, much more 
satisfactory than the method founded on utilizing the conductivity 
of the spark as a path to drive an independent current either 
across or along. Some experiments in a vacuum tube, however, 
showed that this method is capable of extension. We found it 
also more satisfactory than a bolometer method, which, however, 
worked fairly well. For this we interposed, instead of the spark- 
gap, a very fine wire, which ^as made into one of the arms of a 
Wneatstone’s bridge. The great desideratum was a very fine 
wire, and we intend tr]|^in^ silvered quartz fibres if ^e can obtain 
them, and lead drawn inside glass, &c., our hearts having been 
broken trying to use that brittle beauty, Wollaston wire. 

Any of these methods, in which your observing apparatus, the 
galvanometer, can be at a distance from the receiver, is more 
manageable than ones like that described by Mr. Gregory, in 
which the receiver is itself also the observing apparatus. We 
exhibited our method of observing the occurrence of spark by con- 
necting the ends of the spark-gap with a delicate galvanometer 
at the meeting of the Dublin University Experimental Science 
I Association last November. Gko. Fras. Fitzgerald. 

January 25. 

• As I see from a notice of the proceedings of the Academy 
of Sciences, Paris, in last week’s Nature (p. 287), that MM. 
Edouard Sarasin and Lucien de la Rive have observed the fact 
that “ multiple resonance ” can be obtained by using different 
sized resonators with a Hertzian “vibrator,”! adjoin the fol- 
lowing short account of experiments of a somewhat different 
character made during last autumn, which have led to the same 
results, and which were brought before the notice of the Dublin 
University Experiihental Association last November. Since 
then I have learnt what these experimenters also seem not to 
have known — that some of Hertz’s earlier experiments were more 
especially concerned with this very fact. 

First, it was found that the wave-length in the Hertzian ex- 
periment of loop and nodes formed by reflection from a large 
metallic sheet had altered since the apparatus had been last 
used some months previously. This was attributed at first to 
something in the “vibrator,” such as the width of the spark- 
gap; but ultimately, on remembering how an accident fiad 
necessitated a new resonator being made, the cause was recog- ^ 
nized — namely, that it was not exactly the same size as the 
previous one ; and when^ several resonators of different sizes 
were made, thc^ were found to give the node at different distances:^ 
from the reflecting sheet. The intensity of the sparking with 
which these were affected increased with their size up to a certain 
point, and then diminished. So that it seems as if a “ vibrator ” 
did not send out a “line spectrum,” so to^peak, but sends out 
a “band spectrum,” the centre of which is the brightest. The 
period, then, of a “vibrator” is that belonging to the centre of 
this “band.” ^ 
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Ai;ain, in like manner, a “resonator*' was always found to 
give the node in different positions according to the size of the 
“ vibrator " employed. This is what would be expected from 
the principle of resonance, a resonator being able, to respond 
to any member of the “ band” it would itself give out when 
acling^s a radiator, the central period of course with the greatest 

ea<e. Some such factor as could, perhaps, express 

this sort of thing, where A belongs to the period of the radia- 
tion, supposed for the moment “ monochromatic,” falling on 
the resonator, and belongs to the “period” of the resonator, 
or that of the centre of its “band.” 

The position of the node was also found to vary on altering 
the character of the dielectric surrounding the resonator ; even 
laying a piece of sealing-wax on the wire of the resonator was 
sufficient to be observed. This might be employed to deter- 
mine “V” in a dielectric of which only a small quantity was 
obtainable. 

^ Itds obviously of importance for the “ central period ” of the 
resonator employed to coincide with that of the vibrator, espe- 
cially when determining the velocity of the disturbance, for this 
is presumably the period given by theory. This is practically 
always done when arranging their relative sizes, so as to obtain 
greatest intensity. So that the caution urged by M. Cornu in 
connection with Prof. Hertz's measurements of this velocity 
seems, from these considerations, to be to a great extent 
unnecessary. 

It would obviously be of importance to investigate what form 
the resonator should take, so as to give out a radiation most 
approaching one definite period. Fred. T. Trouton. ^ 

Bourdon's Pressure Gauge. 

As there docs not seem to be in any of the more familiar text- 
books of Physics or Engineering any satisfactory explanation of 
t he action of the Bourdon gauge, the following may he of use to 
some of your readers. ^ 

What we have to explain is the uncurling of the gauge under 
internal pressure whether of gas or liquid. 

Instead of the usual flattened tube of more or less elliptical seel ion 



bent into the arc of a circle as in Fig. i, think, for convenience, 
of one of rectangular section, such as ab of Fig. 2, in which a 



ts the fixed and the free end, and in which we shall distinguish, 
as indicated, the walls, roof, and floor. 

If the annulus of tube were complete, as shown in the central 
cross-section (Fig. 3), then it is evident that under the in- 
fluence of internal ilyid pressure the outer wall would be every- 
where in a state of tension in the direction of its length, and the 
inner wall in a state of compression. In the immediate neigh- 
bourhood of the ends A and B thisr state of compression or 


extension will be somewhat modified, but at a sufficient distance 
from either the^condition of the walls will be the same as if the 
annulus really were complete. 

If T be ihe tension of the outer wall in the direction of its 
length, P the pressure of the inner, and R the resultant fluid 
pressure on any cross-section such as A or B (Fig. 2), then for the 
equilibrium of the half of the annulus lying on either side of the 
diameter ab (Fig. 3) we must have 

T P + R. 

Consider now the equilibrium of any portion BC (Fig. 2) 
contained between the free end b and a cross-section c at some 
little distance from B, when the internal pressure is applied, and 
before uncurling takes place. 



Fig. 3. 


Imagine the fluid within BC to be solidified, then the external 
forces acting on BC (see Fig. 4) reduce to 

(1) A tension, T, due to the action of the outer wall beyond c. 

(2) A pressure, P, „ „ inner „ „ 

(3) A resultant fluid pressure, R, acting at the centre of pres- 
sure of the cross-section c. 

and since P -F R = T, these reduce to a couple tending to un- 
curl the tube, and the same holds for all sections sufficiently 
removed from A and B. 

As the tube uncurls, however, new forces come into play, viz. 
the resistance to bending of the walls, but especially ol the floor 
and roof of the tube, whose width in the direction of a principal 



radius of the annulus, and consequently whose resistance to 
bending, is much greater than that of the walls. Uncurling goes 
on till the momeni of the couple resisting flexure is equal to the 
moment of the bending couple. 

It is evident from this explanation that even a tube of circular 
section would trad to uncurl, but that it would be very insensitive 
on account of its strength to resist flexure, and that up to a 
certain point sensitiveness is gained by having the walls of thin 
material, high, and very near together. 

Devonport, December 23, 1859. A. M. Worthington. 


Foreign Substances attached to Crabs. 

Referring to Mr. F. P. Pascoe's letter (Nature, December 
26, p. 176), I cannot refrain Irom expressing my asidnishment 
at his inability to “see where protection comes in” in the case 
of crabs covered with sponges, Polysoa, &c. I should have 
thought it obvious to everybody that slow-moving crabs, such as. 
all those be mentions and many others that 1 have seen, would 
have a much better chance oi *escaping their enemies when 
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covered with material that renders them almost indistinguishable 
from the stones and gravel in which they are found than if they 
were naked. 

As regards the use of the peculiar hind legs in the Anomoura 
and Dorippt\ perhaps the enclosed extract from a paper read by 
me on December 12 before the Chester Society of Natural 
Science may be of Interest. It will shortly be published in voL 
iv. of the Transactions of the Liverpool Biological Society. 

Alfred O. Walker. 

London^ W., January 17. 

An interesting fact, illustrating the ingenuity shown by more 
than one species of Crustacea in concealing themselves, came 
under my notice last summer. Having dredged a number of 
Amphipoda, I placed them in a vessel of sea water till I could 
examine them. Among them I noticed what seemed to be a 
piece of dead weed swimming rapidly about and occasionally 
falling to the bottom. Examination with a lens showed that the 
piece of weed was carried by an Amphipod {Aiylus swammer^ 
damii)y which grasped it by the two first pairs of walking legs 
(perjeopoda). When it came to the bottom the animal con- 
cealed itself beneath the weed, which was much la^rger than 
itself. 

“In connection with this habit of A. swammerdamii^ it may be 
mentioned that another species, Atylus falcahis (Metzger), re- 
sembles the first-named minutely in every respect but one, viz. 
that the first peraeopod has the claw (dactylus) immensely de- 
veloped, while at the base of the next joint are two or three 
strong blunt spines or tubercles into which the point of th§ claw 
fits. This would apjiear to give the latter species a great ad- 
vantage over its congener in grasping an object for purposes of 
concealment. It is a rare species, but I have met with a few 
specimens this summer : I am not aware of its having been 
recorded as British yet. 

“In some of the Podophthalmata the same instinct has been 
observed, and especially among the Anomoura. All these have 
the last or hindmost pair of legs of a shrunken and apparently 
almost abortive form. They never appear to be used for walk- 
ing, and are generally carried turned up on the back ; but they 
arc utilized by some species of curiously shaped, flat-bodied 
crabs {Donppe) to carry the valve of a bivalve mollusk over 
their backs, under which they can squat and hide. Frona this it 
is an easy transition through various stages to the hermit crabs 
[Pa^nridiv)^ which ensconce themselves altogether in a univalve 
shell, and use the curiously abortive hind limbs to cling to the 
inside whorls. My friend Surgeon- Major Archer has seen 
crabs of the genus Dorippe protecting themselves (probably from 
tile scorching tropical sun), at low tide, on the mud flats at 
Singapore, by carrying large leaves over their backs (Journal of 
Linn. Soc., vol. xx. p. 108).” 

I CAN corroborate Mr. Ernest Weiss's remarks on the use of i 
the modified legs of Dromia. A small one I had in an aquarium 
would, when the sponge was removed from the back, hunt 
about until it found something — a shell, a pebble, or even a 
dead fish — to replace the sponge. When there was nothing in 
the aquarium which it could seize, it was evidently in an 
unhappy condition. 

With regard to foreign substances on other crabs, I have 
caught spider-crabs so completely covered with sponges as quite 
to hide their shape, and, until they moved, it was impossible to 
say what they were. David Wilson-Barker. 


Thought and Breathing. 

With reference to Prof. Leumann's researches into the influ- 
ence of blood circulation and breathing on mind life, referred to 
in Nature of January 2 (p. 209), it is worthy of note that 
regulation and suppression of the breath {Prdndydma or 
Hatha- yidyd), is an all-important religious observance amongst 
Hindus. 

It is one of tfie eight chief requisites of the Yoga philosopher, 
for attaining ** complete abstraction or isolation of the soul in 
its own essence," and minute instructions exist for the exer- 
cise, which is adopted, apparently, as an immediate aid to deep 
meditation. Some of these instructions are quoted in Prof. 
Monier-Wiiliams's recent work bn Buddhism (p. 242), and he 
also quotes, in connection with this subject (p. 241), Sweden- 
borg's opinion that thought commences and corres^nds with 
respiration. 


Swedenborg also says: — ‘‘It is strange that this correspond- 
ence between the states of the brain or mind and the lungs has 
not been admitted in science." K. Barrett Pope. 

Brighton. 


On the Effect of Oil on Disturbed Water. • 

Having seen the interesting article by Mr. R. Beynon on the 
above subject (Nature, January 2, p. 205), shortly before 
leaving England, 1 propose to make a few observations on the 
theoretical aspect 0/ the phenomena described by him. 

The simplest case of wave-motion in a viscous liquid arises 
when two-dimensional waves are propagated in a liquid whose 
depth is so great in comparison with the lengths of the waves 
that the former may be treated as infinite. If at any particular 
epoch, which we may choose as the origin of the time, the form 
of the free surface is determined by the equation r? = 
where 2ir/w is the wave-length, its form at any subsequent time 
may be represented by ty = and the object of a theo- 

retical solution is to find the value of h. The equation fot 
determining h is given in the last chapter of my “ Hydro- 
dynamics " ; and it is there shown that if the viscosity of the liquid 
be sufficiently small, h will be of the form - a ± 1)8, where a and 
are r^a/ positive constants. Hence the equation of the free 
surface, in real quantities, may be written — 

n = Ae-^'cos {mx - 0 t) (i) 

which represents periodic motion whose amplitude diminishes 
with the time, and which therefore ultimately dies away, the 
rapidity with which the motion decays depending upon the 
magnitude of a. If, however, the viscosity be large, the solution 
changes its character, since in this case is a real negative 
quantity, and the equation of the free surface becomes 

1) = As -•^cos/;iJC (2) 

which represents non-periodic motion, which rapidly dies away. 

The phenomena discussed by Mr. Beynon are somewhat 
different from the special case of deep-sea waves, inasmuch as a 
thin film of a highly viscous liquid,* viz. oil, whosS thickness is 
very small compared with the wave-length, is spread over the 
surface of water, which is a liquid whose viscosity^ is so small, 
that it might probably be neglected altogether. The action of 
the wind would also introduce an additional complication ; but 
the circumstance that the thickness of the oil is small compared 
with the wave-length, would, on the other hand, facilitate the 
calculations which would be necessary in order to obtain a 
theoretical solution. There can, however, I think, be little 
doubt that the free surface would be given by equations of the 
forms. either of (i) or (a) ; where a is so large, that after a short 
time has elapsed after the film of oil has spread itself over the 
water, the amplitude of the existing motion would be small 
compared with that of the original motion. A. B. Basset. 
Hotel Beau Site, Cannes, January 11. 


Luminous Clouds. 

In the correspondence that has taken place on luminous 
clouds, totally different classes of phenomena have^ been men- 
tioned. There are self-luminous clouds entirely distinct from 
what I have termed “ sky- coloured clouds," which latter, though 
by some deemed self-luminous, have been generally admitted to 
shine by reflecting the direct light of the sun. 

The self-Iuminour clouds described by Mr. C. E. Stromeyer 
(p. 225) appear to have been a part of the aurora which was 
visible at the same lime ; but other correspondents have men- 
tioned self-luminous clouds which have apparently not been of a 
truly auroral character, and the nature of th«e clouds seems not 
to be understood, and requires investigation ; there mav be 
various kinds of these and causes of their luminosity. I have 
myself not unfrequehtly seen what I call irregular auroras^^m , 
which may be one form of what others call self-luminous clouds. 
They consist of bands ^hich, unlike auroras, appear 

indifferently in all parts of the sky, and Re in any direction^; 
they are usually much fainter than the Milky Way, and are 
always feebler near the zenith than near the horizon. The 
bands composing them are generally parallel, or nearly so, and 
3* to lo* wide* They differ from ordin|Ty cirrus in being, so 
far as I can judge, perfectly transparent, and also in moving 
extremely slowly, giving one the impression that they are mu<A 
higher up in the atmosphere than cirrus. Their spectrum is 
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continuous, though theyare sometimes as bright as true m^;netic 
auroras which show the citron line. 

The average number of nights on which I have seen these 
irregular auroras in the past 28 years, chiefly at Sunderland, is 
I '9 per annum ; and, if doubtful cases are included, 2*7. They 
agree with magnetic auroras in so far as they show some 
lenderfey to an eleven-year periodicity, being most frequent 
about 2 years after the sun-spot maximum, and least so about 5 
years later. T. W, BACKHOUSE. 

Sunderland, January 15. 


Mr. Stromeyer’s letter in Nature of the 9th inst. (p. 225) re- 
minds meof amagnifleentdisplaythat I once saw of luminous white 
clouds, transparent to the stars, which shone brightly through 
them. These clouds were extended lixe ribbons from north to 
south across the sky, in a way not uncommon with true clouds. 
I thought, and still think, that they were an aurora. May not 
those described by Mr. Stromeycr have been the same ? 

, Belfast, January 15. Joseph John Murphy. 


The Meteorite of Mighel. 

With reference to the interesting meteorite of Mi^hei, ex- 
amined by M. Stanislas Meunier, I have not observed, in any of 
the notices I have seen, any statement as to whether the organic 
matter exhibited any traces of an organized structure. I would 
suggest that, if it has not already been done, it should be care- 
fully examined to see if the carbonaceous matter shows any such 
traces. J. Rutherford Hill. 

January ii. 


Achlya. 

I SHALL be very grateful to any of your readers who can send 
me specimens of Achlya with the sexual reproduction, which I 
cannot at present obtain in my cultures. The culture should be 
dropped bodily into a cold saturated solution of corrosive sub- 
limate, in a wide-mouthed corked bottle, and this filled up with 
the liquid to the cork before posting. 

Marcus M. Hartog. 

5 Roseneath Villas, Cork, January 6. 


The Parallelogram of Forces. 

What is the force of the word “rigid,” introduced into the 
statement and proof of the parallelogram of forces and other 
theorems in Statics, as quoted by Mr. W. E. Johnson from the 
ordinary text-books ? 

The word “ rigid ” requires definition ; it describes a state of 
things which is not met with in Nature ; and it is redundant and 
limiting ; because the conditions of equilibrium of a body are the 
same, whether elastic to an appreciable extent, or to such an 
inappreciable extent that the word “rigid” may be applied 
to it. 

Better omit the word “rigid ” altogether. 

A. G. Grkenhill. 

Foot-Pounds. 

In the statics and dynamics jiaper set in the last Woolwich 
entrance examination, candidates arc asked to determine the 
m^nitude of a moment of a force in foot-ponnds. Surely it is 
unfortunate to introduce this term in such a sense. One 
foot-j^und is a unit of work, and though its dimmaions 
(ML'T~*) are the same as that of a unit of a moment of a force, 
the two conceptions are perfectly distinct, and the introduction 
of a foot-pound as a unit of a moment of a force is likely to 
cause confusion, especially in the minds of beginners. 

A. S. E. 

Chiff-Chaff singing in , September. 

In a review of* certain recent ornithological works, in one of 
your latest issues, doubt seems to be thrown on the fact of the 
chiff-chaff singing late in September. 

I believe it is not an unusual occurrence. It always nests in 
my garden, and this yfar, as I see by a note made at the time, 
it^sang on the 20th, 21st, and 22nd of that month. We had a 
sli^t frost on the aist. F. M. Burton. 

Hjghfield, Gainsborough, January 6.* 


EAST AFRICA AND ITS BIG GAME> 

F or sportihg purposes Cape Colony and the adjoining 
districts are long ago “ used up,” and the hunter 
who would fain see ** big game ” must follow Mr. Selous 
into Matabel^-Land and Mashoona-Land, if he does not 
find it better to cross the Zambesi. Even here, some of 
the largest animals are already exterminated. The re- 
doubted hunter whose name we have just mentioned 
has not met with a White Rhinoceros during the past 
four seasons, and his “bag” of ivory shows a yearly 
diminution. So much for the south of the Dark Conti- 
nent. The northern entrance to the great Interior, which 
afforded Sir Samuel Baker and those who followed him 
such splendid sport on the Atbara and Settite, has been 
closed up by the Mahdists, and until we have made up 
our minds to “ clear out Khartoum,” no European can hope 
to penetrate in this direction. There remains, therefore, 
only the eastern coast as a mode of access to the wild 
interior of game-tenanted .Ethiopia, the west coast 
being practically closed by swamps and fevers. 

On the eastern coast of Africa, however, immediately 
under the equator, a splendid stretch of high-lying land, 
full of big game, and easy of access, is still open to the 
enterprising sportsman. First made known to us by the 
German missionaries Rcbmann and Krapf, the “ Kili- 
manjc.ro District,” as it is now usually called, was sub- 
sequently opened to us by Von der Decken, New, and 
Hildebrandt. To these explorers succeeded Mr. Joseph 
Thomson on his route to Masai-Land, and Mr. H. H. 
Johnston on his expedition up the Kilimanjaro Mountain, 
to which Dr. Hans Meyer and other more recent travellers 
have also devoted their special attention. Access to this 
sportsman’s paradise is rendered easy by the port of 
Mombas, now under the benign sway of the British 
Imperial East African Company, and connected with 
Aden by a regular line of steamboats. Here, in the 
autumn of 1 886, having made the necessary preparations 
at Zanzibar, the author of the present volume, with his 
brother sportsmen Sir Robert Harvey and Mr. H. C. V. 
Hunter, assembled their caravan. Their plan was to 
reach as quickly as possible the forest of Taveta, distant 
about 250 miles from the coast and within ten miles of 
the base of Kilimanjaro, and having established their 
head-quarters in this favoured spot, to work thence the 
surrounding plains and open country. Mr. C. B. Harvey, 
the brother of Sir Robert, was to join them when his leave 
commenced, a month later. 

How well this programme was carried out the entertain- 
ing pages of Sir John Willoughby’s narrative fully explain 
to us, while the map at the commencement clearly shows 
the route and the nature of the different districts traversed, 
as they appeared to the eyes of the enthusiastic sportsmen. 
Much time and trouble was saved to the expedition by 
the selection of a Maltese named Martin as “ chief of the 
staff.” Martin had accompanied Mr. Thomson during 
his adventurous journey into Masai-Land, and was, more- 
over, the owner of a “ freehold building-site ” at Taveta. 
Hereon was a house and a range of huts, forming three 
sides of a lar^e square, while the fourth was bounded by 
a sparkling rivulet well stocked with fish. Such a haven 
of refuge, protected, as it was, by a thom-hedge with a 
strong gateway, and situated in the immediate vicinity of 
a good game-country at an elevation of 2400 feet above 
the sea-level, seemed little less than a Paradise to our 
travellers, who arrived here on December 26, about six- 
teen days after leaving Mombas. Into th6ir various ex- 
cursions from this convenient centre we need not closely 
follow them. Suffice it to say that their routes were 

* “ East Africa and its Big Game, the Nanative of a ^porting Trip from 
Zansibar to the Bothers of the Masai." By Ca pt aia Sir JohnC. Willoughby, 
Bart., Royal Horse Ooardf. With Postscript by Sir Robert G. Harvey, 
Bart. Illustrated by G. D« Giles and Mrs. Gordon Blake; those of the 
latter from plwtographs taken by the Author. (London: Longmans, 
1889.) 
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mostly to the west of Taveta, amongst the numerous 
streams that drain the southern slopes of Kilimanjaro 
and unite to form the Ruvu River, which enters the sea at 
Pangani, and to the east of the great mountain on the 
head waters of the Tzavo. These various hunting ex- 
peditions occupied the time until April 21, when a safe 
return was effected to Mombas, and thence to Europe. 

The list of larger game-animals killed by the party 
during their four months shows a goodly total of 330 head, 
although we are assured by Sir John Willoughby that no 
useless slaughter was perpetrated during the expedition, 
and that no animal was killed unless required for a speci- 
men,or for food by the hunters and their native companions. 
In the list of these 330 animals, we find 21 Buffaloes, 66 
Rhinoceroses, 2 Elephants, 4 Hippopotamuses, 4 Zebras, 
and 211 Antelopes of different species. But a much more 

attractive list 
to the natural- 
ist will be found 
in the appen- 
dix “ on the 
fauna of the 
plains round 
Kilimanjaro,” 
compiled by 
Mr. Hunter. 
So little is yet 
known tff the | 
larger mam- j 
mals of this 
fine country, I 
except from ! 
fragmentary I 
notices, that | 
Mr. Hunter’s 
notes, brief as 
they are, form 
a not unim- 
portant contri- 
bution to zoo- j 
logical science, j 
Lions, Ele- j 
phants, Hip- [ 
popotamuses, j 
and Giraffes ' 
are prevalent , 
alike in every 
part of Wild ; 
Africa, but the, 
splendid Bo- ; 
vine animals 
called Ante- 
lopes vary very i 
materially in 
the different 
districts. In : 
the Kilimanja- 
ro country, sixteen Antelopes are recorded as having been 1 
met with, and amongst them are some of the finest and : 
largest of the whole group. The Eland {Oreas canna) is \ 
“ rather local,” but there “ are a fair number to the south ! 
of the mountain.” The Eland found here belongs to the 
variety called Livingstone’s Eland, first met with by that 
great explorer on the Zambesi. « Both males and females 
are all more or less striped.” The Larger Kudu {Strepsi- 
ceros kudu) was ** only seen on two or three occasions on 
the User! River” ; the Lesser Kudu {S.imkeriis) is found 
“ in the bush kround Taveta,” and in several other loca- 
lities. Two ekamples of this until lately little-known 
Antelope from this district are now living in the Zoo- 
logical Society’s Gardens. The Beisa {Oryx beisd) is 
plentiful on the plains and in thin thorny bush”; the 
Coke’s Hartebeest {Alcelaphus cokith is ** quite the most 
common Antelope on the plains, being found 



Fig. 1. — Head of Grant's Gaaelle. 


where in immense herds”; while the Brindled Gnu 
{Connochates gnu\ the Mpallah {^pyceros melatnpus), 
and the Waterbuck {Cobus ellipsipryrnnus) are, accord- 
ing to Mr. Hunter, abundant in appropriate localities. 
We suspect, however, that Mr. Hunter’s so-called “Water- 
buck” is the Sing-sing {Cobus sing-sing)^ of which some 
fine heads were procured by Mr. Holm wood, lately 
H.B.M. Consul at Zanzibar, during an excursion to the 
Tavita district. Of the beautiful tribe of Gazelles, three 
well-marked species, all recently discovered and appro- 
priately named after distinguished African travellers, 
tenant the plains of Kilimanjaro. These are the Grant’s 
Gazelle {Gazella granii), the Thomson’s Gazelle {G. 
ihomsorti), 

and the • 

Waller’s 
Gazelle {G. 
ival le rt). 

Grant’s 
Gazelle is 
“ common 
everywhere 
on the open 
plains.” Its 
fine lyre- 
shape d 
horns at- 
tain alarger 
develop- 
ment than 
in perhaps 
any other 
species of 
the genus, 

Their ele- 
gant shape 
and pro- 
minent out- 
lines will be 
seen by the 
accom- 
panying 
figure from 
the Pro- 
ceedings of 
the Zoolo- 
gical So- 
c i e t y . 

Thomson’s 
Gazelle was 
found in 
large num- 
bers in the 
plains of 
the Masai 
country to 
the south- 
west of the 
mountain. 

Waller’s 
Gazelle was 

“ very rare near Kilimanjaro,” but subsequently found to be 
numerous up the Tana River. One was killed near Lake ' 
Jipd. But the great prize among the Antelo^s was met 
with by Sir Robert Harvey and his companions Messrs. 
Greenfield and Hunter, during a subsequent expedition to. 
Eastern Africa. In the course of this journey they ascended 
the River Tana, which forms the north^n boundary of 
the dominions of the British Imperial East African Coift- 
pany^. Here, on the northern bank, they came across 
specimens of an entirely new Antelope, “ of a bright red 



Fig. 2.— Head of Hunter's Antelope. 
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Antelope has been since named Hunter's Antelope 
{Damalis hunteri) by Mr. Sclater (see Proc. Zool. Soc., 
1879, p. 372, PI. xlii.), and mounted specimens of it may 
be seen in the Mammal Gallery of the Natural History 
Museum at South Kensington. 

It must not, however, be supposed that the rich 
mammal-fauna of the Kilimanjaro district has been yet 
entirely e.xhausted. We read, in Sir John Willoughby’s 
narrative, of a Duiker Antelope {Cephalophus), of a dark 
red colour, found on the mountain, of which a specimen 
was obtained by an American traveller. Dr. Abbott, but 
not by the British sportsmen. On the same mountain, at 
an elevation of about 9000 feet, Dr. Abbott also secured 
an example of an “ extraordinary animal ” like a Serow 
{t.e. Capricornis bubalina of the Himalayas), but “ darker 
in colour and shorter on the legs.” There is therefore 
ample room for future discoveries, both in this and in 
other branches of natural history. The plateau surround- 
ing Mount Kenia, which has yet to be explored scientific- 
ally, would doubtless supply many other novelties. In 
short, at the present time we know of no other field for 
zoological discovery so promising and so easily accessible 
as the slice of Eastern Africa recently assigned to Sir 
William Mackinnon and his associates of the B.l.E.A. 
Company, to which the author of the present volume has 
given us such a useful and agreeable introduction. 


THE CORAL REEFS OF THE JA VA SEA AND 
ITS VICINITY} 

O INCE comparatively few of the naturalists who have 
sojourned in the Indian Archipelago have paid 
special attention to the coral reefs of that region, it be- 
comes a cause of satisfaction that Dr. C. Ph. Sluiter, of 
Batavia, whp has long been engaged in studying the 
marine fauna of his neighbourhood, has taken up the 
subject in earnest. In a paper on the origin of the coral 
reefs of the Java Sea, and of Brandewijns Bay on the 
west coast of Sumatra, and on the new coral formations 
of Krakatao, Dr. Sluiter gives the results of his recent 
preliminary investigations.'-* This paper is excellent in 
method, and the results of the highest importance. 

In the western half of Batavia Bay, where the depth 
varies from 5-12 fathoms, there are numerous coral 
reefs which occur in all stages of growth from the 
incipient reef to the coral island begirt with a barrier- 
reef. Being curious to learn how the corals first began 
to grow on the muddy bottom of this bay, the author of 
this paper soon found an explanation in the fact that the 
stones and fragments of sunken Krakatao pumice, which 
lay in places on the mud, were covered with living corals. 
Hence he concluded that in those favourable circum- 
stances where several of the stones and pumice fragments 
lay close together we might have the beginning of a reef. 
A singular feature in the growth of these reefs then 
attracted his attention. Some fourteen years ago, an 
artesian boring was made in the small coral island of 
t^nrust in Batavia Bay, when an accumulation, 20 metres 
thick, of coral dibris, shells, and clay, was found to pass 
downward into a firmer clay. The depth of the sea 
. around is only il metres, and after allowing about 2 
metres for the height of the inland, Dr. Sluiter infers that 
the .coral fragments have sunk down 7 metres into the 
^ mud or clay of the sea- bottom. 

To support this view, the author gives a section of the 
shore-reef of Brandewijns Bay, pn the west coast of 
Sumatra, the section being constructed from data sup- 
plied by fifteen borings, none deeper than 24 metres, the 

V 

^ *'£iniges liber die Entstehonft der Korallenrtflfe in der Javaiee und 
Branntweinsbai. und Qber neue Koralienbildang bei Krakatau.** Von 
Dr. C. Ph. Sluiter. (Batavia en Noordwijk : £rnu and 1889.) 

® Natnurkundi^ Tijdschri/t voor NederUndsik Band xlix. ^ 


reef there being rather under 300 metres wide. As is 
there shown, the volcanic formations of the steep coast- 
border descend at a precipitous angle under the sea, so 
that they do not form a foundation for the shore-reef. 
This reef, the thickness of which varies greatly, being in 
some places as much as 1 1 metres and in others only 
half that amount, lies on ** a substratum of clay or mud 
mixed with coral dlbris^ and forming a bed ranging from 
2 to 7 metres in thickness.” This substratum of clay and 
coral passes down into a clay or mud, formed from the 
decomposed andesitic rocks of the district, which may be 
firm in some places and soft in others. The next point 
I brought out in the section is that the substratum or clay 
and coral dibris is thickest and deepest where the under- 
; lying clay is soft, and thinnest and nearest to the surface 
when the clay is firm or is mixed with sand. From these 
: and allied considerations. Dr. Sluiter passes on to the 
; conclusion that the same process has taken place here 
: which occurs in the construction of dams and piers on a 
yielding bottom, a large amount of coral materials having 
been sunk in the mud, whilst the reef, by its own weight, 
has prepared its own foundation. 

Having been familiar with the appearance of Krakatao 
before the great eruption of 1883, Dr. Sluiter observed 
some interesting changes in connection with the shore- 
reefs of this island when he revisited it in 1888 and 18S9. 
The pumice and ashes at the time of the outbreak, accord- 
ing tb the account of Dr. Verbeek, the historian of the 
eruption, destroyed all life in the sea around, making the 
sea-bottom a lifeless waste ; and under an accumulation, 

, 20 metres thick, of these materials lies the old shore-reef. 

, In 1888 and 1889 the old condition of things was be- 
; ginning to re-assert itself. In one place a young shore- 
I reef, composed mostly of madrepores, had attained a 
breadth of a metre, and living corals were brought up in 
: abundance by the dredge, attached to sunken pumice. 
Amongst the measurements of coral growth given by the 
author are those relating to specimens of Madrepora 
\ nobilis, Dana, which had attained a length of from 2 to 
2 i decimetres in a period that could not have exceeded 
five or six years, and was probably much less. Specimens 
I of Porites mucr^nata, Dana, bad also in the same period 
grown to a length of i decimetre. 

After referring briefly to the interesting Thousand 
Islands, a linear group of small coral islands near 
Batavia, many of which, in the southern part, affect the 
atoll form. Dr. Sluiter sums up the results of his observa- 
tions. A coral reef in the Java Sea commences its }iro 7 vth 
on a muddy bottom in the form of a colony of corals 
growing on the stones and sunken pumice that there lie. 
As it increases in extent and height, it secures its own 
foundation by its weight, a large amount of coral materials 
sinking into the mud to a depth of seven or less 
metres. In its upward growth.it presents a level top, and 
displays no hollow or basin, a uniformity which it pre- 
serves until a foot from the surface, when it dies in the 
centre, and the agencies dwelt upon by Murray and 
Agassiz then co-operate in forming an atoll or a 
barrier-reef. Because the small coral reefs (500 metres 
wide) of the Java Sea grow up uniformly until near the 
surface. Dr. Sluiter places himself in partial antagonism 
to a portion of Murray’s theory. In this, however, he has 
missed the point of the new view, according to which 
such small reefs would either have no lagoon or else 
possess a very shallow one. With this correction, his 
partial confirmation of Murray’s theory becomes more 
complete. 

We hope that, with the great facilities at his disposal. 
Dr. Sluiter will make an exhaustive examination of the 
Thousand Islands, the varied and unusual, conditions of 
their, ^owth rendering them particularly important as a 
field tor thoroughly investigating the problem. 

H. B. Guppv. 
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THE ELECTRIC LIGHT AT THE BRITISH 
MUSEUAf. 

• 

'T^HE authorities of the British Museum are to be 

^ congratulated on the thorough and admirable 
manner in which the scheme for the electric lighting of 
the galleries has been carried out. Everyone present at 
the private view on Tuesday evening was pleased with 
the results which had been achieved. Both arc and glow 
lamps are employed ; the former in the galleries on the 
ground floor containing Greek and Roman sculpture, 
the Elgin marbles, and Assyrian and other antiquities, 
and in some galleries on the upper floor. The suite of 
bronze and vase rooms on the west, and the ethnographical 
gallery on the east, of the upper floor are lighted by glow 
lamps. The light from glow lamps is more agreeable to 
the eyes than the more powerful light of arc illuminants ; 
but tiiese have been regulated with the utmost care, and 
on I'uesday evening there was a very general feeling that 
the beauties of the sculpture were brought out by them more 
effectually than by such daylight as is at times rendered 
possible by our northern climate. With regard to the 
arc lights on the upper floor, it was noticed that they were 
admirably adapted for the exhibition of the Japanese 
drawings, even the minutest details of these delicately 
Hnished works being rendered plainly visible without 
any diminution of the beauty of the colours. , 

We quote from the Times of January 29 the following 
description : — 

“In the galleries on the ground floor there are 69 arc 
lamps of various powers, while on the upper floor there 
are 57 arc and 627 glow lamps. In addition to these there 
are five large arc lamps in the reading-'room, six in the 
courtyard, and upwards of 200 glow lamps in the offlees 
and passages. 'I’he total current required to work the 
whole of the lamps is nearly 1200 amperes, with an E.M.F. 
of 115 volts at the lamp terminals; and this output is 
produced by the expenditure of nearly 200 brake-horse- 
power. The current is generated by four Siemens dynamo 
machines, each capable of giving an output of 450 
amperes and 130 volts, which are connected to a general 
switchboard in the engine-room by means of which they 
can be put to work in parallel to any or all of the circuits. 
The switchboard is fltted with instruments indicating the 
current given off by each dynamo and four circuits are 
led from it round the Museum — two for the upper and two 
for the lower floor. The main wires are laid outside the 
building. In order to insure safety, and to guard, as far as« 
possible, against failure of light, the motive power is in 
duplicate. The four dynamos are driven in pairs, each pair 
by a separate engine with a separate countershaft. Each 
engine has a separate steampipe in diiect communication 
with the boilers, and there is an ample reserve of boiler 
power The power of theenginesanddynamosissoadjusted 
that each of the two sets is capable of y^orking the whole 
of the lamps in those galleries proposed to be lighted on 
any one evening ; the other set standing by ready to work. 
Further, in order to work if required, at half-power, or in 
order to provide half-light for the whole of the galleries — 
which light should suffice for an emergency such as sudden 
fog or accident — the lamps are connected in pairs alter- 
nately, so that half of the number being cut on, the light 
of the other half still remains evenly distributed. The 
engines have been supplied and erected by Messrs. 
Marshall, Sons, and Co. (Limited), of Gainsborough, and 
the electrical work has been executed by Messrs. Siemens 
Brothers and Co. (Limited)." 

The eastern and western portions of the Museum will 
be open to the public on alternate week-day evenings, and 
all the world agrees with the Times that “ the educational 
value of the unique collections of art and scientific 
treasures the Museum contains will be greatly enhanced 
by the change." 


NOTES. 

The Medals and Funds to be given at the anniversary meeting 
of the Geological Society on February 21 have been awarded 
by the Council as follows : the Wollaston Medal to Prof. 
William Crawford Williamson, F. K. S. ; the Murchison ^edal to 
Prof. Edward Hull, F.R.S. ; and the Lyell Medal to Prof. 
Thomas Rupert Jones, F.R.S. ; the balance of the Wollaston 
Fund to Mr. W. E. A, Ussher, of the Geological Survey of 
England ; that of the Murchison Fund to Mr. Edward Wethered ; 
that of the Lyell Fund to Mr. C. Davies Sherborn ; and a portion 
of the Barlow-Jameson Fund to Mr. William Jerome Harrison. 

The Council of the Royal Meteorological Society have 
arranged to hold at 25 Great George Street, Westminster, on 
March 18 to 21 next, ui Exhibition of Instruments and Photo- 
graphs illustrating the application of photography to meteorplogy. 
The Exhibition Committee invite co-operation, as they are 
anxious to obtain as large a collection as possible. They will 
also be glad to show any new meteorological instruments or 
apparatus invented, or first constructed, since last March ; as 
well as photographs and drawings possessing meteorological 
interest. Anyone willing to co-operate in the proposed 
Exhibition should furnish the assistant secretary (not later than 
February 12) with a list of the articles he will be able to con- 
tribute and an estimate of the space they will require. 

The second course of the Gifford Lectures at Glasgow will 
begin on February 5. As announced in the first course, these 
lectures will treat of what Prof. Max Miiller calls “ Physical 
Religion," or the belief in natural, sub-natural, and super-natural 
powers, discovered in some of the great phenomena of Nature. 

Some most interesting notes on the last days 0/ Father Perry 
are contributed to the Tablet of January 25 by Father Strick- 
land, S.J. The facts stated by the writer bring out in a very 
striking light the earnest and resolute spirit in which, to the end 
of his life. Father Perry devoted himself to science. During 
the voyage he suffered badly from sea-sickness, and on his 
arrival at the Isles de Saldt he was “much done up.” Never- 
theless, he allowed himself no rest, but landed at once to view 
the site and introduce himself to the authorities. Captain Atkin ■ 
son urged him to live on board the Camus and land each morning 
for his work ; and Father Strickland is of opinion that if he had 
done this “ his life would not have been sacrificed to his over- 
anxious desire to do everything for the best for the success of 
the work confided to him." He preferred, however, to take up 
bis quarters in the hospital, and said nothing about ihe fact that 
he was in bad health, making “ light of all his personal wants 
for fear of giving trouble to others. ” The observatory erected 
for the occasion was half a mile from the hospital, and “the 
intervening ground was very rough, being a steep descent and 
ascent, and the distance was gone over on foot four times each 
day in fair weather or foul." “ On the Friday before the eclipse 
Father Perry complained of being ‘very bad inside,’ but be 
worked on until nearly 3 a.m., and when the men retired to the 
Comus he tried to snatch a little rest where he was, and lay 
down in a hammock in the tent. He was up again before 6- ' 
o’clock to take the position of the sun at rising. At 6.45 the 
men arrived from the ship, and at 7.30 there was a complete, 
most careful, and most successful rehearsal of all the operations* ‘ 
and duties which were to be performed next morning in the 
solemn moments of the #clip$e, for which they had been prev 
paring so long and had travelled so far. Everyone was surprised 
at Father Perry’s exactitude in contributing to cai#y out his own 
orders and his courage in facing fatigue. His readiness to sacri- 
fice himself and his own convenience in prder to save trouble 
to others endcavied him to all who worked with him, and chal- 
lenged their utmost efforts to secure success for their work in 
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spite of the oppressive climate and surroundings. Just before 
noon on Saturday, Lieutenant Thicrns went to see him at the 
hospital and found him much exhausted ; but he was again at 
his post in the observatory at 3 p.ni., at which time an 
important photograph was secured with the mirror. In the 
evening he went on board the Comus for dinner, but was only 
able to lie on a sofa all the time ; and he sent to the doctor for 
some chlorodync* Much against the wishes and earnest advice 
of Captain Atkinson (who spoke to me of Father Perry with the 
sincerest regard and esteem), Father Perry made his way on 
shore in a violent pouring rain to sleep in his own quarters, and 
would allow no one to hinder him. Next morning, Sunday the 
•22nd, was the important moment of the eclipse. Lieutenant 
Thiems landed with his observatory party at six o’clock, and on 
arrival was informed by Mr. Rooney that Father Perry had 
passed a very bad night and was very ill, so a man was sent to 
help him over the bad half mile from his quarters, as he declined 
to let himself be carried on a stretcher. He reached the obser- 
vatory in good time, though in a very exhausted state. As the 
important moment approached, he seemed to rally, and, during 
the minutes of the eclipse, seemed to be himself again, and 
showed no signs of illness or exhaustion. There were two 
photographic instruments in use — one an old one, which had 
often been in use before, the other was the special new corona 
graphic instrument prepared for the occasion, of which Father 
Perry himself took charge. He was so alert and self-possessed 
during the eclipse, that his friends about him hoped he was not 
so ill, but he gave way immediately after, and with much difficulty 
reached his quarters in the hospital. It was known after, that 
during the previous night he had been very seriously ill.” 
On Sunday night it became evident that he was suffering from 
the very worst form of dysentery. *00 Wednesday, Christmas 
Day, he was better, and the vessel started for Demerara. All 
hope was gone on Friday at 1.30 p.m. At 3 p.m. his mind 
began to wander, and at 4.20 he died. It is pathetic to read 
that before he quite lost consciousness he thought himself again 
engaged in the supreme moment of the scientific mission 
which had so long filled his thoughts,” and began to give his 
orders as during the short minutes of the eclipse.” 

At its annual sitting, the Russian Academy of Sciences 
elected the following as Corresponding Members In Mathe- 
matics, Prof. Sophie Kovalevskaya, Stockholm ; in Astronomy, 
Prof. Moris Loewy, Paris ; in Chemistry, Prof. Stanislas Can- 
nizaro, Rome; in Biology, Th. Keppen, Russia, and Prof. 
Henri Baillon, Paris. 

The Sanitary Institute has made arrangements for the ninth 
course of lectures and demonstrations for sanitary officers. They 
will be given in the Parkes Museum, and will be specially 
adapted for candidates preparing for the Institute's examination 
for inspectors of nuisances. The introductory lecture will be 
delivered on February 18 by Mr. E. C. Robins. Among the 
lecturers will be Sir Douglas Galton and Prof. W. H. Corfield. 
The former will lecture on ventilation, measurement of cubic 
space, &c ; the latter on sanitary appliances. 

Messrs. Macmillan and Co. are issuing a monograph of 
the British Cicadse, by George Bowdler Buckton, F.R.S. It 
will consist of eight quarterly parts, each containing on an 
• average ten litho-chromo plates and letterpress, illustrating the 
forms, metamorphoses, general anatomy, and the chief details 
connected with, the life-histoiy of thfe family of insects. The 
work will contain also short diagnoses of all the British species, 
about 230 iiR number, most of which have come under the 
author’s notice, each species being illustrated by one or more 
coloured drawings, ^ome account will be given of the curious 
myths and tales told by ancient Greek and Latin poets, and 
descriptions, will be appended relating to the curious sound- 


organs possessed by some species, and other subjects connected 
with the economy of this interesting but difficult group of 
Rhynchotous irtsects. 

Messrs. Macmillan and Co. have in the press a ** Manual 
of Public Health, ” by Mr. Wynter Blyth, M.R.C.S., Medical 
Officer of Health for St. Marylebone. 

Malta has suffered a great loss in the almost sudden death of 
Dr. Gulia, Professor of Botany, Hygiene, and Forensic Medicine 
in the Royal University of Valletta. He was born, in 1835, at 
Cospicua, a suburb of Valletta, where his father was a physician. 
He graduated in medicine and surgery, in 1855, at Valletta, and 
afterwards went to complete his studies at Paris, where he made 
the acquaintance of a laige number of eminent men, including 
Milne-Edwards, Blanchard, and Vidal. On his return to reside 
in his native town, he was elected to the above-mentioned Chair 
in the University in Valletta. Besides attending to his pro- 
fessorial duties and the requirements of a large medical practice. 
Prof. Gulia found time to edit an important medical journal, in 
which he exhibited great literary and scientific talents. He also 
issued, among other writings, a “ Flora of Malta.” His son is 
about to publish his last work, containing the completest account 
of the flora of Malta up to the present time, bringing the total 
number of species up to 833. 

Arm meeting of the Society of Arts, last week, Mr. Bru- 
denell Carter read a valuable paper on Vision-testing for 
Practical Purposes.” Referring to colour blindness, Mr. Carter 
said that Dr. Joy Jeffries, in the last edition of his work on the 
subject, tabulates the results of the examination of 175,127 per- 
sons, and shows that the percentage of this number who were 
colour ^blind « amounted to 3*95. Any method of examination 
which gives a percentage differing from this in any marked de- 
gree must, Mr. Carter thinks, be vitiated by some error. Of the 
methods of examination pursued on the English and Scottish 
lines of railway, and by the Board of Trade, he said they had 
one feature in common — they were all wrong, *‘the direct off- 
I spring, in almost every instance, of a degree of ignorance and 
presumption, the very existence of which would be incredible if 
the proofs of it were not brought daily under our observation.” 
^*Even where the use of Holmgren’s method is professed,” said 
Mr. Carter, “the rules laid down by Holmgren for conducting 
it are, as a rule, utterly ignored, and the results obtained are as 
utterly misleading. The test should be used in exact conformity 
with his very detailed and precise instructions, or it should not 
j be used at all.” 

j The first of a series of Friday evening lectures on Astronomy 
I was delivered on Friday, the 24th instant, by Mr. E. J. C. 
Morton, at the Battersea Public Baths. An audience numbering 
over 400 assembled, and manifested much interest in the subject 
[ with which Mr. Morton dealt. The lectures are being given in 
' connection with the* University Extension Scheme. 

The following science lectures will be given at the Royal 
j Victoria Hall during Febniary : 4th, “ Algeria and Morocco,” by 
j Mr. Henry Blackburn ; xith, “Arsenic,” by Mr. Ward Cold- 
' ridge ; i8th, “ Eyesight and Some of its Defects,” by Dr. Collins 
25 tb, “ Sinai and Palestine,” by Sir Charles Wilson. 

The third series of lectures given by the Sunday Lecture 
Society will begin on Sunday afternoon, February 2, in St. 
George’s Hall, Langham Place, at 4 p.m., when Dr. B. W. 
Richardson, F*.R.S., will lecture on “ The Health of the Mind ; 
and Mental Contagions.” Lectures will subsequently be given 
by Sir Heniy E. Roscoe, M.P., F.R.S., Mr. Justin H. 
McCarthy, M.P., Mr. G. Wotherspoon, Mr. H. L. Brsekstad, 
Mr. Louis Fagan, and Dr. James Edmunds. 

Great efforts are being made to secure that the eleventh 
meeting of the National Electric Light Association, to be held 
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at Kansas City from February ii to 14, shall be, as Science puts 
it, “ one of the most interesting conventions ever held.'' Those 
who propose to go to Kansas from New York may look forward 
to a pleasant journey. A vestibule train, to be called the Electric 
Limited, is to run through without change to Kansas City vid 
Chicago and the Chicago, Burlington, and Quincy Railroad. 
The committee making the necessary arrangements feels 
confident that this train will be ‘‘the finest ever run out of 
New York.^' It will be composed of the latest Pullman vesti- 
bule sleeping-cars, lighted-by electricity, a dining-car, composite 
car containing barber shop, bath room, card room, library, 
writing desk, smoking room, &c., and an observation car with a 
large open room luxuriously furnished, as well as an observation 
platform. The train will be supplied throughout with fixed 
and portable electric lamps. 

Hp:rr Trautvveiler thinks that a railway should go to the 
top of the Jungfrau, and in the Schweizerische BauzeiiunggxsQ^K 
brief account of his scheme. The railway would go from the 
valley below to the summit, and would be almost entirely under- 
ground. There would be several intermediate stations, from 
which convenient, well-arranged tunnels would lead to points on 
the mountain whence the best views are to be had. If stonny 
weather came on, the passengers could withdraw into the shelter 
of those tunnels. The railway would be lighted by electriaity. 

The following is translated from a notice published by the 
authorities of the Madrid Observatory : — “D. Ernesto Caballero, j 
Professor of Physics, and director of the electric lighting manu- 
factory in Pontevedra, writes to this Observatory, giving details i 
of a remarkable meteorological phenomenon which appeared at j 
9.15 p.m. on the 2nd inst. In a sky serene and clear, there • 
appeared suddenly a globe or ball of fire of the apparent size 
of an orange, which after falling (it is not possible to well indi- 
cate how or from whence) upon the conducting wires stretched 
across the city, entered the manufactory (referred to) by a sky- 
light or window, struck the apparatus for distributing the light, 
from which (after raising the armature of a magnetic current 
closer) it struck the dynamo at work. In the presence of the 
alarmed engineer and workmen present it rebounded twice from 
the dynamo to the conductor, and from the conductor to the 
dynamo, then fell and burst with a sharp and clear detonation 
into a multitude of fragments, without producing any harm or 
leaving any trace of its mysterious existence. In various parts 
of the city the lights swiftly oscillated and were extinguished 
for some seconds, and that the darkness was not general and 
long continued was owing to the admirable self-possession of 
the employisy who almost instantly established the order of 
things so suddenly and strangely interrupted by this mysterious 
meteor, of whose action and presence there only remained 
traces on the melted (or soldered) edges of the thick copper 
plates belonging to the armature of the circuit closer. Outside 
the building, and at the moment of falling upon the conducting 
wires, it was seen by (among others) the Professor of Natural 
History, SeHor Garc<$ran, and from various effects observed on the 
wires during the following day there were undoubted manifesta- 
tions (in no other way explicable) of its electrical origin." 

The second part of a voluminous bibliography of meteorology 
prepared by Brigadier-General Greely, Chief Signal Officer of the 
United States Army, and edited by Oliver L. Fassig, has been 
issued, and consists of a classed catalogue of printed literature 
relating to moisture, from the origin of printing to the close of 
1881. The whole literature included is divided into 22 sub- 
divisions, a comprehensive classification which will be highly 
appreciated. A section is devoted to rainfall in general, others 
to distribution and variation of rainfall, others to heavy rainfall 
and drought, and so on throughout the whole work. A division 
on “ Showers of Miscellaneous Matter,’’ though not properly a 


> part of the subject, has been deemed of sufficient interest in con- 
! nection with the general subject of precipitation to be included 
j within this volume. Although supplements to Part I. Tempera- 
; ture, and Part II. Moisture, may appear later, it is to be regretted 
I that it will be impracticable for any other part of this bibliography 
I to be issued from the Signal Office. 

In Petermann * s Mitteilungen for December last, Dr. R. 
Spitaler has an instructive paper on the temperature “anomalies" 
of the surface of the earth in January and July, with charts 
showing those districts which are too warm (in positive anomaly) 
or too cold (in negative anomaly), compared with the normal 
values of their geographical positions. Such charts were first 
drawn by Dove ; but as the materials at the disposal of Dr. 
Spitaler are much better than those which Prof. Dove possessed, 
the charts differ in several important particulars. The influence 
of the warm and cold ocean-currents upon the temperature* 
anomaly is very clearly shown. Europe, for instance, being 
under the influence of the Gulf Stream and south-west winds, is 
always in positive anomaly, whereas Central Asia is a district 
which has in winter 24® C. of negative anomaly, while in sum- 
mer it has d'* of positive anomaly, or of greater heat than the 
same latitude in Europe. The July chart shows in the northern 
hemisphere two decided maxima of positive anomaly, and two 
minima, while in the southern hemisphere, owing to the less 
amount of land, the anomaly is much smaller. In July the con- 
tinents of the northern hemisphere are almost entirely in positive 
anomaly, while the whole of the Atlantic and Pacific Oceans 
and Central America are in negative anomaly. 

In the current number of the Journal of the Anthropological 
Institute there is a valuable ijaper, by Dr. Arthur Thomson, on 
the Veddahs of Ceylon. Discussing the affinities of Jhe Veddahs, 
he says there appears to be little doubt that if they be not of 
the same stock as the so-called aborigines of Southern India 
they at least present very strong points of resemblance as 
regards stature, proportions of limbs, cranial capacity, and form 
of skull. The similarities of hair and colour between these 
races have often been remarked, so that, on the whole, if 
I physical features alone be taken into account. Dr. Thomson 
j thinks the affinities of the Veddahs with the hill tribes of the 
j Nilgherries and the natives of the Coromandel coast, and the 
country near Cape Comorin, are fairly well proved. 

Mr. H. B. Bashore sends to Science sketches of an interest- 
: ing Indian pipe. It is made of dark green steatite, carved into 
I an admirable image of a turtle, and represents, no doubt, one 
I of the Delaware totems. The back of the animal is well 
! polished and distinctly marked with lines, and the hole for the 
; stem is well drilled, and of a smooth bore. This relic was 
I found thirty years ago on the site of what is now the village of 
i Fairview, on the Susquehanna, close to an old Indian burying- 
ground. 

! The Punjab Government is obtaining a number of young 
I olive trees from Italy, and proposes to find out by experiment 
whether the low hills below Murree in the Rawul Pindi district 
are suitable for olive cultivation. ^ 

The Laccadive Islands have been suffering severely from a 
plague of rats. According to the Calcutta Correspondent of the 
Times^ these invaders have destroyed the cocoanut plantations 
and reduced the islanders to a state of destitution. 

Mr. R. M. Johnston lately called the attention of the 
Royal Society of Tasmania to the extreme variability of the 
genus Umo^ inhabiting the northern rivers of Tasmania. The 
shell seems to be capable of a remarkable number of modifica- 
tions with regard both to form and colour. ^This, Mr. Johnston 
$ayS| is more particularly the case if specimens marking different 
stages of growth are compaiVd with each other. In specimens 
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marking seven stages of growth, the variation in form— from 
youth to the adult stage — embraces characteristics covering 
‘‘ most of the distinctions upon which mjiny of the Australian 
forms mainly depend for the recognition of distinct specific 
rank.*\ Such being the variability of local form in the indi- 
viduals of the various stages of growth, Mr. Johnston thinks 
there is good reason for the belief that the several forms erected 
into specific ranks in various parts of Australia may prove to be 
local varieties, or particular stages of growth of one widely 
distributed species. 

The destruction of the native opossum is attracting some 
attention in Tasmania. It is said that about 75 per cent, of the 
animals killed have had young in the pouch at the time. The 
opossum has great commercial value, and there seems to l)e a 
general opinion that it ought to be efficiently protected. 

In the third report of the Liverpool Marine Biological Station 
on Puffin Island, Prof. W. A. Herdtnan gives a concise and 
interesting account of much good work done during the past 
year. In the autumn the station was closed, but it will be re- 
opened at the beginning of either April or May, and Prof, 
llerdman has no doubt that next summer all the different lines 
of investigation hitherto started will be followed up with a 
renewed enthusiasm which will more than make up for the loss 
of the winter observations. 

The Annnaire dc V A cadhnie Roy ah' de Bdgicjite for the current 
year contains the usual information about the Academy and the 
awards of the vari *us prizes. There is little to interest non- 
members except the series of biographies and portraits of former 
distinguished members, including Ilouzeau. 

• 

Dr. C. H4RT Mkrriam, chief of division of ornithology and 
mammalogy, in thcU.S. Department of Agriculture, has issued a 
series of directions for the measurement of small mammals and 
the preparation of museum skins, 'i'he directions are accompanied 
by an illustration, showing the appearance of a well made skin. 

Mr. de Zilva Wickremasinc'.he, assistant librarian of the 
Colombo Museum, has compiled a valuable list of the ** Pansi- 
yapanas Jataka,” the 550 birth stories of Gautama Buddha. In 
order to make the record complete the compiler consulted many 
old manuscripts belonging to temple libraries in various parts of 
Ceylon. The list has been published in the Journal of the Ceylon 
branch of the Royal Asiatic Society, and is also printed separately. ^ 


is best represented by the value o in the lithium-beryllium-boron 
j &c., horizontal row, by 2J in the sodium series, 5 in the potas- 
sium series, and 8^, 12, 15.^, 19, 22^, &c , in the subsequent 
rows. Thus m is a member of an arithmetical series of which 
the common difference is 2^ for the first three members, and 3^ 
for all the rest. On calculating the values of the constant c from 

the equation c = — for SS of the elements, the numbers 

are all found to lie between 6'o and 7*2 with a mean value of 6 *6 
In by far the majority of cases the value is much closer to the mean 
6*6 than is represented by the two extreme limits, thus in 35 
cases the values lie between 6*45 and 6*75. If the number 
6*6, therefore, is adopted as the value of r, and the atomic 
weights of the elements are then calculated from the formula 
A = 6 6(m -f the calculated atomic weights thus obtained 
approximate much more closely to the experimental atomic 
weights than do the numbers derived from an application of the 
atomic heat approximation of Dulong and Petit. The number 
6-6 at once strikes one as being remarkably near to the cele* 
brated 6*4 of Dulong and Petit, and Prof. Carnelley draws the 
conclusion that there must be a connection between the two. 
This assumption appears to be supported by the following inter- 
esting facts. If we assume c to represent the atomic heat, then 
atomic weight = atomic heat x (w -f ^/v) = atomic weight 

specific heat x {m + s/^*) ; or specific heat = ^ On 

calculatingthespecificheatsof the elements from this equation, they 
are found to agree remarkably well with the experimental values, 
except in those cases in which the observed specific heat is known to 
be abnormal. Again, Bettone has shown that the hardness of the 
elements is inversely proportional to their specific volumes. If 

this be so, hardness = gravity calculating the 

6 * 6 (/// + s/v) 

hardness from this formula, the numbers are again found to 
agree very closely with the hardness experimentally determined 
by Bettone. That the periodic law may therefore be approxi' 
matcly expressed by a formula of the type A = c{fn + 
appears very probable, and that the number 6*6 is a very close 
approximation to the value of c appears also to be established- 
Moreover, the fact that /// in the even series represents a whole 
number, while in the odd series it represents a whole number and 
a half, corresponds to the well-known difference in chemical pro- 
perties between the members of these series ; and the assumption 
that the common difference between the first three values of /;/ is 


Solutions to the questions in Pure Mathematics, Stages I. i 
and II., set at the May examinations of the Science and Art 
Department from 1881 to 1886, have been published by Messrs. 
Chapman and Hall in book form. Each of the questions has 
been fully worked out, and together they make a useful series of 
examples in elementary mathematics. 

Messrs. Dulau and Co. have issued a catalogue of works | 
1 elating to cryptogamic botany. 

We have to acknowledge receipt of /’2, sent by Mrs. Morton 
Sumner towards the payment of the debt on the laboratories of 
' . Bedford College, to which we called attention last week. 

An interesting paper is contributed by Prof. Cametley to the 
• , Philosophical Magazine for January, in which he attempts to 
express the periodic law of the chemical elements by means of 
pn algebraic fcymula. For reasons "which are given in detail 
in the memoir, an expression of the form A sc c(pt -f- ^v) is 
adopted, where A represents the atomic weight of the element, 

€ a constant, m a member of a series in arithmetical progression, 
depending upon the^ horizontal series in the periodic table to 
which the element belongs, and v the maximum valency or the 
number of the vertical group of which the element is a member. 
Ffom a number of approximations, frof. Carnelley finds that m 


only 2i, while between all the rest it is 3^, is borne out by 
MendeleefTs statement that the elements of the lithium and 
sodium rows are more or less exceptional in their nature, and 
not strictly comparable with the subsequent series. 

The additions to the Zoological Society’s Gardens during the 
past week include two Brown Cs^pixchins {Cchus/alt^ellus 6 6) 
from Paraguay, presented by Mr. E. Malateste ; a Bonnet 
Monkey {Macacus sinicus 9 ) from India, presented by Miss 
Alice Booth ; a Macaque Monkey (Macacus cynomolgus & ) from 
India, presented by Mr. C. Harris ; a Green Monkey 
(CcrcopUhecus callitrichus <J ) from West Africa, presented by 
Quarter- Master Serjeant Mathison, W.I.R. ; a Silver Pheasant 
(Euplocamus nycthemcrus <5 ) from China, presented by Mr, W. 
R Rootes ; a Malbrouck Monkey (Cercopithecus cymsurus ) 
from Rorke's Drill, South Africa, a Bonnet Monkey (Macacus 
sinicus 9 ) Trom India, deposited. 

OC/E ASTRONOMICAL COLUMN 

Objects for thr Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on January 30 » 6h. 
40m. aos. 


I 
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Name. 

Mag 

Colour. 

R.A z89a 

1 Dect. 1890. 




h. m. 8. 

1 

1 0 * 

( 1 ) G.C. 1435 


' 

6 26 31 

-f 10 14 

(2) DM. + 17^ 1479 ... 

6 

Yellowiih-red. | 

6 $6 1 

+ 17 53 

G) e Canis MinorU ... 

5 

Yellowish-white. 

7 >9 

+ 9 30 

(4) y Gemtnorum 

a 

Bluish. white. , 

6 31 24 

-f i6 30 

(5) 7^^ Schj 

6 

Reddish-yellow. 1 

6 28 59 

-1-38 

(6) R Leonis 

Var. 

Very red. • 

i 

9 4 * 39 

! +>» 56 

i 


Kcmarks, 

(1) This nebula is described by Sir John Herscliel as pretty 
large, comelic, much brighter nucleus south following." The 
remarks relating to the nebula G.C. 1185 (see p. 257) apply 
equally in this case, the spectrum not having been recorded. 
Next in importance to observations of the general character of 
the spectrum will be observations of differences between the 
spectrum of the nucleus and that of the *'tail." It seems hardly 
likely that the same spectrum will be given by the dense and 
sparse portions of the nebula. 

(2) This star has a fine spectrum of the Group IT. type. 

1 )uncr stales that bands 2-8 inclusive are visible, and possibly 
also band 9, all the bands being very wide and dark. The point 
chiefly requiring attention in a spectrum of this character is the 
presence or absence of the compound fluting of carbon which 
extends from about wave-length 468 to 474, it having been sug- 
gested that band 9 is simply a contrast band due to the presence 
of this fluting. The mean wave-length given by Duner for the 
edge of hand 9 15476*0, and if the suggestion referred to b#of any 
value, this ought to be coincident with the less refrangible edge 
of the carbon group. This can only be satisfactorily settled by 
direct comparisons of the spectrum of the star with that of 
carbon, obtained in the usual way from a Bunsen or spirit-lamp 
flame. 

(l) Vogel classes this with stars of the solar type. The usual 
differential observations are required. 

(4) A star of Group IV. (Gothard). The usual observations 
are required (see p. 285). 

(5) This is a star of Group VL, Duner stating that the bands 
2-9 are visible. Band 6 is a little weaker than the other carbon 
flulings. It seems probable that some of the brighter stars of 
the group will give metallic line absorptions, seeing that they 
are most probably formed by the cooling of stars like the sun, in I 
which there are only traces of carbon absorption, whilst the line j 
absorption is strongly marked. If the b group be present, it 
will most likely produce an apparent displacement of the carbon 
fluting to a slightly less refrangible position, its absorption being 
added to that of carbon. This can readily be determined by 
comparison with the spirit-lamp flame. Other lines may also 
appear, but b is mentioned as being amongst the more prominent 
solar lines. 

(6) Mr. Espin found bright lines in the spectrum of this variable,* 

when near its maximum in 1889. The star will again be at a 
maximum on January 30, and observers will therefore have an 
opportunity of making a more detailed examination of the 
spectrum. The general spectrum is of the Group II. type. 
Particular attention should be given to the bright carbon flutings, 
both at maximum and for some time after, as it seems probable 
that an increase of carbon radiation will accompany the appear- 
ance of the bright lines of hydrogen. The star ranges from 
about magnitude 6 at maximum to 9*5 at minimum, and the 
period is 313 days. A. Fowler. 

The Total Eclipse ok January i, 1889.— With a 
summary of the observations of this eclipse, Prof. Holden 
has come to the conclusion that coronal forms vary periodi- 
cally, those of 1867, 1878, and 1889 being of the same form; 
that the outer corona, terminated in branching forms, suggests 
the presence of streams of meteorites near the sun, whilst the 
extension of the corona along and very near the plane of the 
ecliptic would show that such streams must have long been 
integral parts of, the solar system. The photographs taken just 
before second and after third contact prove the corona to be, 
without doubt, a solar appendage. Spectroscopic observations 
indicate that the true atmosphere of the sun may be compara- 
tively shallow, it being conclusively shown that the length of a 
coronal line is not always an indication of the depth of the 
gaseous coronal atmosphere of the sun at that point. — Observa- 
tory^ January 1890. 

The Orbits ok the Companions of Brooks' Comet{i 889 
V., July 6.“Thcfour companions which accompanied this comet 


were notified as B, C, D, and E, respectively, by Prof. Barnard,, 
of the Lick Observatory (Astr. Nach,^ 2919), the principal portion 
being called A. Prof. Bredichin has computed, as far as possible, 
the orbits of the companions {Asir, Nach,^ 2949). Taking the 
elements given by Mr. Chandler for the principal mass A, the 
following elements have been found for C and E ; ^11 are 
reduced to mean equinox 1889*0 : — 


Elemems of A’s Orbit. 

T ^ 1889 October 2 'll 12 


Elements of C's Orbit. 

T = 1889 October 1 *3369 


ta = 344 29 20*6 
= 17 52 19*0 
i = 6 s 6*9 

28 2 1 1 *6 
log a = 0*565011 
Period ~ 7 0390 years. 


O / // 

a» = 344 II 47 '* 
« = 17 IS 24 s 

I = 6 5 6*2 

^ 28 2 I3’2 

log o - 0*505059 
Period . 7*0402 years. 


Klement. of K’s Orbit, i 
T = 1889 October 8*7356 


» = 347 30 * 8*9 

a = 17 52 24*5 

I » 65 6*2 

^ = 28 10 10*5 
log a — 0*564834 
Period = 7*0348 years. 


% 


The orbit of the mass B is situated between the orbits of A and 
C, and the orbit of D between those of C and E. From the 
inclination and position of the node it is evident that the 
division of the comet was effected in the plane of A*s orbit, and 
the elements of C and E indicate almost the same point for the 
separation of the comet into these masses. It may be, therefore, 
that the separation was due to the action of Jupiter. 

Greenwich Observatory.— The Astronomer-Royal has. 
issued the Greenwich Observations for 1887. An additional 
feature is the ten-year catalogue of 4059 stars, deduced from ob- 
servations extending from ^877 to 1886, and reduced to the 
epoch 1880. The work, therefore, appears mcare bulky than 
ever. 


THE PHYSICAL AND CHEMICAL CHARAC- 
TER IS TICS OF METEORITES AS THRO IV- 
I NG LIGHT UPON THEIR PAST HISTORY, 

T N several articles which appeared in Nature last year I used 
^ the term meteorite as a generic one, to include all meteoritic 
masses, whether they consist of the tiniest specks which give rise 
to the instantaneous appearance of a shooting-star in the highest 
reaches of our air, or of the largest masses which have so far been 
found after their descent to the earth’s surface. 

T must now confine it to those masses which have reached the 
earth’s surface, whether large or small, and I have first to refer to- 
the various suggestions which have been made as to their origin. 

The members of the Academy of Sciences of Paris were the 
last to acknowledge their extra-terrestrial origin, and that long 
after the M rilings and reasonings of Chladni, to which reference 
has been made, 

Laplace ascribed them to lunar volcanoes,^ by others it 
was imagined that they came from our own volcanoes ; there 
were those, also, who held that they came from the sun ; while, 
again, others thought they were fragments of a broken planet. 

The theory of the volcanic origin of meteorites, whether lunar 
or terrestrial, does not satisfactorily explain the orbital motions, 
around the sun, for, if this were their real origin, the meteorites 
would travel round the earth. Neither does it explain the rela-^ 
tions which exist between comets and meteorites, for no oittf 
supposes that comets are effects of volcanic action. Further, 
fragments thus ejected from the earth’s surface would be con- 
sumed in the journey by the same process which is afterwards to* 
render them visible to us as shooting-stars. 

With regard to the theory of the solar origin qf meteorites, it U 
difficult to understand how solid bodies can come from the sim 
after passing through an immense thickness of the intensely heated 
solar atmosphere. Then, again, particles shot out from the sun 
would not travel in an orbit, a*< the meteorites do, but would 
sii^iy move outwards in a straight line, |nd then fall back. 

That the meteorites are fragments of a broken planet is sup- 
ported by a considerable number of facts, but the main difficulty 

* “Let Meteorites,*' Meunier, p. ixa. 
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is to establish the connection between comets and meteorites, as 
even the supporters of the theory do not claim that the comets 
are parts of a broken planet. Then, a^ain, it is only an assumption 
that such a planet ever existed, and it is difficult to understand 
how a broken planet should so far disobey the law of gravity as 
to divide itself into small scattered fragments. 

The real parentage of those meteorites which fall on our earth 
is, therefore, probably cometic, for the association of comets, 
meteorites, and shooting-stars can no longer be denied, and it 
is an observed fact that comets do break up. 

The discovery of Schiaparelli (1866), and his view that the 
head of a comet was the largest meteorite in a swarm, of course, 
put these origins of some meteorites, at all events, out of the 
•question. 

Reichenbach (1858) did not consider that the head of a comet 
was a large meteorite, but a swarm of small ones, and the large 
meteorites he considered to be built up in some way out of the 
smaller ones brought into our system by comets. If this view be 
siri:)sequently confirmed, since we now know that, as suggested by 
Schiaparelli, comets are nebulous shreds, brought into our 
system by solar or planetary attraction, it follows that in the 
nebulae also we may be only dealing with excessively small 
masses. 

If meteorites, in the restricted sense of the term above referred 
to, do not exist sporadically in external space, they must be 
manufactured in our system, and two tests should be open to us : 
(l) no meteorites should reach us from outer space ; and (2) they 
should bear traces of the process by which they have been built 
up from cometary materials. • 

If we can establish this, then we imagine a gradual progression 
in the size of meteoritic masses from regions where they are so 
small that luminous collisions are all but impossible, to those 
regions nearest to a cooling sun, like our own, where there 
has been the richest supply of cometary material, furnished at ) 
successive perihelion passages for the longest time. 

With regard to (i), we have the facts that it is only very rarely 
meteorites fall in displays of shooting-stars, and that when the 
earth has passdO. near a comet no increase in the average number 
of meteorites has been noticed. 

The most important piece of evidence on this point, however, 
has been recently furnished by Prof. Newton, who, from a com- 
plete discussion of the data extant from all known falls, has 
come to the conclusion that all the meteorites now in our 
collections have come from a single ring of bodies circulating 
round the sun. 

We next come to (2). The most important point to consider 
here, in the first place, is the very special structure of meteorites. 

Thumb MarJditgs. 

Regarding the origin of the remarkable pittings of the 
surfaces of aiirolitcs and aerosiderites, an opinion was lately 
expressed and advocated by Daubrt-e,' that in their flight 
through the air they undei^o erosion and excavation by joint 
effects of combustion and fusion, assisted mainly by air vortices 
attacking most violently certain portions of their surface. An 
important paj>er on this subject by Prof. Maskelyne was published 
immediately afterwards in the Philosophical Magazine (of August 
1876). It is true that pittings identical in appearance with those 
of meteorites are found on the surfaces of certain large grains of 
powder blown unconsumed from the mouths of the large modern 
rifled ordnance (excellent specimens of this kind received from 
Prof. Abel and Major Noble having been shown by Prof. 
Maskelyne to M. Daubree in the summer of 1875) \ ^wo 
important grounds for exception, in regard to this explanation, 
are pointed out by Prof. Maskelyne, which must not be over- 
-Iqoked. The closest examination of the molten glaze with which, 
like other parts of these surfaces, the pittings or depressions of 
meteorites are coated over, shows no indications of vorticose 
action of the air, although stream-lines of the glaze from front 
‘to real: are of frequent and conspicuous occurrence. The process 
of atmospheric combination, or combustion, is also rare, if not 
entirely absent, during the period of most intense operation of 
the heat, as is shown by particles of metallic iron whi^ ate 
occasionally found embedded^ in the glaze, and even by casei 
where the highly oxidizable mineral oldhamite (calcium sulphide), 
occurring in spherules in the Bustee meteorite, is glazed over 
equally with the augitc without offering any signs of combtistion 
or of the production of cavities where they are exposed. 

* €cwpUs rendus^ April 24. 1876. See ("Report on Observations of 
t^uminous Meteors- for the year 1875-76,” p. i67« 


Chondritic Slfuciure. 

We have spherules of iron, like small shot of different sizes, in 
the stones. 

These spherules, or chondroi, as they are sometimes called, 
vary very considerably in size ; some reach the size of a cherry, 
while others are so small that they can only be seen by the aid 
of almicroscope. 



Chondroi in Soko-Hanya meteorite (magnified 10 diameters) 



Chondroi in Mocs meteorite (magnified xo diameters) 


By examining sections of chondritic stony meteorites we find 
that they consist sometimes almost entirely of spherules. The 
Pamellee aerolite affords us a very good instance of this, the 
most varied groups of spherules being seen collected together in 
one section. These spherules are sometimes encased in small 
shells of nickeliferous iron, or sometimes in addition with a kind 
of pyrites, a sulphide of iron termed troilite (FeS), peculiar to 
meteorites. 

Some chondroi have round depressions which point to plas- 
ticity during contact, as if the spherules which form the splintered 
fragments had acquired their form during the act of rubbing. 
Others, again, have projections of a rounoed form, or an almost 
pointed end.^ 

Our terrestrial rocks contain no structure identical with that 
chondritic structure so peculiar to meteorites, and the characters 
of the spherules are found to be quite different from those in 
either perlite or obsidian. 

Tschermak^ directs attention to the peculiarities observed in 
several chondritic meteorites. The first is the occurrence of a 
crust over the surface of the bronzite spherules, possessing fibrous 
structure. This crust is thin, and it distinguished from the 
inclosed material by its paler colour ; it has the same fibrous 

' Flight, History of Meteorites/* p. 307. 

« Quoted from Report of Observatiofts of Luminous Meteors during the 
Year 1877-78,** p. 107. 
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stmcture, doubly refractive power, and, in fact, is optically 
orientated like the inclosed silicate. It appears to be produced 
by some agent acting from without, perhaps hedt in conjunction 
with a reducing gas. The agent has not caused friction, but a 
slight modification of the texture of the surface. 

Indications afforded by Crystalline Structure. 

The mixed minerals of meteorites have been subjected to 
microscopic examination by Sorby * and Rose,^ and both have 
found that the ciystals differ in some essential particulars from 
those of volcanic rocks. 

Sorby long since showed that when crystals are formed by 
deposition from Water or from a mass of melted rock, they often 
catch up portions of this water or melted stone which can be 
seen as cavities containing fluid or glass. Crystalline mineral 
formed by purely aqueous or by purely igneous processe: 
can thus ^ be distinguished. One of the most common of th< 
minerals in meteorites is olivine, and when met with in volcanic 
lavas this mineral usually contains only a few and small glass 
cavities in comparison with those seen in such minerals as augite 
The crystals in meteorites are generally only small, and thu.< 
the difficulty of the question is considerably increased. However, 
by careful examination with high magnifying power, Sorby 
found well-marked glass-cavities, with perfectly fixed bubbles, 
the inclosed glass being sometimes of brown colour and having 
deposited crystals. On the contrary he was never able to detect 
any trace of fluid-cavities, with moving bubbles, and therefore he 
holds it very probable, if^ not absolutely certain, that the crys- 
talline minerals in meteorites were chiefly formed by an igneous 
process, like that which has produced lava, and analogous 
volcanic rocks. 

Passing from the structure of the individual crystals to that of 
the aggregate, Sorby points out that in some cases we have a 
structure in every respect analogous to that of erupted lavas, 
though even then there are very curious differences in detail. 

The results of the observations of the kinds of crystallization 
noted in meteorites by many eminent authorities go to show that 
it took place hastily. Thus Brezina, after making a complete 
study of the Vienna collection, comes to the conclusion that 
the structural features of meteorites are the result of a hasty 
crystallization. 

Again, it is the opinion of several high authorities that the 
crystallization did not necessarily take place under conditions of 
high temperature. 

M. Daubree’s opinion is thus expressed ^ 

“It is extremely remarkable that, in spite of their great 
tendency to a perfectly distinct crystallization, the silicate com- 
binations which make up the meteorites are there only in the 
condition of very small crystals, all jumbled together as if they 
had not passed through fusion. If we may look about us for 
something analogous, we should say that, instead of calling to 
mind the long needles of ice which liquid water forms as it 
freezes, the fine-gmined texture of meteorites resembles rather 
that of hoar frost, and that of snow, which is due, as is known, to 
the immediate passage of the atmospheric vapour of water into 
the solid state.'' 

This possibility of the absence of high temperature is thus 
further insisted upon by Prof. Newton : — ^ 

“ The meteorites resemble the lavas and slags of the earth. 
These are formed in the absence of water, and with a limited 
supply of oxygen, and heat is present in the process. But is 
heat necessary ? Some crystallizations do lake place in the cold ; 
some are direct changes from gaseous to solid forms. We cannot 
in the laboratory reproduce all the conditions of crystallization 
in the cold of space. We cannot easily determine whether the 
mere absence of oxygen will not account fully for the slag-like 
character of the meteoric minerals. Wherever crystallization can 
take place at all, if there is present silicon and mwnesium and 
iron and nickel, with a limit^ supply of oxygen, their silicates 
ought to be expected in abundance, and the iron and nickel in 
their metallic forms. Except for the heat, the process should be 
analogous to that of the reduction of iron in the Bessemer cupola, 
when the limited supply of oxygen combines with the carbon, 
and leaves the iron free, " 

Should this view be subsequently confirmed, all early ideas 
touching the formation of meteorites will require to be modified. 
Thus, in 1855, Prof. Lawrence Smith stated : “They have all 
been subject to a more or less prolonged igneous action corre- 

* Proc. R.S., January 1864. • Berlin Acad. Trans. 

3 Quoted by Newton, Nature, vol xxxfv. p. 535. 4 Nature, c/t. 


spending to that of terrestrial volcanoes." Haidinger, in 1861, 
not only declared for high temperature, but for high pressure. 

Obviously, these views, which were based more upon the ana- 
logues of some of the meteoriteswith volcanic basic rocks than upon 
the actual character of the crystallization, suggested the forma- 
tion of large masses ; and the ideas that comets were soli4 bodies 
and that meteorites were fragments of comets or planets were 
both based upon these views, ^ and the higher the temperature 
required and the slower the crystallization, the larger in imagina- 
tion did these possible birthplaces of the meteorites become. 

If neither much time nor heat be required to produce the crys- 
tallization observed, then, with Prof. Newton, we can suppose 
“ a mass containing silicon, magnesium, iron, nickel, a limited 
supply of oxygen, and small quantities of other elements, all in 
their primordial or nebulous state (whatever that may be), segre- * 
gated somewhere in the cold of space. As the materials con- 
solidate and crystallize, the oxygen is appropriated by the silicon 
and magnesium, and the iron and nickel are deposited in metallic 
form. Possibly the heat developed may, before it is radiated 
into space, modify and transform the substance. The final result 
is a rocky mass (or possibly several adjacent masses) which sooner 
or later is, no doubt, cooled down throughout to the temperature 
of space." 

We shall see subsequently that there arc many known causes 
in operation which will provide us with just such a mixed mass^ 
of vapours as Prof. Newton requires, and it is at once obvious 
that, not only is the generic separation into iron and stones thus 
accounted for, but the special form of crystallization observed in 
stones and the .special chondritic structure observed both in irons 
and stones would all arise from the same cause. 

Evidences of Heating and Action of Violent Forces at Different 

Times, 

The peculiarities in the mineralc^ical structure of the meteorites 
are probably in part due to the successive heatings and coolings 
to which they were subjected with each approach of the comet to 
the sun, and partly, perhaps, dto the heat of combination of oxygen 
and silicon. They were most probably formed in ajimited supply 
of oxygen, so that the elements possessing greatest affinity for 
that element were the first to form compounds, leaving iron and 
nickel in the metallic or uncombined state. 

Some meteoric stones from examination seem to have been 
heated to a high temperature right through their mass. Such 
cases as Orvinio, Cbantonnay, Jiivenas, and Weston show signs 
that fragments are cemented together with a material of the 
same substance as themselves. Again we have indications of 
chemical changes, the chondroi in some stones being found to 
be surrounded by spherical and concentric aggregations of 
minute particles of nickel, due, as is supposed, to the reducing, 
action of hydrogen at a high temperature. 

Some meteorites are merely breccias, consisting of fragments, 
the dihris of pre-existing meteorites, or of the original mass 
tremcndou'^ly shattered, and subsequently cemented together. 

In this connection Sorby writes : — 

“ It would therefore appear that, after the material of the 
meteorites was melted, a considerable portion was broken up 
into small fragments, subsequently collected together, and more 
or less consolidated by mechanical and chemical actions, amongst 
which must be classed a segregation of iron, either in the metallic 
state or in combination with other substances. • Apparently this 
breaking up occurred in some cases when the melted matter had 
become crystalline, but in others the forms of the particle.s lead 
me to conclude that it was broken up into detached globules 
whilst still melted (Mezd-Maclaras, Parnellee). This seems to 
have been the origin of some of the round grains met with in 
meteorites ; for they occasionally still contain a considerable 
amount of gli»s, and the crystals which have been formed in it* *'’ 
are arranged in groups, radiating from one or more points on the 
external surface, in such a manner as to indicate that they Were 
developed after the fragments had acquired their presents* 
spheroidal shwe (Aussun, &c.). In this they differ most cha- 
racteristically from the general type of concretionary globules 
^ound in terrestrial rocks, in which they radiate ffom the centre^ 

:he only case that I know at all analogous being that of certain 
Oolitic grains in the Kelloways rock at Scarborough, which have 
undergone a secondary crystallization." ® 

Mr. Sorby remarlcs ; A most careful study of their 
microscopical structure leads me to conclude that their con- 

‘ See Newton, Nature, voL xxxiv. p. 534. 

* Microscopical Structure bf Meteorites," Proc.R.S*, June 16, 1864. 
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stituents were originally at such a high temperature that they 
were in a state of vapour, like that in which many now occur in 
the atmosphere of the sun, as proved by the black lines in the 
solar spectrum.” We may, in (act, look upon them as being to 
planets what the minute drops of water in the- clouds are to an 
ocean. ^ He has shown that possibly, after the condensation of 
the vapour, they collected into larger masses, which have been 
subsequently changed by metamorphic action, broken up by 
mutual impact, and again collected and solidified, the meteoric 
irons possibly being those portions of the metallic constituents 
which were separated from the rest by fusion when the meta- 
morphosis was carried to the extreme point. 

In this manner the subsequent heating, or any number of 
subsequent heatings, are explained. 

Iron Meteorites not fused in fallingd^ 

A question of no slight interest in regard to the changes 
which meteoric irons undergo during their passage through the 
<'\tmo6phere is whether their surface becomes fused. From his 
study of the Charlotte meteorite, Dr. Smith is inclined to answer 
it in the negative. The fact of the delicate reticulated surface 
having been preserved is a proof that the heat, instead of having 
been raised to a high temperature, has quickly been conducted 
away into the mass of metal. Had fusion of the superficial 
layer taken place, the meteorite would have been coated with 
•molten oxide. 


Veins. 

Now and again we come across meteorites which have veins, 
like terrestrial rock-veins, running right through them. Prof. 
Maskelyne’s description of them is as follows “ 

. *.* ^ mine one may meet with a fissure that, once 

dividing the ‘country,* but subse(juently filled by rocky 
•matter, cuts across the course of a mineral vein which itself was 
originally formed in a similar way ; and just as such a cross 
fissure,^ thus intersecting with the original metalliferous vein, 
often gives us evidence of a heave, <.r. that one side of the new 
fissure has slid upwards or downwards along the other, so an 
exactly similar thing is met with in meteorites, and is admirably 
seen in the microscopic sections of them.” 

Faults and throws are both represented in meteorites. In that 
of Aumieres there is a throw of several centimetres indicated, 
and faults intersect. These faults arc accompanied by heat due 
to the friction of the surfaces, and in the case of gray stony 
meteorites the faults are black like the crust.^ (The black veins 
are physically connected with the crust, and are supposed to 
have the same origin, the melted material having filled up the 
fissures. ) 

On examining such meteorites as Chateau-Kcnard, Pultusk, 
and Alessandria, it is found that some of the spherules even are 
broken in half and the halves separated from each other by a 
vein of meteoric iron or troilite, and in some cases by a black 
fused substance, like the cru^t of a meteorite. 


The Presence of Sulphides, 

Ihe presence of sulphides, which must have been formed when 
both water and free oxygen were absent, shows a distinctly non- 
terrestrial condition, as, indeed, does also the presence of small 
particles of iron. On this point Dr. Flight remarks : ^ “If the 
conditions necessary for the formation of pure calcium sulphide 
be borne in mind, the evidence imported into this inquiry by 
the Bustee aerolite seems further to point to the presence of a 
reducing agent during the formation of its constituent materials.” 


Sorbjl s General Conclusions. 

We have before referred to Sorby*s microscopical examination 
1865 he stated the general conclusions he 
had arrived at as follows. It will be seen how remarkable the 
agree*uent is between him and keichenbach. 


. ‘ As shown in my paper in the Proceedings of the Roya 

Society (xiii. 333), there is good proof of the material ol 
meteorites having been to some extent fused, and in the stale ol 
minute detachea particles. I had also met with facts which 
seemed to show that some portions had condensed from a state 
of vapour ; and expected that it would be requisite to adopt a 
modified nebular hy|:mthesis, but hesitated until I had obtained 
more satisfactory evidence. The character of the constituent 

* Quoted from the “ Report on Observations of Luminous Meteors durtns 
P* ^ Nature, vol. xii. p. 505. 

^ ’Flight, loe. r/V., p. m. 4 7^^. c//., p. 119. ^ 


particles of meteorites and their general microscopical structure 
differ so much from what is .seen in terrestrial volcanic rocks, that 
it appears to me extremely improbable that they were ever por- 
tions of the moon, or of a planet, which differed from a large 
meteorite in having been the seat of a more or less modified 
volcanic action. A most careful study of their microscopical 
structure leads me to conclude that their constituents were 
originally at such a high temperature that they were in a state of 
vapour, like that in which many now occur in the atmosphere of 
the sun, as proved by the black lines in the solar spectrum. On 
cooling, this vapour condensed^ into a sort of cometary cloud, 
formed of small cr)rstals and minute drops of melted stony matter, 
which afterwards ^came more or less devitrified and crystalline. 
This cloud was in a state of great commotion, and the particles 
moving with great velocity were often broken by collision. 
After collecting together to form larger masses, heat, generated 
by mutual impact, or that existing in other parts of space through 
which they moved, gave rise to a variable amount of meta- 
morphism. In some few cases, when the whole mass was fused, 
all evidence of a previous history has been obliterated ; and on 
solidification a structure has been produced quite similar to that 
of terrestrial volcanic rocks. Such metamorphosed or fused 
masses were sometimes more or less completely broken up by 
violent collision, and the fragments again collected together and 
solidified. Whilst these changes were taking place, various 
metallic compounds of iron were so introduced as to indicate that 
they still existed in free space in the state of vapour, and con- 
densed amongst the previously formed particles of the meteorites. 
At alf events the relative amount of the metallic constituents 
appears to have increased with the lapse of time, and they often 
crystallized under conditions differing entirely from those which 
occurred when mixed metallic and stony materials were meta- 
morphosed, or solidified from a state of igneous fusion in such 
small masses that the force of gravitation was too weak to 
separate the constituents, although they differ so much in specific 
gravity. (Report of British Association, 1864.) Possibly, how- 
ever, some meteoric irons have been produced in this manner 
by the occurrence of such a separation. The hydro carbons with 
which some few meteorites are impregnated may have condensed 
from a state of vapour at a relatively late period. 

” I therefore conclude provisionally that meteorites are records 
of the existence in planetary space of physical conditions more 
or less similar to those now confined to the immediate neigh- 
bourhood of the sun, at a period indefinitely more remote than 
that of the occurrence of any of the facts revealed to us by the 
study of geoloCT — at a period which might in fact be called 
prederrestrial. 

Are Meteorites merely Modern Phenonmta ? 

It has often been a subject of remark that in spite of the very 
considerable number of undoubted meteorites now in various 
collections, we scarcely have traces of any which suggest like 
falls in any of the geological periods preceding the present one. 

The iron found by Prof. Nordenskibld at Ovifac, Western 
Greenland, was at first thought to be meteoric iron of Miocene 
age, but after an analysis of the basalt or lava rocks of Assuk, 
Disco Island, a part of the same baisaltic range in Greenland, only 
IQO miles from the spot where Prof. Nordenskibld’s discovery was 
made, it was held by most authorities to be no other than the 
metallic nickel-iron which is, though extremely rarely, a native 
product in some terrestrial rocks. Other explorers besides Prof. 
Nordenskiold have brought back specimens of this iron, and 
Dr. Lawrence Smith has stated, not only that the nickcl-iron of 
Ovifac is without doubt of terrestrial origin, but that the specimens 
brought back by the other explorers resembles the Ovifac and 
each other remarkably, while ihev differ from meteoric iron by 
the larpe proportion of combined carbon in their composition. 

Again, m Nature^ vol. xxxv. p. 16, we have a description of 
another meteorite supposed to be a fossil one, found in a block 
of Tertiary coal. It was said to belong to the group of meteoric 
irons, and was taken from a block of coal about to be used in a 
manufaetoiy of Lower Austria. Ott its examination by various 
specialists, different origins were assigned to it. Some believed 
it to be metemc, others an artificial production, and others 
again thought it was a meteorite modified by the hand of man. 
After a careful examination Dr. Gurlt came to the conclusion 
that there was no ground foi* believing in the intervention of 
human agency. The mass was almost a cube, two opposite faces 
being rounded, and the four others being made smaller by these 
roundings. A deep incision raif all through the cube. The 
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faces and the incision bore such characteristic traces of meteoric 
iron as to show that the mass was not the work of man. A 
layer of oxide formed a thin covering of the iron ; it was 67 mm. 
high, 67 mm. broad, and 47 mm. at its thickest part ; it was 
found to be about as hard as steel, and besides carbon it con- 
tained a small percentage of nickel. It resembled the meteoric 
masses of St. Catherine in Brazil, and Braunau in Bohemia, 
found in 1847. 

The evidence, however, is so strong that )vhat we really obtain 
now at the earth’s surface forms but a very small portion of the 
meteorites which enter the air, that it would not be 

probable that in former ages of the earth’s history, when the 
atmosphere was denser than it is now, anything whatever would 
be left by the time the surface was reached. 

J. Norman Lockyer. 


SCIENTIFIC SERIALS. 

American Journal of Science^ January. — Measurement of the 
Peruvian arc, by E. D. Preston. In this paper, which was 
read before the American Association for the Advancement of 
Science at Toronto, August 1889, the author reviews the whole 
([ucstion of the relative lengths of the earth's axes, dealing in 
detail with Bouguer’s expedition to Peru in 1735, and arguing 
that the amplitude of his Peruvian arc may be in error by many 
seconds. Hence he contends that the geodetic science of to-day 
demands the remeasurement of this arc. — Neutralization of 
induction, by John Trowbridge and Samuel Sheldon. A system 
of neutralization for inductive disturbances is here described, 
which mi^ht be adopted where it is impossible to employ entire 
metallic circuits in which the earth plays no part. — Divergent 
evolution and the Darwinian theory, by Kev. John T. Gulick. 
The author discusses Darwin’s apparently contradictory views 
on the causes of natural selection on the one hand, and on the 
other on the causes of diversity of natural selection. He con- 
cludes that, though Darwin has not recognized segregation as a 
necessary condition of divergence of species, he has indicated 
one process (geographical or local separation under different 
environments) by which segregation is produced in nature, 
adding, however, that this is not the only cause of segregation 
and consequent divergence. — The Devonian system of North 
and South Devonshire, by 11 . S. Williams. During a recent 
visit to England the author studied this system both on the spot 
and in the geological collections in London and elsewhere. He 
dwells especially, (l) on the close resemblance of the English 
Devonian .species to those of the New York Devonian, though 
mostly passing under different names, and (2) on the character 
of the North and South Devonian rocks, which in appearance, 
composition, and order are as different as two distinct systems 
well can be. -The zinciferous clays of South-West Missouri, 
and a theory as to the growth of the calamine of that section, 
by W, H. Seamon. Full analyses are given of the so-called 
“tallow” and “joint ’’clays occurring associated and sometimes 
intermixed in every calamine digging in South-West Missouri. 
These analyses show a large percentage, often from 50 to 
56, of zinc oxide, and it is inferred that at one time all 
the massive calamine probably existed in “tallow clays ” pre- 
cipitated from solutions. — On the spectrum of f Ursa? Majoris, 
by Bxlward C. Pickering — Origin of normal faults, by T. 
Mellard Reade. Some critical remarks are offered on Prof. 
Le Conte’s recent explanation of the origin of normal faults, 
which is not new, and presents many insuperable difficul- 
ties. — Papers were submitted by J. Dawson Hawkins, on a 
specimen of minium from Leadville ; by William P. Blake, on 
some minerals from Arizona ; by F. A. Genth, on a new oc- 
currence of corundum in Patrick County, Virginia ; by Alfred 
C. Lane, on the estimation of the optical angle of observations 
in parallel light ; by L. G. Eakins, on a new .stone meteorite 
from Texas ; Edward S« Dana, on the barium sulphate from 
Perkin’s Mill, Templeton, Province of Quebec ; and by O. C. 
Marsh, on some new Dinosaurian reptiles recently discovered 
in Wyoming, Colorado, and Dakota. 

SOCIETIES AND ACADEMIES. 

London. 

Royal Society, January 9. — Milk Dentition in Orycte- 
ropus.** By Oldfield Thomas, Natural History Museum. Com- 
municated by Dr. A. Gunther, F.R.S* 

Of the few Mammalia in which no trace of a milk dentition 


has been Ibund, Orycteropus^ the Aard- Vark, has always occupied 
a prominent place, owing partly to the peculiar structure of its 
prominent teeth, and partly to its very doubtful systematic 
position. 

An opportunity has now fallen in my way of proving that it 
has after all two sets of teeth, those of the first, or milk set, 
being rudimentary,^ and probably Quite functionless, but hever- 
theless so far developed as to be all comnletely calcified, and to 
be for the most part readily distinguishable by form and position* 
from those of the second or permanent set. 

Among the collections in the Natural History Museum there 
are two very young females of Ofyeteropus afer in spirit, pre- 
sented by Sir Richard Owen, and it is in these that the milk 
teeth now to be described occur. The larger of the two measures 
18 inches in total length, and the smaller 14 inches. 

Each of these specimens has a complete, although rudi- 
mentary, set of milk teeth, extending the whole length of the 
maxillary bones above, and along a rather shorter portion of the 
mandible below. None, however, are observable in the pre- 
maxillse, or in the corresponding anterior part of the mandibles/' 
The teeth are all quite minute, and it is doubtful whether they*^ 
would ever have cut the gum. 

In the upper jaw there appear to be normally no less than^ 
seven milk teeth. Of these the most posterior is by far the 
largest, has a rudimentary crown, and two distinct roots, anterior 
and posterior. The others are simple and styliform. 

In the lower jaw there are four milk teeth only, of which, 
again, the most posterior is more or less molariform. 

As to the structure of the milk teeth, a horizontal section of 
the last upper one, ground down in the dry state, presents 
numerous large openings which are obviously the sockets into 
which pulp-papillx have extended, so that the milk teeth show 
a commencement of the remarkable histological structure cha- 
racteristic of the permanent teeth. 

Hut important as a knowledge of the pre.sence of a milk denti- 
tion in Orycteropus is, it does not at present render any easier 
the difficult questions as to the pbylogenyand systematic position 
of that animal. Although c&lled an Edendate, it has alwap 
been recognized as possessing man^ characters^ exceedingly 
different from those of the typical American members of the 
order. ^ It has in fact been placed with them rather on account 
of the inconvenience of forming a special order for its reception, 
than because of its real relationship to them. Now, as they are 
either altogether toothless or else homodont and monophyodont 
(apart from the remarkable exception of TatU 5 ia\ it seems more 
than ever incorrect to unite with them the solitary member of 
the TuhuHdcntata^ toothed, heterodont, and diphyodont, and' 
differing from them in addition by its placentation, the anatomy 
of its reproductive organs, the minute structure of its teeth, and 
the general characters of its skeleton. 

But if Orycteropus is not genetically a near relation of the 
Edendates, we are wholly in the dark as to what other Mammals 
It is allied to, and I think it would be premature to hazard a 
guess on the subject. Whether even it has any special connec- 
tion with Manis is a point about which there is the greatest 
doubt, and, unfortunately, we are as yet absolutely without any 
palaeontological knowledge of the extinct allies of either. 
Afacrotherium usually supposed from the structure of its, 

phalangeal bones to be related to Manis^ has lately proved (see 
Osborn, American Naturalist^ vol. xxii. p. 728, 1882) to have 
the teeth and vertebrae of a Perissodactyle Ungulate, and one 
could not dare to suggest that the ancestors of Manis or 
Orycteropus were to be sought in that direction. Lastly, as the 
numerous fossil American Edentates do not show the slightest 
tendency to an approximation towards the Old World forms, we 
are furnished with an additional reason for insisting on the 
radical distinctness of the latter, whose phylogeny must therefore ^ 
remain for the present one of the many unsolved zoological 
problems. 

Physical Society, January 17. — Prof. W. G. Adams, Vice- 
President, in the chair. — Owing to the unavoidable absence of 
Mr. F. B. Hawes, his paper on a carbon depo^ in a Blake ^ 
telephone transmitter was postponed. — Dr. S. T. Thompson 
made a communication on electric splashes, and illustrated his 
subject by beautiful ejiperiments on the production of Licbten- 
berg’s figures. The author has recently investigated these 
phenomena as modified by varying the coi]^ditioDs under which 

* On this subject sec especially Flower, “Oa the Mutual AITimtics of the 
Animals coinposing the Order Edentata," Zool. Soc. Proc, 1882, p. 358 et 
se^q^ > 
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the figures are obtained, and has arrived at the following con- 
clusions: (i) the nature of the dielectric plate does not change 
the character of the figures produced, and (2) the nature of the 
powders used seems to have no material effect on their shape. 
In the course of his experiments he has found a mixture of sub- 
limed sulphur and lycopodium to give better figures than the red 
lead and sulphur usually employed, and also that a large and 
highly polished knob is advantageous, particularly when the 
Leyden jar is charged negatively. Sometimes when obtaining 
negative figures, nebulous patches occur, and these were attri- 
buted to the so'called electric winds sent off from roughnesses on 
the knob when not sufficiently well polished. If instead of bring- 
ing the knob in contact with the plate, it is only brought near to 
it, then a peculiar figure closely resembling a ** splash^* results. 

, A positive splash consists of short lines radiating from the point 
of approach, whilst a negative splash is made up of more or less 
rounded spots which become elongated in a radial direction as 
their distance from the centre of the «)lash increases. Negative 
splashes are, however, much more difficult to produce than posi- 
tive ones. When viewed in the dark, the discharge producing 
the splash is seen to consist of a bundle of small sparks which 
branch outwards on approaching the plate. In conclusion the 
author remarked that roughnesses on a conductor produced more 
•electric winds when the conductor is charged negatively than 
when positively charged, and invited the opinions of members as 
to the causes of the differences observed between positive and 
negative electricity. Prof. Riicker said he had recently obtained 
figures produced by discharges on photographic plates. Generally 
he observed that n^ative discharges produce roundish patches, 
whilst positive ones give more filamentary figures. On passing 
a spark across a glass plate covered with lampblack, its trace 
was found to have a black core at one end, whilst the other was 
•quite clear. He also made remarks on the distinctive character 
•of the positive and negative discharges in partial vacuo^ and con- 
sidered investigations as to the causes of such differences to be of 
great importance. Prof. Adams thought anv attempt to discover 
the causes of such differences as those notea in the paper was to 
be commended, for the well-known- fact that it is more difficult 
to insulate a iv^gative charge than a positive one has long needed 
an explanation. — A paper on galvanometers, by Prof W. E. 
Ayrton, F.R,S., T. Mather, and W. E. Sumpner, was read 
by Prof. Ayrton. In fitting up the Physical Laboratories of the 
Central Institution of the City and Guilds of London Institute, 
the authors have had occasion to obtain galvanometers of various 
types and patterns, some of which have been made to special 
•designs, and specimens of instruments embodying recent im- 
provements were exhibited at the meeting. The question as to 
whether fairly sensitive galvanometers should be astatic or non- 
astatic was answered in favour of the former system, from the 
fact of its being less affected by external magnetic disturbances, 
and the greater ease with which great sensibility may be obtained. 
The usual method of placing the mirror inside the coil was shown 
to be imdesirable, and in the newer forms of instruments Mud- ^ 
'ford’s improvement of placing the mirror outside the coils has 
been adopted ; the space near the axis of the coil being nearly 
filled with wire. It was also shown that if wire be wound in a 
certain approximately spheroidal space near the magnets, then 
these convolutions will tend to oppose the more distant portions of 
the coil ; however, by winding the two parts in opposite direc- 
tions they conspire to deflect the magnet. Details as to methods I 
^f supporting the coils were then discussed, and the importance of j 
fitting them in boxes mounted on hinges or otherwise, so as to j 
be readily removable, was pointed out. A galvanometer devised 
for teaching purposes, and provided with variable damping 
arrangements was described, in which the damping is effected by 
.enclosing the mirror in a glass cell whose sides can be caused to 
approach or recede by turning a milled head outside the instru- 
'^Inent. This arrangement enables the damping to be varied 
between wide limits, and its effect on the swing produced by a 
given discharge can be determined. The instrument is also 
serviceable both as an ordinary damped galvanometer, or as a 
fairly ballistic one. In measuring quantities of electricity by the 
first swing of a Galvanometer ne^le, n correction has usually to 
t>e introduced lor damping ; this correcting factor is simple 
enough when the damping is small, but becomes more complicated 
as the damping increases, and to facilitate the calculations a table 
of values of the factor for various values of X (the logarithmic 
decrement) has been calculated. From this it appears that, for 
values of X less thaa^o* 5 , the value of the factor is very nearly 
(i + ^x), the. correction usually employed. Improvements in 


methods of insulating the coils and terminals of galvanometers 
required for insulation tests were next described, the principle of 
which may be gathered from Figs. 107 and 108 in Prof. Ayrton’s 
** Practical Electricity.” A special form of instrument for high 
insulation work was exhibited, in which the copper resistance of 
the coils is nearly 400,000 ohms, and the shortest path ^long 
which surface leakage can take place from the coils to the base of 
the instrument is between 30 and 40 inches of ebonite artificially 
dried by sulphuric acid. This is attained by supporting the coils 
from two corrugated ebonite rods which depend from a brass ring 
carried on the top of three corrugated pillars fixed to the base plate. 
The instrument was constructed to drawing and specification by 
Messrs. Nalder Brothers, but the method of supporting the coils 
was ''suggested by Messrs. Eidsforth and Mudford. With re- 
ference to the proportionality of deflection to current in reflecting 
galvanometers, it was pointed out that ordinary instruments 
may differ as much as 2 per cent, within the limits of the scale, 
hence showing the necessity for calibration when any approach to 
accuracy is desired. Galvanometers of the D’Arsonval type some- 
times differ from proportionality quite as much as the one above 
referred to, but by fitting such instruments with curved pole 
pieces, and allowing the coil to hang freely from the top suspen* 
sion, a proportionality true to less than 0*15 per cent, has been 
attained over a scale about 30 inches long. Coming to the ques- 
tion of sensitiveness, the importance of keeping the^wire as close 
as possible to the magnets was brought prominently forward, as 
well as the necessity of reducing the ** figures of merit ” of various 
instruments to the same standari, in comparing their sensibilities. 
The standard adopted as most convenient and closely approximat- 
ing to^practical usage is arrived at by supposing the distance of 
the mirror from the scale to be equal to 2000 scale divisions, and 
the sensibilities for current and quantity are given scale 
divisions per micro- ampere^ and scale divisions per micro-coulomJb 
respectively. The period of oscillation is also taken into account. 
A table showing the resistances, sensibilities, coefficients of 
self-induction and volumes of the coils of various instruments, 
together with the relations existing between them, accompanies 
the paper, and from this it appears that in the best astatic double 
coil instruments, of from 10,000 to 30,000 ohms resistance, the 
number of scale divisions per micro-ampere may reach 400 times 
the resistance to the -Jth power (400 Ri^) when the period is 10 
seconds. In obtaining data of various instruments the authors 
have consulted, amongst others. Prof. ThrelfaU’s paper on the 
measurement of high specific resistances, in the PhiL Mag/ for 
December 1889, and noticed two serious errors. The first of 
these makes an instrument constructed according to Messrs. 
Gray’s pattern nine times less sensitive than it actually was, 
whilst the sensibility of a form recommended in the paper is 
given seventeen times too great. On account of the lateness of 
the hour, the discussion was adjourned till Februaiy 6, before 
which time it is hoped that a fairly full abstract will appear 
in the technical papers. 

Geological Society, Januaiy 8. — W. T. Blanford, F.R.S., 
President, in the chair. — The following communications were 
read : — On some British Jurassic fish-remains referable to the 
genera Eurycormus and ffy^socormus, by A. Smith Woodward. 
Hitherto our knowledge of the Upper Jurassic fish fauna, has 
been mainly derived from specimens found in fine lithographic 
stones, where the various elements are in a state of extreme 
compression. Within the last few years remains of similar fish 
have been discovered in the Oxford and Kimeridge Clays of 
England, and these are of value for precise determination of 
certain skeletal features in the genera to which they belong. 
The author described Eurycormus grandis from the Kimeridge 
Clay of Ely, a large species which makes known for the first 
time the form and proportions of several of the head-bones in 
this genus. A technical description of all the bones the charac- 
ters of which are dUtinguishable was given, and the author con- 
cluded that there is considerable similarity between the head of 
Eurycormus and the recent Ganoid Amia^ even to minute points 
of detail He further described Hypsocormus tenuirostris and 
H. Leedsii * from the Oxford Clay of the neighbourhood 
of Peterborough, the osteology or this genus not having 
as yet been elucidated. Portions of the jaws have been dis- 
covered, affording valuable information as to the form and 
dentition of the pnncipal elements. These jaws are not precisely 
paralleled by any other Jurassic genus, though they possess a 
resemblance to PacAyeormus, as also to the Upper Cretaceous 
genus, Praiosphyretna. The President remarkedi that Amia is a 
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freshwater genus, and inquired whether the fossil fish was fresh- 
water or marine. Mr. E. T. Newton remarked upon the great 
interest and importance of the paper. The author, in reply to 
the President’s question, said that the oM Ganoids were marine, 
and it was only in more recent timp that they had become 
restricted to fresh water. — On the Pebidian volcanic series of St. 
David’s, by Prof. C. Lloyd Morgan. After a brief sketch 
of the principal theories that have been propounded, the 
author concluded that our knowledge of this series has not 
yet reached **a satisfactory position of stable equilibrium.” 
His own communication was divided into three sections. 
The Relation of Pebidian to Cambrian : There are four locali- 
ties where the junction is described— Caerbwdy Valley, St. 
Non’s Bay, Ogof Golchfa, and Ramsey Sound. The strati- 
graphy of the second of these was given with much detail, and 
illustrated. The author concluded that here, together with 
clear signs of local or contemporaneous erosion, the general 
parallelism of the strike of Pebidian and Cambrian is most 
marked. There is no evidence of any bending round of the 
conglomerate against the strike of the Pebidians. The strati- 
graphical 'evidence in each of the localities having been con- 
sidered, togeftier with the evidence offered by the materials of 
the Cambrian conglomerate and local interstratification with the 
volcanic beds (the interdigitation at Carnarwig being well 
marked), he concluded that there was no great break between 
the conglomerate and the underlying Pebidians. The upper- 
most Pebidian already foreshadowed the' sedimentary conditions 
of the Harlech strata, and the change emphasized by the con^ 
glomerate was one that followed volcanic conditions after no 
great lapse of time. Hence the relation of the Pebidian ip the 
Cambrian is that of a volcanic series, for the most part sub- 
marine, to succeeding sedimentary strata — these strata being 
introduced by a conglomerate formed in the main of foreign 
pebbles borne onward by a current which swept the surface of, 
and eroded channels in the volcanic tuffs and other deposits. 
He was disposed to retain the name Pebidian as a volcanic 
series in the base of the* Cambrian system. The Pebidian Suc- 
cession : With the exception of some cinder- beds, which appear 
to be subaerial, the whole series was accumulated under water. 
There is no justification for making separate subdivisions ; the 
series consists of alternating beds of tuff of varying colour and 
basicity, the prevailing tints being dark green, red-grey, and 
light sea-green. In Uie upper beds there is an increasing 
amount of sedimentary material, and more rounded pebbles 
arc found. Basic lava-flows occur, for the most part, in the 
upper beds. Detailed work, laid down on the 6-inch Ordnance 
map, appears to establish a series of three folds— a northern 
anticline, a central syncUnd, and a southern anticline— folded 
over to form* an isocline, with reversed dips to the south-e^t. 
The axis of folding is roughly parallel to the axis of St. David’s 
promontory. The total thickness is from 1200 to 1500 feet. 
The author devoted a considerable number of pages to further 
details concerning this series of deposits. He failed to find the 
alleged Cambrian overlap. ” The probabilities are that it is by 
step-faults brtween Rhoson and Forth Sele, and not by overlap, 
that the displacement of the conglomerate has there been 
effected.” Also at Ogof Guch it does not rest upon the guartz- 
felsite breccia and sheets (group C, of Dr. Hicks), but is faulted 
against them. A section was devoted to the felsitic dykes, imd 
it was suggested that they may be volcanic dykes of Cambrian 
age. The Relation of the Pebidian to the Dimetian : The 
author has not been able to satisfy himself of the existence of 
the Arvonian as a separate and distinct system. He notes the 
junction of Pebidian and Dimetian in Porthlisky Bay and the 
Allen Valley at Forth Clais, at neither of which places are there 
satisfactory evidences of intrusion. At Ogof Llesugn the in- 
trusive character of the Dimetian was strongly impressed upon 
him. He criticized the mapping of Dr. Hicks, and pointed out 
the difficulties which present themselves in the way of mapping 
the Dimetian ridge as pre-Cambrian. He pointed out that not 
a single pebble of Dimetian rock, such as those now lying on 
the beach in Porthlisky Bay, is to be found in the conglomerate. 
He concluded that the Dimetian is intrusive in the southern 
limb of the isocline', and that there are no Archsean rocks in situ. 
After the reading of this pwer there was a discussion, in which 
the President, Dr. Hicks, Prof. Blake, Prof. Hughes, and Mr. 
Williams took part 

Sydnby. 

Royal Society of New South Wales, November 6, i88p. 
— ^Monthly meeting. -r-Profi Liversidge, F^R.S., President, m 


the chair.r-*Tbe Chairman announced the death of the Rev. J. 
£. Tenison-Woods, who had been an honorary member of the 
Society since 1875. — The following papers were read : — Aids to 
the sanitation of unsewered districts, poudrette factories, by 
Dr. J. Ashburton Thompson. — Notes on Goulbum lime, by 
E. C. Manfred. -—Notes on some minerals, &c., by John C. H. 
Mingaye. ^ 

December 4. — Monthly Meeting. — Prof. Liversidge, F.R.S., 
President, in the chair. — The following papers were read : — 
Well and river waters of New South Wales, by W. A. Dixon.. 
— The Australian aborigines, by Rev. John Mathew. 

Paris. 

Academy of Sciences, January 20. — M. Hennite in the 
chair. — On the various states of the carbon graphites, and on the 
chemical derivatives- corresponding to them, by MM. Berthelot 
and P. Petit. The graphites, when oxidized by the wet process 
at a low temperature, lorm ternary compounds, one of whose 
terms has been discovered by Brodie. But M. Berthelot has 
since shown that there exist several chemically distinct graphites; 
each forming a particular graphitic oxide, which yields a corre- 
sponding hydrographitic and pyrographitic oxide, and which may 
be recovered wuh all their primitive properties. These various 
graphites and the series of corresponding compounds have been 
studied, first by their composition and behaviour, and in a 
second memoir by the measurement of the heats of combustion 
and formation. — Remarks on the formation of the nitrates in 
plants, by M.. Berthelot. The author points out that the facts 
established by Haeckel and Lundstrbm, taken in connection 
with his own observations, tend to show an affinity between the 
microbes present in the soil and those developed in the plant. 
This applies to the microbes which fix the nitrogen of vegetable 
humus and the leguminous plants, as well as to those which 
similarly form the nitrates in amaranthus, sterculia, the coffee 
shrub and vegetable humus. — Note on a fundamental point of 
the theory of polyhedrons, by M. de Jonquieres. The paper 
deals with Euler’s famous formula S + H = A + 2, and shows 
that it is applicable, and intedded by Euler to be applicable, to 
all polyhedrons without exception, and not restHcted to any 
particular class, as supposed by Legendre, Cauchy, and others. 
— Ephemerides for the search of the periodical comet of d’Arrest 
on its return in 1890, by M. Gustave Leveau. Having previously 
obtained the elements for the years 1870, 1877, and 1883, by 
allowing for the disturbing innuence of Jupiter, Saturn, and 
Mars, M. Leveau here supplies those for 1890 (February 25, 
mean Paris time) by studying the disturbing effects produced by 
Jupiter in the interval between 1883 and 18^. — Observations of 
Swift’s comet made at the Observatory of Nice with the 0*38 m. 
equatorial, by M. D. Eginitis. — On the solar statistics for the 
year 1889, by M, Rud. Wolf. From the solar observations made 
at Zurich and the magnetic observations recorded at Milan, the 
author has constructed a table of monthly means showing that 
^both the relative numbers and the magnetic variations have con- 
tinued to diminish during 1890. But he thinks that the retro- 

S ade movement will soon cease, and that we probably entered 
e minimum period towards the end of last year. — On the 
theory of the figure of the planets, by M. M. Hamy. An . 
attempt is here made to realize theoretii^ly the conditions of a 
system answering to M. Poincar< 5 ’s remarkable theorem published 
in the Comptes rendus for June 1888. — On the integration of an 
equation with partial derivatives, by M. Zaremba. The paper 
deals with an equation of the form 

+^)(i + 1) + 

where aod are two functions whatsoever of x + y, and ^ 
shows that the determination of the general integration may ' 
reduced to the integration of an ordinary linear differential 
equation of the second order, and to quadratures. — On the varia- 
tion of'the resistance of bismuth in the magnetic field, by M. A. ' 
Leduc. The author here continues his studies of the electric 
resistance of bismuth as a^ted by varying temperature. — „ 
Calculation of the compressibility of nitrogen tm to 3000 atmo- 
spheres, by M. Ch. Antoine. The results of nesh calculations 
are here sumined up in a table resuming all the data relative to 
the pressure of nitrogen up to a pressure of 30W atmospheres. — 
On the combinations of the metals of the allmlies with ammonia, 
by M. H. W, Bakhuis Rooseboom. An explanation is offered of 
the curious phenomena mentioned by M. Joannis in his recent 
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communication {Cofnptes rendus^ cix. p, 900) on the «combma« 
tions of potassium and sodium with ammonia. — On the 
al>sorplion of the ultra-violet rays by some organic substances 
belonging to the fatty series, by MM. J. L. Soret and Alb. A. 
Rilliet. These studies, which to a large extent confirm the 
conclusions of Messrs. Hartley and Huntington (Philosophical 
Transactions of the Royal Society, 1879), show in a general way 
that the measurement of the absorption of the ultra-violet rays 
constitutes a delicate means of estimating the purity of organic 
substances. — On the refracting powers of double salts in solu- 
tion, by M. E. Doumer. These researches have been carried 
on by the same method which enabled the author to determine 
the refracting powers of simple salts. The results, which are 
here tabulated, show that the molecular refracting power of a 
double salt is equal to the sum of the molecular refracting powers 
of the constituent simple salts ; and in general, the molecular 
refracting power of any salt, simple or double, is proportional to 
the number of valences of the metallic part of the salt.^ — Papers 
were read by M. Ph. A. Guye, on the molecular constitution of 
Jbodies at the critical point ; by M. Raoul Varct, on the re- 
actions between the salts of copper and the metallic cyanides ; 
by MM. C. Chabrie and L. Lapicque, on the physiological 
action of selenious acid ; and by M. L. de Launay, on the 
geology of the island of Lesbos. M. de Launay considers the 
volcanic eruptions of this island as comparatively recent, possibly 
not older than the Pliocene epoch, and doubtless contemporary 
with the disturbances resulting in the creation of the ^gean Sea 
in a region previously forming a vast marshy plain with shallow 
lakes. 
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THURSDAY, FEBRUARY 6 , 1890. 

TA VERNIER’S TRA VELS IN INDIA. 

Travels in India of fean Baptiste Tavernier, Baron 
of Aubonne. Translated from the original French 
Edition of 1676, &c., by V. Ball, LL.D., F.R.S., 
F.G.S., &c. In Two Volumes. (London : Macmillan 
and Co., 1889.) 

J EAN BAPTISTE TAVERNIER was a Sindbad of 
the seventeenth century. To an insatiable love of 
travel, which prompted him even in his boyhood to rove 
through the greater part of Europe, and in his mature 
life to accomplish no less than six voyages to Persia, 
India, and the still more remote East, he united the 
faculties of a shrewd and successful trader. By his traffic 
in jewels and other costly commodities of small bulk, he 
turned his wanderings to profitable account, and amassed 
a fortune which enabled him to purchase the Barony of 
Aubonne, and to enjoy the dignihed retirement of a 
wealthy old age. But, like a true traveller, he remained 
active-minded and active-bodied to the last. At the age of 
79, attracted by the offer of the Elector of Brandenburg to 
conduct an embassy to India, he set forth on a circuitous 
journey through Europe, and, disposing of his estate and 
chiiteau of Aubonne, he embarked on renewed mercantile 
ventures. The few remaining years of his life were 
passed, for the most part, in journeying to and fro in 
Europe, and he died while so occupied. The place of 
his death has long been doubtful, and it has only recently 
been discovered, on the authority of a letter from the 
Swedish Resident at Moscow, that the indefatigable tra- 
veller drew his last breath at Smolensk, in February 1689, 
when on his journey to the ancient Russian capital. 

Despite some inaccuracies and inconsistencies, due 
mainly to the incompetent editing of the original work, 
Tavernier’s account of his travels has long been appealed 
to by Indian historians as a recognized authority — the 
testimony of an eye-witness to the condition of India 
under the later great Mogul emperors. At the time of 
his visits, the Mogul Empire was in the zenith of its 
power and splendour. On the occasion of his first jour- 
ney to India, he found Shah Jehan, “ the most magnificent 
prince that ever appeared in India,” peaceably seated on 
the Imperial masnadj and throughout his dominions, 
though these were less extensive than in the time of his 
successor Aurungzebe, a degree of good administration 
and general prosperity surpassing that attained under any 
previous or subsequent emperor. He quitted India for the 
last time only about two months after the death of Shah 
Jehan, then deposed and imprisoned, when Aurungzebe 
was setting out on that career of conquest and oppression 
that in the following century brought about the wreck of 
the Mogul Empire, and exposed its rich cifies and pro- 
vinces to be wasted and despoiled by Mardthd hordes and 
Afghan invaders. 

At a Court gathered around the famous peacock throne, 
where emperor and nobles vied with each other, in the 
acquisition of costly jewels, an expert such as Tavernier 
was received as a welcome visitor ; and in pursuit of his 
calling he travelled without hindrance through the length 
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and breadth of India, visiting the European settlements 
of Surat, Goa, Madras, and Kdsimbazdr, the independent 
Court of Golconda (Hyderabad), and certain of the dia- 
mond-mines that were then actively worked* both in 
Southern and Northern India. His work is a medley of 
historical memoranda, incidents of travel, itineraries, and 
details of his commercial dealings, put together without 
much system, but nevertheless highly instructive, and ap- 
parently far more trustworthy than was conceded to him 
by most of his contemporaries ; altogether furnishing a 
fund of information respecting the state of India in the 
middle of the seventeenth century. 

The latest English translation of Tavernier’s travels 
appeared more than two centuries ago, and as Mr. gall 
remarks, owing to the translator’s misconception of the 
author’s meaning, through want of local knowledge, and 
to serious abridgment, it gives a very inadequate idea of 
the true merits of the original work. Mr. Ball’s own long 
experience of India, and his familiarity with its geography 
and the varied phases of native life, would alone have en- 
abled him to correct most of the errors of his predecessors ; 
and the deficiencies as a philological and historical critic 
which he modestly urges as having determined him, for a 
time, to abstain from attempting a new translation, have 
been made good by the invaluable assistance afforded by 
the late Sir Henry Yule, under whose advice he eventually 
undertook the work. The result is the two handsome 
volumes now before us,^n which for the first time the old 
traveller’s experiences are presented to Egglish readers, 
elucidated by the results of modern research, and in a form 
which very greatly enhances their value for all purposes of 
future reference. Some few inconsistencies remain, and 
are duly pointed out in the footnotes, but they are such 
as relate to matters of detail, occasional confusion of 
dates or persons, and the like ; and they do not appre- 
ciably detract from the general trustworthiness of the 
narration. 

With the political and historical data of Tavernier’s 
work it is hardly our province to deal in this place. 
Most of his facts relating to the Court of Delhi were prob- 
ably furnished to him by his cotemporary and sometime 
fellow-traveller Bernier, and all that is important in them 
has been long rendered familiar to English readers in the 
lucid pages of Elphinstone. Neither need we dwell on 
his descriptions of native customs or the manner of life of 
those European exiles of various nationalities who were 
then, as pioneers, exploiting the riches of the East, with 
no small display of mutual jealousy and animosity, and 
indulgence in practices sometimes hardly less barbarous . 
than those of the indigenous population amid which they 
dwelt. The social condition of the Indian people in 
Tavernier’s day was essentially the same as when, more 
than a century andia half later, the British Empire having 
been raised and consolidated on the ruins left by* 
Mardthds,and Pathdns, a new era of peace and civiliza- 
tion was inaugurated iSy Lord Bentinck, ahd the supprA- 
sion of thuggi, dacoity, sati, and other barbarous rites of 
the Hindu religion, preceded the establishment of schools 
and Universities, and the opening up of the wilds of India 
by systems of roads and railways. Th^ social regeneration 
of India, such as it is, has been almost exclusively the 
work of the last seventy years, and even now it has 
hardly penetrated far below the surface. 
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It was the information given by the traveller on the 
diamond-mines worked in his day, that first drew Mr. 
Ball’s attention to the subject of Tavernier’s travels. The 
mines visited and described by him have long been 
abandoned, and even their very sites forgotten. With 
free labour, and at its present enhanced rates, diamond- 
working is no longer so remunerative as under the 
despotic governments of the seventeenth century, and it 
is within the recollection of the present writer that the 
w'orking of one of the most productive mines of the 
farmer Golconda State was let on behalf of the British 
Government at the modest rental of 100 rupees. Ta- 
vernier gives it to be understood, indeed, that only four 
mines. were worked, all of which he visited; but Mr. 
Baft tells us there is ample reason for believing that they 
were far more numerous than he had any conception of ; 
and in an appendix he gives a full list of all the Indian 
localities at which diamonds have been obtained as far 
as is known, together with the geographical co-ordinates 
of all such as he has succeeded in identifying. Owing 
to the vagaries of phonetic spelling, and the ignorance of 
Indian geography on the part of many who have dealt 
with this subject, this identification has been far from 
easy. As amusing examples of the way in which 
localities have been confused by some previous writers, 
Mr. Ball tells us that “ one author gives Pegu as a 
diamond-mine in Southern India ; in the Mount Catti 
of another we have a reference to the (ihdts of Southern 
India” ; and ^je adds : “ For some time I was unable to 
identify a certain Mr. Cullinger, who was quoted by one 
writer, in connection with diamonds. Will it be believed 
that this gentleman ultimately proved on investigation to 
be the fort of Kdlinjar ? ” — a well-known historical fortress 
in Bundelkhand. 

Indian diamonds are found exclusively in rocks of the 
Vindhyan formation or in the gravels of rivers that drain 
these rocks. The formation consists of sandstones, lime- 
stones, and other sedimentary rocks, certainly not more 
recent than the Lower Palaeozoic age, but being unfossili- 
ferous, their precise age cannot be determined. In 
Southern India the diamonds occur only in the Bdnagan- 
pili sandstone, at the base of the lower subdivision of the 
Vindhyan series, or in gravels derived from that bed. 
This is described by the authors of the “ Manual of the 
Geology of India” as usually from 10 to 20 feet thick 
consisting of gravelly, coarse sandstone, often earthy, and 
containing numerous beds of small pebbles. The dia. 
monds are found in some of the more clayey and pebbly 
layers, and in the opinion of Dr. W. King, the present 
Director of the Indian Geological Survey, they are 
innate in the rock. This view does not, however, appear 
to commend itself to the authors of the manual. In 
Northern India, at Panna, in Bundelkhand, the diamond 
bed is in the upper division of the Vindhyan series ; but 
it is considered not improbable that here also the original 
nidus of the diamonds was, as in "Southern India, a bed 
of the lower subdivision, pebbles of which occur in the 
diamond bed, and are extracted and broken up in the 
search for the gem. 

As is well knownj* Tavernier examined, and in his book 
described and figured, the famous Great Mogul diamond, 
then in the possession of the Emyeror Aurungzebe ; and 
he has been often cited as a principal witness by those 


who have discussed the question of the history of the 
Koh-i-noor. T6 this subject Mr. Ball devotes a long 
note in the appendix, arriving at conclusions which differ 
from those of Prof. N. S. Maskelyne, and indeed of most 
previous writers, witli the exception of James Forbes, 
Major-General Sleeman, and Mr. Tennant. The argu- 
ment is somewhat complex, and hardly admits of abstrac- 
tion, and we must therefore refer those who are interested 
in the subject to the text of Mr. Ball’s note. It will suffice 
here to indicate the main issues. They are concerned 
with the identification inter se of the three diamonds 
known respectively as the Mogul diamond, Baber’s dia- 
mond, and the Koh-i-noor. The first of these, described 
and figured by Tavernier, is the largest diamond on re- 
cord, and is stated to have weighed originally, before 
cutting, 900 rutis (an Indian weight still in use, but the 
value of which has varied greatly at different times and 
under different circumstances). When Tavernier saw 
it, it had been reduced by unskilful cutting to about 
two-fifths of its former size, and weighed only 379^ 
ratis, which Mr. Ball computes to be equivalent to 268 
English carats. Baber’s diamond, of which Tavernier 
makes no mention, but which is equally historic, Mr. 
Ball thinks was probably retained by the imprisoned 
Shah Jehan, and acquired by Aurungzebe only after 
Shah Jehan’s death. The weight of this stone is com- 
puted by Mr. Ball, from the statements of Baber and 
Ferishta, to have been 186 English carats. The weight 
of the Koh-i-noor when first brought to England was 
e.xactly the same as that computed for Baber’s diamond, 
or, accurately, i86'o6 carats. Now Prof. Maskelyne, 
General Cunningham, and several other writers regard 
these three stones as identical, and the former suggests 
that Tavernier’s estimate of the weight of the Great 
Mogul diamond in carats (probably Florentine) was erro- 
neous, and due to his having adopted a mistaken value 
for the rati. This view Mr. Ball is unable to accept. 
Nevertheless he considers it probable that the Koh-i-noor 
is the remnant of the Mogul diamond, from which por- 
tions have been removed while it was in the possession 
of the unfortunate grandson of Nadir Shah, or some 
other of those through whose hands it passed before it 
was acquired by Runjeet Singh ; and that Baber’s dia- 
mond was a distinct stone, now in the possession of the 
Shah of Persia, and known as the Dariya-i-noor (sea of 
lustre), the weight of which is also 186 carats. 

Mr. Ball’s careful criticism of the available evidence, 
and his clear setting forth of the several steps of his 
argument, give weight to the conclusion at which he 
finally arrives, that will doubtless be acknowledged even 
by those who differ from him. But as regards the 
identity of the Koh-i-noor and the Mogul diamond, there 
remains one objection which, as it appears to us, Mr. 
Ball has hardly adequately disposed of. If Tavernier’s 
figure, as reproduced by Mr. B^I, represents at all faith- 
fully the general form and especially the height of the 
Mogul diamond, it is difficult to see how a comparatively 
flat stone like the Koh-i-noor could have been obtained 
from it without a much greater reduction of its weight 
than the 82 carats which are all that his data admit of. 
The lateral dimensions of the two stones accord fairly 
enough, so that any reduction of Tavernier’s figured 
stone, to bring it down to the required size, c6uld be 
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•effected only by diminishing its height ; in which case it 
would hardly correspond to his description of its form as 
that of an egg cut in two. The question can only be 
fairly tested by the weigh ment of a model constructed as 
nearly as possible in accordance with Tavernier's figure, 
and of such lateral dimensions as to be capable of in- 
cluding the Koh-i-noor. It may be that such a model, of 
the specific gravity of the diamond, would be found much 
to exceed Tavernier's reported weight of the stone, in 
which case the importance of his figure as an item of 
evidence, would be greatly invalidated. 

^ Whatever may be the final outcome of this controversy, 
Mr. Ball has done a good service to literature and science 
in re-translating Tavernier's work, in its careful editing, * 
and in throwing light on much that has hitherto remained 
obscure. The result will certainly be that which he has 
anticipated, the vindication of Tavernier's claim ‘‘to be 
regarded as a veracious and original author." 

H. F. B. 

OUR BOOK SHELF. 

S/ar Land. By Sir Robert S. Ball, LL.D., If.R.S* 

(London : Cassell and Co., 1889.) 

The author of this work is now so well known as a 
popular expounder of astronomical subjects that it is 
quite sufficient praise of his new book to say that it fully 
sustains his reputation. The book is described as “ talks 
with young people about the wonders of the heavens," 
being founded chiefly on notes taken at his courses of 
juvenile lectures at the Royal Institution. Astronomy 
gives plenty of scope for the exercise of the imagination, 
and Dr. Ball takes full advantage of this. The book 
abounds with anecdotes and homely illustrations, calcu- 
lated to impress the facts on the memory as well as to 
•excite wonder at them. The startling figures dealt with 
in astronomy are, as usual, converted into railway train 
notation, and otherwise illustrated. One new illustration 
of the distances of the stars is that it would take all the 
Lancashire cotton factories 400 years to spin a thread 
long enough to reach the nearest star at the present rate 
of production of about 155,000,000 miles per day. The 
irregularities in the motion of Encke's comet are explained 
in an interesting dialogue between the “ offending comet" 
and the astronomer, in which the comet explains that 
Jiis delay was due to the fact that Mercury was “meddle- 
some.” 

The only disappointing parts of the book are those 
which deal with astronomical physics. One point not 
sufficiently insisted upon is the now generally acknow- 
ledged meteoritic constitution of comets ; a connection is 
certainly suggested, but that comets are now supposed to 
be simply dense swarms of meteorites is not stated at all. 
Nebulae, again, are described as “ masses of glowing gas," 
notwithstanding the recent researches on the subject. 
The theory that meteorites are the products of ancient 
terrestrial volcanoes is also still adopted by Dr. Ball, 
without any consideration of the objections to such a view. 

The book is well illustrated, and will undoubtedly 
awaken an interest in the subject in all intelligent 
readers. 

The Magic Lantern: its Construction and Use. By a 

Fellow of the Chemical Society. (London: Perken, 

Son, and Ray ment.) 

T'H£ third edition of this little book has been issued, 
and will be exceedingly useful to those who work with 
the lantern. Descriptions are given of the various 
lights used in lanterns, from the oil lamp to the electric 
arc ; the methods of making simple slides are entered 


into, and a few experiments, illustrative of elementary 
scientific principles, are well included. The work is 
thoroughly practical ; none of the little details so 
necessary to beginners have been omitted, whilst many 
of the hints it contains may be of service to all vfho use 
this optical instrument, whether it be for lecture purposes 
or for recreation only. 


LETTERS TO THE EDITOR. 

\TTit Editor dots not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake^ 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Naturb, 
No notice is taken of anonymous communications.^ 

Acquired Characters and Congenital Variation. 

I DO not see that the Duke of Argyll's last letter in any way 
strengthens his position. The questions at issue with regard to 
evolution are now, I believe, thoroughly understood by biologists. 
Nothing, in my opinion, can solve them in the direction the 
Duke desires but the evidence of fact. And that, I can only 
repeat, is precisely what is not forthcoming. I am equally of 
opinion that the discussion has been worn threadbare. I should 
not myself have interfered in it, had it not seemed desirable to 
show that the motives attributed by the Duke to those who 
accept Darwinian principles were destitute of foundation. 

This part of his position the Duke does not attempt to defend. 
As to the rest he merely restates what he has said before. His 
remarks fall under two heads, and I shall content myself with 
the briefest possible comment upon these. 

(1) Acquired Characters. — The Duke gives what I presume 

he intends as a logical proof of the theorem that acquired 
characters are inherited. Ittnay, I think, be formally expressed 
as follows : — • 

“ It is always possible to assert " that acquired characters arc 
developed latent congenital characters. 

It is admitted that congenital characters are inherited. 

. • . Acquired characters are inherited. 

It will be observed in the first place that this is a mere a 
priori argument. And next that, while it is not denied by Dar- 
winians that the organism is a complex of congenital tendencies, 
limitations, and possibilities, this is entirely beside the question. 
From Lamarck to Darwin, Weismann, and Lankester, the mean- 
ing of ‘‘acquired characters" has been clearly defined. They 
are those changes of hypertrophy, extension, thickening, and the 
like, which are obviously due to the direct physical action of the 
environment on the body of the individual organism. It was 
these changes which I.amarck asserted were transmitted to the 
offspring ; and ic is this transmission which it is now maintained 
needs demonstration as a fact. 

Let me give another illustration. 1 read the other day in the 
newspapers that the police of Paris have carried out an extremely 
interesting investigation. They have carefully ascertained the 
recognizable changes in the normal human organism produced 
by the prolonged pursuit of any particular occupation. The 
object was to obtain data for the identification of unknown dead 
bodies. The changes proved more numerous and characteristic 
than could have been supposed. They supplied, in fact, diagnostic 
marks by which the occupation of the individual could be 
accurately inferred. It seems to me impossible to have a more 
admirable case of the direct action of external conditions. I 
ask. Is there any reason to suppose that these acquired characters 
would be transmitted ? 

This appear to me an extremely plain issue, as it is certainly 
an extremely important one. There is not the least reluctance 
on the part of Darwinians to face it squarely. But the Duke 
appears to me to deliberately evade it. 

(2) Prophetic Germs. — M seems to me that we«are somewhat# 
at cross- purposes. ^ The Duke admits that I have correctly 
quoted him as saying: “All oi^ans do actually pass through 
rudimentary stages in which actual use is impossible." When 
Prof. Lankester challenged the Duke to produce a single in- 
stance, he guarded himself by the remark j “The stages here 
alluded to are— if I understand correctly — ancestral stages, not 
stages in the embryological development of the individual." 
The Duke has never repudiated, as far as I am aware, that 
limitation of his meaning, if it be a limitation. And as he has 
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never responded to the challenge, I maintain that he has no 
right in a scientific discussion to reiterate a statement in support 
of which he has produced no definite observed evidence. He 
now returns the challenge to me. But it is no afiair of mine. 
I simply'take note of the fact that Prof. Lankester pointed out 
that the Duke’s case collapsed unless the challenge was met, 
and that the Duke actjuiesced by silence. 

Just, however, as with the question of acquired characters, the 
Duke in defect of direct evidence now tries an a //AW argument. 
He reminds us of the well known principle of embryology, some- 
times called the recapitulation theory. Darwin states it in this 
form : the embryo is “a picture, more or less obscured, of the 
.progenitor, either in its adult or larval state, of all the members 
of the same great class.” 

Now, of course, in the development of the individual organism, 
we have “ a series of incipient structures on the rise for actual 
u«c,” if by “ on the rise ” we mean in process of nutritive growth. 
This is, however, not necessarily true of the recapitulative struc- 
tures which may or may not be temporarily utilized. When they 
are not so utilized they are mere survivals, and we know that 
survivals constantly so completely fall out of use, that by mere 
inspection it is often difficult to conceive what could have been 
their original function. 1 may give a single illustration. In 
flowering plants the homologue of the spore of the vascular 
cryptogams is still preserved. Within it, previous to fertiliza- 
tion, certain rudimentary structures are developed. It has been 
shown that these are the last recapitulative remnant of an in- 
dependent series of structures developed outride the spore in the 
fern. In that type they form the prothallus, which ])o-ssesses all 
the attributes of an independent organism, assimilates, respires, 
often reproduces itself asexually, ami finally hears the sexual 
reproductive organs. All this in the flowering plant is not 
merely reduced to scarcely intelligible rudiments, but, in ac- 
cordance with a uelhknown principle in embryology, it is 
thrown backwards in the order of development, and never 
emerges from the spore at all, instead of as in the fern being 
wholly externeJ to and independent of it. 

In ihis case we know the recapitulation and the thing reca- 
pitulated. We infer from their comparison that a fern-like plant 
was amongst the ancestry of the flowering jdant. But I defy 
anyone, from a mere inspection of what happens in the latter, 
to form any idea of what happens in the former. From cases 
such as these it is obvious that the analogy between the deve- 
lopment of the individual and the evolution of the race only 
holds for the broad facts of the sequence of stages, and does not 
give us any information as to the inutility of the structures of the 
ancestral organisms, or even, indeed, as to the precise period in 
their life when such structures made their appearance. The 
Duke’s argument may now% I take it, be stated as follows : — 

In the development of the individual organism, incipient 
organs are useless. 

Tlie development of the individual organism is a recapitulation 
of the evolution of the race. 

Incipient organs in the evolution of the race are useless. 

I observe that the Duke’s estimation of my logical powers is 
the reverse of flattering. I abstain, therefore, from criticizing 
this piece of reasoning. For my part I must confess I do not 
possess an a priori mind. No argument, however ingenious, is 
as convincing to me as accurately observed facts. If the Duke’s 
convictions are laws of Nature, the objective verification ought 
to he forthcoming. W. T. Thiselton Dyer. 

Royal Cardens, Kew. 


The Duke of Argyll supports his assertion that ^^all organs 
do actually pass through rudimentary stages in which actual use is 
impossible by reference to the stages of embryonic growth. 
Surely the assertion remains merely an empty repetition of the 
Darwinian position that the^ development of the embryo sum- 
marizes the morphological history of the race. 

The modern dress coat has developed from a mere blanket, 
^ but even the** useless parts of the modern coat can be ea.sily 
shown to have had their use in some anterior forms of completed 
coat. The embryo, like the coat, preserves traces of evolutional 
stages at which what now appear useless characters were in 
reality actual useful characters. 

What the Duke has to show is some instance of a completed 
organ in a completed organism, useless to that organism, not 
phases in the growth of an organ affording a blurred copv of 
sbme ^ form of the organ existent at an anterior stage or the 
organism, and then useful to it. So far he has merely 


confounded ontogenal steps of growth with phylogenal phases, 
of plan. • F, V. Dickins. 

Burlington Gardens, February 3. 

Bight Rainbows seen at the Same Time. 

The following letter which I have just received from Dr. 
PercivaJ Frost of Cambridge, may interest your readers. 

A statement that rainbows are produced not only by the sun 
Uself directly, but by the image of the sun reflected from still 
water, is given in Prof. Tait’s book on “Light.’ The pheno- 
menon seems to have been observed by Ilalley in 1698 (see 
Nature, vol. x. pp. 437, 460, and 483 for interesting j cor- 
respondence on the subject). 

The diffuse rainbow produced by the image of the sun re- 
flected from a white cloud after sunset, described by Mr. 
Scoullcr, is, I believe, a novelty. 

Wii.iJAM Thomson. 

The University, Glasgow, January 31. 

In Nature (January 23, p.27i)yoii givea letter from Mr. Scouller 
describing an interesting case of a rainbow, due to the image of the 
sun in water, which, with the ordinary, primary, and secondary 
bows, make up (there being no secondary to that formed by 
the reflected sun) the (Jn^ec which he saw. Here is a short 
account of what I saw long ago, almost in prehistoric limes, in 
Scotland, where such sights ought, according to your corre- 
spondent, to be very commonly seen. I may mention that I 
saw at the same time, lasting some five minutes, eight well- 
defined rainbows of one sort or another. 



In 1841, .during the time of a long vacation party, spent 
at Oban, I walked out with roy brother 'to Dunataffnage, 
and we were on the top of the Castle, somewhere between 
3 and 4 p.m., on a day in the middle of August. Not 
a breath of wind, bright sun over, I think, Lismore 
Lighthouse, dusky clouds all over Ben Cruachan and Conoll 
Ferry ; the sea in the bay (bounded by Dunstaffnage in 
the west) as smooth as a pond. Gradually there api^arcd 
l^fore us the astonishing sight of the aforesaid eight distinct 
rainbows, viz. primary and secondary ordinary bows ; pri- 
mary and secondary bows by reflected sun ; primary and 
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secondary bows formed by light from the real sun reflected from 
the water after leaving certain drops ; primary and secondary 
formed by light from the sun reflect^ at the water, and, after 
leaving certain other drops, again reflected at the water. I have 
called the latter four distinct bows, because, although they 
looked like reflections of a solid set of four arcs, they were really 
formed by means of drops distinct from those which helped to 
make the first four bows. I append a sketch of what I saw. 

Percival Frost. 

15 Fitzwilliam Street, January 29. 

[We have received other letters on the subject of Mr. Scouller’s 
Better.] 


Thought and Breathing. 

I SEND you some extracts from the Sanskrit Yoga-siitras 
which treat very fully of the pra//a)ama, or the expulsion and 
retention of breath, as a means of steadying the mind. 

A Yogi has first of all to assume certain postures which help 
him to fix his mind on certain objects. He cannot concentrate 
his mind while walking or running, lie ought to assume a firm 
and pleasant position, one requiring little effort. To judge, 
however, from the description given of some of these postures, 
they would seem to us anything but pleasant. 

When a Yogi has accustomed himself to his posture, he 
begins to regulate his breath — that is, he draws in the breath 
through one nostril, retains it for some time in the chest, and 
then emits it through the other nostril. The details of this pro- 
cess arc given in the first chapter of the Yoga-sutras, sulra 37. 
Here the commentator states that the expulsion means the 
throwing out of the air from the lungs in a fixed quantity through a 
special effort. Retention is the restraint or stoppage of the motion 
of breath for a certain limited time. That stoppage is effected by 
two acts — by filling the lungs with external air, and by retaining 
therein the inhaled air. Thus the threefold pra^/ayama, including 
the three acts of expiration, inspiration, and retention of breath, 
fixes the thinking principle to one point of concentration. All 
the functions of the organs being preceded by that of the breath 
— there being always a correlation between breath and mind in 
their respective functions — the breath, when overcome by 
Slopping all the functions of the organs, effects the concentration 
of the thinking principle to one object. 

Rajendralal Mitra, to whom we owe a very valuable edition 
of the text and translation of the Yoga-sutras, adds the fol- 
lowing remarks : — “ All other Yogic and Tanlric works regard 
the three acts of expiration, inspiration, and retention performed 
in specific order to constitute pnw/aydma. The order, however, 
is not always the same. . . . The mode of reckoning the time 
10 be devoted to each act is regulated in one of two ways ; (i) 
by so many repetitions of the syllable om, or the mystic mantra 
(formula) of the performer, or the specific mystic syllables (vija) 
of that mantra ; (2) by turning the thumb and the index-finger 
of the left hand round the left knee a given number of timfs. 
rhe time devoted to inspiration is the sYiortest, and to retention 
the longest. A Vaish/iava in his ordinary daily prayer repeats 
the Vtja-mantra once while expiring, ^ times while inspiring, 
and 20 times while retaining. A Sdkta repeats the mantra i6 
times while inspiring, 64 times while retaining, and 32 times 
while expiring. These periods are frequently modified.” 

The usual mode of performing the prawayama is, after 
assuming the posture prescribed, to place the ring-finger of the 
right hand on the left nostril, pressing it so as to close it, and to 
expire with the right, then to press the right nostril with the 
thumb, and to inspire through the left nostril, and then to close 
the two nostrils with the ring finger and the thumb, and to stop 
all breathing. The order is reversed in the next operation, and ^ 
in the third act the first form is required. The Ha/Aadfpika 
says; — ‘*By the motion 'of the breath, the thinking principle 
moves ; when that motion is stopped, it becomes motionless, 
and the Yogi becomes firm as the trunk of a tree ; therefore the 
wind should be stopped. As long as the breath remains in the 
body, so long it is called living. Death is the exit of that 
breath, therefore it should be stopped.” 

Some of the minor works on Yoga expatiate on the sanitary 
and therapeutic advantages of practising prdwayaaia regularl3r at 
stated times. In America some spiritualistic doctors prescribe 
the same practice for curing diseases. 

In India pri^iiydma is only a means towards a higher object — 
namely, the abstraction of the organs from their natural functions. 
It is a preliminary to Yoga, which consists in dhdrand^ stead- 


fastnesj, dhydna^ contemplation, and samadhi^ meditation, or 
almost a cataleptic trance. These three are supposed to impart 
powers or siddhis which seem to us incredible, but which never- 
theless are attested by the ancient Yogis in a very bond-Jid<^ 
spirit, and deserve examination, if only as instances of human 
credulity. I say nothing of modern impostures. 

Oxford, January 22. F. Max Muller. 

In connection with Prof. Leumann’s recent researches into 
the relation between changes in respiration and changes in 
certain cerebral functions, it seems curious that the employment 
of deep and rapid respiration as an anaesthetic has received so 
little attention. Some dentists order their patients to respire as 
quickly and fully as they can for a period which varies, I believe, 
from four to six minutes, although as to the exact duration I 
am insufficiently informed. At the termination of this period 
the patient becomes giddy, and to a great extent loses con- 
sciousness, when a short operation can be painlessly performed. 
The patient, while unable to move his arms, opens his mouth at 
the order of the operator. I have heard of no casualties or evil 
effects from this mode of treatment. W. Clement Lk'^ 


Chiff-ChafT singing in September. 

During more than forty years’ observation of the singing of 
birds, I have invariably heard the chifif-chaff* singing in Sept* 
ember, although the song is much less frequently repeated than 
in the spring. In connection with this observation I may men- 
tion that both the male and female birds appear to be always 
mute for two or three days after their spring arrival in Northern 
Europe. W. Clement Lev. 

Lutterworth, January 31. 

Foreign Substances attached to Crabs. 

I HAVE read in recent numbers of Nature some letters on 
sponges attached to crabs. 

There are two crabs oa the east coast of Australia — one of 
them allied to Dromia vulgaris — which cover themselves with 
sponges or with a composite Ascidian. I K&.ve in one case 
counted no less than seven species of sponges on one individual 
crab. 

The Ascidian referred to is usually from ten to thirty times as 
large as the crab to the back of which it is attached. 

Among the specimens brought by me from Australia, and 
now deposited in the National Collection of the British Mu- 
seum, there are some of these crabs with sponges and Ascidians 
attached. 

These might, perhaps, be interesting to your correspondents 
on the subject. R. v. Lendenfeld. 

University, Innsbruck, January 25. 


Foot-Pounds. 

“ A. S. K.” will find ni )ments, of resistance, of bending, or of 
turning, expressed in foot-pounds (often inch-pounds or foot tons) 
in any treatise on civil, mechanical, or marine engineering, on 
architecture, land or naval, and, in fact, in every treatise on 
real mechanics he may consult. Why, then, should a different 
terminology be adopted in a Civil Service examination paper ? 
In metric units, moments are given in kilogramme-metres or 
-centimetres ; but in the C.G.S. system I do not suppose it is 
suggested to measure moments of dyne-centimetres in ergs. 

February 3, A. G, Grkenhill. 

If a. S. E.” will push his researches farther, he will fin I 
that in Government dockyards the stability moment on ships is 
calculated in foot- tons. V. 

February 3. 


PROF. WEISMA^NlSrS THEORY QF HEREDITY. 

I N Nature of October 24, 1889 (p. 621)^ appeared a 
criticism by Prof. Vines of my essays on heredity 
and allied subjects. I should be glad to reply briefly to 
his objections, and the more so as^I hope thus to be able 
to place the scientific problems at issue in a somewhat 
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dearer light. With regard to the immortality which I 
attribute both to the unicellular organisms and *to the 
germinal cells of the multicellular, if I understand Prof. 
Vines aright, he does not attack the proposition itself, but 
has simply overlooked the explanation in my book of the 
way in which mortal organisms arose out of immortal in 
process of phyletic development,a process which must have 
taken place if the Protozoa have developed in the course of 
the world’s history into the higher Metazoa, — “the first 
difficulty is to understand how the mortal heteroplastides 
can have been evolved from the immortal monoplastides.” 
My explanation was simply that which appears to be the 
true one for the origin of every higher differentiation— 
namely, the division of the cell-mass of the Protozoan, on 
the principle of the division of labour, into two dissimilar 
Iialves, differing in substance, and consequently also in 
function ; from the one cell which performed all functions 
comes a group of several cells which distribute themselves 
over the work. In my opinion, the first such differentia- 
tion produced two sets of cells, the one the rnortal cells 
of the body proper, the .other the immortal germ-cell.s. 
Prof. Vines certainly believes in the principle of the divi- 
sion of labour, and in the part that it has played in the 
development of the organic world, as well as I ; but it 
seems to him that this division of a unicellular being into 
somatic and germinal cells is impossible, and that my 
explanation of the process by dissimilar division is 
inadequate, because it strikes him as “ absurd to say that 
an immortal substance can be converted into a mortal 
substance.'’ 

There certainly does seem to be a great difficulty in 
this idea, but in reality it arises simply from a confusion 
of two conceptions — immortality and eternity. That 
the Protozoa and the germ-cells of Metazoa are in a certain 
sense immortal seems to me an incontrovertible proposi- 
tion. As soon as one has clearly (ealized that the division 
of amonoplaslidisinno way connected with the death of 
one part, there can be no further question that we have 
to do with individuals of indefinite duration ; but this in 
no way implies that they possess an eternal duration ; on 
the contrary, we imagine that they have all had a be- 
ginning. The conception of eternity, however, extends 
into the past as well as the future ; it is without beginning 
or end, and does not affect the present question ; it is an 
entirely artificial conception, and has no real and com- 
prehensible existence ; to express it more accurately, 
eternity is merely the negation of the conception of 
transitoriness. Of the objects with which natural science 
deals, none are eternal except the smallest particles of 
matter and their forces, certainly not the thousandfold sem- 
blances and combinations under which matter and force 
meet us. As I have said years ago, the immortality of 
unicellular organisms, and of the germ-cells of the multi- 
cellular, is not absolute but potential ; it is not that they 
must live for ever as did the gods of the ancient Greeks 
— Ares received a “mortal” wound, and roared for 
pain like to ten thousand bulls, but could not die ; they 
can die — the greater number do in fact die — but a pro- 
portion lives on which is of one and the same substance 
with the others. Does not life, here as elsewhere, depend 
on metabolism — that is to say, a constant change of 
material ? And what is it, then, which is immortal t 
Clearly not the substance, but only a definite form of 
activity. The protoplasm of the unicellular animals is of 
such chemical and molecular structure that the cycle of 
tqaterial which constitutes life returns even to the same 
point and can always begin anew, so long as the neces- 
^ sary external conditions are forthcoming. It is like the 
’ ciiVulation of Water, which evaporates, gathers into 
clouds, and falls as rain upon the earth, always to eva- 
porate afresh. And as in the physical and chemical 
properties of water there is no inherent cause for the 
cessation of this cycl^, so there is no clear reason in the 
physical condition of unicellular organisms why the cycle 


of life, of division, growth by assimilation, and 
repeated division, should ever end ; and this charac- 
teristic it is which I have termed immortality. It is the 
only true immortality to be found in Nature — a pure 
biological conception, and one to be carefully dis- 
tinguished from the eternity of dead, that is to say 
unorganized, matter. 

If then this true immortality is but cyclical, and is con- 
ditioned by the physical constitution of the protoplasm, 
why is it inconceivable that this constitution should be, 
under certain circumstances and to a certain extent, sa 
modified that the metabolic activity no longer exactly 
follows its own orbit, but after more or fewer revolutions 
comes to a standstill and results in death ? All living 
matter is variable ; why should nut variations in the 
protoplasm have also occurred which, while they fulfilled 
certain functions of the individual economy better, caused 
a metabolism which did not exactly repeat itself, i.e. 
sooner or later came to a condition of rest ? I admit that 
I feci such a descent from immortality into mortality far 
less remarkable than the permanent retention of immor- 
tality by the monoplastids and germ-cells. Small, indeed, 
must be the variations in the complicated qualities of 
living matter to bring in their train such a fall ; and very 
sharply must the essentials of its constitution be retained, 
for metabolism to take place so smoothly without creating 
in itself an obstacle to its own continuance ! Even if we 
cannot^enetrate into the mysteries of this constitution, 
still we may say that a rigorous and unceasing natural 
selection is unremittingly active in maintaining it at such 
an exact standard as to preserve its immortality; and 
every lapse from this standard is punished by death. 

I believe that I have proved that organs no longer in 
use become rudimentary, and must finally disappear 
solely by “ panmixie ” ; not through the direct action of 
disuse, but because natural selection no longer main- 
tains their standard structure. What is true for an organ 
is true also for its function, since the latter is but the 
expression of the qualities of material parts, whether we 
can directly perceive their relations or not. If, then, as 
w'c saw, the immortality of monoplastids depends on the 
fact that the incessant metabolism of their bodies is ever 
returning exactly to its starting-point, and produces no 
such modifications as would gradually obstruct the repe- 
tition of the cycle, why should that quality of the living 
matter which causes immortality — nay, how could it be 
retained — when no longer necessary? It is obvious that 
it was no longer necessary in the somatic cells of the 
heteroplastids. From the instant that natural selection 
relaxed its watch on this quality of immortality began the 
process of panmixia which led to its abolition. Prof. 
Vines will ask. How can one conceive of this process? 
I answer. Quite easily. When once individuals arose 
among monoplastids, in the protoplasm of which occurred 
such variation in chemical and molecular constitution as 
to result in a gradual check on the metabolic cycle, it 
would happen that these individuals died ; a permanent 
variety could not grow out of such variations. But if 
there arose among heteroplastids individuals with a 
similar differentiation of the somatic cells, the death of 
these cells would not be detrimental to the species, since 
its continuance is ensured by the immortal germ-cells. 
Upon the differentiation into germinal and somatic cells, 
natural selection was, speaking metaphorically, trained 
to bear on immortality of the germ-cells, but on quite 
other qualities in the somatic cells — on motility, irritabi- 
lity, capacity for assimilation, &c. We do not know whether 
the attainment of these qualities was accotfipanied by a 
constitutional alteration which caused the loss of immor- 
tality, but it is at least possible ; and, if true, the somatic 
cells will have lost their immortality even more rapidly 
than through the unaided action of panmixia. 

In the fourth essay of my book, I have cited the two 
Volvocinean genera Pandorina and Volvox as examples 
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of the differentiation of homoplastids into the lowest commencement, can continue in'lefinitely with or without 
heteroplastids ; in Pandorina the cells are still all alike modification (specific changes in the germ>plasm or the 
and all perform the same functions, in Volvox occur monoplastids) ; it is a cyclical activity of organic material 
somatic and germinal cells, and in the latter case we devoid of any intrinsic momentum which would lead to 
should expect to find the commencement of natural death its cessation, just as the motion of the planets contains no 
Recent researches of Dr. Klein^ (“ Morphologische und intrinsic momentum which would lead to its cessation, 
biologische Studien iiber die Gattung Volvox,” Jahrb. although it has had a commencement and will some day, 
wiss. Botan,, xx., 1889) show that this is actually the through the operation of extrinsic forces, have an end. 
case ; as soon as the germ-cells are ripe and emerge Prof. Vines says later : “ I understand Prof. Weismann 
from the sphere, the ciliated somatic cells begin to shrivel to imply that his theory of heredity is not — like, for 
up, and die in one or two days. This is the more interest- instance, Darwin’s theory of pangenesis — a provisional 
ing, as the somatic are also the nutritive cells ; for, though or purely formal solution of the question, but one which 
the germ-cells also possess chlorophyll, the rapid growth is applicable to every detail of embryogeny, as well as to 
of the latter (which attain an enormous size in Volvox) is the more general phenomena of heredity and variation.” 
only possible by the supply of nourishment from the I have, as a matter of fact, designated Darwin’s pangenesis 
somatic ceils. The latter are so constituted that they as a “ purely formal ” solution of the question, but should 
assimilate, but cannot grow larger when once the sphere like here to give a slight explanation of the expression, as 
has reached its definite size ; they transfer the nourishment I fear that not only Prof. Vines, but also many other 
which they derive from the decomposition of carbon readers of my essays, have misunderstood me. On the 
dioxide, &c., to the germinal cells by means of fine one hand, I am afraid that they see in my words a definite 
pseudopodia ; and themselves wither when once the reproach against Darwin for his theory of pangenesis, of 
germs are ripe. In this case adaptation to the nutrition which I had not the remotest intention ; and on the other, 
of the germinal cells might well have accelerated the that they incline to charge me with too great an affection 
introduction of a natural death of the somatic cells, the for my own theory. 

capacity for considerable assimilation combined with a I believe there are two kinds of theory ; one may term 
drain on their nutrition may have led after a certain them the “ real ” and the “ ideal ” ; practically they are 
time to stoppage of the process of assimilation and to rarely sharply- to be discriminated ; both often occur in 
death. To me, the idea that modification of the living one and the same theory, but should be conceived of 
matter may have been connected with loss of imifiortality separately. The “ ideal ” theories attempt to render con- 
does not appear more unlikely or more difficult than the ceivable the phenomena to be explained by an arbitrarily 
generally received view of the gradual differentiation of accepted principle, apart from the question whether the 
the somatic cells in the course of phylogeny into their principle itself possesses any grain of truth or not ; they 
various species of digestive, secretive, motile, and nervous seek only to show that there are hypotheses on which the 
cells. An immortal unalterable living substance does not phenomena in question become comprehensible. “ Real ” 
exist, but only imn;iortal forms of activity of organized theories do not make hypotheses at pleasure, but strive 
matter. to construct such as |jave some degree of probability ; 

I maintain, therefore, in its entirety, my original state- they desire to give not a formal, but, if possible, the right 
ment, that monoplastids and the germ-cells of higher explanation. Sir William Thomson in dhdeavouring to 
forms have no natural death. I do not know how this nake clear the dispersion of rays of light, never believed in 
can to-day be better expressed than by saying that these die remotest degree that such molecules as he pictured 
living units possess a real and actual immortality as 'eally existed, but desired merely to show that there were 
against the imaginary ideal immortality of the Greek hypotheses on which the phenomena of dispersion were 
gods. If death from internal causes does not exist for comprehensible. Darwin's pangenesis was originally in- 
them, one may yet say with certainty that the fatal hour ended in this sense, and was by him termed a “ pro- 
will one day strike for them all, not from internal causes, dsional” hypothesis, although in later years he may have 
but because the external conditions for the constant attributed to it the weight of a real theory. To me his “gem- 
renewal of vital activity will some day cease. The mules ” are a pure invention, an invention in no way corre- 
physicists prophesy that the circulation of water on the I spending to the actual facts, but showing what hypotheses 
globe will end, not from any alteration in the qualities of ' must be made in order to explain the phenomena of 
water, but because external conditions will render this heredity. Are, however, such ideal theories worthless ? 
form of motion of aqueous particles impossible. Certainly not. They are often the first and essential step 

Prof. Vines then attacks my view of embryogeny. He towards the understanding of complicated phenomena, and 
finds it “ not a little remarkable that Prof. Weismann lay the foundation for the gradual erection of a real theory, 
should not have offered any suggestion as to the coheep- It would perhaps never have occurred to me to deny 
tion which he has formed of the mode in which the con- the inheritance of acquired characters, had not Darwin’s 
version of germ-plasm into somatoplasm can take place, pangenesis shown me that the matter was only explicable 
considering that this assumption is the key to his whole on an hypothesis so difficult to conceive, as that of the 
position.” He sees here the same difficulty as in the giving off, circulation, and reassemblagc of gemmules. I 
phyletic development, and says : “ There is really no do not even now maintain that Darwin’s pangenesis cannot 
other criticism to be made on an unsupported assumption possibly contain a kernel of truth; De Vries (“ Intra- 
such as this, than to say that it involves a contradiction cellulare Pangenesis,” Jena, 1889) has shown in a recent 
in terms.” He means by this that the eternal cannot and most interesting memoir that the ideal impossible 
pass into the finite, as must be the case if the pangenesis may be transformed into a real and possible 
immortal germ-cell grow into the mortal soma. At one by means of certain profound modifications ; he ac- 
the bottom of this objection lies the same confusion cepts my view that acquired (somatogenic) modifications 
between immortality and eternity which has already been cannot be transmitted, and thereby puts on one side just 
made clear. I do not wish to reproach Prof. Vines with that part of Darwin’s theory which has always appeared 
this obscusity, as I felt the same objection myself for to me to lie beyond the pale of reality — namely, the circula- 
many years, and could not at once discover the reply to tion, &c., of the gemmules. The future*will show whether 
it ; on the contrary, I am indebted to him for the oppor- his view of modified gemmules or my hypothesis is the 
tunity to express myself on the point. Up to this time best explanation of the facts of heredity, 
we have had no scientific conception of immortality ; if In any case, I am far from assuming thJt I have settled 
this be accepted, the significance of immortality is not the whole question of heredity ; I have undertaken re- 
life without beginning or end, but life which, after its first searches on some of the more important parts of the 
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problem, and have thus been compelled to formulate 
some fundamental principles for the explanation bf the 
phenomena ; but no one can be more convinced than I 
how far we are from a dehnite and complete explanation, 
not only of “ every detail,” but also of “ the more general 
phenomena.” My endeavour was to put forth a real, in 
place of the previous ideal, theory ; and on this ground I 
took paihs to make only such suppositions as might pos- 
sibly correspond to actual facts. There certainly is a 
material carrier of heredity in the ovum ; it certainly can 
be transported from nucleus to nucleus ; it certainly can 
be modified in the process, or can remain the same ; and 
even the supposition that it is able to stamp its own cha- 
racter on the cell contains nothing which seems to us impos- 
sible and non-existent ; on the contrary, we are able now to 
slate that it is so, even if we do not understand in what 
wise it happens. My hypothesis relative to the quiescent 
state of germ-plasma also rests on a basis of fact ; we 
know that ancestral characteristics may be transmitted 
in a latent condition, and that the process of transmis- 
sion is bound up with a substance, the idioplasma ; there 
must therefore actually be an inactive stage of idioplasma. 

If it could be shown that upon such principles an e.x- 
planation of heredity is attainable, we should have made 
a distinct advance upon the ideal theory of pangenesis 
which is founded on unreal hypotheses. Possibly it is 
upon the path which I have opened up that we shall 
gradually attain a satisfactory solution of the numerous 
questions at issue ; possibly further research will show 
that it is not the right path, and must be abandoned ; no ! 
one, it appears to me, can foretell this. My reflections i 
on heredity are not a conclusion, but a commencement — j 
no complete theory of heredity which claims to provide a 
complete solution of all the problems at issue, but re- 
searches which, if fortunate, may sooner or later, by 
direct or circuitous paths, lead tevatrue appreciation of 
the question, to^ a “ real ” theory. In the preface to the 
English edition of my “Essays” I have stated this 
expressly. 

I have also in that place distinctly insisted that the 
book was not written as a whole ; that it consists rather 
of a series of researches, the one growing out of the other, 
and showing the development of my views as they shaped 
themselves during the course of nearly a decade’s work. 

It is therefore unreasonable to extract ideas from an i 
earlier essay and apply them against a later one. I have 
left them unaltered, and even “ left certain errors of inter- 
pretation uncorrected,” because, if altered, their internal 
connection could not have been understood. 

I believe that the objections which Prof. Vines makes to 
my theory of the continuity of germ-plasma rest solelv on 
an unintentional confusion of my ideas, as he compares 
the opinions expressed in the second essay with those of 
the later ones, with which they do not tally. I will en- 
deavour to make this clear. In this second essay (1883) 

I contrasted the body (soma) with the germ-cells, and ex- 
plained heredity by the hypothesis of a “ Vererbungs- 
substanz ” in the germ cells (in fact the germ-plasma), 
which is transmitted without breach of continuity from 
one generation to the next. I was not then aware that 
this lay only in the nucleus of the ovum, and could there- ' 
lore contrast the entire substance of the ovum with the ' 
substance of the body- cells, and term the latter “somato- I 
plasm.” In Essay IV. (1885) I had arrived, like Stras- 
burger and O. Hertwig, at the conviction that the nuclear 
substance, the chromatin of the nuclear loops, was the 
carrier of heredity, and that the body of the cell was 
nutritive but not formative. Like the investigators just 
named, I transfei\-ed the conception of idioplasma, which 
Nageli had enunciated in essentially different terms, to 
the “ Vererbuijpfs-substanz ” of the ovum-nucleus, and 
laid down that the nuclear chromatin was the idioplasma 
not only of the ovum but of every cell, that it was 
the dominant ccll-elciftent which impressed its specific 


character upon the originally indifferent cell-mass. From 
then onwards, I no longer designated the cells of the body 
simply as ^ “ somatoplasm,” but distinguished, on the one 
hand, the idioplasm or “ Anlagen-plasma ” of the nucleus 
from the cell-body or “ Cytopla.sma,” and, on the other, 
the idioplasm of the ovum-nucleus from that of the 
somatic cell-nucleus ; I also for the future applied “germ- 
plasm ” to the nuclear idioplasm of ovum and spermato- 
zoon, and “ somatic idioplasm ” to that of the body-cells 
P- *84). The embryogenesis rests, according to my 
I idea, on alterations in the nuclear idioplasma of the ovum, 

I or “germ-plasm” ; on p. 186, et seqq., is pictured the way in 
which the nuclear idioplasm is halved in the first cell- 
division, undergoing regular alterations of its substance in 
such a way that neither half contains all the hereditary 
tendencies, but the ;One daughter-nucleus has those ot 
the ectoblast, the other those of the entoblast ; the whole 
remaining embryogenesis rests on a continuation of this 
process of regular alterations of the idioplasma. Each 
fresh cell-division sorts out tendencies which were mixed 
in the nucleus of the mother-cell, until the complete mass 
of embryonic cells is formed, each with a nuclear idio- 
plasm which stamps its specific histological character on 
the cell. 

I really do not understand how Prof. Vines can find such 
remarkable difficulties in this idea. The appearance of 
the sexual cells generally occurs late in the embryogeny ; 
in order^ then, to preserve the continuity of germ-plasm 
from one generation to the next, I propound the hypo- 
thesis that in segmentation it is not all the germ-plasm 
(Jl.e. idioplasm of the first ontogenetic grade) which is 
transformed into the second grade, but that a minute 
portion remains unaltered in one of the daughter-cells, 
mingled with its nuclear idioplasm, but in an inactive 
I state ; and that it traverses in this manner a longer or 
shorter series of cells, till, reaching those cells on which 
it stamps the character of germinal cells, it at last assumes 
the active state. This hypothesis is not purely gratuitous, 
but is supported by observations, notably by the remark- 
able wanderings of the germinal cells of llydroids from 
their original positions. 

But let us neglect the probability of my hypothesis, and 
consider merely its logical accuracy. Prof. Vines says : — 

“ The fate of the germ-plasm of the fertilized ovum is, 
according to Prof. Weismann, to be converted in part into 
the somatoplasm [!] of the embryo, and in part to be 
stored up in the germ-cells of the embryo. This being 
so, how are we to conceive that the germ-plasm of the 
ovum can impress upon the somatoplasm [!J of the 
developing embryo the hereditary' character of which it 
(the germ-plasm) is the bearer? This function cannot 
be discharged by that portion of the germ-plasm of the 
ovum, which has become converted into the somato- 
plasm [!] of the embryo for the simple reason that it has 
ceased to be germ-plasm, and must therefore have lost the 
properties characteristic of that substance. Neither can 
it be discharged by that portion of the germ- plasm of the 
ovum which is aggregated in the germ-cells of the embryo, 
for under these circumstances, it is withdrawn from all 
direct relation with the developing somatic cells. The 
question remains without an answer.” I believe myself to 
have answered this above. I do not recognize the somato- 
plasm of Prof. Vines ; my germ-plasm or idioplasm of the 
first ontogenetic grade is not modified into the somato- 
plasm of Prof. Vines, but into idioplasm of the second, 
third, fourth, hundredth, &c., grade, and every one im- 
presses its character on the cell containing it. 

Prof. Vines also attacks my view of the idioplasmatic 
nature of the nuclear substance (the chromatic grains) ; 
and maintains that it is as easy to speak of the continuity 
of the cell-body as of that of the nuclear substance, and 
that the one may transmit heritable qualities to progeny 
as well as the other. I quite understand that a botanist 
may easily be led to this view ; and Prof. Vines is not the 
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only one to hold it. Waldeyer (“ Ueber Karyokinese und 
ihre Beziehung zu den Befruchtungs-vorgiinge,” Arch, 
mikr. Anat., xxxii., 1888) has considered the observed 
facts insufficient to justify the regarding of the nuclear 
loops as idioplasm ; Whitman (“The Seat of Formative 
and Regenerative Energy,” Boston, 1888) among zoologists 
has expressed himself against this view, and thesame occurs 
in the recent book of Geddcs and Thomson (“ The Evolu- 
tion of Sex,” London, 1889). The facts which led me to 
the idea that the nuclear threads were the real carriers of 
heredity — were, in fact, the idioplasma — are enumerated 
in Essay IV. ; they were primarily the observations of E. 
van Beneden on the phenomena of fertilization in the 
ovum of Ascaria ntegalocephalay those of Strasburger on 
fertilization in the Phanerogams by a mere nucleus, and 
the researches of Nussbaum and Gruber on division in 
the Infusoria. One may further cite as of essential im- 
portance the facts of karyokinesis per se, and the circum- 
stance that, only on the supposition that the nucleus 
contains the idioplasma can the extrusion of polar bodies I 
from the animal ovum be rendered comprehensible. The 
latter process divides the nuclear substance of the ovum 
into two quantitatively equal halves, but the body of the 
ovum into two unequal halves, the size of which is different 
in every species. The essential part of the process must 
therefore be the division of the nuclear substance, not 
that of the cell-mass. These facts on reflection so com- | 


universally true ; that Infusoria hindered from conjuga- 
tion do not die, but increase by division, and may pro- 
duce whole colonies of animals — nay, that they are 
generally thus rendered abnormally prolific. 

I am distinctly opposed to the rejuvenescence theory, 
whether applied to unicellular or multicellular organisms ; 
my view is expressed in Essay IV., and may be sum- 
marized in this position — we should no longer speak of 
the conjugating nuclei of the sexual elements as male 
and female, but as paternal and maternal, there is no 
opposition of the one to the other, they are essentially 
alike, and differ only so far as one individual differs from 
another of the same species. Fertilization is no process 
of rejuvenescence, but merely a union of the hereditary 
tendencies of two individuals ; tendencies which are • 
bound up with the matter of the nuclear loops ; the cell- 
body of the ovum and spermatozoon is indifferent in this 
connection, and plays merely the part of a nutritive 
matter which is moaified and shaped by the dominajjt 
idioplasm of the nucleus in a definite way, as clay in the 
sculptor's hand. The different appearance and function 
of ovum and spermatozoon, and their mutual attraction, 
rest on secondary adaptations, qualified to ensure that 
they shall meet and that their idioplasmata shall come 
into contact, &c. ; and as with the cells, so the differentia- 
tion of persons into male and female is also secondary ; 
all the numerous differences of form and function which 


pletely convinced me that the nucleus alone acts as Airrier 
of hereditary tendencies, that the theory of the physio- 
logical equality of the nuclei of the sexual elements which 
I had propounded ten years before (1873) struck me as a 
certainty ; and I then advanced the theory of fertilization 
which is contained on p. 246 of Essay IV. I believe 
that till recently Strasburger and I alone had expressed 
similar views of the essence of fertilization, at least so far 
as relates to the homodynamy of the sexual nuclei. That 
most distinguished observer, E. van Beneden, who has ! 
won such renown in the investigation of the process of | 
fertilization, took his stand with regard to its theoretical ! 
significance on the platform of the older view, which re- 
garded it as the union of two elements intrinsically and 
esscnticilly the opposite of each other. He could not free j 
himself from that dominant and deeply rooted idea, that 
the difference between the sexes is something fundamental, 
an essential principle of existence. The fertilized oosperm 
is in his eyes a hermaphrodite object, uniting in itself 
both male and female essences, an idea in which many 
other observers (cf. Kdlliker, “ Die Bedeutung der 
Zellenkerne fiir die Vorgiinge der Vererbung,” Zeit. wiss.^ 
Zool., xlii., 1885) have followed him, and of which the 
logical sequence is that all the cells of the body arc to be 
regarded as hermaphrodite ! 

Van Beneden was also influenced by the idea which 
sways the naturalists of so many countries, that fertiliza- 
tion is a process of rejuvenescence, in the sense that 
without it life cannot be prolonged to the end. Many 
still hold to this idea ; Maupas (“ Rccherches exper. sur 
la multiplication des infusoires cili^s,” Arch. zool. exp. 
gen., (2) vi. p. 165) very recently believed that he had 
found a proof of its correctness, and attempted to show 
that Infusoria, for a continuance of existence, must from 
time to time enter Into conjugation, or die from internal 
causes if this conjugation be prevented. Even were his 
observations correct, they would still fall short of proving 
his conclusions ; they would prove nothing against the 
immortality of the Protozoa, or for a rejuvenescence in 
the sense here intended ; they would rather state the 
platitude that'ovum and spermatozoon must die, if the 
condition of their continued existence, namely fusion, 
inevitable in most species of plants and animals, be 
prohibited ; but this is an accidental, not a natural, 
death. Richard Hertwig (“ Ueber die Conjugation der 
Infusorien,” Miinchen, 1889) has also briefly shown that 
the facts, on which Maupas bases his inference, are not 


characterize sex in the higher animals, the so-called 
“ secondary sexual characters,’’ which reach even into 
the highest spiritual regions of mankind, are nothing but 
adaptations to ensure the union of the hereditary ten- 
dencies of two individuals. 

These are briefly the views of fertilization which I 
have indicated since 1873, but have only published in a 
finished and definite sh^pe since the discovery by van 
Beneden of the morphological processes in the fertiliza- 
tion of the ovum of Ascaris (Essay IV., f885). I con- 
cluded then with these words If it were possible to 
introduce the female pro-nucleus of an egg into another 
egg of the same species, immediately after the transforma- 
tion of the latter into the female pro-nucleus, it is very 
probable that the two nuclei would conjugate just as if a 
fertilizing sperm-nucleus had penetrated [the ovum]. If 
this were so, the direct proof that egg-nucleus and sperm- 
nucleus are identical would be furnished. Unfortunately 
the practical difficulties are so great that it is hardly 
possible that the experiment can ever be made ; but such 
want of experimental proof is partially compensated by 
the fact, ascertained by Berthold, that in certain Alga? 
(Ectocarpus and Scytosiphon) there is not only a female, 
but also a male parthenogenesis *, for he shows that in 
these species the male germ-cells may sometimes develop 
into plants, which however are very weakly.” 

I I have since attempted to fertilize one frog’s egg with 
i the nucleus of another ; the experiment was, as one 
! would expect, not successful, owing to the enormous 
havoc caused by introducing a cannula into the egg ; but 
Boveri (“ Ein geschlechtlich erzeugter Organismus ohne 
miitterliche Eigenschaften,” Ges. Morph, Fhysir.l. MUn- 
chen, 16 Juli, 1889) was more fortunate, in finding an object 
which allowed of the converse experiment to mine ; follow- 
ing Hertwig’s example, he removed the nucleus from an 
Echinoid ovum by agitation, and brought such dcnucleated 
ova to develop by introducing spermatozoa. From the 
spermatozoan nucleus was formed a regular segmentation- 
nucleus, the embryogenesis pursued its regular course*, ' 
and there was formed a complete though small free-swim- 
ming larva, which lived for a week. From ihis experiment 
alone it follows that the views of Strasburger and myself 
on fertilization are correct, viz. that the sperm-nucleus can 
play the part of ovum-nucleus and vice versd, and the 
older view, to which Prof. Vines (“ Lectures on the Physio- 
logy of Plants,” Cambridge, 1886, pp. 638-681) has also 
sworn allegiance, must be given up. 
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An interesting and important modification of ^overi’s 
experiment confirmed both this experiment, and also, if it 
were necessary, the recognition of the nuclear substance 
as idioplasm, as maintained by O. Hertwig, Strasburger, 
and myself. If eggs of Echinus microtuberculatus, when 
artificially deprived of their nuclei, be fertilized with the 
spermatozoa of Sphcerechinus granulatus, larvce are de- 
veloped with the true characters of the second species — 
that is to say, they have derived everything from the 
father^ nothing from the mother ; the nuclear substance 
alone it is which transmits heredity, and by it the cell-mass 
is dominated. 

I have interpreted the first polar body of the Metazoan 
ovum as a carrier of ovogenous plasm, which has to be 
'removed from the ovum in order that the germ-plasm 
may attain the predominance. It is possible that this 
explanation is not correct ; the most recent researches 
on the conjugation of Infusoria, as expressed in the 
sf^endid memoirs of Maupas and R. Hertwig, argue 
against my interpretation ; but the idea which lay at the 
bottom of this explanation is justified. As it is the nu- 
clear matter which gives to the cell-body its specific 
character, the ovum must, previous to fertilization, be 
dominated by a different idioplasm to the sperm-cell, 
since they are, up to this point, different in appearance 
and function. On the other hand, when they have 
united, they contain the same idioplasm — namely, germ- 
plasm ; the consequence is that the first dominant idio- 
plasm is different to that of a later period. This was the 
idea at the bottom of my explanation of the first polar 
body, and it is correct. One might perhaps imagine that 
the idioplasmata of ovum and spermatozoon were origin- 
ally different, but that both possessed the power of 
alteration into germ-plasm ; but it would be then incom- 
prehensible why parthenogenetic ova should expel one 
polar body. Both facts, however, are explicable, if ovum 
and spermatozoon are dominated up to the period of 
maturation by different histogenetic idioplasmata with 
which a small quantity of germ-plasm is mingled, and if 
at a later period the former be removed and the germ- 
plasm come to rule in both cells. This process would be 
by no means abnormal and unparalleled, since entirely 
analogous divisions of the idioplasm into qualitatively 
dissimilar portions must occur hundreds of times in every 
embryogenesis. However, I am most willing to allow 
that the last word has not yet been said oit this question, 
and would only maintain that my theory of heredity is 
not concerned thereby. It is not the interpretation of 
the first polar body, but that of the second, which is de- 
cisive ; and one can none the less easily think of the latter 
as a halving of the number of ancestral germ-plasmata, 
even if it be proved that my explanation of the first polar 
body was erroneous. I would then express the first 
division merely as introductory to the second, as the 
necessary first step in the reduction of ancestral plasmata, 
the necessity for which we should thus perhaps learn to 
understand. 

The regular modification of idioplasma during the 
ontogeny, which I have maintained and which so many 
have attacked (Kblliker* with special vehemence) will 
now stand out as justified. If the nucleus of a sperm-cell 
is capable of impressing on the denucleated mass of an 
ovum its own inherited tendencies, and of calling into 
being an organism with specific characteristics purely 
paternal, it will be found difficult to explain the ontogeny 
otherwise than as a regnilar modification of the idioplasm, 
continuous from one cell-division to another, which stamps 
qji the body o^.each separate cell at each stage its peculiar 
character, not only with regard to shape but also to 
function, and especially with regard to the “ rhythm ” of 
cell-division. 

‘ “ r>a.s Karyoplasma und die Vcrerl-ung : cine Krttilc cler Weismann'sehe 
Thenrie von der Continue at de-fc Keimplasma’s,** Zeit. wUs, ZooL^ xliv. 
p. 22S, 1886. 


A further objection is directed by Prof. Vines against 
my views on the origin of variation. In the fifth essay I 
have sought the significance of sexual reproduction in the 
fact that it alone could have called into existence that 
multiplicity of form of the higher animals and plants, and 
that constantly fluctuating union of individual variations, 
of which natural selection stood in need for the creation 
of new species. 1 am still of the opinion that the origin 
of sexual reproduction depends on the advantage which 
it affords to the operation of natural selection ; nay, I am 
completely convinced that only through its introduction 
was the higher development of the organic world possible. 
Still, I am at present inclined to believe that Prof. Vines 
is correct in questioning whether sexual reproduction is 
the only factor which maintains Metazoa and Metaphyta 
in a state of variability. 1 could have pointed out in the 
English edition of my “Essays” that my views on this point 
had altered since their publication ; my friend Prof, de 
Bary, too early lost to science, had already called my 
attention to those parthenogenetic Fungi which Prof. 
Vines justly cites against my views ; but I desired, on 
grounds already mentioned, to undertake no alteration in 
the essays. Besides, 1 was well aware when the essay 
was first committed to paper (1886) that my current view 
on the radical cause of variation was possibly incomplete ; 
and so, in order to expose the truth of the view as far as 
ossible to a general test, I drove its logical consequences 
ome,cand enunciated the statement that species repro- 
ducing parthenogenetically could not be modified into 
new species. I also began myself at that time experi- 
ments on the variation of parthenogenetic species which 
are still being continued, and on which on some future 
occasion 1 hope to be able to report. 

Even if, however, from our present knowledge it is 
probable that sexual reproduction is not the sole radical 
cause of variability of the Metazoa, still no one will dispute 
that it is a most active means of heightening variations 
and of mingling them in favourable proportions. I believe 
that the important part which this method of reproduction 
has played in calling out the existing processes of selection, 
is hardly diminished, even if one grants that direct influ- 
ences upon the idioplasm call forth a portion of individual 
variability. Prof. Vines even holds it probable “that 
the absence of sexuality in these plants [F'ungi] may 
be just the reason why no higher forms have been evolved 
from them, for in this respect they present a striking 
contrast to the higher Alg;.e in which sexuality is well 
marked.” But when Prof. Vines says, “ there can be 
,no doubt that sexual reproduction does very materially 
promote variation,” he does not mean to say that this is 
a self-evident proposition ; he is well aware that promi- 
nent investigators like Strasburger see in sexual reproduc- 
tion the reverse action, that of maintaining the constancy 
of the specific character. But I gladly accept his agree- 
ment with my view, which confirms the main position of 
the fifth essay, which runs : Sexual reproduction has 
arisen by and for natural selection as the sole means by 
which individual variations can be united and combined 
in every possible proportion. 

With reference also to the problem of the inheritance 
of acquired (somatogenic) characters, Prof. Vines is 
again my opponent ; he holds that such inheritance is 
possible. I have denied it, because it did not appear to 
me self-evident — as was formerly universally assumed — 
but rather utterly unproven ; and because I think that 
completely unfounded assumptions of such far-reaching 
consequence should not be made, when requiring a large 
number of inrprobable hypotheses for their explication. I 
have tested all the available evidence for such inheritance 
as accurately as I could, and have found that none has 
the value of proof. There is no inheritance of mutilations, 
and this constitutes up to now the only basis of fact for 
the supposition of the inheritance of somatogenic varia- 
tions. If, in the last essay, I have not denied every 
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possibility of such a transmission, Prof, Vines should 
interpret that in my favour, not to my discredit ; it is not 
the business of an investigator to set forth a proposition, 
which on the existing evidence he is compelled to believe, 
as an infallible dogma. Prof. Vines finds my “ statements 
of opinion so fluctuating that it is difficult to determine 
what [my] position exactly is,” but he could have easily 
discovered my meaning, if, instead of promiscuously con- 
trasting the eight essays and the eight years of their pro- 
duction, he had merely brought the last of them to the bar 
of judgment. This essay is especially concerned with 
“ the supposed transmission of mutilations,” and at its 
conclusion my verdict on the state of the problem of 
the inheritance of acquired characters is thus summar- 
ised “ The true decision as to the Lamarckian prin- 
ciple [lies in] the explanation of the observed phenomena 
of transformation. . . . If, as I believe, these phenomena 
can be explained without the Lamarckian principle, we 
have no right to assume a form of transmission of which 
we cannot prove the existence. Only if it could be 
shown that we cannot now or ever dispense with the 
principle, should we be justified in accepting it.” The 
distinguished botanist De Vries has proved that certain 
constituents of the cell-body, e.g. the chromatophores 
of Alga', pass directly from the "maternal ovum to the 
daughter-organism, while the male germ-cell generally 
contains no chromatophores. Here it appears possible 
that a transmission of somatogenic variation has oc- 
curred ; in these lower plants, the separation between 
somatic .and reproductive cells is slight, and the body 
of the ovum does not require a complete chemical and 
physical alteration to become the body of the somatic 
cell of the daughter. But how does this affect the ques- 
tion whether, for instance, a pianoforte player can trans- 
mit to his progeny that strength of his finger-muscles 
which he has actiuired by practice? How does this 
result of practice arrive at the germ-cells? In that lies 
the real problem which those have to solve who maintain 
that somatogenic characters are transmissible. 

It is proved by the observations of Boveri, quoted 
.above, th.at among animals the body of the ovum con- 
tributes nothing to inheritance. If the transmission of 
acquired characters should take place, it would have to 
be by means of the nuclear matter of the germ-cells — in 
fact, by the germ-plasm, and that not in its patent, bul 
in its latent condition. 

To renounce the principle of Lamarck is certainly not 
the way to facilitate the explanation of the phenomena i 
but we require, not a mere formal explanation of the 
origin of species of the most comfort.able nature, but the 
real and rightful explanation. We must attempt, there- 
fore, to elucidate the phenomena without the aid of this 
jjrinciple, and I believe myself to have made a beginning 
in this direction. A short time ago I tried this in one of 
1 hose cases where one would least expect to be able to 
dispense with the principle of modification by use— 
namely, in the question of artistic endowment.^ I pro- 
posed to myself the question whether the musical sense 
of mankind could be conceived of as .arising without a 
heightening of the original acoustic faculty by use. But 
even here I came to the conclusion that, not only do we 
not need this principle, but that use has actually taken 
no part in the development of the musical sense. 

A. Weismann. 

T//£ LI'FE AND WORK OF G. A. HIRN. 

HE three men who worked at the experimental deter- 
J mination of the mechanical equivalent of heat and 
at practical Thermodynamics have passed away within 
a few months of each other — Clausius, Joule, and now 
Him. 

' “Gedanken fiber Muiik bei Thieren und bei Menschea,” Deutsche 
Rttttdschau^ October 1889, 


They were much of the same age, and began their ex- 
periments while young at almost the same time ; and 
the practical agreement of the conclusions drawn from 
their experimental results is our best guarantee of con- 
fidence in the modern theory of Thermodynamics which 
is built upon these results. , 

Gustave Adolphe Him was born at Logelbach, in 
Alsace, on Au^st 21, 1815, and died on January 14 of 
this year, a victim to the prevailing epidemic of influenza ; 
but for this, we might have expected still further develop- 
ments of his scientific theories, as he continued at work 
on his favourite subjects to the last. 

Self-taught, so far as his scientific education was con- 
cerned, he found himself, with his elder brother Ferdinand^ 
a manager of the works of Haussman, Jordan, and Co., 
an establishment for the fabrication of ittdiennes, estab- 
lished in 1772. Finding the machinery antiquated and 
worn out. Him, in setting to work to make the best of ij, was 
really better placed for theorizing and experiment^izlhg 
than if he had charge of modern works in first-rate order. 
The different parts of the works being at a distance 
from each other, his brother Ferdinand brought out his 
system of cable transmission of power ; and it was 
Gustave who pointed out theoretically the advantage of a 
thin light cable run at a high speed. 

Him also turned his attention to the important economic 
question of the lubrication of machinery, and upset the 
previous prejudice against the use of mineral oil for this 
purpose. He also demonstrated experimentally that, while 
the old laws of friction enunciated by Morin were suffi- 
ciently accurate for the contact of one dry metal against 
another, these Laws are powerfully modified when the 
surfaces are well lubricated, as with machinery. Now the 
friction varies as the square root of the pressure, and as 
the surface and the veloCity ; so that the theory falls in 
with that of the viscous flow of liquids. These laws have 
received confirmation of recent years by the experiments 
carried out under the auspices of the Institution of 
Mechanical Engineers. 

But it is chiefly for his experiments on a large scale on 
the steam-engines under his charge that Him is best 
known, and from his varied methods of determining the 
mechanical equivalent of heat by the friction of metals 
on metal or water, and finally from observation of the 
amount of heat consumed by the steam-engine, when 
every source of gain or loss is carefully followed up. 

With this object he investigated experimentally the 
separate effects of conduction, of jacketing, of initial 
condensation in the cylinder, and of its prevention by 
superheating. 

If we watch the performance of a modern marine triple- 
expansion engine, we notice that the high-pressure 
cylinder appears choked with water from initial condensa- 
tion, while the intermediate and low-pressure cylinders 
work comparatively dry. It was considered in the early 
days of compound engines that this initial condensation 
was a source of great loss, and superheating was intro- 
duced to minimize it. But the superheated steam ruined 
the packings, and dried up the lubricant, so that the 
superheater was found practically to do more harm than 
good. A characteristic story is told of John Elder, the 
pioneer of compounding in modern marine engines, too 
long to insert here, which bears on this point. 

Nowadays this initial condensation is looked upon as 
inevitable, and as not really so uneconomical as th« 
books make out, when attendant advantages are con- 
sidered ; but to the theorist such as Hirn^this condensa- 
tion was something to be avoided at any cost, and fle 
worked hard to make its prevention feasible. 

Him was a man of varied re.ading, taste, and pursuits, 
and he worked into his treatises on his favourite subject 
of Thermodynamics a good deal of speculative meta- 
physics, which make his books ratner curious reading 
sometimes to modern Jastes, and we must go back to the . 
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time of Descartes and Leibnitz, when physical science 
and moral philosophy went hand in hand, to find an 
equivalent. 

But it must be allowed that the science of Thermo- 
dynamics may be treated with advantage from this 
double point of view; for, after its First Law has been 
established, that heat and work are equivalent and inter- 
changeable, the rate of exchange being fixed by the 
mechanical equivalent of Joule and Him, when we come 
to the Second Law, named after Carnot, we are compelled 
to secure conviction of its truth by an appeal to the 
arguments of analogy and metaphysics. 

Him spent the last years of his life at Colmar, in the 
Society of a few congenial friends, much interested in 
metaphysics and meteorology, but cut off from his native 
France by international strained relations. 

In this age of practical Thermodynamics his work will 
not be lost sight of ; but we are still far from a complete 
reconciliation of the abstract theories of the books and I 
the observed realities of practice. I 

A. G. Greenhill. 

NOTES. 

The Croonian Lecture, which will be delivered before the 
Koyal Society on February 27 by Prof. Marshall Ward, will 
be on The Relations between Host and Parasite in certain 
Epidemic Diseases of Plants.** 

On Thursday last the Astronomer- Royal was elected by ballot 
to fill the place of the late Father Perry upon the Council of 
the Royal Society* 

Meteorologists will be sony to hear of the death of Prof. 
C. H. D. Buys- Ballot, on Sunday Idst. He was born in 1817, 
and had been Director of the Meteorological Institute, Utrecht, 
for more than 30 years. 

Dr. David Sharp, the eminent entomologist, and late 
President of the Entomological Society of London, has accepted I 
the appointment of Curator in Zoology in the Museum of the • 
University of Cambridge, rendered vacant by the resignation of 
the Rev. A. H. Cooke, whose labours on the Macandrew Col- 
lection in that Museum have been so highly appreciated by 
conchologists. 

Sir William Gull, F.R.S., was so distinguished a physi- 
cian, and his name was so well known, that the tidings of his death 
excited a widespread feeling of regret. He died on Wednesday, 
January 29, from paralysis, and the funeral took place on 
Monday at the churchyard of Thorpe-le-Soken, Essex. lie 
was in his seventy-fifth year. 

We regret to hear of the death of Dr. L. Taezanowski, which I 
took place at Warsaw on January ii. lie is best known for his | 
standard work ** Ornithologic du Perou,’* but his contributions 
to the ornithology of Poland, qf Siberia, and the Corea have also 
been numerous and important. 

German papers announce the death of Otto Rosenberger, the 
well-known astronomer. He was born in Courland in 1810, 
and in 1831 was appointed to the charge of the Observatory at 
Halle, and at the same time was made Professor of Mathematics. 
This position he held during the rest of his long life. Rosen- 
bergePs name is known chiefly in association with his work 
relating to Halley’s comet. 

Another death which we are soriy to have to record is 
that of Prof. Neumayr, the geologist, of Vienna. He was 
only a little over forty years of age, and his death is a great 
loss. 

On February 15, Loz-d Rayleigh will begin a course of seven 
lectures at the Royal Institution. The subject will be electricity 
and* magnetism. ^ 


The Council of the Society of Arts have arranged that a 
course of lectures on '‘The Atmosphere** shall be given by 
Prof. V. Lewes bn the following Saturday afternoons : March 
8, 15, 22, and 29, at 3 o’clock. 

Mr. B. a. Gould, Cambridge, Mass., has been appointed 
President of the American Metrological Society for the present 
year. Among the members of the Council of this Society are 
Messrs. Cleveland Abbe, H. A. Newton, Simon Newcomb, 
and S. P. Langley. The Society was founded in 1873, and its 
objects are to improve existing systems of weights, measures, 
and moneys, and to bring them into relations of simple com- 
mensurability with each other ; to secure the universal adoption 
of common units of measure for quantities in physical observa- 
tion or investigation, for which ordinary systems of metrology 
do not provide ; to secure uniform usage as to standard points of 
reference, or physical conditions to which observations must be 
reduced for purposes of comparison ; and to secure the use of 
the decimal system for denominations of weight, measure, and 
money derived from unit-bases, not necessarily excluding for 
practical purposes binary or other convenient divisions. 

The Committee of the Cambridge University Antiquarian 
Society in their fifth Annual Report state that, since the opening 
of* the Archaeological Museum in 1884, over 2800 objects and 
900 books have been added to the collection. The most im- 
portant additions have been made in the ethnological department, 
including (during the past year) General Scratchley*s collections 
from New Guinea, a scries of 500 specimens of implements 
and ornaments from the West Indies, presented by Colonel 
Fielden, who has also given many rare stone implements anti 
weapons collected in South Africa, and a series of 70 specimens 
of dresses, weapons, &c., from the Solomon and Banks Islands 
and from Santa Cruz, presented by Bishop Selwyii. The Curator, 
Baron von Hilgel, reports that during the long vacation he 
excavated with success a Roman refuse-pit and a burial-place at 
the eastern side of Alderney. The digging is to be resumed. 

The seventh annual dinner of the Association of Public 
Sanitary Inspectors was held on Saturday evening at the First 
Avenue Hotel, Holborn. Dr. B. W. Richardson presided, and 
proposed the toast of The Association and its President, Sir 
Edwin Chadwick.*' The duties of the Association, he said, 
were to teach and protect its members, and all sanitary inspec- 
fors ought to belong to it. He hoped that the apathy at present 
shown by too many of them would not last any longer. 

Dr. a. N. Berlese, of Padua, has been appointed Professor 
of Botany to the Royal Lyceum at Ascoli-Piceno ; and Dr. J. 
H. Wakker, of Utrecht, Professor of Botany at the dairy school 
at Oudshoorn, H olland. 

The Botanical Gazette published at Crawfordsville, Indiana, 
gives some particulars of one of the most magnificent bequests 
ever made for scientific purposes, that of the late Mr. II. Shaw 
for the endowment of the Botanic Garden and School of Botany 
at St. Louis, Missouri, amounting to not less than between three 
and five million dollars. The trustees have determined to apply 
the income to the maintenance and increase in the scientific 
usefulness of the Botanic Garden ; to provide fire-proof quarters 
for the invaluable herbarium of the late Dr. George Engelmann, 
and to supply means for its enlargement ; to secure a botanical 
museum; and to gradually acquire and utilize facilities for 
research in vegetable physiology and histology, the diseases 
and injuries of plants, and other branches of botany and horti- 
culture* To aid in the carrying out of this last purpose, 
travelling botanical scholarships have been established. The 
present very able director of the Botanic Garden is Dr. William 
Trelease. 
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The A'e 7 v Bulletin for February begins with some extracts ness of tile soil, (2) deficiency of snow covering, (3) deficiency 
from the Annual Report on the Government cinchona plantation of rainfall, (4) existence of fog or low>hanging clouds, (5) preva- 
and factory in Bengal for the year 1888-89. The valuable in- leiice of high barometer with a small intermingling of air in the 
formation presented in these extracts is given for the benefit of vertical direction ; and he shows that these conditions were 
persons growing cinchona in countries which the documents for prevalent in Eastern and Central Europe from the beginning of 


the Government of Bengal are little likely to reach. The new 
number also deals with the use of maqui berries for the colour- 
ing of wine, vine-culture in Tunis, phylloxera in Victoria, the 
• botanical exploration of Cuba, and the sugar production of the 
world. The section on the last of these subjects relates to statis- 
tics brought together in Dr. Robert Giffen’s report on the progress 
of the sugar trade. Commenting on the figures supplied in this 
report, the writer in the Bulletin says that if they *‘do not 
justify a gloomy view of the present position of the cane-sugar 
industry in British colonies, they scarcely justify a very optim- 
istic one. It is obvious that the capital which should be applied 
to the improvement of manufacturing processes and machinery 
is, under present circumstances, practically diverted to the mere 
maintenance of the cultivation. And this in the long run must 
be a losing game. At present the fact stands that West Indian 
j=ugar has to a large extent been driven from the home market 
to that of the United States. If in time it should lose that, its 
fate apparently is sealed,” 

fVx the last meeting of the Paris Biological Society, •Prof. 
Raphael Blanchard gave an interesting account of a peculiar 
pigment, hitherto found in plants only, earotiney which he has 
discovered in a crustacean in one of the Alpine lakes, near 
Brian^on. Its functions are not yet known, but M. Blanchard 
intends to pursue his study of the subject on the spot. The 
animals cannot be transported alive to lower levels. 

We are glad to welcome the first number of The University 
/Extension yournuL The Society by which it is issued has 
become important enough to need an organ of its own ; and the 
new periodical, which will appear at the beginning of every 
month, ought to be of service to all who are in any way 
interested in the movement. 

The Engineer o{ January 31 contains a leading article on 
Colour-blind Engine-drivers,” and it is interesting to note 
what the leading technical journal has to say on the subject : 

We do not say that no accident was ever brought about by 
the inability of a driver to distinguish between a green light and 
a red one, but we can say that nothing of such an accident is to 
be met with in the Board of Trade Reports.” Our contemporary I 
is of opinion that the testing of the sight of locomotive men 
should be made under working conditions, i.e, with actual signal I 
lights. 

A PAPER on mortality from snake bite in the district of 
Katnaglierry was read lately before the Bombay Natural History 
Society by Mr. Vidal, of the Bombay Civil Service. Many of 
the deaths in that district arc, he says, due to a small and in- 
significant-looking snake, called ** foorsa ” by the natives. It 
is a viper rarely more than a foot long, and is so sluggish that it 
does not move out of the way till trodden on. Thus it is much 
more dangerous than the stronger and fiercer cobra. 

During the year 1889 no fewer than 28 bears, 115 wolves, 
and 45 wolf-cubs were shot in the single district of Travnik, in 
Bosnia. « 

Das Wetter for January contains : — {a) An article by Dr. R. 
Assmann on climatological considerations about the prevalent 
epidemic of influenza. From an experience of many years in 
dealing with the connection between climatic conditions and the 
state of health, the author gives the following conditions as the 
most favourable for spreading organisms in the air: (i) dry- 


November ; that atmospheric dust existed in great quafitities, 
and was propagated westward by easterly, north-easterly, and 
south-easterly winds. lie considers that changes of temperature 
had no important relation to the spread of the epidemic, {(f) A 
lecture recently delivered to tl>e Scientific Club in Vienna, on the 
general circulation of the atmosphere, by Dr. J. M. Pernter. 
He refers to the idea of the conflict of polar and equatorial 
winds so long supported by Dove and others, and shows that 
the publication of synoptic charts since the year 1863 has demon- 
strated that the above theory does not hold good for temperate 
and northern latitudes; that the circulation there depends upon 
the positions of the areas of high and low pressures, prodvy^nfi 
cyclones and anticyclones. Many dark points require explana- 
tion, such as the tracks which the cyclones follow, but much 
new light has recently been thrown upon the subject, especially 
by the researches of Ferrel, Oberbeck, and Abercromby. 

• Dr. Albrecht Penck, Professor of Physical Geography at 
the University of Vienna, lately called attention to the fact that 
no two official accounts of the area of the Austro-Hungarian 
monarchy agree. The difference between the highest and the 
lowest estimates amounts to 331375 square kilometres. By an 
examination of the new special map constructed by the Army 
I Geographical Institute, which is on the scale of i to 
' and occupies 400 sheets, Prof. Penck has satisfied himself that 
the actual area of the Empire is 3247*12 square kilometres 
greater than is given in th^; latest published official account. 
The error arose chiefly from an incorrect triangulation of the 
Hungarian portion of the Empire, which is 3054*02 square 
kilometres larger than has been supposed. 

It has hitherto been generally believed that the Montgolfier 
or hot-air balloon cannot be used in tropical climates. If this 
were true, ballooning for war purposes would of course be im- 
possible in places where coal-gas could not be obtained. We 
learn from the Times that Mr. Percival Spencer, who has been 
making a series of interesting balloon experiments in Central 
India, h<is succeeded in showing that the theory is without 
foundation. At Secunderabad, in presence of the garrison and 
a crowd of European and native spectators, he lately made an 
ascent in his patent asbestos balloon. The inflation was effected 
by the burning of methylated spirit inside the balloon, which 
was held in place by 25 soldiers of the Bedford regiment until 
the word to “ let go” was given. After rising to a considerable 
height, the aeronaut descended by means of his parachute. 
The spot where the ascent was made is over 2000 feet above the 
level of the sea, and the achievement was all the more remark- 
able because of the sultry climate and the great rarity of the air. 

An interesting, paper on “ Some Terraced Hill Slopes of the 
Midlands,” by Mr. Edwin A. Walford, has been reprinted from 
the Journal of the Northamptonshire Natural History Society. 
The factors in the formation of these terraced slopes Mr. 
Walford groups as follows : — (i) The slipping and sliding 
outwards of the saturated porous marls upon the tenacious clays 
at the line of drainage, aided doubtless by the pressure of ihe* 
superincumbent rock bet^. (2) Displacements caused by the 
removal by chemical and mechanical solution •of certain cons 
stituents of the marls and marlstone by the passage of the surface 
water through them. (3) The sliding downwards of the surface 
soil, as described by Dr. Darwin, and latterly illustrated by Mr. 
A. Ernst. The suggestions offered by AJr, Walford agree in 
the main, as he himself points out, with those adopted by Mr* 
A. Ernst in his paper in I^ature, February 28, 1889. 
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Messrs. Gauthier-Villars (Paris) have recently added 
three new works to their already large list of photographic treat- 
ises, One is the Manuel de Phototypic/* by M. Bonnet, giving 
full details of the various processes for the rapid re]>roduction of 
[)hotographs, such as is now demanded for many purposes. The 
fbrmiflae are stated very clearly, and the apparatus required is 
sufficiently illustrated by diagrams. The treatise is thoroughly 
j)ractical, and will be very valuable to all interested in the subject, 
whether as amateurs or for trade purposes. The second — ** Temps 
de Pose — is by M, Pluvinel, and deals with the difficult question 
of the time of exposure. It is shown that what is generally 
regarded as a rule-of-thumb process can be reduced to a scientific 
one. The various functions of the duration of the exposure are 
first considered mathematically, and it is then shown how the 
results of the investigations are to bo applied practically, the 
method being illustrated by worked-out examples. To simplify 
^natters, tables arc given showing the different elements, such as 
coefficient of brightness, for all ordinary photographic subjects. 
The treatise is chiefly interesting as a scientific contribution, as 
few photographers will care to take the trouble of working out 
the time of exposure, now that they have found that good work 
can be done by judgnu'nt alone. The third book is in two 
volumes, and treats of the various film ” processes (“ Procedcs 
Pelliculaires,"’ by George Balagny). It claims to give a full 
account of all that has been said and done in connection with 
the subject since the introduction of photography, and as far as 
we can judge, this claim is fully justified. Every detail of the 
subject is considered in a very practical manner. One of the 
most interesting applications of flexible films mentioned is the 
registration of flash signals in optical telegraphy.*’ 

"filE Year-book of Photography ** ( Piper and Castle) for 1890 
fully bears out the good reputation g.aincd by its predecessors. In 
addition to tlie information relating to the various photographic 
societies, there are several articles on the advances in photographic 
processes which have been made during the past year, and other 
useful notes. One of the most interesting articles is that by the 
editor on photography in natural colours, from which we learn 
that “ processes of practical value, to achieve the end, are likely 
to be discovered by the exercise of ability and perseverance.** 
The only important omission we notice is a record of the 
remarkable achievements in astronomical photography. The 
volume contains a portrait and short biographical notice of 
Edmond Becquerel. The whole forms an invaluable lx)ok of 
reference to all photographic matters, with the exception «j 
referred to. | 

Messrs. George Bell ani» .Sons have published “The 
School Calendar and Hand-book of Examinations, Scholarships, 
and Exhibitions, 1S90,’* This is the fourth year of issue, and 
great pains have been taken, as in former years, to secure that 
the information brought together shall be full and trustworthy. 

A preface is contributed by Mr. F. .Storr. 

The sixteenth part of Casselfs “ New Popular Educator '* has 
been issued. It includes a map of Australasia. 

The Proceedings of the International Zoological Congress, 
held in Paris last summer, will be ready for distribution in a 
fortnight. 

A NEW and very .simple method of synthesizing indigo has 
been discovered by Dr. Flimm, of Darmstadt dent, chem, 
6Vy., No. I, 1890, p. 57). In studying the action of caustic 
dilkalies upon t the monobromine derivative of acetanilide, 
CfllEvNH.CO.CHgBr, a solid melting at 131^*5, it was found 
that when this substance was fused with caustic potash a product 
was obtained which at once gave an indigo blue colour on the 
addition of water, and quite a considerable quantity of a blue 
^olid resembling indigo separated out. The best mode of carrying 
out the oi>eration is described by D^. Flimm as follows : — The [ 


monobromacetanilide is carefully mixed with dry caustic potash in 
a mortar, and the mixture introduced into a retort and heated 
rapidly until ti homogeneous reddish-brown melt is obtained 
This is subsequently dissolved in water, and a little ammonia 
or ammonium chloride solution added, when the liquid im- 
mediately becomes coloured green, which colour rapidly changes 
into a dark blue, and in a short time the blue colouring matter 
is for the most part deposited upon the bottom of the vessel in 
which the operation is performed. The fused mass may also 
conveniently be dissolved in dilute hydrochloric acid, and a little 
ferric chloride added, when the formation of indigo takes 
place immediately. The collected blue colouring matter may 
be readily obtained pure by washing first with dilute hydrochloric 
acid and afterwards with alcohol. That this blue substance was 
really common indigo was proved by the fact that it yielded 
several of the most characteristic reactions of indigotin, such as 
solubility in aniline, ]iaraffin, and chloroform, its sublimation, 
and the formation of sul phonic acids, which gave similar changes 
of colour with nitric acid to those of indigotin. The final proof 
was afforded by its reduction to indigo white and re-oxidation to 
indigo blue by exposure to air. Moreover, the absorption 
spectrum of the colouring matter was found to be identical with 
the well-known absorption spectrum of indigo. Hence there 
can be no doubt that indigo is really formed by this very simple 
process. The chemical changes occurring in the reaction are con- 
sidered by Dr. Flimm to be the following .-—-Indigo blue is not 
produced directly, but ‘first, as a condensation product of the 

ySn 

monobromacetanilide, indoxyl is formed, C,Jl4,. ^CH, or 


more probably a pseudo-indoxyl of the isomeric constitution 

Cfil /C H.,. This intermediate substance then passes over 

.NIE yNH.. 

by oxidation into indigo, C5ll4<f 

^CO / / 


two molecules each losing two atoms of hydrogen by oxidation, 
and then condensing to form indigo. It was not found possible 
to isolate the intermediate pseudo-indoxyl, owing to its extreme 
instability ; indeed, the all-important point to be observed in the 
practical carrying out of the synthesis by this method is that the 
fusion must be performed quickly and the temperature raised 
rapidly to a considerable height, the whole process occupying 
only a few minutes. The yield of pure indigo under the con- 
ditions yet investigated is not very large, amounting to about 
four per cent, of the weight of the original anilide. 

The additions to the Zoological Society’s Gardens during the 
past week include thirteen Cuning’s Octodons {Octodon cuHingi\ 
from Chili, presented by Mr. W. H. Newman ; five Common 
Dormice {Mnscardintis avellanariu 5 \ Britisl), presented by Mr. 
Florance Wyndham ; a Large Hill-Mynah (6Var«/a iutermedia) 
from India, deposited ; a Dingo (Cams dingo), born in the 
Gardens. 


OC/R ASTRONOMICAL COLUMN. 


Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on February 6 = 7h. 
7m. 56s. 


Name. 


(1) G.C. 2515 

(2) 5x Geminorum 
G) ^ Geminorum 

(4) a Geminorum 

(5) DM. -f 3‘^*i38f 

(6) U Monocerotts 


Mag. 1 

Colour. 

R.A. 189a 

Deck 2890. 

; 


h. m. 8. 

0 / 

— • 

... 

7 ^7 14 

-ffiy 14 

5*5 ' 

Yellowith-red. 

7 7 3 

-f-i6 21 

4 ' 

Yellow. 

7 27 26 

+ 32 8 

2 ' 

White. 

7 ” 4B 

-f tCi 44 

g 

Reddish-yellow. 

6 38 54 

’ + 3 24 

Var. , 

Orange. 

7 5*5 32 

~ 9 33 
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Remarks. 

(1) The spectrum of this nebula has not yet, so far as 1 know, 
been recorded, but the observation will not be difficult, if one 
may judge from the description given by Herschel, namely: 

Very bright, pretty large, round, much brighter in the 
middle, mottled as if with stars.*' 

(2) This star has a spectrum of the Group II. type, Duner 
describing it as very beautiful. He states that all the bands, 
1-9, are very wide and dark. The observations most likely to 
extend our knowledge of the group of bodies to which this star 
belongs are (1) observations of the bright carbon flutings (see 
P- 305) ; (2) comparisons with the flame spectra of manganese, 
magnesium, and lead ; (3) observations made with special refer- 
ence to the presence or absence of absorption lines, of which 
Duner makes no mention. 

(3) Gothard classes this with stars of the solar type. The 
usual differential observations are required. 

(4) A star of Group IV. The usual observations of the re- 
lative intensities of the hydrogen and metallic lines D, &c.), 
as compared with other stars, are required. 

(5) A rather faint star of Group VI., in which the character 
of band 6 (near X 564), as compared with the other carbon bands 
<9 and 10), requires further attention. Secondary bands should 
also be looked for. 

(6) This variable is stated by Gore to have a continuous 

spectrum, but it seems probable that lines or flutings will be 
found if the star be examined under the most favourable con- 
ditions — that is, when near maximum. Kigel was formerly said 
to have a “ continuous" spectrum, but the lines are now by no 
means difficult to s^e. The star ranges from magnitude 6 at 
maximum to 7*2 at minimum, and the period is 31-50 days 
(Gore). A. Fowler. 

Total Solar Kclipsk of 1886. — Dr. Schuster has thus 
summarized the spectroscopic results he obtained at this eclipse 
(Phil. Trans., vol. i8o, 1889) : — 

(1) The continuous spectrum of the corona has the maximum 
of actinic intensity displaced considerably towards the led, when 
compared with the spectrum of sunlight. 

(2) While, on the two previous occasions on which photo- 
graphs of the spectrum were obtained, lines showed themselves 
outside the limits of the corona, this was not the case in 1886. 

(3) Calcium and hydrogen do not form part of the normal 
spectrum of the corona. The hydrogen lines are visible only 
in the parts overlying strong prominences ; the H and K lines 
of calcium, though visible everywhere, are stronger on that side 
of the corona which has many prominences at its base. 

(4) The strongest corona line in 1886 was at A = 4232*8; this 
is probably the 4233*0 line often observed by Young in the 
chromosphere. 

(5) 0/ the other strong lines, the positions of the following 
seem pretty well established : — 

40567 4084-2 4089 3 4169 7 4196 0 42118 . 
42806 43654 4372'2 437«'* 44856 4627-9 I 

The lines printed in thicker type have been observed also at the 
Caroline Island and Egyptian Eclipses. 

(6) A comparison between the lines of the corona and the 
lines of terrestrial elements has led to negative results. 

Annuaire DU Bureau des Longitudes. — In the volume for 
1890, MM. Loewy and Schulhof contribute a list of the comets 
which appeared from 1825 to 1835 inclusive, and in 1888, being 
a continuation of the lists given in former years. M. Loewy 
also gives a complete table of the appearances of the planets j 
throughout 1890, and ephemerides of a considerable number of j 
variable stars. An elaborate comparison of the various calendars is 
from the pen of M. Cornu, and under the head of the solar system 
a rich store of information is included. With the notices we 
find an account of the meeting of the permanent committee of 
the photographic chart of the heavens and the Photographic 
Congress of September last. This year’s Annuaire is as com- 
pletely filled with information as it has ever been and doubtless 
will be as much appreciated by astronomers. 

Annuaire de l’Observatoire Royal de Bruxelles. — 
The volume for 1890 is the fifty-seventh annual publication from 
this Observatory. It contains tables of the mean positions of the 
principal stars and their apparent right ascensions, of the occulta- 
cion of stars by the moon, and of eclipses of Jupiter’s satellites, 
mention being also made of remarkable phenomena relating to 
the moon and the planets. M. Folie gives a biographical 


sketch of^ his predecessor, J. C. Houzeau, which is embellished 
with the portrait of this deceased bibliographer. Considerable 
attention nas been paid to the researches on diurnal nutation and 
the determination of the constant. M. Spec discusses the tabulated 
observations of {he condition of the sun’s surface during 1888, 
and M. Moreau contributes an interesting note on the movement 
of a solid about a fixed point. A list is also given of the comets 
and asteroids discovered in 1889, and some of the particulars 
relating to their orbits. 

Royal Astronomical Society.— The annual general 
meeting of the Fellows of this Society will be held at Burlington 
House on Friday, the 14th inst., for the purpose of receiving the 
Report of the Council, electing officers for tne ensuing year, and 
transacting other business of the Society. The chair will be 
I taken at 3 o’clock precisely. 

Erratum . — In the elements of companion C of Brook’s comet 
(P- 3^5)y **^^4 a = if 52’ 24"*5, and log a ^ o S^S^SP- 


GEOGRAPHICAL NOTES. ^ 

Baron Nordenskiold has announced in the Swedish 
Academy of Sciences, that he and Baron Oscar Dickson, with 
assistance from the Australian colonies, will start on an expedition 
in the South Polar regions next year. 

A recent telegram from Tashkent announced that Colonel 
Pevtsoff and M. Koborovsky had discovered a convenient pass 
to the north-western part of Tibet, from Nia, and had mounted 
to the great table-land. The plateau has there an altitude of 
12,000 feet above the sea, and the country round is desolate and 
uninhabited, while towards the south the plateau is well watered 
and wooded. The Tashkent telegram is so expressed that it 
might be supposed to mean that two separate passes had been 
discovered by the two explorers. But the news received from 
the expedition at St. Petersburg on December 26, and dated 
October 27, shows that both explorers proposed to leave the 
oasis of Keria (100 miles to tlfe east of Khotan) on the next day, 
for Nia (65 miles farther east) and there to search^for a passage 
across the border-ridge which received from Prjevalsky the name 
of the ‘ ‘ Russian ridge." This immense snow-clad chain separates 
the deserts of Eastern Turkestan from the trapezoidal space, the 
interior of which is quite unknown yet, and which is bordered 
by the “ Russian" ridge and the Altyn-tagh in the north-west ; 
the ridges of Tsaidam and those named by Prjevalsky ‘‘Columbus ’’ 
and “ Marco-Polo" in the north-east ; the highlands (explored 
by Prjevalsky in 1879-80) at the sources of the Blue River, in 
j the south-east ; and a long, yet unnamed ridge which seems to 
be a prolongation of the Tan-Ia, in the south-west. The pass 
leading to that plateau from Nia, and now discovered by the 
Russian expedition, is situated some 80 miles to the cast of the 
well-known pass across the Kuen-lun Mountains which leads 
* from Southern Khotan to Lake Yashi-kul. M. Roborovsky’s 
intention is evidently next to move up the I'chertchen river and 
to endeavour to reach the ridges “Moscow ’’and “Lake 
Unfreezing " (11,700 feet high), which were visited by Prjevalsk / 
from the east during his last journey. Having succeeded in 
finding a pass to Tibet in the south of Nia, Colonel PevtsotY 
proposes, as soon as the spring comes, to proceed himself by this 
pass to the tiible-land, while M. Roborovsky probably will be 
despatched to explore the same border-ridge further east, in the 
south of Tchertchen. 

The Boletin of the Madrid Geographical Society for the last 
quarter of 1889 contains a most valuable memoir by Dr. 
Fernando Blumentritt, on the intricate ethnology of the Philip- 
pine Islands. The author classifies the whole of the native popu- 
lation in three broad divisions — Negrito, Malay, and Mongoloid ; 
the last comprising those tribes which in their physical appear- 
ance betray certain Chinese or Japanese affinities. All arc 
grouped in an admirably arranged alphabetical table, where • 
their names, race, language, religion, culture, locality, and 
numbers are briefly specified in seven parallel columns. With 
a few variants and cross-references this tabic contains no les# 
than 159 entries, and thus conveys in summary form all the 
essential particulars regarding every known tribe in the Philip- 
pine Archipelago. From it we gather that the Negritoes — that 
IS, the true autochthonous element, variously known as Aetas, 
Att^, Ates, Etas, Itas, Mamanuas, &c., aid physically belong- 
ing 'to'thesame«stock as the Samangs of the Malay Peninsula — 



328 


NA TU RE 


\Feb. 6, 1890 


are now reduced to about 20,000, dispersed in small groups 
over the islands of Luzon, Mindoro, Tablas, Panay, Negros, 
Cebu, Paragan (Palawan), and Mindanao. A few ‘also appear 
still to survive in Alabat, Busuanga, and Culioii. Of the Malay 
peoples by far the most numerous and important are the southern 
JMsayas (Visayas), and the northern Tagalas, both described as 
“civiljzed Christians,’’ and numbering respectively 1,700,000 
and 1,250,000. These two peoples are steadily encroaching on 
all the surrounding tribes, causing them to disappear by a 
gradual process of absorption or assimilation, and the time is 
approaching when the whole of the islands will be divided into 
two great nationalities bearing somewhat the same relation to 
each other that the High German docs to the Low German 
branch of the Teutonic family. 


SMOKELESS EXPLOSIVES.^ 

I. 

production of smoke which attends the ignition or ex- 
plosion of gunpowder is often a source of considerable in- 
convenience in connection with its application to naval or 
military purposes, its employment in mines, and its use by the 
sportsman, although occasions not unfrequently arise during 
naval and military operations when the shroud of smoke pro- 
duced by musketry or artillery fire has proved of important 
advantage to one or other, or to both, of the belligerents during 
difierent periods of an engagement. 

Until within the last few years, however, but little, if any, 
thought appears to have been given to the possibility of dispens- 
ing with or greatly diminishing the production of smoke in the 
applic'tion of fire-arms, excepting in connection with sport. 
The inconvenience and disappointment often resulting from the 
obscuring effects of a neighbouring gun -discharge, or of the first 
shot from a double-barrel arm, led the sportsman to look hope- 
fully to gun-cotton, directly after its first production in 1846, as a 
probable source of greater comfort and brighter prospects in the 
pursuit of his pastime and in his strivings for success. 

A comparison between the chemical changes attending the 
burning, explosion, or metamorphosis of gun-cotton and 01 gun- 
powder, serves to explain the cause of the production of smoke 
in the latter case, and the reason of smokelessness in the case of 
gun-cotton. Whilst the products of explosion of the latter con- 
sist exclusively of gases, and of water which assumes the trans- 
parent form of highly-heated vapour at the moment of its pro- 
duction, the explosive substances classed as gunpowder, and 
which consist of mixtures of saltpetre, or another nitrate of a 
metal, with charred wood or other carbonized vegetable matter, 
and with variable quantities of sulphur, furnish products, of 
which very large proportions are not gaseous, even at high tem- 
peratures. Upon the ignition of such a mixture, these products 
are in part deposited in the form of a fused residue, whicli con- 
stitutes the fouling in a fire-arm, and are in part distributed, in 
an extremely fine state of division, through the gases and vapours 
developed by the explosion, thus producing smoke. 

In the case of gunpowder of ordinary composition, the solid 
products amount to over fifty per cent, by weight of the total 
products of explosion, and the dense white smoke which it pro- 
duces consists partly of extremely finely-divided potassium car- 
bonate, which is a component of the solid products, and, to a 
great extent, of potassium sulphate produced chiefly by the 
burning of one 01 the important solid products of explosion- 
potassium sulphide — when it is carried in a fine state of division 
into the air by the rush of gas. 

With other explosives, which arc also smoke-])rodacing, the 
formation of the smoke is due to the fact that one or other of the 
products, although existing as vapour at the instant of its develop- 
ment, is immediately condensed to a cloud composed of minute 
liquid particles, or of vesicles, as in the case of mercury vapour 
, liberated upon the explosion of mercuric fulminate, or of the 
aqueous vapour produced upon the ignition of a mixture of 
ammonium nitrate and charcoal, or an^monium nitrate and picric 
rcid. » 

Until within the last half-dozen years, the varieties of gun- 
powder which have been applied to war purposes in this and 
other countries have exhibited comparatively few variations in 
chemical composition. The proportions of charcoal, saltpetre, 

* Friday Evening I')is(^urse delivered by Sir Frederick Abel, F.R.S*, at 
Ihe Royaf Institution of Great Britain, on January 31, 1890^ 


and sulphur employed in their production exhibit slight differ - 
ences in different countries, and these, as well as the character 
of the charcoal used, its sources and method of production, 
underwent bub little modification for very many years. The 
same remark applies to the nature of the successive operations 
pursued in the manufacture of black powder for artillery purposes 
in this and other countries. 

The replacement of smooth-bore guns by rifled artillery which 
followed the Crimean war, and the increase in the size and power 
of guns consequent upon the application of armour to ships and 
forts, soon called for the pursuit of investigations having for their 
object the attainment of means for variously modifying the action 
of fired gunpowder, so as to render it suitable for the different 
calibres of guns, whose full power could not be effectively, or in 
some instances safely, developed by the use of the kind of gun- 
powder previously employed indiscriminately in artillery of all 
known calibres. 

In order to control the violence of explosion of gunpowder, by 
modifying the rapidity of transmission of explosion from particle 
to particle, or through the mass of each individual particle, of 
which the charge of a gun is composed, the accomplishment of 
the desired results was, in the first instance, and indeed through- 
out practical investigations extending over many years, sought 
exclusively in modifications of the size and form of the individual 
masses composing a charge of powder, and of their density and 
hardness, it being considered that, as the proportions of saltpetre, 
charcoal, and sulphur generally employed in the production of 
unpowder very nearly correspond to those required for the 
evelopment of the greatest chemical eneigy by those incorporated 
materials, it was advisable to seek for the attainment of the 
desired results by modifications of the physical and mechanical 
characters of, rather than by any modification in the proportions 
and chemical characters of, its ingredients. 

The varieties of powder, which, as the outcome of careful 
practical and scientific researches in this direction, have been 
introduced into artillery service from time to time, and some of 
which, at any rate, have proved fairly efficient, have been of two 
distinct types. The first of these, produced by breaking up 
more or less highly-pressed cakes of black powder into grains, 
pebbles, or boulders, of approximately uniform size and shape, 
the sharp edges and rough surfaces being afterwards removed by 
attrition (reeling and glazing), are simply a further development 
of one of the original forms of granulated or corned powder, 
represented by the old F, G., or small arms, and L. G., or 
cannon powder. Gunpowder of this class, ranging in size from 
about xooo pieces to the ounce, to about six pieces to the pound, 
have been introduced into artillery service, and certain of them, 
viz. R. L. G. (rifle large grain), which was the first step in 
advance upon the old cannon - powder (L. G.); pebble-powder 
(P.), and large pebble or boulder-powder (P. 2), are still 
employed more or less extensively in some guns of the present 
day. 

The other type of powder has no representative among the 
more ancient varieties ; it has its origin in the obviously sound 
theoretical view that uniformity in the results furnished by a 
particular powder, when employed under like conditions, de- 
mands not merely identity in regard to composition, but also 
identity in form, size, density, and structure of the individual 
masses composing the charge used in a gun. The practical 
realization of this view should obviously be attained, or at any 
rate approached, by submitting equal quantities of one and the 
same mixture of ingredients, presented in the form of pow der of 
uniform fineness and dryness, to a uniform pressure for a fixed 
period in moulds of uniform size, and under surrounding con- 
ditions as nearly as possible alike. The fulfilment of these 
conditions would, moreover, have to be supplemented by an 
equally uniform course of proceeding in the subsequent drying 
and other finishing processes to which the powder-masses would 
be submitted. 

The only form of powder, introduced into our artillery service 
for a brief period, in the production of which these cond itions 
were adhered to as closely as possible, was a so-called pellet 
lewder, which consisted or small cylinders having semi-perfora- 
tions with the object of increasing the total inflaming surface of 
the individual masses. 

Practical experience with this i>owder, and with others pre- 
pared upon the same system, but with much less rigorous regard 
to uniformity in such details as state of division and condition 
of dryness of the powder before its compression into cylindrical 
or other forms, showed that uniformity in the ballistic properties 
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of black powder could be as well and even more readily secured 
by the thorough blending or mixing together of balches pre* 
senting some variation in regard to density, hardness, or other 
features, as by aiming at an approach to absolute uniformity in 
the characters of each individual mass composing a charge. 

At the time that our attention was first actively given to this 
subject of the modification of the ballistic properties of powder, 
it had already been to some extent dealt with in the United 
States by Rodman and Doremus, and the latter was the first to 
propose the application, as charges for guns, of powder-masses 
produced by the compression of coarsely grained powder into 
ipoulds of prismatic form. In Russia the first step was taken to 
utilize the results arrived at by Doremus, and to adopt a prismatic 
powder for use in guns of large calibre. 

Side by side with the development and perfection of the 
manufacture of prismatic powder in Russia, Germany, and in 
this country, new experiments on the production of powder- 
masses suitable, by their comparatively gradual action, for 
employment in the very large charges required for the heavy 
artillery of the present day, by the powerful compression of 
mixtures of more or less finely broken up powder-cake into 
masses of greater size than those of the pebble, pellet, and 
prism powders, were actively pursued in Italy, and also by our 
own Government Committee on Explosives, and the outcome of 
very exhaustive practical investigations were the very efficient 
Fossano powder, or foudre frogressif^ of the Italians, and the 
boulder and large cylindrical powders known as P- and C^, 
]jroduced at Waltham Abbey, which scarcely vied, however, 
with the Italian powder in the uniformity of their ballistic 
|»roperties. ^ 

Researches carried out by Captain Noble and the lecturer some 
years ago with a series of gunpowders differing considerably in 
composition from each other, indicated that advantages might be 
secured in the production of powders for heavy guns by so modi- 
fying the proportions of the constituents {e.g, by considerably 
increasing the proportion of charcoal and reducing the proportion 
of sulphur) as to give rise to the production of a much greater 
volume of gas, and at the same time to diminish the heat developed 
by the explosion. 

'Fhese researches served, among other purposes, to throw con- 
siderable light upon the cause of the wearing or erosive action of 
powder-explosions upon the inner surface of the gun, which in 
lime may produce so serious a deterioration of the arm as to 
diminish the velocity of projection considerably, and so affect the 
accuracy of shooting, a deterioration which increases in extent 
in an increasing ratio to the size of the guns, in consequence, 
obviously, of the large increase in the weight of the charges fired. 

Several causes undoubtedly combine to bring about the wear- 
ing away of the gun’s bore, which is especially great where the 
products of explosion, while under the maximum pressure, can 
escape between the projectile and the bore of the gun. The 
great velocity with which the very highly heated gaseous and 
liquid (fused solid) products of explosion sweep over the heated 
surface of the mc'al gives rise to a displacement of the particles ^ 
composing it, which increases as the surface becomes roughened j 
by the first action upon the least compact portions of the metal, : 
and thus opposes greater resistance ; at the same time, the ! 
effect of the high temperature to which the surface is raised is ; 
to reduce its rigidity and power of resisting the force of the : 
gaseous torrent, and lastly some amount of chemical action I 
upon the metal, by certain of the highly heated non-gaseous ' 
products of explosion, contributes towards an increase in the 
erosive effects. A series of careful experiments made by , 
Captain Noble with powders of different composition, and with i 
other explosives, afforded decisive evidence that the material j 
which furnished the largest proportion of gaseous products, and 
the explosion of which was attended by the development of the 
smallest amount of heat, exerted least erosive action. 

It is probable that important changes in the composition of 
powders manufactured by us for our heavy guns would have 
resulted from those researches, but in the meantime, two 
eminent German gunpowder manufacturers had occupied them- 
selves independently, and simultaneously, with the important 
practical question of producing some more suitable powder for 
•^heavy guns than the various new forms of ordinary black 
powder, the rate of burning of which, especially when confined 
in a close chamber, was, after all, reducra only in a moderate 
degree by the increase in the size of the massed, and by such 
increase in their density as it was practicable to attain. The 


German experimenters directed their attention not merely to the 
proportions in which the powder ingredients are employed, but 
also to a modification in the character of charcoal, and the 
success attending their labours in these directions led to the 
practically simultaneous production, by Mr. Heidemann at the 
Westphalia Powder Works, and Mr. Diittenhofer at the Rott- 
weil Works near Hamburg, of a prismatic powder of cocoa- 
brown colour, consisting of saltpetre in somewhat higher 
proportion, of sulphur in much lower proportion, than in 
normal black powder, and of very slightly burned charcoal, 
similar in composition to the charcoal {charbon roux) which 
Violette, a French chemist, first produced in 1847 ^7 action 
of superheated steam uix)n wood or other vegetable matter, and 
! which he proposed for employment in the manufacture of 
; sporting powder. These brown prismatic powders (or **cocoa- 
; powders,” as they were termed from their colour), are dis- 
j tinguished from black powder not only by their appearance, but 
also by their very slow combustion in open air, by their com- 
paratively gradual and long-sustained action when used in guns, 
and by the simple character of their products of explosion as 
I compared with those of black powder. As the oxidizing i^ 
j gredient, saltpetre, is contained, in brown or cocoa powder^ in 
I larger proportion relatively to the oxidizable components, sulphur 
; and charcoal, than in black powder, these become fully oxidized, 

I while the products of explosion of the latter contain, on the 
other hand, larger proportions of unoxidized material, or only 
partially oxidized products. Moreover, there is produced upon 
the explosion of brown powder a relatively very large amount 
I of water- vapour, not merely because the finished powder con- 
I tains a larger proportion of water than black pawder, but also 
! because the very slightly charred wood or straw used in the 
I brown powder is much richer in hydrogen than black charcoal, 

I and therefore furnishes by its oxidation a considerable amount 
I of water. The total volume of gas furnished by the brown 
I powder (at o^ C. and 7^^ mm. barometer) is only about 200 
I volumes per kilogramme of powder, against 278 volumes^ 

' furnished by a normal sample of black powder, but the amount 
of water-vapour furnished upon its explosion is about three 
times that produced from black^powder, and this would make 
the volume of gas and vapour developed by the tws powders 
about equal if the heat of its explosion were the same in the 
two cases; the actual temperature produced by the explosion 
of brown powder, is, however, somewhat the higher of 
the two. 

Although the smoke produced upon firing a charge of brown, 
powder from a gun appears at first but little dificrent in dense- 
ness to that of black powder, it certainly disperses much more 
rapidly, a difference which is probably due to the speedy absorp- 
tion, by solution, of the finely divided potassium salts by the 
large proportion of water- vapour distributed throughout the so- 
called smoke. 

This class of powder was substituted with considerable advan- 
tage for black powder in guns of comparatively large calibre ; 
n^ertheless it became desirable to attain even slower or more 
gradual action in the case of the very large charges required for 
guns of the heaviest calibres, such as those which propel shot of 
about 2000 pounds weight. Accordingly, the brown powder has 
been modified in regard to the pi'oportions of its ingredients to 
suit these conditions, while, on the other hand, powder inter- 
mediate with respect to rapidity of action between black pebble 
powder and the brown powoer, has been found more suitable 
than the former for use in guns of moderately large calibre. 

The recent successful adaptation of machine guns and com- 
paratively large quick-firing guns to naval service, more especially 
for the defence of ships against attack by torpedo boats, &c., 
has rendered the provision of a powder for use with them, 
which would produce comparatively little or no smoke, a matter 
of very considerable importance, inasmuch as the efficiency of 
such defence must be greatly diminished by the circumstance 
that, after a very brief use of the guns with black powder, the ^ 
objects against which their fire is destined to operate, become 
more or less completely hidden from those directing them, by 
the dense veil of powder-smoke produced. Hence much atten- 
tion has been directed during tlie last few years to th^ production, 
of smokeless, or nearly smokeless powders for naval use in the 
above directions. At the same time, the views of many military 
authorities regarding the importance of dispensing with smoke 
in land engagements has also created a demand, the apparent 
uigency of which has been increased by various circumstances,. 
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for a smokeless powder suitable fur field artillerjj and small 
arms. 

The properties of ammonium nitrate, of which the products 
of decomposition by heat are, in addition to water-vapour, 
entirely gaseous, have rendered it a tempting material to work 
upon in the hands of those who have striven to produce a smoke- 
less ^powder, but its deliquescent character has been the chief 
obstacle to its application as a component of an explosive agent 
susceptible of sul^titution for black powder for service purposes. 

A German chemical engineer, F. Gaus, conceived that, by in- 
corporating charcoal and saltpetre with a particular proportion 
of ammonium nitrate, he had produced an explosive material 
which did not partake of the hygroscopic character common to 
other ammonium-nitrate mixtures, and that, by its explosion, the j 
potassium in the saltpetre formed a volatile combination with j 
nitrogen and hydrogen, a potassium amide^ so that, although 
containing nearly half its weight of potassium salt, it would | 
furnish only volatile products. The views of Mr. Gaus regarding j 
the changes which his so-called amide penvder undergoes upon ' 
explosion were not borne out by existing chemical knowledge, j 
^'fikile the powder compounded in accordance with his views ! 
proved to be by no means smokeless, and was certainly not non- 
hygroscopic. Mr. Heidemann has, however, been successful, 
by modifications of Gaus’s prescription and by application of his | 
own special experience in powder^ manufacture, in producing an I 
ammonium-nitrate powder possessed of remarkable ballistic j 
properties, furnishing comparatively little smoke, which speedily ! 
disperses, and exhibiting the hygroscopic characteristics of am- ! 
monium -nitrate preparations in a decidedly less degree than any ■ 
other hitherto prepared. The powder, while yielding a very 
much larger volume of gas and water-vapour than black or 
brown powder, is considerably slower than the latter ; the 
charge required to produce equal ballistic results is less, while 
the chamber-pressure developed is lower, and the pressures 
along the chase of the gun are higher, than in the case of brown 
powder. 

The ammonium-nitrate powder contains, in its normal, dried 
condition, more water than ev<‘n brown powder ; it does not 
exhibit any great tendency to absorb moisture from an ordi- 
narily dry •or even a somewhat moist atmosphere, but if the 
amount of atmospheric moisture approaches saturation, it will 
rapidly absorb water, and when once the process begins it con- 
tinues rapidly, the powder-masses becoming speedily quite pasty. 
The charges for quick-firing guns are enclosed in metal cases, in 
which they are securely sealed up ; the powder is therefore pre- 
vented from absorbing moisture from the external air, but it has 
been found that if the cartridges are kept for long periods in 
ships’ magazines, in which, from their position relatively to the 
ships’ boilers, the temperature is more or less elevated, some- 
times for considerable periods, the expulsion of water from some 
portions of the powder-masses composing the hermetically sealed 
charge, and its consequent irregular distribution, may give rise 
to want of uniformity in the action of the powder, and to 
occasional development of high pressures. Although, therefore, 
this ammonium-nitrate powder may be regarded as the first 
successful advance towards the production of a comparatively 
smokeless artillery powder, it is not uniformly well adapted to 
the requirements which it should fulfil in naval service. 

Attention was first seriously directed to the subject of smoke- 
less powder by the reports received about four years ago of 
remarkable results stated to have been obtained in France with 
such a powder for use with the magazine rifle (the Lebel) which 
was being adapted to military service. These reports were 
speedily followed by others, descriptive of marvellous velocities 
obtained with small charges of this powder, or some modifica- 
tions of it, from gun> of very great length. As in the case of 
melinite, the fabulously destructive effects of which were much 
vaunted at about the same time, the secret of the precise nature 
of the smokeless powder was so well preserved by the French 
. authorities, that surmises could only be made on the subject 
even by those most conversant with these matters. It is now 
well known, however, that more than one smokeless explosive 
has succeeded the original powde[, the perfection of which was 
reported to» be beyond dispute, and that the material now 
adopted for use in the Lebel rifle bears, at any rate, great 
similarity to preparations which have been made the subject of 
patents in this country, and which are still experimental powders 
in other countries. 

(7h be continued.) 


SOLAR HALOS AND PARHELIA. 

^T^HE recent appearance of solar and lunar halos, parhelia, 
^ and paraselene, has called forth a considerable amount of 
correspondence from all parts of the country, and the accompany-" 
ing figure may be taken as a composite representation of the 
solar phenomenon observed. A glance at the times at which 
the halos were observed on the 29th ult., makes it apparent that 
they occurred earliest in places of highest latitudes. At Driffield, 
in lat. 54^, the halo, with its attendant parhelia, was observed 
at 1.34 p.m., and the whole phenomenon disappeared at 2.8 
p.m. ; at Burton-on-Trent, lat. 52® 48", the halos and parhelia 
were first observed at 2 p.m., and lasted more or less distinctly 
until 3 p.m. ; whilst about a degree south of this, at Oxford, 
Colnbrook, and Walton-on-Thames, the phenomena occurred 
from about 3.30 to 4.30. The uniform difference in the times 
when the halos were observed at the places of different latitudes 
necessarily follows from the fact that they are formed by the 
action upon solar rays of prismatic crystals of ice suspended 
in the air by the ascending currents which especially occur in 
the spring and autumn. Those prisms that are in such positions 
that the rays from the sun in transmission through them suffer 
minimum deviation are the cause of the formation of halos, and 
since the angular distance of the sun equal to minimum deviation 
is about 22®, this must be the radius of the halo, and the ex- 
ternal circle, being produced by two such refractions in succession, 
has a radius of about 46^ 

The halos recently observed do not differ in the main from 
those frequently seen in higher latitudes, and consisting of ( i ) 
a first circle or halo concentric with the sun, red within, violet 
wiftiout, and at an angular distance of 22'^ or 23® ; (2) a second 
circle or halo, similar to the preceding, but at an angular dis^ 



n was tseen at 3.35 p.m. ; b at 3.35 p,m. ; c and d at ^50 p.m. ; e at 4.U p.m ; 

J at 4.10 p.m, 

tance of 46® ; (3) a portion of the parhelic circle appearing hori- 
zontal and diametral, and at the points of junction of this circle 
with the two halos, there is increased luminosity, which have 
been taken for images of the sun ; (4) horizontal arcs, tangents 
to the circular halos, and a vertical line making a cross with the 
horizontal portion of the parhelic circle. 

Mr. John Lovell thus describes the phenomena observed ai 
Driffield : — A splendid solar halo, with its attendant parhelia, 
was observed this afternoon at 1.34 local time. The halo 
(diameter 45®) was almost perfect, the lower part only being 
slightly obliterated by the thick atmosphere near the horizon. 
Attached to the upper side, an inverted portion of a similar halo 
appeared, brilliantly illumined on the concave side, the lower 
part giving out a dull red light. Again, 22^® above this, and 
also inverted, about 60® of arc beautifully coloured with rain- 
bow colours was clearly visible, the rod side lowest. This arc, 
if it had been produced, would have circled the zenith. The 
mock lights on each side of the halo were drawn out into long 
cones of intensely bright light, while the inner sky of the halo 
was of a very dark shade. The most noteworthy feature of the 
display was a brilliant patch of pure white light in the north- 
western sky, at a distance of 90^ from the western mock sun, 
and undoubtedly emanating from it, and which remained visible 
for nearly ten minutes. The whole phenopnena disappeared at 
2.8 p.m., the sky then being covered with* streaky cirro-stratus 
haze from the north-north- west.'’ 

The patch of white light referred to by Mr. Lovell was doubt- 
less produced by the junction of the parhelic circle with one of 
the halos concentric with the sun. It is perhaps hardly neces- 
sary to note the relation that exists between halos and cirro- 
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stratus clouds, and that the space included within the halo is 
frequently of a more intense grey, or of deeper blue than the 
rest of the sky. 

•• The son of Sir W. Ilerschel observed the phenomena at 
Oxford, and noted: — *‘Thc sun was near the horizon. On 
either side of it, at a distance of five or six diameters of the sun, 
was a mock sun. not very bright, of the colours of the rainbow, 
the one on the right being the brighter. There was a scarcely 
perceptible rainbow, of which red was the only colour visible, 
joining the two mock suns. This rainbow was brightest directly 
over the sun. As far off again as the first was a second rainbow, 
iiazy, but fairly bright, which was equally visible from earth to 
earth. Vertically above the sun, a third, a very bright rainbow, 
touched the second, being inverted, and having its centre straight 
overhead. It did not look quite as large as the second. The 
weather was clear, but the clouds on and above the horizon were 
of a uniform grey colour, fading off gradually to a nearly clear 
sky overhead. There seemed always to be a much lighter shade 
of grev in the clouds where the sun and the two mock suns 
were.” 

The coloured parhelia observed indicates the refraction and 
dispersion of solar light by vertical prisms, whilst the phenomena 
of inverted arches arc produced by the light which passes 
through horizontal crystals, at different azimuths. 

Mr. Frank E. Lott, at Burton-on-Trent, observed a third 
parhelia on the part of the first halo vertically above the sun, 
whilst Mr. H. G. Williams, of Caterham, observing the pheno- 
mena about 4 p.m., noted that the sun appeared about 10® above 
the horizon. So far, the observations of two or three parhelia 
with two halos and two inverted arches agree with many forilier 
descriptions. In the diagram appended, however, and in the 
majority of sketches received, the inverted arch is not given as 
the arc of a circle, but hyperbolic. 

Mr. A. J. Butler, observing at Walton on-Thames, remarks : 
“ The hyperbolic band above the sun was carefully noted ; and 
Mr. C. A. Cams- Wilson, in the following observation made at 
Staines, supports this view : — 

“ The sun wasjust setting behind abank of hazy mist, appear- 
ing as a crimson disk enveloped in blue grey cloud ; I first 
noticed a distinct bow, of light grey tint, and coloured for a 
short distance at its left extremity with the ordinary rainbow 
tints — red inside. There then appeared a part of a second 
bow outside the other, coloured throughout the whole length 
visible — red inside. From the sun vertically upwards to the first 
bow, there was a band of white light, quite distinct from the 
light grey tint of the lower bow, and above the lower bow this 
band continued as a hyperbolic brush of white light ; this bnish 
was much brighter and better defined than the vertical band. A 
hasty measurement, with a pocket sextant, of the angular radii of 
the two bows, gave 46° and 23® for the outside and inside bjws 
respectively.” 

Mr. II. W, Pyddoke also remarks : — “ The most noticeable 
thing of all was the shape of the upper bow, which was like a 
hyberbole except at its ends where it bent round again very 
slightly ; and other correspondents concur in this description 
of the shape of the first inverted arch. 

From the descriptions and figures given it is evident that the 
two parhelia on the parhelic circle are the respective centres of 
halos similar to the first halo concentric with the real sun ; the 
intersection of these two circles with that surrounding the sun 
gives the appearance of a hyperbolic curve at the top of it. An 
exactly similar appearance was drawn by Pastorflf as occurring on 
December 29, 1789, and is found in his ** Bcobachtungen dtr 
Sonnenflecke ” ; and IJAstronomie for August 1889 contains a 
drawing and description of a very similar appearance. 

Lunar halos followed the solar halos on the 29th ult., and 
on the following day Mr. G. B. Buckton, F.R.S., observed 
three fine parhelia and a halo at Haslemere, and describes 
them as follows : — 

** The sun shone brightly, but through a moderate haze. On 
the right and on the left, at equal altitudes with the sun, an 
oblong bright patch of light appeared. That on the left was the 
brightest, and formed a olurm image of the sun with all the 
prismatic colours of the rainbow, but the colours were reversed 
in order. The upper and lower parts of these mock suns were 
drawn out, and formed portions of a large circle of about (by eve' 
estimate) 26^ radius. These images were connected with the 
haze, but a lower stratum of finely .striated cloud came between 
the eye and these patches. Immediately above the true sun a 
third patch of light occurred, through which a portion of an in- 


verted circlb was seen, the greater part of which was lost in the 
blue of the sky above. The right-hand mock sun was fainter 
than the other, on account of the grey haze being more dense.” 

Mr. Buckton’s observation is a demonstration of the principle 
laid down — namely, that parhelia always appear at the same 
elevation as the true sun, and are^ united to each other by a 
white horizontal circle, whose pole is the zenith. This circle 
changes in elevation with the true sun ; and the apparent semi- 
diameter is always equal to the distance of the luminary fron» 
the zenith. 

Mr. Nagel, of Trinity College, Oxford, notes that : — ‘*The 
solar halos on the afternoon of January 29 were very clearly 
seen in Oxford ; the tangential arc to the outer halo was ex- 
tremely brilliant, and the two mock suns at the extremities of 
the horizontal diameter of the inner halo were well marked. 
During part of the time the halos lasted, a whitish incomplete 
circle was seen about 80'' from the sun, and consequently beyond 
the zenith. This circle seemed to correspond to that first 
described by Helvelius in 1661.” 

It is evident from the descriptions given that the parh(jU^ 
are not, as is sometimes supposed, images of the real sun at aTT, 
but only the junctions of two of the circles formed. The upper 
and the lower parts of these mock suns were drawn out and 
connected with the first halo, whilst their sides were observed to 
be drawn out and to merge into the parhelic circle. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

'^IIE forty-third annual general meeting of the Institution 
of Mechanical Engineers took place on January 29, 30, 
and 31, in the theatre of the Institution of Civil Engineers. 

The papers down for reading and discussion were as follows ; 
on the compounding of locomotives burning petroleum refuse in 
Russia, by Mr. Thomas Urquhart, Locomotive Superintendent, 
Grazi andTsaritsin Railway, South-East Russia ; on the burning 
of colonial coal in the locomotives on the Cape government 
railways, by Mr. Michael Stephensy Locomotive Superin- 
tendent ; and on the mechanical appliances employed in the 
manufacture and storage of oxygen, by Mr. Kenneth S. Murray, 
of London. The latter paper was communicated through Mr. 
Henry Chapman. 

Mr. Urquhart’s paper is one of a series of excellent and 
thoroughly useful descriptions of work done by that gentleman 
on his railway, and had been for some time promised to the 
Institution. In order to satisfy himself as to the utility and 
saving of fuel in compound locomotives, he obtained the 
sanction of the Government for altering one locomotive by way 
of experiment. The altered engine was put to work, and the 
driver was allowed over a month’s running to get fully ac- 
(jiiainted with the handling in regular service. Comparative 
trials were then made of the compound against a non-com- 
pound locomotive with the same weight of train, on the 
same days, so as to expose them both to the same circum- 
*stances in regard to weather. It was clearly proved that the 
compound burnt 22 per cent, less of the petroleum refuse 
used as fuel than the non-compound engine, and the author’s 
i experience has left no doubt in his own mind that compound 
I locomotives are the engines of the future in all countries. Mr. 
Urquhart’s results are thoroughly borne out by those obtained 
in this country by Messrs. Worsdell and Webb. Some engi- 
neers suppose that this great economy in fuel is due to the 
higher working steam pressure, and therefore greater expansion 
in the compound engines as compared with the non-compound 
engines. 

The paper by Mr. Michael Stephens is a description of the 
South African coal-fields, their discover}', and general working 
within the last sixteen years. It appears from the paper that* 
the local coal cannot be burned to advantage without a special 
arrangement of fire-bars — as may be well imagined, sihee il 
contains nearly 30 per cent, of incombustible matter. 

Mr. Kenneth S. Murray gives an interesting account of the 
commercial preparation of oxygen from the atmosphere by 
means of the alternate heating and cooling of the monoxide of 
barium. About thirty years ago the eminent French chemist 
Boussingault made the discovery that, at a temperature of about 
1000” F., the monoxide of barium would absolrb oxygen readily 
from the atmosphere, wdth the resulting formation of the dioxide ; 
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and that at a higher temperature of about 1700* F.‘the oxygen 
thus absorbed would be given off again, and the monoxide would 
apparently be restored to its original condition. The paper 
clearly describes the machinery required for the manufacture of 
oxygen by means of barium oxide. 

f — ■ 

l/N/VERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Oxford. — The lecture lists for this term include the following 
courses ; — Prof. Clifton, Magnetism ; Mr. Baynes, Thermo- 
dynamics ; Prof. Odling, Diacidic Olefine Acids ; Mr. Veley, 
Physical Chemistry. Prof. Burdon- Sanderson has resumed his 
lectures, and Mr. Gotch is treating of the Physiology of Muscle. 
Dr. Tylor lectures on the Development of Religions. 

An open Fellowship in Mathematics at Christ Church has 
been awarded to Mr. C. H. Thompson, Queen’s College, Lec- 
turer in Mathematics at Lampeter. No other mathematical 
Fellowship has been awarded for about seven years. 

^‘"^The arrangement of the Pitt-Rivers anthropological collection 
at the Museum is proceeding as rapidly as the constant acqui- 
sition of new material allows, and a large portion of the collec- 
tion is now open for public inspection. 

Cambridge. — At the next meeting of the Cambridge Philo- 
sophical Society, on Monday, February 10, the following papers 
wrill be read : — 

(1) W. Bateson (St. John’s), on the perceptions and modes of 
feeding of fishes. 

(2) A. C. Seward (St. John’s), notes on Lomatophloios. 

(3) S. F. Harmer (King’s), on the origin of the embryos in 
the ovicclls of Cyclostomatous Polyzoa. 

Prof. Stuart has communicated to the Vice-Chancellor his 
intention of resigning the Chair of Mechanism and Applied 
Science before the end of the current academical year. 


SCIENTIFtC SERIALS. 

American Journal of Mathematics^ vol. xii., No. 2 (Balti- 
more, January 1890). — The number opens with the concluding 
part of Mr. Forsyth’s paper on “Systems of Ternariants that 
are Algebraically Complete” (pp. 115-160). It is illustrated 
with numerous tables and closed with a useful abstract of con- 
tents. — In the following memoir (pp. 161-190), by Prof, Franklin, 
on “ Some Applications of Circular Co-ordinates,” the author 
investigates, with the aid of these coordinates, some interesting 
theorems relating to the orientation of systems of lines given 
in a recent volume (vol. x. p. 258) by M. Humbert. Several 
further illustrations are given, and the memoir closes with a 
discussion of the curve given by the equation sin xdx = sin ydy . — 
Mr. F. N. Cole writes (pp. 191-212)00 “Rotations in Space 
of Four Dimensions.” The present article is preliminary toi^a 
second paper on groups of rotations in four-dimensional space 
which is to follow. 

Bulletins de la Societe d^ Anthropologic^ tome xii., serie iii., 
fasc. 3 (Paris, 1889). — Continuation of M. Dumont’s paper on 
the natality of Paimpol, in which he treats at great length of the 
causes which influence the ratio of marriages contracted in every 
hundred of the population in the maritime districts of Brittany, 
and of the number of children born in each family. In both these 
respects the means rank amongst the lowest for all France. 
One cause for this may be the preponderance of women over 
men, a large number of the latter being engaged as seamen, or 
taking part in the Iceland and other distant fisheries. Another 
factor in this problem is probably the sal>di vision of property among 
all the members of a family, who in the peasant and small 
burgher classes, not uncommonly remain together all their lives, 
^ and avoid marriage in the fear of diminishing their individual 
shares of the patrimony. This, coupled with the repugnance, 
so common among the French peasantry, against large families, 
leads indirectly to late marriages or to celibacy, and has thus 
exercised a baneful influence oil the normal increase of the 
population. — An essay on the classification of human races, 
bas€^ entirely on physical characters, by M. Denniker. Believ- 
inp; in the long persistence of types in spite of the constant inter- 
mixture of races, the author thinks that it is only by a careful 
-study of the typical characteristics in a so-called ethnic group 
that we can arrive at any correct idea of the affinities between 
•different races. In an elaborate synoptical table he enumerates 


the thirteen races which he proposes for his classification, adding 
separate remarks on the varieties of each. — The dog, by M. G. 
de Mortillet. Assuming from negative evidence the non- 
existence of the dog in the Quaternary age, the author traces his 
presence onwards from the Kjokkenmoddings, in which 
abundant remains of this animal are to be found. Passing front 
the prehistoric ages in Europe he considers at length the evidence 
that can be advanced of the existence of several varieties of the 
dog among the Egyptians, and later on among the ancient 
I Greeks and Romans; and in the fact of the innumerable 
varieties of Cams domesticus^ M. de Mortillet believes we have 
one of the most conclusive proofs of evolution. — Observation^ 
on the skeletons of two young orangs, by M. Herv<S. — Pre- 
Columbian ethnography of Venezuela, by Dr. Marcano. The 
most interesting report in this treatise is that referring to the 
Grotto de Cerro de Luna, owing to the almost absolute certainly 
that it had never been entered since Guiana was first visited by 
white men. Here Dr. Marcano recovered fifty- two male, and 
forty-three female skulls, with five of children, together with 
numerous long bones. Among these skulls many were painted 
red, and others had obviously been embalmed. The general 
mean of their cephalic index was 79, while the facial 
characters were mesorrhiiiic and prwnathic. — On correlative 
variations in the biceps, by M. G. Herve. — A report of the 
Seventh Conference on Transformism, by M. M. Duval. The 
author here gives an interesting biographical notice of the great 
French savant Laiparck, entering at the same time fully into 
the character and scope of his researches, and showing how far 
his views differed from, or approximated to, those of Darwin. 
PJs^rfsumioi what Lamarck attempted on the same lines of 
inquiry so succe.ssfully followed by Darwin, M. Duval’s report 
presents much interest for the English reader. — On the menhirs 
of Morbihan, by M. Gaillard. — On the discovery of Roben- 
hausian flint implements near Macon, by M. Lafay. — Compari- 
son of three sub-species of man, by M. Lombard. 

SOCIETIES AND ACADEMIES. 

London. 

Royal Society, January 23. — “On a Photographic Method 
for determining Variability in Stars.” By Isaac Roberts, 
F.R.A.S. Communicated by Prof. J. Norman Lockyer, 
F.R.S. 

Some of the uncertainties which necessarily attend the de- 
termination of variability in the brightness of stars by eye 
observations are removed by the application of photographic 
methods, and particularly by that of giving two or more ex- 
posures of the same photographic plate to a given sky space, 
with intervals of days or weeks between each exposure. 

In this way any errors caused by atmospheric, actinic, or 
chemical changes, together with those due to personal bias, are 
eliminated, and the study of stellar variability can be pursued 
under conditions that admit of the necessary exactitude. 

As a i illustration of the applicabiliry of this dual photographic 
method, the enlargement on paper from the negative is now 
submitted. It shows the results obtained bv two exposures of 
the same plate to the sky in the region of tne great nebula in 
Orion. The first exposure was of two hours’ duration on 
January 29, and the second of two and a half hours on 
February 3, 1889. The stellar images formed during the 
two exposures are 0*0122 of an inch apart, measured from centre 
to centre, and therefore comparable with each other in the field 
of a microscope. When the images are examined in the 
manner thus indicated, and their diameters also measured by 
means of a suitably made eye-piece micrometer, it is found that 
at least ten of the photographed stars, the magnitudes of which 
are estimated to range between the ytli and 15th, have changed 
to a considerable extent in the short interval of five days. 

The ten stars referred to are to be found within an area of less 
than two square d^rees of the sky, and in the table given are 
the co-ordinates oAheir positions with reference to B Orionis. 
The measurements of the diameters of their photo-images on a 
scale of 0*00002 of an inch are also given. ^ 

“Physical Properties of Nickel Steel.” By J. Hopkinson, 
D.Sc., F.R.S. 

Mr. Riley, of the Steel Company of Scotland, has kindly 
sent me samples of wire drawn from the material concerning the 
magnetic properties of which I recently made a communication 
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to the Royal Society,^ As already stated, this material contains 
^25 per cent, of nickel and about 74 per cent, of iron, and over 
*a range of temperature from something below freezing to 580'’ C. 
it can exist in two states, magnetic and non-magnetic. 

The wire as sent to me was magnetizable as tested by means 
of a magnet in the ordinary way. On heating it to a dull red- 
ness, it became hon-magnetizable, whether it was cooled slowly 
or exceedingly rapidly by plunging it into water. A quantity 
of the wire was brought into the non-magnetizable state by 
jieating it, and allowing it to cool. The electric resistance of a 
portion of this wire, about 5 metres in length, was ascertained 
in terms of the temperature ; it was first of all tried at the 
ordinary temperature, and at temperatures up to 340® C. The 
specific resistances at these temperatures are indicated in the 
curve by the numbers i, 2, 3. The wire was then cooled by 
means of solid carbonic acid ; the supposed course of change of 
resistance is indicated by the dotted line on the curve ; the actual 
observations of resistance, however, are indicated by the crosses 
in the neighbourhood of the letter A on the curve. The wire 


was then allowed to return to the temperature of the room, and 
was subsequently heated, the actual observations being shown 
by crosses on the lower branch of the curve ; the heating was 
continued to a temperature of 680'’ C., and the metal Was then 
allowed to cool, the actual observations being still shown by 
crosses. From this curve, it will be seen that in the two slates 
of the metal, magnetizable and non-magnetizable, the resist- 
ances at ordinary temperatures are quite different. The specific 
resistance in the magnetizable condition is about 0*000052, in 
the non-magnetizable condition it is about 0*000072. The curve 
of resistance in terms of the temperature of the material in the 
magnetizable condition has a close resemblance to that of soft 
iron, excepting that the coefficient of variation is much smafler, 
as, indeed, one would expect it to be in the case of an alloy 
at 20® C. the coefficient is about 0*00132, just below 600® C. it 
is about 0*0040, and above 600^ it has fallen to a value less than 
that which it had at 20'’ C. The change in electrical resistance 
effected by cooling is almost as remarkable as the change in the 
magnetic properties. 



Samples of the wire were next tested in Prof. Kennedy's | 
laboratory for mechanical strength. Five samples of the wire ' 
were taken which had been heated and were in the non-mag- 
netizable state, and five which had been cooled and were in the 
magnetizable state. 'Fhere was a marked difference in the 
hardness of these two samples ; the non-magnetizable was ex- 
tremely soft, and the magnetizable tolerably hard. Of the five non- 
magnelizable samples the highest breaking stress was 50*52 tons 
per square inch, the low e>t 48*75 ; the greatest extension was 33*3 
per cent., the lowest 30 per cent. Of the magnetizable samples, 
the highest breaking stress was 88*12 tons per square inch, the 
lowest was 85*76; the highest extension was 8*33, the lowest 
6*70. The broken fragments, both of the wire which had 
originally been magnetizable and that which had been non- 
magnetizable, were now found to be magnetizable. If this 
material could be produced at a lower cost, these facts would 
have a very important bearing. As a mild steel the non-mag- 
netizable material is very fine, having so high a breaking stress 
for so great an elongation at rupture. Suppose it were used for 
any purpose for which a mild steel is suitable on account of this 
considerable elongation at rupture, if exposed to a sharp frost 
its properties would be completely changed — it would become 
essentially a hard steel, and it would remain a hard steel until 
it had been heated to a temperature of about 600'’ C. 

Geological Society, January 22. — W. T. Blanford, F.R.S., 
President, in the chair. — The following communication was 
read On the crystalline schists and their relation to the Meso- 
zoic rocks in the Lepontine Alps, by Prof. T. G. Bonney, 
F.R.S. In the debate upon the paper on two traverses of the 
crystalline rocks of the Alps (read December 5, 1888) it was 
staled that rocks had been asserted on good authority to exist in 
the Lepontine Alps, which contained Mesozoic fossils, together 
with garnets, st&iurolites, &c., and thus were undistinguishable 
from crystalline schists regarded by the author as belonging to 
the presumably Archafan massifs of that mountain-chiJn. In 
reply the author stated that he regarded, this as a challenge to 
demonstrate the soundness or unsoundness of the hypothesis to 
which be had committed himself. Thq^ present paper gives the 
result of his investigations, undertakeA in the month of July 

' See Addifss to the Institutionof .Electrical Engineers (Natukb, January 
as* P. 274). 


1889, in company with Mr. James Eccles, to wbo^ the author is 
deeply indebted lor invaluable help: The paper deals with the 
following subjects ; — (i) The Anaemiatt Section. By the geo- 
logists aforesaid, a highly crysUlline white marble which occurs 
on the northern side of the Urserenthal trough, at and above 
Altkircb, near Andermatt, is referred to the Jurassic series 
(members of which undoubtedly occur at no great distance^ 
almost on the same line of strike). The author describes the 
relation of the marble to an adjacent black schistose slate, and 
discusses the significance of some markings in the former which 
might readily be considered as organic, but to which he assigns 
a different origin. He shows that there are most serious 
difficulties in regarding these two rocks as members of the same 
series, and explains the apparent sequence as the result of a 
sharp and probably broken infold, as in the case of the admitted 
band of Carboniferous rock at Andermatt itself. That the sec- 
tion is a difficult one on any hypothesis the author admits, but 
in regard to the former of these, after a discussion of the 
evidence, he concludes, ** that tendered on the spot demands a 
verdict of ‘ not proven ' — that obtainable in other parts of the 
Alps, will compel us to add, *not provable.' (2) The Schists 
of the Val Piora, These schists, already noticed by the author 
in his Presidential address to the Society in 1886, occur in force 
near the Lago di Ritom, and consist^ of two groups — the one 
dark mica-schists, s ometimes containing conspicuous black 
garnets, banded with quartzites, the other various calc-mica 
schists; between them, apparently not very persistent, occura 
a schist containing rather large staurolites or kyanites. On 
the north side is a prolongation of the gamet-actinonte 
(Tremola-) schists of the St. Gothard and then gneiss, 
on the south side gneiss. There is also some rauchwackd 
This rock, at first sight, appears to underlie the Piora 
schists, and thus to be the lowest member of a trough. If 
.so, as it is admittedly about Triassic in age, the Piora schists 
would be Mesozoic. TMfe author shows that (\) the latter rocks 
do not form a simple fold ; (2) they are, beyond all questioih, 
altered sediments; (3) they have often been greatly crushed 
subseouent to mineralization ; (4) the garnets, staurolites, 
&c. (if not injured by subsequent crushing) are well de- 
veloped and characteristic, and are authigenous minerals. 
(3) The PauehwachJ and its Relation to ihe Schist, (a) Tlu Val 
Piora Sections : Ttit author shows that the rauchwackf, which 
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first sight seems to underlie the dark mica- schist, is inconstant 
in position (on the assumption of a stratigraphical sequence) ; 
that its crystalline condition does not resemble that of the schist- 
series, but is rather such as is common in a rock of its age ; that 
it contains mica and other minerals of derivative origin, and in 
places rock-fragments which precisely resemble members of the 
Piora^ schist series, (d) The Val Canaria Section: This sec- 
tion, described by Dr. Grubenmann, is discussed at length. It 
is shown that the idea of a simple trough is not tenable, for 
identical schists occur above and below the rauchwacke ; that 
there is evidence of great pressure, which, however, acted sub- 
sequently to the mineralization of the schists ; and that in one place 
the rauchewacke is full of fragments of the very schists which are 
supposed to overlie it. (r) Nufenen Pass^ : Other cases, 
further to the west, are described, where confirmatory evidence 
is obtained as to great difference in age between the rauchewacke 
and the schists, and the antiquity of the latter. The apparent 
interstratification is explained by thrust-faulting. (4) The Jurassic 
PochSf containing Fossils and Minerals, The author describes 
4]jg. section on the Alp Vitgira, Scopi, and the Nufenen Pass. 
Il^e indubitable Belemnites and fragments of Crinoids occur in 
a dark, schistose, somewhat micaceous rock, which is often very 
full of “knots” and “prisms” of rather ill-defined external 
form, something like rounded garnets and ill-developed stauro- 
lites. These rocks at the Alp Vitgira appear to overlie, and in 
the field can be distinguished from the black garnet schists. In 
one place the rock resembles a compressed breccia, and among 
the constituent fragments is a rock very like a crushed variety of 
the black-garnet mica-schist. These Jurassic “schists” are 
totally ilifferent from the last-named schists, to which they often 
present considerable superficial resemblance ; for instance, their 
matrix is highly calcareous, the other rock mainly consisting of 
silicates. Some of the associated mica may be autbigenous, but 
the author believes much of it and other small constituents to be 
derivative. There is, however, a mineral resembling a mica, 
exhibiting twinning with (?) simultaneous extinction, which is 
authigenous. The knots are merely matrix clotted together by 
some undefinable silicate, and uifder the microscope have no 
resemblance the “ black garnets.” The prisms are much the 
same, but slightly better defined ; they present no resemblance 
to the .‘‘taurolites, but may be couseranite, or a mineral allied to ! 
dipyre. Hence, though there is rather more alteration in these | 
rocks than is usual with members of the Mesozoic scries, and an 
interesting group of minerals is produced, these so-called schists 
differ about as widely as possible from the crystalline schists of 
I he Alps, and do not affect the arguments in favour of the anti 
([uity of the latter. In short, they may be compared to rather 
poor forgeries of genuine antiques. Incidentally the aulhor^s 
observations indicate (as he has already noticed) that a cleavage- 
foliation had been produced in some of the Alpine schists anterior 
to Triassic times. After the reading of thispaper, Dr. Geikie stated 
that he had sent to Prof. Heim an abstract of the paper read by 
Prof. Bonneytothe British Association at Newcastle, and Dr. Heim 
had favoured him with a rJsumJ of his views on the subject of 
the present discussion. Having read a translation of this rhume. 
Dr. Geikie complimented the author on his cours^e in returning 
to this difficult ground, but, notwithstanding the arguments so 
skilfully brought forward that evening, he was not convinced of 
an error on the part of the Swiss geologists. Even the author’s 
own sections gave some countenance to their views, since the I 
dark gametiferous schists might c|uite well be part of the same 
series as the Belemnite-schists. In metamorphic regions there 
must be some line, on one side of which fossils are recognizable, 
on the other not so. In the Alps, as Heim and his associates 
contend, the Belemnite-schists, which have become markedly 
cigrstalline, may be less altered portions of masses from which I 
all trace of fossils has been generally obliterated. Remarks 
were also made by Mr. Eccles, Mr. Tcall, Dr. Irving, Prof. 
Hughes, the Rev. E. Hill, and Prof. Bonney. 

‘ Entomological Society^ January 1 5. -Fifty-seventh Annuai 
Meeting. — The Right Hon. Lord W^lsingham, F.R.S., Presi- 
<^nt, in the chair. — An abstract of the Treasurer’s accounts, 
showing that the finances of the Society were in a thoroughly 
satisfactory condition, was read by Dr. Sharp, one of the 
Auditors, and the Report of the Council was read by Mr. H. 
Goss. It appeared therefrom that the Society had lost during 
abe year several Fellows by death and had elected 24 new 
Fellows ; that the volume of Transactions for the year extended 
40 i)carly 600 pages, and comprised 2^ memoirs, contributed by 


20 authors and illustrated by 17 plates ; and that the sale of the 
Society’s Transactions and other publications is largely on the 
increase. It was then announced that the following gentlemen 
had been elected as Officers and Council for 1890 : — President, 
The Right Hon. Lord Walsingham, F.R.S. ; Treasurer, Mr. 
Edward Saunders ; Secretaries, Mr. Herbert Goss and the 
Rev. Canon Fowler ; Librarian, Mr. Ferdinand Grut ; and as 
other Members of Council, Mr. J. W. Dunning, Captain H, J. 
Elwes, Mr. F. DuCane-Godman, F. R.S., Dr. P. B. Mason, 
Prof. R. Meldola, F.R.S., Mr. R. South, Mr. Henry T. Stainton, 
F.R.S., and Mr. Roland Trimen, F.R.S. Lord Walsingham 
nominated Mr. J. W. Dunning, Captain Elwes and Mr. F. 
DuCane-Godman, Vice-Presidents for the Session 1890-91, 
and he then delivered an address. After remarking on the 
attractive beauty of some of the larger diurnal Lepidoptera, and 
the brilliant metallic colouring of certain species of Coleoptera, 
the influence that such magnificent examples of the wealth of 
design in Nature might have upon artistic taste, and the con- 
sequent refinement and increased enjoyment of life, Lord Walsing- 
ham referred, in illustration of the practical usefulness of 
entomological studies, to the successful importation into California 
of the Australian parasites infesting the scale insect {leery a 
purchasi\ which bad proved so noxious to the orange plantations. 
Through the efforts of Prof. Riley, upwards of 10,000 parasites 
had been distributed and had since spread very widely, so that 
in many localities the orange and other trees hitherto thickly 
infested with this noxious insect had been practically cleared of 
it by their aid. He also referred to the successful fertilization of 
red clover in New Zealand by the importation of impregnated 
queens of the common hurnhle-bee, and to the uses to which the 
silk produced by various exotic species of Bombycidm had now 
been successfully applied. Reference was then made to the 
investigation instituted by Mr. Francis Gallon, F. R. S., and to the 
experiments of Mr. F. Merrifield, with the view of determining 
the percentage of hereditary transmission to*successive offspring 
by different geiierations of successors, and to the valuable 
auxiliary such experiments and the researches of Prof. Weismann, 
Mr. Poulton, F.R.S., and others might prove to the study of the 
laws of heredity, protective resemblance, and natural selection. 
It was then observed that even if the study of entomology could 
claim to have conferred no greater benefits upon the human 
race than to have afforded to many members of our urban 
population an inducement to improve their minds and recreate 
their bodies, it would have contributed in no small degree to the 
sum of human health, happiness, and morality ; in connection 
with these remarks he quoted the words of the Abbe Umhang in 
the obituary notice of Henri de Peyerimhoff, “J’ai connu plus 
d’un jeune homme qui s’est passionne pour une branche de 
I’histoire naturelle, et je n’en ai vu aucun s’ecartcr du chemin de 
la vertu et de I’honneur.” Attention was then drawn to the 
enormous numbers of species of Insecta as compared with the 
numbers of species of other orders of the animal kingdom, and 
an approximate estimate was made of the extent of Uie field of 
entomology, and of its relation to other branches of biological 
study. In connection with the subject of the principal works in 
entomology continued or completed during the year, special 
mention was made of the “ Biologia Central! Americana,” by 
Messrs. Godman and Salvin, and the “Revisio Insectorum 
Familiae Mantidarum,” by Prof. Westwood. In conclusion. 
Lord Walsingham referred to the losses by death daring the 
past year of several Fellows of the Society and other entomo- 
logists, mention being made of Mr. F. Bond, Dr. Signorct, 
Mons. Puls, Colonel C. J. Cox, Pastor Holmgren, Dr. Franz 
Low, Dr. Karl Venus, and the Rev. J. G. Wood. Votes of thanks 
having been passed to the President, Secretaries, and Librarian, 
Lord Walsingham, Mr. II. Goss, Canon Fowler, and Mr. Grut 
replied. 

Linnean Society, January 16.— Mr. J. G. Baker, F.R.S., 
Vice-President, in the chair, — Mr. Clement Reid exhibited and 
made some remarks upon a collection of fruit of Trapa ncUans^ 
from the Cromer Forest bed at Mundesley. — }ILt* J. G.* Baker 
exhibited and* described a collection of crratogAmic plants from 
New Guinea, upon which Mr. A. W. Bennett and Captain 
Elwes made some critical remarks. — In the absence of the 
author, Mr. A. Barclay, a paper was read Mr. B. D. Jack- 
son on the life-history of a remarkable Uredine on Jasminum 
frandiflora. A discussion ensued in which Mr. A. W. 
Bennett and Prof. Marshall Ward took part. — This was followed 
by a paper from Mr. Edward E. Prince^ on certain protective 
provisions in some larval British Teleosteans. 
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Royal Microscopical Society, January 8. — Rev. Dr. 
Dallinger, F.R.S., Vice-President, in the chair. — ^Mr. T. F. 
Smith exhibited to the meeting, by means of the oxyhydrogen 
lantern, a series of photomicrographs of various* diatoms taken 
with Zeiss's apochromatic objectives and projection eye-pieces, j 
giving powers of 1000 to 7500 diameters. At the conclusion of ! 
the exhibition Mr. Smith presented the series of slides — 52 j 
in number — to the Society for future use and reference. — Mr. ■ 
T. C. White exhibited a specimen of a parasite found in the ; 
cockroaches which infest sugar-ships ; also a slide containing j 
bacilli in large numbers from a urinary deposit. — A paper by j 
Dr. R. L. Maddox, on a small glass rod illuminator, was read. — j 
Owing to the lateness of the hour, the reading of papers by Mr. 
Michael and Dr. Czapski was postponed until the March 
meeting. 

Chemical Society, January 16. — Dr. W. J. Russell, F.R.S., 
in the chair.— The following papers were read : — A new method 
of estimating the oxygen dissolved in water, by Dr. J. C. Thresh, j 
The process is based on the fact that whereas, in the absence of i 
oxygen, nitrous acid and hydrogen iodide interact, forming | 
iodine, water, and nitric oxide, in the presence of oxygen the 1 
nitric oxide becomes re-oxidized, and, serving as a carrier of the j 
oxygen, brings about an additional separation of iodine, cquiva- , 
lent in amount to the oxygen present ; hence, deducting the i 
amount of iodine liberated by the nitrous acid and by the oxygen ; 
dissolved in the solutions used from the total amount, the differ- j 
ence will be that corresponding to the oxygen dissolved in the { 
water examined. The apprratus required is a very simple <ftie, 
the analytical operations are conducted in an atmosphere of coal 
gas, and the results in the case of freshly distilled water agree 
closely with those recently published by Sir H. E. Roscoe and 
Mr. Lunt (Chem. Soc. Trans., i88g, 552).— Note on a milk of 
abnormal quality, by Mr. F. J. Lloyd. The author gave the 
results of an examination of the milk of two cross-bred short- 
horns, and called attention to the abnormally low proportion of 
solid constituents other than fat. — The sulphates of antimony, by 
Mr. R. H. Adie. 

Zoological Society, January 14. — Prof. A. Newton, 
‘F.R.S., Vice-President, in the chair. — ^The Secretary read a 
report on the additions that had been made to the Society's 
menagerie during the month of December 1889. — Mr. Sclater 
exhibited and made remarks on a specimen of a very singular 
duck from North-East Asia, apparently referable to the genus 
Tadorna^ sent to him for determination by Dr. Liitken, of 
Copenhagen. After a careful examination Mr. Sclater was in 
dined to think that it was probably a hybrid between Tadorna 
ctjsarca and Qjurquedula falcata. — Mr. Sclater exhibited and j 
made remarks on a set of small birds' bones obtained from 
beneath some deposits of nitrate in Southern Peru, transmitted 
to the Society by Prof. W. Nation. — Mr. David Wilson-Barker 
exhibited and made remarks on some specimens of Teredos taken 
from submarine telegraphic cables off the Brazilian coast, — Prof. 

!•’. Jeffrey Bell exhibited and made remarks on some living j 
specimens of Bipalium^ transmitted to the Society by the Rev. j 
G. H. R. Fisk, of Capetown. — A communication was read from , 
Mr. R. Lydekker, containing an account of a new species of j 
extinct otter from the Lower Pliocene of Eppelsheim. The * 
author described part of the lower jaw, which he had previously - 
referred to Lutra duHa^ fiom the deposits indicated. Having, 1 
however, now seen a cast of the type of the latter, he found that j 
the present specimen indicated a distinct species, for which the | 
name Z. hessica was proposed. — A communication was read j 
from Prof. Bertram C. A. Windle and Mr. John Humphreys, 
on some cranial and dental characters of the domestic dog. The 
paper was based on the results of the measurements of a large 
number of dogs' skulls of various breeds. Its object was to 
ascertain whether cranial and dental characteristics afforded 
sufficient information to permit of a scientific classification of the 
breeds, or would throw any light upon their origin. The con- 
clusion so far aitived at was that interbreeding had been $0 
extensive and complicated as to make it impossible to distinguish 
the various forms scientifically from the characters examined. 
Several points with regard to tne shape of head and palate and 
the occasional occurrence of an extra molar were also touched 
upon. — Mr. G. A. Boulenger read the fourth of his series of 
contributions to the herpetology of the Solomon Islands. The 
present memoir gave an account of the last collection brouglU 
iiome by Mr. C. M. Woodford. Besides known species, this 
collection contained examples of a new snake, proposed to be 


called Hoplocephalus elapoides. — A second paper by Mr. Bou- 
lenger contained a list of the reptiles, batrachians, and freshwater 
fishes collected by Prof. Moesch and Mr. Iversen in the districts 
of Delhi and Langkat, in North-Eastern Sumatra. — Dr. GUnther, 
F.R.S., read a paper entitled A Contribution to our Know- 
ledge of British Pleuronectidse.” The author described the^rue 
Arnoglcssus grohmanni^ a Mediterranean scald-fish, recently 
discovered by the Rev. W. S. Green on the Irish coast, and 
quite distinct from Arnoglossus lophotes. Dr. GUnther also 
stated that the Mediterranean lemon-sole {SoUa lascaris) was 
specifically identical with the British species {Solea auranUaca)^ 
but was distinct from that of the Canary Islands and Madeira 
{Solea scriba) ; and gave it as his opinion that the Mediterranean 
Solea lutea and British Solea minuta cannot be separated by any 
constant character. 

Edinburgh. 

Royal Society, January 6. — Lord Maclaren, Vice-President, 
in the chair. — Bailie Russell read an obituary notice of the late 
Sir James Falshaw, Bart. — Prof. Tait read a paper on the effeW^ 
of friction on vortex-motion. — Dr. A. Bruce described a con- 
nection (hitherto undescribed) of the inferior olivary body of 
the medulla oblongata, which has a function in the maintenance 
cf equilibrium of the body. — Dr. W. H. Perkin read a paper 
on the internal condensation of some diketones. — A photograph 
of a group of sun-spots and of the surface of the sun was pre- 
sented by Mr. James Naismith. The photograph was from a 
drawing made in 186^. 

Paris. 

Academy of Sciences, January 27. — M. Hermite in the 
chair. — On clasmatocytes, byM. L. Ranvier. The author gives 
this name (from xAder/ta, fragment, and xvros, cell) to certain 
elements which are easily detected under the microscope in the 
thin connective membranes of the vertebrates when they are pre- 
pared by a process here described. They are not migratory 
cells, but have their origin in the leucocytes, or lymphatic cells,, 
though it is not to be supposed that all leucocytes develop into 
clasmatocytes. — On the theorem of Euler in the th&ry of poly- 
hedrons, by M. dc Jonquieres. The paper deals with Lhuilier's 
objection, accepted by Geigonne, against the generalization of 
Euler's formula, which is ^own to be applicable to all poly- 
hedrons, whether convex or not. It is further placed beyond 
doubt that Euler not only enounced, but gave a full demonstra- 
tion of the formula in question. — On the roots of an algebraic 

equation, by Prof. A. Cayley. Assuming j{n) to be a rational 

and integral function, with real or imaginary coefficients, of the 

order; and supposing that the equation j (u) = o, of the order 

2^-1, has n - i roots, then it is shown that the equation 

^ {u) o will have ;/ roots. The demonstration rests on the 

same principles as those of Gauss and Cauchy. — Researches on 
the cultivation of the potato, by M. Aime Girard. The author 
communicates the re>ults of his experiments, continued for three 
years at the Ferme de la Faisanderie, Joinville-Ie-Pont, with the 
variety of the potato known as Richter's Imperator, which is 
shown to yield a far larger crop of starch-bearing tubers than any 
other variety cultivated in France. The paper was supplemented 
by some remarks by M. P. P. Dehc^rain, who stated that his own 
experiments fully confirmed those of M. Girard. There could be 
no doubt as to the great superiority of Richter's Imperator, 
especially as a starch-producing tuber. — Remarks on the 
Annuaire du Bureau des Longitudes for 1890, by M. Faye. 

In presenting a copy of this valuable annual for 18^, M. Faye 
remarked that the astronomic section of the work became more 
important every year. The present volume contains a table of 
the planetary phenomena, the most accurate available data for tfie 
variable stars, a catalogue of the chief stars whose magnitudes cor- 
respond to Pickering's photometric scale, papers on the use of the 
aneroid barometer, on the ^asticity of solids and the neutral tem-« 
perature of thermo-electric couples, together with the magnetic 
elements for France and its seaports on January 1, 1800, and at 
various Mediterranean stations for 1887. — On the simpiv rational 
transformations of algebraic surfaces, by M. Paul Painiev^. In 
this paper the author extends to the transformations in question 
M. Picard’s meth^ relative to the biralional transformations 
of algebraic surfaces. — ,On the substitution of the salts in mixed 
solutions, by M. A. EtarA. In his previous researches the 
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author determined the lines of complete solubility for a mixture 
of potassium and sodium chlorides, varying the quantity of the 
metals saturated by the same metalloid as a function of the tem- 
perature. He studies the reverse case here, determining the 
results when in a solution of the same metal the metalloids are 
varfcd. — On the different states of iodine in solution, by MM. 
Ilenri Gautier and Georges Charpy. Iodine solutions are 
usually divided into two classes — brown (alcohol, ether, &c.) 
and violet (sulphur of carbon, chloroform, benzine, &c.). The 
molecular weignts have been determined by Raoult’s method, 
-and results were obtained varying from 330 to 489, according to 
the solvent ; Loeb’s results are thus confirmed and amplified. 
— Calorimetric study of the phosphites and pyro-phosphite 
of soda, by M. L. Amat. These researches fully confirm 
the author’s previous conclusion that the acid phosphite of 
soda, POjH.NaH, may, by the simple process of drying, 
Jose water and become transformed into pyrophosphite of 
soda, a substance differing in many of its properties from the 
phosphite. — A study of the pneumococcus occurring in the 
"nmrine pneumonia consecutive to la f[rippe (influenza), by MM. 
G. See and F. Bordas. From these clinical researches, made 
on a laige number of patients in the Hotel-Dieu, the authors 
conclude that pneumonia is not only a local affection caused by 
infection, but that it is itself infecting in the sense that it may 
invade other organs. — Papers were read by M. Chr. Bohr, on 
pulmonary respiration ; by M. Abel Dutartre, on the poison 
of the land salamander; by M. Ch. Mui^set, on ^'selenotrop- 
ism ” (influence of moonlight on plants) ; by M. A. de Schulten, 
on the artificial reproduction of malachite all but identical in 
density, hardness, and crystallization with the natural stone ; by 
M. A, de Grossouvre, on the presence of Alpine fi)ssils in the 
Callovian formation of the west of France ; and by M. Ch, V. 
Zenger, on the magnetic storms and aurorae boreales of the years 
1842-57. 
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RELIGIOUS INSTITUTIONS OF THE SEMITES. 

Lectures on the Religion of the Semites. The Funda- 
mental Institutions. By W- Robertson Smith. (Edin- 
burgh : Black, 1889.) 

T he volume before us contains the first series of 
lectures on “ the primitive religions of the Semitic 
peoples, viewed in relation to other ancient religions, and 
to the spiritual religion of the Old Testament and of 
Christianity,” which the Trustees of the Burnett Fund 
asked Prof. Robertson Smith to deliver at Aberdeen in 
the year 1887. As may be readily imagined, the selection 
of Prof. R. Smith as lecturer on the subject which, of all 
men in England, he had made peculiarly his own, was 
approved of by Semitic scholars and by the more liberal- 
minded of the clergy of all denominations. There were 
and are, of course, many who will view the publication of 
these lectures in a book form with anything but favour ; 
still it is quite certain that they must, if honestj^ read 
and candidly thought over, bring many of this class over 
to the view, which is gaining ground with great rapidity, 
that, if the Hebrew Scriptures are to be properly under- 
stood by us, and their value accurately gauged, we must 
bring to their consideration the same amount of common- 
sense, the same critical investigation, and the same weigh- 
ing of evidence, which we should bring to bear upon any 
piece of general history. The Bible is a unique work, 
and is the production of many writers who lived at 
different periods. In it we have a mixture of historical 
facts fused with legend, poetry, folk-lore, stories, and 
traditions, deeply devotional religious hymns, prophecies, 
and descriptions of scenes in the life and history of the 
sons and descendants of Abraham. Anyone who knows 
the Oriental character will understand at once why the 
book is such a favourite with the Eastern Semites, and 
will see that it is precisely the kind of work which their 
writers could not help producing ; it is the greatest mis- 
take possible, however, to assume that the book could 
only be the production of a certain branch of the Semitic | 
race. This is what has been thought for centuries by | 
clergy and laity alike, and as a result its value has been { 
much underrated and its evidence only partly understood ; 
also, for hundreds of years the value of the Hebrew text 
from the point of view of comparative philology was 
rendered useless because a powerful section of the Church 
declared that the vowel-points were an integral part of 
the text itself, and not an addition to it made by the 
Rabbis of Tiberias because the true pronunciation of the 
language was dying out and was not generally understood. 
The Bible has lost nothing in the eyes of scholars because 
it has been proved that the vowel-points are not fourteen 
hundred yean old, and that the learned men who added 
the points m^e mistakes themselves ! It is hard to say 
what provoked the intense opposition of certain sects of 
the Church a few years ago to historical research as 
applied to the New Testament. It may be that the 
manner in which the German philologists and com- 
mentators carried on their investigations, and expressed 
their opinions, caused the narrow-minded, and we may 
VoL. XLi.— No. 1059. ' 


add unlearned, theologians of the English Church to 
abhor and detest all such works ; nevertheless, we ven- 
ture to believe that, in spite of all the so-called destructive 
criticism of Kuenen and Wellhausen, the Bible has 
gained more by the labours of the critical scjiool, ot 
which these two scholars are brilliant examples, than it 
has lost. It is but a few years since Prof. Robertson 
I Smith defended his views on historical research as 
I applied to the Old Testament before the courts of his 
j Church, in which bigotry and ignorance of modem 
research were curiously blended, and in a very few years 
it will be difficult to believe that such a trial — the only, 
result of which was the loss to his Church of its most 
learned member — ever took place. 

The lectures printed in the first volume of Prof. 
Robertson Smith’s work arc eleven in number, andMdty 
relate to the fundamental institutions of the Semitic 
race as a whole, viz. sanctuaries, sacrifices, first-fruits, 
tithes, the blood covenant, fire sacrifices, sacrificial gifts, 
&c. The introductory lecture explains clearly the method 
of inquiry into the subject, and states the lines upon 
which this inquiry is to be based. Practically speaking, 
Prof. Robertson Smith says ; — We have the Bible with 
its remarkable accounts of the institutions of the ancient 
Jews, and of the ancestors of these Jews. We want to 
find out a great deal more about them than is stated in 
it, because the writers, taking for granted that its readers 
would understand not only their arguments but the facts 
which led up to them, and the history and manners and 
customs of the race to tvhich they belonged, only made 
sufficient reference to them to make the p 9 int under dis- 
cussion perfectly clear. The Jews were a small nation, 
belonging to the great Semitic race, which had a great 
deal in common with the other peoples of the race, viz. 
Assyrians, Babylonians, the dwellers of Syria, &c., whom 
we have been taught to look upon as heathen outside the 
pale of the salvation of the Jewish God. Now the Jews 
have left behind them fewer remains than any other nation 
belonging to the great Semitic race ; the other nations 
of this race, however, have left behind them inscriptions, 
buildings, books, &c., the study of which will cast much 
light upon the manners and customs of the peoples de- 
scribed in the Old Testament. The last sixty years have 
made us acquainted with the languages which these people 
spoke, we have learned the relationships of these nations 
to each other, we have certain fixed points In their chrono- 
logy, and we know a great deal about their religion and 
their public and private life. Let us then compare the 
records of all these various families of the Semitic race, 
and see how much they have in common, where they 
differ, and if possible let us try and find out how they 
differ. With a mind well stocked by the study of the 
native records of the great Semitic nations. Prof. 
Robertson Smith begins this difficult task. At the outset 
he distinguishes between Judaism, Christianity, and Islam, 
which he calls positive religions, and the systems of 
ancient heathenism. Each of the positive^religions, how- 
ever, was built upon the beliefs and customs of ancient 
heathenism, and we can only understand a system of 
positive religion when we understand the principles of the 
religion which preceded it. The Helmws had many re- 
ligious conceptions and usages in Common with many 
kindred peoples ; and^ as the matter is pithily put by 

O 
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Prof. Robertson Smith, “those who had no grasp of 
spiritual principles, and knew the religion of Jehovah 
only as an affair of inherited usage, were not conscious 
of any great difference between themselves and their 
heatheff neighbours, and fell into Canaanite and other 
foreign practices with the greatest facility. . . . Tradi- 
tional religion is handed down from father to child, and 
therefore is in great measure an affair of race. Nations 
sprung from a common stock will have a common inherit- 
ance of traditional belief and usage in things sacred as 
well as profane, and thus the evidence that the Hebrews 
■ and their neighbours had a large common stock of 
religious tradition falls in with the evidence which we 
have from other sources, that in point of race the people 
of Israel were nearly akin to the heathen nations of 
Syfryand Arabia.” Prof. Robertson Smith, in common 
with the general opinions of the best scholars, is inclined 
to place the original home of the Semitic race in the 
Arabian peninsula, and it is pretty certain that, from time 
immemorial, the tract of land bounded by the Medi- 
terranean on the west, Persia on the east, the Armenian 
mountains on the north, and the Indian Ocean on the 
south, was peopled by tribes who spoke Semitic dialects. 
It must not be forgotten that the so-called Babylonians 
had their territory invaded by a horde of warlike but 
intelligent men from the east who eventually succeeded 
in imposing upon them the cuneiform writing. After all 
the nonsense which has been talked during the last few 
years about the so-called “ Hittites ” being identical with 
the Hittites of the Bible, it is refreshing to find a scholar 
like Prof. Robertson Smith stating plainly that the “ Hit- 
tites of the Bible . . . were a branch of the Canaanite 
stock, and that the utmost concession that can be made 
to modem theories on this subject is that they may for a 
time have been dominated by a non-Semitic aristocracy.” 
It is as well to say at once that no successful attempt has 
yet been made to decipher the “ Ilittite ” inscriptions, and 
none can be made until a bilingual inscription has been 
found. The “boss” of Tarkondemos is, no doubt, a 
forgery ; but, even granting that it is not, no one can 
certainly say what or how many of the signs in the centre 
of the “ boss ” represent one of the words in cuneiform 
around it. I 

Prof. R. Smith is quite right not to place too much j 
trust in the traditions of the Babylonian religion as made j 
known to us by the cuneiform inscriptions. It is true | 
that these are the oldest Semitic inscriptions known to ' 
us, but it is to be remembered that the writing itself and 
many of the religious myths and traditions known to the 
Babylonians were either forced upon them by, or bor- i 
rowed from, their conquerors from the east. Just as 
the Arabic language is the right point to start from in 
the study of comparative Semitic mythology, so the 
traditions of the old, heathen inhabitants of Arabia are 
< those which must form the ground-work of any compara- 
tive inquiry into the traditions of Semitic religion gener- 
ally. The remainder of the first lecture is occupied with 
general statements of an important nature, which no 
reviewer could do justice to in an ordinary review. Lecture 
II. describes the primitive Semitic society and its religion ; 
the oldest Semitic communities and their gods ; the 
fatherhood of the g^ds, and the kinship of gods and men ; 
monarchy and monotheism, &c.^ Lecture III. discusses 


the gods, jinn,vtotems, and Semitic totemism ; Lecture IV.,, 
holiness, taboo, the sanctuary, and the jealousy of the 
god; Lecture" V., sanctuaries, holy waters, trees, caves, 
and stones ; Lecture VI., sacrifice in all its various forms ; 
Lecture VII., first-fruits, tithes, and sacrificial meals ; 
Lecture VIII., the original significance of animal sacrifice ; 
Lecture IX., the sacrificial efficacy of animal sacrifice, the 
blood covenant, &c. ; Lecture X., the development of 
sacrificial ritual and fire sacrifices ; Lecture XL, the 
special ideas involved in piacular sacrifices. A series of 
“additional notes” (A — N) and a good index complete 
the volume. Prof. Robertson Smith’s arguments are 
sound, and they are carefully reasoned out ; but as new 
material comes to hand some of the details may require 
alteration. The work deserves the careful study of all 
scholars who are anxious to meet with a straightforward, 
unbiassed statement upon the difficult subject of ancient 
Semitic religion ; where it has been necessary to combat 
opposite opinions, the discussion is carried on with fairness 
to the scholars concerned, and consequently with credit to- 
the author of these lectures. The works of Kuenen, Well- 
hausen, and Goldziher, repel, rather than attract, many 
reader s ; we do not imagine that any honest seeker after 
truth, be he theologian or lay reader, will turn away from 
the perusal of these lectures, having once begun to read 
them. It is to be hoped that Bible commentators will at 
once embody in their works the explanations of the large 
number of Scriptural passages which have, up to the 
present, been simply not to be understood. It is also to 
be hoi>ed that Prof. R. Smith will soon be enabled to give 
to the world the concluding part of his valuable work, the 
publication of which is a sign of the times in England. 


ALGEBRA. 

Algebra : an Elementary Text-book for the Higher 
Classes of Secondary Schools and for Colleges. By 
C,. Chrystal, M.A. Part II. (Edinburgh : Adam and 
Charles Black, 1889.) 

^''HE work before us is the realization of the hope with 
J- which we concluded our notice of the first part 
(Nature, vol. xxxiv. p. 614). 

The author apologizes for the delay in its appearance. 
The occtipation of a busy life would be to most men 
a sufficient raison d'etre for such delay, and to this has 
been added a further source of delay arising from circum- 
stances of a private character. Students, however, have 
gained hereby, for the work has grown in the progress of 
its construction. It has not, “as some one prophesied, 
reached ten volumes,” for this is the concluding volume ; 
but it has, we are told, cost the writer infinitely more 
trouble than he expected. The first instalment extended 
to 542 pages ; this one, with answers and index of names 
(which we are glad to have), is comprised in 588 pages. 
The prominent features of the exposition as to its 
“ singular ability and freshness of tre^r<nent ” are as 
conspicudus here as in Part I., and we heed not repeat 
the praise which we accorded to it {J.ci). 

Let us hearken to Prof. Chrystal, for he always writes 
to the point 

“The main object of Part II. is to deal as thoroughly 
as possible with those parts* of algebra which form, to 
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use Euler’s title, an ‘ Introductio in Analysin Infini- 
torum.’ A practice has sprung up of late (encouraged by 
demands for premature knowledge in certain examina- 
tions) of hurrying young students into the manipulation 
of the machinery of the differential and integral calculus 
Ijefore they have grasped the preliminary notions of a 
limit and of an infinite series^ on which all the meaning 
and all the uses of the infinitesimal calculus are based. 
Besides being to a large extent an educational sham, this 
course is a sin against the spirit of mathematical progress. 
The methods of the differential and integral calculus, 
which were once an outwork in the progress of pure 
mathematics, threatened for a time to become its grave. 
Mathematicians had fallen into a habit of covering their 
inability to solve many particular problems by a vague 
wave of the hand towards some generality, like Taylor’s 
theorem, which was supposed to give ‘ an account of all 
such things,’ subject only to the awkwardness of practical 
inapplicability. Much has happened to remove this 

danger and to reduce djdx and j dx to their proper place 

as servants of the pure mathematician. . . . For the 
proper understanding of this important branch of modern 
mathematics \i.e. function-theory], a firm grasp of the 
doctrine of limits and of the convergence and continuity 
of an infinite scries is of much greater moment than 
familiarity with the symbols in which these ideas m»y be 
clothed. It is hoped that the chapters on inequalities, 
limits, and convergence of series [chapters xxiv.-xxvi.], 
will help to give the student all that is required both for 
entering on the study of the theory of functions and for 
rapidly acquiring intelligent command of the infinitesimal 
calculus. In the chapters in question, I have avoided 
trenching on the ground already occupied by standard 
treatises ; the subjects taken up, although they are all 
important, are either not treated at all or else treated very 
perfunctorily in other English text-books.” 

No student who masters the present treatise will pass 
such judgment upon these chapters, or, indeed, upon any 
part of the work. What the writer aims at, and succeeds 
in achieving, is thoroughness. 

The first part occupied twenty-two chapters ; the second 
part occupies chapters xxiii.-xxxvi. 

Following on the lines of our previous notice (/.f.), we 
give a brief analysis of the chapters ; — 33, permutations 
and combinations (with applications to binomial and 
multinomial theorems, distributions and derangements, 
and the theory of substitutions) ; 24-26, see extract above ; 

27, binomial and multinomial theorems for any index : 

28, exponential and logarithmic series (with an account, 
and applications, of Bernoulli’s numbers) ; 29, 30, summa- 
tion of the fundamental power-series for complex values 
of the variable, and general theorems regarding the ex- 
pansion of functions in infinite forms — these are two 
splendid chapters, which the author says 

“ may be regarded as an elementary illustration of the 
application of the modern theory of functions. They are 
intended to pave the way for the study of the recent 
works of Continental mathematicians on the same subject. 
Incidentally, they contain all that, is usually given in 
English worl» under the title of analytical trigonometry. 
If anyone sl^ld be scandalized at this traversing of 
the boundarie^of English examination subjects, I must 
ask him to recollect that the boundaries in question were 
never traced in accordance with the principles of modern 
science, and sometimes break the canon of common- 
sense. . . . The timid way, oscillating between ill-founded 
trust and unreasonable fear, in which functions of a com- 
plex variable have been treated in some manuals, is a 
little discreditable to our intellectual culture. Some ex- 


pounders of the theory of the exponential function of an 
imaginary argument, seem even to have foigotten the 
obvious truism that one can prove no property of a 
function which has not been defined.” 

Chapter 30, moreover, closes with “a careful dis- 
cussion of the reversion of series and of the expan^on in 
power-series of an algebraic function — subjects which 
have never been fully treated before in an English text- 
book, although we have in Frost’s curve-tracing an 
admirable collection of examples of their use” (this is a 
work often referred to with high commendation in the 
text). To resume our analysis, chapter 31 is on the 
summation and transformation of series in general ; 
32-34 gives a thorough discussion of continued fractions 
and their applications ; 35 gives numerous general pro- 
perties of integral numbers ; and 36 is on probability^ 
the theory of averages. In this last chapter the author 
has omitted certain matter of doubtful soundness and 
of questionable utility ; and filled its place by what I 
hope will prove a useful exposition of the principles of 
actuarial calculation.” 

The student of the present day knows that “ things are 
not always what they seem,” so when he hears that an 
elementary text-book of algebra occupies more than a 
thousand octavo printed pages, he is prepared to find 
that the “ elementary ” is comparative, and the “ algebra ” 
comprises some other subjects, in ordinary parlance, 
called by other names. He will find the present work 
most readable, provided he comes to the perusal with 
the requisite knowledge <and ability, and when he has 
got to the end of the course he will have ^n excellent 
foundation for all his after mathematical reading. Prof. 
Chrystal gives good advice, which we copy. “ When you 
come on a hard or dreary passage, pass it over ; and come 
back to it after you have seen its importance or found the 
need for it further on. To facilitate this skimming pro- 
cess, I have given, after the table of contents, a sugges- 
tion for the course of a first reading.” There are 
numerous “ historical notes,” which form a conspicuous 
and useful feature of the whole work. 

The author uses the expression (see above) “ dreary 
passage ” : we have not come across these, but we can 
certify with regard to the first part, that we have taken it 
up again and again, and have always found it difficult to 
rest contented with a brief glance, and the part before us 
appears, in some respects, to be even more attractive. 

FERMENTATION WITH PURE YEAST. 

The Micro-organisfns of Fennentaiton, practically 
considered. By Alfred Jorgensen. Edited from the 
German by G. Harris Morris, Ph.D., F.C.S., F.I.C., 
&c. With an Introduction by Horace T. Brown, 
F.C.S., F.I.e. (London: F. W. Lyon, 1889.) 

• 

D uring the past ten years in which the investigation. 

of micro-organisms and their functions has been 
so actively pursued theft has been a conspjpuous absence 
of any work dealing with the progress made in our know- 
ledge of those particular forms which are of industrial 
importance. Thus whilst numerous text-books in various 
languages have appeared embodying the latest discoveries 
in the relationship of micro-organisfc)s to disease, the 
only noteworthy treati|e on the technological side of 
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bacteriology since Pasteur’s “ Etudes sur le Vin, le 
Vinaigre, et la Bifere,” the last of which was published 
in 1876, is Alfred Jorgensen’s “ Micro-organismen der 
diihrungsindustrie” (1886), of which the volume before 
us is an edited translation. This lack of text-books is 
doubtless in great measure due to the industrial aspects 
of micro-organisms having been comparatively neglected 
during the time that Pasteur, Koch, and their numerous 
disciples have been , busily engaged in the investigation 
of questions of still more absorbing human interest. 
But whilst the great majority of bacteriologists have 
' during this past decade been thus occupied in establishing 
or endeavouring to establish the connection between 
numerous diseases and specific organisms, a few more 
silent workers have been patiently engaged upon the less 
seri^tional though no less arduous task of placing the 
fermentation industries on a more scientific basis, adding 
in fact to the structure which had been commenced by 
Pasteur in his “ Etudes ” referred to above. The fore- 
most in this field of research has unquestionably been 
Christian Hansen of the now world-famed Carlsberg 
Laboratory near Copenhagen, and to a concise and 
most lucid description of whose successful labours the 
present volume is chiefly devoted. The principal addi- 
tion which has been made to our knowledge of the 
fermentation organisms by Hansen has been the precise 
characterization of a number of different races” of 
yeast and the determination of the specific features of the 
fermentation induced by each particular race. Thus 
whilst Pasteur attributed the various diseases in wine 
and beer to the presence of organisms other than yeast, 
Hansen has shown that certain races of yeast itself are 
capable of bringing about most serious disturbances in 
the fermentation process. The lines on which Hansen 
has differentiated these several races of yeast, and the 
methods by which their pure culture may be effected are 
clearly though briefly described in this work, with which 
latest developments of brewing technology, both the author 
and translator have already identified themselves in the 
past. 

'fhe influence which has been exerted by the researches 
of Pasteur and Hansen on the practical conduct of the 
fermentation industries is quite analogous to that which 
has resulted in surgery from the investigations of Lister 
and Koch, in both cases the principle of rigid scientific 
cleanliness has become the order of the day. Thus we 
read, "the air in the fermenting-room may contain a 
world of germs which, in the fermentation industries, 
bring with them the most calamitous results ; it is, how- 
ever, possible to obtain air free from these invisible germs, 
and it admits of no doubt that, on the one hand, the puri- 
fication of the air in the fermenting-room by passing it 
through a salt-water bath, and, on the other hand, the 
mpst rigidly executed order and cleanliness in the cellars 
^ of the Old Carlsberg brewery, stand in direct relation to 
the results.” 

• From a practical point of view* the chief merit due to 
Hansen is that he has not only shown how pure growths 
of yeast may be obtained in the laboratory, but that he 
has further devised methods by which these pure cultures 
may actually be employed on the largest brewery scale. 
This brewing with* pure yeast has already assumed very 
Uufe dipensions on the Continent where a continually 


increasing number of breweries receive regular supplies 
of pure material. We have ourselves visited the labora- 
tories of the Wissenschaftliche Stationen fur Braueret 
und Brennerei at Berlin and at Munich, and can testify 
to the impressiveness of witnessing the careful prepara- 
tion on the manufacturing scale of different forms of pure 
yeast, each possessed of specific fermenting properties, 
which are then transmitted to various parts of Europe ac- 
cording to the special requirements of different breweries. 
These experimental brewing-stations, like so many other 
similar institutions on the Continent, are directly or 
indirectly subsidized by the State and number amongst 
their staff men of universal reputation in their particular 
departments. As we should anticipate, this method of 
scientific brewing with pure yeast has so far taken no root 
in this country, although we are glad to know that the 
translator, along with Mr. Horace Brown, has for some 
time past been engaged upon its experimental trial, and 
we learn from the latter in his introduction to this book 
“ that, in a more or less modified form, pure yeast culture 
will play a very important part in the brewing of the future 
in this country.” 

This little work, which is condensed into 166 pages, and 
profusely illustrated and provided with an admirable 
bibliography, should receive the most careful attention 
from practical men, for whom it is mainly intended. Even 
the purely scientific student will find much in its pages 
that should prove of service to him. 

Percv F. Franklani>. 


OUR BOOK SHELF, 

An Epitome of the Synthetic Philosophy. By F. Howard 

Collins, with a Preface by Herbert Spencer. (London ; 

Williams and Norgate, 1889.) 

Thb: aim and scope of this work cannot be more tersely 
or more accurately conveyed than by quoting in extenso 
the “ compiler’s preface.” 

“ The object of this volume is to give in a condensed 
form the general principles of Mr. Herbert Spencer’s 
Philosophy as far as possible in his original words. In 
order to carry out this intention each section (§) has been 
reduced, with but few exceptions, to one-tenth ; the five 
thousand and more pages of the original being thus re- 
presented by a little over five hundred. The Epitome 
consequently represents *■ The Synthetic Philosophy ’ as it 
would be seen through a diminishing glass : the original 
proportion holding between all its varied parts. 

" Should this volume lead the general reader to a 
better acquaintance with Mr. Spencer’s own works, I 
shall feel amply repaid for my labour. 

** My warmest tnanks are due to Mr. Spencer for his 
invaluable preface; and also to Miss Beatrice Potter, 
and Mr. Henry R. Tedder, F.S.A., the able and accom- 
plished secretary and librarian of the Athenaeum Club, 
for their valuable suggestions while the work has been in 
progress.” 

The desirability of such an undertaking, supposing it 
to have been successfully accomplished, is^oth manifest 
and manifold. Mr. Spencer’s works ar&so voluminous 
that it is ifhpossible to acquire a knowledge of his system 
of philosophy as a whole without devoting to it an ex- 
penditure of time which is practically impossible for most 
men who are not specially engined in philosophic studies. 
Moreover, even to a reader who is thus specially engaged, 
and who therefore desires fully to master this system, no 
small difficulty is experi«iced from the fact that hitherto 
there has not been so much as an index to guide his 
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studies through these reams and reams of paper. Con- 
sequently, the hrst class of readers have hitherto for the 
most part been satisfied to gain ■ their knowledge of 
Spencer through the “ Cosmic Philosophy” of Fiske, 
-while the latter class have experienced a hitherto hopeless 
difficulty in refreshing their memories upon particular 
points, or in finding passages to which they may wish to 
refer in publications of their own. Speaking for our- 
selves, we are conscious of often having done a negative 
injustice to Mr. Spencer on this account, simply because, 
in order to avoid the possibility of any positive injustice 
in the way of misrepresentation, we have deemed it wisest 
not to allude to him at all. 

Now, the epitome which Mr. Howard Collins has 
supplied so admirably satisfies all the requirements of 
the case that henceforth the general reader will be able 
to acquire a clear knowledge of Mr. Herbert Spencer’s 
philosophy in one-tenth of the time that it has hitherto 
been necessary to expend, while — as Mr. Spencer himself 
observes in his highly commendatory preface — more 
serious students will find that “ a clear preliminary con- 
ception is more readily obtained from a small outline- 
map than from a large one full of details.” Lastly, for all 
purposes of reference, this epitome leaves nothing to be 
desired ; for not only does it run parallel with the original 
— chapter by chapter and section by section— but it is also 
furnished at the end with an alphabetical index of svrtyect- 
matter : so that, if a man is writing upon any of the in- 
numerable topics which Mr. Spencer has handled, he 
can immediately ascertain all that Mr. .Spencer has said 
with regard to them. 

For these reasons we cordially recommend this most 
painstaking epitome to every class of readers ; and we 
cannot doubt that its publication will greatly promote the 
diffusion of Mr. Spencer’s thought in all the ^English- 
speaking communities of the world. G. J. R. 

The Earth and its Story. Edited by Robert Brown, 

Ph.D., F.L.S. (London : Cassell and Co., 1889.) 

The continued publication of good and popularly written 
scientific works is one of the most gratifying signs of the 
times ; it testifies, in no uncertain manner, to the growth of 
a taste for scientific knowledge in the mind of the general 
public, and hence is a matter of congratulation. 

Of all the sciences none may perhaps be made more 
interesting than physical geography, or its modern 
equivalent physiography. The desire to know something 
aoout the earth’s position in the universe, its formation,* 
and its inhabitants, is and always has been innate in man, 
and we are glad, thereforfe, to welcome works that may 
satisfy this craving after light. The one before us deals 
in a comprehensive manner with the geographical dis- 
tribution of plants and animals, and the agents concerned 
in their dispersion ; with the physics of the sea, waves, 
currents, and tides ; with terrestrial magnetism ; climate 
and the causes affecting its distribution ; rainfall and 
precipitation in general. A considerable amount of space 
is given to descriptions of geological formations and the 
fossils they contain, whilst ideal landscapes with restored 
animals are plentifully figured. We regret, however, that 
only a very meagre description is given of the earth as a 
planet. It must be remembered that astronomy is a 
very important part of physiography, even when looked at 
from a utilitarian point of -wew. The reason why the 
movements >of the heavenly bodies have been studied 
from time ii^emorial is that a knowledge of them 
was necessarynn order to meet the vicissitudes of life, and 
even before primitive man had inquired into the constitu- 
tion of the earth he had arrived at crude conceptions as 
to the constitution of the universe from uncritical obser- 
vations of celestial phenomena. The priority of these 
conceptions demonstrates their importance, and therefore, 
in a work intending to convey earth knowledge, the 
verification of the earth’s rotation and revolution and the 


determination of its true size and shape should cerlUiinly 
be included. The measurements of arcs of meridian, 
whereby the exact size and shape of the earth may be 
found, are easy to describe, and preferable to the proofs of 
the earth’s rotundity] known in the time of Peate ; be- 
sides whichr such investigations essentially bekmg to 
physical geography. But, excepting these omissions, 
the work is one of sterling value ; it is profusely illus- 
trated, each of the two volumes containing twelve 
coloured plates and about 270 woodcuts, and the explana- 
tory text is very readable and interesting throughout. 
Such a production will naturally gravitate to the free 
public libraries and similar institutions, and will be of 
great use in extending scientific knowledge. • 

Steam. By William Ripper, Professor of Mechanical 

Engineering in the Sheffield Technical School. 

(London ; Longmans, Green, and Co., 1889.} 

This volume consists of an elaboration of notfl^f 
lectures given by the author to an evening class of young 
mechanical engineers. For its size, it contains much 
useful information ; and the simplicity of expression, and 
the absence of elaborate calculation, throughout the 
chapters help to make it suitable for elementary classes. 
The author gives special prominence to the principles 
involved in the economical use of steam. This part of 
the book is particularly lucid and concise, being perfectly 
clear to the average student. He also describes well the 
compound, triple, and quadruple expansion engines, 
especially dealing with the general idea of the expansion 
and course of the steam through the cylinders on its way 
to the condenser, as well as with the general laws regu- 
lating the volumes of the cylinders. Although the 
subject is treated in an elementary manner, there is much 
sound work in the boolt. Text-books on steam have 
greatly improved of late years from an engiaeer’s point of 
view, and the present volume is a good example of the 
way in which the subject should be handled for the 
beneht of budding engineers. 

The illustrations and diagrams are good, the former 
being taken from engines in actual practice. Fig. 134, 
however, does not represent particularly good practice. 
The flat crown of the fire-box of locomotive type of 
marine boilers is probably seldom stayed after the 
manner shown ; the crown stays being generally screwed 
through the shell of the boiler, and either rivetted over or 
fastened with a nut and a copper washer. Assuming 
that these stays are screwed through the fire-box crown 
sheet, it would be interesting to know how the author 
proposes to place them in position, as shown in the 
figure. Fig. 137 represents a Ramsbottom locomotive 
safety valve. Although correct in principle, it is quite a 
curiosity in point of design, the valve in general use 
being very different in appearance, as the reader may 
observe by referring to the one shown on the locomotive 
boiler illustrated in Fig. 132. We may say in conclusion 
that a fuller index would have added considerably to the 
value of the book. N. J. L. 

Australia Twice Traversed. By Ernest Giles. In Two 
Vols. (London : Sampson Low and Co., 1889.) 

The narrative presented in these volumes has been com- 
piled by Mr. Giles from the journals written by him during 
five exploring expeditions into and through central South 
Australia and Western Australia from 1872 to 1876. The* 
materials of the book are not, therefore, very fresh, but 
this ought not to detAct much from theyr interest, ag 
hitherto only firagmentary accounts of Mr. Giles’s travels 
have been printed. It must be admitted that records of 
wanderings in the interior of Australia are not usually very 
fascinating. Mr. Lumholtz’s book, which we lately re- 
viewed, is a brilliant exception to the general rule. We 
cannot say that Mr. Giles’s work rises'to an equal height 
above the ordinary leve^ ; for it lacks that fine insight into 
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native life and temperament which is the special and most 
valuable characteristic of the Danish explorer’s record, 
Moreover, Mr. Giles had to pass through much desert 
country, the description of which could have been invested 
with charm only by a writer of genius. The book, how- 
ever, Shows that he has the courage, resource, and spirit 
of enterprise which are absolutely essential to an explorer, 
and here and there his story is lighted up by what he has 
to say about the few well-watered and pleasant tracts of 
land through which he passed during his various journeys. 
His explorations were necessary links in the chain of 
Australian geographical research, and he has acted wisely 
in preparing a full and accurate account of them. The 
value of the work is considerably increased by maps and 
illustrations. 

New Zealand for the Emigrant^ Invalid^ and Tourist. 

John Murray Moore, M.D. (London: Sampson 
l^w and Co., 1890.) 

Dr. Moore spent nine years in New Zealand, and 
not only enjoyed his stay, but derived from it renewed 
health and vigour. When, therefore, he began to set 
down the results of his observation and experience, he 
was in the right mood for the production of a genial 
and appreciative record ; and his book ought to be of 
considerable service to each of the three classes men- 
tioned on the title-page. The most original parts of 
the work are two chapters, in one of which he indi- 
cates the various climatic zones into which New Zealand 
as a health-resort is divisible, while in the other he 
presents a full account of the characters and therapeutic 
achievements of the principal thermal springs of the North 
Island. Both of these chapters will be read with interest 
by medical men, and by invalids who may feel disposed, 
as the author puts it in the rhetorical style he sometimes 
affects, to " fly on the wings of steam to the realm of the 
Southern Cross.^’ He gives a good description of Auck- 
land, the Naples of New Zealand,” and sets forth plea- 
santly and effectively the impressions produced upon him 
during excursions to the hot lakes and terraces, and to 
the west coast Sounds. An instructive chapter is 
devoted to the volcanic eruption of Mount Tarawera, 
and Dr. Moore offers much valuable information about 
self-government in New Zealand, and the settlement of 
the land ; and about social life, public works and institu- 
tions, productions and industries. The volume includes 
several maps, in one of which are shown New Zealand’s 
climatic zones. 


LETTERS TO THE EDITOR. 

{Thi Editor does not hold himself responsible for opinions ex^ 
pressed fy his correspondents. Neither can he undertake 
to return^ or to correspond with the writers rejected 
manusenpts intended for this or any other part of Natvm, 
No notice is taken of anonymous communications.^ 

A Key to the Royal Society Catalogue. 

In his anniversary address to the Royal Society, the President, 
referring to the great catalogue of scientific papers, used these 
words: — “The utility of the work would obviously be much 
increased if it could be famished with some sort of key, enabling 
persons to find what had been written on particular subjects. I 
am not .vi^hout hopes that this very desirable object mav yet be 
accomplished, notwithstanding the magnitude of any such under- 
staking.’* Ain), ost everyone engaged Mn scientific research must 
liave felt the want of such a key, and will join in the President’s 
hopes. My present object is to suggest a scheme for supplying 
the want at comparatively little trouble and expense. 

A complete subject index, arranged in alphabetical order, 
woi^My^deed be a great undertaking. The subdivisions being 
minlfl^^^most of the papers would have to be catalogued more 
thaw '•Ojipce, and, even if the references were only to the name of 
ihi author and the number of the pa^er in the present catalogue, 


the new catalogue would probably be as large as the old.*^ The 
key that I suggest would be much smaller, and yet in many cases 
more convenient. The proposal can hardly be novel, but its 
advantages may not have been fully realized. Divide up the 
whole of science into some 5000 heads, classified in their natural 
order underthe various branches — pure mathematics, astronomy, 
physics, chemistry, &c. Under each head place the names of the 
writers who have treated of the subject, with the dates of their 
earliest and latest papers thereon. If the heads are skilfully 
selected it will seldom be necessary to classify a paper under 
more than one head. 

Some idea of the size of the suggested work may be gained 
from the following considerations. In the eight volumes of the 
catalogue at present published (1800-63 and 1863-73) are the 
names of about 57, 000 authors, treating the names in the second 
part as entirely new. Of these, about 30,000 have only one 
paper each, and the remaining 27,000 average about eight papers 
each. In view of the tendency of all writers to devote them- 
selves to special subjects, three heads seem a fair allowance for 
the papers of each of the 27,000 authors. We have thus 1 1 1,000 
authors’ names to be catalogued under 5000 heads, giving an 
average of about 22 names to each head. Such a list, printed 
in the style of the present catalogue, but with three columns 
instead of two in a page, would fill a volume of about 800 pages. 
Each of the present volumes contains about 1000 pages, and is 
sold at 20^., which we are told covers the cost of the paper and 
printing. If the sections devoted to the various sciences — 
chemistry, geology, &c. — were published separately, the sale 
wou1i!i probably be large. 

With regard to the use of this list, the labour of looking up 
20 or even 50 names in the main catalogue would generally be 
trifling compared with the unavoidable labour of reading the 
actual papers when the references had been found. In many 
cases the dates would show at once that certain authors need not 
be referred to. Even if we had a complete alphabetical subject 
index, it would be necessary to think of every possible word by 
which the particular subject in question might be denoted, so 
that the classified list, though more troublesome at first, would 
often prove more satisfactory in the end. With 5000 heads for 
the whole of science, perhaps 750 might be allotted to physics, 
and of these, 150 to light. This would admit of such sub- 
divisions as velocity of light, colour sensation, fluorescence, 
selective reflection, magnetic rotation of the plane of polariza- 
tion, &c. Those subdivisions should be selected, into which 
the actual papers most naturally fall, rather than those which 
seem ideally correct. 

The labour of preparing such a list as I propose would be in 
itself considerable, but, compared with the colossal enterprise 
which the Royal Society has already carried out, it would be 
small, and the service to science would be great. 

Hotel Buol, Davos. James C. McConnel. 


Osteolepidae. 

The letter of your correspondent “ R. L. + E.” somewhat 
misses the issue raised in the passage to which he refers. In 
that passage thTe question was not raised whether or no we are 
right in making family names from the inflected form of the 
generic ones, the sole contention being for uniformity in this 
respect. Thus, if we are right in making Rhizodontida {emd not 
Rhizodida) from RhizoduSp we clearly ought to have Osfcolrpididd 
(and not Osteolcpida) from OsteolepiSp both these generic names 
being precisely analogous compounds. If, on the other hand, 
your correspondent is right in saying that we should regard all 
such names as adjectival, then we ought at once to abolish family 
names like Macropodidccp Dasypodidccp Octodontidap &c., in favour 
of Macropidccp DasypidtCp and Octodida. R. L. 


There can be no question that “ R. L. -l- E.” is himself 
mistaken in his arbitrary assumption of a rule for the formation 
of compound adjectives in Greek. Sometim^ the lengthened 
genitive is used as the stem, as in 8iirii>iarprK**<Bsomatus ”) ; 
sometimes the short nominative stem is employed, as in BlorofAos 
(“distomus ”) ; and sometimes both forms occur side by side, as 
fiXaifiXTos (“pbilsematus”) and ^iKaifios (“philsemus”), the 
former seeming to be preferred. These are words actually in 
use in Greek writers, and any lexicon will give plenty of other 
instances. But his whole argument is beside the point ; the 
question is not whether an adjective is formed from the lengthened 
genitive, but whether an adjective, formed from a noun 
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v^hich lengthens its genitive, lengthens its own genitive. It does 
so in every instance ; e,g, we have KaWtOpi^ with genitive 
MWlrpixoSt pitKpoirripvl with genitive /xiKpoirripvyos, Hence, 
in the Lepidoptera, we rightly call the famrly, of which 
Micropteryx is the type, the Micropter^ida, 

Osteolepis^ though not occurring in Greek writers, is not *‘of 
questionable form,'^ but as gora a word as <l>t\6vo\is and 
^t\ 6 iraTpts ; and just as the latter actually forms a genitive 
^lAoircCrpitlor, so also icrrcrfAcirts would form ocrrcoA^iri9of, and 
the family name would be Osteolepidida, Finally, it is to be 
remembered that the family name is not formed from a 
possible” generic name, but from an existing one; so that 
OstiolepHs is out of the question, and indeed is only ** possible ” 
because there happens to be a word A^iros from which it can be 
derived. 

I must apologize for troubling you at this length, but my 
fellow-workers in science are not unfrequently so hazy on the 
subject of classical nomenclature that there is a need for the 
setting forth of sound doctrine. E. Meyrick. 

The College, Marlborough, January 25. 


As to the facts of word-formation in Greek, Mr. Meyrick isj 
as was indeed to be expected, quite right, and might have put 
the case even more strongly. The short forms, like iroAi^a’To/xor, 
are much rarer than those in which the full stem is found, like 
iroAu<rc6/AaTor. They are, indeed, unless I mistake, found only 
with the neuter stems in -ar-, as in 5€p/aa(T-), orTo/ui(T-), <r«/Aa(T-), 
0’x-€f)jao(T-), and appear to be a speciality of that class 
of nouns, where they occur beside, but not to the exclusion of, 
the full normal forms. There is no ground for thinking that a 
derivative form in -/epos could be formed from the noun Acttis, 
ActtiJ-, or a derivative in -ornos from opvis^ opvtO-. * Osteohpus 
and its alleged pi. ^Osteolepi^ may certainly be pronounced im- 
possible on Greek analogies ; and could not even be grounded on 
the by-form of the noun, Aciror, stem A€ire((r)-, since the adjective 
from that -or, -er stem, would necessarily end in -A€ir?;r, -Aeircr. 
As, therefore, Ostcolepid- is the stem of the noun, the name of 
the family, on Greek analogies, is necessarily Osteolcpid-idm. 

But I do not myself think that it is always necessary to con- 
form to Greek analogies ; I think that the convenience of English 
needs is also to be considered. In Ostedlepis^ OstediepiUiuhv^ I 
think English needs are fairly answered ; but it is not always so ; 
some formations of the kind are hardly pronounceable, or when 
pronounced, through shifting of accent, presence of mute letters, 
]jronunciation of sc, as r, and the like, do not in the least 
suggest their meaning. 

Indeed, I think it very desirable that the Linnean and other 
learned Societies should esrablish a Committee of Nomenclature, 
who should consider every new name proposed, and pass or 
reject it, after taking into consideration not merely etymological 
-correctness of formation, but what I think far more important, 
•capability of being pronounced, distinctness from other existing 
names, and fitness for yielding derivatives, if needed. I entirely 
disagree with the notion that ever^ discoverer of a genus has a 
right to confer a name upon it which he himself has never con- 
sidered how to pronounce. I have had occasion repeatedly to 
ask inventors of such names, how they pronounced them, and 
have more than once been told that they had never thought of 
that, only of getting the Greek form right, and that I, forsooth, 
must settle the pronunciation ! Such men were, of course, 
utterly unfit to confer names, however eminent as scientists. 
Every name that does not lend itself to a distinct and easy pro- 
nunciation, or which, when pronounced, is undistinguishable 
from some other word spelt quite differently {e.g, words in 
aeno-^ scene- ^ seno-^ &c.), ought to be rejected. Better 
invent new words off at the ground, having no etymology^ than 
put together Greek roots in combinations unsuitable for modern 
mouths and modern ears. Why must modern knowledge be 
confined ' within the swaddling-bands of a nomenclature 2000 
years younger ? J. A. H. Murray. 

Oxford, Janifc^y 28. 

Compounds of Selenium. 

In your issue of the a3rd ult. (p. 284} you insert a paragraph 
describing experiments by M* Chabri^ on compounds ot selenium. 
While fully acknowledging the value of his work on the phenyl 
derivatives of selenium, I think it right to state that much of 
M. Cbabri^’s investigation has been anticipated by Mr. F. P. 


Evans and myself as long ago as 1884 ; and that several of his 
assertions are incomplete and incorrect. The tetrachloride, 
SeCl4, as we then showed, exists in vapour as such between 
180" and 200° ; with rise of temperature it dissociates, but even 
at 360®, dissociation is incomplete. In our paper {Trans, 
Ckem, Soc.f 45, 62) thii progress of the dissociation is followed. 

We do not agree with M. Chabrie’s suggestion that the pro- 
ducts of dissociation are the other chloride, Se^CIg, and chlorine, 
for the very good reason that Se^Cla itself is an extremely un- 
stable body. Instead of, as he asserts, having a constant boiling- 
point at 360®, it begins to boil at 145® ; and temperature rises 
to I73^ while a mixture of Se^Cla and SeCl4 distils over, 
leaving a residue of selenium. The vapour-density of SejCLj 
was found by us apparently normal ; but this is caused in reality 
by the fact that it also dissociates completely on vaporization 
into selenium and chlorine without change of volume, according 
to the equation Se^Cls = Se^ 4 - Clg. 

A revision of the experimental work of previous investigators 
is obviously to be desired ; but it should be undertaken as a 
revision, else inaccurate conclusions may be drawn from inepo^- 
plete work, as they have been in this case. ••* 

Perhaps I may be allowed to take this opportunity of inquiring 
by what reaction selenophenol, C^jH^SeH, is produced from the 
red oil, Se2(C(|H5)3C8H4Cl, out of which it is said to deposit on 
standing? William Ramsay. 

University College, Gower Street, February 3. 


Royal Victoria Hall and Morley Memorial College. 

I have only just read the article on Polytechnics for London 
in your number for January 16 (p. 242). I hope it is not too 
late to offer a few words of comment on it. Nothing is said of 
that part of the Commissioners* scheme which applies to the 
Royal Victoria Hall and Morley Memorial College, probably 
because the amount intended for them is comparatively small — 
;^6ooo down for structural alterations, and ^1000 a year to be 
divided between Hall and College. But it derives an import- 
ance beyond what is due to the amount of the grant, from the 
fact that it is no castle in the air, hut a going congern, and had 
begun its useful life long before the Commissioners had planned 
their scheme. Moreover, many of your strictures do not apply 
to this particular part of it. You say there will be, under the 
new scheme, “no People’s Palaces — only Young People’s Insti- 
tutes.” You object to limitation of age, and to smoking being 
forbidden, and you conclude by urging most truly that “ life 
should come first, then buildings,” for life develops from within. 

May I therefore, in as few words as possible, give an account 
of the history and present position of the Hall and College, 
with the object of showing that the truths you uige have been 
already laid to heart ? 

The Hall (formerly the “Old Vic.” Theatre) was opened 9 
years ago as a temperance music hall, to compete with the de- 
grading attractions of ordinary music halls, about which there 
was less stir in those days than now. At first we had variety 
entertainments every night, but before long the experiment was 
tried of introducing something better on certain nights. There 
is no need to enter into the ups and downs through which 
experience was gained; suffice it to say that we still have 
“variety” pure and simple on Saturdays, when our gallery 
boys, as well as well as their elders, enjoy themselves to their 
hearts’ content, to the number of 1800 or so ; and a modification 
of this kind of entertainment takes place before a much smaller 
audience on Mondays and Wednesdays. But on Tuesdays (as 
your readers know from the occasional notes which appear in 
your paper) we have popular illustrated lectures from many of our 
leading scientific men, who continually express their gratification 
at the appreciative attention of the audience. On Thursdays we 
have ballad and operatic concerts, at which (interspersed among 
operatic selections) tableaux, representing scenes from operas, 
are given. And on Fridays there are temperance entertainments. 

All this will be left unchanged by the new scheme ; and is 
not this something very like a “ Palace of Delight ” ? Smoking 
is and will be freely carried on (except in certain parts of th^ 
house on concert nights), and anyone, without distinction of 
age, can come in by payments ranging from twopence on Thurs- 
days and Saturdays, and from a penny other nights. 

But this is not all. A little more than four years ago, classes 
were started in the unused dressing-rooms at the back of the 
stage, in response to a demand for more lystematic instruction 
from some of those who had attended the lectures. The first 
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class began with four students, but soon the number was as 
great as the rooms could conveniently accommodate, and excel- 
lent work was done in spite of many inconveniences, one of the 
greatest of which was the impossibility of excluding the sounds 
of the entertainments in the Hall. From time to time soiries 
were hejd, and the students informally consulted as to what 
additional classes they wished for. Where a demand existed, 
every effort was made to obtain the supply. 

Then came the offer of the Commissioners to meet a subscrip- 
tion with an equivalent endowment, and the freehold was bought, 
in memory of one of the truest friends of the work, Mr. Samuel 
Morley. Finally, the waste space which had been occupied by 
dressing-rooms and stores of old scenery was cleared of its 
dangerous wooden staircases, a sound-proof, firc-proof wall was 
« built to divide it from the theatre, and large convenient class- 
rooms were built ; and on the last day of September the Morley 
Memorial College was opened, for working men and women ; 
Miss Goold (the well-known head of the Queen Square College) 
having consented to take the office of Principal here also. 

MIcady there are 680 students on the books. Many criticisms 
may be made on the arrangements, but no one can say that there 
is a want of life in the place. The builder’s men are hardly yet 
out of it, and the fittings are at present of the scantiest (the 
result of want of funds, for the delay in passing the Com- 
missioners’ scheme through Parliament has caused unlooked- 
for and very embarrassing delay in the receipt of the help ex- 
pected from that quarter) but the enclosed prospectus will show . 
ample signs of life. Admission to the gymnasium, smoking, and 
recreation rooms can only be gained by bona fide attendance on 
at least one class, a rule which the Committee consider very im- 
portant, and which they adopted in consequence of their ex- 
perience with a club which met at one time in some of the old 
rooms belonging to the Hall. No new students ate admitted 
under 17, for the simple reasons that it does not answer to mix 
boys and men, and that the boys are provided for by the Re- 
creative Evening Schools Association ; but there is no limit of 
age at the other end. When the Borough Road Polytechnic is 
started, the College will probably take those students who want 
advanced literaiy and scientific teaching, excluding techno- 
logical classes,” for which neither space nor funds would suffice. 
In fact, the College will be in all probability the advanced branch 
of the Polytechnic, At all events, it is intended that the two 
institutions should play into each other’s hands and avoid over- 
lapping. 

You say most truly that life develops from within. I would 
go'further, and say that omne viznim ex vivo^^ is as true of 
moral and social as it is of organic life. No institution can grow 
and flourish unless life has been given in its service, and this is 
emphatically the case with that of which we arc speaking. To 
mention names would not interest outsiders, and to those who 
have watched the Hall from its very beginning, nine years ago, 
it is well known whose heart work as well as head work has 
been devoted^ to it and kept it alive through its troubled infancy. 
This it is which has drawn other workers to help in doing what 
one alone could never accomplish, and given spirit to the whole. 
They have allowed life to develop from within, watching for 
what was practicable instead of airing preconceived theories, and 
this is why so little has had to be done twice over. Help of all 
kinds is greatly needed, for the concern is only in its early child- 
hood yet, but one thing is certain — whatever wants have to be 
supplied and defects remedied, this is not an architectural 
white elephant.” Probably that could never be true of any 
institution which had so much heart as well as head devoted to 
it, but let those who doubt come and see for themselves ! 
February 5. A Member op Committee. 

Galls, 

In Nature of November 28, 1889 (p. 80), Prof. G. J. Romanes 
speaks of galls as unequivocal evidence of a structure occurring 
in one species for the exclusive benefit of another,” and stales 
that ** it is obvious that natural selection cannot operate upon 
the plants direttly.” Nevertheless, there is one way in which 
galls may be supposed to have been evolved as beneficial— or 
rather, less harmful — to the plants. Every farmer is aware of 
the great loss to vegetation caused annually by larvse of insects 
boring within the branches and twigs of trees. Now suppose 
that all internal plant feeders were originally borers or leaf- 
miners — and this is 'highly probable,— but that some had a 
tendency to cause swellings in which they fed. These latter 


would be less injurious to the plants, and the greater the vitality 
of the plants the more nourishment for them ; and so by degrees 
the globular and other highly specialized and least harmful galls* 
would be developed, by natural selection, for the benefit not 
only of the insect, but also of the plant. And known galls, 
which I need not here enumerate, furnish us uith all the steps 
of this evolution. T, D. A. Cockerell. 

West Cliff, Colorado, U.S. A., January 23, 


Foreign Substances attached to Crabs. 

The Compound Ascidian referred to by Dr. R. v, Lendenfeld 
in yesterday’s Nature (p. 317) is one of the Polyclinidse, and 
probably a new species. It belongs to the genus Atopogaster, 
and is closely related to A. informis (C/za/Arw^^r Report, Part ii. 
p. 171). 

I have befvjre me now five good specimens of the crab and 
Ascidian^ (the crab in this case is Dromia excavata^ Haswell), 
dredged in Port Jackson, and sent by the Australian Museum, 
Sydney ; they measure as follows : — 


Specimen. 

Crah 

(greatest diameterX 

Ascidian 

(lengths breadth, and heig}it> 

A 

cm. 

4 

cm. cm. cm. 

10 x8 xs 

B 

3 ’S 

10 x6 X5 

C 

2-5 

8 x6 X5.5 

D 

2-S 

6 x6 x5 

E 

25 

5*5 X 4-5x3 


In tke largest of them the Ascidian seems to be quite twenty 
times the size of the crab. 

I notice in these specimens that the last pair of thoracic legs 
in the crab, which are much larger than the preceding pair, are 
turned up dorsally, and are so firmly embedded and attached by 
their sharp claws in the test of the Ascidian that it is easier to 
disarticulate them than to loosen their hold. 

To those who dredge much round our coasts, a crab covered 
with foreign substances is no unusual sight. Specimens of 
are often lound so overgrown with Algm, Sponges, Zoophytes, 
and Polyzoa that almost ihe whole of the body and legs is 
hidden, and the animal is scarcely recognizable except by its^ 
movements. W. A. Herdman. 

Liverpool, February 7. 


The Ten and Tenth Notation. 

It is no doubt difficult for anyone to really conceive enor- 
mously great or infinitely small quantities. This difficulty is, 
however, much minimized by the ten and tenth notation. 
Indeed, if systematically used, I believe one’s mental power of 
estimation would be practically perfect. But is it so used ? I 
have before me three books — I only take this as an example of 
I what frequently occurs-— in which joule’s equivalent is given 
is- ' 

42 X 10 *^ ) 

4 ’2 X 10^ > respectively. 

0*42 X 10* ) 

B. A. Muirheau. 

Pall Mall Club, Waterloo Place, S. W., February 8. 

P.S. — The natural uniform notation, at any rate for text- 
books, seems obvious. 


EARTH TREMORS FROM TRAINS. 

A MONG the writings of those who love td speculate oi> 
the future of our planet there is probably some- 
where (though we have not had time to discover it) an 
essay on the cosmical changes which man will be able to 
produce in the earth. The data for solving this problem 
are striking. In a few centuries man ha^acquired all 
those powers over large and solid objects jt^epresented by 
his knowledge of explosives^ and his use of steam. 
Multiply the centuries, and with them the history, by 
convenient figures (a familiar process in this kind of prob- 
lem) and there is no reason why the earth’s axis of 
rotation should not be shifted considerably by human 
agency. 

For the present, however, we ^re concerned with a more 
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modest inquiry — ^to wit, how far the railways which jar In tht printed report of this correspondence the 
the nerves of Mr. Ruskin so terribly, are desirable neigh- Hydrographer notes on this letter : It is proper to 
• hours for anyone who prefers the earth un4er his feet to remark on the above that Commander Denham’s experi- 
be firm and steady, as it was aforetime, and as it is now ments depended on observations with a sextant, and that 
sometimes in remote parts of the country on Sundays, the limits of tremors in the mercury would be far more 
We have all noticed, when standing near a passing train, extensive if viewed by the high magnifying powers used 
the vibration of the ground under our feet. Though this with the mural circle.” 

vibration decreases as we recede from the train, and may We have quoted this case in detail not only because it 
at a distance of 50 or 100 yards become insensible to was the first experiment of the kind, but ^cause the accu- 
. such a coarse test as the actual jarring of our body, we racy of the results, as interpreted by the Hydrographer’s 
can understand that it may be sufficient to disturb deli- note, has been confirmed by later experiments. This 
cate instruments at a considerable distance ; and thus report was adverse to the railway company, who wished 
.-ifiect the use of instruments requiring a steady foundation, to approach within 650 feet of the Observatory ; but they 
Pre-eminent among such are astronomical instruments, did not relinquish their scheme at once. They suggested 
and it was very early in the history of railways that various plans — of running trains at slow speeds, or 
astronomers found themselves compelled to fight for the stopping them altogether if the Royal Observatory 
retention of that steadiness of ground in their neighbour- signaled that an important observation was just going 
hood which is of vital importance to them, and with on, and so forth — ^all of which were open to the objection 
which no human agency had previously suggested an of looking too well on paper. Meanwhile Mr. PoncbhtRi 
interference. It was in 1835 that the question of taking been succeeded by Mr. (afterwards Sir George) Airy, 
a railway near an Observatory was first raised, in connec- who, in 1836 January, repeated Commander Denham’s 
tion with the Royal Observatory, Greenwich ; and an experiments in the Glebe Meadow, near the Greenwich 
animated discussion resulted in the defeat of the railway Railway, but using a small telescope instead of a sextant, 
company. He found that **a disturbance in the clearness of the 

But they have several times since returned to the image (in mercury) was perceptible when the train was 
( harge, for Greenwich has always been an attractive 1 106 feet from the mercury, and the image was almost 
centre for excursions, and there are many reason^ why lost from the violence of the agitation when the train 
railway companies find it continually cropping up in their was about 700 feet from the mercury. When the train 
schemes ; indeed, it is only a few months ago that the was 500 feet from the mercury it was impossible to 
latest afiplication of the kind was refused by Parliament, know whether there ought to be any object visible 
On June 19, 1835, the Secretary of the Admiralty wrote at all,” 
to the Astronomer- Royal, Mr. Pond, asking for his com- The question was ultimately resolved into a decision 
ments on the proposed scheme for a Greenwich-Ciravesend upon the minimum distance from the Observatory at 
railway, passing in a tunnel under a part of Greenwich which a railway could be allowed ; and under strong 
Park, in which the Royal Observatory is situated. Mr. pressure. Sir George Airy was induced to define this 
Pond replied that he had no experience in such matters ; distance as something over 700 fefet ; but the position to 
but “ the most important observations made at the Royal which the line was thus removed was found to bring it 
Observatory are those in which the stars are seen by near other buildings, and the project was ultimately 
reflection from a horizontal surface of mercury. It appears shelved. The Astronomer Royal's troubles were, how- 
to me highly probable, by what I have experienced from ever, only just commencing. In 1840 the London and 
slighter causes, that the passage of heavy carriages, even Chatham Railway Company asked for leave to go through 
at the distance of the intended tunnel, might produce the Park ; being promptly followed by a similar applica- 
sulficient tremor on this surface to destroy the accuracy tion from the South-Eastern Company; and he must 
of these observations.” On receiving this reply, Captain needs repeat his experiments and protests. 

Beaufort, then Hydrographer to the Admiralty, wrote to His experiments in March 1846 near the Kensal Green 
a friend, Commander Denham, asking him to make ex- tunnel showed that tremor was sensible in the compact 
periments near one of the few existing lines of railroad — clay of Kensal Green to a distance of 1700 feet, but that 
that between Liverpool and Manchester — with a sextant the tremor was very much diminished where the railway 
and artificial horizon. After explaining the object of the enters a tunnel. Dr. Robinson, of Armagh, made inde- 
experiments, he says : — '* It would be childish to be pendent experiments on the Dublin and Kingstown 
guided by opinions and suggestions, when the facts can Railway. He^ mounted a mural circle on an ash post 
be distinctly ascertained by means of the Liverpool and driven deeply into the ground, at a distance of 1655 feet 
Manchester Railroad, and I therefore want you to take from the nearest point of the line ; and found that the 
your artificial mercury horizon to that railroad, and watch vibration of passing trains gradually shook the instrument 
the contact of a star or the sun in altitude with a tele- away from any position in which it was clamped, so that 
scope when the train is passing, at two or three different an object would not remain bisected by the cross wires, 
distances, till you come to the outer limit of vibration, or, His reflection observations were numerous, and he sums 
in other words, to the distance at which the mercury is them up as follows : ** On these facts it is, I presume, 
no longer affected. After you have tried this on the unnecessary to offer any comment, except the simple re- 
surface, I wish you would then try the same experiment mark that they show clearly that, in a soil such as I have 
in the neighbourhood of the tunnel, as I presume that described, a train of no uncommon weight or velocity can 
the results will be very different.” produce, at an oblique distance of two miles, such dis- 

Commander Denham’s reply is as follows : — ^‘*1 find turbance as ought neverto be tolerated in an Observatory.” 
the vibration of trains of I20 tons, at a speed of Sir James South also made experiments, and concluqes 
25 miles an hour, aflect the mercury as far as 942 feet his report to the Admiralty thus “ To the observations 
laterally with the rails, on the same level, and on equal of ngnt ascension made by reflection^ the more immediate 
substratum: bat vibration perfectly ceases at mo feet, object of this communication, let me then entreat your 
whilst directly over the tunnel no vibration is detectable Lordships’ serious attention, convinced, as Pam, that, did* 
at 95 feet distance, though quite discernible at 65 feet they stand alone^ they would justify your Lordships in 
vertical distance. . . . I am indebted to the co-operative saying to /rrxrn/ as well as to railroad applicants, 

accommodation of the directors, who allowed trains of ‘ Within this Park stands the Royal Observatory 
extra weight, and at extra speed, to pass down at night OF England, and within this Park’s walls a 
hours when the busy hum (of carting carriages and Railroad shall never comb.’ ” < (The italics and 
bustle) was completely suspended.” capitals are as in the original.) 
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These strong protests had the desired effect for the time 
being, and it was not till 1853 that another attempt was 
made to bring a railway within the Park. This was by 
the South-Eastern Company, and being postponed for a 
year, was not heard of again. In 1863, however, the 
London, Chatham, and Dover Company proposed a line 
from Dulwich to Epsom passing within 700 feet of the 
Observatory; and the South London, Greenwich, and 
Woolwich Railway another passing within 600 feet. Sir 
George Airy was at first inclined to think that, if these 
railways were^ laid in tunnels, they might be permitted. 
But as facilities for mak'ng experiments had meantime 
increased with the multiplicity of lines, he renewed his 
investigations at the suggestion of the Hydrographer, 
and found that the protection of the tunnel was by no 
means established ; and in other respects he had been if 
anything too lenient in assigning minimum distances, 
.conclusions from the experiments were : — 

It is indispensable that the railway pass through 
the Park in a covered tunnel. 

“ 11 . It is indispensable that its minimum distance'from 
the transit circle of the Royal Observatory exceed 1000 
feet." 

The result of all these independent experiments seem 
to be that even with small instruments, such as a sextant 
or a small telescope, vibration is sensible at 1000 feet 
distance ; and that though a tunnel may be a protection 
in some cases (we shall presently find reason to question 
this more seriously) the reasons are not sufficiently under- 
stood to enable us to predict the influence of individual 
tunnels. All the observations, except one of Dr. Robin- 
son’s, have reference to reflection observations ; but it 
does not follow that these are the only observations dis- 
turbecL as is made abundantly clear by the single observa- 1 
tion of Dr. Robinson’s referred to, where the telescope j 
was practicaHy shaken to another position against the 
clamp. It is in reflection observations that the vibration 
is most easily discernible, but errors introduced into other 
observations are no less serious because they are not 
readily detected. Observation with mercury is a delicate 
test, but it is quite possible that we may very soon find 
even a more delicate test necessary. We are, for instance, 
only on the threshold of photographic experiments for 
which the most perfect steadiness is essential ; and it is 
of the utmost importance to make sure that our large 
Observatories are so protected as to be available for such i 
work as is gathering shape in the mists of the near future. { 
If any mistake has been made in dealing with railway i 
proposals, it has been that of being too lenient ; firstly, ! 
from the desire to yield as far as possible in matters ' 
affecting public convenience ; and, secondly, perhaps 
from not fully appreciating the remark of Captain 
Beaufort in 1835, that the results obtained with small 
instruments must be properly magnified for dealing with 
large ones. This point has been made clear by the last 
case we shall <mote, also from the history of the Royal 
Observatory. Proposals for an adjacent railway were 
renewed, as we have said above, in 1888. It had been 
already noticed that the lines which had been permitted 
were not sufficiently remote to prevent disturbance, and 
accordingly experiments were now made with the transit 
circle itself instead of with a small instrument An observer 
was stationed at the transit circle prepared for a nadir 
observation, and for an hour noted the times when the 
images vrere steady, when partially disturbed, and when 
so agitated as to prevent observation. These times were 
poted carefully by a standard clock to within a few seconds. 
Other observers were furnished with watches set to 
standard time, and travelling on the various lines of 
railway in the neighbourhood noted the exact times of 
stopping and starting of all trains, entries into tunnels, &c. 
The observations were made near midnight when other 
traffic was stopped^ On the following day the indepen- 
dent records- of the transit circle observer and the train 

w * 


observers were compared. These operations were re- 
peated on five separate nights. The result of the series 
of observations may be gathered from the following 
extract from the Report of the Astronomer-Royal to the 
Board of Visitors, 1888 June 2 : — 

“ It resulted from these experiments that trains on the 
Greenwich-Maze Hill Railway caused great disturbance 
during their passage, not only on the section between 
Greenwich and Maze Hill, the nearest point of which is 
570 yards from the transit circle, but also on the line 
beyond Greenwich on the London side, and beyond Maze 
Hill on the Woolwich side. The distances of the Green- 
wich and Maze Hill Stations from the Observatory are 
about 970 and 670 yards respectively . . . The disturbance 
was very great during the passage between Greenwich 
and Mue Hill, the reflected image being invisible while 
the train was in the tunnel, at a minimum distance of 570 
yards, and there was considerable disturbance during the 
passage of trains through the Blackheath-Charlton tunnel, 
at a distance of a mile, the reflected image becoming 
occasionally invisible.” 

It thus appears that the tunnels increased rather than 
diminished the disturbance ; and that the minimum dis- 
tance for insensible tremor had been considerably under- 
estimated. But the interference with the work of the 
Observatory is not serious. By the vigorous action of 
Sir George Airy and his successor the national Observa- 
tory has been saved from the misfortunes which have 
befallen Paris and Berlin, where traffic has been allowed 
to make certain classes of observation impossible. 

H. H. Turner. 


riTANOTHERIUM IN THE BRITISH 
MUSEUM. 

T O those English zoologists who have not had the 
good fortune to visit the palaeontological museums 
of the United States the huge Miocene mammals form- 
ing the family Titanotheriidee have been hitherto known 
only by description and small-sized figvires of the skull 
and skeleton, which, however excellent they may be, afford 
but a very inade(|uate idea of the proportions of these most 
remarkable Penssodactyle Ungulates. Recently, how- 
ever, Prof. O. C. Marsh, of New Haven, to whose 
generosity our National Museum is already much indebted, 
.,has presented that institution with a beautifully executed 
model of the skull of one of these mighty brutes, which 
is now exhibited in the front palaeontological gallery, below 
the head of the skeleton of the Kentucky mastodon. By 
singular good fortune the Keeper of the Geological 
Department of the Museum has been enabled at the 
same time to purchase associate d examples of the teeth 
of another member of the family, which are placed along- 
side of the cast, and thus enable us to see the actual state 
of preservation in which the remains of these creatures 
are found. 

The Titanothiriidee were first made known to science 
from the evidence of specimens of the dentition described 
years ago by the French naturalist Pomel, by whom the 
name Menodus was proposed for their owner. Unluckily, 
however, this name was preoccupied by the earlier 
Menodonj and we are therefore compelled to adopt for 
the type member of the family the name Titanotherium, 
which is the first of the numerous terms proposed by 
American writers. The species of which the skull has 
been presented to the Museum is made by Prof. Marsh 
the type of a distinct genus under the name of Brontops. 
The chief distinction of this form from the tjppe of 
Brontotheriunty which seems inseparable from Titano- 
therium, appears to be the reduced number of incisors, 
but if writers like the Director of thp Museum are right 
in regarding such variations in the allied group of the 
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Rhinoceroses as of not more than specific importance, 
this species should be included in the type genus. 

These Titanotherioids appear to have been" most nearly 
allied to the Rhinoceroses among existing forms, as is at 
once apparent from the contour of the skull. According 
to Prof. Marsh they were larger than the Dinocerata of 
the Eocene, and nearly equalled in size the existing ele- 
phants. The skull differs from those of the rhinoceroses, 
however, in that instead of having one or two horns i 
placed in the middle line of the nasal region and having 


no sort of bony connection with the skull itself, it has two 
large processes of solid bone in a transverse line 
immediately over the nose, which were probably invested 
with a homy sheath. 

The molar teeth are, moreover, unlike those of the 
rhinoceroses, having excessively low crowns, aftd an 
arrangement of the tubercles and ridges very similar to 
that obtaining in the Tertiary genera Limnohyus and 
Chalicotherium ; the first of which is certainly, and the 
latter probably, a Perissodactyle, although the recent dis- 



covery that the peculiar claws upon the evidence of which 
the supposed Edentate genus Macrothcrium was founded 
are referable to it, render it a most aberrant type. 

The skeleton to which the original of the cast presented 
to the Museum pertains was found in 1874 by the donor 
in those beds of the Dakota Miocene known as the 
Brontotherium beds, and it appears to‘ be the best pre- 
served example yet known. A restoration is given in 
the accompanying woodcut. According to Prof Marsh 


these deposits are several hundred feet in thickness, and 
may be separated into horizons, characterized by peculiar 
species of Titanotheriida. The remains of several 
hundred individuals of this exclusively American group 
have already been secured by the palaeontologists of New 
Haven, and their English confreres look forward to the 
publication of the sumptuous monograph in which Prof. 
Marsh promises to illustrate these specimens with much 
interest. 


NOTES. 

There is some talk of a Committee of the Royal Society 
being appointed to investigate the subject of colour-blindness, 
and the proper methods of testing the colour-vision of etnployis 
on railways. 

We may remind our readers tht^t all applications for 
assignments from the Government Grant must 1^ sent to the 
Assistant Secretary of the Royal Society on or before the last 
day of February. Applications received after that dale will not 
be considered by the Committee of this year. 

An influential Committee has been formed for the purpose of 
securing that the scientific and other friends of the late Dr. 


McNab, Professor of Botany in the Royal College of Science, 
Dublin, shall have an opportunity of expressing their apprecia- 
tion of his work and their respect for his memory. Through no 
fault of his own, Prof. McNab was unable to make adequate 
provision for his wife and five children ; and it is proposed*that 
the memorial shall consist of a fund, sufficiently large to be of 
real service to his family. A good many subscriptions have 
already been received or promised, and we hope that ma>y 
more may be forthcoming. Mr. Greenwood Pim, Easton Lodge, 
Monkstown, Co. Dublin, acts as hon. secretary; Prof. W. N. 
Hartley, F.R.S., Royal College of Science, Dublin, as hon. 
treasurer. As Prof. Hartley has been obliged to leave Dublin 
for some time, all communications shoidd be addressed, and 
cheques mode payable, tq the hon. secretary. 
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We have already (p. 207) called attention to the fact that a 
committee has been formed in Paris for the purpose of making 
arrangements for the erection of a statue of the late M* Boussin* 
gault. His work marked an era in the history of the agricultural 
scicnceo^ and we have no doubt there will be a prompt and 
liberal response to the committee’s ap]>eal for subscriptions. 
M. Pasteur is the honorai^ president of the committee. The 
acting president is M. Schloesing, and the following are the 
vicc*presidents : MM. Berthelot, Duchartre, Laussedat, Peligot, 
Risler, and Tisserand, MM. Miintz and Sagnier are the secre- 
taries, and M. Liebaut is treasurer. 

The death of M. Sebastien Vidal, Director of the Botanic 
Garden at Manilla, is announced. He was well known for his 
researches on the flora of the Philippine Islands. 

scheme of the Senate of the University of London, 
drawn up in accordance with the recommendations of the 
recent Royal Commission, does not at all commend itself to 
the authorities of the provincial Colleges. They are convinced 
that it would be most injurious to the interests of places of 
education outside the capital. This view was strongly expressed 
last autumn at a meeting of representatives of the provincial Col- 
leges at Birmingham, and yesterday (Wednesday) it was pressed 
upon the attention of Lord Cranbrook by a deputation which 
waited upon him at the Privy Council Office. 

To-morrow afternoon (Friday), at the Royal United Service 
Institution, Mr. H. Dent Gardner will read a paper on *‘The 
Ship’s Chronometer — its History and Development.’’ The 
paper will be divided into four parts: (i) historical, (2) 
historical-descriptive (the building up of the chronometer), 
(3) the chronometer of to-day, and (4) methods of testing and 
rating chronometers. 

The Ben Nevis Observatory Monthly Report for January is 
of more than usual interest. The rainfall during the month 
amounted to 29*42 inches, being 15*10 inches above the mean of 
the month since the Observatory was opened in 1883. A mea- 
surable quantity fell every day, and on 1 1 days over an inch was 
recorded each day, while on the t4th, 3*88 inches fell. The total 
bright sunshine amounted to only 4 hours, being the smallest num- 
ber hitherto recorded. Lightning occurred on 5 days. The storm 
of the 5th was peculiarly severe, on which occasion the tele* 
graph cable was damaged and communication stopped. St. 
Elmo’s Fire was seen on the 21st and 2Sth, under the same re- 
lations to the cyclones then passing over North-Western Europe 
as described recently in Nature. 

We have received from Mr. C. L. Wragge, Government 
Meteorologist of Queensland, his first Annual Report of the 
Meteorological Branch of the Post and Telegraph Department 
for the year 1887. It is divided into three sections. Section i 
gives an account of the oiganization, inspections, &c., containing 
a list of the recommendations originally made by Mr. Wragge, 
and a general statement as to how far each of them has been 
carried out. This synopsis shows that, while he has accom- 
plished much during the year 1887, more still remains to be 
done. Section 2 contains abstracts of reports for each month 
froin the rainfall stations, with climatological and other tables 
from the stations which are supplied with instruments. These 
abstracts contain very interesting data upon the state of 
(he country, arid will become more valuable in proportion as 
the nember of verified instruments to be supplied year by year 
increases. As Mr. Wragge himself points out, any conclusions 
from so short a series of observations would be premature. 
Section 3 contains a graphic record of the chief meteorological 
elements for Brisbane, with seasonal wind charts and cloud 
churls for Qu^nsland, and specimen wind charts for Austrsl- 


j asia. These form the most interesting portion of the Report, 

I and give promise of valuable materials for scientific study, 
i In Western Australia, however, the weather charts show that 
I there are vast tracts of country with apparently no meteorological 
I stations. 

The last issue of the Memoirs of the Tashkent Observatory 
(Part 3) contain^ a most valuable magnetical map of part of 
Central Asia, based on the recent measurements of MM. 
Shamhorst and Schwarz. 

We have already mentioned some of the conclusions as to the 
secular upheaval of the coasts of Finland which may be drawn 
from the accurate measurements made since 1858 under the 
direction of the Finska Vetenskaps-Societeten. We have now 
an elaborate paper on this subject, contributed by A. R. Bonsdorf 
to the Izvestia of the Russian Geographical Society (vol. xxv. 5). 
It appears from the mathematical analysis to which the measure- 
ments have been submitted that the average upheaval of the 
coasts of South-West Finland is 55 centimetres per century ; 
and that the rate of upheaval increases from Ut-d (in the 
Aland Islands) towards the north, and towards the east as far as 
Porkala (not far from Helsingfors), whence it decreases again 
I towards the east. The interpolation formulae better correspond 
to actual measurements if the changes of the level of the Baltic 
Sea resulting from the changes of atmospheric pressure are 
taken into account. 

Globus reports that the Russian Geographical Society has 
presented a memorial to the Minister of Marine urging that 
scientific investigations of various kinds should be undertaken 
in connection with the Black Sea. Amongst other things, the 
Society points out that more exact soundings are needed in 
several parts of that sea, and that it is especially desirable they 
should be taken in the western part between Odessa and Con- 
stantinople. 

One of the problems presented by the frightful eruption of 
Mount Bandai in Japan, two years ago, was the manner in which 
a large number of holes in the earth in the neighbourhood of the 
mountain were formed. It was suggested that they owed their 
existence to the falling of rocks and stones cast up the eruption, 
while another theory was that they were formed by forces 
beneath the surface. At the last meeting of the Seismological 
Society of Japan, Dr. Knott read a paper on the first theory, in 
which he demonstrated that it was quite insufficient to account 
for the phenomena. Prof. Milne, it may be added, has expressed 
the same view from the beginning. 

Last Friday a valuable paper on •• The Utility of Porests and 
the Study of P'orestry” was read before the Indian Section of the 
Society of Arts by Dr. W. Schlich, Professor of Forestry at the 
Royal College of Engineering, Cooper’s Hill. In the course of 
his remarks Dr. Schlich gave an account of the instruction in 
forestry at Cooper’s Hill, and mentioned that the authorities 
were thinking of appointing a second professor of the 
and thus doubling the amount of instruction now given. After 
the reading of the paper Major-General Michael, C.S.L, who 
presided, made some interesting observations. No one, he 
said, who had visited the great forest regions of Germany, 
Austria, and France could fail to be impressed with the visible 
effects of good management, and to wish they were more generally 
apparent in England and Scotland." There were signs that the 
education and practical training of foresters were being more 
thought of at the present time in England, and he ventured to 
predict that Dr. Schlich would shortly have a good many 
stodL*its under him who were destined for home employment and 
not for India only. Personally he knew more about the value 
of forestry and the life of a forester in India, having spent seven 
or eight of the happiest and perhaps the most useful years of 
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his youth as a forest officer. That was more than 40 years 
ago, before the time arrived for experts like Dr. Schlich and his 
distinguished predecessor Sir Dietrich Brandis \o come to the 
country. He could therefore tell any of Dr. Schlich’s students 
who might be present that the life of a forester in India was not 
only a career of importance, but that it was one full of interest 
and of real enjoyment. The formation of the department in 
which they would serve had justly been characterized by Sir 
Richard Temple as one of the greatest achievements effected in 
India during the Queen’s reign. 

The Royal Society of New South Wales offers its medal and 
a prize of for the best commnication (provided it be of 
sufficient merit) containing the results of original research or 
observation upon each of the following subjects (To be sent 
in not later than May i, 1890) — The influence of the Australian 
climate (general and local) in the development and modihcatioii 
of disease ; on the silver ore deposits of New South Wales ; on 
the occurrence of precious stones in New South Wales, with a 
description of the deposits in which they are found. (To be 
sent in not later than May i, 1891) — The meteorology of 
Australia, New Zealand, and Tasmania; anatomy and life 
history of the Echidna and Platypus ; the microscopic structure 
of Australian rocks. (To be sent in not later than May i, 1892) 
— On the iron ore deposits of South Wales ; on the effe<^ which 
settlement in Australia has product upon indigenous vegeta- 
tion, especially the depasturing of sheep and cattle ; on the 
coals and coal measures of Australasia, The competition is not 
confined to members of the Society, nor to residents in Australia. 

M. Lignter has been appointed Professor of Botany to the 
Faculty of Sciences at Caen ; and Mr, G. C. Drucc, author 
of the ** Flora of Oxfordshire,” succeeds Dr. Schonland as 
Curator of the Fielding Herbarium at Oxford. 

Herr Jadin, of Montpellier, has undertaken a voyage for 
the investigation of the algal flora of the islands Mauritius and 
Reunion ; and Prof. P. L. Menyhardt, who has been appointed 
to a mission on the Zambesi, is intending to make a collection of 
plants in the region between the Zambesi and the sources of the 
Congo. 

For the purpose of growing plants under more natural con- 
ditions than those usually afTorded by the soil and surroundings 
■of ordinary botanic gardens, M. G. Bonnier, the Director of the 
Botanic Garden in Paris, has obtained from the Director fof 
Higher Education in Paris the grant of a piece of land in 
the Forest of Fontainebleau, as an annexe for experimental 
culture. It has been placed under the special charge of M. 
Cl. Duval. 

At the meeting of the Royal Botanic Society on Saturday a 
sweet-scented fern, from the Society’s garden, was exhibited. 
The perfume, which closely resembles that of fresh hay, is 
retained after the frond is dry, and lasts for many months, if 
not years, imparting its fragrance to anything in contact with it. 
The secretary thought it might be grown as a source of perfume 
by amateurs, if not commercially. As yet it appeared to be 
little known in collections of exotic ferns. Some fine blooms of 
scarlet anemone, gathered from plants growing in the open air 
in Rutland, were shown by Mr, T. Burroughes. 

It is a good sign that the present building of the Bethnal 
Green Free Library has become quite inadequate for the needs 
of the institution, and that much larger premises are, if possible, 
to be erected. The sum of £20^000 is required, and many 
donations have already been received or promised. We may 
note that a largely attended meeting at the Bethnal Green Free 
Library lately started as tudents’ union, for the study of various 
branches of science and art, in connection with the evening 
classes. 


In his History of Barbados,” published in 1848, Sir 
Richard Schomburgk says of the Barbados monkey that it was 
found in large numbers by the first settlers. From the appear- 
ance of a living specimen he considered it be Ccius tapn- 
ctnus^ Geoff., the Sai or Weeper, or a very closely allied 
species.” In the current number of the Zoologist Col. H. W. 
Feilden presents a wholly different view. He asserts that the 
Barbados monkey is an Old World form, the Green Monkey, 
Cercopithecus calHtHchus^ Is, Geoffr., and that its original 
habitat is West Africa. This,” he says, ** undoubtedly proves 
its introduction to Barbados by the Guinea trading-ships.” 
Col. Feilden cannot discover any warrant for Schomburgk’s , 
statement that this animal was found in large numbers by the 
first settlers on their arrival. The subject is interesting because 
of its bearing on the general view set forth by Col. Feilden, 
that Barbados has had no continental connection since th^^into-o- 
duction of its present flora and fauna, but has received its 
tenrestrial animals and plants from the effects of ocean currents, 
winds, accidental occurrences, or by the agency of man. 

The Council of the Ceylon Asiatic Society, in its last Report, 
urges on the Government the importance of systematically col- 
lecting, transcribing, and publishing the manuscripts of the 
ancient literature of the island which are scattered about in the 
libraries of temples, as well as in private houses. The researches 
which have already been made by individuals, or on behalf of 
the Government, show that manuscripts of great value may be 
found. During the last three years, private exertions have 
secured 69 of these ; but what is needed is that the work should 
be undertaken as carefully and systematically as in India, where 
the duty of preserving the ancient literature of the country has 
been recognized by the Government, and where the collection 
of ancient manuscripts has for years past beeh conducted by 
a large staff of officers. 

Sugar seems to be losing its attractions for Lepidoptera. 
Mr. Joseph Anderson writes to the Entomologist from Chichester 
that his experience agrees with all that has been written on this 
subject lately. In the trees surrounding his house, and in those 
of his neighbour’s garden, he has good sugaring grounds, and in 
former years they brought him a satisfactory return for the 
trouble expended on them, his captures numbering about fifty 
different species. Now,” he says, '*for three or four years 
past, night after night, sugaring has been almost of no avail. 
Can it be a case of inherited instinct ? And are the rising 
generation of moths getting too wise to be Irap^ el by the 
sugaring baits?” 

With the aid of an apparatus called a periscope^ the sub- 
marine boat Gymnote was lately, it will be remembered, piloted 
safely in Toulon harbour. This enables the officer directing the 
movements to have a wide view around ; and it consists of a 
vertical telescopic arrangement, with a lenticular total reflection 
prism at the top held between the tube and a cover above. 
After reflection in the prism, the rays converge at a certain point, 
and are received by a lens, the principal focus of which 
coincides with this point ; thus a vertical cylindrical beam is 
formed, which meeting a mirror below, inclined at 45®, is 
directed horizontally to the eye-piece. A diaphragm, having a 
small radiating tongue, and moved by a tangent screw, enables 
one to intercept the view^of the vertical plane in which the sun 
is, the tongue being brought to coincide with dhe plane. The 
system is said to work admirably. 

Experimenting lately on the sense of smell, Dr. Zwardc- 
maaker, of Utrecht, devised an olfactometer, which consists 
simply of a glass tube with upward curviag part to be inserted 
in the nostril. A short movable cylinder made of some 
odoriferous substance fits^ver the outer straight eed of the tube. 
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On inhaling, one perceives no odour so Ion ; as this cylinder does 
not project beyond the inner tube ; but the further it is pushed 
out, the larger is the scented surface presented to the entering 
air, and the stronger the odour perceived. The author studies 
mixture « of odours by applying a cylinder saturated with a 
scented body to the end of the olfactometer, and varying the 
length of the two odoriferous substances. But he considers a 
double olfactometer better (one tube for each nostril). With 
this, one may easily experience how one odour will overwhelm 
another ; rubber, causing the smells of paraffin, wax, and tola 
to disappear. Even with very strong excitants, there is never a 
mingling of sensations. Either the one or the other odour is 
perceived, till by careful equilibration of the two, no sensory 
effect at all is perceived. Sensibility is quite eliminated. 

The Verein llir Erdkunde, of Halle, is arranging for a hydro- 
graphical and zoological investigation of the Lake of Ploen, in 
Holstein. 

Vienna and Berlin will shortly be connected by telephone. 

A PRETTY and convenient celluloid paper knife is being sent 
by Messrs. Woodhouse and Rawson United, Limited, to their 
clients. No one who uses it can doubt that celluloid may for 
some purposes be a very good substitute for ivory. 

Messrs. William Wesley and Son have issued No. 99 of 
their ‘‘Natural History and Scientific Book Circular.’' It 
consists of a list of works in astronomy, mathematics, and 
physics. 

A PAPER upon phosphorus trifluoride is contributed by M. 
Moissan to the February number of the Annales d€ Chimie et de 
Physique. In a previous communication it was shown that this 
interesting gas c^uld be obtained either by heating a mixture of 
lead fluoride and copper phosphide, or by the action of arsenic 
trifluoride upon phosphorus trichloride. Since that time it has 
been found that a regular and more rapid evolution of phosphorus 
trifluoride occurs when a mixture of zinc fluoride and phosphorus 
tribromide is gently warmed, and this appears to be by far 
the most convenient way of obtaining the gas in quantity. Zinc 
fluoride reacts much more rapidly than lead fluoride, and is best 
prepared by the action of pure hydrofluoric acid upon zinc car- 
bonate, The insoluble fluoride thus obtained is washed with 
distilled water and dried at 200® C. It is important not to raise 
the temperature beyond this point, as further heating renders it 
much less easily attacked by phosphorus tribromide. The dry 
zinc fluoride is then placed in a brass tube closed at one end and 
fitted at the other with a double bored ordinary cork, well 
paraffined, and through which pass two tubes, one a delivery 
tube of lead, and the other a kind of dropping funnel, from which 
the tribromide of phosphorus is allowed to slowly fall upon the 
gently warmed fluoride of zinc. As soon as the temperature of 
the latter has begun to rise, the action becomes very energetic, 
and in a few moments several litres of the gas may be collected. 
In order to free the phosphorus trifluoride from admixed vapour 
of phosphorus tribromide, it is quite sufficient to allow it to 
bubble through a little water contained in a small wash bottle, 
after which it may be dried by passing through tubes containing 
pumi^ce, which has been boiled in strong oil of vitriol, and 
heated until only the minimum quantity of sulphuric acid remains 
adhering to it, ina.smuch as the strong acid absorbs a notable 
qq^tity of phosphorus trifluoride. THb gas is finally collected 
over , mercury. The reaction occurring during the preparation 
is stated to be as follows : — 

SZnFj -f aPBr, = aFFg -f- 3ZnBr2. 

Gaseous trifluoride of phosphorus as thus prepared possesses a 
very sharp odour, bul does not fume in the air. It is very 
slowjy ateorbfed by water, but is deepmposed immediately by 


solutions of chromic acid or potassium permanganate. As the 
above reaction appears to yield the gas in a very pure state, M. 
Moissan has ma'de determinations of its density, and finds it to 
be 3 ’03. The calculated density of PFj is 3*08. When a 
measured quantity of the gas is heated over mercury in a closed 
glass vessel, it is totally decomposed by the silica of the glass, 
and the volume diminishes by one-fourth, four molecules of 
PF3 becoming converted into three molecules of gaseous silicon 
tetrafluoride, SiF4. 

The additions to the Zoological Society’s Gardens during the 
past week include a Ring-tailed Lemur {Lemur catta) from 
Madagascar, presented by the executors of Dr. Allen ; a Vulpine 
Phalanger {Pkalangista vulpina 9 ) from Australia, presented 
by Mr. W. H. Seward ; a Hamster {Crieeius frumentariusy 
from Russia, presented by Mr. Harold Hanauer, F.Z.S. ; an 
Alligator {Alligator mississippiensis') from Florida, presented 
by Mr. A. B. Archer ; a Hoffmann's S\oih {Cholopus hoffmanni} 
I from Panama, deposited. 


OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 


Sideeeal Time at Greenwich at 10 p.m. on February 3 = 
7h. 3Sm. 32s. 


Name. 

i 

Mag. j 

Colour. 

R A. 1890. 

Dcicl. 1S90. 

(i)G.C. 1546 

' 

_ i 

1 


h. ni. s. 

7 5*9 

^ •.*s 28 

(a) DM. *f 14” X729... 


Yellowish-red. 

7 35 51 

+ 14 28 

(i) ^ Geminorum 

2 

Yellowish-white. 

7 38 36 

+ 28 18 

(4) a Canis Minoris ... 

! I 

Bluish- white. 

7 33 30 

4-53* 

(5) 89 Schi 

(6) S Hydrae | 

1 


Yellowish-red. 

7 ® 55 

“ XI 47 

Var. 1 

1 

j 

Reddish-yellow. 

8 47 50 

+ 3 29 


Remarks. 

(i) The General Catalogue description of this nebula is as 
follows : — “ Pretty bright ; considerably small ; round ; very 
gradually a very little brighter in the middle ; mottled as if 
with stars ; almost planetary." The spectrum of the nebula 
has not yet keen recorded. 

{2) Duner describes the spectrum of this star as a very fine 
example of the Group II. type. He states that all the bands 
2-8 are wide and dark, especially 2 and 3, and that the whole 
Spectrum is well developed. No mention is made of the 
presence or absence of absorption lines, but there is little doubt 
that some will be found if looked for, the predominance of the 
bands 2 and 3 probably indicating that the star belongs to a 
later species, and is therefore approaching Group II!., in which 
line absorption is predominant. Observations of the green and 
blue carbon flutings are also suggested (see p. 305). 

(3) This star has hitherto been described as having a speccrum 
of the solar type. The usual observations, as to whether the 
temperature of the star is increasing (Group III.) or decreasing 
(Group VI.) are required. 

(4) Gothard classes Procyon with stars of Group IV., but the 
Henry Draper Memorial photograph of the spectrum seems to 
indicate that it would be more properly described as an early 
stage of Group V., differing from the solar spectrum in having 
the hydrogen lines more developed and the metallic lines slightly 
thinner. Further observations of the visible spectrum are 
suggested. 

(5) According to Dun^r the spectrum of this star belongs to 
Group VI., and shows the usual three absorption bands of 
carbon. Band 6, which appears to be the most variable, is stated 
in this case to be very dark, and the question is. Are there any 
other variations in the spectrum accompanying the condition in 
which band 6 is dark? It seems probable that the number 
and intennities of the secondary bands will be found to vary 
with band 6, and these should, therefore, receive special 
attention. 

(6) This variable has a spectrungi of the Group II. type, but 
Dun^r does not give a complete description, as he probably did 
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^ot observe it at maximum. A further examination is therefore to the new home of the collection at Edinburgh. The important 

required. Bright lines should also be carefully looked for, in astronomical work done by the Earl of Crawford personally, 

order to determine whether the appearance of brght lines at the and at his observatory, has contributed, in no slight degree, to 

maxima of stars of Group 1 1, is general. The period is given by the progress of astronomy, and the very generous gift to the 

Gore as 256 days, and the range as from 7’5-8*S at maxi- nation of the entire contents of the observatory at Dun Echt is 

mum to < I2‘*2 at minimum. The maximum will occur on worthy of the man, and appreciated by all friends of the science 

February 24. A. Fowler. throughout the world. . 


Spectrum of the Zodiacal Light. — In this month’s 
Observatory^ Mr. Maxwell Hall gives the results of a series of 
observations of the zodiacal light made at Jamaica. The obser- 
vations are ‘divided into three groups, according to the angular 
distance from the sun of the part of the zodiacal light observed. 
With respect to the first group, made at a distance of so"" from 
the sun, it is noted that the spectrum was seen as a faint white 
continuous band, commencing suddenly at X 561, and extending 
as far as G, where it died out very gradually. The limit was 
well determined by comparison with the carbon flutings at 
XX 470, 517, and 564. The result of the second group of ob- 
servations, made at a distance of 22® from the sun, showed that 
the spectrum commenced at X 561, but not so suddenly; its 
feeble maximum was transferred to about X517; from thence 
it was tolerably uniform to about X 497, and then it gradually 
diminished and faded away at G. 

The observations made at a distance of 15® from the sun gave 
X 562 for the limit of the red end of the spectrum, and G as 
before for the violet end. But the spectrum did not commence 
at all suddenly: the stronger maximum was still at x 517: it 
was fairly uniform from thence to X 497, and then faded away. 

Observations of twilight are needed to determine whether, as 
it grows more and more faint, the maximum appears to shift 
towards the red end of the spectrum or not ; if not, the change 
in intensity of portions of the spectrum of the zodiacal light as 
observations are made at varying distances from the sun are 
peculiar to it, and need further investigation. 

Solar and Stellar Motions. — Prof. J. R. Eastman, in his 
address as retiring President of the Philosophical Society of 
Washington, delivered December 7, 1889, gave an exhaustive 
account of the investigations that have been made to determine 
the co-ordinates of the solar apex and the annual value of the 
motion of the solar system. His investigations into the relation 
between stellar magnitudes, distances, and motions, show that, 
in opposition to the assumption generally accepted, which asserts 
that the largest stars are nearest the solar system, there is an 
.almost uniformly increasing proper motion as the stars grow 
fainter. Forty-six stars, that is, practically all those whose 
parallaxes have been well determined, have been tabulated and 
arranged in five nearly equal groups according to the magnitude 
of their proper motion. The following table gives the mean 
results found for each of the groups: — 

Number of Stars Mean Mean Proper Mean 
in Group. Magnitude. Motion. Parallax. 

1st Group ... 9 ... 5*57 ... 4 93 ... 0-32 

2nd ,, ... 9 ... 5-59 ... 233 ... 0*20 

•• 9 3*37 ... 104 ... 0*20 

4th ,, ... 9 ... 2*36 0-38 ... ot6 

Sth „ ... 10 ... 2-84 ... 006 ... 0M3 

The mean magnitude of the first two groups is 5*58, and the 
mean proper motion is 3 *"63. Of the last three groups the 
mean magnitude is 2*86, and the mean proper motion is o*^'49. 

If the 46 stars investigated be arranged according to the 
magnitude of their parallaxes, it is found that 1 8 of them have a 
parallax greater than o*''2. The mean magnitude of these stars 
IS 5*56, and the mean parallax is o*’'34. Of the remaining 28 
stars the mean magnitude is 2*89, and the mean parallax is 
From this it would appear that, if any law can be 
formulated from the observed data, it must be that the fainter 
rather than the brighter stars are nearest the solar system. 

^Dun Echt Observatory. — The Earl of Crawford, in a 
circular issued on the 29th ult., expresses his thanks for the hearty 
co operation be has met with at all hands in his endeavours to 
advance the science of astronomy. Although some little time 
will elapse before all the instruments can be removed from Dun 
Echt to the Royal Observatory at Edinburgh, the former observa- 
tory must be looked upon as closed, and the generous donor 
trusts that the astronomical friends who have for years con- 
tinued to enrich the library at Dun Echt Observatory with 
donations of books and pamphlets will extend their literality 


Melbourne Observatory. — We have received from Mr. 
Ellery the volume containing the results of transit circle obser- 
vations made from the beginning of 1881 to the end of August 
1884. The separate results for K.A. and N.P.D. have been 
taken directly from the transit books, and also the observer’s 
estimates of the magnitude. The places and magnitudes of the 
stars given in the annual catalogues have been derived from these 
separate results by taking their arithmetical mean. 


GEOGRAPHICAL NOTES. 

At the meeting of the Royal Geographical Society on Moud^y, 
Mr. Douglas W. Freshfield read a most interesting paper on “Search 
and Travel in the Caucasus : an account of the discovery of the 
fate of the party lost in 1888.” He began by acknowledging 
his obligations to M. de Stael, the Russian Ambassador to the 
Court of St. James’s, the officials at Vladikavkaz, and more 
particularly to MM. Jukoff and Bogdanoffi, of the Russian 
Survey, for the facilities and assistance given to him and his 
companions in carrying out the object of his journey. The 
topographical information accumulated by the surveyors had 
been placed at his disposal with the greatest readiness, and part 
of the result might be seen in the great map (6 inches to the 
mile) of the central group hung on the wall. The heights of 
the principal peaks were now ascertained. There were eight 
higher than Mont Blanc, and fifteen of over 15,000 feet. The 
four hi|;hest are Elbruz, Koshtantau, Shkara, and Dychtau. 
Ushba is 15,600 feet. Mr. Freshfield briefly described the new 
carriage pass, the Mamison, 9400 feet, from Vladikavkaz to 
Kutais. Its scenery is finef than that of the Dariel, and the 
road has been well engineered, but ‘it will shortly fall into rain 
unless a service is organized for its maintenance. He referred 
to the remarkable old Ossete sanctuary of Rekom, at the foot 
of the Ceja Glacier, and to the tombs found at Chegem, and 
exhibited a collection of metal and other objects discovered 
mostly at Styr Degir. In many villages small .settlements of 
Mountain Jews” were found. There were over 20,000 of 
this race in the Caucasus, and a work on them has lately been 
published at Moscow. The author, M. Mirimisoff, .states that 
their beliefs and superstitions are singular, and show Persian 
influence, but they have had for centuries no connection with 
the rest of their race, from which they were probably 
separated at a very early date. The party had crossed five 
high glacier passes before reaching Suanetia. Here Mr. 
Freshfield and Captain Powell were the guests of Prince 
Atar Dadish Kilia, the representative of the family who once 
ruled Lower Suanetia. He now spends a few months in the 
summer at his house at Ereri, dispensing hospitality in feudal 
fashion among his retainers. The population assembles every 
Sunday for games on the green, and the women sing ballads re- 
counting incidents in local history or tales of love and revenge. 
The Leila peaks (13,400 feet) south of Suanetia were ascended 
for the first time. They are pre-eminent in forests and flowers. 
One of the glaciers falls over a cliff in avalanches into a glen 
which is a bed of wild roses and yellow lilies, growing often with 
fourteen blooms on one stalk. From Suanetia to Sukhum 
Kaleh the travellers forced a way with mules through an almost 
trackless forest, and down the deserted valley of the Kodor, the 
region that was once Abchasia. Strange tales are told of the 
forest, even by Russian officials, who declared that a wild race, 
without villages, arms, or clothes, haunted its recesses. No one 
was met, however, but a few hunters and shepherds. But eon- 
siderable difficulty was met with in forcing a way through the 
tangle of fallen timber and finding a passage over the torrents, 
and the native guides elhployed deserted the travellers befo^ 
they reached Lata, the first Russian station on the Kodor. Mr. 
Freshfield proceeded to relate in detail the incidents of the 
search undertaken by Mr. C. Dent and himself, with the 
aid of Mr. H. Woolley and Captain Powell, for traces 
of the fate of the mountaineers, Mr. W. F. Donkin, Mr. 
H. Fox, and two Meiringen ^ides, |pst in August 188& 

It was known, from a note in a diary left oy Mr. Fox in a lower 
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camp with his heavy luggage, that the lost party had set out from 
the Dumala Valley in the Bezingi District, with the hope of 
climbing Dychtau, 16,880 feet, from the south-east. Karaoul, at 
the head of the Cherek Valley, was made, therefore, the head- 
fpiartcrs of the search party. They bivouacked under a rock 
beside the Tutuin Glacier, at a height of 9400 feet. Next morn- 
ing (July 29) they started at dawn, and forced, not without dif- 
ficulty, a passage through the monstrous sh'acs of the Tutuin 
Glacier. Above them they found a long snowy corridor leading 
to the base of Dychtau, and to the foot of a gap in its east spur, 
which they believed Mr. Donkin and his companions had crossed 
from the Dumala glen on the further side. Nothing was found 
at the foot of the steep rock wall, 1400 feet high, which pro- 
tected the pass. The searchers therefore climbed the rocks 
leading to it, and when 1000 feet above the snow and some 
400 below the ridge, the traces sought were met with. The 
leader at the rope’s end suddenly stopped short and gasped, 
‘‘See, here is the sleeping-place.” Before our eyes rose a low 
wall of loose stones built in a semicircle convex to the lower 
precipice. A crag partially overhung it ; any object dropped 
ovfir’tfee wall fell 1000 feet on to the snow plain below. The 
space, some 6 feet square, inside the wall, was filled with un- 
even snow or ice, from which portions of knapsacks and sleep- 
ing bags protruded. A black stew-pan, half full of water, in 
which a metal cup floated, lay against the rock ; a loaded re- 
volver was hung beside it. It cost more than three hours’ hard 
work to dig out all the objects from the frozen stuff in which 
they were embedded. Only three could work at once in the 
narrow space, and Mr. Freshfield and Mr. Woolley went on to 
the ridge, where they found a small stoneman, but no written 
record. Some manuscript notes and maps of Mr. Fox’s were 
found in the bivouac, but nothing written after leaving the lower 
camp. The whole of the cliff and cliff’s foot were carefully 
searched with a strong telescope. Mr. Woolley and his guides 
twice passed along the cliff’s foot on his ascent of Dychtau, and 
he made certain that the party had not climbed the peak — that 
the accident therefore had happened on the ascent. After the 
lecture, Mr. Freshfield showed in ^he lantern a series of views 
of the Caucasus, from photographs by Mr. Hermann Woolley 
and Signor V, fiella. A complete set of Signor Sella’s views, 
embracing eight panoramas and 90 views, was shown in an 
adjoining room. The panorama from Elbruz shows the whole 
chain of the Caucasus above a sea of clouds, and is probably 
the finest mountain photc^raph yet exhibited. 

The last issue of the Izvestia of the Bussian Geographical 
Society is more than usually interesting, as it contains detailed 
letters received from the members of the three Russian expedi- 
tions now engaged in the exploration of Central Asia. The 
letter of M. Roborovsky, dated August 16, and written in the 
highlands to the south of Yarkend, contains a most vivid de- 
scription of the journey from the town Prjevalsk to Yarkend, 
across the passes of Barskaun and Bedel. M. Roborovsky knows 
Central Asia well, as he was Prjevalsky’s travelling companion 
during three of his great journeys ; and his descriptions of the 
country — its orography, climate, and flora — are full of most valu- 
able information. Another letter is from M. Bogdanovilch, the 
geolc^st of the expedition, who joined it at Yarkend, after 
having crossed the Kashgarian Mountains on another route and 
explored the Mustagh-ata glaciers. That part of the Pamir 
border-ridge had already been explored by Stoliezka, but M. 
Bogdanovuch adds much new information, it appears— as might 
have been expected from the orography of the region — that there 
is no trace of mountains running north and south on the eastern 
edge of the great Pamir plateau. The Kashgar Mountains are 
an upheaval of gneisses, metamorphic slates, and Tertiary 
deposits, running from north-west to south-east. The limestones 
which Stoliezka supposed to be Triassic, proved to be Devonian. 
The most characteristic fossils of the Upper Devonian {Atfypa 
reticularis^ A. laiilinpiis^ A, asf>era, Spirifer Vermuli^ and 
sevo/al others) were Kntnd together with the corals (Lithoden^ 
dron\ Stromatoporae and Ceriapone described by Stoliezka. The 
Tertiary sandstones are broken through (as is often the case in 
Siberia) by dolerites of volcanic origin, at the very border of the 
plateau, on its slope turned towards Kashgaria. Another series 
of letters, the last of which is dated September 23, from the 
sources of the Aksu, is from Colonel Grombehevsky. The late 
spring delayed the advance of the expedition, which spent the 
first part of June in crossing the Alai Mountains. The great 
Alai Valley of the Patrir could be reached only on June 19, bat 
the Trans- Alaj Mountains were buried in snow ; no passage was 


possible, and the explorer was compelled to march to the lower 
tracts of Karategin. He thence proceeded to Kala-i-khum, a 
little town situated on the Pendj, at a height of 4500 feet, and 
enjoying a relatively mild climate. From Kala-i-khum M. 
Grombehevsky succeeded in reaching the Vantcha river ; but 
having met there the Afghan troops which were taking possession 
of the khanates of Shugnan and Rothan, he could not move 
further south, nor explore the western parts of the Pamir ; so he 
proposed to continue the exploration of the eastern parts of the 
Roof of the World. Finally, the two brothers, Grum-Grzimailo, 
who are exploring the Eastern Tian-Shan from Kuidja to 
Urumtsi, give short news of their progress, and remark that our 
maps of Eastern Tian-Shan are quite incorrect — a circumstance 
which might have been guessed from the general orographical 
structure of Central Asia. The collections of vertebrates and 
insects which have been gathered by the two explorers are 
exceedingly rich. 

A PERMANENT Marocco museum is to be established at the 
head- quarters of the Society of Commercial Geography at 
Berlin. 

SMOKELESS EXPLOSIVES.^ 

II. 

CO far as smokelessness is concerned, no material can surpass 
j^^uH cotton pure and simple ; but, even if its rate of combustion 
in a firearm could be controlled with certainty and uniformity, 
althougn only used in very small charges, such as are required 
for military rifles, its application as a safe and reliable propulsive 
agent for military and naval use is attended by so many difficul- 
lics, that the non-success of the numerous attempts, made in 
the first twenty-five years of its existence, to apply it in this 
direction, is not surprising. 

Soon after its discovery by Schonbein and Bottger in 1846, 
endeavours were made to apply gun-cotton wool, rammed into 
cases, as a charge for small arms, but with disastrous results. 
Subsequently von Lenk, who made the first practical approach 
to the regulation of the explosive power of gun-cotton, produced 
small-arm cartridges by superposing layers of gun-cotton threads, 
these being closely plaited round a core of wood. Von Lenk’s 
system of regulating the rapidity of burning of gun-cotton, so as 
to suit it either for gradual or violent action, consists, in fact, in 
converting coarse or fine, loosely or tightly twisted, threads or 
rovings of finely carded cotton into the most explosive form of 
gun-cotton, and of arranging the^e threads or yarns in diflereni 
ways so as to modify the mechanical condition, i.e. the compact- 
ness and extent and distribution of enclosed air-spaces, of the 
mass of gun-cotton composed of them. Thus, small-arm cartridges 
were composed, as already stated, of compact layers of tightly- 
plaited, fine gun-cotton thread ; cannon cartridges were made up 
of coarse, loose gun-cotton yarn wound very compactly upon a 
core ; charges for shells consisted of very loose cylindrical hollow 
plaits (like lamp wicks), along which fire flashed almost instan- 
taneously ; and mining charges were made in the form of a 
very tightly twisted rope with a hollow core. While the two 
latter forms of ^n-cotton always burned with almost instan- 
taneous rapidity in open air, and with highly destructive effects 
if they were strongly confined, the tightly wound or plaited 
masses burned slowly in air, and would frequently exert their 
explosive force so gradually when confined in a nrearm as to 
produce good ballistic results without appreciably destructive 
effect upon the arm. Occasionally, however, in, consequence of 
some slight unforeseen variation in the compactness of the 
material, or in the amount and disposition of the air-spaces in 
the mass, very violent action would be produced, showing that 
this system of regulating the explosive force of gun-cotton was 
quite unreliable. 

lifisled by the apparentl3r promising nature of the earliest 
results which von I^nk obtained, the Austrian Government em- 
barked, in 1 802, upon a somewhat extensive application of von 
Lenk’s gun-ootton to small arms, and provided several batteries 
of field guns for the use of this material. The abandonment of 
these measures for applying a smokeless explosive to military 
purposes soon followed upon the attainment of unsatisfactory 
results, and was hastened by the occurrence of a very destructive 

' Friday Evening Dtscouise delivered by Sir Frederick Abel, F R.S., at 
the Royal Institution of Great Britain, on January 31, 1890. Continued 
from p. 330. 
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explosion at gun-cotton stores at Simmering, near Vienna, in 
1862. 

It was at about this time that the attention of the English 
Government, and through them of the lecturer, was direct^ to 
the subject of gun-cotton, the Austrian Government having com- 
municated details regarding improvements in its manu^cture 
accomplished by von Lenk, and results obtained in the extended 
experiments which had been carried out on its application to the 
various purposes above indicated, according to the system devised 
by that officer. One of the results of the lecturer’s researches, 

‘ subsequently carried on at Woolwich and Waltham Abbey, was 
his elaboration of the system of manufacture and employment of 
gun-cotton which has been in extensive use at the Government 
works with little if any modification for over eighteen years, and 
has been copied from us by France, Germany, and other countries. 
By reducing the partially purified gun-cotton fibre to pulp, as in 
the ordinary process of making paper, then completing its purifi- 
cation when in that condition, and afterwards converting the 
finely-divided explosive into highly compressed homogeneous 
masses of any desired form and size, very important improve 
ments were effected in its stability, its uniformity of composition 
and action, and its adaptability to practical uses, a great advance 
being made in the exercise of control over the rapidity of com- 
bustion or explosion of the material. 

No success had attended the experiments instituted in England 
with wound cannon cartridges of gun-cotton threads made accord- 
ing to von Lenk’s plan ; on the other hand, a number of results 
which at first sight appeared very promising were obtained at 
Woolwich in 1867-68 with bronze field-guns and cartridges built 
up of compressed gun-cotton masses arranged in different^ways 
(with varied air-spaces, &c.) with the object of regulating the 
rapidity of explosion of the charge. But although the attainment 
of high velocities with comparatively small charges of the material, 
unaccompanied by any indications of injury to the gun, was 
frequent, it became evident that the fulfilment of the conditions 
essential to safety to the arm were exceedingly difficult to attain 
with certainty, and appeared indeed to be altogether beyond 
absolute control, even in so small a gun as the twelve-pounder. 
Military authorities not being, in those days, alive to the advan- 
tages which might accrue from the employment of an entirely 
smokeless explosive in artillery, the lecturer received no en- 
couragement to persevere with experiments in this direction, and 
the same was the case with respect to the possible use of a 
smokeless explosive in military small arms, with which, however, 
far more promising results had at that lime been obtained at 
Woolwich. 

Abel’s system of preparing gun-cotton was no sooner ela- 
borated than its application to the production of smokeless 
cartridges for sporting purposes was achieved with considerable 
success by Messrs. Prentice, of Stowmarket. The first gun- 
cotton cartridge, which found considerable favour with sports- 
men, consisted of a roll of felc-like paper composed of gun-cotton 
and ordinary cotton, and produced from a mixture of the pulped ^ 
materials. Afterwards a cylindrical pellet of slightly compressed 
gun-cotton pulp was used, the rapidity of explosion of winch 
was retarded, while it was at the .same time protected from 
absorption of moisture, by impregnation with a small proportion 
of india-rubber. Neither of these cartridges afforded promise of 
sufficient uniformity of action to ffilfil military requirements, but j 
after a series of experiments which the lecturer made with com- 
pressed gun-cotton arranged in Vfirious ways, very promising j 
results were attained, especially with the Martini-Henry rifle 
and a charge of pellet-form, the rapidity of explosion of which 
was regulated by simple means. * 

A sporting powder which was nearly smokeless had, in the 
meantime, beet) produced by Colonel Schultze, of the Prussian 
Artillery, from wood cut up into very small cube-like fragments, 
converted into a mild form of nitro-cellulose after a preliminary 
purifying treatment, and impregnated with a small portion of an 
oxidizing agent. Subsequently the manufacture of the Schultze 
powder was considerably modified ; it was converted into the 
granular form, and rtsndered considerably more uniform in 
character and less hygroscopic, and it then bore considerable 
resemblance to the E.C. powder, a granulated nitro-cotton 
powder, produced, in the first instance, at Stowma:ket, and 
consisting of a less highly nitrated cotton than gun-cotton 
(trinttrocellulose), incorporated in the pulped condition with a 
somewhat considerable proportion of the nitrates of potassium 
and barium, and converted into grains through the agency of a 
solvent and a binding material. Both of these powders pro- 


duced some smoke when fired, though the amount was small in 
comparison with that from black powder. They did not compete 
with the latter in regard to accuracy of shooting, when used in 
arms of precision, but they are interesting as being the fore- 
runners of a variety of so-called smokeless powders, of which 
gun-cotton or nitro-cotton is the basis, and of which those of 
j Johnson and Borland, and of the Smokeless Powder Company, 

J are the most prominent in this country. 

j In past years, both camphor and liquid solvents, such as^ 
acetic ether and acetone for gun-cotton, and mixtures of ether 
and alcohol for nitro-cotton, have been applied to the hardening 
of the surfaces of compressed masses or granules of those 
materials, by von Forster and others, with a view to render 
them non-porous, and in the E.C. powder manufacture the 
latter solvent was thus applied to harden the powder-granules. 
In the Johnson-Borland powder camphor is applied to the same 
purpose ; in smokeless powders of French and German manu- 
facture acetic ether and acetone have been used, and the solvent 
has been applied not merely to harden the granules or tablets 
of the explosive, but also to convert the latter into a homogeneous 
horn-like material. 

Much mystery has surrounded the nature and origin of the first 
smokeless powder adopted, apparently with undue haste, by the 
French Government, for use with the Lebel magazine rifle. A 
few particles of the Vicille powder, or Poudre B, were seen by 
the lecturer about two years ago, and very small specimens 
appear to have fallen into the hands of the German Government 
about that time. They were in the form of small yellowish - 
brown tablets of about 0*07 inch to 0*1 inch square, of the 
thickness of stout notepaper, and had evidently been produced 
by cutting up thin sheets of the material. They ap^ared to 
contain, as an important ingredient, picric acid (the basis 
of ‘‘infinite”) a substance extensively used as a dye, and ob- 
tained by the action of nitric acid, at a low temperature, upon 
carbolic acid and crcsylic acid, constituents of coal tar. Origin- 
ally produced by the action of nitric acid upon indigo, and 
afterwards by similar treatment of Botany Bay gum, it was first 
known as carbazotic acid, and is one of the earliest of known 
explosives of organic origin. When sufficiently heated, or when 
set light to, it burns with a yellow smoky flame, ^nd even very 
large quantities of it have been known to burn away somewhat 
fiercely, but without exploding. Under certain conditions, 
however, and especially if subjected to the action of a powerful 
detonator, it explodes with very great violence and highly 
destructive effects, as pointed out by Sprengel in 1873, and 
recent experiments at Woolwich have shown that it does this 
even, as in the case of gun-cotton, when it contains as much as 
15 per cent, of water. It is no longer a secret that picric acid 
at any rate forms the basis of the much- vaunted and mysterious 
explosive for shells for which the French Government were said 
to have paid a very large sum of money, and the destructive 
effects of which have been described as nothing less than mar- 
, vellous. M. Turpin patented, in 1875, the use of picric acid 
alone as an explosive for shells and for other engines of destruc- 
tion, and whether or not his claims to be the inventor of melinite 
are valid, there appears no doubt that his patent in France was 
the starting-point of the development and adoption of that 
explosive. 

i The attention thus directed in France to the properties of 
picric acid appears to have given rise to experiments resulting in 
Its employment as an ingredient of the first smokeless powder 
{Poudre B) adopted for the French magazine rifle. 

The idea of employing picric acid preparations as explosive 
agents for propulsive purposes originated with Designolle about 
twenty years ago, but no useful results attended the experiments 
with the particular mixtures proposed by him. It is certain that 
the recent adaptation of that substance in France was of a' 
different character, and that, promising as were the results of the 
new smokeless powder, of which it formed an ingredient, and of 
which a counterpart was made the subject of experiments»4t 
Woolwich about three years ago, its deficiency in' the all- 
essential quality of stability must have been at any rate one 
cause of its abandonment ill favour of another form of smokeless 
powder, which there is reason to believe is &f more simpl8 
character. 

In Germany, the subject of smokeless powder for small arms 
and artillery was being steadily pursued in secret, while the 
seusatiooal reports concerning Poudre B were spread about in 
France, and a small-arm powder, giving excellent results in 
regard to ballistic properties and uniforimty, was elaborated at 



354 


NA TURE 


[Feb. 13 , 18^0 


the Rottweil powder-works, and appears to have been Adopted 
into the German service for a time, but its first great promise of 
success seems to have failed of fulfilment through defects in 
stability. 

Reference has already been made to the conversion of gun- 
cotton (trinitrocellulose), and to mixtures of it with less explosive 
forms of nitrated cotton (or nitrated cellulose of other descrip- 
tion), by the action of solvents into horn-like materials. These 
are in the first instance obtained in the form of gelatinous 
masses, which, prior to the complete evaporation or removal of 
the solvent, can be pressed or squirted into wires, rods, or tubes, 
or rolled or spread into sheets ; when they have become 
hardened, they may be cut up into tablets or into strips or pieces 
of size suitable for conversion into chaiges or cartridges. 
Numerous patents have been secured for the treatment of gun- 
^ cotton, nitro-cotton, or mixtures of these with other substances, 
by the methods indicated ; but in this direction the German 
makers of the powder just now referred to seem to have secured 
priority. Experiments were made about a year and a half ago 
with powder produced in this way at Woolwich, and the Wet- 
tci^il ePowder Company in Belgium has also manufactured so- 
called paper powders, or horn-like preparations, of the same 
kind, which were brought forward as counterparts of the French 
small-arm and artillery smokeless powder. 

Mr. Alfred Nobel, to whom the mining world is so largely 
indebted for the invention of dynamite, and of other very effi- 
cient blasting agents of which nitro glycerine is the basis, was 
the first to apply the latter explosive agent, in conjunction with 
one of the lower products of nitration of cellulose, to the pro- 
duction of a smokeless powder. The powder bears great 
resemblance to one of the most interesting of known violent 
explosives, also invented by Mr. Nobel, and called by him 
blasting gelatine, in consequence of its peculiar gelatinous cha- 
racter. When the nitro-cotton is impregnated and allowed to 
digest with nitro-glycerine, it loses its fibrous nature and be- 
comes gelatinized while assimilating the nitro-glycerine, the two 
substances furnishing a product which has almost the character 
of a compound. By macerating th|^ nitro-cotton with from 7 to 
10 per cent, of nitro-glycerine, and maintaining the mixture 
warm, the whole soon becomes converted into a plastic material 
from which it is very difficult to separate a portion of either of 
its components. This preparation, and certain modifications of 
it, have acquired high importance as blasting agents more j 
powerful than dynamite, and possessed of the valuable property j 
that their prolonged immersion in water does not separate from 
them any appreciable proportion of nitro-glycerine. 

In the earlier days of the attempted application of blasting | 
gelatine to mibtary uses, in Austria, when endeavours were 
there made to render the material less susceptible of accidental 
explosion on active service (as by the penetration of bullets or 
r.hell fragments into transport waggons containing supplies of the 
explosive), this result was achieved by Colonel Hess by in- 
corporating with the components a small proportion of camphor, 
a substance which had then, for some time past, played an im- 
portant part in the technical application of nitro-cotton to the 
production of the remarkable substitute for ivory, horn, &c., 
known as xylenite. By incorporating with nitro-glycerine a 
much larger proportion of nitro-cotton than used in the produc- 
tion of blasting gelatine, and by employing camphor as an 
agent for promoting the union of the two explosives, as well as, 
apparently, for deadening the violence, or reducing the xapidity 
of explosion of the product, Mr. Nobel has obtained a material 
of almost horn-like character, which can be pressed into pellets 
or rolled into sheets while in the plastic condition, and which 
compares favourably with the gun-cotton preparations of some- 
what similar physical characters just referred to, as regards 
ballistic properties, stability, and uniformity, besides being 
almost absolutely smokeless. The retention in its composition 
of some proportion of the volatile substance camphor, which 
mav gradually be reduced in amount by evaporation, renders this 
explosive liable to undergo some modification in its ballistic 
properties in course of time ; it is believed that this pioint has 
been dealt with by Mr. Nobel, and accounts from Italv speak 
favourably of thu results of trials of hU powder in small arms 
while Mr. Krupp is reported to be carrying on experiments with 
it in guns of several calibres. 

The Government Committee on Explosives, in endeavouring 
to remedy the above defect of Nobel’s original powder, were led 
bv their researches to the preparation of other varieties of nitro- 
glycerine powder, whi(:h, when applied in the form of wires or 


rods, made up into sheaves or bundles, have given, in the 
service^ small-bore rifle, excellent ballistic results. The most 
promising of them, which fulfils, besides, the conditions of smoke- 
lessness and of •stability, so far as can be guaranteed by the 
application of special tests of exposure to elevated temperatures, 
&c., is now being submitted to searching experiments with the 
view of so applying it in the arm as to overcome certain difficulties 
attending the employment, in a very small-bore rifle, of an 
explosive developing much greater energy than the black- powder 
charge, which therefore gives very considerably higher velocities 
even with much smaller charges, and conseauently beats the 
arm much more. Thus, the service black-powder charge 
furnishes, with the small-bore rifle, an average (and variable) 
velocity of 1800 f.s., together with pressures ranging from 18 to 
2D tons per square inch ; on the other hand, with considerably 
less of the powder referred to, there is no difficulty in securing 
a very uniform velocity of about 2200 f.s. with pressures not 
exceeding 17 tons, while velocities as high as 2500 f.s. are 
obtainable with pressures not greater than the maximum allowed 
with the black-powder charge. 

It IS obvious, from what has already been said respecting the 
causes of the erosive action of powder in guns, that compara- 
tively considerable erosive effects would be expected to be 
produced by powders of high energy as compared with black 
powder. Moreover, the freedom of the products of ex]dosion 
from any solid substances, and consequently the absence of any 
fouling or deposition of residue in the arm, causes the heated 
surfaces of the projectile and of the interior of the barrel to 
remain clean, and in a condition, therefore, very favourable to 
close adherence together. If to these circumstances be added 
the fact that the behaviour of the smokeless powder has to be 
adapted to suit an arm, a cartridge, and a projectile originally 
designed for use with black powder, it will be understood that 
the devising of an explosive which shall be practically smokeless, 
sufficiently stable, and susceptible of perfectly safe use in the 
arm under all service conditions, easy of manufacture, and not 
too costly, is, after all, but a small part of the difficult problem 
of adapting a smokeless powder successfully to the new military 
rifle — a problem which, however, appears to be on the near 
approach to satisfactory solution. 

The experience already acquired in guns ranging in calibre 
from I '85 inches to 6 inches, with the smokeless powder devised 
for use in our service, has been very promising, and indicates 
that the difficulties attending its adaptation to guns designed for 
black powder are likely to prove considerably less than in the 
case of the small arm. But here, again, the circumstances that 
much smaller charges are required to furnish the same ballistics 
as the service black-powder charges, and that the comparatively 
gradual and sustained action of the new powder gives rise to 
lower pressures in the chamber of the gun, and higher pressures 
along the chase, demonstrate that the full utilization of the bal- 
listic advantages, and the increase in the power of guns of a 
given calibre and weight with the new form of powder, are only 
attainable by some modifications in the designs of the guns— 
such as a reduction in size of the charge-chamber, and some 
additions to the strength, and perhaps, in some cases, of the 
length, of the chase. 

When, however, the smokeless powder has been adapted with 
success in all respects to artillery, from small machine-guns to 
guns of comparatively heavy calibre, and when its ballistic ad- 
vantages have been fully utilized in guns of suitable design, it 
will remain to be determined how far such a powder — unde- 
niably of much more sensitive constitution than black powder, 
or any of its modifications — will withstand, unchanged and 
unharmed, the various vicissitudes of climate, and the service 
storage-conditions in ships and on land in all parts of the world 
— a condition essential to its adaptability to naval and military 
use, and especially to the service of our Empire ; and whether 
sufficient confidence can be placed in its stability for long periods 
under these extremely varied conditions to warrant the necessary 
freedom from apprehension of possible danger, emanating from 
within the material itself, to allow of its being substituted for 
black powder* wherever its use may present advantages. 

Possible it might be, that the storage, with perfect safety, of 
such a powder in ships, forts, or magazines might demand 
the adoption of precautionary measures tending to place 
comparatively narrow limits upon the extent of its practicable 
service applications ; even then, however, an imperative need for 
the intrMuction of special arrangements to secure safety and 
immunity from deterioration may be of small importance as 
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compared with the great advantages which the provision of a 
thoroughly efficient smokeless powder may secure to the possessor 
of it, especially in naval warfare. 

That the opinions respecting the importance of such advantages 
are founded upon a sound basis, one can hardly doubt, after the 
views expressed by several of the highest military and naval 
authorities, although opinions as to their extent may differ very 
considerably even among such authorities. 

The accounts furnished from time to time from official and 
private sources of the effects observed, at some considerable 
distance, by witnesses of practice with the smokeless powders 
successively adopted in France, have doubtless been regarded by 
military authorities as warranting the belief that the employment 
of such powders must effect a great revolution in the conduct of 
campaigns. Not only have the absence of smoke and flame 
been dwelt upon as important factors in such a revolution, but 
the recorders of the achievements of smokeless powder — whose 
descriptions have doubtless been to some extent influenced by 
the vivid pictures already presented to them of what they should 
anticipate — have even been led to make such explicit assertions 
as to the noiselessncss of these powders, that high military 
authorities have actually been thereby misled to portray, by 
vivid word-painting, the contrast between the battles of the 
future and the past ; — to imagine the terrific din caused by the 
discharge of several hundred field-guns and the roar of. musketry 
in the great battles of the past, giving place to noise so slight 
that distant troops will no longer receive indications where their 
comrades are engaged, while sentries and advanced posts will no 
longer be able to warn the main body of the approacl^ of an 
enemy by the discharge of their rifles, and that battles might 
possibly be raging within a few miles of columns on the march 
without the fact becoming at once apparent to them. 

It is somewhat difficult to conceive that, in these comparatively 
enlightened days — an acquaintance with the first principles of 
physical science having for many years past constituted a pre- 
liminary condition of admission to the training establishments of 
the future warrior — the physical impossibility of such fairy tales 
as appear to be considered necessary in France for the delusion 
of the ordinary public, would not at once have been obvious. 
Yet, even in professional publications in Germany, where we 
are led to expect that the judgment of experts would be com- 
paratively unlikely to be led astray through lack of scientific 
knowledge, we have, during the earlier part of last year, read, 
in articles upon the influence of smokeless powder upon the art 
of war (based evidently upon the reports received from France), 
such passages as these ; — The art of war gains in no way as 
far as simplicity is concerned ; on the contrary, it appears to us 
that the absence of so important a mechanical means of help 
noise and smoke were to the commander, requires increased skill 
and circumspection in addition to the qualities demanded by a 
general. ..." ‘‘The course of a fight will certainly be 
mysterious, on account of the relative stillness with which it wil^ 
be carried on." 

In an amusing article, in imitation of the account of the Battle 
of Dorking, which appeared in the Deutsche Heeres Zeitung of 
April last, the consternation is described with which a battalion 
receives the information from a wounded fugitive from the out- 
posts that the enemy’s bullets have been playing havoc among 
them, without any visible or audible indications as to the quarter 
of attack. Later in the year, and especially since the manoeuvres 
before the German and Austrian Emperors, when the employ- 
ment of the new smokeless powder was the event of the day, 
the absurdity of the assertions as to the noiselessness of the new 
powders became a theme for strong observations in the German 
service papers ; the assumed existence of a noiseless powder was I 
ridiculed as a thing equally impossible with a recoil-less powder ; 
the violence of the report, or explosion, produced upon the dis- 
charge of a firearm being in direct relation to the volume and 
tension of the gaseous matter projected into the surrounding 
air. 

The circumstance that blank ammunition was alone used in 
the smokeless powder exhibition at the German manceuvres, 
may have served to lend some support to the assertions as to 
comparatively little noise made by the powder— the report of 
blank cartridges being slight, on account of the small and lightly 
confined charges used. It is said that the sound of practice 
with blank ammunition at the German manoeuvres, was scarcely 
recognized at a distance of too metres. In a recently published 
pamphlet on the results of employment of the latest German 
smokeless powder in the manoeuvres, it is stated, on the other 


hand, that the difference between the violence of the report of 
the new powder and of black powder is scarcely perceptible ; 
that it is sharper and more ringing, but not of such long dura- 
tion. This description accords exactly with our own experience 
of the reports produced by different varieties of smokeless 
powder, and of the lecturer’s earlier experience with gun-cotton 
charges fired from rifles and field guns. The noise produced by 
the latter was decidedly more ringing and distressing to the ear 
in close proximity to the gun, but also of decidedly less volume 
than the report of a black-powder charge, when heard at a con- 
siderable distance from the gun. 

As regards smokelessness, the present German service powder 
is not actually smokeless, but produces a thin, almost trans- 
parent, bluish cloud, which is immediately dissipated. Inde- 
pendent rifle-firing was not rendered visible by the smoke , 
produced at a distance of 300 metres, and at shorter ranges 
the smoke presented the appearance of a puff from a cigar. 
The most rapid salvo-firing during the operations near Spandau 
did not have the effect of obscuring ihoj-e firing from distant 
observers. ^ . • 

That, in future warfare, if smokeless or nearly smokeless 
powders have maintained their position as safe and reliable 
propelling agents for small arms and field artillery, belligerents 
of both sides will be alike users of them, there can be no doubt. 
The consequent absence of the screening effect of smoke — 
which, on the one hand, removes an important protection and 
the means of making rapid advances or sudden changes of posi- 
tion in comparative safety, and, on the other hand, secures to 
both sides the power of ensuring to the fullest extent accuracy 
of shooting, and of making deadly attack by individual fire 
through the medium of cover, with comparative immunity from 
detection — can scarcely fail to change more or less radically 
many of the existing conditions under which engagements are 
fought. 

As regards the naval service, it is especially and, at present at 
any rate, exclusively for the new machine and quick-firing guns 
that a smokeless powder is wanted ; for such service the advan- 
tages which would be secureefby the provision of a reliable powder 
of this kind can scarcely be over-estimated, and^heir realization 
within no distant period may, it is believed, be anticipated with 
confidence. 


NOTE ON MR. MELDFJS VIBRATING STRINGS. 

'^HE effect of Mr. Melde’s pretty experiments with the 
vibrating stretched thread attached to one of the prongs of 
a tuning-fork is often spoiled to the spectators by the unfavour- 
able plane of vibration assumed by the thread. A very simple 
device removes this inconvenience, and enables the operator to 
suit his own choice for the plane of vibration. The accom- 
panying sketch sufficiently explains itself, and shows the arrange- 
ment for restricting the vibrations to the vertical plane. 



Instead of attaching the end of the thread to the prong of the 
tuning-fork, it is tied to the middle of a short thread dhe^ and 
the ends ^ and e of this are attached to the prong in a vertical 
line. It is clear that if the distance of a from the line de is an 
appreciable part of the quarter wave-length of the vibration, 

AB is an integral multiiue of the half wave-length, vibration is 
possible only in the vertical plane. For in the horizontal plane 
this rate of vibration is impossible, A being not & fixed point of 
the thread for vibration in this plane, and the length from the 
prong to the pulley being not an integral multiple of the half 
wave-length of vibration. And in any other plane the vibration, 
if possible, would be compounded of two, viz. of the vertical 
which is possible and of the horizontal which is impossible. 

The most convenient form of fixture fo| the short thread dKe^ 
is a light steel wire With an eye at each end, lashed to the prong 
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With two turns of fine thread. The plane of vibration Van then 
be easily adjusted to suit the spectators by sluing the wire in its 
lashing. 

— The triangular thread should be of the same 
quality as the vibrating length. If it is much heavier length for 
length the arms of the triangle may become half wave-lengths of 
the vibfation for the tension employed, and then they lose their 
control over the plane of vibration. 

The arrangement has its own worth, independently of the aid 
it lends to visible efiect^ as an illustration of the suppression of 
all half wave-lengths which are not true sub-multiples of the 
vibrating length of the cord. When the fork is moved from its 
position in the figure to bring up the line to the position of A, 
the vertical vibrations are suppressed, and only the horizontal 
vibrations are possible. W. Sidgreaves. 


EIGHTH CONGRESS OF RUSSIAN 
NATURALISTS. 

• • • 

eighth Congress of Russian Naturalists and Physicians 
was opened on January 9 at St. Petersburg, and was a 
great success. It was attended by no fewer than 2000 members, 
half of whom came from the provinces, and at the three general 
public sittings (corresponding to the sittings of the British Asso- 
ciation devoted to the delivery of the Presidential addresses), as 
well as the meetings of the Sections, the public were well repre- 
sented. At the first general sitting. Prof. Mendeleeff delivered a 
most interesting address on the methods of natural science as 
applied to the study of prices. His parallels between the prices 
of goods and the specific weights and specific volumes of chemi- 
cal bodies were very suggestive. The next address, by Prof. 
Sklifasovsky, was on the wants of Russian medical education. 
At the second general sitting. Prof. StoletofT spoke of ether and 
electricity. Prof. Famintzyn's address on the psychical life of 
the simplest representatives of living beings, partly based upon 
his own recent researches into the intelligence of Infusoria, was 
fall of facts as to the means used by various micro-organisms in 
attack and defdnce. Prof. Wagner dealt with the physiological 
and psychological views upon hypnotism, and Prof. Gustavson 
spoke of the micro-biological bases of agronomy. 

The work of the Sections was very varied, and will be fully re- 
portedinthe Diary of the Congress, the publication of which 
began during the sitting of the Congress, and will be continued 
till a full account has been produced. 

The Sections of Geography and Anthropology, Hygiene, and 
partly of Agronomy, were most largely attended, and many 
interesting communications were made in them. At the com- 
bined sittings several important questions were raised as to the 
geography of Russia, its meteorology, and the bearings of a 
scientific study of climate and soil upon agriculture. 

The following communications relative to geography and 
anthropol »gy were especially worthy of note. Captain Makaroff 
reported the results of his careful measurements as to the differ- 
ences of level of various seas of Europe. Taking the average 
level of the Atlantic Ocean opposite Lisbon for zero, he found 
that the level of the western parts of the Mediterranean is 434 
millimetres below zero, its eastern part, - 507 millimetres ; the 
.^gean Sea, — 563 millimetres ; the Marmora Sea, from - 360 
to - 291 millimetres ; while the Black Sea is + 246 millimetres 
— that is, higher than the Lisbon zero ; the western part of the 
Baltic, + 259 millimetres ; its eastern part, -I- 254 millimetres ; 
and the Gulf of Finland, -I- 415 millimetres. Dr. Blum’s 
anthropological measurements amidst twelve different tribes 
of the Caucasus show that there are no pure races in Caucasia, 
all of them being mix^res between Semitic and Indo-European 
races. Like conclusions were arrived at by M. Kharuzin as 
regards the Bashkires, who proved to be a mixed race, 
presenting features both of the Mongolian and the Caucasian 
rKCts. 


Prof. Klossovsky’s researches into the variations of level and 
temperature in the coast region of tht Black Sea are most valu- 
able, as they atie based on accurate measurements made since 
4879 at 16 different places* They fully disclose the importance 
pf atmospheric pressure upon the level of the Black Sea, and it 
is worthy of note that the passage of a cyclone over Odessa 
resulted in a rise of the level of the sea by fully 5 feet over the 
average, followed by a sinking of the level by fully 7 feet, in 
accordance with the Variations of atm aspheric pressure. 

Pr. Orzanski’s extensive anthropological researches amidst 


the population of Russian prisons, and his numerous measure- 
ments, show no difference between the supposed ** criminal’s 
skull ” and the averse Russian skull. Numerous photographs 
were exhibited to illustrate this conclusion, so different from 
those arrived at by Dr. Lombroso. 

Two new periodicals — one of them devoted to Russt^ natm^ 
science, and the other to meteorology---were founded while 
the Congress was at work. The meeting came to an .end on 
January 20. 

The Congress hoped to obtain from the Government per- 
mission to appoint a permanent Board, and thus to lay the 
foundation of a Russian Association for the Advancement of 
Science. 


TECHNICAL EDUCATION IN ELEMENTARY 

SCHOOLS. 

T^HE Committee of the National Association for the Promotion 
^ of Technical and Secondary Education have submitted to 
the Education Department the following suggestions for the 
modification of the Code as regards elementary technical 
education : — 

A. — Drawing. 

(1) Drawing to be introduced in infant schools, at least for 
boys. 

(2) Drawing to be made compulsory in boys’ schools. 

(3) The Minute requiring cookery to be taught in girls’ 
schooV^ as a condition of receiving grant for drawing, to be 
repealed. 

B. — Object Lessons. 

(4) No school to be recognized as efficient which does not 

f )rovide in the three lower standards a graduated scheme of object 
essons in continuation of Kindergarten instruction in the in- 
fant school. 

C. — Science. 

(5) In order to encourage science as a class subject, the 
clause requiring English as one of the class subjects to be can- 
celled, and the teaching of science as a class subject to be 
further encouraged in the upper standards by an additional 
grant. 

(6) Scholars of any public elementary school to be allowed 
to attend science classes held at any place approved by the 
inspector, and such attendance to count as school attendance. 

(7) Examinations in science to be conducted orally, and not 
on paper, especially in the first five standards. If the inspec- 
tion is satisfactory, an attendance grant of ^s. to be made for 
scientific specific subjects. 

(8) Managers to be encouraged to submit alternative courses 
of instruction in specific subjects under Art. . 16 (Code 1888). 
Such subjects to receive a grant on the same principle as the 
subjects enumerated in Art. 15. 

[Art. 16. ** Any other subject other than those mentioned in 

Art. 15, may, if sanctioned by the Department, be taken as a 
specific subject, provided that a graduated scheme of teaching 
it be submitted to and approved by the inspector.” 

But Art. 109 {g) which lays down the condition for grants, 
says, ‘‘The specific subjects which may be taken are those 
enumerated in Art. IS-*T 

(9) Grants to be made towards apparatus for science teaching 
and school museums. 

D. — Manual Instruetioft. 

(10) Maaqal instruction to be introduced in boys’ schools, 
corresponding to needlework for girls. 

(11) Instruction in the use of simple tools to be introduced in 
the higher standards as a specific subject, and grants to be paid 
thereon. 

(12) Provision to be made for the introduction of elementary 
modelling in connection with the teaching of drawing, and a 
grant to be made in connection therewith. 

(13) Instruction in laundry work to be encouraged in girls’ 
schools, so far as practicable, as a part of domestic economy. 

Hs^-^Evening Schoph . ' *; 

(14) The clause providing that adtolar may be pre- 

sented for examination in the additional Jrabjects alone” to be 
cancelled, to enable scholars to earn gisitnU though not receiving 
instruction in the standard subjects. 
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(15) The number of ‘‘additional subjects” which may be 
taken to be increased from two to four. 

F . — Training Colleges. 

(16) Day Training Colleges and a third year of training to be 
ret^nized. The Universities and local University Colleges to 
he utilized for the training of teachers, where suitable arrange- 
ments can be made. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — The following appointments of Electors to 
Professorships have been made. Each Board consists of eight 
members, and it is provided by the Statutes that at least two 
members shall not be resident in the University or officially con- 
nected with it. In certain cases more than two such members 
have been voluntarily chosen by the Senate, 

Arabic : Prof. Bensly , Music : Sir George Grove ; Chemistry : 
Dr. E. Frankland, F.R.S. ; Plumian of Astronomy ; Mr, W. 
D. Niven ; Anatomy: Dr. Huxley, F, R.S, ; Botany: Prof, D, 
Oliver, F.R.S. ; Woodwardian of Geology: Or. A. Geikie, 
F.R.S. Jacksonian of Natural Philosophy : Dr. Hugo Muller, 
F.R.S. ; Mineralogy: Sir W. Warington Smyth, F.R.S. ; 
Political Economy: Mr, R. H. Inglis Palgrave, F.R.S.; 
/.oology and Comparative Anatomy: Dr. Huxley, F.R.S. ; 
.Sanskrit : Prof. Aufrecht and Mr. R. A. Neil ; Cavendish of 
I'hysics : Sir William Thomson, F.R.S. ; Mechanism : Mr. W. 
Airy; Dozoning of Lazo: Mr. Justice Vs&axavca-, Dozoning op 
Medicine: Dr. Richard Quain, F.R.S. ; Physiolog}> : Prof. 
Burdon Sanderson, F.R.S.; Pathology: Dr. J. F. Payne; 
Surgery: Sir James Paget, F.R.S ; Chinese: Dr. Peile. 

Prof. Robertson Smith being unable on account of the state 
of his health to lecture this term, Mr. A. A. Bevan, B.A., of 
'I’rinity College, has been appointed his deputy. 

The Syndicate appointed to consider the probable expense of 
maintaining and working the great telescope oltered to the 
University by Mr. Newall, report that a capital sum of 
and an annual expenditure of ;^400 will probably be required. 
'I'hcy report further that the Sheepshanks Special Fund, founded 
in 1863 for the benefit of the observatory, will probably be able 
to furnish a capital sum of ficxx>, and an annual grant of 
;^ioo, towards the expenses of the Newall telescope. The 
remainder, or ;^1225 at once, and £-yXi a year, will have to be 
provided from other sources ; but whence is by no means 
apparent. 


SCIENTIFIC SERIALS. 

Revue d'Aitthropologie, troisieme s^rie, tome iv., sixi^me* 
fasc. (Paris, 1889). — Researches on the cephalic index of the 
Corsican population, by Dr. A. Fallot (of Marseilles). In an 
earlier number of this review, the author drew attention to the 
very appreciable alteration which the cephalic index had under- 
gone in recent times among the inhabitants of Marseilles. Thus 
in one group of living subjects, born at the beginning of the 
century, he found that 21 per cent, exhibited an index of 8^ 
while in another group, consisting of men of middle age, this 
number occurred only in the ratio of 7 per cent. This remark- . 
able difference led the author to continue his determinations of | 
the cephalic index among different communities. With this 
object in view, he last year visited Corsica, and in the present 
article we have the results of his craniometric determinations in 
tbi« island, where from its peculiar geographical position and 
geognostic features, the inhabitants have preserved a permanence 
of type, and a homogeneity of ethnic characteristics, prolMbly 
unequalled in any other European nation. Indeed so inconsider- 
able have been the changes effected in recent times in the 
Corsican population, that the observations made by Volney, in 
1793, on the country and the people, apply almost equally well 
to their present condition. At the same time so little addition 
has been made since that period to our previously imperfect 
knowledge of Corsica, that Dr. Fallot's observations supply a 
valuable contribution to ethnological inquiry. All bis deter- 
minations tend td demonstrate the great uniformity of cranial 
type and charadtera. In die people. Thus while 54 per cent, of 
the population present a cephalic index varying from 75 to 78, 


not mortf than 13 per cent, gave an index above 80, while ii» 
only one out of 200 cases the index amounted to 86, and hence 
he assumes the mean index to be 76*5. He found that this, 
uniformity was the greatest in the interior of the island, and mere 
especially in the departement of Corte ; while at Bastia, in the 
extreme north, the cranial characteristics exhibited more variety, 
and afforded evidence of an admixture with foreign elements, a ' 
subbrachy cephalic type supplanting the more general Corsican- 
character of dolichocephalism. In the preponderance of this 
latter type Dr. Fallot thinks we have incontrovertible evidence 
against the opinion of Lauer, that the Corsicans are of Lirarian 
descent, and he believes that they may be more correctly charac- 
terized as an offshoot from the old Iberian races. The author gives 
numerous useful tables, and his brief summary of the history of 
the island is clear and instructive. From his observations on 
the geological conformation of the island we learn how numerous- 
spurs, thrown off from the central high mountain range, have 
enclosed and isolated the several valleys, catting off villi^es and 
settlements from their neighbours, and thus exerted so strong an- 
influence upon the character and habits of the inhabitants, .t])ai 
the physical features of the island may be said to supf!ly the 
key to its history. From the author’s observations it may be 
assumed that in the mountain districts of the interior the 
genuine Corsican cranial type has been best preserved. — On 
infibulation, and other mutilations practised among the littoral 
tribes of the Red Sea, and the Gulf of Aden, by Dr. Jousseaume- 
The author describes at. length the methods by which these pro- 
cesses are effected, and considers that whatever may have been 
their original motive they are in no way at present connected with 
religious observances, but are simply carried on from generation 
to generation as survivals of ancient barbarous customs. — On 
modern crania in Montpellier, by M. de Lapouge. In 1888 the 
author obtained 150 tolerably perfect skulls, which had been 
recovered from the soil of a cemetery at Montpellier used for 
interments from the seventeenth century until it was closed 
in 1830. An examination of the author’s elaborate series of 
comparative craniometric measurements shows that the mean 
for the cephalic index of these skulls, viz. 78*3, is the lowest 
as yet observed in France, while their general cranial character:, 
have less affinity with a French, than a North African type. — 
Prehistoric Scandinavia, by M. I. Undset. lliis is a sequel to 
a paper published ip this review in 1887, the author now bringing 
his survey of the prt^ess of northern palaeontological science up 
to the present time. 

The American Meteorological Journal for December con- 
tains An article by W. M. Davis and C. E. Curry, on Ferrel’s 
convectional theory of tornadoes ; his theory, which is remarkably 
simple, is based on the occurrence of an ascensional movement 
in the tornado-whirl. The authors state that this fact seems too 
well established to admit of a doubt, although Faye and others 
in Europe, and Hazen in the United States, have questioned it. 
The paper contains graphical illustrations of the instability 
caused by convection. — Tornado chart of the State of In- 
diana, by Lieutenant J. P. Finley, compiled from statistics for 
seventy-one years ending 1888. The average yearly frequency 
is 4*5 storms. The month of greatest frequency is May. — 
Theory of storms, based on Redfield’s laws, by H. Faye, con- 
tinued from the November number, and dealing with the mecha- 
nics of whirls in flowing water, and with the upper currents of 
the atmosphere ; the conclusion being that cyclones are whirls, 
originating in the upper regions of the air. — A continuation 
of the article on the meteorology at the Paris Exhibition, by 
A. L. Rotch, describing the meteorological instruments in the 
foreign sections. — The conclusion of Dr. F. Waldo’s inter- 
esting discussion of wind velocities in the United States, with 
charts of “ isanemonals ” for January, July, and the year. The 
fact that the curves can be drawn with general symmetry shows 
that there is some uniformity in the exposure of the anemometers . 
for like regions. The author points out that the effect of^e 
Rocky Mountains seems to make itself felt on the winds to a 
'distance of 200 or 300 miles to the eastward. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, December 19, 1889. — “Some Observations 
on the Amount of Luminous and No^ Luminous Radiation 
emitted by a Gas-Flame.” By Sir John Conroy, Bart. 
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These experiments show — 

(1) that 3 millimetres of glass an<l 10 centimetres of water 
transmit a small portion of the non-luminous radiation of an 
Argand gas-burner, but that, when the thickness of the water 
is increased to 15 centimetres, the transmitted radiation consists 
exclusively, or almost exclusively, of those kinds of radiation 
which affect the eye as light. 

(2) That, with the form of apparatus employed (a thermopile 
and galvanometer), there is no measurable difference between 
the diathermancy of pure water and of a solution of alum. 

(3) That the radiation from an Argand gas-burner consists of 
about 17s per cent, luminous and 98*25 per cent, non-luminous 
radiation. 

January 30. — *‘On outlying Nerve-cells in the Mammalian 
Spinal Cord.'* By Ch. S. Sherrington, M.A., M.B., &c. 
Communicated by Prof. M. Foster, Sec. R.S. 

Gaskell has shown that in the cord of the alligator scattered 
nerve-cells are to be seen at the periphery of the lateral column. 
Although nerve-cells appear to be absent from that position in 
th% spj^nal cord of Mammalia as represented by the rabbit, cat, 
dog, calf, monkey, and man, yet there are in these animals 
isolated nerve-cells present in the white matter of the cord, not 
only in the deeper portions of the lateral column, but in the 
anterior and posterior columns as well. 

In the anterior columns occasional nerve-cells, of the multi- 
polar kind, lie among those fibre-bundles which pass between 
the deeper mesial border of the anterior horn and the anterior 
commissure at the base of the anterior fissure. They, in the 
instances observed, are smaller than the large cells characteristic 
of the anterior horn, and lie with two of the processes directed 
parallel with the horizontal transverse fibres among which th^y 
are placed. 

In the lateral column, of the spinal cord of man and the 
other animals named above, it is common to find outlying 
members of the group of small cells of the lateral horn, Clarke's 
tractus intermedio-lateralis, situated in the white matter, dis- 
tinctly beyond the limits of the grey. Some outlying cells here 
are placed at a great distance front the grey. They are gener- 
ally placed upop, or at least in close connection with, the fine 
connective-tissue septa which pass across the white matter. It 
is probable that the cells are connected with the medullated 
nerve-fibres running along these sepia. 

In the ])art of the lateral column adjacent to the lateral 
reticular formation numerous nerve-cells are to be found among 
the interlacing bands of nerve^fibres. These are often fusiform, 
but in many cases multipolar ; they arc for the most part small, 
but occasional large individuals can be found ; the latter would 
appear always to be multipolar. Where the lateral column 
comes into contact with the lateral limb of the substantia gela- 
tinosa of the caput cornu posterioris ganglion-cells can frequently 
be seen in it. The larger axis of these cells is parallel to the 
outline of the caput cornu. 

In the posterior columns outlying nervc-cells are also to l>e 
found, especially in the human cord. They arc best seen in the 
upper lumbar and lower dorsal regions. They are large, 
measuring in some instances 70 /Lt across. In appearance they 
•closely resemble the cells of Clarke's column. They are nearly 
always of broadly ovate shape. They appear always to lie on or 
in close relation to those horizontal bundles of nerve-fibres 
which curve in a ventro-lateral direction from the depth of the 
•extero-posterior column into the grey matter in the neighbourhood 
of the posterior vesicular group. The longer axis of the cell is 
placed parallel to the nerve-fibres it lies upon or among. 
Where a process from the bipolar cell -body can be followed, it 
disappears in a direction whicn is that of the surrounding nerve- 
fibres. 

With regard to the cells existing among fibres passing to the 
white commissure of the cord, it is legitimate to consider their 
presence as evidence in favour of the view that some of the cells 
outlie median portion of ihe ventral grey horn are directly con- 
nected with medullated fibres passing to or from the opposite 
half of the cord by way of the anterior commissure. 

^ The cells in the lateral column outside the lateral horn may 
be taken to point to the connection of the intermedio-lateral 
group of Clarke with the nerve-fibres which radiate in bundles 
from the grey matter of that region into the lateral column. 
Concerning some of the outlying cells in the more dorsal portion 
of the lateral column, the same inferences may be drawn ; and 
some of them wouldiseem to be connected with fibres of the 
posterior roots that cuWe round the lateral aspect of the caput 


; cornu posterioris. Of the outlying cells in the posterior column, 
if they are outlying members of Clarke's group, the relations 
j which they suggest for that group are — 

i. That the *group is connected directly with certain of the 
I median fibres of the posterior spinal roots — namely, those which 
I after an upward course in Burdach’s column plunge into thi^ gtey 

matter of the base of the posterior horn. 

ii. That some at least of the cells of that group are inter- 
polated, more or less immediately, into the course of medullated 
nerve-fibres of large calibre. 

The question naturally arises. May not these cells in the 
posterior column of the Mammalian cord represent the bipolar 
cells discovered by FVeud, in the cord of Petromyzon p/aneri, to 
he in direct communication with fibres of the posterior roots? 
If so, may Clarke’s column be considered a portion of the 
ganglion of the posterior spinal nerve-root which has been 
retained in the interior of the spinal cord in the thoracic an 1 
certain other regions? 

Royal Meteorological Society, January 15. — Annual 
Meeting. — Dr. W. Marcet, F. R.S., President, in the chair — 
The Council, in their Report, congratulated the Fellows on the 
generally prosperous state of the Society ; the past year’s work, 
though not in any respect exceptional, having been thoroughly 
successful. The total number of Fellows is 550, being an in- 
crease of 25 on the previous year ; the finances are improving, 
and the library is overflowing. — Mr. Baldwin Latham wa<i 
elected President for the ensuing year. —The retiring President, 
Dr. Marcet, then delivered an address on ‘‘Atmospheric Dust,” 
which^he divided into organic or combustible, and mineral or in- 
combustible. The dust scattered everywhere in the atmosphere, 
and which is lighted up in a sunbeam, or a ray from an electric 
{ lamp, is of an organic nature. It is seen to consist of countless 
motes, rising, falling, or gyrating, although it is impossible to 
follow any of them with the eye for longer than the fraction of a 
second. It is difficult to say how much of the dust present in 
the air may become a source of disease, and how much is inno- 
cuous. Many of the motes belong to the class of micro- organisms 
which are frequently the means of spreading infectious diseases. 
Many trades, owing to their dusty nature, are very unhealthy. 
Dust, when mixed with air, is inflammable and liable to explode. 
After giving several instances of explosions due to fine dust in 
flour mills and coal mines, Dr. Marcet referred to inorganic or 
mineral dust, and gave an account of dust storms and dust 
pillars in India. He then proceeded to describe volcanic dust, 
which consists mainly of powdered vitrified substances, produced 
by the action of intense heat. The so-called ashes or scorise shot 
out in a volcanic eruption are mostly powdered pumice, but they 
also originate from stones and fragments of rocks, which striking 
against each other, are reduced into powder or dust. Volcanic 
dust has a whitish-gray colour, and is sometimes nearly quite 
white. Dr. Marcet concluded with an account of the great 
eruption of Krakatab in August 1883. The address was 
illustrated by a number of lantern slides. 

j Edinburgh. 

j Royal Society, January 20. — Sir W. Thomson, President, in 
! the chair. — Prof. Tait communicated an obituary notice of Dr. 
j Andrew Graham, R.N., by Mr. John Romanes, W.S. — The Pre- 
! sident gave a paper on electrostatic stress. A complete dynamical 
I illustration of electro-dynamic action may be had in an elastic 
I solid, homogeneous in so far as rigidity is concerned, permeated 
with pores of unalterable size containing liquid. Tnese pores 
may be in part in communication with each other, and in part 
closed by elastic partitions. These cases correspond to con- 
ductors and non-conductors respectively. Electrostatic stress 
depends on the curvature and extension of the partitions. The 
law of capacity in the model is identical with that in conductors. 
— Prof. C. Michie Smith described the great eruption at Ban 
daisan, Japan, photographs being shown. — Prof. Tait read a 
paper, by Prof. Heddle, on a curious sat of fog-bows. — Dr. 
Berry Haycraft gave an account of some experiments which 
extend our knowledge of volitionary movement and explain the 
production of the muscle and heart sounds. 

Paris. 

Academy of Sciences, February 3. — M. Hermite in the 
chair. — On the nuclei of the great Comet II. of 1882, by M. F. 
Tisserand. From the presence of five bright points disposed in 
a straight line, it is evident that- the matter was not uniformly 



NA TU RE 


359 


Feb. 13, 1890] 


distributed in the head of this comet There exist several centres 
"of condensation with apparent diameters of i " or 2", their mutual 
distances changing from time to time, but their position remaining 
constant in the same straight line, which revolves progressively 
round the principal nucleus. These conditions are specially 
favourable for the development of secondary nuclei, which the 
author regards as so many minor comets submitted to the attrac- 
tion of the sun alone, moving in very elongated elliptical orbits 
with a common perihelion and different long axes, disposed, 
however, according to the same straight line. Hence the comet 
. contained within itself the germs of disrupture, its elements in 
this respect resembling those of the 1843 and 1880 comets. — On 
the roots of an algebraic equation, by Prof. A. Cayley. Resum- 
ing the theory of the roots of the equation /(w) = o, instead of 
the surface r - a = Q®, the author now studies the surface 

\c - s)® = P2 + Q2, talcing into consideration the positive values 
only of z that are not greater than c. He hopes to apply this 
theory to the case of a cubic equation, where the calculations, 
however, are much more difficult. — Determination of regulated 
harmonic surfaces, by M. L. Raffy. Very few surfaces are 
known whose linear element is reducible to the harmonic form 
(Liouville^s form). To find others, the author employs two dis- 
tinct processes* The first consists in taking the analytical form 
of the co-ordinates of the surface in function of two parameters, 
and determining the unknown functions, so that the linear ele- 
ment may be harmonic ; the second, in seeking for harmonic 
surfaces amongst those which may be generated by taking their 
linear element alone. — Solar observations for the last six months 
of 1889, by M. Tacchini. Excluding the month of Augus^, the 
observations here tabulated for the spots and faculai show that 
the period of calm has continued, to the end of the year, and 
the observations already made for January 1890 show that this 
period still continues. The same result is shown in the case of 
the protuberances, so that we appear to have entered the period 
of absolute minimum. — On the propagation of sound, by MM. 
Violle and Vauticr. These experiments, made with a cylindrical 
tube, lead to the inference that, whatever be the nature of the 
initial impulse, the sound-wave tends towards a simple, deter- 
mined form, and this form once acquired, the various parts of the 
wave are propagated with a uniform velocity which must be re- 
garded as the normal velocity of the sound. The velocity in the 
open air is greater than in a tube, where the influence of the walls 
causes a retardation in inverse ratio to the diameter, and ex- 
ceeding 0’46 m. in a tube with diameter of i meter. The nor- 
mal velocity of sound in a dry atmosphere at zero is 331*10 m., 
with probable error less than o'lo ra. — On the state of the mag- 
netic field in conductors of three dimensions, by M. P. Joubin. 
The results of these researches, which agree with experience, show 
that the magnetic field produced by a current exists in the medium 
traversed by the electric flux as well as in the exterior medium. — 
On the mechanical actions of variable currents, by M. J. Borg- 
man. In reproducing, with the limited resources of a laboratory, 
the interesting experiments exhibited by Prof. E. Thomson at 
last year's Exhibition, the author has obtained some fresh results, 
which are here described. — Results of the actinometric observa- 
tions made at Kiev in 1888—899 by M. R. Savelief. these 
observations lead to the general conclusion that 63*5 per cent, of 
the annual solar heat reaching the earth is absorbed by the ter- 
restrial atmosphere, only 36*5 arriving on the surface of the 
ground ; in October the proportion is 41, in January and 
February 28 per cent. The maximum received on a fine day in 
the beginning of July is 610, and in December 87 calories on a 
given space.— On the compounds of the metals of the alkalies with 
ammonia, by M. Joannis. In continuation of his previous com- 
munication {Comptes rendusy cix. p. 900) the author describes 
some further experiments, which are totally at variance with the 
theory advanced by M. Bakhuis Roozeboom (Coptpt^s v€ftdusy 
cx. p. 134) to explain the phenomena already observed by M. 
Joannis.— On the combinations of ammonia and phosphuretted 
hydrogen with dichloride and dibromide of silicon, by M. Besson. 
With ammonia a solid, white, amorphous substance, of the for- 
mula SiaBr4, 7NH3, is obtained, in all respects resembling the 
corresponding compound of the chloride. Phosphuretted hy- 
drogen has no action on silicon dichloride at the ordinary tem- 
perature, but is absorbed at low temperatures. At - 60® C. 
the composition js approximately Si,Cl4, 2PH,.— On the pwt 
played by certain foreign substances in iron and steel, by M. F. 
Osmond* The author here gives results for boron, nickel, 
copper, silicium, arsenic, and tungsten, reserving for a future 
paper full treatment of the subject. — On lussalite, anew crystal- 


lized variety of silica, by M. Er. Mallard. To the substance 
here described as nearly pure silica, the author gives the name 
of lussatite, from the deposits of bitumen at Lussat, near Pont- 
du-Ch&teau, where its properties may best be studied* — On the 
oxides of manganese, hy M. Alex. Gorgeu. In this paper, the 
author studies the psilomelanes and wads, reserving for ^ future 
note the manganites, properly so called : hausmannite, acerdese, 
and braunite. — Papers were read by M. Paul Marchal, on the 
structure of the excreting organ in the praun ; by M. P. A. 
Dangeard, on the junction of. stem and root in the gymno- 
sperins; by M. Stanislas Meunier, on a new method of arti- 
ficially producing ferriferous platinum with magnetic poles ; and 
by M. Alexis de Tillo, on the hypsometric chart of European 
Russia.— M. Gilbert was nominated Corresponding Member of 
the Section for Mechanics in place of the late M. Broch. 

Berlin. 

Physiological Society, January 17. — Prof, du Bois Rey- 
mond, President, in the chair.— Dr. Weyl gave an account of 
experiments which he had made in conjunction with Dr. Kitesato 
on the biology of anaerobic Bacteria* Koch had only imperfectly 
overcome the difficulty in the way of a pure culture of these 
Bacteria, viz. the exclusion of atmospheric oxygen, by covering 
the plates on which they were being grown with films of mica. 
Livonius was more successful by means of a deep layer of Agar- 
Agar, and by replacing the air by an atmosphere of hydrogen. 
The speaker had endeavoured to arrive at the same result by 
mixing the material on which the cultivation was carried on with, 
some substance which has an affinity for oxygen, and obtained 
good results with dioxyphenols and aldehydes, but more par- 
ticularly with formate of soda. The members of the first class 
of substances, of which a large number were tried, had for the 
most part to be abandoned, for they exerted a toxic action on the 
Bacteria when they were employed in quantities sufficient to in- 
sure the complete absorption of oxygen. Veiy fine pure 
cultures of the anaerobic Bacteria of “quarter-evil” (Rausch- 
brand), of tetanus, and of mjilignant oedema, were obtained on* 
Agar-Agar by the use of eikonogen and of formate of soda, and 
were exhibited to the meeting. By means of thes# pure cultures 
it was possible to demonstrate that the anaerobic Bacteria exert a 
powerful reducing influence ; this was shown on preparations in 
which the culture-material was deeply coloured with indigo-blue, 
the latter being then reduced by the organisms to indigo-white. 
These simple methods of cultivation facilitate greatly the further 
investigation of these Bacteria. — Prof. Licbreich spoke on the 
function of the bladder in fishes. During his investigations of 
the inert layer on the upper surface of fluids, he had allowed a 
float whose specific gravity was slightly less than that of the fluid 
to ascend through the fluid, and observed that it came to rest a 
short distance below the surface and remained there. During 
these experiments the slight changes of temperature which are 
unavoidable in large masses of fluid produced irregularities 
which led him to study the phenomena exhibited by a “ Carte- 
sian diver.” These are not correctly described in either the 
older original works on the subject or in the more recent text- 
books of physics. The equilibrium of the diver is unstable for any 
given pressure exerted upon the elastic membrane which covers 
the upper end of the vessel in which he is contained. This the 
speaker proved, not only by developing the formulae which hold 
good for a system composed partly of solids and partly of air when 
immersed in a liquid, but also by means of a series of striking 
experiments. When the attention is directed to the experiment, 
it may readily be noticed that it is impossible to keep the diver 
in a condition of rest at any given level by exerting a unifarm 
pressure with the finger on the elastic membrane, but that in 
order to produce this result the pressure must be continuously 
varied* If the pressure is applied by a screw instead of the 
finger, the diver does not remain at rest. When the air is com- 
pressed until the specific gravity of the diver is slightly greato 
than that of the liquid, he sinks to the bottom and remains 
there, however great the air-pressure may be. If now he is 
drawn to the top of the liquid by means of a m^et attracting 
a small slip of iron attached to the diver, he similarly remains ata 
rest at the surface. If, again, he is now drawn slightly down, 
he rises towards the surface again, when left to himself, until he 
reaches a level above which he no longer rises but now sinks to the 
bottom. This layer of fluid— such that when drawn above it he 
rises and when drawn down below it he sinks— in^ be called hia 
“hydrosphere,” or, in other words, it is a ^yer of liquid within 
the limits of which his specific gravity is unity. A fish possessed 
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of a swim-bladder is in exactly the same condition as \he diver, 
for it also is in unstable eauiUbrium in the witer. The fish can 
only remain at rest in tne water by continually readjusting its 
‘‘hydrosphere*’ by means of sbght contractions of the bladder, 
and thus balancing itself in a position of rest. When the fish 
rises ^r sinks, or moves horizontally, the alterations of the swim- 
bladder and the changes in specific gravity Which are the result 
of this, play an important part, inasmuch as they strike a con- 
tinual balance between the forces tending to raise and depress 
the fish’s body. The laws according to which the swim-bladder 
plays its part in a fish are in general the same as those which 
hold gooxl for the Cartesian diver, and these laws are now con- 
siderably cleared up by the speaker’s researches. 
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THURSDAY, FEBRUARY 20, 1890. 

THE PHYSICS AND CHEMISTRY OF THE 
CHALLENGER” EXPEDITION. 

Report on the Scientific Results of the Exploring Voyage 
of H.M.S. ** Challenger^ 1873-76. Physics and Che- 
mistry, Vol. II. (Published by Order of Her Majesty’s 
Government, 1889.) 

T he second volume of the Report on the Physics and 
Chemistry of the Challenger Expedition has been 
.published, and contains matter of very great interest. 

.The first paper is on the compressibility of water, by 
Prof. Tait. He has used Amagat’s manom^tre k pistons 
libres.” 

The principle on which the instrument works is 
the same as that of the Manom6tre Desgoffes — a sort 
of inverse of that of the well-known Bramah Press. In 
the British instrument, pistons of very different sectional 
area are subjected to the same pressure (that of one mass 
of liquid), and the total thrust on each is, of course, pro- 
portional to its section. In the French instrument, the 
pistons are subjected to equal total thrusts, being exposed 
respectively to fluid pressures which are inversely pro- 
portional to their sections. The British instriAnent is 
employed for the purpose of overcoming great resistances 
by means of moderate forces ; the French, for that of 
measuring great pressures in terms of small and easily 
measurable pressures.” 

By means of the instrument from his description of 
which the above is an extract (p. 21), Prof. Tait has de- 
termined the compressibilities of cistern water, sea water, 
and solutions of common salt up to pressures of 450 
atmospheres, and for a range of temperature extending 
from o'* to 15'^ C. The results may be briefly summed up 
as follows. 

The average compressibility of fresh water at o® C. and 
at low pressures is 520 X lo"’'^ per atmosphere. The 
compressibility is a minimum at 60* C. Both the com- 
pressibility and the temperature at which the minimum 
occurs are lowered by pressure. The average compressi- 
bility for a pressure of 456*9 atmospheres is 478 X 
per atmosphere, and the temperature of minimum com- 
pressibility is about 30* C. The average compressibility 
of sea water is about 0*92 of that of fresh water. The 
point of minimum compressibility is about 56* C. at 
atmospheric pressure. 

At C. the average compressibility of water per atmo- 
sphere may be expressed by the formula 0*00186/(36 
where ^ is the pressure in tons per square inch. The 
compressibility of solutions of NaCl, containing s parts 
of salt to 100 of water, is given by the formula 

0*00186/(36 4- / -h J). 

The depth of a sea about six miles deep is reduced by 
620 feist by compression. If the ocean were incom- 
pressible, the level of the surface would be 116 feet 
higher than it is at present, and about two million square 
miles of land would be submerged. Finally, the maxi- 
mum density-point of water is lowered by aiwut 3** C. by 
an additional pressure of 150 atmospheres, and the tem- 
perature of maximum density coincides with the fieezing- 
point at - 2**4 C. under a pressure of 2*14 tons per 
sqiuire inch. 

Voi- XLI.— No. io6a 


It will be seen from this brief recapitulation of his 
results that Prof. Tait has carried through a very diffi- 
cult research with success, and has made substantial 
additions to our knowledge. It may therefore appear 
ungracious to criticize points which do not touch the 
essence of the investigation, but it is impossible to read 
the Report without feeling that, in some respects, it falls 
short of the standard of classical perfection which ought 
to be attained in papers published at the national expense 
to illustrate a great national research. 

In the first place, the C.G.S. system is entirely 
f ignored. As the compressibilities are measured per 
atmosphere, this is, so far, not of importance ; but in the 
formulae quoted above, which express the compressibility 
I per atmosphere, terms occur in which the pressures are 
measured in tons per square inch. The units are thus 
mixed, and though the requisite data for converyoovinto 
atmospheres are supplied, there is no doubt that foreigners 
I will have some difficulty in interpreting the results. 

Again, though we cannot but admire the scrupulous 
honesty with which he tells the tale, some annoyance 
may justly be felt that a paper should go forth to the 
world in a publication intended to mark the highest level 
to which British science has attained, marred by the 
confession that the author — who deservedly holds a place 
in the very foremost ranks of British physicists — had 
never heard of Van der Waals’ work on the continuity 
of the liquid and gaseous states till the end of the year 
1888. 

Van der Waals’- investigation was published in Dutch 
in 1873. In spite of llie disadvantage due to the lan- 
guage in which it was written, its import^pce was at once 
recognized. Clerk-Maxwell gave a long account of it in 
Nature in 1874 (vol. x. p. 477). He returned to the sub- 
ject in a lecture delivered before the Chemical Society on 
February 18, 1875, and reported in full in Nature (vol. 
xi> p* 357 )> After indicating what he considered to be 
the weak points of Van der Waals’ theory, he added that 
nevertheless ** his attack on this difficult question is so 
able and so brave, that it cannot fail to g^ve a notable 
impulse to molecular science. It has certainly directed 
the attention of more than one inquirer to the study 
of the Low-Dutch language in which it is written.” 
Maxwell again referred to Van der Waals in his 
articles on ‘*Atom” and “Capillary Action,” published 
in the “ Encyclopaedia Britannica” in 1875 and 1876. So 
important was the theory considered, that, although it 
was then four years old, twelve pages were devoted to it 
in the first number of the “ Beiblatter ” to Poggendorjf*s 
AnnaleniiBjj). O. E. Meyer discussed it in his “Kinetische 
Theorie der Gase” in the same year. It is described in 
modern German text- 1 x>oks, such as Ruhlmann’s “ Hand- 
buch der Mechanischen Warmetheorie,” and Winkel- 
mann's edition of Graham-Otto’s “ Lehrbuch der Chemie,” 
both published in 1885. It was translated in full into 
German by Dr. Roth in 1881, and an English translation 
by Prof. Threlfall, of the University of Sydney, is about 
to be published by the Physical Society of London. 

In spite of all this, the author of the Report we are Bis- 
cussing informs us, in an addendum dated August 8, 1888, 
that only a few days before he had been told by a visitor 
to his laboratory “that one of Van der Waals’ papers (he 
did not know which, but thought it was a recent one) 
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contains an elaborate study of the molecular pressure in 
fluids " ; and a few lines further down he refers to “ Van 
der Waals’ memoir ‘ On the Continuity of the Gaseous 
and Liquid States,’ which I have just rapidly perused in a 
German translation.” 

In view of the fact that Prof.;Tait published a book on 
“ Heat” in 1884, these statements are so astonishing that 
his interview with the visitor from whom he heard of Van 
der Waals can only be described, in the words of Mr- 
Montague Tigg when he discovered that Martin Chuzzle- 
wit was in the next box in the pawn-shop, as “ one of 
the most tremendous meetings in Ancient or Modem 
•History.” 

Other indications of a lack of acquaintance with what 
has been done by others are not wanting. Taking 
p[xi - d) — constant, as the equation to the isothemial 
of a'^s, and assuming that it applies approximately 
to a liquid, the author concludes “ that water [at o'’ C.] 
can be compressed to somewhat less than three-fourths 
of its original bulk, but not further.” He adds that “ the 
whole of this speculation is of the roughest character,” 
but makes no reference to the converging lines of evidence 
which indicate that liquids could be compressed to from 
0*2 to o’3 of their bulk at ordinary temperatures and 
pressures. The numbers which lead to this conclusion 
are frequently in good accord, whether they are deduced 
from direct observation on the specific inductive capaci- 
ties or the refractive indices of the liquids themselves, or 
from those of their vapours, or from the molecular 
volumes of the elements of wlijch they are composed. 
The latter, however, as calculated in the few cases 
he discussed ftom Van der Waals’ theory, are larger, 
except in the case of hydrogen, than the corre- 
sponding numbers obtained from optical or electrical 
measurements. Van der Waals did not deal with water- 
vapour, but if we use the molecular volumes for Hj and 
air obtained by means of O. Meyer’s modification of his 
theory, and take the molecular volumes of air and O3 as 
identical (an assumption which will certainly make the 
result too large), we obtain the following values : — 


Volume of the Matter in the Unit Volume of Water 
under Standard Conditions. 


Deduced from observations on the refractive itulex of) 
liquid water (L. Lorenlz) ... ... . . ... ) 

Deduced from observations on the refractive index of \ 

water- vapour (L. Lorentz) ... ... / 

Deduced from the molecular volumes of Hj and Oj 
obtained from refractive index or specific inductive 

capacity 

Deduced from the molecular volumes of H.j and air" 
given by Van der Waals’ theory ... "... ... j 


o'2o6i. 

0'2o68, 

0*23. 

0'33- 


Prof. Tait’s value is 0717. It is certainly unfortunate 
that a number so widely divergent from the results of a 
whole literature of optical, electrical, and thermal re- 
searches should be published in a Challenger Report 
without any reference to the discrepancy. It is still more 
unfortunate that in discussing the^ theory on which this 
result is based the opinion should I)e registered that ** the 
quantity a [in the formula p{v - a) = constant] obviously 
denotes the ultimate volume ” (p. 48}. This was published 
sixteen years after Van der Waals had given reasons for 
believing that a (or, as he calls it, h) is four times the 
ultimate volume, and twelve years after O. Meyer had 


argued that the multiplier ought to be increased to 4 
The best theories on the subject are no doubt tentative,, 
their agreement with facts is imperfect, but it is esta- 
blished beyond the possibility of doubt that the constant 
in question need not have the meaning which is here said 
to be obvious. 

Two papers in which the compressibilities of solutions 
of NaCl are discussed had appeared in Wiedemann's 
Annalen some little time before the conclusion of Prof. 
Tait’s work. Rdntgen and Schneider (Wied. Ann.^ 
xxix. 165, 1886) determined the relative compressibilities 
of water and of a number of different salt- solutions, and 
Schumann {Wied. Ann., xxxi. 14, May 1887) gave absolute 
measures. Both researches were carried on at low 
pressures only, but they are interesting in their relation 
to Prof. Tait’s conclusions, inasmuch as his compressi- 
bilities at low pressures are obtained (as he fully explains) 
by an extrapolation, and it is therefore desirable to compare 
them with the values given by direct observation. 

In the following table the compressibilities obtained by 
Schumann for solutions containing given percentages of 
NaCl {i.e. parts of salt to 100 of solution) are compared 
with the values deduced from Prof. Tait’s formula : — 



Compressibility per atmosphere X 

Percentage. 



Schumann. 

Tait. 


0 

SO'3 

52 'O 

s 

45 5 

45 * 

10 

397 

39*5 

'5 

348 

. 34 '6 

20 

1 306 

30-5 

25 

1 25-8 

26-8 


It is to be observed that the number 50*3 is assumed 
by Schumann from Grassi, and that it was employed in 
experiments made with water, for determining the effect of 
pressure on the internal volume of the piezometers. If it 
had been replaced by Prof. Tait’s value, the close agree- 
ment between the results for mean percentages would be 
destroyed. Schumann also obtains maxima of com- 
pressibility for low percentages of certain salts, though he 
seems very doubtful about the validity of these results. 
We have no intention of entering into a detailed discus- 
I sion of his work which certainly appears to require con- 
I firmation, but there is no doubt that nobody could have 
made a critical comparison between his own experiments 
and those of Schumann so well as Prof. Tait, when he had 
the whole subject at his Angers’ ends. It is thus a real 
loss to science when a man of his great ability ignores an 
' investigation published nearly a year before the date of 
his own paper. 

The form of the formula given by Prof. Tait for the 
compressibility of salt-solutions is closely analogous to 
that deduced from theory by Prof. J. J. Thomson in his 
** Applications of Dynamics to Physics and Chemistry 
(p. 184). He shows that if h’ is the compressibility of 
water, and P is the internal pressure due to the solution 
of a salt, the compressibility of the solution is h'/{i -f Pht). 
If then we put JP = o ooi86/{3fHr P)p Prof. Tait’s formula 

for a salt-solution becomes |, which, 

since P is proportional to vi^ similar to J. J . Thomson’s 
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expression, and would be identical with it if P = j/o'ooi86 
atmospheres. In that case the internal pressure due 
to the salt in a solution containing 20 parts of salt to 
100 of water would be about the same as the internal 
pressure in pure water as given by Van der Waals. If, 
however, we attempt to apply van ’t Hoff's theory of the 
pressure due to dissolved substances, we find, as in the 
examples quoted in the “ Applications ” {loc. cit.), that the 
observed values of Vk’ are many times greater than those 
given by calculation. 

The second Report, by Mr. Buchan, on “ Atmospheric 
Circulation,” of which we shall give some account in a 
future number, is rather a treatise on meteorology than a 
simple discussion of the Challenger observations. All the 
data, other than those derived from the expedition (which 
have been previously published), are set forth, and a vast 
collection of meteorological facts from all parts of the 
world is utilized. 

It would be impossible to attempt to discuss Mr. 
Buchan’s conclusions in detail, but one may be selected 
as an example. Twenty-six thunderstorms occurred at 
sea during the voyage, and of these only four took place 
between 8 a.m. and 10 p.m. Nineteen occurred when the 
ship was near the land, and these were pretty evetily dis- 
tributed throughout the twenty-four hours. Over land 
thunderstorms are most frequent during the day. At sea 
thunderstorms are nocturnal, and occur chiefly during 
the morning minimum of pressure. 

“ Over the land the maximum of thunderstorms occurs 
during the hours of the day when temperatureis the highest, 
but over the open sea during those hours when temperature 
is lowest. The great majority of thunderstorms over the 
land thus occur during the part of the day when the 
ascensional movement of the air from the heated surface 
of the ground takes place ” (p. 32). 

These facts furnish Mr. Buchan with an interesting 
suggestion as to the cause of these differences : — 

“ As regards thunderstorms over the land surfaces of the 
globe, the disturbance of atmospheric equilibrium, result- 
ing in ascending and descending currents, is brought 
about mainly by the superheating of the surface and 
thence of the lowermost strata of the air. But as regards 
the open sea, this mode of disturbing the atniosphe«c 
equilibrium cannot take place, inasmuch as the influence 
of solar radiation is only to raise the temperature of the 
surface of the sea not more than a degree. Hence it is 
probable that the disturbance of the equilibrium of the 
atmosphere, in the case of thunderstorms over the open 
sea, is brought about by the cooling of the higher strata 
of the atmosphere by terrestrial radiation ” (p. 34)* 

There can be little doubt that Mr. Murray is right in 
thinking that Mr. Buchan’s Report will be a standard work 
of refere ce for many years to come. 

The third Report, by Commander Creak, is on the Mag- 
netical Results of the voyage. As the author has himself 
described the main results of hts investigations in the pages 
of Nature, it is unnecessary t j do more than refer to its 
most sRlient features. We have two, and only two 
criticisms to make. Commander Creak has employed 
the British unit of force, and his paper will therefore be 
used with less comfort and ease by most magneticians 
than if he had employed the C.G.S. system. Perhaps, 
however, as an Admiralty official he felt bound to adhere 
to the traditions of his office. Again, we think that he 
has been rather too modest in the amount of space he 


has claimed. Like Mr. Buchan, he has used information 
from many sources which are not, or at all events are not 
stated to be, generally accessible. These he has employed 
in determining the rates of secular change during the last 
40 years all over the globe. It would have been interest- 
ing if means could have been devised for shotving not 
merely the results of this investigation but the data on 
which they are based. Again, the map in which the 
direction of motion — eastward or westward — of the north 
pole of the needle is graphically shown for the period 
considered would have been more valuable if the mag- 
nitudes of the mean annual motion at different places had 
been added. This has, in fact, been done in a recent 
German work on the same subject. 

But if we are inclined to wish that Commander Creak 
had claimed a larger share of space and given giore 
details, in what he has done he has gone beyond any 
previous writer. His work is of the highest importance 
as introducing a novel view of the causes of secular mag- 
netic change, and in connecting it with certain definite 
localities. 

Mr. Buchan has furnished us with new meteorological 
maps. Commander Creak has prepared new magnetic 
maps, which enable us to institute a comparison between 
the magnetic state of the globe in 1880 and its condition 
when Sabine portrayed it for an epoch some 40 years 
earlier. The positions of the magnetic poles and foci 
of maximum intensity do not appear to have altered. 
The secular change is associated, not with these, but with 
four points, towards tw^ of which the north pole of the 
needle is veering, and from two of which it is apparently 
being repelled. The points of increasing attraction on 
the north-seeking pole are to the south of Cape Horn 
and in the south of China ; the foci of diminishing at- 
traction are in the Gulf of Guinea and near the north 
magnetic pole in Canada. The existence of this last 
focus is more or less hypothetical, but in the case of the 
other three the various magnetic elements concur in in- 
dicating the same neighbourhood as the centre of change. 
Thus not only is the secular variation of the declination 
of opposite signs to the east and west of these points, 
but the increase of the downward attraction on the north 
pole of the needle is a maximum near Cape Horn and 
in China, and a minimum {t.e. a maximum decrease) in 
the Bight of Benin. 

Again the annual change of horizontal force is very 
small near Cape Horn, but it is decreasing in South 
America, and the rate of decrease is a maximum at a 
point between Valparaiso and Monte Video. These are 
precisely the kind of results which would follow from the 
gradual production of a subsidiary centre of relative 
attraction on the north-seeking pole of the magnet near 
Cape Horn. The real existence of the Gulf of Guinea 
centre is similarly confirmed. Commander Creak 
cautiously, abstains from theorizing on these remarlrable 
facts, but there can be no doubt that be is right in thinking 
that they must lead us to look for the chief causes of 
secular variation witliin the globe rather cthan in solas or 
extra-terrestrial influences. His paper will be a point of 
new departure in the science of terrestrial magnetism. 

It wilt be seen from what has been said that the three 
Reports which have been discussed are written with a 
wider scope than the mere discussion of the observations 
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made during the voyage of the Challenger, Prof. TaiPs 
paper has indeed little connection with the work of the 
Expedition. Mr. Buchan and Commander Creak have 
worked up an immense amount of matter derived from 
other sources. 

The records of the Challenger have not only added 
facts of great importance to our stock of knowledge ; 
but have been, as it were, nuclei round which a host of other 
observations have crystallized into orderly arrangement. 
Each one of the authors has made a step forward. Prof. 
Tait has extended the range of pressure over which com- 
pressibilities have been measured. Mr. Buchan has 
attacked the diurnal climatology of the ocean. Com- 
mander Creak has given a new turn to our ideas on the 
secular change of terrestrial magnetism. It is only to be 
regrfitted that the exclusive use of British systems of 
measurement, and the other blemishes to which we have 
felt compelled to refer, give a certain insular appearance 
and character to a work of world-wide interest. 

I'he Report on the Rock-Specimens collected on 
Oceanic Islands, by Prof. A. Renard, consists of 180 
pages, well illustrated by woodcuts and seven maps, and 
constitutes a very important part of the petrology of the 
Challenger Expedition. The account of the rocks of St. 
Paul's from the pen of Prof. Renard has already appeared 
in Vol. II. (Narrative), Appendix B, of the Challenger 
Reports, and we are glad to learn from the preface to 
the volume now before us that the “Report on Deep- 
Sea Deposits ” which has been so long looked for by 
geologists, is to be issued next month. 

Mr. Murray hi to be congratulated on having secure d 
the services of so able a mineralogist and petrographer 
as Prof. Renard to describe the rocks brought home by 
the Expedition. Most of these descriptions have already 
appeared in the Bulletin of the Musie Royal ePHistoir^ 
Naturelle de Belgique j but English geologists will be 
glad to see them collected together and published in their 
own language, and in a convenient form for reference. 

Prof. Renard explains in his opening remarks the 
grounds for publishing this account of the rock-specimens 
collected on the oceanic islands by the officers of the 
Challenger Expedition : — 

“ Mr. Murray had discovered that loose volcanic 
materials plaved a very large part in the formation of the 
deposits of tne deep sea, and it was considered desirable 
to institute a comparison between these and the products 
of the same origin in volcanic islands situated in or on 
the borders of the great ocean basins.” 

It is at the same time admitted, by the editor of the ; 
volume, that Prof. Renard's lithological and mineralogical 
descriptions must be regarded rather as contributions to 
the geology of the islands visited, than as supplying full 
and descriptive discussions of the subject. 

“. The necessities of the voyage, bad weather, or the 
difficulties of the exploration, prevented, in many cases, 
the naturalists from passing more than an hour or two on 
shore : they wefe thus unable to give any detailed account 
of the stratigraphical relations, and^ the collections of 
hand-specimens were sometimes limited to those rocks 
situated near the coast” 

In the case of Tenerife, of which we have such full 
descri|(tion8 in the ^writings of Von Fritsch and Reiss, 
and'Kif Sauer ; in that of the Cape de Verde Islands, the 


rocks of which have been carefully studied by Dolter 
and of Fernando Noronha, which has been surveyed and 
its rocks admirably described by Profs. Branner and 
Williams, it is obvious that the description of the specimens 
placed in the hands of Prof. Renard can only be regarded 
as supplementary to the fuller and more comprehensive 
accounts of the geology of the islands which we already 
possess. But in the case of some of the smaller islands, 
like Tristan da Cunha, Marion Island, and Heard Island, 
the notes in the present Report constitute almost the only 
materials which exist for judging of their geological con- 
stitution and structure. In the case of the Island of St. 
Thomas, in the West Indies ; of Kandavu, in Fiji ; of the 
volcano of Goonong Api, in the Banda Islands ; of the 
volcano of Temate, and of several islands in the Philip- 
pine Group, Prof. Renard has taken the opportunity 
afforded to him by the receipt of interesting specimens 
casually collected, to discuss points of considerable 
mineralogical and geological interest. 

Quite apart from their connection with certain localities, 
these very careful notes of Prof. Renard on peculiarities 
exhibited by rock-forming minerals are of much value to 
geologists ; and so also are the scries of analyses of these 
rock-specimens, made, evidently with great care, by Dr. 
Element. 

So many of the islands visited by the Challenger were 
previously touched at by the Beagle^ on board of which 
Charles Darwin was acting as naturalist, that it is im- 
possible to avoid comparing the work before us with that 
author's classical memoir, “ Geological Observations on 
the Volcanic Islands,” which was published in 1844 and 
re-issued in 1876. In spite of the improvements of our 
petrographical methods during the half-century, which 
has witnessed the application of the microscope to the 
' study of rocks, it is very interesting to see how often 
[ observations made by Darwin, aided by that great 
pioneer in crystallographic research. Prof. W. H. Miller 
of Cambridge, are confirmed by the painstaking labours 
' of Prof. Renard. There is, perhaps, some danger, at the 
' present day, that the facilities afforded for the micro- 
scopic study of rocks, by the aid of transparent sections, 
should lead geologists and mineralogists to despise, or 
to regard as of small value, the observations made with- 
out such aid. To those who entertain such an idea, it 
will be instructive to see how Darwin and Miller by the 
aid of pocket-lens, knife-blade, and magnet, were often 
able to form an appreciation of the mineralogical constitu- 
tion of rocks, which has been very largely confirmetl by 
the application of the more redned methods of the 
present day. 

The discussion of great geological problems, which, as 
treated by Darwin in 1844, contributed so largely to the 
interest excited by bis book, have of course not come 
within the scope of the work undertaken by Prof. Renard. 
The particular varieties of volcanic rocks in Ascension, 
which Darwin found to illustrate in so striking a manner 
the origin of foliation in the crystalline schists, do not 
seem to have been among those collected by the officers 
of the Challenger. But as an important contribution te 
micropetrography, the work of Prof. Ren^d is of the 
highest value, as might indeed have beeil*’ anticipated 
from the well-proved skill and acumen of the author ia 
this interesting branch df scientific research. 
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THE HUMAN FOOT. 

The Human Foot : its Form and Structure, Functions 
and Clothing. By Thos. S. Ellis. (London : J. and A. 
Churchill, 1889.) 

T his book is an endeavour on the part of a practical 
surgeon to explain the mechanical construction of 
the human foot, and from this basis to show the prin* 
ciples on which boots and shoes ought to be constructed. 
Although written in a popular form, and intended for the 
instruction of the public, it is treated in a scientific spirit 
by one who is competent, on the ground of anatomical 
knowledge, to discuss the subject. Mr. Ellis was led to 
give special attention to the mechanism of the foot 
owing to one of his feet having been accidentally injured ; 
and his recovery from lameness was due to the indepen- 
dent study which he was obliged to give to the structure 
of the foot in relation to its functions. 

The earlier pages of the book are occupied by a short 
but clearly-written description of the form of the foot, 
and of so much of its anatomy as is needed to explain its 
mechanism. In the course of this description the author 
points out that the two feet are to be considered together, 
not as if they were two independent pedestals, or plinths, 
supporting the lower limbs and body, but as the two 
halves of one pedestal or plinth, the divisions of which 
are separated from each other. He recognizes the inner 
margin of the foot in its front or expanded part as form- 
ing a straight line, whilst the outer margin forms a bold 
curve, and acts as a sort of buttress to the main structure 
of the foot. The inner margin also is elevated to form 
the arch of the instep. He refers to Prof. Meyer’s well- 
known line continued backwards from the mid-line of 
the great toe through a central point of the heel which 
follows the line of the long flexor of the great toe, and 
states that this line corresponds with the highest part of 
the ridge on the dorsum or upper surface of the foot, 
which indicates the course of the long extensor of the 
great toe. 

The importance of the great toe in the construction of 
the foot is dwelt’ upon by Mr. Ellis. He shows that, whefi 
the foot is used as the basis from which the body is to be 
propelled forwards in the act of progression, the great toe 
leaves its fellows and passes towards the mesial plane 
between the two feet, but that it is not bent in so doing. 
On the other hand, the smaller toes, whilst being pressed 
against the ground, become bent, and the phalangeal 
Joints are lifted upwards. 

The relative length of the great and second toes is also 
discussed. As is well known, in many of the statues of 
ancient art the second toe is modelled somewhat longer 
than the* great toe, but as a rule in nature itself the great 
toe is the longer. Exceptions, however, occasionally 
occur. The writer of this notice has now before him the 
casts of two well-formed feet, from a man and a woman, 
in both of which the second toe projects beyond the great 
toe. He has also in his possession casts of the feet of 
several of the aborigines of Australia, taken under the 
superintendence of Prof. Anderson Stuart, of the Uni- 
versity of Sydney, in which interesting variations in the 
relative len^h of these toes may be seen. In a man and 
one woman the great toe is longer than the second ; in 
• another woman the second toe in the right foot is longer 


I than the first, but in the left foot the opposite is the case. 
In an Australian boy, aged 4, in the right foot the great 
toe is slightly the longer, but in the left foot the second 
toe has the advantage. In none of these Australians had 
the feet ever worn shoes, so that the variatioft in the 
length of these toes is natural, and not produced by arti- 
ficial means. It would appear, therefore — as was shown 
several years ago by Prof. Ecker, of Freiburg, and by a 
writer in Nature, to be the case in the hand with the 
ring and index finger — that variations in relative length 
may occur, not only in different individuals, but in 
opposite limbs in the same person. * 

The author then discusses the movements at the joints 
of the foot and the action of the muscles ; more especially 
when the heel is raised and the foot rests on tip-top as 
in the movements of progression. He regards the long 
flexor of the hallux as exercising a bow-string or tie-rod 
influence, bracing up the arch and diminishing the dis- 
tance between the heel and the great toe. Hence the 
exercise of dancing is one of the most important means 
of promoting and maintaining the strength of the foot. As 
regards the act of walking, Mr. Ellis contends that what 
he calls the “four-square position,” in which the inner 
borders of the great toes are retained almost parallel to 
each other, is that which is most conducive to steady and 
continuous progression, for the joints and muscles of the 
foot obtain through it momentary rest in the intervals 
between the steps. He condemns the military position, 
with the toes turned outwards, both in standing and 
walking, as much more fatiguing, by keeping the muscles 
and joints in a constant strain. The condition of 
“ flat-foot ” ought never to arise if the tie-rod action of 
the long fle.xor muscles of the toes be sufficiently exercised 
by frequent springing of the foot to tip-toe, such as takes 
place in the act of dancing. 

The author applies the anatomical principles which he 
has expounded to the construction of stockings and 
shoes. He holds that quite as much mischief is done to 
the feet by wearing ill-made socks as badly-shaped shoes. 
He considers that a stocking with a separate stall for the 
great toe is always desirable, but that a straight inside 
line is imperative. To obtain a properly fitting boot it is 
necessary, in addition to the measures of length and girth, 
to have the contour lines of the foot, and to obtain these 
the author has devised a foot-stand or pedistat, a de- 
scription and figure of which are given in the book. From 
these measures a last can be made which conforms to the 
shape of the foot throughout as it stands on a level surface. 

We recommend the perusal of this book to all who are 
interested in the mechanism of the foot, and in obtaining 
for it well-fitting socks and shoes ; and we do so with the 
more confidence as the author had obviously passed 
through a painful experience before he had satisfied him- 
self of the principles which ought to be attended to in (he • 
construction of its clothing. 

OUR BOOK SHELF. * 

Das ausiralische Florenelement in Europa. Von Ur. 
Constantin Freiherr von Ettingshausen. Pp. 10. Tab. 

1 . (Graz : Leuschner and Lubensky, 1890.) 

This is a defence of the identification of fossil plants from 
the Tertiary beds of^Europe, chiefly from Austria and 
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Hungary, with existing Australian genera. Baron Ettings- 
hausen himself is largely responsible for these identifica- 
tions, which have been questioned “ by certain critics 
insufficiently acquainted with the subject.” He claims that 
he was sapported in his views by such eminent palaeontolo- 
gists as Franz Unger and Oswald Heer. It is now some 
years since Unger published his sensational “ Neuholland 
in F.uropa.” In this little work almost every one of a set 
of Eocene fossil plants is identified with some essentially 
Australian genus, and often, we should add, on the very 
slenderest of material. The late Mr. G. Bentham, who, | 
as is well known, handled and described every Australian j 
plant of which specimens had been collected up to his : 
time, disputed the correctness of the identifications, and ! 
endeavoured to prove that the remains might well be those 
of genera still found in the northern hemisphere ; yet 
Barpn Ettingshausen gives us to understand that Mr. i 
Benthath confirmed his determination of a European 
fossil leaf as belonging to the genus Dryandra. 

Quite recently the Marquis de Saporta has attacked i 
Baron Ettingshausen’s position, and the present pamphlet i 
may be regarded as a reply. The author concludes ! 
with the statement that, to prevent misunderstanding, he 
wishes it to be known that any objections or criticisms j 
will meet with no response from him, because he is con- • 
vinced of the accuracy of his “ facts,” and his time is too ^ 
valuable to enter upon superfluous discussion. Without i 
discussing his “ facts ’’ one by one, .and without actually 
denying their accuracy, we may say that the illustrations 
given are by no means convincing, as most botanists who 
have worked many years in herbaria on plants from all 
parts of the world, we believe, will agree. Few persons 
probably have paid so much attention to the venation 1 
and forms of leaves as Baron E\tingshausen, yet we find j 
none of his determinations absolutely beyond doubt. So 
far as we are aware, not a single fruit of Eucalyptus or of 
the assumed Proteacea has been discovered in the European 
Tertiary formations. As to his leaves of Eucalyptus ^ they 
might be matched in the genus Eugenia, and we sec no 
reason why any of the others are necessarily remains of 
species of Australian genera. W. B. H. 

Is the Copentican System of Astronomy True? By W. ! 

S. Cassedy. (Standard Publishing Co., Kittanning, ' 

Pa., 1888.) ! 

An astronomer nowadays would find it a hard task to 
bring forth any facts which would throw doubt upon the 
truth of the Copemican theory, but it appears that there ■ 
are still people amongst us who are bold enough to attack 
the strongholds of astronomy. Such attempts are always ' 
hopeless failures, and the one under notice is no exception. I 
It is, indeed, doubtful whether the author knows what is : 
meant by the Copemican system, for he goes so far as to ; 
suggest that the known diameter of the earth’s orbit 
(assuming that it exists) should be used as a base-line for . 
determining the distance of the sun ! He also states that ; 
he has ** found by experiment” that similar right-angled ; 
triangles have sides proportionate in length, though it is 
only fair to say that he is aware of the existence of the 
first book of Euclid, if not of the sixth. 

We have already said enough to show that the book 
need not be considered seriously ; but we cannot refrain 
frpm stating that the author, by sighting the sun along 
straight-edges at the equinoxes, has found that ‘*the 
distance of the sun from the surface of the earth, at 
N., is one million miles (p. 49).*” This result is about 
as near the mark as could be expected from the method 
employed. 

Naturalistic Photography. By P. H. Emerson, B.A., 
M.B. (London ; Sampson Low, Marston, Scarle, and 
Rivington, 1890.) 

The quick call for a second edition of this work indicates 
the approval with which it has beeh received, and we may 


safely say there is not a better or more instructive book 
on the art principles of photography than the one before 
us. Dr. Emerson is a photographer of the first rank, his 
artistic compositions are everywhere admired, and the 
energetic manner with which many of the old and cher- 
ished ideas of the ordinary photographer are attacked' 
and others established makes it very manifest that he 
only writes what he knows to be true. The literary style 
of the book is excellent, and the exposition has the 
merit of being strikingly original ; it should, therefore, 
be studied by every photographer, both amateur and 
professional, who desires to excel in his art. 


LETTERS TO THE EDITOR. 

[Tht Editor does not hold himself re^onsible for opinions ex- 
pressed ly his correspondents. Neither can he undetiakt 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Nature, 
No notice is taken of anonymous communications.} 

Acquired Characters and Congenital Variation. 

Beyond this letter I cannot pursue my interpolated adversary, 
Mr. Dyer. 

The syllogisms which he attributes to me are entirely his 
own. It willingly admit, therefore, that they are as ingeniously 
bad as they can well be. 

I will now state shortly what my position was, and is : — 

(1) The assumed antithesis between "acquired characters” 
and "congenital variation ” has arisen out of the cult of Darwin 
as opposed to Lamarck. 

(2) The theory of Lamarck fails, in my opinion, as much as 
the theory of Darwin, to give any adequate or satisfying explana- 
tion either of the genesis, or of the development, of organic 
forms. 

(3) But the theory of Lamarck is more philosophical than the 
theory of Darwin, in so far as it seeks for, and specifies, a 
definite natural cause for the phenomena of variation. 

(4) The theory of Darwin is essentially unphilosophical in so 
far as it ascribes these phenomena to pure accident, or fortuity. 

(5) That Darwin himself, at one time, if not always, admitted 
this idea of fortuity to be a mere provisional resort under the 
difficulties of ignorance. 

(6) That the later worshippers of Darwin depart, in this 
respect, from their master, and making the weakest part of his 
system the special object of their worship, have set up Fortuity 
as their idol. 

(7) That it is under the influence of this superstition that they 
ROW seek to deny altogether that acquired characters can become 
congenital. 

(8) That this denial is against the most familiar experience of 
Nature, and especially of artificial selection, which is the ante- 
type and foundation of the whole theory of evolution. 

(9) That in all domestic animals, and especially in dogs, we 
have constant proof that many acquired characters may become 
congenital. 

( to) That it is no answer to this argument to demand proof 
that the babies of a blacksmith are ever born with the abnoima) 
arm-muscle of their papa. 

(11) That in order to avoid and evade the force of innumerable 
facts proving that many acquired characters may, and do, become 
hereditary, lortuitists have invented a new verbal definition of 
what they mean by "acquired.” 

(12) That this definition is full of ambiguities and assumptions, 
concealed under plausible words, but the object of which is to 
limit the meaning of "acquired characters^’ to gross, visible, 
palpable changes aflecting single individuals, and' which the 
anuogies of I^ture do not lead us to expect or to suppose can 
be repealed in a single generation, even if a tendency to their 
development is really implanted in the race. 

ti3) That, still farther t^ render impossible the proof they 
demand, our fortuitists affix to their definition of the word 
"acquired,” conditions which beg the whole question in dis- 
pute. Not only must the new characters be gross, palpable, 
visible — cases of " hypertrophy,” of " extension,^’ or of "thick 
ening,”— but also they must be "obviously due to the direct 
physical action of the environmedt on the body of the indi> 
vidual.” This is a condition which is irrational. It excludes^ 
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:ali those fine, invisible molecular ” changes, through which 
Nature habitually works, and it ascribes to mpre outward and 
mechanical agencies, effects which, alone, we have no reason to 
suppose they ever can produce. 

On the ouestion of •‘prophetic germs,” Mr. Dyer challenged 
me to proauce a single case of organs useless now, but in course of 
preparation for future use. I replied by referring him to this 
phenomenon as universal throughout Nature in the life-history 
of every individual organism ; and I also referred him to the 
well-known idea of Darwinian embryology which establishes a 
close analogy between the laws governing the development of 
the embryo, and the whole past development of organic life. 

Mr. Dyer replies that I ought to have explained this sooner — 
when challenged to do so by Prof. Ray Lankester — an observa- 
tion which has nothing to do with the merits of the question. 
The truth is, I wished to close my dispute with that distin- 
guished Professor, as I now desire to close it with Mr. Dyer, 
and I was satisfied with an indirect admission that, as regards 
every individual organism, my assertion could not be contra- 
dicted. What this involves, I left, and now leave again, as 
unexhausted as it is indeed inexhaustible. 

In conclusion, I must observe upon the use Mr. Dyer makes 
of the phrase a prion argument,” which he apparently uses 
not only for all deductive argument, but for all analytical reason- 
ing. When he says he “ has not an a priori mind,” he really 
means that he is indisposed to all analysis. This is a very com- 
mon attitude even with many able and distinguished men — espe- 
cially when they are devoted to a system, and are the <ysciples 
of some prophet, whose words and phrases they gulp and swal- 
low whole. It is an attitude which has its use ; but it is not 
one to boast of. Mr. Dyer’s declaration that “the questions at 
issue with regard to evolution are now, I believe, thoroughly 
understood by biologists ” is the most astonishing utterance I have 
over heard or read coming from a scientific man. Discussion 
with him is useless. He and his friends know all about it. 
How life began, and how it grew from more to more — the whole 
secret of creation — “an open scroll, before them lies.” I am 
happy to think that I am not the only searcher— by many 
thousands — whose pens Mr. Dyer must intervene to stop. 
There is a great army of us who are conscious above all things 
of the ignorance of man. Argyi^l. 

Kinellan, Murrayfield, N.B. 

In the number for January 16 (p. 247) Mr. Thiselton Dyer ob- 
serves that “there are many readers of Nature who, while 
taking a general interest in the problems raised by Darwinism, 
have not followed all that has been written about it.” For the 
benefit of such persons he gives an intcre:>ting explanation of 
Darwin’s views on several important points. 

I have not read all that has been written, but all, I think, thiU 
has ever appeared in the pages of Nature, and with the result 
that I am more and more convinced of the inade(iuacy of the 
Darwinian theory to account for the origin of species. Natural 
selection is a vera causa^ but of very limited operation. The 
theory of sexual selection but partly removes one serious difficulty 
not of the first magnitude. 

I find Darwinians — not Darwin — very ready to insinuate or 
assert that an unwillingness to adopt their views, on the part of 
persons who believe in a supernatural revelation, arises from 
theological prejudice, which hinders them from listening to the 
voice of reason. I think there is some prejudice on both sides. 
For myself, fully believing in a Supreme Designer, I am per- 
fectly and most fearlessly willing that “ the attempt at mechanical 
explanation ” should be carried as far as possible, well knowing 
that “a final universal cause” cannot possibly be disproved or 
reasonably denied. And Darwinism is committed to no such 
denial. 

We have our choice between two alternatives. Life on 
our globe had a beginning; and its cause was certainly 
not mechanical or natural, — for rMsons not theological, but 
strictly scientific, in the technical sense of the word. For, 
as the laws of Nature operate uniformly, if life had ever com- 
menced spontaneously, it must of natural necessity do so again 
and again, since it would be most absurd to suppose that only 
during some previous state of the earth^s surface did matter exist 
in^ such a condition as to be capable of conversion into living 
things. If life had ever arisen mechanically, it would require a 
miracle to prevent repetitions of the process. 

We have, then, to take our choice between supposing with 


Darwinians that the life-producing power acted once for all, and 
supposing that it has actra repeatedly and continuously, in more 
ways than one. I see no theological, and, let me say, no Scrip- 
tural, objection to either. Let it l)e believed willingly, if good 
reasons can be given, that all life began with a single germ 
which could not only produce its like — which is wonderful 
enough — but which even contained in itself such amazing 
potentialities that it could become, and has become, the parent 
of every form of life, sentient or non-sentient, that has ever 
appearra on our globe. 

To me this seems scientifically improbable. For why should 
the power, whether acting intelligently, or, if anyone prefers it, 
without intelligence, create one germ only ? Why not millions ? 
And if of one kind, why not of many ? And if single organisms, ^ 
why not organisms connected with one another, even in highly 
complex structures ? And why act once only ? Why not start 
non-sentient life at one time, sentient at another ? .For do not 
sentient things need a separate germ ? I take leave to think so. 
But be this as it may, they are as much in advance of tJ^e.ijon- 
sentient, however much alike those germs we know of may 
appear to be, as the non-sentient are of inanimate matter. 

The other alternative suppodtion is that the life-producing 
power, instead of acting once only, and then subsiding into its 
primaeval torpor, continues to act. That, as it once acted upon 
inanimate matter, not robbing it of anything, but rather, while 
availing itself of its properties, conferring upm it new powers, 
so it has acted since upon living things, ever producing out of 
the old new and higher forms of life ; availing itself of all 
existing faculties of living things, but while allowing them to 
achieve all that they can, still moulding fresh forms, and con- 
ferring higher faculties. To suppose this, is only to suppose 
that the action of the life-producing power, since life began, has 
been analogous to what we know was its action in producing 
life. It is hardly to be supposed that the production of one 
marvellous germ has exhausted all its energy. 

Yet, if the Darwinian theory can enable us to dispense with 
the aid of this power, let it Bo so. Let reason prevail. 

Darwinians offer, as an adequate explanation of the formation 
of new species from the older, that this development comes 
about simply through natural selection — through the survival of 
the fittest of favourable variations. 

“The origin of any species,” says Mr. Thiselton Dyer, “lies 
firstly in the occurrence, and secondly in the selection and 
preservation, of a particular variation.” But surely a particular 
variation alone — that is, such as can be brought about, as we 
know from experience, in a single generation — does not suffi- 
ciently differentiate one species from another. Short-horned 
cattle, for instance, are not a new species, nor would they deserve 
to be so termed if it should eventually happen that all other 
varieties of horned cattle became extinct. In the great majority 
of cases, at all events, there must be more than one particular 
variation, before we can recognize a specific difference. Species 
have become what they are by the combination^ in one organism, 
of manv particular variations, each well suited to the rest. No 
particular variation could make of another ruminant a giraffe. 
What we want, and what seems to be wanting in the Darwinian 
theory, is a satisfactory hypothesis to explain the concurrence 
of many particular variations, by the co-exislence of which in 
one structure the new species is constituted. Variations, or 
“fluctuations,” as Mr. Thiselton Dyer has happily termed 
them, will not account for this. Between some species there 
may be merely slight and single differences ; but Nature can 
show us much more than this. We often find a complicated 
apparatus formed by the concurrence in one individual of many 
particulars of structure combining to produce an effect wholly 
peculiar. 

Take the following instance, or rather group of instances. 
There are venomous serpents, of many species and in many 
lands, which differ most widely from the non-venomous kinds, 
from which, or from the ancestors of which, they are generally 
believed to have been derived. In these we find, to begin with, 
teeth which have undergone strange modifications. They 
needle-like in shape. They are not fixed in the jaw. They 
occupy a very prominent position. They have minute perfora- 
tions, terminating near, but not precisely at, the point* They 
have muscles by which they may be recurved, so that their 
points may be directed towards the throat. They have hollows 
in which to He. They have muscles by which, on occasions, 
tb^ may be projects beyond the mouth. Besides all this ^ 
poison-secreting glands, «nd poison-bags, and channels of com- 
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munication with the perforations in the teeth* Further stilly a 
special instinct leading the snake to make use of this wonderful 
weapon of offence, and suitable nerves to regulate its compli- 
cated action. 

Now, ifnless all these numerous variations — and they might fairly 
be multiplied subdivision — had in the first instance appeared 

simultaneously in one individual, and unless all had been duly 
connected, the whole apparatus would have been useless, and 
there would have been nothing of which natural selection could 
avail itself. Useful intermediate forms there can be none. A 
rifle is a more formidable weapon than a lance or dart, but of 
what use would be a thing half-way between the two? The 
venom-discharging apparatus has in it no part which could 
‘ possibly be dispensed with. 

To give one more instance. The tongue of the woodpecker is 
moved forwards in a singular way ; not simply, as usual, by a 
muscle and sinew in front of the base of the tongue, but by a 
sinew terminating in a loop, through which passes another sinew 
from bdiind the tongue which, doubling through the loop, is 
attached to the base of the tongue. By this means, when the 
muscle is contracted, the tongue is drawn forward with a double 
velocity, which is to this bird specially useful. Now, it is im- 
ossible for any ingenuity to devise an action intermediate 
etween this and the usual simple pull in respect of utility or 
complexity. But there is much more here than a particular 
variation.’’ The first woodpecker that possessed this structure 
must have had it in complete order, for otherwise the tongue 
would not move at all. In that woodpecker it must have com- 
menced to exist in a rudimentary form before birth, in a germ 
possessing novel powers. 

And here I must ask, How is it that anyone questions the Duke 
of Argyll’s statement that ^^all organs do actually pass through 
rudimentary stages in which actual use is impossible ” ? Is it not 
precisely this which is implied in the Darwinian statement that 

from the variable constitution of the ovum probably arises the 
varying structure of the organism developed from it ” ? What 
was auerwards developed was at first rudimentary, and useless. 
This is equally ttue of the whole organism — say of the serpent, 
or of the bird — and of the entirely novel and complicated appa- 
ratus found in them. 

To call the apparatus in either serpent or bird ** a particular 
variation” would be to give up the whole case for Darwinism. 
A wonderful combiuaiicn of many particular variations has to 
be accounted for ; and, so far as I can see, Darwinism utterly 
fails to account for it. There are thousands of cases presenting 
the same difficulty. 

There are simpler coses of specific change, in which the con- 
currence, the simultaneous appearance, of many slight and par- 
ticular variations is not indi^ensable, but only their succession 
in due order in the course 01 many generations. Here, there is 
some room for the theory. Thus perhaps, possibly, we might 
get a giraffe. But 1 prefer a theory which, if true at all, 
accounts as readily for the most complicated apparatus as for 
the simplest forms of living things. R. COURTENAY. 

Hotel Faraglioni, Capri, January 31. 


Probably many readers of the recent disaission on the 
transmission of acquired characters will regret that a more 
definite conclusion has not been arrived at. This is probably 
due to the fact that the premises now in our possession do not 
admit of a definite answer yet being given. Those who assume 
that there is no evidence in favour of the transmission of acc|uired 
characters are mostly, I presume, supporters of ‘‘ the continuity 
of the germ-plasm ” theory of Weismann. Almost everyone 
admits that individuals may and do acquire certain characters 
due to change in environment, use, disuse, &c. ; but while many 
m&intain that these characters are transmitted to offspring, others 
deny that such is the case, or think that the evidence is in- 
sufficient. In supporting ** the continuity of the germ-plasm ” 
theory it is imppssible to suppose tha*t the germ-plasm is con- 
tinued from one generation to another like a portion of entailed 
property. For each individual gives off thousands of ova or 
spermatozoa as the case may be, only a very few of which go to 
produce new individuals ; therefore there is a dissipation of 
** germ- plasm,” — that is to say, in the germinal cells of mam- 
mals of to-^y there cannot be any of the identical germ- 
plasm” which existed in their remote invertebrate ancestors 
ages ago. For all this dissipation there must be some construe, 
t^e process, otherwise the germ-plasm would come to an end. 


From whence is derived this constructive material ? Clearly^ 
from the exteridr, for a fertilized ovum obtains material from 
without to admit of growth and elaboration. The constructive 
material, then, whiw the ^‘genn-plasm” obtains — to admit of 
its liberal dissemination each generation — is derived from the 
external world, vid the organism with which it is incorporated, 
or indeed of which it forms a part. Seeing, then, that the 
organism — from which this germinal matter is derived — can 
acquire characters— that is, undeigo certain definite dianges in 
response to altered conditions — then it seems reasonable to 
suppose that that part of it which ultimately finds its way to the 
germ-cells, is also modified during its transmission, and will 
therefore have more or less effect upon the forthcoming genera- 
tion. But how much variation is due to the above cause, and 
how much to the almost infinitely various possible combinations 
of the two unlike germinal elements, it is impossible to say. 

J. COWPER. 

Easy Lecture Experiment in Electric Resonance. 

An experiment, exhibited by me in its early stages at the 
Royal Institution a year ago, and since shown here in various 
forms, on the overflow of one Leyden jar by the impulses accu- 
mulated from a similar jar dischaiging in its neighbourhood, is 
so simple an illustration of electric resonance, and so easily 
repeated by anyone, that I write to describe it. 

Two^similar Leyden jars are joined up to similar fairly large 
loops of wire, one of the circuits having a spark-gap with knobs 
included, the other being completely metallic, but of an adjust- 
able length. 

The jar of this latter circuit has also a strip of tinfoil pasted 
over its lip so as to provide an overflow path complete with the 
exception of an air-chink, r. It is important that this overflow 
path be practically devoid of self-induction. A jar already 
perforated could be well utilized for the purpose. 

Then if the two circuits face each other at a reasonable distance, 
and if the slider, is properly adjusted, every discharge of A 
causes b to overflow. A slight shift of the slider puts them out 
of tune. 




Instead of thus adjusting by variable self-induction, my assist- 
ant, Mr. Robinson, naa made a slight modification by using a 
condenser of variable capacity, consisting of two glass tubes 
coated with tinfoil, one sliding into the other, and joined by a 
flexible loop of wire ; an easy overflow from one coat to the 
other being likewise provided. On making this loop face the 
discharging circuit of an ordinary Voss machine with customary 
small jars in sUu^ bright sparks at the overflow gap occur when- 
ever the common marine sparks are taken, provided the sliding, 
condenser be adjusted to the right capacity by trial. 

There is little or no advantage in using long primary sparks 
the vibrations are steadier and more definite with short ones. 
It is needless to point out that the 2 jars constitute respectively 
a Hertz oscillator and receiver, but fair precision of timing is 
more needed with these large capacities than with mere spheres 
or discs, because the radiation lasts longer and there are more 
impulses to accumulate. Hence actual resonance as distinguished 
from the effect of a violent solitary wave is better marked. 
Moreover, the sparks are bright enough to be easily seen by a 
large audience. Oliver J« Lodge. 

University College, Liverpool. 


African Monkeys in the West Indies. 

With reference to the note in Katurb of February 13 (p. 
349}, on the occurrence of an Old-World monkey in Barbados,. 
I may point out that the same West African monkey (Cercojbi- 
ihtcus callUrichus) has also been introduced and is now found 
wildiii St. Kitts (cf. Sclater, P.Z.S., 1866, p. 79}. It likewise; 
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occurs in Nevis, whence the Zoological Society received living 
specimens (presented by Mr. Graham Briggs) in 1870. 

The only West Indian island in which ^ Qurfdrumana of the 
American type occurs is Trinidad, which was, doubtless, 
formerly part of the mainland of South America. 

3 Hanover Square, W., February 17* P. L. Sclater. 


Galls. 

I HAD not intended to take any further part in this corre* 
spondence ; but the interestii^ suggestion which has now been 
made upon the subject by Mr. T. D. A. Cockerell (Nature, Feb. 
13, p. 344) induces me to withdraw the sentences that he quotes 
from my previous letters, to the efTect that it seems impossible 
to imagine any way in which galls can be attributed to natural 
selection acting on the plants directly. In my own consideration 
of the matter this seemed “obvious,” and therefore my motive 
in taking up the difficulty as presented by Mr. Mivart was that 
of “ asking whether anybody else had a better explanation to 
offer ” than the one which my letter suggested— viz. “ that 
natural selection may operate on the plants indirectly through 
the insects,” by always selecting those insects the character of 
whose secretions is such as will best cause the plants to grow 
the particular kind of morphological abnormality which the 
larvae require. Mr. Cockerell, however, has now furnished what 
seems to me an extremely plausible hypothesis, showing that 
there is a way in which it is quite conceivable that the growth 
of galls may be an actual benefit to the plants, and tj^erefore 
that natural selection may act directly on the plants thwnselves 
in evolving these sometimes highly specialized structures for the 
use of their parasites. Mr. Cockerell informs me in a private 
communication that he has been verifying this hypothesis by ob- 
servations in detail ; but whether or not he will be able to 
establish it, I think at any rate he has done good service in thus 
suggesting another possibility. 

( 5 n the other hand, I cannot see that Mr. Ainslie Hollis has 
helped us at all (Nature, January 23, p. 272). For he merely 
enunciates the truism that trees which were not endowed with 
sufficient “developmental vigour” adequately to resist the 
attacks of gall-making insects “ would doubtless have long ago 
succumbed in a struggle for existence.” And this truism he 
appears to suppose furnishes an explanation of how “ natural 
selection, operating in the ordinary manner,” has produced galls 
for the exclusive benefit of the insects. But it is obvious that 
the more detrimental the growth of galls has proved to tiws, 
the less reason there must have been for natural selection, 
“operating in the ordinary manner,” to have developed these 
often highly specialized structures for the benefit of parasites. 

London, February 13. Geor(je J. Romanes. 


The Supposed Earthquakes at Chelmsford on * 
January 7. 

Nature for January 16 (p. 256) reprints from the Essex 
County Chronicle a short account of two supposed earthquake- 
shocks felt at and near Chelmsford on January 7, at 12.30 and 
1.25 p,m. Being engaged in the study of British earthquakes, I 
made inquiries in the district referred to, and the result of these 
is to show that the shocks were almost certainly due to the firing 
of unusually heavy guns at Woolwich. It may be worth while 
to state the evidence for this conclusion somewhat fully, as it 
will be difficult to obtain it in after years. 

(1) I applied to the authorities at Woolwich and Shoebtiryness 
as to the nature of the firing on January 7. At the latter place, 
the only practice was from 9*inchaad lo-inch guns, the maximum 
charge used was 70 pounds of powder, and therefore not 
capable of producing the shocks felt at Chelmsford. At Wool- 
wich, however, the iio-ton gun, ** the heaviest in H.M. service,” 
was fired at the times mentioned. 

(2) Form (if the Disturied Area.'—'tht only accounts I have as 
yet received are frqm the following places s .Great Warley 
(near Romford), Brentwood, E^ng, Ingatestone, on the road 
between Ongar and Fyfield, Roxwell, Chelmsford, Cfaignall 
St. James, and Chipping Hill (Witham) ; which are respectively 
at about 6, 12^, 14, 16, 16, ai, 24, 24, and 3* miles distance 
from Woolwich. Referring to a map of Essex, it will be sem 
that these places all lie close to a line drawn from Woolwich in 
a north-easterly direction ; with the exception of Epping, the 
direction of which is about north by east from Woolwich. Ac- 
cording to the Times weather report of January 8, southerly and 


south-westerly breezes prevailed very generally throughout the 
kingdom on the previous day. 

(3) Nature of the Shock , — In four cases, the shock was in the 
first instance attributed to the firing of heavy guns. If there was 
any vibration of the earth, it must have been very slight, and the 
following descriptions seem to leave little doubt that thh rattling 
of windows noticed was due to an air-wave. 

Great Warley — The shock ” broke a pane of glass 4 feet x 2 feet, 
on my job.” 

Brentwood — “The shocks commenced as a low rumble, in- 
creasing till the doors shook and rattled, as though the rumbling 
was followed by a bang or explosion.” 

Between Ongar and Fyfield (the observer driving) — “The 
ground felt as if it were sinking,” and there was “a rumbling 
noise something like guns in the distance.” * 

Roxwell— -The sound “exactly resembled the report of the 
big guns at Shoebury, but was far louder than we usually hear 
them.” 

Chelmsford (the observer walking) — There was “ a noise gs of 
a very heavy weight being rolled across the floor of the foom of 
the house to the south of him, which he was passing.” 

Chignall St. James — “ The shock was extremely slight, but 
there was a most pronounced concussion in the air which made a 
sound on the windows as if a person had thumped the centre of 
the window frame with the soft part of his hana. There was no 
tremulous motion felt.” 

Witham — The observer “heard a strange rumbling ^und 
which seemed to slightly deafen him, but he felt no vibration of 
the earth.” 

That the disturbances recorded had only one origin is, 1 think, 
evident, (i) from the decrease in intensity (roughly speaking) as 
the distance from Woolwich increa.ses, and (2) from there being 
no considerable gap between the places of observation. Records 
from the immediate neighbourhood of Woolwich could hardly be 
expected, as there they would naturally be attributed to their 
proper source. 

I am indebted to the editor of the Essex County Chronicle for 
inserting a letter asking for observations on the shocks, and to- 
several gentlemen for the courtesy and kindnest with which they 
i replied to this letter and to other inquiries that I made in the 
I surrounding district. Charles Davison. 

I 38 Charlotte Road, Birmingham, February 13. 

I 


Shining Night-Clouds. 

In July last, on a fine night, about 8 p.m. (two hours after 
sunset), I noticed a fleecy cloud lit up by a yellowish light, 
directly over the back of a range of hills due west from this 
place. As it did not move, it struck my attention, and I 
observed that what little wind there was carried the few floating 
clouds north-east to south-west. I continued to watch the 
cloud, which covered say 4* or 5", until li p.m., and concluded 
that as in that direction lay the Pnrace volcano, about 40 miles 
away, the light and cloud probably came from it. ^ But I made 
inquiries by telegraph, and found that no eruption had taken 
place in the Puracd, which has been quiet now for many yeaw. 
I regret, seeing now that the subject is interesting, that 1 did 
not observe more carefully. I may add that in the direction of 
the cloud no prairie or forest fire could have occurred to account 
for it. Robert B. White. 

Agrado (lat. a** 20' N.), Department of Tolima, 

U.S. of Colombia, S.A., December 22, 1889. 


A Greenish Meteor. 

To-night (Jan. 30), at 8.15 p.m., I saw a meteor which, not- 
withstanding a bright moon, shone out exceedingly brightly, 
exceeding any star. It appeared to travel south, for about 10®, 
vanishing about 15* above the horizon. Its colour differed from 
that of any meteor I have seen before, being pale green or 
greenish. T. D. A. Cockerell. 

West Cliff, Custer Co!, Colorado, January 3p. • 


THE MOLECULAR STABIUTY OF METALS, 
PARTJCUJLARL Y of iron and STEEL. 

(i) A LLOW me to add some words relative to the very 
timely lecture on the harddning and tempering ^ 
of steel, recently pwblished by Prof. Roberts-Austen ' 
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(Nature, xli. pp. ii, 42). I desire, in the first place, to 
point out the bearing of the singular minimum of the 
viscosity of hot iron (Joe. cit.^ p. 34) on the interpretation 
given of Maxwell’s theory of viscosity (Phil. Mag. (5), 
xxvi. ppj 183, 397, 1888 ; xxvii. p. 155,1889). When iron 
passes tnrough Barrett’s temperature of recalescence, its 
molecular condition is for an instant almost chaotic. This 
has now been abundantly proved (cf. John Hopkinson, 
Phil. Trans., London, clxxx. p. 443, 1889, where the 
literature may be found ; cf. Osmond, below). The 
number of unstable configurations, or, more clearly, the 
number of configurations made unstable because they are 
built up of disintegrating molecules, is therefore at a 
'maximum. It follows that the viscosity of the metal 
must pass through a minimum. Physically considered, 
the case is entirely analogous to that of a glass-hard steel 
rod suddenly exposed to 300°. If all the molecules passed 
frotti' Osmond’s ^ state to his a state together, the iron or 
steel would necessarily be liquid. This extreme possi- 
bility is, however, at variance with the well-known prin- 
ciples of chemical kinetics. 'I'he ratio of stable to 
unstable configurations cannot at any instant be zero. 
Hence the minimum viscosity in question, however rela- 
tively low, may yet be large in value as compared with 
the liquid state. 

(2) My second point has reference to the function of 
carbon in steel. It is not to be understood that we ignore 
the importance of the changes of carburation produced 
by tempering steel. To explain the varied physical phe- 
nomena which accompany temper, it is sufficient to re- 
cognize some special instability in the tempered metal. 
This is given by the carbide configuration, and the phy- 
sical explanations in question may be made without 
specifying its nature further. Hence the permissibility 
of the purely physical considerations. 

On the othef hand, it is indeed surprising that, on the 
part of engineers and chemists, the important subject of 
temper has been but inadequately dealt with, as Prof. 
.\usten justly remarks. Sir Frederick Bramwell (cf. 
Nature, xxxviii. p. 440), in his inaugural address at 
Bath, in 1888, dwelt at some length on the subject of 
temper. The question is again touched upon by Mr. 
Anderson at the Newcastle meeting of the British Asso- 
ciation. Neither of these gentlemen, however, really 
shows forth the gist of the matter. Indeed, even in 
Ostwald’s massive “ Lehrbuch der Allgemeinen Chemie” 
(Leipzig, W. Engelmann, 1887), full of examples as it is, 
bearing on all points of chemical physics, the frequent and 
exceptionally important case of tempered steel is altogether 
absent. And yet the chemical interpretation to be given to 
the phenomena of temper seems to be closely at hand. Dr. 
Strouhal and I (Wied. Ann p. 390, 1880; Bulletin 
U.S. Geol. Survey, No. 14, chap, ii., 1885) showed that, 
by the process of hardening, the electrical resistance of 
steel may be increased by more than three times its value 
for the soft metal. If the hard rod is now softened, the 
resistance again decreases by an amount depending on 
the temperature to which the hard metal is exposed and 
on the time of such exposure, in a way which, throughout 
the whole research, is beautifully sharp and character- 
istic. Eventually, the relatively low resistance of soft 
steel is again reached. Now suppose the carbon mole- 
cule of steel to be dissolved in the metal, forming an 
alloy of Matthiessen’s Class 1 1 . Seeing that the quantity 
of carbon contained is not large, the electrical resistance 
of hard steel is at once an expression of its chemical com- 
pt>sition, structurally unknown though it be. Hence in 
the electrical diagram of the phenomena of temper con- 
structed by Dr. Strouhal and myself, the time variations 
of resistance of hard steel at any given temperature may 
be interpreted as a case of Wilhelmy’s (Pogg. Ann., Ixxxi., 
pp. 413, 499, .1850) rate of chemical reaction (Reactions- 
gesekwindigXieit), aftd expressed in accordance with his 
well-known exponential law. This endeed is the character 


of the observed time curves. Hence also the full diagram 
of the phenontena of temper, considered both in their 
variation with time and with temperature, is available for 
the elucidation of most points relative to the effect of 
temperature on rate of chemical reaction.^ 

(3) A further remark may be made relative to Osmond’s 
(Annales Mines, July-August, 1888, pp. 6-7 ; M^m. de 
VArtillerie de la Alarine, Paris, 1888, p. 4) iron of the a 
and the ^ type. The assertion that mere strain partly 
changes a into /3 iron is in conformity with the viscous 
behaviour of the meml. For it appears that the effect of 
any mechanical strain as well as of temper, is marked 
decrease of the viscosity of the metal. Osmond’s theory, 
however, appears to explain too much. Since most metals 
can be similarly hardened by straining, it would follow 
that there should be a and /3 varieties in all these cases, 
even though a molecular change corresponding to Gore’s 
phenomenon in iron has only in a few instances been 
observed (iron, nickel, platinum-iridium alloy). I believe, 
however, that there is reason to be urged even in favour of 
this extreme view.® The ion theory of metallic conductivity 
is fast gaining ground. 

J. J. Thomson states it in his well-known book 
(“Applications of Dynamics,” p. 296). Giese (Wied. 

xxxvii. p. 576, 1889) has outlined an ion theory of 
electric conduction, uniformly applicable to metals, 
electrolytes, and gases. It seems to me, if a preliminary 
hypothesis be made rekative to the evolution of a magnetic 
field out of an electric field ; if advantage be taken of the 
spiral distribution of points which frequently results from 
the symmetrical interpenetration of two congruent Bravais 
systems ; ® if, finally, in metals, the function performed by 
a bodily transfer of ions can also be performed by an 
exchange of the charges of charged atoms (Giese, in- 
directly Helmholtz), that the possibility of an ion theory 
of magnetism may be suspected. Quite apart from the 
influence of a field, the conditions of exceptionally close 
approach favourable to the transfer of charges from atom 
to atom, are given by the distribution of the heat agitation 
in the metal. 

(4) I will close this note by some remarks on the change 
of the character of diffusion when occurring in solids. 
Studying the coloured oxide coats on iron. Dr. Strouhal 
and I (Bull. U.S.G.S., No. 27, p. 51, 1886) pointed out 
that the outer surface of the film is oxidized as highly as 
possible in air ; and that the inner surface of the film, 
continually in contact with iron, is reduced as far as 
possible. This distribution of the degree of oxidation 
along the normal to the layer, is equivalent to a force in 
virtue of which oxide is moved through the layer, from its 
external surface to its internal surface. The formation of 
an oxide coat is thus a case of diffusion. Conformably 
with this view, the film, during its formation, behaves like 
an electrolyte, as was pointed out by Franz, Gaugain, 
and Jenkin, and more recently by Bidwell and by S. P. 
Thompson. 

We then adverted to the crucial difference be- 
tween diffusion in solids and diffusion in liquids, in- 
asmuch as in the former case (solids) diffusion de- 
monstrably ceases after a certain small thickness is per- 
meated. The limit thickness of the film is reached 
asymptotically, through infinite time. It has a definite 
value for each temperature, increasing as temperature 
increases. In the light of other evidence since gained, 
this explanation is substantiated. The formation of the 

* Aa ttUertor consideration presents itself here relative to an extension of 
the theory of Arrhenius Ann,f iv. p« 391, 1678) to metallic con* 

ductivity. Arrhenitt# and Ostwald fiod in the maximum of electrolytic conr 
ducCivity a measure of rate of reaciion. .1 must pass over this question here, 
since it is without immediate bearing on the text* 

^ 1 have spent much timetin endeavouring to th^pw Ik^ on this question, 
and will indicate the results later. My methods WSpi ^>10 jhM the effect of 
mechanical strata on the carburation d steel : (•) 16 ffod tha effect of strain 
on the rate of solution ; (3) to llhd the hydto^teclricdffbct of stretching: 

3 A good account of the relations of tM Ifmvaisaii^ llieSphoclce system is 
given by H. A. Miers, in Nature, xxxix. p. S77. 
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oxide coat is a case of solid diffusion, and as such it 
bears^ the same relation to the diffusion of liquids, that 
the viscosity of solids bears to the viscosity of liquids. 
The two phases (solid, liquid) of each phenomenon are 
to be correlated in ways essentially alike. The available 
stress, as compared with the available instability at a 
given temperature, determines the time character of the 
result. Cari- Barus. 

Physical Laboratory, U.S. Geological Survey, 
Washington, D.C. 


CHfUSTOFORUS HENRICUS DIEDERICUS 
BUYS BALLOT. 

T^UYS BALLOT was born on October 10, 1817, at 
Kloetinge in Zealand ; was a student in arts and 
the natural sciences at the University of Utrecht, where 
he first became Lector of Physics and Chemistry in 1844, 
and then successively Professor of Mathematics in 1847, 
and of Experimental Physics in 1870, which latter chair 
he ceased to hold in November 1887 on completing his 
fortieth year as Professor, He was appointed Director of 
the Royal Meteorological Institute of the Netherlands in 
1854, and held this position with great ability and distinc- 
tion till his death on Monday, the 3rd of the pi^sent 
month. 

His first contribution to science was a paper on a 
chemical subject in 1842, this being a science of which 
he was Lector at the time ; but soon thereafter he turned 
his attention to meteorology, which he emphatically made 
the business of his life. The following are among the 
earlier of his papers on the subject, and they are, it will 
be seen, very significant of his future work : — “ On the 
Influence of the Rotation of the Sun on the Temperature 
of our Atmosphere,” in 1846; “On the Importance in 
Meteorology of Deviations from the Mean States of the 
.Atmosphere,” in 1850; “Results of the Observations of 
1849 and 1850 in different places in Holland,” in 1851 ; 
and “ On Synchronous Representations of Weather 
Phenomena,” in 1854. 

In these early times of meteorology, when instruments 
and modes of observing still greatly needed the guiding 
hand of science towards the founding of international 
meteorology. Dr. Buys Ballot was wisely led to attempt 
the construction of no general isobaric and isothermal 
maps in investigating storms and other weather pheno-,; 
mena, but contented himself in investigating weather dis- 
turbances by representing them over the surface of Europe 
by means of deviations from the means, or averages, of the 
places represented. In this mode of working he made 
several of his more important contributions to meteoro- 
logy, and out of it developed the system of storm warnings 
he issued for Holland. In this connection his barometric 
and thermometric means for a very large number of places 
over Europe will long be a standard work. Of these contri- 
butions, unquestionably the most important is that known 
as Buys Ballot’s Law of the Winds, which states the 
relation between the direction of the wind and the distri- 
bution of atmospheric pressure at the time the wind is 
blowing. This relation was further developed by Dr. 
Buchan in 1869, in his paper on the mean pressure of the 
atmosphere and prevailing winds of the globe, in which 
it was shown that the prevailing winds of all climates are 
simply the result of the distribution of pressure. 

One of the most exhaustive discussions of the influence 
of the moon on weather was made by Dr. Ballot. The 
discussion covered a period of about a century, and he 
showed that the longer the period the closer do the cases 
for or against any such influence approach equality. Sub- 
sequent td tdaiiry^ Dr. Ballot was one of the earlier and 
most eiiergtitie end' successfbl workers in maritime me- 
teorology, and hit meteorological charts of the routes of 


Dutch ships over the great oceans is a standard work. 
Dr. Ballot also took an active and efficient part in the 
Meteorological Conferences and Congresses held at in- 
tervals from 1872 to 1888, which have brought about a 
greater uniformity in meteorological observations and 
discussions than previously existed. He was chos|n, by 
the first Congress, President of the Permanent Commit- 
tee. Among his last works was the proposal of a method 
of developing and representing the variability of the 
weather and climates by the values of the deviations of 
the daily observations from the averages, irrespective of 
sign. 

The great merits of his indefatigable services to science, 
but more particularly to meteorology, were recognized by 
his bcingmade LL.D. of Edinburgh University, Knight of 
the Order of the Netherland Lion, Commander of the Order 
of Franz Joseph of Austria, and of S^ James of the Sword 
of Portugal, and Knight of second class of the Prussian 
Order of the Crown. But above all, his ever readiness 
in every degree to oblige, the genial sunshine of his face, 
and his lovableness, make his death to be felt by m<any of 
us as a sharp personal bereavement. 


NOTES. 

On Tuesday evening the Cambridge University Natural 
Science Club and the Master of Downing (Dr. Alex. Hill) gave 
a conversazione at Downing Lodge, at which 260 guests, in- 
cluding many distinguished residents and non-residents, were 
present. The several scientific professors were very liberal in 
lending the treasures from their museums, and as this is the first 
entertainment of the kind which has been given in Cambridge, 
many objects of great historic interest, such as Babbage’s 
calculating machine, Cavendish’s apparatus, &c.,evere exhibited. 
Artificial silk was spun, quartz filaments drawn, smokeless gun- 
powder and other scientific novelties shown. One of the most in- 
teresting exhibits was a series of Egyptian heads unwrapped from 
their mummy cloths, and artfully "restored” by Prof. Macalister. 
A very attractive feature of the entertainment was an address by 
Dr. Lauder Brunton, who had much that was interesting to say 
about his recent experiences in India. Mr. Gardiner illustrated 
the dispersion of seeds by the aid of the limelight and boxes 
of seeds of various kinds suspended from the ceiling. 

The annual general meeting of the Geological Society of 
London will be held to-morrow (Friday) at 3 o’clock, and the 
Fellows and their friends will dine together at the Criterion 
Restaurant at 7.30 p.m. 

Before the next ordinary meeting of the Royal Microscopical 
Society, it will have moved its quarters from the rooms hitherto 
occenpied by it in King's College, which are now required for 
he purposes of the College, to 20 Hanover Square. The 
ordinary meetings will in future be held on the third instead of 
he second Wednesday in the month, and the annual meeting 
.n January instead of February. The Quekett Microscopical 
Club has also transferred its place of meeting to 20 Hanover 
Square since the commencement of the year. 

We regret to have to record the death of Sir Robert Kane, 
F.R.S. He died after a short illness on Sunday, the i6thinst., 
at his reddence in Dublin^ 

• % 

The fine buildings of the University of Toronto were almost 
wholly destroyed by fire last Friday. The flames were un- 
fortunately fanned by a strong wind, and the fire spread so 
rapidly that hardly anything could be saved. A small number 
of specimens in the museum, and some of the scientific apparatus, 
were brought out by students, but they wele. mostly broken while 
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being removed. The Canadians are justly proud of the Univer- 
sity of Toronto, and will no doubt provide for it even mote 
splendid buildings than those which are now in ruins. 

Signor Bella’s views of the Caucasus have been on exhi- | 
bition^in the Royal Geographical Society’s map-room since 
Friday last, and will continue to be exhibited till the close of 
ihe month. 

We print elsewhere Prof, David P. Todd’s record of work done 
by the U.S. Scientific Expedition to West Africa, 1889, of 
which he was director. This is one of several bulletins printed 
on board the U,S.S. Penscuola. 

In the engineering notes from North-West India, of Engineer- ■ 
ing of the 14th inst., we find a most interesting account of the ■ 
testing of the Chenab Bridge, near Mooltan, This bridge 
consists partly of seventeen spans of 200 feet, which are of mild 
steel ^throughout. These trusses are of the Whipple-Murphy 
type, with raking heel posts ; the ties are at an angle of 45% 
and consequently the depth is a tenth of the span. In previous 
girders of this type, made in iron, the deflection under full loads 
was usually less than 0*0004 of the span, while here inch, 
equal to O‘ooo6, obtains throughout, and in each case the 
observed permanent 'set is less than I inch in the whole thirty- ■ 
four girders in the viaduct. Engineering observes that ‘‘there J 
is thus no question of bad workmanship either in the pieces sent 
out from home or in the erection at site, and it is very clear that 
steel structures, especially when so light as these spans, which 
only weigh, with corrugated floor and all bearing and expansion 
gear, 220 tons each, are necessarily more sensitive than those of 
iron.” 

The new number of the InUneationales Archiv fiir Eikno- 
^^raphie (Band ii. Heft vi.) opens with a valuable paper, by Prof. 
G. Schlegel, of Leyden, on Siamese and Chinese-Siamese coins. 
This contribution is illustrated by a coloured plate. Of the 
other papers, the most important is an account of the Nanga of 
the Fiji Islands, by Mr. Adolph B. Joske, FijL These remark- 
able stone inclosures, now ruined, were first brought to the 
notice of anthropologists by the Rev. Lorimer Fison, of the 
Australasian Wesleyan Mission. Three of them have been 1 
visited by Mr. Joske, and he is thus enabled to give the plan 
of an inclosure drawn from his own measurements. His paper 
has been edited by Baron Anatole von Hiigel, who adds in- 
suuctive notes. In another paper, Prof. Giglioli gives an in- 
teresting account of a remarkable stone axe and stone chisel in 
use among the Chamacocos of South-East Bolivia. 

We are glad to observe that in the Ceylon estimates for the * 
current year provision is made for an increased vote of Rs. 
10,000 for archaeological purposes. Sir Arthur Gordon, in ex- 
plaining the vote, said, “ It is proposed to make some systematic 
examination of the interesting remains at Sigiri, and to com* 
nience on a modest scale, before the rapidly disappearing 
monuments of the past have altogether perished, a species of 
archaeological survey resembling that carried on in India, Such 
an examination should be completed in about three years, and 
the vote is proposed to cover the salary and travelling expenses, 
for 1890^ of the officer selected for the purpose.” 

A LARGE and rich collection of specimens of amber, illus- 
trating all the varieties found in the amber district of North 
Germany, has lately been sent to the New York School of 
jyiines by one 0/ its earliest graduates^ Mr. H, A. Demelli, now 
a resident of Berlin. At a recent meeting of the New York 
Academy of Sciences, this collection was examined with great 
interest by the members, and Dr. Newberry, the President, read 
an instructive paper on amber. After the reading of the paper, 
Dr. N. L. Britton spoke of the occasional occurrence of amber 
in^New Jersey, in coitnection with the lignins so abundant in 


the Cretaceous and Eocene beds ; and Mr. George F. Kunz 
exhibited several specimens of American amber, one of which 
— from Mexico-— excited much admiration. Mr. Kunz said that 
during the last fifteen or twenty years travellers had occasion- 
ally brought specimens of a very remarkable amber from some 
locality in Southern Mexico. The only thing known about this 
amber is that it is taken to the coast by natives, who report that 
it occurs in the interior so plentifully, and in such laige pieces, 
that they use it for making fires. It is of a rich, deep golden 
yellow, and, when viewed in different positions, it exhibits a 
remarkably green fluorescence, like that of certain petroleums. 
It is perfectly transparent, and, according to Mr. Kunz, even 
more beautiful than the famous so-called opalescent or green 
amber found at Catania, Sicily. 

A FRESH illustration of the way in which foreign plants may 
become “weeds” under new and favourable conditions is 
afforded by Melilotus alba in the Western States of America. 
It was introduced a few years ago as a garden-plant, and has 
spread so rapidly in the rich bottom-lands along the Missouri 
River that, according to Garden and Forest^ it is fast driving 
out the sunflower and other native weeds. It is commonly 
called “Bokhara clover,” 

At the meeting of the Scientific Committee of the Royal 
Horticultural Society, on February ii, Dr. Oliver and Prof. Scott 
presented an interim report on the investigations undertaken by 
them respecting the effects of London fogs on plants under glnss. 
Specimens of orchids affected by fog had been received from 
Messrs. Veitch and Son, Chelsea ; and of tomato plants from 
the superintendent of the Royal Horticultural Society’s gardens 
at Chiswick. On the suggestion of the chairman, it was decided 
that the chemical constituents of London fog should be in- 
vestigated, and that the exciting causes of the injury to plants 
should be traced. In order that the work might be carried out 
under advantageous circumstances, it was resolved that applica- 
tion should be made to the Government Grant Committee of the 
Royal Society for pecuniary aid. 

At the same meeting of the Royal Horticultural Society’s 
Scientific Committee, Mr. McLachlan drew attention to a disease 
in sugar-cane at St. Vincent, where in some localities about 
25 per cent, of the crop would be lost this year. According to 
Mr. Herbert Smith, who had examined the canes, a beetle of 
the family Scolytidse, and the larva of a moth, vrere concerned. 
It is probable that the beetles enter the canes only by the exit 
holes of the moths, and that the moth is a widely spread species, 
already known to attack sugar-cane in other countries. 

In the January number of the American Naturalist Mr. 
R. E. C. Steams begins what promises to be an interesting 
series of papers on the effects of musical sounds on animaE. His 
first paper deals with “dogs and music.” From his. friend, 
Prof. George Davidson, of California, he has received the fol- 
lowing instance: — “A small black-and-tan named ‘Bessie,’ 
belonging to Mr. A. B. Corson, of North Fifth Street, Phila- 
delphia, will, on hearing ‘ Shall we meet beyond the river 7 ’ 
sung, throw her head back and set op a most d ism al howl, while 
the tears oill run down her cheeks. If the tune is played 
solemnly on an organ and no word spoken, the same thing will 
occur ; but if any of Ihe words are spoken, with not the slightest 
musical intonation, she will run to the speaker, and beg and 
plead in her own way, and do everything bat speak, to have it 
stopped.” 

The Annalen der ffydrographie und Maritimen Meteorologie 
for December, pobUsl|9d by the German Admiralty, contains an 
interesting discostioii by Dr. W* J. "vim Bebber, on the depend- 
ence of the force of the winds oppit the sttrftee over which they 
blow. It is generally admitted that tha winds at sea are, under 
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similar circumstance, stronger than on land ; but actual com 
parisons, such as the author has undertaken, are not frequently 
made. He has chosen two stations on the coast— ‘viz. Cherbourg 
and Hurst Castle— having a different position with r^ard to the 
sea, but at which the observations are made under nearly similar 
conditions. The results of careful comparisons under eight 
points of the compass, for a period of several years, plainly 
show that in all months the northerly and north-easterly winds 
at Cherbourg are considerably stronger than at Hurst Castle, 
and that the southerly winds at Cherbourg fall considerably 
short in strength of those at Hurst Castle. The tables show 
that the strong winds coming from the sea are on an average 
one d^ree of Beaufort’s scale (1-12) heavier than those coming 
from the land, while, with lighter or local winds, the difference 
often amounts to two degrees of the above scale. Information 
of this kind should be of use to fishermen and others when 
putting to sea. 

M. Plantamour gives, in a recent number of the Archives 
Jes Sciences, the results of his eleventh year’s observations of 
periodic movements of the ground, as shown by spirit-levels. 
It appears that, while in general the east side sinks with lower- 
ing of temperature, and rises with a rise, these movements do 
not always follow with the same rapidity. A sudden change of 
temperature produces at once a rise or sinking of the easfeiside ; 
but the maxima of the ground-positions rarely coincide with the 
maximum or minimum of temperature. This eleventh year is ex- 
ceptional in that the extremes of temperature are but one or two 
days in advance of those of the movements, whereas in previous 
years the retardation has been a fortnight to four months behind 
minimum temperature, and a fortnight to three months behind 
maximum. In two years (1881 and 1885) the maximum of 
rise was even four days before the maximum of temperature. 
Thus, while temperature seems to be the chief cause of the 
oscillations, some other opposing cause must be at work. M. 
Plantamour compared the eleven years’ mean effects with the 
variations in solar intensity, but failed to detect any relation. 

Carl Hess, the German naturalist, has proved by minute 
microscopical investigation that the eye of the mole is perfectly 
capable of seeing, and that it is not short-sighted, as another 
naturalist (Kadyi) would have us believe. Hess maintains that, 
in spite of its minute dimensions, — i millimetre by 0*9 milli- 
metre — the eye of this little creature possesses all the necessary 
properties for seeing that the most highly-developed eye does ; 
that it is, indeed, as well suited for seeing as the eye of any 
other mammal, and that in the matter of refraction it does not 
differ from the normal eye. In order to bear out the theory of 
short-sightedness, the physiological reason was adduced that in 
its subterranean runs the mole is accustomed to see things at | 
close distances, and that its eye had become gradually suited to 
near objects. Ilut to this Hess objects that the mole when under 
ground most probably makes no use of his eyes at all, as it 
would be impossible to see anything owing to the absence of 
light, but that when he comes to the surface, and especially 
when he is swimming, he does use his eyes. In order to 
accomplish this, he only has to alter the erect position of the 
hairs which surround and cover his e]res, and which prevent the 
entry of dirt when he is under ground, and at the same time to 
protrude his eyes forward. 

It seems rather strange that, while skins and eggs of the Great 
Auk aM so highly valued, the public rardy hear of Pallas’s 
Cormorant, the extinction of which in the North Pacific corre- 
sponds to that of the Great Auk in the North Atlantic. Only 
four specimens of Pallas’s Cormorant am known to exist in 
museums ; no one possesses its eggs ; and no bones wm found 
or preserved until Mr. Leonhsoed Stejneger, of the Smithsonian 
^^Institution, was so fortunate some years ago as to rescue a few 


of them. Yet this bird was the largest and handsomest of its 
tribe. So says Mr. Stejneger in an interesting paper— just issued 
by the Smithsonian Institution — in which he records how the 
bones referred to were found by him in 1882 near the north- 
western extremity of Behring Island. In an appendix*to this 
paper Mr. Stejneger’s "find ” is fully and exactly described by 
Mr. Frederic A. Lucas. 

We have received the first two numbers of the Scottish Journal 
of Natural History. This monthly periodical is intended to be 
mainly a chronicle of the work done by the different Natural 
History Societies in Scotland ; but short papers on subjects 
connected with Natural History will also be given, and we notice 
that articles have been promised by well known men of science, 
including Profs. James Geikie, G. J. Romanes, and many others. 
At present very few of the Scottish Natural History Societies 
print Transactions ; so there is ample room for the new venture, 
and we wish it all success. Communications are to be addressed 
to the Editors, care of the publisher, Mr. W. B. Robinson, 
194 .Sauchiehall Street, and 105 New City Road, Glasgow. 

The first part of the Memoirs and Proceedings of the Man* 
Chester Literary and Philosophical Society for the current session 
has been issued. It contains a paper by Mr. Charles Bailey, on 
the discovery near Ribblehead of Arenaria golhica, a plant new 
to Britain, the typical form of which has so far been recorded only 
for two Swedish localities. The Ribblehead specimens are stated 
to be more robust than those from Sweden. The issue also in- 
cludes a paper by Mr. Charles H. Lees on the law of cooling and 
its bearing on the theory of heat in bars ; and the first part of 
Mr. Faraday’s " Selections from the (unpublished) Correspon- 
dence of Colonel John LeiglwPhilips, of Mayfield, Manchester ” 

( 1 761-1814). The latter includes letters from Dr. Henry Clarke 
(the mathematician), James Sowerby, and a niimber of other 
persons of local eminence during the latter half of the last 
century. 

Prof. Weismann requests us to state that in his article on 
Heredity, printed in Nature on February 6, the sentence 
beginning on p. 319, line 38, should have read — " Sir William 
Thomson, in endeavouring to make clear the dispersion of rays 
of light by conceiving of a molecule as consisting of hollow 
spheres enclosed one within the other and in contact with one 
another through springs, never believed,” &c. 

Two gaseous fluorides of carbon, the tetrafluoride, CF4, and the 
diflttoride, C^F^, have been isolated, and form the subject of 
two simultaneous papers contributed to the current number of 
the Comptes restdus. One of these communications is from M. 
Moissan, whose eneigy in this domain of chemistry appears un- 
tiring. Unlike chlorine, fluorine directly attacks carbon with 
varying degrees of energy, according to the form in which the 
carbon is presented. When a current of pure fluorine is passed 
over the purest form of lamp-black, which has previously been 
firMd from hydrocarbons by digestion with petroleum and boiling 
dcohol, combination occurs with such energy that the whole of 
the finely divided carbon becomes instantly incandescent. The 
lighter varieties of wood charcoal also take fire spontaneously in 
fluorine, the gas appearing to be first condensed for a few 
moments, and then the mass becomes suddenly incandescent and 
throws off brilliant s^tQIations. If the density of the charcoal 
is greater, and them il no loose dust upon its surface, it is neces- 
sary to warm it to so’-ioo* C. in order to bring Ibout combina* 
ti<m and its accompanyli^ incandescence. When once the 
incandescence is started at any spot it rapidly extends through- 
put the dntire mass. Ferruginous graphite requires to be 
heated to a temperature just below dull redness, and gas 
retort carbon to full redness, in order tq effect combination, 
while the diamond may be Jieated for any length of time over a 
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Bunsen lamp without any alteration in weight being noticeable. 
'I'he products of combination are generally gaseous mixtures of 
CF4 and probably C2F4. When the most readily attacked varieties 
of carbon are employed, and only in small quantities so as to avoid 
excess, Ihe gas is almost pure CF4. Carbon tetrafluoride is a 
colourless gas, which liquefies under a pressure of five atmo- 
spheres at C. It is completely absorbed and decomposed 
[)y an alcoholic solution of potash with production of potassium 
fluoride and carbonate. On decomposing the latter salt with an 
acid the volume of carbon dioxide liberated is the same as that 
of the carbon tetrafluoride used. CF4 is slightly soluble in 
water, more readily in carbon tetrachloride, alcohol, or benzene. 
Determinations of its density gave numbers which agreed with 
the formula CF4. If excess of carbon is heated to redness in a 
platinum tube, and fluorine allowed to slowly stream through, 
another gas is obtained on collecting over water which is not 
capa"blS of being absorbed by alcoholic potash. This gas 
liquefies at 10^ under a pressure of 19-20 atmospheres. M. 
Moissan does not seem to have yet determined its composition, 
but it appears likely to be the CjjF^ described in the second com- 
munication by M. Chabrie. M. Moissan also states that CF4 
may likewise be prepared by passing vapour of carbon tetra- 
chloride over silver fluoride heated to a temperature of 300° C. 
in a glass or metal tube. M. Chabrie shows that both CF4 and 
C2F4 may be obtained by heating the corresponding chlorides of 
qarbon with silver fluoride in a sealed tube to 220® C. In an 
actual experiment 5’i grams of AgF were heated with 1*55 
grams of CCI4 for two hours, at the end of which time the tube, 
which itself was but little attacked, was opened, and an 
almost theoretical yield of CF4 obtained ; the gas was totally 
absorbed by alcoholic potash in accordance with the equation 
CF4 + 6KOH KaCO, + 4KF + j^jO. When CaCl4 was 
used instead of^Cl4, a gas whose density corresponded to the 
formula C2F4 was obtained. The experimental density was 3*43 ; 
the calculated value for CjF^is 3*46. The spectra of the two 
fluorides, according to M. Moissan, exhibit the lines of fluorine 
very clearly, together with several broad bands, resembling the 
flutings of carbon. 

ASmONOM/CAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on February 20 
8h. 3m. 7s. 


Name. 

Mag. 

1 1 

1 Colour. R A. 1890.] 

Decl. 1890. 


1 

1 

! h. m. s. 


(i) G.C. »56s 


1 -- 7 36 »5 

” 14 90 

(2) 27 Cancri 

! 6 

Yellowish -red. 8 20 39 

+ 13 I 

(3) /3 Cancri 

i 4 

Yellow. 8 10 36 

+ 9 3 * 

(4) C Canis Min. ...i 

5 

^yhite. 7 46 0 

+ 12 3 

(5) 26 I'iclcering ...1 

1 Var. 

Reddish-yellow. 7 57 2 

-12 47 

(6) S Cygni ...j 

i Var. j 

Reddish. '3a 3 14 

i -57 40 


f 


Renuxrks. 

(i) “ Planeterv nebula ; pretty bright, pretty small ; extremely 
little elongated/ The spectrum has not yet been recorded. 

•(2) A star of Group II. Duner states that the bands are very 
wide and dark in the red, but weaker in the green and blue. lie 
docs not, however, state what bands are present. Observations 
^milar to those^ already suggested fox* other stars of the group 
are required, 

(3) This is stated to have a fine spectrum of the solar type by 
Vogel. The usual differential observations are required. 

(4) A star of Group IV. (Vogel). Usual observations 
reaotred. 

(5) This star has a very feeble spectrum of the Group VI. 
type, which has not yet been fully described. 

(fr) Although Cygnus is not now ix^ the most convenient posi* 


tion for observations, it may still be observed soon after sunset. 
The variable, S Cygni, has not yet had its spectrum recorded, 
and the approaching maximum (February^ 28) may therefore be 
taken advantage of. Gore states the period as 323 days, and 
the range as from 8‘8-iot at maximum to <13 minimum. 
If it has a banded spectrum, as may be expected from the 
colour, the type of spectrum will probably not be difficult to 
determine, notwithstanding the faintness of the star. 

A. Fowler, 

Progress of Astronomy in 1886. — An account of the 
progress of astronomy in the year 1886, by Prof. Winlock, has 
been issued from the Smithsonian Institution.^ Although the 
record is primarily intended to serve as a series of notes for 
those who have not access to a large astronomical library, the 
bibliography will be found useful to the professional astronomer 
as a reference list of technical papers. A considerable amount 
of useful information is given in this extract from the Smith- 
sonian Report for 1886 -87, the section devoted to reports of 
Observatories being very complete. A subject-index to the 
review has been effected by inserting the necessary page refer- 
ences to the bibliography. 

The Maximum Light-Intensity of the Solar Spec- 
trum. — We have received from Dr. Mengarini his paper on 
the above subject ( Untersuchungen zur NattirUhre des Menschen 
und der Thieve^ xiv. Band, 2 Heft). After reviewing the pre- 
vious work that has been done on the varying intensity of differ- 
ent parts of the spectrum, the author describes the three methods 
he used in his researches. The observations led him to conclude 
that the maximum of light-intensity is subject to variability in 
position from day to day and hour to hour, just as the maxima 
of thermal and chemical effects of the spectnim, although the 
sky be clear and the atmosphere steady. Using a prismatic 
spectrum, it was found that the maximum light-intensity fluctu- 
ated between about \ 564 and D, and, generally speaking, was 
more pronounced in the morning than in the afternoon. Some 
observations made at Rome in July 1881, on clear or slightly 
clouded days, showed that the maximum shifted from A 564 ’i 
to 584-3. 

Spf.ctrum of Bokei.ly's Comet, g 1889. —Mr. Back- 
house, in a letter to the Obse}^atory^ notes that he ob- 
served the spectrum of this comet with a Browning miniature 
spectroscope on the 15th and 19th ultimo. The three CO 
bands were very vividly seen, but no other line ; on the former 
date there was a very faint continuous spectrum, but on the 
latter only a suspicion of such. 

Spectra of 5 and fx Centauri. — Prof. Pickering, in a 
communication to Aslronomischc Nachrichten^ No. 2951, records 
that an examination of the photographs of stellar spectra taken 
by Mr. S. J. Baily at the Harvardf Observatory station, near 
Closica, Peru, shows that the F line due to hydrogen is bright 
in the spectra of the stars 5 and Centauri. 

On the Star System { Scorpii. — Some elaborate re- 
.searches into the orbits of the components of this system were 
given by Dr. Schorr in an inaugural dissertation at Munich Uni- 
versity last year. All available measures of position-angle 
and distance have been brought together and compared 
with tho.se derivable from the new elements found, making the 
computation of great value. 


GEOGRAPHICAL NOTES. 

On Tuesday, Dr. Nansen lectured in Christiania on his plan 
for a North Pole Expedition. He advocates the employment of 
a ship built with a social view to strength, having its sides con- 
structed at such an angle that, instead of being crushed by the 
ice, the vessel would be raised by it. The Expedition, he 
thinks, should advance through the Behring Straits, where the 
vessel would.be carried northward by a favourable current. At 
the New Siberian Island the vessel would enter the ice-floes. It 
would then proceed towards the North Pole, in which direc- 
tion the current would probably carry it.*' 

The Cohniis and India gives the last news from Cooktown 
relating to Sir WilHani Macgremr*s explorations in New Guinea. 
His project was to ascend the Fly River on another voyage of 
discovery. It seems that Sir Wiuiam and his party, in a steam 
launch, dropped anchor in the river on December 14. The 
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launch atrandedi and fifteen canoes^ carrying about 150 natives, 
bore down upon the explorers and commenced a savage attack. 
The Governor’s party opened fire, and the natives promptly 
beat a retreat. After about half an hour, however, they re- 
turned, bringing a pig as a peace offering. Sir William conse- 
quently went 180 miles furtner up the river, and on his return 
visited the same people again, to find them quite peaceably in- 
clined. The Governor started again on December 26 to explore 
higher up the Fly River. 

• The Survey Department of Burmah has in preparation a new 
map containing all the latest information derived from the 
parties sent out by the Department. A prelimipary issue 
omitting all the mountain ranges has recently been published. 

Signor G. B. Sacchieko, Italian Consul at Rangoon, sends 
to the Bollcttino of the Italian Geographical Society for 
December an interesting notice of the savage Chin tribes who 
occupy the hilly region in the north of Burma about the head- 
waters of the Irawady. The collective tribal name is variously 
written Chin, Kyen, Kiyin, Kachin, Kakyen, &c. ; but they call 
themselves Sihtl, and according to Signor Sacchiero they evi- 
dently belong to the Burmese branch of the Mongol stock. 
In the districts brought under British rule many have already 
adopted the Burmese dress, and these can with difliculty be 
distinguished from the Burmese themselves. But the language 
is more allied to that of the widespread Karen race, and the 
Karen alphabet composed by the American missionaries in 
F.ower Burma is well suited lor expressing the sounds of the 
Chin idiom. The Chins themselves have no knowled^ of 
letters ; nor have they made any progress beyond the rudest state 
of social culture. They still go nearly naked, and the women on 
arriving at the age of puberty are tattooed all over the face with 
a black pigment, being thus disfigured for life, either to prevent 
the Burmese or the neighbouring tribes from kidnapping ihem, 
or else to distinguish them from the women captured by the j 
Chins from the surrounding peoples. They marry early, the 
bride requiring the consent, not of her i)aretits, but of an elder 
brother, and the husband promising not to beat her too much, 
nor to cut her hair if she behaves well. The family yields 
obedience to the father alone, who recognizes no authority 
except that of the village chief, this audiority passing in both 
cases to the youngest son. The men always carry firearms, and 
make their own gunjH^wder, using instead of sulphur a seed 
called aupiglak^ first roasted, and then pounded up with charcoal 
and saltpetre, three parts of the two first to twenty of the 
last, and mixing the whole with alcohol, or tobacco juice. Both 
sexes smoke little Indian hookahs, and their favourite drink is 
kkaung^ a kind of beer extracted from fermented rice. They 
Jive mainly by the chase, and when a boar, stag, or other big 
game is captured, there are great rejoicings in the village. The 
quarry is covered from neck to tail in a red cloth, and pre- 
sented to the '‘temple,” or abode of the nat (spirit); then the 
“friend of the nai^^ (priest) pronounces a blessing on the success- 
ful hunter, after which all join in the feast, with much tarn- 
taming, shouting, drinking, and dancing through the village. 
When they descend to the plains, the Chins are Buddhists, but 
in their villages spirit-worshipper--. Not only every village and 
every district, but every perspn has his special nat^ mostly a 
malevolent being who requires to be pacified by propitiatory 
offerings. The vendetta is a universal institution, feuds being 
inherited from family to family, from tribe to tribe, and thus 
leading to constant bloodshed. If a man is drowned, his son 
reeks vengeance on the water where he perished by piercing it 
with speai*s or slashing it about with long knives. Many of the 
Chins have already tendered their submission to the British 
authoritie.s and arrangements are now in progress for extending 
orderly government over the whole territory. 


ON SOME NEEDLESS DIFFICULTIES IN 
THE STUDY OF NATURAL HISTORY. 

A LITTLE while ago I read, in the preface to a work on 
natural history, that the book was **of little value to the 
scientific reader, but that its various anecdotes, and its minute 
detail of observation would be found useful and entertaioing.’’ 

What, then^ may the "scientific reader” be expected to 
desire ? He mnst be, in my opinion, a most unreasonable man, 

y ^ The Prcisidential Address to the Ko^l Microscopical Society at the 
/yannust mtolihg, On Tebruary xe, 1890, by Dr. C. T. Hudson, F.R.S. 


if he does not thankfully welcome anecdotes of the creatures he 
wishes to study, when these anecdotes are the result of patient 
and accurate observation. For it is precisely such information, 
that is conspicuously absent from many scientific memoirs and 
monographs ; the author generally spending his main space and 
strength in examining the shape and structure of his atfimals, 
and in comparing one with another, but giving the most meagre 
details of tneir lives and habits.^ 

Which, then, is the more scientific treatment of a group of 
animals — that which catalogues, classifies, measures, weighs, 
counts, and dissects, or that which simply observes and relates ? 
Or, to put it in another way, which is the better thing to do — 
to treat the animal as a dead specimen, or as a living one ? 

Merely to state the question is to answer it. It is the living 
animal that is so intensely interesting, and the main use of 
the indexing, classifying, measuring, and counting is to enable 
us to recognize it when alive, and to help us to understand its 
perplexing actions. 

But, it may be objected, that because the study of the liviqg 
animal is the more interesting, it is not necessarily the Yhorc 
scientific ; indeed, that the amount of entertainment, which we 
may get out of the pursuit of natural history, has nothing to do 
with the question at all ; that by science we mean accurate 
knowledge presented in the most suitable form ; that shape, 
structure, number, weight, comparison are the fundamental 
notions, with wnich sciences of every kind have to deal ; and 
that scientific natural history is more properly that which takes 
cognizance of a creature’s size, form, bodily organs, and rela- 
tion to other creatures, than that which concerns itself with the 
animal’s disposition and habits. 

I can fancy that I already hear some of my audience say : 
“ But why set up any antagonism between these two ways of 
studying a creature ? Both are necessary to its thorough com- 
prehension, and our text-books should contain information of 
both kinds ; we should be told how an animal is made, where 
it ought to be placed among others of the same group, and 
also how it lives, and what aroiits ways.’' 

Precisely ; that is just what memoirs and text-books ought to 
do ; but what, too often, they do not. We read® much of the 
animal’s organs ; we see plates showing that its bristles have 
been counted, and its muscul ir fibres traced to the last thread ; 
we have the structure of its tissues analyzed to their very ele- 
ments ; we have long discussions on its title to rank with this 
group or that ; and sometimes even disquisitions on the probable 
form and habits of some extremely remote, but quite hypothe- 
tical ancestor — some " archirotator ” (to take an instance from 
my own subject) who is made to degrade in this way, or to ad- 
vance in that, or who is credited with one organ, or deprived of* 
another, just as the ever-varying necessities of a desperate 
hypothesis require : — but of the living creature itself, of the 
way it lives, of the craft with which it secures its prey or qut- 
• wits its enemies, of the home that it constructs, of its charming 
confidence or its diabolical temper, of its curious courtship, its 
droll tricks, its games of play, its fun and spite, of its perplexing 
stupidity coupled with actions of almost human sagacity— of all 
this, this which is the real natural history of the animal, we, too 
often, hear little or nothing. And the reason is obvious, for 
in many cases the writer has no such information to give ; and, 
even when he has, he is compelied by fashion to give so much 
space to that which is considered to be the more scientific portion 
of his subject, that he has scant room for the more interesting. 
Neither ought we to be surprised if a writer is " gravelled for 
the lack of matter,” when he comes to speak of an animal’s 
life ; for the study of th© lives of a large majority is a difficult 
one. It requires not only abundant leisure, but superabundant 
patience, a residence favourably situated for the pursuit, and an 
equally favourable condition of things at home. The student, 
too, must be ready to adopt the inconvenient hours of the crea- 
tures that he watches, and be indifferent to the criticisms of. 
tho^ that watch him. If bis enthusiasm will not carry him, 
without concern, through dark nights, early mornings, vile 
weather, fatiguing distance#, and caustic chaff, the root of the 
matter is not in him. Besides, he ought to have natural apti- 
tude for the pursuit, and know how to look for what he wants 
to see ; or if he does not know, to be able to make a shrewd 
guess : and, above .all, when circumstances are not favourable, 
to have wit enough to invent some means of making them so. 
And yet when the place, the man, the animals, and the circum- 
stances all seem to promise a rich harvest of observations, how 
often it happens that somg luckless accident, a snapt twig, a 
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lost glass, a hovering kestrel, a sudden gust of wind, a roving 
dog, or a summer shower, robs the unlucky naturalist of his 
due ; nay, it sometimes happens that, startled by some rare 
sight, or lost in admiration of it, he himself lets the happy 
moment slip, and is obliged to be contented with a sketch from 
memory, wnen he might have had one from life. 

But I have not yet got to the bottom of my budget — the 
heaviest trouble still remains ; and that is, that the result of a 
day’s watching will often go into a few lines, or even into a few 
words ; and so it happens, that the writer of the history of a 
natural group of animids is too frequently driven to fill up his 
space with minute analysis of structure, discussions on classifica- 
tion, disputes on the use of obscure organs, or descriptions of 
trifling varieties ; which, exalted to the rank of species, fill his 
pages with wearisome repetitions ; for were he, before he^ writes 
his book, to endeavour to make himself acquainted with the 
habits of all the creatures he describes, his own life-time might 
be spent in the pursuit. 

• Wc will now take a different case, and suppose that many 
years have been spent in the constant and successful study of the 
animals themselves ; and that the time has come, when the 
naturalist may write his book, with the hope of treating, with 
due consideration, the most interesting portion of his subject. He 
is now beset with a new class of difficulties, and finds that pub- 
lishers and scientific fashion alike, combine to drive him into the 
old groove : for the former limit his space, by naturally demur- 
ring to a constantly increasing number of plates and an ever 
lengthening text ; while the latter insists so strongly on having a 
complete record of the structure, and points of difference, of 
every species, however insignificant, that it is hardly possible to 
do much more than give that record— a mere dry shuclc, emptied 
of nearly all that makes natural history delightful. 

And so we come round again to the point that I have already 
glanced at, viz. Ought natural history to be delightful ? ” 

Ought it to be delightful ! Say, rather, ought it to exist ? 
What title has the greater part of natural history to any existence 
but that it charms us It is true that this study may help— does 
help many— (p worthier conceptions of the unseen, to loftier 
hopes, to higher praise ; that it gives us broader and sounder 
notions of the possible relation of animals, not only to one 
another, but also to ourselves ; that it provides us with the 
material for fascinating speculations on the embryology of our 
passions and mental powers ; and that it may even serve to sug- 
gest theories of the commencement and end of things, of matter, 
of life, of mind, and of consciousness — grave questions, scarcely 
to be dealt with successfully by human faculties, but in a condi- 
tion to be discussed with infinite relish. 

When I speak, then, of the pleasure we derive from the study 
of natural history, I include these graver and higher pleasures 
in the word. 

Here Md there, too, no doubt, the knowledge of the powers J 
and habits of animals is materially useful to us ; and, indeed, 
in the case of some of the minuter organisms, may be of terrible 
importance ; but, in that of the large majority of creatures, we 
might go out of the world unconscious of their existence (as, 
indeed, very many people do), and yet, unlike the little jackdaw, 
not be penny the worse." For what is a man the better for 
studying butterfli^, unless he is delighted with their beauty, their 
structure, and their transformations ? Why should he learn any- 
thing about wasps and ants, unless their ways give him a thrill 
of pleasure ? What can the living plumes of the rock -zoophytes 
do for us, but 'witch our eyes with their loveliness, or entrance 
us with the sight of their tiny fleets of medusa- buds, watery 
ghostlets, flitting away, laden with the fate of future generations? 

When, at duik, we steal into the woods to hear the nightin- 
gale, or watch the night-jar, what more do we hope for than to 
delight our ears with the notes of the one, or our eyes with the 
flight of the other? When the microscope dazzles us with the 
sight of a world, whose inhabitants and their doings surpass the 
wildest flights of nightmare or fairy tale, do we speculate on 
what possible service this strange creation may render ns ? Do 
we give a thought to the ponderous polysyllables that these mites 
bear in our upper worlo, or to their formal marshalling into 
ranks and companies, which are ever being pulled to pieces, to 
be again re-arranged ? No I it is the living creature itself which 
chains us to the magic tube. For there we see that the 
dream of worlds peopled with unimagined forms of life — with 
sentient beings wh^e ways are a mystery, and whose thoughts 
w# cannot even guess at — is a reality that lies at our veiy feet ; 
'that the air we breathe, the dust tliat plagues our nostrib, the 


water we fear to drink, teem with forms more amazing than any 
with which oiyr fancy has peopled the distant stars ; and that the 
actions of some of the humblest arouse in us the bewildering 
suspicion, that, even in these invisible specks, there is a faint 
foreboding of our own dual nature. 

If, then, we make some few exceptions, we are entitled to say 
that the study of natural history depends for its existence on the 
pleasure that it gives, and the curiosity that it excites and 
gratifies : and yet, if this be so, see how cruelly we often treat 
it. Round its fair domain we try to draw a triple rampart of 
uncouth words, elaborate, yet ever-changing classifications, and 
exasperatii^ly minute subdivisions i and we place these diffi- 
culties in tne path of those whose advantages are the least, those 
who have neither the vigorous tastes that enable them to clear 
such obstacles at a bound, nor the homes whose fortunate position 
enables them to slip round them. For modem town life forces a 
constantly increasing number of students to take their natural 
history from books ; and too often these are either expensive 
volumes beyond their reach, or dismal abridgments, which have 
shrunk, under examination pressure, till they are little else than 
a stony compound of the newest classification and the oldest 
woodcuts. 

But the happier country lad wanders among fields and 
hedges, by moor and river, sea-washed cliff and shore, learn- 
ing zoology as he learnt his native tongue, not in paradigm:^ 
and rules, but from Mother Nature^s own lips. He knows the 
birds by their flight, and (still rarer accomplishment) by their 
crieSj- He has never heard of the CEdicnemtis crepitans^ the 
Charadrius pluviedis^ or the Squatarola cincrea^ but he can find 
a plover's nest, and has seen the young brown peewits peering 
at him from behind their protecting clods. He has watched the 
cunning flycatcher leaving her obvious, and yet invisible young, 
in a hole in an old wall, while it carried off the pellets that might 
have betrayed their presence ; and has stood so still to see the 
male redstart, that a field-mouse has curled itself up on his 
warm foot and gone to sleep. He gathers the delicate buds of 
the wild rose, happily ignorant of the forty-odd names under 
which that luckless plant has been smothered ; and if, perchance, 
his last birthday has been made memorable by the gift of a 
microscope, before long he will be glorying in the transparent 
beauties of Asplanchna^ unaware that he ought to crush his 
living prize, in order to find out which of some half-dozen equally 
barbarous names he ought to give it. 

The faults, indeed, of scientific names are so glaring, and the 
subject is altogether so hopeless, that I will not waste either 
your time or my patience by dilating on it. But, while admitting 
that distinct creatures must have different names, and very re- 
luctantly admitting that it seems almost impossible to alter the 
present fashion . of giving them, 1 see no reason why these, as 
well as the technical names of parts and organs, should not be 
kept as much as possible in the background, and not suffered to 
bristle so in every page, that we might almost say with Job, 

There are thistles growing instead of wheat, and cockle instead 
of barley." 

We laughed at the droll parody in which the word change was 
defined as perichoretical synechy of pamparallagmatic and 
porroteroporeumatical differentiations and integrations," yet it 
would not be a difficult matter to point out sentences, in recent 
works on our favourite pursuits, that would suggest a similar 
travesty. No doubt, new notions must often be efothed in new 
language, and the severer studies of embryology and develop- 
ment require a minute precision of statement tliat leads to the 
invention of a multitude of new terms. Moreover, the idea that 
the meaning of these terms should be contained in the names 
themselves » excellent ; but I cannot say that the result is happy — 

1 migbtalmost say that it is repulsive ; and if we suffer this language 
to invade the more popular side of natural history, I fear that 
we shall only write for one another, and that our scientific 
treatises will run the risk of Mog looked at only for their 
dates, and of being then teund up with the Russian and 
Hungarian memoirs. 

The multiplication of species, too, is a"' crying evil, and the 
exaspmting alterations of their names, in consequence of 
changing dassificatlons, is another, the formeri of course, is 
maimy due to the dUficulty, no doubt a very great one, of deter- 
mining what riiall be a species^^ md what a variety. How 
wide}]f experts may differ on this question, Darwin has shown, 
by pointinjg out tniat, excluding several poWtnoiphic genera and 
many triflmg varieties, nearly two hundrM British species, which 
are generally considered varieties, have all been ranked by 



Feb. 20 , 1890 ] 


NATURE 


377 


l^tonists as species ; jmd that one expert has made no fewer already known in points, whose importance is due solely to 
than thirty-seven specif of one set of forms, which another arbitrary rules of classification. 

arranges m three. B^des, even in the ^ses where successive This eagerness, to find something new, errs not only in 
natumlists have agreed m separating certain forms, and in con- wasting time and thought on matters essentially trivial and dull, 
sidering them true species, it happens now and then, as it did but in neglecting things of the greatest interest, which are tiwaya 
to myself, that a chance discovery throws down the barriers, and and everywhere within reach. Take, for instance, the case of 
unites half-a-dozen species into one. Meliceria ringens. What is more common, what more lovely,* 

Under these circumstances one would have expected that the than this well-known creature ? And yet how much there 
tendency would have bera to be chary of making new species, remains to be found out about it. No one, for example, has 
•and no doubt this is the practice of the more experienced ever had the patience to watch the animal from its birth to its 
naturalists ; but, among the less experienced, there is a bias in death ; to find out its ordinary length of life, the time that it 
the opposite direction ; and all of us, I fear, are liable to this takes to reach its full growth, the period that elapses between 
bias when we have found something new ; for, even if it is its full growth and death, or, indeed^ if there be such a period* 
somewhat insignificant, we are inclined to say with Touchstone, And yet even these are points which are well worth the settling* 
“A poor thing, sir, but mine own!** Now, were this fault For, if Meliceria reaches its full growth any considerable time 
mended, much would be avoided that tends to make monographs before the termination of its life, it would seem probable that, 
both expensive and dull ; for, though the needs of science owing to the constant action of its cilia, it would cither raise its 
require a minute record of the varieties of form, which are tube far above the level of its head, or else be constantly 
sometimes of high importance from their bearing on scientific engaged in the absurd performance of making its pellett and 
theories, yet the description of them, as^ varieties, may often be then throwing them away. Who has ever found it in such a 
dismissed in a line or two, when nothing further is set forth condition, or seen it so engaged ? yet the uninterrupted action of 
than their points of difference ; whereas, if these forms are the pellet cup would turn out the six thousand pellets, which 
raised to the rank of species, they are treated with all the spaced- form the largest tube that I am acquainted with, in about eight 
out dignities ot titles, lists of synonyms, specific characters, &c., days, and those of an average tube in less than three ; while the 
&c., and so take up a great deal of valuable room, weary the animal will live (according to Mr. J. Hood) ^ nearly three 
stuaent with repetitions, and divert his attention from the typical months in a zoophyte trough, and no doubt much longer in its 
forms. natural condition. It is true that the creature’s industry in 

But when everything has been done that seems desiwtble, tul^-making is not continuous. It is often shut up inside its tube,^ 
when names and classification have been made both simple and when all ciliary action ceases ; and, moreover, when expanded, 
stable, and the number of species reduced to a minimum, there it may be seen at times to allow the formed pellet to dritt away, 
will still remain the difficulty that monographs must, from the instead of depositing it ; but, allowing for this, there is no little 
nature of the case, generally be grave, as well as expensive difficulty in understanding how it is that, with so vigorous a 
books of reference, rather than pleasant, readable books, within piece of mechanism as the pellet-cup, the tube at all ages, 
the reach of the majority. I would suggest then, that, if it be except the earliest, so exactly fits the animal. I am aware that 
possible, each group of animals should be described not only by it has been stated that the whole of the cilia (including those of 
an all-embracing monograph, to be kept for reference on the the pellet-cup) are under the» animal’s control, and that their 
shelves of societies like our own, but by a book that would deal action can be stopped, or even reversed, at pleasure. But this, 
only with a moderate number ot typical, or very striking forms ; I think, is an error. Illusory appearances, like those of a turning 
that would describe them fully, illustrate them liberally from cog-wheel, may be produced by viewing the ciliary wreath from 
life, and give an ample account of their lives and habits. certain points, and under certain conditions of illumination ; and 

Such a book should give as little of the classification as these apparent motions are often reversed, or even stopp^, by a 

possible ; it should avoid the use of technical terms, and above slight alteration either in the position of the animal, in the direction 

all. It should be written with the earnest desire of so interesting of the light, or in the focussing of the objective. When, how- 

Uie reader in the subject, that he should fling it aside, and rush ever, under any circumstances, the cilia themselves arc distinctly 
ott to find the animals themselves. By this means we should seen, they are invariably found to be simply moving up and 
not only get that active army of out-of-door observers, which down ; now turning sharply towards their base, and now 
science so greatly needs ; but, by bringing the account of each recovering their erect position. Even the undoubtedly real 
group inio a reasonable compass, we should enable students of reversal of the revolution of the pellet in its cup, which is 
natural history to get a fair knowledge of many subjects, and so constantly taking place, can be easily explained by purely 
greatly widen their ideas and multiply their pleasures. mechanical considerations, and consistently with the continuous 

For why should we be content to read only one or two up and down motion of the cilia. Moreover, of the actual 
chapters ot Nature’s book? To be interested in many things — stoppage of the cilia, in the expanded Rotiferon, have 
i had almost said in everything — and thus to have unfailing never seen a single instance. In all cases, on the slightest 
agreeable occupation for our leisure hours, is no bad receipt for | opening of the corona, the cilia begin to quiver, and they ^e 
Happiness. But life is short, and its duties leave scant time for always in full action, even before the disk is quite expanded ; 
such pursuits ; so that to acquire a specialist’s knowledge of one while, should a portion of the coronal disk chance to be torn away, 
suDject would often be to exchange the choice things of many Us cilia will continue to beat for some time after its severance ; 
subjccis lor the uninteresting things of one. And how uninter- so that there is good reason for believing, that the ciliary action 
esiing many of them are ! How is it possible for any human is beyond the animal’s control. ^ 

being to take pleasure in being able to distinguish between a It is possible, indeed, that Meliceria may continue to grow 
uozca similar creatures, that differ from one another in some Mr. Hood says that the Floscules appear to do) as long as it 
trilling matter ; that have a spike or two more or less on their lives ; or it may adopt the plan of some species of wet^es, 
backs, or a varying number ot undulations in the curve of their which, to prevent themselves from being hampered by their 
jaws, or diflcrently set clumps of bristles on their foreheads? ever-growing tubes, quit their original station at the bottom of 
vVhy should we waste our time, and our thoughts, on such the tube, imd attach themselves to it above, creeping gradual^ 
matters? The specialist, unfortunately, must know these things, upwards as the tube lengthens. At any rate it “ 

as well as a hundred others equally painful to acquire and to interesting and instructive to. watch the growth of a Meiuerta^ 
retain, and no doubt he has his reward ; but that reward is not the and the building of its tube, from the animal’s birth to its tteati^ 
acep delight that is to be found in (he varied study of the humbler An aquarium, in which Meliceria would live healthily and 
animals ; of those beings ‘‘whom we do but see, and as little freely, could easily be contrived, and a little ingenuity woula 
know their state, or ehn describe their interests or their destiny, enable the observer to refhove any selected 
as we can tell of the inhabitants of the sun and moon ; . . crea- aoophyte trough and back i«ain, without injury ; ma h» trou^ 
lures who are as much strangers to us, as mysterious, as if they perhaps would be further repaid by such a s^ht ason^delighteo; 
were tlie fabulous, unearthly beings, more powerful than man, my eyes at Cllflon, where I picked, from one of 
yet nis slaves, which Eastern superstitions have invented. ^ the 2oological Gardens, some VaUtsnena^ whose nDOTO-iiKe 

rhose, then, who are blest with a love of natural history leaves were literally furred with the yellow*brown tubes ox 
should never dull their keen appreciation of the wonders and 
beauties of living things, by studying mfoute specific differences ; 
or by undertaking the uninteresting office of findiM and record- kuseuiaru 
ing animals, that may indeed be rare, but which differ from those maturity, in 16 
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MeKcerta. I coiled one of these round the wall of a deep cell, 
and thus brought into the field of view^ at once, more than a 
hundred living Melicerta of all ages and sizes, and all with 
their wheels in vigorous action ; a display never to be for- 


Sucn a tank, so stocked and managed, would probably enable 
a patient and ingenious observer to decide several other points, 
about which we are, at present, in ignorance : to say whether the 
same individual always lays eggs of the same kind, or whether 
it may lay now female eggs, now male, now ephippial eggs ; and 
to say what determines the kind of egg that is to be laid ; 
whether it is the age of the individual, or the supply of food, or 
temperature, or sexual intercourse that is the potent cause. 

It would, too, hardly be possible for the male, to escape the 
observation of a naturalist, who possessed a tank in which were 
hundreds of Melicerta : and the male is as yet almost unknown. 

Judge Bedwell found in the tubes of the female, in winter, a 
small Rotiferon resembling the supposed male, that I had seen 
]>Jayipg about M, tubularia ; only the former had a forked foot, 
and ^arp jaws that were at times protruded beyond the coronal 
disc. Its frequent occurrence in the tubes in various stages of 
development, and the nonchalance with which the female suf- 
fered it to nibble at her ciliary wreath, inclined the observer to 
conclude, that the animal was the long sought-for male. Un- 
fortunately it was only observed when in motion, so that its 
internal structure was not made out ; and the matter therefore 
still rests in some doubt. 

No doubt it is a strong argument that the female would 
probably suffer nothing but a male to take such liberties with 
her but it would seem, from the following account, that it is 
possible for such freedoms to be pushed too far. 

Mr. W. Dingwall, of Dundee, was on one occasion watching j 
a male Floscule circling giddily round a female, and constantly 
annoying her by swimming into her fully expanded coronal cup. 
Again and again she darted back into her tube, only to find her 
t roublesome wooer blocking up her cup, and sadly interfering 
with, what to a Floscule is, the veVy serious business of eating — 
for these animals will often eat more than their own bulk in a 
few hours. If was clear at last that the lady would not tolerate 
this persistent interference with her dinner; for when — after 
waiting, rather a longer lime than usual, closed up in her 
tube— she once more expanded, only to find him once more j 
in his old position, she lost all patience, and effectually | 
put an end to his absurdities, by giving one monstrous gulp, 
and swallowing her lover. It will not surprise you to hear 
that he did not agree with her, and that after a short time 
she gave up all hope of digesting her mate, and shot him 
out into the open again, along with the entire contents of her 
crop. ^ He fell a shapeless, motionless lump ; the two score and 
ten minutes of a male Rotiferon^ life cut short to five ; but, 
strange to say, in a second or two, first one or two cilia gave a^ 
flicker, then a dozen ; then its body i)egan to unwrinkle and to 
plump up ; and, at last, the whole corona gave a gay whirl, and 
the male shot off as vigorous as ever, but no doubt thoroughly 
cured of its first attachment. 

I have taken Melicerta ringens^ as an example of what yet 
rernains to be done, even with an animal which is as common in 
a ditch, as a fly is in a house ; but almost every other Rotifenn 
would have done equally well, for there is scarcely a single species, 
whose life-history has been thoroughly worked out. 

To me, natural history in many of its branches seems to 
resemble a series of old, rich mines, that have been just scratched 
at by our remote ancestors, and then deserted. Our predecessors 
did their best vrith such feeble apparatus as they had ; it was not 
much, perhaps, but it was wonderful that they did it at all with 
no better appliances ; and it irks me to think that we, who are 
equipped in a way which they could not even dream of, should 
turn our backs on the treasures lying at our feet, and go off 
prospecting in new spots, contented too often with a poor result, 
merely because it is from a new quarter. 

Besides, the love of novelty is a fojee too valuable to be wasted 
on a mere h^t for new species in anv one group of animals, 
especially unimportant ones. It should rather be used to make 
us acquainted with the more striking forms of many groups. 
Let us have no fear of the reproach of superficial knowledge , 
everyone’s knowledge is superficial about almost everything ; 
and even in the case of those few who have thoroughly mastered 
aomt one subject, their knowledge of that must have been 
superficial for a great portion of their time. Indeed, the taunt 
is absurd. l*caii imagine that a superficial knowledge of law, 


or surgery, or navigation may bring a man into trouble ; but 
what possible, harm can it do himself^ or anyone else, that he is 
content with knowing five Kotifera instead of five hundred? 
And yet if any naturalist were to study only Floscularia^ 
Philodina^ Copeus^ Brachiomts^ and Pedalion^ it would give him 
the greatest possible pleasure, as well os an excellent general 
notion of the whole class. Let any tyro at the seaside watch the 
ways and growth of a Plumularia^ or of a rosy feather-star, his 
knowledp^e of the groups to which they belong could certainly 
not be dignified even with the term ‘‘ superficial” — ‘Minear ” or . 
** punctiform ” would be more appropriate ; but the pleasure, 
that he would derive from such a study, could not be gauged by 
counting the number of animals that he had examined. It 
would depend on the man himself ; and might, I should readily 
imagine, far exceed that derived by the study of a hundred times 
the number of forms in books ; especially when such a study 
had been undertaken, not from a natural delight in it, but from 
some irrelevant reason, such as to support a theory, to criticize 
an opponent, to earn a distinction, or to pass an examination. 

In truth that knowledge of any group of animals, which would 
rightly be called superficial when contrasted with the knowledge 
of an expert, is often sufficient to give us a satisfactory acquaintance 
with the most interesting creatures in it ; to make us familiar 
with processes of growth and reproduction too marvellous to be 
imagined by the wildest fancy ; and to unfold to us the lives of 
creatures who, while possessing bodily frames so unlike our own 
that we are sometimes at a loss to explain the functions of their 
part^ yet startle us by a display of emotions and mental 
glimmerings, that raise a score of disquieting questions. 

Moreover, there is another excellent reason why we should not 
confine our attention to one subject ; and that is, that even the 
most ardent naturalist must weary at times of his special pursuit. 
Variety is the very salt of life ; we all crave for it, and in 
natural history, at all events, we can easily gratify the craving. If 
we are tired of ponds and ditches, there are the rock- pools of our 
south-western shores, and the surface of our autumn seas. A 
root of oar- weed torn at random from a rocky ledge, an old 
whelk shell from deep water, a rough stone from low- water mark, 
the rubbish of the dredge, —each and all will afford us delightful 
amusement. It is wonderful, too, what prizes lurk in humble 
things, and how often these fall to beginners. The very first 
time that I tried skimming the sea with a muslin net, I picked a 
piece of green seaweed off the muslin, intending to throw it 
away ; but, seeing a little brown spot on it, I dropped the weei 
(not a square inch) into a bottle of sea-water, instead. At once 
the brown speck started off and darted wildly round the botde. 

It was too small to be made out with the naked eye, but by the 
time I had brought my lens to bear, it had vanished. I hunted 
all over the bottle, and could see nothing, neither with the lens 
nor without it. I was half inclined to throw away the water ; 
but, as I was certain tliat I had seen something in it two minutes 
before, I corked up the bottle and took it home. When I next 
looked at it, there was the little brown creature flying about as 
wildly as ever. I soon made out, now, that I had caught a very 
tiny cephalopod — something like an octopus — ^and with a pipette 
I nshed it out, and dropped it into a glass cell. At least I 
dropped the water from the pipette into the c(dl ; but the animal 
itself had vanished again ; I could not see it either in the bottle 
or the cell. I was not going to be tricked again ; so 1 pushed 
the cell under the microscope, and there was my prize ; motion- 
less, but for its panting ; and watching me, os it were, up the 
microscope with its big blue-green eyes. It was almost colour- 
less, and was dotted at wide intervals with very minute black 
spots, set quincunx fashion— spots absolutely invisible to the 
sharpest unaided sight. 

As I looked it began to blush— to blush faint orange, then 
deeper orange, then orange-brown ; a patch of colour here, 
another there, now running across one side of the body, now 
fading away, again to appear on a tentacle ; till at last, as it re- 
covered from us alarm, each black spot began to quiver with 
rapid expansions and contractions, and then to spread out in ever 
varying tints, till its wavering outlines had met the expansions 
of its netghl^aring spots ; and the little creature, regaining its 
colour and its courage at the same moment, rushsd off once more 
in a headlong course round the cell. 

I was the merest beginner when I saw this, but I had the ^ood 
luck, knowing nothing whatever about it, and never having given 
the subject a thought, to see, with my own eyes, how effectually 
cuttlefishes are protected by their loss of colour, and also to see 
how the loss takes place. 
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* No doubt Ihe sea-side of oiir south-western coasts—I mean 
•its creeks, not “the thundering shores of Bude andj^os*' — is a 
paradise for microscopists ; but there is no need that we should 
travel so far afield. Our inland woods, our lanes and pastures, 
will yield to us a thousand beauties and wonders. The scarlet 
pimpernel will show its glorious stamens, the flowers of the 
wound-wort glow like a costly exotic ; wild mignonette will rival 
in its fantastic shape the strangest orchid ; the humblest gras? 
w ill lift a tuft of glistening crystals ; the birch and salad-burnet 
shake out their crimson tassels; the Tungermanns will display 
I their mimic volcanoes, the mosses unfold the delicate lacework 
of their dainty urns. But the time would fail me to name one 
tithe of those sources of wonder and delight that lie all around 
us ; and most of which, as in the case of the Rotifera, contain 
numberless points on which we are all happily ignorant, and 
therefore in the best of all possible conditions for deriving end- 
less pleasure and instruction from them. Besides, my time andyour 
patience must, I think, be drawing to a close ; 1 would then only 
once more suggest, that we should not only explore for ourselves 
all these “ pastures new” — no matter how imperfectly — but that 
we should encourage those, who can be our most efficient guides, 
to indulge us with the main results in the simplest language. 
Surely one of the most charming subjects, that can interest 
human beings, admits of being so treated ; and there can be no 
good reason why the Muse of Natural History (for no doubt there 
is such a Muse) should resemble that curious nymph among the 
Oribaiidit^ whom Mr. Michell found lying under the moss of 
an old tree, half smothered in a heap of her cast-ofT slyns, 
admirable types Jof successive classifications, and abamloned 
nomenclature. 

Happily, howrever, books in such matters are of little import- 
ance ; and names and classifications of still less : both these 
latter, indeed, are of ephemeral interest ; they are the pride of 
to-day, and the reproach of to-morrow. It is to the living 
animals themselves that we must turn, fascinated not only with 
their beauty and their actions, but with the questions which the 
contemplation of them perpetually provokes, and very rarely 
answers. 

For, in the long procession of the humbler creatures, who can 
tell where life first develops into consciousness, and why it does 
so ; where consciousness nrst stretches beyond the present so as 
to include the past, and why that happens; or at what point, 
and why, memory and consciousness themselves are lighted up by 
the first faint flashes of reason ? 

We know nothing now of such matters, and probably we never 
shall know much ; but the mere fact that the study of natural 
history irresistibly draws us to the consideration of these ques- 
tions, gives to her pleasant features an undoubted dignity, and 
raises the charming companion of our leisure hours to the rank 
of an intimate sharer of some of our gravest thoughts. 


THE TOTAL ECLIPSE. 

'T'HE U.S.S. Pensacola arrived at Saint Paul de Loanda on 

^ December 6, after a voyage of 51 days from New York, 
having made the ports of Horta, Fayal, in the Azores, Nov- 
ember 2-3; of Saint Vincent, in the Cape ^''crdes, November 
10-12 ; of Saint George's Parish, Sierra Ccone, November 18- 
20 ; and of Elmina, on the Gold Coast, Noveml^r 26-28. 

Immediately on landing at Loanda, it was found that the Rio 
Quanza steamer, sailing bi-weekly for Maxima, had left two 
days previously, and that recent washouts along the line of the 
Caminho de Ferro Trans-Africano made it impracticable for 
the Expedition to reach either Muxima or Cunga early enough 
to allow sufficient time for mounting and adjusting the instru- 
ments for the eclipse. 

I therefore at once decided to locate the Expedition at or 
near Cape Ledo. Mention should be made here of the courteous 
civilities of His Excellency the Governor of Loanda, for his 
kindly interest in the Expedition, and the facilities he oflered 
^ for the prosecution of die various fields of its work. 

The Pensacola came to anchor alongsMe H.M.S. Bramble in 
the little bay to the north of Cape Ledo, on the afternoon of 
Sunday, December 8. The Eclipse Station was selected in a 
very favourable spot close to the snore cliffis, and the sites of the 
principal instruments were determined before night. 

A week or ten days’ hard work sufficed for getting a laige 
I Amount of the apparatus in readiness for the eclipse. I placed 
,y Prof. Bigelow in charge of the direct photoheliograph of nearly 


40 feet focal length, and detailed Mr. Davis to assist him. 
Mr, Jacoby was intrusted with the charge of the time-determina- 
tions, and longitude and latitude work. The Bramble was at 
•Cape Ledo on a mission like that of the Pensacola^ and attend- 
ing upon the English Eclipse Expedition in charge of Mn A. 
Taylor, F.R.A.S. ; and through the courtesy of her commanding 
officer, Captain Langclon, R.N., advantage was taken of her 
run to St. Paul de Loanda and return, December 14-17, to 
make a chronometric determination of the longitude, by com- 
parison with the. time at Loanda as determined by Mr. Preston, 
who was left there by the Expedition for the gravity and mag- 
netic work. Also, on the Bramblds second return to Loanda, 
on December 23, another comparison was made. 

Prof. Abbe was in charge of the meteorological work and of 
the organization of parties of observers from the ship’s company. 
A large amount of valuable material results from his work. 

The mounting and adjustment of the extensive apparatus for 
the total eclipse, I reserved for myself. A duplex polar axis 
eleven feet in length had been constructed of six-inch iroi^ 
tubings, and mounted with great stability. This axis *was 
driven by powerful clock-work of extreme precision, made by 
Mr, Saegmueller, of Washington. On this single axis was 
mounted the totality-battery, consisting of 2 Brashear reflecting 
telescopes of 8 inches diameter, four Clark telescopes of 3J, 5, 
7i, and 8 inches aperture, the second being rigged with an eye- 
piece enlarging the sun’s image to a diameter of 4^ inches, the 
third being used as a high power directing telescope, while the 
fourth, a photographic doublet with 10 inch back lens, loaned 
by the Harvard College Observatory, was arranged for a series 
of twelve exposures, two of which were made through an ortho- 
chroma! izing screen provided by Mr. Carbutt ; two six-inch 
Dallmeyer rapid rectilinear lenses of 24 and 38 inches focus ; 
one .Schroeder triple objective, of 6 inches aperture and 22 
inches focus ; one Gundlach orthoscopc of 3 inches aperture and 
21 inches focus ; two flint spectroscopes and one quartz spectro- 
scope loaned by Harvard College Observatory ; a duplex photo- 
meter of 75 inches focus also provided by Prof. Pickering, and 
his reversing layer spectroscope for photographing a spectrum 
trail for fifteen seconds both before and after secofid and third 
contacts ; a 5 inch Ross lens of 42 inch focus ; a 4 inch Spencer 
objective of 36 inch focus, and a 6 4 inch Merz-Clark objective,, 
both rigged with the means of automatic variation of aperture 
during totality ; and lastly, two duplex cameras provided by Dr. 
Wright of the Sloane Laboratory of Yale University, for photo- 
graphic record of the polarization of the corona. In all there 
were 23 objectives and two mirrors, with their axes adjusted’ 
into parallelism. 

With the exception of the Gundlach camera, which w'as re- 
served for a special investigation of the extreme outer corona, 
all this apparatus was operated automatically, by an adaptation 
of the pneumatic organ-valve system of Mr. Merritt Gaily, of. 
%^ew York. Ex posing shutters were opened and closed, sensir 
tised plates were exchanged for others as soon as exposed, and' 
all the mechanical movemenis were accomplished with entire 
precisioJi. Also, by employing an ordinaiy chronograph in 
conjunction with the valve system, the exact time of beginning 
and end of each exposure became a matter of accurate record. 

All this apparatus was brought into operation during the* 
period of total eclipse, and over 300 exposures were made in a 
period of 3m. losec. ; but no photographs of the corona were 
secured, as the sun was completely obscured by clouds. How- 
ever, the entire success of the pneumatic movements is a result 
of no little value in view of eclipse work in the future. 

In addition to this, a silver-on-glass mirror, of 20 inch diameter 
and 75 feet focal length, by Brashear, lent to the Expedition by 
Prof. Langley, was so mounted as to throw an image of the 
corona up the cliff and just underneath the sun at the time of 
totality. At the focus a beamiful 10 inch image of the sun was 
formed, and 20 x 24 inch plates of the highest sensitiveness.* 
were in readiness to record the coronal streamers. This unusual 
apparatus was also rendered inoperative by clouds. 

With the direct photobeHograph, however, very gratifying 
success was secured. Seventy pictures of the p&rtial phases' 
were made before totality, and forty after. The serious obstacles 
to the operation of so long a tube were successfully overcome 
by means of a skeleton mounting, a combined form of an equa- 
torial stand and tripod; and Prof. Bigelow's sand* clock enabled 
the precise and easy following of the sun. The revolving plate 
holder, of 22 inches diameter, actuated automatically by com- 
pressed air, in which the ^inciples of the apparatus of the 
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National Electric Service Company were employed, was a 
thorough success. Exposures were made at intervals of six 
seconds. 

A few hours before the eclipse came on, the Pensacola went 
out to sea, and stood in the centre of the eclip>se-track at the 
time 'of totality. Atmospheric conditions were slightly more 
favourable there than at the main station of the Expedition, and 
some interesting results were obtained. During totality, how* 
ever, the clouds were so thick that it is very doubtful whether 
the true solar corona wtu seen at all. 

The Eclipse Station was completely dismantled by December, 
27, and the Pensacola left Cape Ledo on the afternoon of the 
same day. 

Returning to Loanda, it was found that two of the three 
detached parties^ of the Expedition sent into the interior to 
observe the eclipse were unsuccessful on account of clouds. 
The third has not yet been heard from. 

David P. Todd. 

U.S.S. Pensacola, December 31, 1889. 

SCIENTIFIC SERIALS. 

Rendiconii del Reale Istituto Lombardo, December. — Results 
obtained from Dr. L. Weigert’s therapeutic treatment of pul- 
monary phthisis, by Prof. A. Visconti. Seven patients in various 
stages of consumption have been subjected to this treatment for 
the purpose of testing its efficacy. It consists in administering 
superheated dry air (iSo* to 180“ C.), which is inhaled through 
a specially prepared apparatus, for which Dr. Weigert claims 
that it acts directly on Koch’s bacillus of tuberculosis. In the 
incipient stages of the disease satisfactory results were obtained 
in some respects, such as relief of the cough, greater freedom of 
respiration, less profuse perspiration, and increased appetite. 
But it was doubtful whether the germ itself was killed, while in 
the advanced stages the malady continued its normal development 
without being perceptibly arrested by the treatment. Without 
actually condemning Weigert’s method. Prof. Visconti cannot 
at present r^ard it as an efficacious remedy against phthisis. — On 
the determination of the coefficient of dynamic and electromotor 
produce, by P. Guzzi. The author here describes a method of 
determining this coefficient, for which he claims certain advant- 
ages over that proposed by Dr. J. Hopkinson in the Eleeirician 
•of December 3i 1886, especially in the case of engines of over 
100 horse-power. His method of calculating the yield of the 
dynamo and electric motors is based exclusively on electric 
measurements made with safer and more handy instruments 
than Hopkinson’s dynamometers. Two dynamos of about the 
«ame type and dimensions are connected together in such a 
way that one mov(» the other as motor, as in the Hopkinson 
ap^ratus. But instead of communicating to the sjrstem the 
dynamic energy required to maintain it in motion with the. 
velocity pd intensity of the normal current, Guzzi’s instrument 
•communicates the equivalent electric energy derived from any 
external .source whatsoever. 

Rivista Scientifico-Industriale, December 31, 1889. — Re- ' 
searches on the absorption of hydrogen by iron, and on the 
tenacity of certain metals after absorbing gases, by Prot M. Bel- 
lati and S. Lussai^ It has already been shown by Hughes 
'{Naturb, voI. xxi., 1880, p. 602) that steel and iron immersed 
in diluted sulphuric acid become very brittle, and that the 
phenomenon is produced when these metals are used as negative 
electrodes in a voltameter. Prosecuting the same line of re- 
search, the authors here describe a series of experiments tending 
to show that the action of electrolytic oxygen on the tenacity of 
platinum, and of bydrog^ on that of copper and zinc, is un- 
certain ; also, that the absorption of hyurogen produces very 
probably an increase of tenacity in platinum, as it certainly does I 
in iron, but, on the contrary, a diminution in nickel. Nor can 
these different results be explained by the simple passage of the 
current, Mobius having already shown that the elasticity of metals 
IS not perceptibly affected by this cause.— Action of anenate of 
hydrogen on* potassium permanganate, by D. Tivoli. Some 
-experiments are described, from the results of which the author 
infers that the solution of potassium permanganate is capable of 
rapidly and completely absorbing arsenate of hydrogen. — S. 
•Giuseppe Terrenzi gives a somewhat complete list of the land 
.and fresh-water mollnsks occurring in the Nami district, Um- 
This fauna .presents nothing remarkable, all the species 
•WCftig common to other parts of Umbria, and generally to Central 


Italy. .^1 are described or mentioned by the Marchese Paolucci 
in his ” Etude de la Faune Malacologique terrestre et ftuviale 
de I’ltalie et de ses lies " (Paris, 1878). 


SOCIETIES AND ACADEMIES. 

London. 

RoyalSociety, January 30.— “On the Germination of the- 
Seed of the Castor-oil Plant {Ricinus communis).'* By J. R. 
Green, M.A., B.Sc., F.L.S., Professor of Botany to the 
Pharmaceutical Society of Great Britain. Communicated by 
Prof. M. Foster, Sec. R.S. 

The work embodied in this paper deals {a) with the agencies 
which, during germination, render the reserve materials available 
for the use of the embryo, (b) with the forms in which these are 
absorbed by it and the mode of their absorption, and (e) with 
the parts played in the process by the endosperm and the 
emb^o respectively. 

A ferment is found to exist as a zymogen in the resting seed, 
which is readily developed by warmth and weak acids into an 
active condition. The results of its activity are (he splitting up 
of_ the fat with formation of glycerine and (chiefly) ricinoleic 
acid. Further changes, brought about by the protoplasm of the 
endosperm cells, form from the latter a lower carbon acid which, 
unlike ricinoleic acid, is soluble in water and is crystalline. 
Thepe changes do not take place in the absence of free oxygen. 
A quantity of sugar also is formed, which appears to have the 
glycerine as its antecedent. 

The proteids of the seed, which consist of globulin and 
albumose, are split up by another ferment, with formation of 
peptone and osparagin. 

The only products which enter the embryo are a crystalline 
acid, sugar, possibly some peptone, and asparagin. Consider- 
ation of the structure of the cotvledons, which are the absorbing 
organs, shows that the mode of absorption is always dialysis. 

“Investigations into the Effects of Training Walls in an 
Estuary like the Mersey." By L. F. Vernon Harcourt, M.A., 
M.Inst.C.E. Communicated by A. G. Vernon Harcourt, 
F.R.S. 

The present investigations were carried out with a working 
model of the Mersey estuary, from near Warrington to the open 
sea beyond the bar. The experiments were directed to the 
solution of two problems— namely, (i) the influence of training 
walls in the wide upper estuary on the channel below Liverpool, 
and across the bar ; and (2) the effects of training walls in the 
lower estuar;^ on the channel across the bar. 

The experiments indicate that, whereas training walls in the 
upper estu^ would ^ injurious, owing to the resulting accre- 
tion, training walls in the lower estuary would improve the 
depth of the outlet channel ; and that such training walls, 
combined with dredging, offer the best prospect of forming a 
direct, stable, and deepened channel across the bar. 

February 6.— “Memoir on the S)rmmetrical Functions of the 
Roots of Systems of Equations.’’ By Major P. A. MacMahon, 
R^al Artillery. Communicated by Prof. Greenhill, F.R.S. 

The object of the present memoir is the extension to systems 
of ^gebraical quantities of the new theory of ^mmetric functions 
which has been developed by the author in r^ard to a single 
system in vol. xi. and succeeding volumes of the American 
yourneU of ^ Mecthematies. In the theory of the single system 
the conceptions and symbolism are to a large extent arithmetical, 
and are based upon the properties of single integral numbers 
and their partitions into single integral parts. In this sense the 
former theory may be regarded as Ming unipartitq. 

In the present generalization to the case of m systenis of 
quantities the fundamental ideas proceed, not from a single 
number, but from a collection of m single numbers. In regard 
to number, weight, dwree, part, and suffix, the collection of m 
numl^rs invariably refuaces the single number of the theory of 
the single S3rstmn. In this view the theory of the m systems is 
m-pwtite. 

The quantities, to which the sjrmmetric functions relate may 
be regarded as the solutions common to m non-homMeneous 
equations each in m variables. SchEfli, in the Vienna Transac- 
tions (DerMeArifien) for 1853, lidded another linear non-homo- 
geneous equation in m variables, and then forming the eliminant 
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of the m + 1 equations, thereby obtained' an identity which is 
fundamental in the subject. This identity involves those sym- 

• metric functions which are here termed fundamental and marks 
the starting-point of the present investigation. 

In particular, three distinct laws of symmetry are established, 
large generalizations of those established by the author in the 
American yournal of Mathematics (vol. xi.). Of these the first 
two are of fundamental importance, and are examined in detail. 
A leading idea in these tneorems, as in the whole investiga- 
tion, is the ** separation’’ of a partition ; the separation bearing 
tJie same relation to the paitition as the partition to the number 
I or collection of numbers. 

In conclusion, the memoir consolidates and largely generalizes 
the author’s recent researches alluded to above. 

February 13. — ** On the Unit of Length of a Standard Scale 
by Sir Geoi^^e Shuckburgh, appertaining to the Royal Society.” 
By General J. T. Walker, R.E., F.R.S. 

In the determinations of the length of the seconds pendulum, 
which were made in London by Kater and at Greenwich by 
Sabine, and are described in the Philosophical Transactions 
for 1818, 1829, and 1831, the distance between the upper and 
lower edges of the pendulum was measured off on a standard 
scale which had been constructed by Sir George Shuckburgh. 
The scale had not yet been comparra with any of the modern 
standard scales, but it had been preserved with much care with 
the instruments appertaining to the Royal Society. 

In the autumn of 1888, M. le Commandant Defforges, an 
officer of the French Geodetic Survey, came to England to 
take a share in operations for the determination of the differ<itice 
in longitude between Greenwich and Paris, and also to determine 
the length of a French seconds pendulum at Greenwich. He 
kindly undertook to comply with a suggestion which was made 
to him by me, to compare the portion of Shuckburgh’s scale 
which had been employed by Kater and Sabine with one of the 
standard metre bars of the International Bureau of Weights and 
Measures in Paris. The Council of the Royal Society assented, 
and the scale was sent across to Paris and brought back again by 

• special agent. 

The details and results of the comparison are ^iven in a 
si)ecial account by Commandant Defforges, from w’hich it will 
be seen that the scale was compared with the French metrical 
brass scale, N, at the temperature of 48 ® ’7 F., at ‘which the dis- 
tance between Kater and Sabine’s divisions, o and 39 ’4» of 
Sliuckburgh scale was found equal to 1*0006245 metre. On 
reducing to the temperature of 62® F., which was employed by 
Kater and Sabine, this distance becomes 1*0007619 metre, which 
is equivalent to 39*400428 inches if we adopt the relation 
I metre = 39'370432 inches, which was determined by Colonel 
Clarke, C.B,, of the Ordnance Survey, and is given in his 
valuable work on the comparisons of standards of length. 
Thus the actual length of the space o to 39*4 on the Shuckburgh 
scale may be regarded with some probability as differing by not 
more than about 0*0004 inch, or, say, the 100,000th part, from 
the quantity which the scale indicates. 

Physical Society, February 7.-*-Annual General Meeting. 
— Prof. Reinold, F.R.S., President, in the chair. — The reports 
of the Council and of the Treasurer were read and adopted. 
The former stated that there had been a very satisfactory increase 
in the number of members during the year. The number now 
exceeds 360, of whom 80 are Fellows of the Royal Society. 
During the year the Council had proposed to change the time of 
meeting of the Society from Saturday afternoon to Friday 
evening. The change was adopted by the members by a vote of 
129 to 30, and had resulted in a larger attendance at the meetings. 
During the year the second part of vol. i. of the translations of 
important foreign memoirs had been issued to the members, and 
it was hoped that a third part would be published early in 
the present session. The Council had to regret the loss by death 
of three well-known members—James P. Joule, Warren de la 
Rue, and Father Perry. A valuable collection of books had 
l>een given the Society by the Royal Astronomical Society. 
From the Treasurer’s report, it appeared that the balance of the 
Society had been increased by ^ 120 during the year. Prof. 
Hittorf, of Munster, was, at the recommendation of the Council, 
elected an honorary meml>er of the Society. The result of the 
new election of omcers was declared as fcdlows : — President : 
Prof. W. E. Ayrton, F.R.S. ; Vice-Presidents: Dr. E. Atkin- 
son, Walter Baily, Shelford Bidwell, F.R.S , and Prof. S. P« 

I JThompson ; Secretaries: Prof. J. Petty end T. Slakesley ; 


Treasurer :*Prof. A. W. Rucker, F.R.S. ; Demonstrator : C. V. 
Boys, F.R.S. ; other Members of Council : W. H. Coffin, Sir 
jphn Conroy, Bart., Conrad W. Cooke, Major-General Festing, 
F.R.S., Prof. J. V. Jones, Prof. O. Lodge, F.R.S., Prof. 
Ramsay, F.R.S., W. N. Shaw, H. Tomlinson, F.R.S., and G. 
M. Whipple. Votes of thanks were then passed (i) tq the* 
Lords of the Committee of the Council on Education for the 
use of the room in which the Society met ; (2) to the auditors, 
Prof. Minchin and Dr. Fison ; (3) to the President and officers- 
of the Society for their services during the year. — The meeti^ 
was then resolved into an ordinary science meeting. Messrs. ET 
W. Smith and C. E. Holland were elected members of the 
Society, and Mr. Sidney Evershed was proposed as a member. 
— The paper on galvanometers, by Prof. W. E. A)rrton, F.R.S., 
Mr. T. Mather,- and Dr. W. E. Sumpner, was then resumed by 
Prof. Ayrton. A long table of numbers accompanying the 
paper, and representing the result of experiments on many 
galvanometers, was explained. From this it appeared that 
galvanometers of the D^Arsonval type were exceedingly efficient 
in proportion to the amount of wire used in the coils. It«wa:f 
for this reason that voltmeters with strong permanent magnets* 
could be made sensitive even with an exceedingly large external 
resistance in series so as to diminish the power absorbed by the 
instrument. The space occupied by the wire was so exeedingly 
valuable that the extra resistance did not too much diminish the 
sensibility. The most sensitive galvanometers should therefore 
be made of the permanent magnet type. If, however, the magnets 
were to form part of the moving system, as in most galvano- 
meters, the experiments showed tlmt instruments of the Rayleigh, 
Gray, or Rosenthal type were the best. The coils should be 
numerous and small, as Mr. Boys had previously shown. As an» 
astatic system of needles sets itself perpendicular to the earth’s 
field, it was recommended that astatic galvanometers should be 
placed so that the needles pointed east and west. The controlling 
magnet would then not need to be turned round as it was raised 
or lowered. It was recommended to calibrate low-resistance 
ballistic galvanometers for quantity by measuring the deflection 
for a known current. This obviates the necessity for large 
condensers or high potentials. The method, althou^ not new, i& 
not described in text-books. In conclusion. Prof. Ayrton asked 
for information with regard to microscope galvanometers. 
C. V. Boys, F.R.S., thought that the factor of merit of galvano- 
meters should not be given in scale divisions per micro-ampere 
under the condition of constant controlling moment. This gave 
too great an advantage to instruments of the Gray or Rosenthal 
type. Great sensibUity could be obtained by diminishing the 
moment of inertia of the suspended parts, the practical limit 
being determined by the trouble due to the silk fibre. Spider 
lines, when used in place of silk fibres, gave better results. It 
was possible by using a good suspending arrangement to use 
needles ^’’long and a period of 20 seconds, and to gain a 
|ensibility far greater than those indicated in the paper. Ballistic 
galvanometers should be made with needles as light as possible. 
The method proposed, of winding the central part of the coil in 
the opposite sense to the rest, would probably not be good, owing, 
to the unevenness of the field produced. The conclusion come 
to by the author, that D’ Arsonval galvanometers of great sensi- 
bility should be made with small cons placed in a very strong field, 
was one he had himself come to, but had finally abandoned owing 
to difficulties caused by diamagnetism in the copper and to 
excessive damping due to Foucault currents. Mr. Swinburne* 
thought that tne factor of merit of a galvanometer should be 
determined differently according as it was to be used for the 
measurement of current, or quantity, or for null methods merely. 
He saw no great advant^ in making practical instruments 
proportional. The name D’Arsonval should be dropped, as the 
instrument denoted by it was invented by Varley years ago. 
He would like to know the relative sensibility of the telephone 
and the Lippman galvanometer. Prof. Fitzgerald stated that 
Lord Rayleigh had shown that the microscope methi^ of 
observing angular deflections was as sensitive as the ordinary^ 
method of mirror and scale, even when only the mirror was usedi 
as a pointer, so that if a pointer were attached it )ypuld be far < 
more sensitive. The drawback, however, was that it was 
impossible to distinguish with the microscope between lateral 
displacements of the needles and the angular motion whose 
measurement was required. To get over this error it was 
necessary to read both ends of the pointer, but this was hard: 
to do. Prof. Ayrton replied to the different points raised, 
in the discussion. ^ 
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Entomological Society, February 5. — The Right Hon. 
Lord Walsingham, F.R.S., President, in the chair. — The Presi- 
dent announced that he had nominated Mr. J. W. Dunning, 
Captain H. J. Elwes, and Mr. F. D. Godman, F. R.S., Vice- 
Presidents for the session 1890 91. — Mr. F. D. Godman 
exhibited a specimen of Papilio fhoas^ from Alamos, Mexico, 
sho\ring an narration in the left hind wing. Mr. R. Trimen, 
F.R.S., remarked that butterflies of the genus Papilio were 
seldom liable to variation. — Mr. C. G. Barrett exhibited a series 
of specimens of Phycis subornatclla^ Dup., from Pembroke, the 
east and west of Ireland, the Isle of Man, and Perthshire ; and 
a series of Phycis adornatella^ Tr., from Box Hill, Folkestone, 
Norfolk, and Reading ; also a number of forms intermediate 
between the above, taken in the Isle of Portland by Mr. N. M. 
Richardson. He said that these forms proved the identity of 
the two supposed species, whicli he believed were both referable 
to P. dilutella^ Hb. He also exhibited specimens of Hesperia 
lineola^ and a pale variety of it taken in Cambridgeshire ; 
specimens of Epischnia bankesitlla^ a recently-described species, 
taken in Portland ; and a specimen of Retinia margarotana^ 
^11.-^., a species new to Britain, discovered amongst a number 
of Retinia pinivorana^ which had been collected in Scotland. — 
Mr. W. H. B. F'lelcher showed a series of GeUchia fumatella^ 
from sandhills in Hayling Island and near Littlehampton, and, for 
comparison, a series of G. distinciella^ from the same places. 
He also showed a few bred specimens of G. terrella^ and a series 
of preserved larvae. He stated that on the downs the birvas live 
in the middle of the tufts of such grasses as Festuca ovina and 
allied species. — Mr. H. Goss read a communication from Dr. 
Glemow, of Cronstadt, St. Petersburg, on the subject of the 
coincidence of vast flights and blights of insects during the years 
* 7 S 7 > * 763 » *782, 1783, 1836, and 1847, and the epidemic 
of influenza. During the year 1889 no unusual activity in the 
insect world had been recorded. Mr. H. T. Stainton, F. R.S., 
and Mr. McLachlan« F.R.S., made some remarks on the subject, 
the purport of which was that there was no connection between 
epidemics and the occurrence of swarms of Insects. — Mr. G. A. J. 
Rothney communicated a paper entitled “ Notes on Flowers 
avoided by Bees.” It appeared, according to the author’s 
observationsf made in India, that dahlias were exceptionally 
attractive, but that the passion-flower was only resorted to by a 
few species of Xylocopa; and that, with one exception, he had 
never seen any insefcts feeding on the flowers of the oleander. 
Mr. Slater, Colonel Swinhoe, Mr Trimen, Lord Walsingham, and 
Mr. McLachlan took part in the discussion which ensued. — Dr. D. 
Sharp read a paper entitled On the Structure of the Terminal 
Segment in some male Hemiptera.” — Colonel Swinhoe read a 
paper entitled **On the Moths of Burma,” which contained 
descriptions of several new genera and 107 new species. — 
Dr. F. A. Dixey read a paper entitled “On the Phylogenetic 
Significance of the wing-markings in certain genera of the 
NymphaliderP A discussion ensued, in which Lord Walsingham, 
Mr. Jenner-Weir, Captain Elwes, and Mr. Trimen took part. i 

Zoological Society, February 4. — Prof. W. H. Flower, 
F.R.S., President, in thechair.— The Secretary read a report on 
the additions that had been made to the Society’s Menagerie 
daring the month of January 1890. — A communication was read 
from Mr. W. K. Parker, F.R.S., containing an account of the 
morphology of the Hoatzin {Opisthocomus cristatus). The 
author treated of the early stages of the development of this 
Reptilian Bird, and its shoulder-girdle, sternum, and hind 
limbs.— A communication was read from Mr. A. D. Bartlett, 
containing observations on Wolves, Jackals, Dc^s, and Foxes. 
Mr. Bartlett’s remarks tended to show that all the varieties of 
Domestic Dogs owe their origin to Wolves and Jackals, and that 
the habit of barkii^ has been acquired by, and under the 
influence of, domestication ; also that the Dog is the most per- 
fectly domesticated of all animals. — A communication was read 
from Mr. G« £• Dobson, F. R.S., containing a synopsis of the 
genera of the family Soricidae. The author recognized nine 
genera, and divided them into two sub-families. New methods 
of defining the genera were introduced, each genus was briefly 
characterize^, and remarks on certain genera, not admitted in 
the synopsis (although hitherto generally recognized), were ap- 
pended. — Mr. F. E. Beddard read a paper containing observa* 
tions upon some species of Earthworm of the genus Perichatd . — 
A communication was read from Mr. J. M. Leslie, containing 
notes on the habits and oviposition of the clawed Aglossal Frog 
{Xtnopus lavis\ as observed at Port Elizabeth, Cape Colony, 
'Inhere this speciesCwas said to be of ordinary occurrence. — Mr. 


Oldfield Thomas read an account of a collection of Mammals 
from Central Vera Cruz, Mexico, made by a scientific expedi- 
tion organized by the authorities of the Mexican Museum, under 
the superintendence of Dr. F. Ferrari- Perez. The collection 
consisted of about 100 specimens, belonging to 21 species. 
Amongst these, two (a Hare and a Squirrel) were described as 
new, and proposed to be called Sciurus niger melanonotus and 
Lepus vera-criuis. 

Geological Society, February 5. — W. T. Blanford, F.R.S., 
President, in the chair. — The following communications were 
read : — The variolitic rocks of Mont-Genevre, by Grenville A.* 
J. Cole and J. W. Gregory. — The propylites of the Western 
Isles of Scotland, and their relations to the andesites and 
diorites of the district, by Prof. John W. Judd, F.R.S. 

Edinburgh. 

Royal Society, January 27. — Rev. Prof. Flint, Vice-Presi- 
dent, in the chair. — Prof. Calderwood read a paper on evolution 
and man’s place in Nature. A discussion followed. 

February 3. — Sir W. Thomson, President, in the chair. — Dr. 
William Peddie read a paper on new estimates of molecular 
distance. He showed that the ratio of the latent heat of 
vaporisation of a liquid to six times its surface-tension gives an 
approximation to the number of molecules per linear unit in 
that liquid. The liquids water, alcohol, ether, chloroform, 
carbon bisulphide, turpentine, petroleum, and wood spirit, have, 
according to this method, 50, 52, 30, 15, 19, 30, 40, and 70 
millions, respectively, of particles per linear centimetre. Of 
coilrse no stress is to be laid upon the relative values of these 
numbers ; the point of interest is the complete agreement as to 
the order of the unknown quantity. — Prof. Tait communicated 
a paper by Prof. Dittmar on the gravimetric composition of 
water. — Mr. John Aitken read a paper on the number of dust- 
particles in the atmosphere of certain places in Great Britain and 
on the Continent, with remarks on the relation between the 
amount of dust and meteorological phenomena. He believes 
that dust condenses moisture before the air is saturated. For the 
same number of dust -particles per cubic centimetre, the atmo- 
spheric transparency depends upon the depression of the wet 
bulb, being large when the depression is large, but becoming 
small before the depression vanishes. Increase of temperature 
also reduces transparency when the number of particles remains 
the same, for increase of temperature means increase of vapour- 
pressure. As a rule, quantity of dust decreases when the wind 
increases. When calms occur dust accumulates. This increases 
the radiating power of the air, so that it cools quickly and fog 
forms. Thus a fog may be regarded as a suspended dew. — The 
dust-measuring instruments intended for use at Ben Nevis were 
exhibited. 

Paris. 

Academy of Sciences, February 10. — M. Hermite in the 
chair. — Note on an unpublished memoir of Descartes’, indicating 
the right of the author to the priority of a discovery in the theory 
of polyhedrons, by M. De Jonquieres. Some passages arc 
pointed out in the memoir which show that Descartes knew and 
applied the formula F+S = A + 2, and furnished the elements of 
the demonstration, hence his name should be associated with 
that of Euler as an independent discoverer of the famous formula. 
— A physical process for the measurement of the inclination of 
the declination-thread of meridian-circles, by M. Hamy. With 
ordinary astronomical methods this value can be determined to 
within half a degree, but using the process described, it is pos- 
sible to obtain it within a few seconds. The complete descrip- 
tion will be given in the coming number (January) of the Bulletin 
Astronomique. — Upon the exponential function, by M. Stieltjcs. 
A demonstration is given of a relation of the form 

N-h^Ni + ^Nj, • • • (i) 

3, . . . , A being whole numbers, N. Ni, Nj, . . . N#, coeffi- 
cients. Starting with the polynomial function 

F(s) ass^(s - tf)^+'^l(s - . . . . (s - A)^+^« 

the author deduces that assuming ( 1 ) to hold 

J%(9)€ - ‘»F(f )<* « o, 

and then proves this function not to liold if /a be an even number. 
~Note on a method of transformation in kinematic geometry, 
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by M. A, Mannheim. In a preceding communication the author 
has shown how t o transform the properties relating to the dis- 
placement of a straight line, of which the points describe tra^ 
• jectory surfaces ; he now extends his method .to the case 
where the points of the movable line describe trajectory 
lines only, and taking as examples several theorems relating 
to the former case, derives therefrom corresponding theorems in 
the latter. — On a generalization of Euler’s theorem relating to 
polyhedrons, by M. R. Perrin. Attention is drawn to some' 
relations bearing upon Euler’s formula, published by the author 
in 1882 {Bulletin de la Sociiti Mathimatique de France^ t. x.). — ■ 
On bodies which give a tension of dissociation equal to the 
I tension of the vapour of their saturated solutions, by M. H. Les- 
coeur. Experiments are referred to which are antagonistic to 
the theory of M. Bakhuis-Roozeboom. According to experi- 
ment, the curves representing the tensions referred to as func- 
tions of the temperature are tangential, and do not intersect at 
an acute angle as required by the theory. — Action of fluorine 
upon different varieties of carbon, by M. Henri Moissan. — A 
general method for the preparation of fluorides of carbon, by M. 
C. Cbabrie. — On the blue flame of common salt and the 
spectroscopic reaction of copper chloride, by M. G. Salet. The 
author finds that the bands seen in the spectrum of salt burning 
in a common fire, and of which the strongest are situated in the 
indigo and blue-green, are due to copper chloride, and coincide 
with bands given by Lecoq de Boisbaudran in his Spe-ctres 
Lumineux.” — On the electrical resistance of iron and its alloys 
at high temperatures, by M. H. Le Chatclicr. The electrical 
resistances for a considerable range of temperature of a number 
of iron alloys have been examined. When the results tare 
graphically shown, the curve for ferro- manganese (13 per cent. 
Mn) is found to be regular, just as is the case with platinum or 
platinum-rhodium alloy, while the curves for mild and hard 
steels show distinctly two singular points at Szo"" and 710"", and a 
silicon steel (Si = 3 per cent.) shows the former only. Ferro- 
nickel (25 per cent. Ni) behaves very peculiarly, as below 550® 
two modifications having quite distinct properties exist, and 
nickel itself shows a sudden change of curvature at 340^— 
'rhermocoemical researches upon silk, by M. Leo Vignon. In- 
vestigations have been made to determine the heat disengaged 
when various reagents are absorbed by raw and prepared silk. 
A discussion of the resuirs seems to indicate that the method 
may be employed to elucidate the theory of dyeing. — Estimation 
of potassium and humus in soil, by M. J. Raulin. A method 
of estimating potassium by weighing it on a tared filter as phos- 
phomolybdate is described, together with the application of the 
modified permanganate process of J. H. Schmidt to the deter- 
mination of humus. — On a colouring-matter from Diaptomus, 
analogous to the carotin of vegetables, by M. Raphael Blanchard. 
The colouring-matter, isolated from these animal organisms, is 
shown to differ considerably in spectroscopic properties and in 
its solubility in alcohol from the lipochromes, and it docj not 
prove to be identical with any of the red pigments from the 
Ccelentcrata, Echinodermata, Bryozoa, or Moliusca ; while on 
the contrary it is found to show many analogies to carotins 
(C2 a 1138)» which are so marked as to lead to the conclusion that 
it Ts itself a carotin and so possesses great interest as a colouring 
substance common to both the animal and vegetable kingdoms, 
and as an instance of the production of a hydrocarbon by animal 
agency. — On the intercellular substance, by M. Louis Mangin. It 
is shown that among Phanerogams and Cryptogams (with the 
exception of Fungi and many AIgse) the tissues of the softer parts 
are composed of cells cemented together by an intercellular sub- 
stance composed of insoluble pectates. — On the localization of 
colouring-matters in the seminal integuments, by M. Louis 
Claudel. — Formation of quartz at the spring of Maubourot at 
Cauterets, by M. Beaugey. — On the existence of leucitc rocks 
in Asia Minor, and on some hypersthene rocks from the 
Caucasus, by M. A. Lacroix. It is found that the Icucitic rocks 
from near Trebizonde fall under two main types, leucitite and 
leucotiphrite. — Upon the composition of some pseudo-dolomitic 
chalks from the north of France, by M. L. Cayeux, 

Berlin. 

Meteorological Society, January 7. — Dr. Vettin, Presi-; 
dent, in the chair. — Dr. Wagner spoke on the behaviour of 
water in the soil. The relationships between surface water and ' 
springs and deposits, possessing as they do a distinct meteoro- 
logical interest, have as yet beenbut slightly investigated, probably * 
.use the behaviour of water in soil occupies the border-land 


between tfae subjects of meteorology, geology, agriculture, and’ 
hygiene. A review of scientific investigations which have s<> 
far been made on the subject of surface water and the formation- 
of springs, shows that the problems of most importance are still 
awaiting their solution. In the speaker’s opinion the task to 
be undertaken in the interests of meteorology is the establishing 
of as many lysimeters ns possible, so that by keeping as con- 
tinuous record of their indications a continued set of observations 
on surface water would be provided. He further considered it 
to be essential that the relationship of water to the soil should be 
investigated at depths far greater than has as yet been the case. 
A lengthy discussion followed the above communication, which 
turned chiefly upon a consideration of the forces, as but little 
known, which determine the collecting of water on internal im- 
pervious layers of the earth. — Prof. Sporer gave a short 
statistical statement on sun-spots during 1889. The chief point 
of interest was that the spots appeared during the first half of 
the year in the lower latitudes and in the second half in the higher. 
Taking the year as a whole, there were considerably more spots 
in the southern than in the northern hemisphere ; this has been 
the case in each year since 1883. — The Secretary then hafldCci 
in his annual report, and the Society proceeded to elect its 
officers for the year 1890. Prof. Schwalbe was elected President. 

Physical Society, January 27. — Prof. Kundt, President, in 
the chair. — The President opened the meeting by a short address 
in memory of civil engineer G. A. Him, who died recently at 
Logelbach in Alsace. — Dr. Lehmann spoke on the testing of 
tuning-forks. After the International Congress met for the 
establishing of a uniform standard of tone, and selected for this 
purpose a vibration frequency of 435, it devolved upon Govern- 
ment to construct a standard fork, and to devise some ready 
method for testing ordinary forks to an accuracy within half a 
vibration per second, and standard forks within O'l of a vibra- 
tion. The speaker discussed the various methods in use for 
comparing two forks and for counting the number of vibrations 
per second which they yield. For the first purpose the vibra- 
tions of the respective forks are employed, these being observed’ 
either acoustically or optically ;‘a further means of effecting the 
comparison is by the stroboscopic method or by the acoustic 
wheel. The vibration frequency of a fork is determined either 
graphically or by means of a tuning-fork clock, or by means of 
the undulations obtained by oscillating or rotating acoustical 
instruments. An important factor in all these methods is the 
temperature of the fork. To determine this a special thermostat 
is employed, by means of which the fork can be set in vibration 
in an air-bath whose temperature is constant and accurately 
known. The standard fork for reference is one of Konig’s, 
whose vibration-frequency has been accurately determined by 
several methods. The comparison of any new fork with the 
standard is made by means of the acoustic wheel, and by a 
simultaneous graphic recording of the movements of the fork 
which is vibrating inside the thermostat, and of the magnetic 
fnterrupter ; the latter consists of a tuning-fork vibrating to 
the octave below the note yielded by the standard fork. — Dr. 
Eschenhagen exhibited curves of the three elements of terrestrial 
magnetism recorded by the new instruments in the Observatory 
of Potsdam, and gave a short description of the arrangement of 
the apparatus. The curves were taken on white photographic 
paper, and were of such dimensions that the greatest variations 
which have as yet been observed were completely recorded. 
— Prof. Kundt exhibited some auartz-fibres which he had re- 
ceived from Prof. Weinhold. He made, in addition, some 
remarks on the preparation of these fibres by Boys’s method, 
and gave some data as to the dimensions of nn apparatus which 
Prof. Weinhold had constructed for the measurement of gravita- 
tion constants, and had employed in several determinations. 

Amsterdam. 

Royal Academy of Sciences, Dec. 28, 1889.— Prof. van. 
de Sande Bakhuyzen in the chair. — M. Hugo de Vries related 
the results of the scientific researches made by the Committee of 
Advice, appointed in July 1887 at Rotterdam, to report on the 
appearance of Crenothrix in the drinking-water of thft Rotterdam 
water-supply. He gave an account of the organisms met with 
in the mains and basins before and after the filtration of the 
water, and of the degree of the pollution caused by these 
creatures in the colder and wanner months of the year. He 
spoke also of the influence of darkness on the water-organisms, 
which, under ordinary circumstances, live in t^e sunlight ; of the 
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•proposals made by the Committee to mitigate or remove the evil ; 
and of the improvements effected, or about to be effected, in 
accordance vvith those suggestions. — M. Kapteijn treated of 
chronographical ot^ervations for the purpose of determining 
parallaxes of fixed stars. After having explained the precautions 
taken to prevent systematic error, he gave the results and subjected 
theuL to several tests showing their absolute trustworthiness 
•within the limits defined by the probable errors. 

Jan. 25. — Prof, van de Sande Bakhuyzen in the chair. — M. 
'Hoc^ewerff, giving an account of joint work by himself and M. 
van Dorp, s^ke of the action of potassium hy^bromite on sue* 

. cinphenviamide, and on the amide of cinchonic acid. — M. van 
Bammelen^ communicated certain results of a research relating 
to the composition of volcanic and other soils, on which, in 
Deli and Java, tobacco is cultivated. The extraordinary fitness 
of the soil of the cleared forest grounds in Deli for the pro- 
duction of exquisite tobacco is to be attributed, he thinks, to the 
peculiar composition of the amorphous silicate occurring therein, 
to the looseness of the forest soil, and to the auspicious climate 
^with regard to the rainfall. He concluded by insisting on the 
urgent need for the establishment of a scientific experimental 
station at Deli./ Such an establishment would be favourable to 
the culture of tobacco, and would enlarge our knowledge of the 
soil, of the vegetable world, and of geological formations. 
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THURSDAY, FEBRUARY 27, 1890. 

THE NEW CODES, ENGLISH AND 
SCOTCH. 

T he country is once more within a month of a new 
Education Gbde. Once more the Lord President 
and the Vice-President of the Council are being besieged 
. by representatives of all interests and opinions, anxious 
to impress them with the exclusive importance of their 
particular views. Last year, it will be remembered, the 
Code — ^great advance as it was on its predecessors — fell 
a victim to the fears of one party and the lukewarmness 
of the other. The extreme School Board partisans gave 
but scant support to any scheme which did not prac- 
tically embody the recommendations of the minority of 
the late Royal Commission, while the champions of 
voluntary schools shrank from any changes which, by 
raising the standard of efficiency, seemed likely to ac- 
centuate the difference between the Board school, which 
has the ratepayers’ pocket to draw on, and the voluntary 
school, which depends on a fast-shrinking fund of private 
subscriptions. And so the Code was sacrificed, and 
the friends of education were condemned to wait another 
year. 

This is what is constantly happening, and what will 
continue to happen, so long as there are ten experts 
forthcoming on all matters relating to educational 
machinery for one who knows and cares about education 
itself. Whether elementary schools should be free ; 
whether they should be under representative control; 
whether they should all receive rate-aid — these and the 
like disputes are always sure to gain the ear of the public, 
while the problem of making the education provided 
worth disputing about is passed by almost unnoticed. 

How few among our so-called “educationists” (a 
newly-introduced word with an ominous ring about it) 
ever sit down deliberately to face the central problem of 
elementary education— the only problem of fundamental 
importance ; Given a child between the ages of 5 ^nd 
13, with the limitations imposed by its age, by its home 
surroundings, by the pressing necessity that it should 
begin to earn a living as soon as possible, and by the fact | 
(most neglected of all by theorists) that there are only a j 
certain number of school hours in the day — what is the 
best kind of training through which it shall pass ? How 
can those few precious years be best utilized ? 

Theories, indeed, there are, enough and to spare^ till 
we could wish sometimes that all those in high places 
who talk of education were made to go through an 
apprenticeship as school managers, in order to gain some 
practical acquaintance with the limits imposed on the 
i^ge of instruction by the nature of the child-material 
with which they have to deal. For no designer trained 
to “designs-in-the-abstract” — who produces pat- 

terns for carpets which cannot be woven, for wall- 
papers which cannot be printed, for copper that cannot 
be beaten, and for wood that cannot be carved — could 
be more out of touch with the material ih which his 
designs have to be executed than the educational “>*• 
former-in-the-abstract,” who sketches fabulous plans for 
Universal National Systems of Education which have 
nly one defect— that they are impossible to cariy opt. 
VOL. XLL— No. 1061. 


And now, having relieved our feelings, we may turn to 
the question of immediate importance — namely, the pro- 
spects of educational advance under the new Code which 
j is so eagerly expected. 

It is rumoured that the authorities at the Education 
Department are earnestly engaged in the attempt to make 
the Code a real advance on former efforts. They have 
many difficulties. If they can successfully run the gaunt- 
let of the Treasury, they have to reckon with the factious 
criticism of political partisans. We hope, however, that we 
may assume that the draft Code as it issues from the 
Department will embody at least all the purely educational 
reforms which appeared in its unlucky predecessor. The 
clause requiring English as a class subject will go, the cur- 
riculum and regulations for evening schools will be made 
more elastic, an attempt will be made to spread the teaj^hiqg 
of drawing, and further facilities will be afforded for science 
instruction at central schools and classes. It will be the 
task of outside critics to see that these proposals, already 
made in last year’s Code, are not whittled down, and that 
they are supplemented by other changes on which al 
educational reformers are practically agreed. What these 
changes are may be gathered from the discussion 
on elementary education, especially in its relation to 
I scientific and technical instruction, which followed Dr. 
Gladstone’s paper at the Society of Arts last November. 
The programme has been since embodied in a more 
definite and concrete form in the suggestions which have 
just been submitted to the Education Department by 
the Committee of the National Association for the 
Promotion of Technical and Secondary Education. 
Among other suggestions they propose tTtat drawing 
should be made compulsory in boys’ schools, of course 
being allowed a due interval before the regulation 
comes into operation, during which schools may adapt 
their staff for the purpose. Elementary drawing should 
be introduced into infant schools for boys to corre- 
spond to needlework • for girls, as proposed in last 
year’s Code. The absurd minute of the Science and 
Art Department — forced on them, it is only fair to say, 
by the Treasury — confining grants on drawing in girls’ 
•schools to departments where cookery is taught, ought of 
course to be repealed ; not so much in the interests of the 
girls, as of the boys in mixed schools, for whom under the 
existing regulations provision for drawing cannot well be 
made. Drawing is not only the basis of all technical in- 
struction, but is a subject ofvery high educational value, and 
on both grounds its spread is much to be desired. A further 
change which is to be hoped for is the extension of 
the Kindergarten methods from the infant school into 
the lower standards, and their continuation by means of 
graduated object-lessons so as to lead up to more dis- 
tinctive scientific and manual instruction for the ^ more 
advanced scholars of the school. Manual instruction of 
some kind ought to be introduced throughout boys’, 
schools to balance needlework instruction for girls. 

By manual instruction vje do not merely mean instruction 
in woodwork (called, rather unhappily, the “ use of tools ” 
in the recent Act), which is evidently only suitable for the 
higher standards, say the sixth and seventh. We doiibt if 
it can be profitably given to children below the age of i it 
and even in the case of these it can of course only t^e 
the form of the “hand and eye ” training — ^not of specific 

• s 




386 


NA TURE 


{Feb. 27 , 1890 


instruction in carpentry. For younger children, however, 
much might be done in the way of modelling (or, as it has 
been called, “ applied drawing”), designed to carry on the 
training of the fingers which are often made so nimble 
by the paper-cutting and the Kindergarten exercises of 
the infant school, only at present to lose their pliancy and 
dexterity by want of practice as soon as the child emerges 
from the fairy-land of the Kindergarten into the dull, 
prosaic atmosphere of Standard I. 

To introduce this change it will doubtless be necessary 
to abolish individual examination in the lower standards 
at least, and assimilate them in this respect to the infant 
school. Another change will also be necessary, in the 
mode of interpreting the Education Acts which has 
hitherto been customary at Whitehall. Up to the present 
(ima» there has been a tendency in the Government 
Departments to decline to recognize manual training as 
a form of instruction contemplated by the Acts, and in 
the well-known case of the Ueethoven Street Board 
School, the London School Board were surcharged by the 
auditor with the cost of tools. The School Board failed 
to carry the question to the law courts, and so for a time 
the matter rested. Since then, however, the question has 
entered on a new phase. The Liverpool School Board, 
wishing to provide manual instruction in its schools, 
has obtained the opinion of Sir Horace Davey, Q.C., to 
the effect that such provision clearly comes within the 
power of School Boards. The Board has consequently 
taken steps to make the necessary provision, has appointed 
an instructor, and now only waits to be surcharged in 
order to cawy the whole question to the Queen’s Bench. 
Other School Boards are following suit, so that we must 
very shortly see the matter settled in one way or 
another. The legal question is interesting, not only in its 
bearing on manual training, but on the general powers of 
School Boards to give any extra instruction they please, 
provided they comply with all the regulations and re- 
quirements of the Education Department for the time 
being. If Sir Horace Davey’s opinion is sustained, it 
carries with it the right of School Boards to provide any 
form of technical or manual instruction that can be given 
consistently with the regulations of Whitehall. Up to 
the present year, as we stated above, the Education De- 
partment was not altogether favourable to the views of 
Sir Horace Davey. But it is runioured that of late the 
views of the authorities on the subject have undergone a 
change, and that it is probable that manual instruction 
may not only be recognized as legal, but actually incor- 
porated as a grant-earning subject in the forthcoming 
Code. The rumour, which we sincerely hope is true, is 
confirmed by the fact that in the Scotch Code just issued 
a clause is inserted for the first time inviting school 
managers to submit as a class subject (earning a grant 
of 2J. or IS. a head) a course of manual instruction on 
a graduated system.” The Scotch Education Department, 
therefore, has conceded the whole principle, and though 
of course Scotland has a separate Act, the admission is 
full of significance. It would be a trifle too absurd for 
the English Education Department to refuse to “ recognize 
as educational” a subject which the Scotch Office thinks 
important enough to be encouraged by a grant. 

In other respects the new Code just issued from Mr. 

• Crafk*s' office is^ valuable index, if not of what we shall 


get, yet of what we may justly press for, in the coming 
English Code. It is, indeed, an enormous advance. 
Scotch members of Parliament sometimes complain that 
Scotch business attracts no attention at Westminster. 
The evil, however, has at least some compensating ad- 
vantages. Unchallenged — almost unnoticed — the officials 
at the Scotch Education Office can quietly introduce by a 
stroke of the pen the reforms in the Code for which we 
in England have to wait year after year. It may serve, 
a useful purpose if we recount a few of the reforms which 
Mr. Craik has been able to carry out this year in Scotch 
edui;ation. Of the abolition of fees we say nothing, for 
that was the result of legislation last session. 

In the first place, individual examination in the ele- 
mentary subjects, which had already been abolished in 
the first three standards, is now replaced by collective 
examination throughout the school. This change gives 
much greater elasticity and liberty of classification to the 
teacher, and to a gp'eat extent modifies the pressure of 
the system of payment by results. 

In the next place, the system of class subjects is en- 
tirely revised. Several alternative courses in elementary 
sci^ce are suggested, including courses of “ nature 
knowledge ” in “ animals,” “ vegetables,” and “ matter,” 
for each of which simple and suitable suggestive syllabuses 
are laid down. Any other progressive scheme of teach- 
ing may be submitted to the inspector for approval. 
‘‘In elementary science this scheme may be so framed 
as to lead up to the teaching of scientific specific subjects. 
It may include the subjects of navigation or the ele- 
mentary principles of agriculture ; and a course of 
manual instruction on a graduated system may also be 
submitted.” 

At the same time the regulation requiring either Eng- 
lish or elementary science to be taken as one of the class 
subjects is rescinded. It is to be noticed that in Scot- 
land an attempt was made in the previous Code to 
encourage science teaching by making it alternative to- 
English as a compulsory class subject. It is somewhat 
disappointing to be told, as we are in the last Scotch 
Report, that the change has as yet produced but little 
increase in science teaching. This fket seems to sup- 
port the suggestion of the Technical Association that 
science instruction (which gives more trouble and re- 
quires more appliances) should be encouraged by a 
slightly higher scale of grant than that allotted to- 
other class subjects. But it also tends to suggest the 
possibility that part of the price which Scotland has 
to pay for the ease with which it can get educational 
changes carried out is a certain popular indifference to 
those changes which may go far to make them nugatory. 
Thus it is quite possible that the Departmental invitation 
to submit courses of manual instruction may produce far 
less effect on schools in Scotland than would be produced 
in England by a favourable decision of the law courts on 
a hotly disputed case such as that which may come 
before them in connection with the Liverpool School 
Board. The steam which has to begot up on this side'of 
the Tweed in order to get a reform permitted will often 
supply the motive force which will get that reform carried 
out. The different fate which has attended the Scotch, 
and the English Technical Instruction Acts hitherto is a 
ca:se in point The Scotch Act, passed with ease through. 
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^ an apathetic House, has fallen flat, while the English 
\KcX, badly drawn as it is, is arousing a great and in- 
creasing amount of interest in the country, And within 
the first six months is already in full swing in several 
districts. 

Hut this is a digression. The recasting and improve- 
ment of the system of class subjects in Scotland is in- 
teresting not only in itself but as indicating a probable 
change of a similar kind in the English Code. Under 
these circumstances we must not fail to note the parallel 
change carried out in the schedule of “ specific subjects.” 
Almost the whole of the schedule which relates to 
science subjects — chemistry, mechanics, electricity, light 
and heat, physiology, botany, and physical geography — is 
entirely cancelled, and for the detailed syllabuses of these 
subjects is substituted a simple invitation to school 
managers to submit graduated courses in subjects not 
mentioned in the schedule. At first sight this seems a 
loss— as though the Department were moving in the direc- 
tion of paying less instead of more attention to science. 
The alteration, however, must be read in conjunction with 
the reforms in class schedules and the observations on 
class and specific subjects in the last Report of the Scotoh 
Education Department. Commenting on the fact that 
“ the general development of class subjects tends to restrict 
the specific subjects,” the Report proceeds : “ this is a 
result not altogether to be regretted, as the influence of 
the class subjects is general, while that of the specific 
* subjects is restricted to a few selected scholars.” 

Again, in the instructions to inspectors just issued, Mr. 
Craik explains one of the objects of the Department to 
be “ to spread the beneficial results of any such higher 
teaching as may be given, to the whole school, instead of | 
confining it to a few selected scholars.” 

It is clear, therefore, that the changes in the fourth and 
fifth schedules (which are probably the precursor of j 
similar changes in the English Code) are dictated by a 
desire to extend class instruction in science, even if at the j 
expense of specific subjects ; in other words, to transfer 
natural science from jts former position, as a smattering of 
a few special branches of physics imparted to a few 
pupils, to its proper place as a course of general stimulat- ; 
ing instruction in the elements of “nature knowledge,” 
given as an integral part of the school course to the 
school as a whole. More specialized science teaching 
can still be provided if desired in the form of specific 
instruction framed to suit local wants by the various 
school managers, or it may be given, as is already the 
case in many elementary schools, by means of science 
classes in connection with the Science and Art De- | 
partment. 


instruction among the class subjects an unnatural rivalry 
may be set up between this subject and elementary 
science, which may restrict the spread of both ? All this, 
however, is a matter for the future. Meanwhile we have 
only to congratulate the Scotch on the improvemeift of 
the conditions under which in the future their schools 
will be carried on, and to express the hope that England 
1 will not lag behind. 

One word in conclusion. It may be wondered why in 
this article, dealing with scientific and technical in- 
struction in elementary schools, so little reference is 
made to the Technical Instruction Act of last session, 
either in respect of the powers which it confers on 
elementary school managers, or of those which, much to 
the regret of many politicians, it appears to withhold. ^ 
i The real fact is that we have our doubts as to^he 
need of any general Technical Instruction Act for ele- 
mentary schools, and have a suspicion that their exclu- 
sion from the late Act was in reality a blessing in disguise. 
Of course, if the opinion of Sir Horace Davey (and now 
we arc glad to be able to add, of the Scotch Education 
Department) should be upset in the law courts, it may 
be necessary to rectify the anomaly by a short Act of a 
single clause recognizing the legality of manual instruc- 
I tion. Hut, with this possible exception, no new powers 
are required by School Boards, and no new rate need be 
imposed. Mr. Mundella, in complaining of the exclusion 
of elementary schools from the late Act, compared the 
scheme to an educational ladder with the lower rungs left 
out. Let him be reassured — no rung is wanting so far 
as legislation is concerned. As at present Advised, we 
feel clear that the managers of a public elementary school, 
so long as they comply with the requirements of the De- 
partment, may teach what extra subjects they please. 
The rating power possessed by a School Board is limited 
only by the wishes of the ratepayers. What really retards 
the introduction of technical and manual instruction is 
the want of imperial grants (which may and ought to be 
given through changes in the Code), the want of time, the 
pressure of other subjects, the ignorance of the public, 
.«id the parsimony of the ratepayers. But none of these 
obstacles can be removed by legislation. What legislation 
could and probably would do, would be to restrict the 
present powers of School Boards by defining them ; and, 
perhaps, even to confine the rate for technical instruction 
w'ithin the limit of a penny in the pound. But this can 
hardly be what Mr. Mundella wants. 


yt DICTIONARY OF APPLIED CHEMISTRY. 


We cannot doubt that the Scotch Department is right 
in its policy, but the probable extension of class teaching 
under the new and more elastic rigime suggests a doubt 
' whether the proper way of introducing manual instruction 
is by means of including it among the class subjects, so 
dong at least as the possible number of class subjects is 
restricted. Drawing— the only form of manual training 
previously recognized for boys— has already been put out- 
side the range of class subjects. Needlework — the only 


A Dictionary of Applied Chemistry. By T. E. Thorpe, 
B.Sc. (Viet.), Ph.D., F.R.S., &c. Assisted by Eminent 
Contributors. In Three Volumes. Vol. I. (London : 
Longmans and Co., 1890.) 

T he first volume of* the “Dictionary of Applied 
Chemistry,” edited by Prof. Thorpe, is a welcome 
addition to our scientific books of reference, and forms an 
admirable companion to the “ Dictionary of Theoretical 


other manual subject in the Code — may be taught either Chemistry,” 'the second volume of which was reviewed 

as a class subject or as part of the ordinarycurriculum of the some weeks aga, , 

school. Is there not a chance that in including manual In the preface Prof. Tl\prpe points out that, as this 
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work has special reference to the applications of 
chemistry to the arts and manufactures, it deals but 
sparingly with the purely scientihc aspects of the science, 
unless these have some direct and immediate bearing on 
the business of the technologist. How direct and how 
immediate such a bearing is at the present day, and how 
difficult, not to say impossible, it is to separate theory 
from practice, may be judged of by turning over the 
pages of this most useful volume. 

Take, for example, the article on the azines, written by i 
the most competent authority on that subject, Dr. Otto i 
Witt, of Berlin. The untrained technologist will be com- \ 
pletely at sea with the honeycomb of benzene rings with , 
which he clearly explains the constitution of such well- ■ 
l^nown compounds as the safranenes, the splendid yellow ! 
dyes so ably investigated by Dr. Witt himself, whereas | 
the manufacturer who has the theory of the subject at ! 
command is complete master of the situation. Or, again, ' 
let us turn to the next article, on the azo-colouring matters, ! 
communicated by another equally trustworthy authority, ! 
Prof. Meldola, covering 28 thickly-printed pages, in which ! 
the same necessary connection is seen. And no other ' 
example, perhaps, indicates more forcibly the enormous ! 
advance which applied chemistry has made in the last ten 
years, and its entire dependence upon abstract research. 
In proof of this, it needs only to ^ pointed out that the 
article concludes with a list of no less than 95 distinct 
patents on this one group of colouring matters, from 
March 12, 1878, to June 30, 1888, all of which are the 
result of original, chiefly German, research. 

An examination of other important articles written by 
specially-qualifled contributors indicates that each sub- 
ject is brought up to the level of the present state of our 
knowledge. Let us look for a moment at the article on 
ammonia, contributed by Prof. Lunge, of Zurich. Here 
we And detailed reference to the newest forms of appa- 
ratus for the manufacture of ammonium salts, illustrated ' 
by excellent woodcuts of the Feldmann-still. Again, : 
turning to the article on chlorine, we have to note the : 
same completeness and technical grasp of the questions i 
discussed. Thus, on p. 526, we And the method patented ^ 
so long ago as 1866 by Mr. Brock, of Widnes, and now 
for the Arst time coming into general use, which has for ■ 
its object the treatment of the exit gases from the 
bleaching-powder chambers by means of a dry lime- 
sprinkler, this not only removing a serious nuisance in 
the manufacture, but also recovering chlorine otherwise . 
wasted. 

Prof. Hummel, of Leeds, contributes an e.xcellent 
article on bleaching ; and here again we see that the i 
newest processes are fully described, e.^. on p. 323 the ' 
Mather-Thompson bleaching process is fully noticed, and 
the electrical bleaching process of Hermite likewise re- 
ferred to. As regards this latter, the conclusion arrived 
at is that now generally admitted by practical authori- j 
ties, viz. that electrolytic bleaching cannot reasonably be 
expected to replace bleaching-powder at a price of 
per ton. 

One of the most valuable articles in the book is written 
by Mr. John Heron on brewing, in which he not only 
describes the most modern forms of brewing plant and 
processes,' but g\ves a clear statement of the important re- 
searches of 'Pasteur and Hansen on the alcoholic ferments. 


As we all know, it was Pasteur who Arst directed attention- 
to those other forms of Saccharomyces known as wild 
yeasts in fermenting yeasts and beer ; but it is not so 
commonly understood that it was Hansen who taught us 
how to introduce into the liquid a seed yeast really free 
from “ wild ” forms. Since 1883 carefully selected types 
of yeast from pure cultures, according to Hansen’s re- 
searches, have been introduced into Denmark, Norway, 
and Bavaria, with the most satisfactory results, whilst in 
England nothing of the kind has yet been done, although, 
at Burton several experiments have been made in this 
direction. Sufficient has already been done to show that 
several varieties of Saccharomyces cerevisice can be 
separated, which, however, do not differ morphologically, 
but may be distinguished from each other, inasmuch as 
they give entirely different results, both as to flavour 
brightness, attenuation of the beer, and to the mode of 
separation of the yeast. The proportion of these different 
varieties in various breweries seemS to remain constant, 
and to give the peculiar flavour and appearance which 
the various fermented liquors possess. 

Another article is that by Prof. Noel Hartley on 
cenfents, a subject which though of great importance is 
not usually considered of great chemical interest, but it 
has been made so by the writer. He points out the fact, 
certainly not known to the majority of chemists, that we 
owe to Lavoisier the Arst explanation of the phenomena 
of the baking and hardening of plaster of Paris. At 
so early an age as 21, he published a short note in 
the Comptes rendus of February 17, 1765, in which he 
showed that water is removed from the gypsum in two 
stages, that the Arst three-quarters of the combined 
water must be removed in order that the plaster shall 
afterwards set, but that if the whole of the combined 
water be removed, the gypsum becomes overburnt and 
loses its value as plaster. 

It is probable that this volume will have even a larger 
sale than that of the corresponding “ Dictionary of Pure 
Chemistry,” and, as with that important work, so with 
this, the public may well be congratulated on possessing 
such a valuable book of reference so creditable to all 
concerned in its production. H. E. Roscoe. 


OATES’S ORNITHOLOGY OF INDIA. 

The Fauna of British India, including Ceylon and 
Burma. Published under the authority of the Secretary 
of State for India in CounciL Edited by W< T. 
Blanford. Birds. VoL 1 . By Eugene W. Oates. 
Pp. i. — XX., I — 556. (London : Taylor and Francis, 
1889.) 

The Nests and Eggs of Indian Birds. By Allan O. 
Hume, C.B. Second Edition. Edited by £. W. Oates. 
Vol. I. Pp. i. — xii., 1 — 397. (London : R. H. Porter, 
1889.) 

T he two volumes on the birds of India, which Mr. 

Oates has recently published, will supply a much 
needed want. The period of twenty-six years which has 
elapsed since the publication of Jerdon’s Birds of India 
has been prolific in ornithological work, to such an 
extent that a new adjustipient of the scattered details 
which had accumulated since that time had become an 
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absolute necessity. Mr. Oates has already won his spurs 
in the field of Indian ornithology ; for his “ Hand-book of 
the Birds of Burma,” published in X883, has always 
been looked upon as a standard work ; and by coining to 
England, at great personal sacrifice, to write the bird 
volumes of the ** Fauna of British India,” he has deserved 
the gratitude of all zoologists. Those of us who are 
acquainted with the “ Hand-book” before mentioned, will 
hot be surprised to find that in the present volumes Mr. 
\ Oates has done his work in a thoroughly conscientious 
manner. Without commencing, as Jerdon did, with a 
general outline of ornithology, for which space was not 
available, Mr. Oates has contrived to give a condensed 
introduction, which will g^ve the student some small idea 
of classification of passerine birds, with which this 
volume deals. We could have wished that the author 
had followed a more natural arrangement of passerine 
families, as his scheme of arrangement results in some 
very incongruous affinities, but these will doubtless be 
further explained when the author gives a detailed 
arrangement of the orders and families of birds in his 
third volume. As the furlough which has been granted 
to Mr. Oates is quite insufficient for him to finish 4be 
work in anything like a reasonable period, we arc glad to 
learn that a representation has been made to the 
Government of India, by some of our leading men of 
science, for a further extension of leave, to enable the 
author to finish the work, which he has begun so 
' creditably. It would be a thousand pities to see the com- 
pletion of this book intrusted to less capable hands, of 
which there seems to be some fear expressed in Mr. 
Blanford’s preface. 

Since Mr. Seebohm, in the fifth volume of the “ Cata- 
logue of Birds in the British Museum,” laid stress on the 
importance of the plumage of the young as distinguish- 
ing characters between the Thrushes and the Warblers, 
this character has been thoughtfully considered by many 
ornithologists ; but Mr. Oates has been the first to apply 
it in any large measure to the bulk of the passerine birds, 
and it enables him to divide them into five sections, 
characterized by the plumage in the nestling. This 
arrangement brings about some rather startling results, 
for the Titmice {Parida) become merged in the family 
Corvt'dcr, and the Dongos {Dicrttridcp) range in close 
proximity to the Nuthaches {Sittida) and the Creepers 
\Certhiidce). This character of the plumage of the nest- 
lings, like all single characters, carries the author too far, 
and it is becoming more and more plain every day that 
the natural classification of birds in the future will be 
founded on a combination of characters, not on any single 
one alone. Mr. Oates himself, in his arrangement of the 
CrateropodidcB, shows how this can be done. 

It is impossible to praise too highly the method in 
^ which the present book has been worked out, though it 
is to be regretted that four volumes were not allowed for 
the birds, instead of three, for the constriction of the 
• work has compelled the author to treat of 563 species 
in 544 pages, which is an allowance of less than a page 
to each species, including the space necessary for family 
characters and keys ” to genera and species. We notice 
that the author has been driven to create a good many 
new genera, but we are hot disposed to quarrel with him 
on this account, though we notice that, like ourselves. 


in writing the “ Catalogue of Birds,” he has found it hard 
to be consistent, and he certainly varies somewhat in his 
estimate of characters in different families. Thus he 
divides the Bulbuls into a number of slenderly defined 
genera, yet he places the Rook and the Jackdaw ii» the 
same genus, Corvus, as the Raven. What was sauce for 
a Bulbul ought to have been sauce for a Rook ! It is very 
interesting to notice the immense strides which our know- 
ledge of Indian ornithology has made in the last twenty 
years. This is mostly due to the energy of Mr. Allan Hume, 
whose marvellous collection of Oriental birds was given 
by him to the British Museum in 1885. Since that date 
the registration and arrangement of the Hume Collection, 
has occupied the bulk of our own time and that of our 
colleagues in the Bird Room, so that the whole of the 
Indian Passeres have been placed conveniently at •Mr.* 
Oates’s disposal for the present work. It may, indeed, 
be said that Mr. Hume sowed, the officers of the British 
Museum watered, and Mr. Oates came over from India 
in time to gather the increase. It must be a great 
pleasure to Mr. Hume, and to Major Wardlaw Ramsay, 
who gave the Tweeddale Collection and Library to the 
Museum two years ago, to see that already their magni- 
ficent donations have been turned to such good account. 

The number of new species described by Mr. Oates is, 
as might be expected, small ; but ornithology has now 
reached a stage when the description of new species will 
be surpassed in interest by the study of greater facts, of 
which the geographical distribution of birds is likely to 
prove the most absorbing. For this purpose the splendid 
Collection of skins amassed by Mr. Hume will be invalu- 
able, for in most instances the specimens in the Hume 
collection trace out definitely the range of each species, 
and Mr. Oates has shown great talent in condensing into 
his limited space the large amount of material which was 
at his command. It is, in fact, impossible to speak too 
highly of the way in which he has performed his task. 

The volume before us is profusely illustrated with 
woodcuts, which will undoubtedly be of great service to 
the student in enabling him to identify the species of 
birds which are to be met with in India. These wood- 
cuts are, almost without exception, well executed, and are 
the best specimens of ornithological work which we have 
seen from the pencil of Mr. Peter Smit. We are not 
quite able to grasp the plan on which the names of Indian 
localities have been altered in the present book to bring 
them into a recognized system of correct orthography, 
but we suppose that there is some sound reason for the 
changes. If, however, our old friend “ Mooleyit ” is to 
become “ Muleyit,” and “ Malewoon ” to become “ Mala- 
wun,” why does not “ Masuri ” take the place of 

Mussoorie ” ? Surely it is pedantic to alter the specific 
name of “ nipalensis ” to nepalensis,” because it suits 
modern notions to speak of “ Nepal ” instead of ‘‘ Nlpal.” 
As this mode of orthography does not appear in any of 
Mr. Oates’s previous writings, we suppose that the editor 
is responsible for the chanf^es in the spelling of the names 
of places. We would gladly adopt a complete method of 
spelling the names of Indian localities, but that adopted 
in the present work seems neither one thing or the 
other. 

It was a happy idea of Mr. Oates’s to issue the new 
edition of Mr. Hume’s “Nests and !£ggs of Indian 
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Birds’’ in volumes of simultaneous issue with his 
volumes of birds. This egg-book of Mr. Hume’s is one 
of the best oological works ever published, and has long 
been out of print. A good deal of the additional matter 
which Mr. Hume had accumulated for a second edition, 
was stolen by a dishonest servant, and sold for waste 
paper in the Simla Bazaar, but enough has remained to 
enable Mr. Oates to put before us a very interesting 
record of the breeding habits of Indian birds ; and if any 
tribute be wanted to Mr. Hume’s energy and ability, 
the reader has but to refer to the present work, to study 
the oological records of the best circle of deld-omitho- 
legists which ever rallied round the central figure of any 
zoologist. The portraits of naturalists who have contri- 
buted to the development of our knowledge of Indian 
*bii^s lend an additional interest to Mr. Oates’s volume 
on the “ Nests and Eggs of Indian Birds.” 

R. Hovvdler Sharpe. 

EPHEDRA. 

Die Arten der Gattung Ephedra. Von Ur. Otto Stapf. 
Pp. 1 12, I Map and 5 Plates. (Vienna : R. Tempsky, 
1889.) 

E phedra is one of the three genera of the small 
Gymnospermous order Gnetacere, the two others 
being Gnetum and Welwitschia, that most curious of all 
gymnospermous plants. Ephedra is a type of remark- 
able habit, specially modified, though in a different way 
from Welwitschia, to inhabit the dry and sandy regions 
of the world. It has shrubby stems, with copious slender, 
whip-like, straight or turning branches, foliar organs and 
flower-wrapper reduced to a minimum, unise.\ual mostly 
dioicous flowers in small catkins with dry imbricated 
scales, the female catkins containing one or two flowers 
only, and the males several, with from two to eight 
stamens with the filaments usually joined in a column. 
The species are numerous and difficult of determination, 
partly because the leaves are nearly suppressed, partly 
because the stems of all the species are very similar, and 
that it is needful to have both staminate and pistillate 
flowers to study before any given plant can be determined 
confidently. 

The map shows clearly at a glance the geographical 
range of the genus. It surrounds the basin of the Medi- 
terranean, climbs the low’cr levels of the Central Euro- 
pean Alps, attains its highest development in Central 
Asia, reaching southward to the north of India and all 
through Arabia, northward to Lake Baikal and the Ural 
Mountains, and eastward to the western provinces of 
China ; and reappears in the New World— in North Ame- 
rica in California and Mexico, and in South America 
in the Andes and over a wide area south of the tropic 
from Chili across to Buenos Ayres. Though spread so 
widely over extra-tropical South America, it does not 
reach either the Cape or Australia, where the climate 
and soil ^eem so suitable for it. None of the single 
species have a very wide range, but it is one of the in- 
stances where a well-marked, sharply isolated generic 
type is represented in many dififerent geographical areas 
by distinct specific types. 

^ The present monograph is one of the best and most 
complete worki of the* kind ^that have lately appeared. 
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It is extracted from the second part of the sixteenth ^ 
volume of the Denkschnften der Mathematisch-Natur- . 
wissenschdftlichen class of the Kaiserlichen Akademie 
der Wissenschaften in Vienna. Dr. Stapf is one of the 
officials of the Botanic Garden of the University of 
Vienna, and has had the advantage of full command of 
material, both in the way of specimens and books. Two 
of the plates and a large proportion of the letterpress 
are devoted to the anatomy and morphology of the ^ 
vegetative and reproductive organs of Ephedra. In the . 
structure of the woody bundles Gnetaceae establish some 
links of transition between Coniferse and the typical 
Dicotyledons. Ephedra approximates in some points 
towards Casuarina. In the veining of its well-developed 
leaves Gnetum recedesfrom the ordinary Gymnospermous 
type. In Ephedra there is an unmistakable perianth to 
the male flower, but the homology of the outer wrapper 
of the seed is not so clear. Then follows the systematic 
portion of the monograph. Dr. Stapf admits twenty- 
eight certain and three imperfectly-known species, and 
for each of these he gives a diagnosis, a figure showing 
its essential characters, an extended description, and a 
fuM account of its synonymy and geographical distribu- 
tion. He makes three sections, Alatae, Asarea, and 
Pseudo-baccatne, dependent mainly upon whether the seed 
is fleshy in a mature state, or dry and furnished with a 
wing. Then follows a list of local names, and a very full » 
list of the books in which the genus is noticed, extending ^ 
from Gerarde and Ray down to the present time. The 
monograph is one that deserves to be studied carefully, 
both by structural and systematic botanists. 

J. G. B. 

OUR BOOK SHELF. 

Geologieal Mechanism ; or, An Epitome of the History 

of the Earth. By J. Spottiswoode Wilson, C.E. 

(London and Manchester : John Heywood, 1890.) 

The nature of this little work of 135 pages will be best 
indicated by a brief statement of its contents. The book 
is divided into three portions of not very unequal length. 

The first of these is “ autobiographical,” and relates, 
with much circumstance, the author’s adventures at the 
Geological Society and Club, where, on the invitation of 
the late Sir Roderick Murchison, he read a paper in the 
year 1854. This is followed by an account (his own) of 
the causes which led to a disagreement between himself 
and the leaders of an exploring expedition of which he 
had been appointed a member. This part of the book is 
relieved from the charge of being prosaic, however, by 
the introduction of some very remarkable, and undoubt- 
edly original verses. 

Having devoted more than forty pages to himself, the 
author has left for the earth little more than fifty page 4 
more ; and in this space he contrives to dispose of a 
great number of highly important problems, beginning 
with “ intelligence supreme ; the nebular theory of La- 
place ; hypothesis of incandescence ; theory of the crys- > 
talline rocKS ; hypothesis of metamorphism,” &c. and 
finishing up with the lunar, magnetic, and solar tides ; 
the progressive desiccation of the atmosphere and earth 
the change of time ; and the theory of creation.” 

Comprehensive as is this portion of the book, however, 
the author still finds much to put into his third part, or 
appendix — such as, tails or atmospheres of planets and 
comets ; the magnetic pole and change of climate 
the magnetic tide of the atmosphere, &c.” As in the 
first part he rose into poetry, here, in the appendix, he 
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■ j soars into the realms of prophecy, and tells us about 
f . the climate which may be expected in these islands in 
the years 1970, 2020, and 2130 ! 

The author assures us that he writes especially for civil 
engineers, and is not careful to conceal his contempt 
for “ prominent men in other branches of science ” and 
their opinions. But as there are some works “ profit- 
able for instruction,” so there are others calculated to 
afford amusement ; and it is very hard indeed that civil 
t ’engineers should have a monopoly of all the fun that is 
^ to be got out of this one. 

The Scenery of the Heavens. By T. E. Gore, F.R.A.S. 

(London : Roper and Drowley, 1890.) 

Thk title of this work is so suggestive of pictures that 
one cannot help feeling disappointed with the limited 
number of illustrations, especially as the book is designed 
for general readers. We look in vain, for example, for 
representations of Saturn and Mars, solar prominences, I 
and many other celestial objects, of which no descriptions ; 
can convey so much to the mind as good illustrations. \ 
Some of the illustrations are reproduced more or less j 
faithfully from photographs by Mr. Roberts and the ' 
Brothers Henry, but we regret to note that the , 
wonderful photograph by Mr. Roberts of the Great 
Nebula in Orion is not amongst these. We may suggest j 
also that in future editions some account be given of*the 
instrument which reveals to us the greater part of the 
•“ scenery of the heavens.” | 

On the whole, the text is excellent, and will no doubt 
greatly interest the general reader. There is, however, j 
a very loose statement on p. 24 — namely, “if we as- 
sume that the attraction of gravitation at the earth’s 
equator is 32‘2 feet, we have the accelerating force of 
gravity on the sun equal to 895 feet per second.” One of 
the most notable features of the book is the large number 
of poetical selections having reference to astronomical 
phenomena. The book contains a good deal of informa- 
tion, in some cases perhaps too much to serve the 
avowed purpose of the author, unless his readers intend 
to become amateur observers. The long lists of red 
stars, doubles, variables, and star clusters, for example, 
are much too detailed for general readers, although not 
sufficiently so for regular observers. The chapter on 
variable stars, as might be expected from Mr. Gore, is 
especially good. There is also an excellent chapter on 
shooting-stars, by Mr. Denning, who is eminently fitted 
for such a task. 

We may remind Mr. Gore that probably no one now 
supposes that the so-called “ gaseous ” nebulae consist 
of nitrogen (pp. 197, 206), and that the structure of the 
Great Nebula in Andromeda as revealed in Mr. Roberts’s 
photograph indicates that the nebula is probably not “ a 
vast cluster of very small stars placed at an immense 
distance from the earth ” (p. 204). 

No attempt is made to touch upon any theoretical 
astronomy, and the scope of the book is therefore 
correctly described by the title. 

..4 Trip through the Eastern Caucasus. By the Hon. 

John Abercromby. (London : Edward Stanford, 1889.) 

Is it worth while for a traveller to make a six weeks’ 
tour the subject of a book? Probably most people 
would answer promptly and emphatically. No ; but any 
one who reads Mr. Abcrcromby’s work will see that the 
reply may be wrong, and that everything depends on the 
nature of the scenes visited, and on the traveller’s ability 
to give an account of his impressions. In the course of 
six weeks Mr. Abercromby twice crossed the main chain 
of the Caucasus by passes which are little used except 
by natives. He was fortunate enough to secure, through 
the instrumentality of Prince DondukofT Korsakoff, the 
Governor- General of the Caucasus, a circular letter in 
l^ussian and Arabic to all in authority wherever he might 


wish to go. This, he says, acted like a charm, securing 
for him at every place the utmost hospitality. He had, 
therefore, the best possible opportunities of seeing what 
he desired to see, and of forming just opinions as to the 
characteristics of the people whom he visited. 

Particularly good is his description of the strange village 
called Kubiichi, in which there was at one time a flourish- 
ing school of the higher kinds of artistic craftsmanship. 
The village is “ a long, narrow, extremely compact ag- 
glomeration of houses, built on the southern face of a very 
steep slope with a shallow ravine on both sides.” A high 
round tower, commanding a wide view, stands at the top. 
Ail the roofs are flat, and, seen against the sky, the profile 
of the village is not unlike ** a gigantic staircase.” Before 
! reaching Kubachi, Mr. Abercromby heard all sorts of 
wonderful stories about the inhabitants, and was assured 
that they were of Frankish origin. He found that there 
was nothing specially European-looking in the tyge of 
face either of the men or women. 'They appeared to 
him “quite like the Lesgians, though milder in their 
manners, and less wild-looking.” Their speech has no 
sort of relation to the Indo-European languages, but be- 
longs to the Lesgian family. There are in the village 
many sculptured stones and other relics of a period when 
the workers of Kubachi had a genuinely artistic impulse ; 
and of these remains Mr. Abercromby gives a remark- 
ably clear and attractive account. Not less interesting 
in its way is his description of the extraordinary wall of 
Derbend, which, according to the current native belief, 
is 3000 years old. For this idea there is of course no 
real foundation. Mr. Abercromby, with the enthusiasm 
of a thorough antiquary, investigated this structure with 
the greatest care, and even readers who are not generally 
attracted by archseological research will find much to 
please them in his narrative. Altogether, the work is 
j fresh and bright, and we recommend it to ^e attention 
of those who find in good works of travel intellectual re- 
freshment and stimulus. 


LETTERS TO THE EDITOR, 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertakt 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Naturx, 
No notice is taken of anonymous communications.} 

» The Royal Society’s Catalogue of Scientific Papers ; 
a Suggested Subject- Index. 

The method advocated by Mr. J. C. McConnel (Nature, 
February 13, p. 342) would undeniably be feasible. But I 
should pity the fellow-crafisman who should have to carry it out. 
The idea of numerical subdivision has been worked out by Prof. 
Dewey with great ingenuity and industry in his *' Decimal 
Classification and Relative Index,” 1885. We find, on' referring 
top. 31, that 016*9289551 will indicate the “Bibliography of 
Persian poets.” Natural science occupies a place from 500-000, 
and does not seem to have been as yet reduced to an equal 
degree of elegant simplicity, for the subject of “observing 
chairs, &c.,” is merely denoted by 522*28. 

After this it does not seem over bold to proiiounce the result 
one of the most amusing things in cataloguing literature. It is, 
however, surpassed by Mr. J. Schwarts’s King Aquila’s 
Library,” in^ which the system is fairly demolished. But the 
London inquirer into the actual working of such a curnbrous 
device may gain a useful hint by noting that at the Guildhall 
Library there is an alphabetical index to these totally unnecessary 
numbers. Indeed, one is foand in Prof. Dewey’s own book, and 
would, of course, be an absolute necessity in the ptbposed case. 

No, a good siAject-index can be constructed on much simpler 
lines. See, for example, Poole’s “ Index to Periodical Litera- 
ture,” which includes in its first supplement (1882-87) some 
1090 volumes (indexed in 483 pages). Another example maybe 
found in the subject-index at the end of the “ List of Books of 
Reference in the'British Museum Reading Room,” 1889. In 
this some twenty thousand ^olnmcs are inauded, which would 
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lead one to suppose that the size Mr. McConnell suggests is 
ample, not to say generous. I had hitherto supposed that a 
scientihc writer does not necessarily treat of a fresh subject each 
lime he writes. 

Might I add that an index is not a pedigree or diagram, any 
more than a gazetteer is the same thing as a map ? I fear that 
to mix up such distinct things would merely introduce an 
altogether needless difficulty. A Cataloguer. 


The Period of the Long Sea-Waves of Krakata^b. 

In connection with the great explosion at Krakatab at 10 a.m. 
on August 27, 1883, a great vave was generated, which at 
Batavia, lOO miles distant, reached a height of 7^ feet above the 
ordinary sea-level. It was followed by a fairly regular series 
of fourteen waves, at intervals of about two hours, gradually 
diminishing in height. Captain Wharton, who writes this part 

f f the Royal Society Report, is much puzzled by the long period. 

fe Ays : — “ If the wave was caused by any sudden displacement 
of the water, as by the falling of large masses of ejected matter 
and huge fragments of the missing portion of Krakatab, or by 
the violent rush of steam from a submarine vent through the 
water, it is hardly to be conceived that two hours would elapse 
before the following wave, the second of the series, started after 
it. . . . If, however, upheaval of the bottom of the sea, more 
or less gradual, and lasting for about an hour, took place, we 
should have a steady long wave flowing away from the upheaved 
area, which as it approached the shore would be piled up con- 
siderably above its normal height. Thus these waves of long 
period would be set up. . . . The water would flow back on 
the motion ceasing.'* 

I do not understand how the series of waves would be pro- 
duced by the sea-bottom being upheaved in the manner described. 
When the upheaval ceased, the water would probably flow back, 
and, after the centre of disturbance was reached, a second wave 
would be generated. But there would be no reason for the 
water flowing back a second time, and no more waves would be 
generated. JSurther, in another part of the Report, we find 
Prof. Judd expressing the opinion that no upheaval has taken 
place (p. 25). 

Another explanation has occurred to me, which seems satis- 
factory. Let us assume, with Prof. Judd, that the first wave 
was due to a great quantity of fragments falling into the sea. 
This wave would be reflected by the shores of the Straits several 
times backwards and forwards, each time giving rise to a fresh 
disturbance, travelling out towards Batavia through the narrow 
o])ening to the east. Opposite Krakata'b both on the northern 
and on the southern shore of the Straits is a great bay. The 
lime a wave would take to travel from Krakatao to the head of 
the bay on the north is given by C aptain Wharton at sixty-one 
minutes, and the distance to the head of the other bay is much* 
the same. This agrees very well with the two-hour period. 
Moreover the first disturbance at Batavia would be a rise of 
the water, which was the case. 

In a similar way some of the short periods observed at distant 
stations may have been due to peculiarities of the channels in 
which the tide ^uges were placed. 

Hotel Buol, Davos. James C. M. McConneu 

The Distances of the Stars. I 

Your note of Prof. Eastman's address to the Philosophical 
Society of Washington in your columns of February 13 (p. 351) 
raises some questions of interest on which I think the Professor 
is mistaken. 

As regards the nearness of particular stars, there are several 
indications which astronomers have sought to verify by observa- 
tion and computation. One of these is brightness ; a second is 
large proper motion, and a third is a binary system easily 
separated by the telescope (especially if the period is compara- 
tively short). Some persons have aJto supposed that red stars, 
variable stars^ &c., are nearer than most of their neighbours. 
Stars possessing one or more of these charactenstics have been 
selected for parallax measurements. 

One of these characteristics being brightness, almost every 
bright star in the northern hemisphere and a good many of those 
in the southern have been at one time or another measured for 
parallax. But no one has attempted to measure the parallax of 
of the thirA, fourth, fifth, or sixth magnitudes. Astro- 
nomers have selected from among tBese stars those which afTord 


some striking indication of nearness, such as the great proper 
motion of 61 Cygni. If, therefore, we take the parallaxes 
arrived at in 'this manner for comparison, we are comparing the 
results attained for all stars of the first magnitude with those 
attained for a small number of exceptional stars of the fifth or 
sixth. 

How far Prof. Eastman’s data are otherwise trustworthy I need 
not consider. I may refer your readers to a very full list of 
paraxalle> hitheito deteimined, published by Mr. Herbert Sadler 
in the February number of Knowledge^ by which it will appear 
how discordant and untrustworthy these results are. But the 
exceptional character of Prof. Eastman's faint stars is sufficiently 
evident from the table iiself. His first gr *up, with mean magni- 
tude 5 *57, has a mean proper m< tion of 4" *9,? ; the second group, 
with a mean magnitude 5 ‘59, has a mean proper motion 2"*33. 
Surely Prof. Eastman does not mean that the average proper 
motion of stars of the magnitude 5*58 is 3" ‘63. There is not 
one star in a hundred of this degree of faintness which possesses 
such a proper motion as this. W. H. S. Monck. 

I Dublin, February 15. 

r.S. — It is possible that a sphere enclosing the thirty nearest 
stars to us would include more faint stars than bright ones ; but 
I think it certain that it would not include as large a percentage 
of fifth magnitude stars as of first magnitude stars. The first 
magnitude stars do not exceed twenty, and a few of them seem 
to be very distant. The fifth magnitude stars are reckoned by 
hundreds, and a few of them are comparatively near. 

The Longevity of Textural Elements, particularly 
in Dentine and Bone. 

Whatever views we may take of the theories of Weismann, 
which at present occupy the attention of biologists, they may be 
hailed as giving new directions to research, and one of the sub- 
jects about which his allusions will probably lead to further 
inquiry is the length of lime durin*^ which textural elements con- 
tinue individually. I have used the word longevity at the lop of 
this letter; but, perfectly admitting the justice of Weisuiann’s 
criticism — that division into two, each of which is a unity like the 
first, is not death — I feel driven to the dire necessity of invent- 
ing a new word, fcrmanunily^ to denote permanence without 
division ; and it is of such permanence or longevity of the un- 
divided unit that I wish to note a circumstance which has 
recently presented itself to my mind. 

Every anatomist is aware that the living elements of dentine 
are nucleated corpuscles with elongated branches, which are 
embedded in the matrix, and lengthen as the dentine increases 
in thickness, while the corpuscles themselves retire inwards, re- 
maining at the boundary of the lessening pulp-cavity. The con- 
tinuity of the tubes containing these fi>»res furnishes, as soon as 
one thinks of it, convincing proof that they are the same 
branches and the same dentine corpuscles which are found when 
the dentine begins to be deposited and when it is completed. 
But the dentine begins in childhood, and may go on increasing 
in thickness in old age, with its tubes still continuous, though 
losing their regularity of position. Therefore, dentine-corpuscles 
continue alive and without division through the greater part of 
the life of the organism. 

The interest of this is exceedingly great, if the relation of 
dentine to lx>ne be considered. Bone has a matrix similar to 
dentine, and has branched corpuscles ; but the bone corpuscles 
difler Irom the dentine-corpuscles in becoming completely em- 
bedded in the mineralized matrix, without any attempt to retire 
from it, and thus come to have branches on every side. Under 
the microscope one can see in compact bony tissue that there is 
a continual reabsorption and redeposition of bone going on ; and 
these alternating processes are brought about in a way which is 
easy to understand, though very generally misapprehended. In 
consequence, probably, of the very pressure exercised by the 
bony deposit on the corpuscles, the corpuscles are excited to 
absorb it ; and one sees absorption spaces commencing sometimes 
in the centres of haversian systems, and sometimes in individual 
lacunm. The activity thus aroused in the corpuscles causes them 
to enlarge and to attempt proliferation ; which being in the first 
instance modified by their close surroundings leads to their being 
converted into large muhinucleated masses, the so-called giant- 
cells or osteoclasts. But when a greater amount of room has 
been obtained, these ma^ses separate up into corpuscles with ore 
nucleus each, bone^rorpuscles or osteoblasts, which, arrayirg 
themselves around {the cavity, initiate the formation of ntw 
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concentric laminae of bone. Thus it is certain that the per* 
manunity of the bone*corpuscIe is very inconsiderable indeed. 
It may be difficult to define it exactly, but a general consideration 
of the rapid changes in the shafts of young bones leads me to 
think it probably much less than a year. 

There is thus a very surprising contrast between the undivided 
persistence or permanunity of a bone-corpuscle and that of a 
dentine-corpuscle, which is in various respects so similar to it. 
While there are numerous instances of very short-lived c irpuscles 
in the body, I am not aware that until now proof has been 
offered of the persistence of any living tissue-elrments throughout 
the life of the organism. John Cleland. 


Some Notes on Dr. A. R. Wallace’s Darwinism.** 

I HAVE just read this most interesting work, “ Darwinism 
seeming to me the clearest and most useful account of the 
Darwinian theory of evolution ever yet published — and while 
reading it I have made note of a few matters which I may, 
perhaps, be allowed t«) touch on here. 

On p. 43 are quoted the numbers of varieties of the two snails, 
Helix nemoralis and //. horiensis^ enumerated by a French 
author — no doubt Moquin-Tandon. These numbers, however, 
fall far below those actually known at the present day. These 
snails vary in many ways, but taking variations of hatidin^ alonty 
I know of 252 varieties of H. nemoralis^ and 128 of i 7 . hortensis. 

To further illustrate the extreme variability of the Mollusca, 
take the varieties of land and freshwater Mollusca found in the 
British Islands. Of the 88 species of land shells we have 465 
named varieties, and of the 46 species of Briti'^h fresnwater 
shells are 251 varieties. So that, excluding probable synonymy, 
we have about 5 named varieties in Britain to every species of 
inland mollusc. 

In the same way, the numbers of Rosa and Rubus quoted on 
p. 77 are below the mark. Of Rosa canina^ 33 varieties are 
known in the British Islands, while the British Rubi number 63 
supposed species. 

A good example of a species “occupying vacant places in 
nature ” (p. 1 10), is afforded by the little mollusc Ctccilianella 
acicida^ which is simply organized, and lives in great numbers 
underground {pide Naturalist^ 1885, P 321). 

The true cause (as it seems to me) of the variability of fresh- 
water species seems hardly indicated on p iio. Ad freshwater 
productions, except those inhabiting large river basins (as the 
Mississippi), present these peculiarities — they are exceedingly 
variable and plastic, so that we get few but polym:)rphic species. 
Now, for the successful spread of freshwater organisms, it is 
necessary that they should be plastic^ to adapt themselves to the 
new environment of every pond or river, and the varieties thus 
required must not become fixed sp^cies^ because it is their very 
changeability under new environment that makes them successful 
in the struggle for existence and increase. Freshwater forms 
migrate more than is commonly supposed, and the contents ot 
any pond or river are ever varying. Hence the necessities I 
have indicated. These points are exceptionally clear in the 
case of the Unionidcc of Europe and North America (see 
Science Gossips 1888, pp. 182-184). 

Colorado presents an exception to the rule (p. 112), that two 
species of Aquilegia are rarely found in the same area. In 
Colorado we have five columbines, viz. A. formosa^ A. chrys- 
antha^ A. brevistyla^ A. Cfcru/ea, and A. canadensis. But A. 
Cicrulea is the only one that can be called abundant. 

On p. 139, it is stated that specific characters are essentially 
symmetrical. Yet the ocelli and spots on the butterflies of the 
families Satyridee and Lycanida: surely afford specific characters, 
and they are frequently asymmetrical (see Entomologist^ 1889, 

p. 6). 

On p. 151, we are told that in Ireland hardly one of the land 
molluscs has undergone the slightest change. This is not quite 
true, as the following forms seem to be peculiar to Ireland : 
Avion ater var. fasciata^ Geom t locus maculosus vars. allmani^ 
vcrkruzem\ and andrewsi^ Limax arborum var. mctculata^ L. 
arborum var. decipiens^ Succifiea viirea var. aurea^ and S. 
Pfiifferi var. tntfescens. But these peculiar forms are not more 
numerous (but less so) than would be found in almost any 
continental area of equal size. 

The theory (p. 206) that a recent change of fo^-plant has 
to do with the presence of green and brown varieties of the 
larva of Macroglossa stellatarum seems hardly tenable, as so 
many larvae of different species and genera vary in the same 
manner. 


I ha^e thought (Ent. Mo. Mag., 1889, p. 382) that asym- 
metrical variation in insects occurred most often on the left side. 
On p. 217 it appears that the same thing occurs in some Verte- 
brata. 

On p. 230 the idea of environment directly influencing the 
prevalent colours of oiganisms is put aside as improbable. Yet 
It has seemed that moisture was the cause of a certain phase 
of.melanism, especially among Lepidoptera. Evidence bearing 
on this point has been given during the last few years in the 
Entomologist. 

The land shells on the small islands off the coast of Kerry, 
Ireland, are pale in colour, as I have recorded in Proc. South 
London Entom. and N.H. Soc. for 1887, pp. 97-98. 

The point on p. 233, about the conspicuous colours of the 
Aculeate Hymenoptera, seems open to question. In temperate 
regions, at least, the Aculeata are mostly of very dull colours — 
as the Andrenida, many of the Apida, and hosts of others. Even 
the brilliant green Agapostemon flies among bright green foli^e 
and yellow flowers, and is not very conspicuous when alive 
in its native haunts. On the other hand, the non acujaate 
ChrysididcB and Chalcididce are often exceedingly brilliant in 
colouring. 

It seems quite doubtful whether the abundance and wide 
distribution of Danais archippus (p. 238) is due to immunity 
from parasites, &c., while its migratory habits are a quite sufficient 
explanation of the facts. Besides, it has at least one parasite — 
the Pteromatus archippi. 

The “progressive change of colour” (p. 298) is well illustrated 
by the change from yellow to scarlet exhibited by so many 
groups of species. Scarlet species nearly always occasionally 
revert to yellow, and there are generally yellow species in the 
same genus. For details see Proc. South Lond. Ent. andN. H. 
Soc. for 1887. 

Yellow flowers (see p. 316) seem the most attractive to insects 
in Colorado, and Mr. F. W. Anderson tells me that the same 
is the case in Montana. From reasons given in Canadian 
Entomologist, 1888, p. 176, I am of the opinion that insects 
cannot distinguish red from yellow. 

It has seemed to me (see p. 359) that the agency of wind in 
distributing insects is greatly exaggerated. 1 believe whirl- 
winds may be most important as distributing agents, but ordin- 
ary gales less so. Many species of insects migrate, but usually 
dunng calms. Also (p. 300) the opinion that insects are often 
carried to the summits of mountains by winds seems to me 
without sufficient support. Many species of insects live only 
or habitually at high altitudes, and their presence there is no 
proof that they were carried there by winds, especially when 
they are specifically distinct fmm the species of lower regions. 
Plusia gamma, on the summit of Mont Blanc, is not very re- 
markable, as the moth is a great wanderer, and quite capable of 
finding its own way to high altitudes. Finally, I believe winds very 
rarely blow up mountain slopes. I hsive lived some time at the base 
of the great Sangre de Cristo Range in Colorado, and although 
violent winds blow doivn very frequently, I have never obse^-ved 
an upward wind, and residents whom I have questioned are 
unanimous in saying that they have never known a strong wind 
blow up the mountains. And the way the trees are bent and 
twisted at timber-line (11,500 feet), often with only branches on 
the side towards the valley, well indicates the direction of the 
winds. 

I think, perhaps, the scarcity of Monocotyledons in the Rocky 
Mountains (p. 401) as compared with northern regions, is more 
apparent than real — the difference indicated in the books being 
due to the fact that the western grasses are not so well known as 
the eastern ones. Ferns are rarer on continents than on islands, 
and the dryness of the Rocky Mountain region is unfavourable 
to them. 

A g^od instance of the effect of environment (see p. 419) 
tecently came under my notice. The polymorphic snail Helix 
nemoralis was introduced from Europe into Lexington, Vir- 
ginia, a few years ago. Under the new conditions it varied 
more than I have ever known it to do elsewhere, and up to the 
present date 125 varieties have been discovered tj^ere. Of these^ 
no less than 67 are new, and unkno%vn in Europe, the native 
country of the species/ The variation is in the direction of 
divi-ion of the bands. An incomplete list of these varieties is 
given in Nautilus,^ 1889, PP« 73 ~ 77 - 

It seems doubiful (see p. 433) how far prickles are a protection 
from snails and slugs. I found prickles in the stomach of Par- 
macella (a slug), as recorded in Journal^ of Conchology, 1886, 
pp. 26-37. . 
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It is a minor matter^ but it seems a pity that the nomenclature 
of the species in a standard work like Darwinism ’’ should not 
be scrupulously exact. Thus (p. 17), PhaUna^^ graminis 
should be Charieas graminis. ** (p. 44) should be 

//elisoma, and it is only a section, or subgenus, of Planorhis. 
On p. 235, filipendula^^ and should read filipendula 

and jacoinTte. Sphinx fuciformis^^' of Smith and Abbott 
(p, 203), is really Hemaris diffinis^ while on p. 204, ** Sphinx** 
tersa is a Charocampa^ and Sphinx pampinatrix*' is Ampelo^ 
pkagamyron. T. D, A. CocKERKLL. 

West Cliff, Custer Co., Colorado, January 22. 

A Formula in the ** Theory of Least Squares.’^ 

Some time ago, having had occasion to investigate the rela* 
tion between and in the “Theory of Least Squares," 

I found a simple formula which connects them, and which I 
have never seen given in any of the text-books on the subject, 

I inclose it, and hope it is worth publishing in your journal, 

Unlvetsity of Toronto, February i. W. J. Loudon. 

Let a number of observations be made on a quantity whose 
true value is T. If these observations be represented by M^, 
Mg, M3, . . . Mw, then the most probable value is A, the arith- , 

metic mean, and A = If, moreover, the true errors be I 

n I 


the enormously more rapid succession of generations with the 
latter than with many of their vegetable hosts — oaks, above all. 

Freiburg, Badenia, February 22. D, Wetterhan. 

The Cape -^Weasel." 

In Prof, Moseley’s account of his visit to the Cape of Good 
Hope (** Notes of a Naturalist on the Challenger^** p. 153), the 
following sentence occurs: — Again, there are tracks of the 
Ichneumon {Herpestes\ called by some name sounding like 
‘moose haunt .’ ** 

In Todd’s ‘‘Johnson’s Dictionary," 1827, we find : Mouse- 
hunt^ a kind of weasel;’’ two quotations being given: — (i) 
“You have been a mouse-hunt in your time" C‘ Romeo and 
TuHet,” iv. 4). (2) “ The ferrets and mouse-hunts of an index " 

(Milton, “ Of Ref. in Engl.," B. i). 

Halliwell’s “ Dictionary of Archaic and Provincial Words " 
(1847) gives, on p. 564: Mouse hounds East. A weasel." 
lialliwell denies the identity of this word with Shakespeare’s 
mouse-hunt ; and Nares (“ Glossary ") inclines to a similar view. 
Butin any case it seems clear that Prof. Moseley’s “moose- 
haunt " is a dialectical English form — mouse-hunt or mouse- 
hound ; a general word for “ weasel." E. B, Titchener. 

3 Museum Terrace, Oxford, February 17. 


denoted by x^^ jr^, and the residuals by 

. • . Vn% then :i{v) == o by the definition of the arithmetic 
mean. It is required to find a relation between 5^r-) and 5(2'*'). 
We have— 


.Vj = T - M| and 
X^ = "r — Mg 

ar3 = T — M3 2*3 

&c., 

from which 5(2') - o. 


A ~ M, 

A - Mg 

A - M3 
&c.. 


equaling equal values of M^, M.^, M3, . . . , &c., we get — 


T ~ a-i = A ~ 2/1 ) 

T - ;rj = A - f 

T - X3 = - 7'a ( 

&c. ) 


T 


or 


and adding 
and 


Xji == Vi -t 

a-g = V .2 4- 'r - A 
a'3 = z^3 4 - I — 

5(.r) = 2(v) 4* n(r - A) 

5(2') ^ o. 


Again — 


• *. 5( 0 — «(T - A) . 

= Z'l 4- T ~ A 
Jfg = 4- 1* ~ A 

&c. 


squaring, we have — 

4- 2V^{T - A) 4- (T - A)-’ 

z. V. 2 - 4- 2 v^{T - A) + (T - A)2 

V = ^3" + 22/3(T - A) 4- (T - A)*^ 

&c. 


.(I) 


5 (j:') = 5(2'*0 + 2 {X(v)\ {T ~ A} 4- n(T - A)*^ 


But 5(2^) = o; and from (i), T - A = ; 

n 


= 2 ( 7 /-^) + « j j 

2 (**) = a(wO + 

n 


This is the exact formula ; from which it may be seen that, 
as positive and negative errors are equally likely, a close ap- 
proximation will be obtained by taking {5(-r)}- ^ 5(.r-), neglect- 
ing 2 %XX^). 

And we obtain Gauss’s formula — 


a(^) = 2(»*) + 


:x(x^) ^ 5(2'*-)^ 
n n — I* 


Oalls. 

Admitting, with Prof. Romanes (Nature, February 20, p. 
369), the plausibility of Mr. Cockerell’s view that galls may be 
attributed to natural selection acting on the plants directly, I 
beg leave to point out a very obvious difficulty — viz, the much 
greater facility afforded to the indirect action through insects, by 


The Chaffinch. 

The chaffinch sings almost throughout the year in this locality. 
The ma/e bird never leaves us in winter like the female, and 
can be seen in large flocks daily. A singular circumstance that 
occurred here in December 1888 with regard to a chaffinch 
; may be of interest. At one o’clock in the morning, during a 
gale, a chaffinch tapped at my study window. On this being 
j opened, it flew into the room and roosted on a bookshelf ; next 
I morning it was liberated. This was repeated on two subsequent 
! gales. Not only did it sing each time on being liberated, but 
all through the winter and spring it followed me about the 
garden, singing. E. J. T^owe. 

Shirenewton Hall, near Chepstow, February if. 

! ON THE NUMBER OF DUST PARTICLES IN 
I THE A TMOSPHERE OF CER TAIN PLA CES IN 
j CREA T BRITAIN A ND ON THE CONTINENT, 

I WITH REMARKS ON THE RELATION BE- 
i TWEEN THE AMOUNT OF DUST AND 
\ METEOROLOGICAL PHENOMENA? 

T H E portable dust-counting apparatus, with which the 
observations ^iven in the paper were taken, was 
shown to the meeting. The apparatus, which was de- 
' scribed in a previous communication to the Society, is 
: small and light. It is carried in a small sling-case 
I measuring 8x5x3 inches. The stand on which it is 
supported when in use packs up, and forms, when capped 
' with india-rubber ends, a handy walking stick, inch in 
I diameter and 3 feet long. No alterations have been made 
in the original design, and the silver mirrors which at first 
: gave trouble and required frequent polishings, have been 
i used every day for two or three weeks without requiring 
to be polished, when working in fairly pure country air. 
With the paper is given a table containing the results 
j of more than two hundred tests made with the appa- 
ratus. In addition to the number of dust particles there is 
entered in the table the temperature and humidity of the 
air, the direction and force of the wind, and the trans- 
parency of the air at the time. 

The first series of observations were made at Hyisres, a 
small town in the south of France, situated about 2 miles 
from the Mediterranean. The observations were made on 
the top of Finouillet, a hill about xooo feet high. The 
number of particles on different days varied here /rom 
3S50 per c.c. to 25,000 per c.c., the latter number ^ing 
observed when the wind was blowing direct from Toulon, 
which is distant about 9 miles. 

Cannes was the next station, the observations being 

* Abstract of Paper read before th^, Royal Society of Rditiburgh on 
February 3. Communicated by permUsion of the Council of the Society. 
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made on the top of La Croix des Gardes. The number 
here varied from 1550 per cubic centimetre, when the wind 
was from the mountainous districts, to 1 50,000 when it 
came from the town. 

At Mentone the number varied from 1200 per cubic 
centimetre in air from the hills to 7200 in the air coming 
from the direction of the town. 

Tests were made of the air coming towards the shore 
from the Mediterranean at three different places — at La 
Plage, Cannes, and Mentone. In no case was the amount 
of dust small. The lowest was 1800 per cubic centimetre, 
and the highest 10,000 per cubic centimetre. 

Observations were also made at Bellagio and Baveno, 
on the Italian lakes. At both stations the number was 
always great — generally from 3000 to 1 0,000 per cubic centi- 
metre. This high number was owing to the wind, during 
the time of the observations, being light and southerly — 
that is, from the populous parts of the country. Smaller 
numbers were observed at the entrance to the Simplon 
Pass and at Locarno, at both of which places the wind 
blew from the mountains when the tests were being made. 

A visit of some days was made to the Rigi Kulm. On 
the first day, which was May 21, the top of the mountain 
was in cloud, and the number of particles was as low as 
210 per cubic centimetre. Next day the number gradually 
increased to a little over 2000 per cubic centimetre, after 
which the number gradually decreased till on tbe 25th 
the number was a little over 500 per cubic centimetre at 
10 a.m. On descending the mountain to Vitznau the same 
day, the number was found to be about 600 per cubic 
centimetre at midday, and in the afternoon at a position 
about a mile up the lake from Lucerne the number was 650 
per cubic centimetre. 

Most of the observations taken of Swiss air show it to 
be comparatively free from dust. This is probably owing 
to the vast mountainous districts extending in many 
directions. It is thought that much of the clearness and 
brilliancy of the Swiss air is due to the small amount of 
dust in it. 

Owing to the kindness of M. Eiffel an investigation of 
the air over Paris was made on the Tower on May 29. 
The day was cloudy and stormy, with southerly wind. 
Most of the observations were taken at the top of the 
Tower, above the upper platform, and just under the 
lantern for the electric light. The number of particles 
was found to vary very rapidly at this elevation, showing 
that the impure city air was very unequally diffused into 
the upper air, and that it rose in great masses into tl^ 
purer air above. Between the hours of 10 a.m. and i 
p.m. the extreme numbers observed were 104,000 per 
cubic centimetre and 226 per cubic centimetre. This 
latter number was obtained while a rain-cloud was oyer 
the Tower, and, as the shower was local, the descending 
rain seems to have beaten down the city air. The low 
number continued some time, and was fairly constant 
during the time required for taking the ten tests of which 
the above low number is the average. 

The air of Paris was tested at the level of the ground 
on the same day, the observations being made through 
the kindness of M. Mascart in the garden of the 
Meteorological Office in the Rue de I’Universit<i. The 
number on this day varied from 210,000 to 160,000 per 
cubic centimetre. 

Very few tests have been made of the air of London. 
The air coming from Battersea Park, when a fresh wind 
was blowing from the south-west, on June 1, was found 
to vary from 1 16,000 to 48,000 per cubic centimetre. The 
numbers observed in' cities are of no great value, as so 
much depends on the immediate surroundings of the 
position where the testa are made ; so that, while no 
ow number can be observed, a very high one can always 
be obtained. Those recorded were taken where it was 
thought the air was purest. 

Observations have been made in Scotland for periods 


j of twd or three weeks at three stations — namely, at Kin- 
j gairloch, which is situated on the shore of Loch Linnhe, 
and about fourteen miles to the north of Oban, at Alford 
in Aberdeenshire, the observations being made at SL 
distance of two miles to the west of that village, and at a 
situation six miles north-west of Dumfries. • 

At Kingairloch the number varied from 205 per cubic 
centimetre to 4000 per cubic centimetre. At Alford from 
530 to 5700 per cubic centimetre, and at Dumfries from 
235 to 1 1,500 per cubic centimetre. These three stations 
were in fairly pure countiy air — that is, pure as regards 
pollution from the immediate surroundings. 

Tests were also made of the air on the top of Ben 
Nevis on August i, when the number was found to be 
335 per cubic centimetre at, i p.m., and 473 two hours 
later. On the top of Callievar, in Aberdeenshire, on 
September 9, the number was at first 262, and rose in two 
hours to 475 per cubic centimetre. 

The pollution of the earth’s atmosphere by liuman 
agencies is then considered, and it is pointed out that, 
while on the top of the Rigi and in the wilds of Argyll- 
shire air was tested which had only a little over two 
hundred particles per cubic centimetre, near villages the 
number goes up to thousands, and in cities to hundreds 
of ' thousands. The increase, though great, is shown not 
to be in proportion to the sources of pollution, and it is 
pointed out that part of this is owing to the impure 
stream of air being deepened as well as made more 
impure. 

About 200 particles per cubic centimetre is the lowest 
number yet observed, but we have no means of knowing 
whether this is the lowest possible, or of knowing how 
much of this is terrestrial and how much cosmic, formed 
by the millions of meteors which daily fall into our atmo- 
sphere. Even in the upper strata there seems to be dust, 
as clouds form at great elevations. 

The effect of dust on the transparendV of the atmo- 
sphere is then discussed with the aid of the figure in the 
table. It is shown that the transparency of the atmo- 
sphere depends on the amount of dust in it, and that the 
effect of the dust is modified by the humidity of the air. 
With much dust there is generally little transparency, but 
it is pointed out that air with even 5000 particles per c.c. 
may be clear, if it is so dry as to depress the wet-bulb 
thermometer 10“ or more. By comparing days on which 
there was the same amount of dust, it is seen that the 
transparency varied with the humidity on two days with 
the same amount of dust ; but the one with a wet-bulb 
depression of 13* was very clear, while the other, with a 
j wet-bulb depression of only 2^^, was very thick, 
j To show the effect of the number of particles on the 
transparency, a number of days are selected on which the 
humidity was the same, when it is seen that when the 
wet-bulb was depressed 4°, with 550 particles the air 
was clear, medium clear with 814, but thick with 1900. 
From the table a number of cases are taken illustrating 
the dependence of the transparency of the air on the 
number of particles in it, and on the humidity, both dust 
and humidity tending to decrease the transparency. 
Humidity alone seems to have no influence on the trans- 
parency apart from the dust, but it increases the effect of 
the dust by increasing the size of the particles. 

The modifying effect of the humidity is shown to be 
influenced by the temperature. The same wet-bulb 
depression which will give with a given number of 
particles a thick air at a temperature of will give a 
clearer air if the temperature be lower. This is illustrat^ 
by examples taken from the table.^ The increasea 
thickening effect accompanying the higher temperature 
will be due to the increased vapour-pressure permitting 
the dust particles to attach more moisture to themselves. 
These remarks all refer to what takes place in what is 
called dry air — that is, air which gives a depression of the 
wet-bulb thermometer. • 
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The conclusion come to from the consideration of all 
the observations is that the dust in the atmosphere begins 
to condense vapour long before the air is cooled to the 
dew-point. It seems probable that in all states of 
humidity the dust has some moisture attached to it, and 
that, as the humidity increases, the load of moisture 
increases with it. 

Another method of testing the condensing power of 
dust for water- vapour is then described. In working this 
method the dust is collected on a glass mirror, and its 
condensing power is determined by placing the mirror 
over a cell in which water is circulated, in the manner of 
a Dines hygrometer. The temperature at which con- 
densation takes place on the dust and on a cleaned part 
of the glass is observed. The difference in the two 
readings gives the condensing power of the dust. One 
kind of dust artificially prepared was found to condense 
vapour just at the dew-point, while another condensed it 
at temperature ly** above the saturation-point. The 
atmospheric dust was collected on the mirrors on the 
same principle as that used in the thermic filter described 
by the author in a previous paper, the dust being deposited 
by difference of temperature, the necessary heat being 
obtained by fixing the collecting mirrors on a window- 
pane. Dust was also collected by allowing it to settle on 
the plates. The atmospheric dust was found to condense 
vapour at temperatures varying from i‘'*8 to 4°‘5 above 
the dew-point. This condensing power of dust explains 
why glass such as that in windows, picture frames, &c., 
often looks damp while the air is not saturated ; and in 
part it explains why it is so necessary to keep electrical 
apparatus free from dust, if we wish to have good 
insulation. 

The constitution of haze is then considered. It is 
shown that in many cases it is simply dust, on which there 
seems to be always' more or less moisture. But as what 
is known as h£t2e is generally seen in dry air, the effect is 
principally due to dust. 

Some notes from the Rigi Kulm are given, where 
glories ” and coloured clouds were seen. The condition of 
the transparency of the lower air as seen from the top of 
the mountain is discussed with the aid of the observations 
made by observers at the lower levels. These observa- 
tions were kindly supplied by M. Bil wilier, of the Swiss 
Meteorological Office. The difference observed at the top 
of the mountain in the transparency of the air in different 
directions is shown to have been caused by a difference in 
the humidity of the air in the different directions. The 
variation in the number of particles on the top of the 
mountain is considered, and it is shown that the great in- 
crease in the number which took place on the second day 
was probably due to the valley air being driven up the 
slopes, reasons being given for this supposition. The 
colouring in clouds, and on scenery at sunrise and sunset, 
as seen from the tops of mountains and valleys, is re- 
marked upon, and it is shown that there is reason for 
supposing that when seen from the lower level the colours 
will generally be the more brilliant and varied. 

The relation of the amount of dust to the barometric 
distribution is then investigated — as to whether cyclonic 
or anticyclonic areas have most dust in them. It is 
shown that there is most dust in the anticyclonic areas. 
The interpretation of this, however, is shown to be that 
the amount of dust depends on the amount of wind at the 
time, and as there is generally little wind in anticyclonic 
areas, there is generally much dust. Diagrams are given 
showing by means of curves the amount of dust on each 
tlay, and also^the velocity of the wind. The curves are 
found to bear a close relation to each other — when the one 
rises the other falls. The only exceptions to this are 
when'the stations where the observations were made are 
not equally surrounded in all -directions by sources of pollu- 
tion. In that case, even with little wind, if it blows from 
an unpolluted direction the amount of dust is not great. 


The increase in the dust particles which takes place 
when the wind falls, seems to point to a probable increase 
of the infection germs in the atmosphere when the weather 
is calm. As, liowever, the conditions are not quite the 
same, the organic germs being much larger than most of 
the dust particles, and settling more quickly, it may be 
as well, while accepting the suggestion, to refrain from 
drawing any conclusion. 

In all the fogs tested, the amount of dust has been 
found to be great. This is shown to be what might now 
be expected from a consideration of the conditions under 
which fogs are formed. One condition necessary for the 
formation of a fog is that the air be calm. But when the 
air is calm both dust and moisture tend to accumulate, 
and the dust, by increasing the radiating power of the air, 
soon lowers its temperature and causes it to condense 
vapour on the dust and form a fog. The thickness of a 
fog seems to depend in part on the amount of dust 
present, as town fogs, apart from their greater blackness, 
are also more dense than country ones. The greater 
amount of dust in city air, by increasing its radiating 
power, it is thought, may be the cause of the greater 
frequency of fogs in town than in country air. 

At the end of the paper some relations are pointed out 
between the amount of dust and the temperature at the 
time the observations were made, showing that when 
there was a large amount of dust there was also a high 
temperature ; and some speculations are entered into as 
to the effect of dust on climate. But it is at the same 
time pointed out that the observations are far too few 
and imperfect to form a foundation for any important 
conclusi n on that subject. 

In a short appendix is given the result of some tests made 
between January 23 and 29 of this year at Garelochead. 
During the gale on Saturday, the 25th, the number was 
rather under iocx> per cubic centimetre. On Monday, 
though the wind was still high, the number fell to about 
250 ; and on Tuesday, when the wind had fallen and 
veered to the north, the number fell lower than had been 
previously observed. 'I'he number varied from a little 
over too to about 90 per cubic centimetre. On this day 
the air was remarkable for its clearness, the sun was very 
strong, and the evening set in with a sharp frost. 

John Aitken. 

P.S. — The author of the paper also showed at the same 
meeting of the Society the apparatus which have just been 
constructed from his designs for the Observatory on Ben 
^'evis. The apparatus has been constructed by the aid 
of a Government grant, obtained by the Council of the 
Scottish Meteorological Society, for the purpose of carry- 
ing on the investigation on the dust in the atmosphere at 
the top of Ben Nevis. Two complete sets of apparatus 
were shown. The one is the large laboratory form of the 
dust-counter, and is to be fixed, in the meantime, in the 
tower of the Observatory ; the air being taken in to it by 
means of a pipe. The other is the small portable form of 
instrument, to be used when the direction of the wind is 
such as to bring the smoke of the Observatory towards the 
tower. This latter instrument has for a short time been 
in the hands of Mr. Rankin, one of the Ben Nevis 
observers, who has been practising with it near Edin- 
burgh before beginning regular work at the Observatory. 


UNIFORM SYSTEM OF RUSSIAN 
TRANS LITER A TION. 

U P to the present time no one system of transliterating 
Russian names and titles into English has been 
generally adopted. Some of those most interested in the 
cataloging and recording of Russian scientific literature 
have therefore arranged the following scheme in order to 
secure the general use of a system which will enable 
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those unacquainted with Russian, not only to transliterate 
from that language into English, but also to recover the 
original Russian spelling, and so to trace the words in a 
dictionary. 


RUSSIAN-ENGLISH. 


Roman. 

i 1 

Written. 

‘is 3 

S 1 

s 

11 

(S 3 

a* 

Roman. 

i 1 

<3 

Written. 

1 1 

5 “ 

II 

z 

A a 

6 

ay 

■Wd- 

a 

h 

<i> <i. 

X X 

SC 

f 

kh 

B It 

r I 

iTe, 

r 

(fh 

H 11 
•1 •! 

0 ^ 

tz 

ch 

4 4 


d 

Ill III 

'Mae. 

s/i 

E u 

(D rty 

e 

m III 


s/tr/f 

;K h; 


zh 



(S. 

a :i 

3 3 ^ 

r* 

f. I, 

^ % 

\ Not tnr 

< dicaied 

J at enS 

II II 

1 i 

< 

i 

bl i>l 

■ 

60 

V word. 

ui 

K K 


/• 


6 & 

( * . 

\ Not 

.1 J 


/ 

l> I. 

< dioated 

J at end 

M M 


1 

7U 


S 3 

7C -ID 

uss.\ 

V. of word. 

II 11 

\ X'fi' 

)l 

T> n 

ye 

0 0 

11 II 

P ,) 

C c 

0 CE 

^n/ 

W O' 

0 

r 

r 

R 

i) D 

!0 10 

H H 

0 e 

e 

ya 

ill 

T T 

SKmy 

t 

V V 

a: 

y V 
• 


n 

fi ii 

i 


ENGIilSH-RUSSI AN. 


a A 

i 11 

1 P 11 

?/i W 

b i> 

X if 


« B 

oh *I 

k H 

« c 

ya )1 

d A 

kh X 

sh 111 

yc 1» 

e K 

1 J 

s/ic/l 11 ( 

yu 10 

e 3 


t T 

* 3 

f a> 

n 11 

tU 0 

zh tli 

yh r 

0 0 

te n 

< Ti 

» 1 

V 

u y 

1 ' b 


With reference to some of the letters a few words of 
explanation are necessary. 

gh is adopted in preference to g for r, since this letter 
is also the equivalent of h in such words as rH 4 pa, which, 
if transliterated gidra, would lose its resemblance to the 
word hydray with which it is identical. • 

Although I and h have the same sound, and with a few 
rare exceptions the letter used in the original may be 
recognized by a simple rule, it is recommended that 
the latter should be distin^ished by the sign — , since 
the use of the same English symbol for two Russian 
characters is objectionable. 

The semi-vowels, i and b, must be indicated when 
present, except at the end of a word, by the sign * placed 
above the line ; otherwise, the transliteration of two 
Russian characters might give the same sequence as one 
of the compound ec^uivalents, and it would become difficult 
to trace the words in a dictionary. 

As regards the compound equivalents, nine out^f-fhe 
twelve may be at once recognized, since h must always 
be coupled with the preceding, and^ with the succeeding, 
letter. 

Where proper names have been Russianized, it is 
better whenever possible to use them in the original 
form rather than to re-transliterate them ; there is no 
reason why Wales should be rendered UeVsy or Wight 
written as Ualt. When a Russian name has a more 
familiar transliterated form, it is advisable to quote this 
as well as an exact transliteration with a cross reference. 

The system will be adopted without delay in the follow- 
ing publications : the Catalogue of the Natural History 
Museum Library; the Zoological and Geological Records; 
the publications of the Royal Society, the Linnean, Zoo- 
logical, and Agricultural Societies, and the Institution of 
Civil Engineers ; the Mineralogical Magazine, and the 
Annals of Botany ; and it is hoped that the system will be 
generally used. • 

An expression of grateful thanks is due to those who 
have assisted in the arrangement of this system by 
criticisms and suggestions ; more especially to Madame 
de Novikoff and N. W. Tchakowsky. 

The undersigned either accept the proposed system in 
the publications with which they are severally connected, 
or express their approval of the same : — 


W. H. Flower, C.B. 
W. R. Morfill 
F. Lowinson-Lessing 
S. H. Scudder 
W. H. Dall 

B. Daydon Jackson 

P. L. Sclater 

F. E. Beitdard 

W. Topley 

C. Davies Sherborn 

I. Bayley Balfour ... 

S. H. Vines 

H. A. Miers 

J. T. Naake 

B. B. Woodward ... 
J. W. Grqjory 


... Director, Natural History Museum. 
... Header in Jiussian, So^c., Oxford. 

University, St. Petersburg, 

... U.S. Geological Survey. 

... Smithsonian Institution, 

... Bo', Sec., Linnean Society. 

... Zoological Society. 

... Zoological Record. 

■ Geological Record. 

■ Annals of Botany, 

... Index to Mineralogical Papers . 

... British Museum. 

... Natural History Museum Library. 
... Natural History Museum. 


THE BOTANICAL INSTITUTE AND MARINE 
STA TION A T KIEL. 

P ROF. J. REINKE contributes to the Botamsches 
Centralblatt a very interesting account of the Bota- 
nical Institute at Kiel, and of the Marine Station attached 
to it, as far as they are employed for botanidnl re 5 earches^ 
The harbour of Kiel is remarkably favourable for the 
observation of marine Algae and the investigation of their 
life-history. In brown seaweeds the immediate neigh- 
bourhood is exceedingly rich, being scarcely inferior in 
the number of species to any other spot on the coasts 
of Europe. One important order, i^e Dictyotaceae, is 
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altogether wanting ; but another very interesting order, 
the Tilopterideae, is well represented. In green Algae, 
the large Siphoneae of the Mediterranean and other 
warmer seas are represented only by Bryopsis. Of red 
Algw, the number of species and genera is inferior to 
that fbund in the Mediterranean or on the coasts of Eng- 
land and France ; but almost all the different types of 
growth are well represented. Although the Baltic has, 
like the Mediterranean, no tides, the sea- level of Kiel 
harbour falls so considerably with a south wind, that 
many littoral Algae are then completely exposed. 

The growing-houses consist of a horse-shoe-shaped 
block of buildings, on one side of which is a long low 
house, and of a detached underground house. In design- 
ing the plan, the object specially kept in view was to 
furnish favourable conditions for the cultivation of 
all the important types of warmer climates ; and the 
hpuses were therefore not built higher than seemed abso- 
lutely necessary. The chief part of the block consists 
of a higher and a lower cool-house, a higher and a 
lower hot-house, and a propagating-house. The higher 
houses are eight, the lower four metres in height, 
and the propagating-house still lower. Each of the lower 
houses is again divided into two, for different tempera- 
tures. The warmer division of the low'er hot-house 
contains three basins for the culture of tropical fresh- 
water plants. The propagating-house is, in the same 
way, divided into two. The underground house is a long 
building entirely buried, the glass roof alone projecting 
above the surface of the ground. The heating is effected 
by hot-water pipes. 

The various study-rooms are devoted partly to morpho- 
logical and systematic, partly to physiological work. The 
former comprise a large herbarium in the top story, and 
four roomy work-rooms on the ground floor, in which 
are also kept^those portions of the herbarium which are 
required for reference for the work in hand, and the whole 
of the dried Algae. The first story is devoted to the 
residence of the Director. One of the work rooms is 
devoted entirely to marine Alga: ; each is fitted up with 
microscopical apparatus, and they arc furnished with a 
very extensive reference-library. The second portion 
comprises a room with a small chamber opening out of it 
for chemi CO- physiological work ; a room with stone floor, 
facing the north, for physico-physitdogical work ; and a 
dark chamber with a balcony in the top story. Before 
the balcony a large sandstone slab is let into the wall of 
the building for the erection of a heliostat. In the base- 
ment story is a dynamo-machine. 

For the collection of the seaweeds both row-boats and 
steamers are employed. For scraping the larger species 
off the rocks. Dr, Reinke has contrived a special drag- 
net, of which a drawing is appended, furnished with a row 
of sharp teeth at the mouth. 

The culture of seaweeds presents greater difficulties 
in summer than in winter. They continue to grow in the 
Baltic at any temperature above zero C. ; and, in cultiva- 
tion, a low temperature is much more favourable to their 
growth than a high one. In the Institute they continue 
to fructify through the winter in the cool houses if pro- 
tected from actual frost, the smaller species going through 
their complete cycle of development from the germinat- 
ing spore ; but a frequent change of the sea-water, or 
the addition of nutrient substances, is desirable. In 
summer the incidence of direct sunlight must be carefully 
avoided, and the temperature of the air must be kept as 
Jow as possible. For this purpose ice-cupboards have 
been built. *Frof. Reinke has contrived a special arrange- 
ment for the cultivation of seaweeds in their native 
habitat. In the harbour near to the Botanic Garden, a 
wooden buoy is anchored, from which is suspended a 
wire basket by chains from 3 to 4 metres in length. In 
this floating aquarium the seaweeds grow exposed to 
thei^ most favourable natural conditions of currents and 


variations of temperature in the water during the summer 
months. Next spring it is proposed to build an aquarium 
for seaweeds for public exhibition in connection with|i[the 
Institute. ........ i 

The Government of Prussia has rendered great assist- 
ance in the establishment of the Botanical Institute and 



Marine .Station at Kiel through its Minister for Educa- 
tion. The Director is very anxious that, especially in 
the department of marine Algae, the herbarium and 
library, already so rich, 'Should be rendered still more 
complete, by the addition of specimens or of treatises 
published in journals in which it may still be deficient. 


.S-/A’ ROBERT KANE, LED., F.R.S. 

CIR ROBERT KANE was born on September 24, 
1810, in Dublin. This was the fiftieth year of King 
George III. and the tenth of the Union. Shortly after- 
wards his father established chemical works on the North 
Wall, by the side of the River Liffey, which in time 
developed into important and well-known sulphuric acid 
and alkali works. His mother was Ellen Troy, of whose 
family Dr. Troy, Roman Catholic Archbishop of Dublin, 
was a member. Sir Robert Kane very early in his life 
developed a taste for chemical knowledge, and in 1828 
his first paper, “On the Existence of Chlorine in the 
Native Peroxide of Manganese,* was published, and fol- 
lowed by a series of contributions on kindred themes. 
He entered Trinity College, Dublin, in 1829, and pro- 
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ceeded to his B.A. degree in the spring commencements 
of 1835, taking the LL.D. in the summer of 1868. In 
• 1 834 he was appointed Professor of Natural Philosophy 
to the Dublin (now the Royal Dublin) Society, and he at 
this period devoted himself with great ardour to original 
research in the field of chemistry, as the long list of his 
papers in the Royal Society’s list will testify. He studied 
in Germany during his summer vacations under both 
Liebig and Mitscherlich, and passed some time under 
, Dumas at Paris. In 1831 he was elected a member of 
the Royal Irish Academy ; he was Secretary of its 
Council from 1842 to 1846, and was elected President in 
1877. In 1849 he was made a Fellow of the Royal 
Society ; shortly afterwards he was selected by the 
Government as bead of the Museum of Irish Industry, 
which post he held until appointed the first President of 
the Queen’s College, Cork. He was a Fellow of the King 
and Queen’s College of Physicians, Ireland, a Com- 
missioner of National Education, and a Justice of the 
Peace, Ireland. 

After over twenty-two years of hard and earnest work 
in the development of the Cork College, he resigned the 
presidency in 1873, took up his residence in Dublin, 
where he died on Sunday, the i6th instant. 

.Sir Robert Kane, in addition to the very numerous 
papers above referred to, was the author of a large and 
most important work on the industrial resources of^l re- 
land, a theme which he handled in a painstaking and 
judicious manner. In his very early days he had acquired 
a practical knowledge of the value and importance of 
many of the neglected industries of Ireland, and from his 
chair in the lecture theatre of the Dublin Society, he 
often called attention to this subject, one which through- 
out his long life he never lost sight of. It is not without 
interest to note the fact that much is owing to the Royal 
Dublin Society for the ready help afforded to their two 
Professors, now both deceased. Sir Richard Griffith and 
Sir Robert Kane, in their efforts to advance the industries 
of Ireland. 

In 1841, Sir R. Kane was awarded by the Royal 
Society a Royal Medal for his researches into the chemical 
history of archil and litmus ; and in 1843, the Cunningham 
Gold Medal of the Royal Irish Academy, for his researches 
on the nature and constitution of the compounds of am- 
monia. These memoirs will be found published in the 
Transactions of the respective institutions. 

In recognition of his scientific labours, and on his 
appointment to the presidency of Queen’s College, Cork, 
he received knighthood in 1846 from Lord Heytesbury, 
the then Irish Viceroy. On the passing of Mr. Fawcett’s 
Act in 1875, which altered the constitution of the Uni- 
versity of Dublin, and appointed a Council, Sir Robert 
Kane was elected one of the first Roman Catholic 
members of that body, a post which he held until 1885, 
when the late Dr. Maguire was elected. 

In this brief obituary notice, it is not necessary to 
attempt any analysis of the scientific work accomplished 
by Sir Robert Kane, but it is impossible to conclude it 
without a tribute of respect and affection to the many 
high and excellent qualities of the man, who in the 
various positions of Professor, head of a young educa- 
tional establishment, or President of an Academy, won 
equally, from all with whom he came in contact, regard 
and esteem. 


NOTES. 

Prof. Schuster has been elected Bakerian Lecturer for the 
present year. The lecture is to be delivered in the apartments 
of the Royal Society on March 20, 

Last week Mr. Justice Kay complained that judicial time is 
sadly wasted over patent cases, and ho declared that the smaller 


and more petty the dispute the more time seemed to be 
expended. Now, as we have pointed out more than once, 
enormous waste of time is inevitable where the suitors in patent 
cases, especially in cases which involve scientific details, as most 
of them do at the present day, have to appear before a judge who 
is not himself a man of science. They have to begin by teach- 
ing his lordship the rudiments of that branch of science of which 
the disputed patent is a practical application. That our judges 
are painstaking, rapid, and acute pupils may readily be granted, 
but still time has to be consumed in the task, and there is some- 
thing pathetic in the spectacle of an able and conscientioiis 
lawyer wrestling with the problems presented by the highest 
applications of, say, electricity or chemistry to industry, while 
scientific witnesses are contradicting each other all round him. 
We fear that judicial time will continue to be wasted so long as 
judges without a knowledge of science are left unaided to decide 
questions which demand long scientific training. There can l),e 
no change for the better until judges have sitting on fhe 
bench with them scientific assessors as they have now nava 
assessors, or until scientific cases are passed on as a matter of 
course to qualified referees as cases involving accounts are. It 
requires at least as much special training, and is as far outside 
the experience of ordinary lawyers, to settle a scientific case, as 
to decide whether a ship has been properly navigated, or whether 
a set of accounts tell in favour of a plaintiff or a defendant. 

On Tuesday evening there was some discussion in the House 
of Commons as to the supplemental vote of ;^ioo,ooo for the 
purchase of a site at South Kensington for a suitable building 
for the housing of the science collections. Mr. Jackson ex- 
plained that the extent of the land was four and a half acres, 
and the sum at which it was valued included a building for 
which the Government now paid a rent of ;^l5oo a year, which 
would, of course, fall out of the Estimates when the ^vernment 
became the proprietors of the land in question, flo commission 
was to be paid to any person on either side in respect of this 
transaction, which was a direct one between the Commissioners 
of the 1851 Exhibition and the Government. Sir H. Roscoe 
thought it desirable that the money should be voted at once. 
The plot of land was the only one ever likely to be available for 
the purpose. Mr. Mundella said that as he had been pressing 
upon Governments for the last ten years the necessity for them 
to acquire this laud, he thought that he ought to say something 
in defence of what the Government had done in asking for 
the sum on the present occasion. He did not approve 
of supplementary estimates, and he thought that no one 
would be more glad to get rid of them than the 

Government themselves. This question, however, had been 
pressing for the last ten years, because for the whole of that • 
period the most valuable national science collections, such as no 
other country in the world possessed, had been housed in the 
most disgraceful manner. The Treasury had all along resisted 
the demands made upon them to sanction the expenditure neces- 
sary for the erection of a Museum to hold these collections, not- 
withstanding that three departmental committees had reported 
in favour of that expenditure. The only question, therefore, 
was whether the Government were getting good value for their 
money in making this purchase. He knew something of the 
value of the land, which had been fixed by eminent surveyors at 
£voo,<xo, while the Government were going to get it for 
;^7o,0oa The money which the Commissioners would receive 
in respect of the sale would be appropriate to providing 
scholarships for the promotion of technical edfication to the^ 
amount of P**' annum, which were to be open to all 

schools of every denomination in the United Kingdom. He 
therefore urged the Committee to agree to this proposal at 
once. Sit L. Playfair explaine that the Commissioners 
of the ' Exhibition of 1851 had formed their estimate of 
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the value of the land upon the value of the surirounding 
property. The Commissioners had been pressed year after year 
to apply their surplus revenues to educational purposes. They had 
pressed the Government to come to some conclusion on the sub* 
ject, as it had been going on for from three to ten years. They 
could ifot go on waiting continually, and the Government at last 
came to the conclusion — and, he thought, came to a wise con- 
clusion — to accept the offer. He thought the Committee would 
see that they had been very patient. Mr. W. H. Smith, reply- 
ing to the objection that the vole ought to have been included 
in the ordinary estimates, pointed out that if the vote were not 
taken at once, probably it could not be reached before June or 
July, or even August. It was unreasonable to ask the Commis- 
sioners to wait until that time. He had resisted the expenditure 
at South Kensington as long as he could, and until he was satis- 
fied that in the interests of the country it was necessary. He 
stiqng^y resisted the expenditure before, but when the Commit- 
tee they had appointed reported that further accommodation was 
required, they had no alternative but to carry out their recom- 
mendations. The proposal of the Government was accepted 
by a majority of 77 — the number of those in favour of the re- 
duction of the vote being 67, while 144 voted on the other side. 

We regret to notice the death, on February 2, of M. Ch. 
Fievez, the assistant in charge of the spectroscopic department 
of the Royal Observatory of Brussels, at the comparatively early 
age of 45. M. Fievez did not enter the Observatory until 1877, 
having been originally intended for the military profession. M. 
Houzeau, then the Director of the Observatory, being desirous 
of creating a spectroscopic department, sent Fievez, to whom 
he proposed to commit its management, to study under Janssen 
at Meudon, with whom he remained six months. Fievez’s most 
important work was the construction of a chart of the solar 
spectrum on a ^cale considerably greater than that of Angstrom ; 
but besides this he was not able to effect much in astronomical 
spectroscopy, owing to the unfavourable position of the Obser- 
vatory for such observations. He therefore turned his attention 
principally to laboratory work, and in this department made a 
detailed study of the spectrum ^ carbon, besides numerous ex- 
periments on the behaviour of spectral lines under the influences 
of magnetism and of changes of temperature. M. Fievez was 
Correspondant of the Royal Academy of Belgium, and Foreign 
Member of the Society of Italian Spectroscopis ts. 

Students of palaeontology heard with much regret of the 
recent death of Prof, von Quenstedt, of Tubingen. He was the 
most famous of German palaeontologists, and did much im- 
portant work in mineralogy also. He had an especially profound 
knowledge of the Lias of Wiirtemberg and its fossils. His work 
on ** Der Jura is well known, and so recently as 1885 a new 
edition, greatly modified, of his ** Handbuch der Petrefacten- 
kunde ” was issued. Dr. von Quenstedt died at an advanced 
age on December 21, 1889. 

A WRITER who is contributing to Industries a series of 
articles on the Recent Growth of Technical Societies,” infers, 
from a comparison of the balance-sheet for 1878 with that for 
1888, that the Proceedings of the Royal Society are ** evidently 
less sought after than they were.” An average of four years 
would have pointed to an opposite conclusion. For the years 
1876-79 the average sale was ;^743 is. 7^., while that of 1886-89 
was 3x. yi. The writer leaves out of account, moreover, 
that in 1878 the Royal Society, according to their published list, 
^presented theii^ransactions and Proceedings to 276 institutions, 
while at present they give them to no fewer than 363 insti- 
tutions. 

Much interest has been excited by the announcement of the 
discovery of coal in Kent. The search for coal at a point near the 
South- Extern Railway, adjoining the experimental heading for 


the Channel Tunnel, has been carried on for several years. The 
following report, by Mr. Francis Brady, C.E., the engineer-in- 
chief of the South-Eastern and Channel Tunnel Companies, was 
published in the daily papers on February 20: — ^^Coal was 
reached on Saturday last, the 15th inst., at 1180 feet below the 
surface. It came up mixed with clay, and reduced almost to 
powder by the boring tools. A small quantity of clean bright 
coal found in the clay was tested by burning, and proved to be 
of good bituminous character. The seam was struck after pass- 
ing through 20 feet of clays, grits, and blackish shales belonging 
to the coal-measures, which at this point lie close under the 
Lias, there being only a few intervening beds of sand, limestone, 
and black clay separating them. The correspondence of the 
deposits with those found in the Somersetshire coal-field is thus 
pretty close, the difference consisting in the absence of the red 
marl at the Shakespeare boring. The lines of bedding in the 
shale are distinctly horizontal. This is an indication that the 
coal-measures will probably be found at a reasonable depth 
along the South-Eastern Railway to the westward. I beg to 
hand you herewith two specimens of the clay containing coal, 
one taken at 1180 feet, and the other at 1182 feet. I also in- 
close a specimen of clean coal taken to-day at 1183 feet 6 inches 
from the surface.” With regard to this report. Prof. Boyd 
Dawkins writes to us : — •• As the enterprise resulting in the 
discovery of coal near Dover was begun in 1886, and is now 
being carried on under my advice, I write, after an examination 
of the specimens from the boring, to confirm the published 
report of Mr. Brady, so far as relates to the coal. The coal- 
measures with good blazing coal have been struck at a depth of 
1160 feet, well within the practical mining limit, and the ques- 
tion is definitely answered which has vexed geologists for more 
than thirty years. Further explorations, however, now under 
consideration, will be necessary before the thickness of the 
coal and the number of the seams can be ascertained. This 
discovery, I may add, with all the important consequences 
which it may involve, is mainly due to the indomitable energy 
of Sir Edward W. Watkin.” 

The second meeting of the Australasian Association for the 
Advancement of Science seems to have been in every way most 
successful. It was held at Melbourne, and began on January 7. 
At the Sydney meeting last year there were 850 members. This 
year the number rose to 1060. Baron von Muller, F.R.S., was 
the President. Great efforts were made to secure that members 
from a distance should enjoy their visit to Melbourne, and the 
serious work of the various Sections was varied by pleasant ex- 
cursions. An excellent Hand-book of Melbourne,” edited by 
Prof. Baldwin Spencer, was issued. 

This year the University of Helsingfors will celebrate its 
two hundred and fiftieth anniversary. It was founded at Abo, 
but transferred to Helsingfors in 1820. 

‘ At a recent meeting of the French Meteorological Society, M. 
Wada, of the Tokio Observatory, gave a risumioi the seismo- 
logical observations made in Japan during 1887. The number 
of earthquake shocks amounted during the year to 483. The 
hourly and monthly distribution of the shocks at Tokio during 
the last 12 years shows a slight excess in favour of the night- 
time, above the day ; and also an excess in winter and spring, 
over the other seasons. The area affected during the year 1887 
represented five times the superficies of the empire. M. Wada 
gave details of the shocks, their direction, intensity, and 
distribution. 

, Tidings of another great volcanic eruption have come from 
Japan. Mount Zoo, near the town of Fukuvama, in the Bingo 
district, began to rumble at 8 o’clock on the evening of January 
16, and the top of the mountain is said to have been soon 
*Mifted off.” There was a din like a dynamite explosion, and 
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sand and stones were belched forth. Stones and earth also fell 
at Midsunoinimura, a village six miles away. No previous 
eruption of Mount Zoo is recorded. Only one man lost his 
life, but some cattle were killed, and 55 houses were destroyed. 
The total loss entailed by the eruption is estimated at nearly 
l3.5oo»ooo. 

Two rather strong shocks of earthquake were felt at Rome on 
Sunday last, February 23, shortly after 11 p.m. They were 
more distinct in the environs than in the city itself, and especially 
at the Rocca di Papa in the Campagna. The Rome corre- 
spondent of the Daily Niews says it was remarked that flocks 
of sheep showed great signs of fear some time before the shocks 
were felt.^' The correspondent of the Standard notes that in 
several public buildings the gas was almost extinguished, that 
electrical apparatus was disturbed, and that electric bells were 
set ringing. My own experience," he adds, ‘‘was that of 
feeling lifted up from my seat, and then set down again with a 
slight, but sickening, jar, while doors rattled, and furniture was 
moved so as to produce noise in knocking against walls." 

Accordi ng to a telegram sent through Reuter’s agency from 
Lisbon, a slight shock of earthquake was felt on February 24 
at Leiria and places between it and the sea coast. 

The Pilot Chart of the North Atlantic Ocean for February 
states that the month of January was remarkable for the 
tempestuous weather that prevailed almost uninterruptedly over 
the steamship routes. Storms succeeded each other in rapid 
succession, the majority of them having developed inland and 
moved east-north-east on very similar paths from Nova Scotia 
and across southern Newfoundland. The most notable storm of 
the nonth was probably one that developed in the St. Lawrence 
valley, and crossed the Straits of Belle Isle early on the 3rd. It 
then moved nearly due east, rapidly increasing in intensity until | 
reaching the 20th meridian, when it curved to the north-eastward, 
and was central on the Slh about lat. 55® N., long. 17® W., and 
disappeared north of Scotland. The barometric pressure in 
this storm was remarkably low, 27*93 inches having been re- 
corded at 4 p.m. on January 4, about lat. 53® N., long. 23® W. 
There was a slight increase in the amount of fog experienced ; 
it was confined for the most part to the regions west of the 
Grand Banks. Much ice has been reported since the 5th ; the 
positions and dates plotted on the chart indicate that the ice 
season is one of the earliest on record — nearly a month earlier 
than usual. This is due in a great measure to the prevalence c/T 
severe northerly gales east of Labrador, coincident with the 
heavy westerly gales of December and January along the 
Transatlantic route. 

The Japanese Government, we observe, is about to establish 
a meteorological observatory in the Loochoo Islands. This is 
one of the most important positions in the East for meteoro- 
logical purposes, for it fills up the very large gap at present 
existing between Shanghai and Manilla in one direction, and 
Hong Kong and Tokio in the other. Besides, the Loochoo 
Archipelago is a specially valuable position for observing the 
phenomena connected with the coarse of the typhoons of the 
China seas. 

The meeting of the International Congress of Hygiene 
and Demography, which is to be held in London in 1891, 
will probably be thoroughly successful. An organizing com- 
mittee, with Sir Douglas Galton as President, has been 
formed, and already delegates have been appointed by the 
leading scientific societies. On Tuesday, February 18, a depu- 
tation waited upon the Lord Mayor to discuss the arrangements 
t^ ought to be made for the meeting. The Lord Mayor, 
H^ng heard what Sir Douglas Galton, Prof. Corfield, and other 
members of the deputation had to say as to the importance of 
the Congress, undertook that the matter should be brought for- 


ward at a public meeting in the Mansion House. This meeting 
will take place on Thursday, April 24, and the Lord Mayor will 
preside. 

The ninth annual meeting of the members of the Sanitaiy 
Assurance Association was held on Monday, February 17, Sir 
Joseph Fayrer, F.R.S., in the chair. Mr. Joseph Hadley,. 
Secretary, read the annual report, which concluded as follows : — 
“ Though the important bearing of the work of the Association 
on the public health is not yet fully appreciated by the general 
public, the financial statement for the past year proves that the 
Association is making progress, and that after nine years* ex- 
perience its work continues to be appreciated. The income for 
the year was ;^398 8r. ick/., and after meeting all liabilities a 
balance is carried forward." The Chairman, in proposing the 
adoption of the report, said that the more he saw of the work 
of the Association, and the need for sanitary improvement^ the 
more was he interested in its progress, and he expresseef a "hope 
that not only might this Association prosper, but that others 
might be formed, so great was the work to be done. General 
I Burne and Dr. Danford Thomas were re-elected members of the 
executive council, and Sir Joseph P'ayrer and Prof. T. Roger 
Smith were re-elected President and Vice-President respectively. 

Some time ago we referred to the fact that the Manchester 
Field Naturalists’ and Archaeologists’ Society had appointed a 
committee for the purpose of promoting the planting of trees 
and shrubs in Manchester and its immediate suburbs. The idea 
has commended itself to the Corporation, and it is expected that 
evergreen shrubs, planted in boxes or tubs, will soon be placed 
in some of the principal squares. Meanwhile, the committee 
are trying to obtain the aid of experienced practical men. They 
have issued a circular with the following list of questions ; — 
“ What description of trees would y6u especially recommend for 
open spaces?" “What kind of shrubs, especially such as 
would succeed in tubs or boxes ?’’ “ What suggestions can you 

offer as to soil, treatment, and upon any important point relating 
to tree culture in towns?" When the best information that 
can be obtained has been brought together, it will be embodied 
in a pamphlet, which may, it is hoped, serve as a general guide 
for tree planting and culture. 

At the meeting of the Royal Botanic Society on Saturday,, 
the Secretary called attention to several plants of hygrometric 
club moss from Mexico, which had been presented, with other 
specimens, by Mr. A. Gudgeon. The Secretary stated that 
these plants had the power, ascribed to the well-known rose of 
Jericho, of rolling themselves up like a ball when dry, and 
becoming apparently dead ; but that they were able to unfold and 
grow again when exposed to moisture. The specimens shown* 
had been kept for three months in a dry place, but now were 
green, and to all appearance flourishing. 

The following lectures will be given at the Royal Victoria 
Hall during March : — March 4, Mr. F. W. Rudler, on “Geology 
in the Streets of London"; iith, Dr. Dallinger, on “The 
Infinitely Great and the Infinitely Small"; i8ih. Prof. 
Beare, on “Australia" ; 25th, Mr. W. North, on “Rome.** 

“Our Earth and its Story** (Cassell and Co.) consists of 
three volume.<5, not two, as inadvertently stated in our notice of 
the work on February 13 (p. 341). 

A SERIES of new compounds of hydroxy lamtne, NHjOH, with 
several metallic chloridesi are described by M. Crismer in the 
current number of the Bulletin de la SociiU Chimique, Th^ 
first member of the series obtained was the zinc compound 
ZnCl9.2NH20H, whose existence was unexpectedly discovered 
during the course of experiments upon the action of metallic zinc 
on aqueous hydroxylamine hydrochloride. A ten per cent, 
solution of this latter salt was treated with an excess of pure 
zinc ; no evolution of gas ^as noticed in the cold, but on warming 
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over a w ater-balh a slow disengagement of bubbles was found to 
occur. After allowing the reaction to complete itself during the 
course of a few days, the liquid, which had become turbid, was 
filtered, allowed to cool, and again filtered from a little more 
flocculent^material which separated out, and finally concentrated 
and allowed to crystallize. A large quantity of hemispherical 
crystal aggregates then separated, which were found on analysis to 
consist of the new salt, ZnCla.aNHgOII. Several other methods 
of obtaining it were investigated ; it may be obtained by 
treating an aqueous solution of hydroxylamine hydrochloride, 
NHgOILHCl, with zinc oxide or carbonate, or with a mixture 
of zinc sulphate and barium carbonate, or by treating an alcoholic 
solution of hydroxylamine with zinc chloride. But the best 
method, and one which gives 97 per cent, yield, consists in dis- 
solving ten parts of hydroxylamine hydrochloride in 300 c.c. 
of alcohol in a flask provided with an inverted condenser ; the 
liquid 4s then heated to the boiling-point and five parts of zinc 
oxide added, the boiling being continued for several minutes 
afterwards. The clear liquid is then decanted and allowed to 
cool. After the deposition of the 6rst crop of crystals, the 
mother liquor may be returned to the flask and treated with a 
further quantity of zinc oxide, four repetitions of this treatment 
being suflicient to obtain an almost theoretical yield of the salt. 
The white crystals are then washed with alcohol and dried in the 
air. They resist the action of most solvents, water only slightly 
dissolving them, and that with decomposition. Organic solvents 
are practically without action upon them. When heated in a 
narrow tube, as in attempting to determine the melting-point, 
the salt violently explodes. If a quantity is heated to about 
120“ C., in a flask connected with a couple of U-tubes, the second 
containing a little water, gas is abundantly liberated, and drops 
of hydroxylamine condense in the first U-tube together with a 
little nitrous acid.. The water in the second tube is found to 
contain hydroxylamine, ammonia, and nitrous acid, while fused 
zinc chloride remains behind in the flask. A similar cadmium 
salt was also obtained, CdCl2.2NH20H[, in brilliant crystals 
which separated much more quickly than those of the zinc salt. 
This cadmium compound is much more stable under the action 
of heat, gas being only liberated in the neighbourhood of 
i9o'*-200% and only a little hydroxylamine distils over. The 
barium salt, BaCl2«2NH20H, is a specially beautiful substance, 
crystallizing from water in large tabular prisms, which are very 
much more soluble in water than either of the salts above 
described. 

The additions to the Zoological Society’s Gardens during the 
past week include an Esquimaux Dog {Cams familiaris 9 ), 
bred in England, presented by Mr. W. Tournay ; two Barbary 
Turtle-Doves {Turtur risorius) from North Africa, presented 
by Miss Teil ; a Bonnet Monkey {Maccuus sinicus 9 )> a 
Macaque Monkey (Mafacus cynoniolgus <J ) from India, a 
Common Raccoon {Procyon lot or) from North America, de- 
posited ; a Green Monkey {Cercopithecus callitrichus) bom in 
the Gardens. 
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Remarks. 

(1) ‘‘Very bright; very large; at first very gradually, then 
very suddenly much brighter in the middle.’’ The spectrum of 
this nebula has not yet, so far as I know, been recorded. 

(2) Duner classes this with stars of Group II., but stotes that 
the spectrum is very feebly developed, and expresses a doubt as 
to the type. As I have before remarked, Mr. Lockyer’s dis- 
cussion of the stars of this group seems to indicate that the 
spectra which are described as “ feebly developed ” really repre- 
sent stages in the passage from one group to another. If, for 
example, we consider a rather faint star with the banded spec- 
trum a little more developed than in the case of Aldebaran, its 
spectrum would no doubt be described as “feebly developed,” 
if classed with Group II. In such a case the star would be 
more condensed than those in which the spectrum is said to be 
well developed, and the flutings would have almost entirely 
given way to lines. Line absorptions would therefore indicate 
that the star belonged to a late stage of the group. On the 
other hand, if the star be at a very early stage of condensation, 
the flutings would still only be feebly developed, and might be 
accompanied by bright lines. In any case, further examination 
is necessary, as the star may belong to an early stage of Group 
VI,, and not to Group II. at all. 

(3) A star classed by Vogel with stars of the solar type. The 
usual differential observations are required. 

{4) A star of Group IV. (Vogel). The usual observations 
are required. 

(5) A “superb” example of stars of Group VI. (Duner). 
The prkicipal bands are very wide and dark, and the secondary 
bands 4 and 5 arc also well seen. Bands 7 and 8 are doubtful. 

(6) This variable will reach a maximum about March 7. The 
period is about 360 days, and the magnitudes at maximum and 
minimum arc 8*2 dz and <13 respectively. The star is not 
included in Duner’s catalogue, but Vogel states that the spec- 
trum is of the Group II. type. Observations before and after 
maximum, with special references to changes of spectrum, 

I should be made. 

Note on the Zodiacal Light. — In favourable localities the 
zodiac<al light should now be visible in the evening, and as further 
spectroscopic observations are desirable, it may be convenient to 
briefly summarize here the results already «»btained. Angstrom 
first observed the spectrum at Upsala, in March 1887, and noted 
the presence of the chief line of the aurora spectrum, at a wave- 
length stated as 5567. Respighi, in 1872, also observed this 
line, in addition to a faint continuous spectrum, and believed 
this to demonstrate the identity of the aurora and zodiacal light. 
He found, however, that at the same time the bright line was 
visible in almost every part of the sky, and this led to the sug- 
gestion that it originated from a concealed aurora. Prof. Piazzi 
Smyth, in Italy, observed nothing but a faint continuous spec- 
trum, extending from about midway between D and £ to F. 
A. W. Wright’s observations led him to the following con- 
clusions : — “ (i) The spectrum of the zodiacal light is continuous, 
and is sensibly the same as that of faint sunlight or twilight. 
(2) No bright line or band can be recognized a.s belonging to 
this spectrum. (3) There is no evidence of any connection be- 
between the zodiacal light and the Polar aurora” (Capron’s 
“ Aurorae,” p. 69). Mr. Ix)ckyer believes the zodiacal light to 
be due to meteoritic dust, which is to a certain extent self- 
]uminou.s, as indicated by the bright line in the spectrum, and 
I argues in favour of a connection between aurorae and the zodiacal 
light (Proc. Roy. Soc., vol. 45, p. 247). He says: — “The 
observations of Wright and others, showing that the spectrum 
is continuous, are not at variance with Angstrom’s observation, 
for we should expect the spectrum to be somewhat variable. It 
is probable that the observations showing nothing but continuous 
spectrum were made when the temperature was only sufficient 
to render the meteoritic particles red hot. That the zodiacal 
light does consist of solia particles, or, at all events, of particle.s 
capable of reflecting light, is shown by the polariscope.” He 
also quotes from a letter in which Mr, Sherman, of Yale Col- 
legr, states that he has reason to believe that the appearance of 
the bright line in the zodiacal light has a regular period. 

On January 20 I saw the zodiacal light very well at Westgate- 
OD-Sea, but was unable to detect anything beyond a faint 
continuous spectrum. 

Mr. Maxwell Hall’s observations at Jamaica (see Nature, 
February 13, p. 351) also record continuous spectra, but with 
remarkable changes in the region of maximum intensity. He 
suggests comparative observations with the spectrum of twilight. 
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In connection with the suggestion of the variability of the 
spectrum, it is important to secure further observations. If the 
existence of the bright line at some periods be established, we 
may then safely conclude that the luminosity of the zodiacal 
light is not entirely due to reflected sunlight. 

A. Fowler. 

Observations of C Urs^e Majoris and B AuRiOi®.— The 
periodic duplicity of the K line in the spectra of these stars before 
noted (January 23, p. 285) led Prof. Pickering to conclude that 
the time of revolution of the former system was 104 days. In 
the current number of the Sidereal Messenger, however. Prof. 
Pickering adds a note, dated January ir, 1890, in which he 
records that later observations make it probable that the period 
of ( Ursas Majoris is 52 days instead of 104, and that its orbit is 
noticeably elliptical. The velocity of the components of 0 
Aurigm seems to be 150 miles per second, their period 4 days, 
their orbit nearly circular, with a radius of 8,000,000 miles, 
and their masses 0*1 or 0*2, that of the sun being unity. 

Comet Brooks (d 1889). — The following ephemeris is given 
by Dr. Knopf in Edinburgh Circular No. 5, issued on the 
22nd inst. : — 
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that at discovery being unity. 

New Short-period Variable in Opiiiuchus. — Mr, Edwin 
F. Sawyer announces the discovery that the star 175 {Uranome- 
iria Argcnlina) Ophiuchi, R.A. lyh. 45m. 57s., Deck - C 
(i87S’o), is a variable of short period (Astronomical yournal^ 
No. 210), The range of variation aj^pears to be from 6*2m. to 
6’95m., and the period slightly greater than 17 days. 

Observations of the Magnitude of Iapetus.— In the 
January number of Monthly Notices is found an interesting com- 
munication to the Royal Astronomical Society by Mr. Barnard, 
of the Lick Observatory, on the eclipse of this outermost satel- 
lite in the shadows of the globe, crape ring, and bright ring of 
Saturn. By frequent comparison of the light of Iapetus with 
that of Tethys and Enceladus, the effect of the shadow of the 
crape ring on the visibility of the satellite was tested, seventy- 
five comparisons being made. It was found that, after pacing 
through the sunlight shining between the ball and the rings, 
Iapetus entered the shadow of the crape ring. As it passed 
deeper into this, there was a regular decrease in light^ until# it 
disappeared in the shadow of the inner bright ring. From the 
observations it appears that the crape ring is truly transparent, 
the sunlight sifting through it. The particles composing it cut 
off an appreciable quantity of sunlight, and cluster inore thickly, 
or the crape ring is denser, as it approaches the bright rings. 


GEOGRAPHICAL NOTES. 

At the ordinary meeting of the Royal Geographical Society, 
on Monday, Mr. C. M. Woodford read a paper on “Further 
Explorations of the Solomon Islands.’^ He has visited these 
islands three tidies, and in the present paper he described what 
he saw during his third visit, in 1888. He took up his residence 
in the small island of Gavotu, off the coast of Gola, or Florida 
Tsiand, a place centrally situated for visiting Ysabel, Guadal- 
canar, and other islands. He staved with a trader named Lars 
Nielson, who had since been killed and eaten by the natives, 
as had also three of his boys. Since last Jnne no fewer than 
six white men had been murdered by the natives of the Solomon 
Group, out of a total white population estimated at about thirty. 
Mr. Woodford's principal object in his last journey was to 
identify the places visited by the Spanish Expedition under 
Mendafla that discovered these islands in the year 1568. In this, 
he thought he might say, he had been entirely successful. The 
Spaniards related that when they were between Florida and 
Guadalcanar they passed an island in the centre of which was a 
burning volcano. This island was now conclusively identified 


with 'the Island of Savo. The lecture was illustrated with 
photographs of natives of Guadalcanar and other places, (as 
well as specimens of rude architecture, by means of the 
dissolving-view apparatus. 

According to the Copenhagen correspondent of the Frank- 
furter Zeitung^ an Expedition for the exploration of <Jreenland 
will start next summer from Denmark, The plan of work has 
been arranged by the Naval Lieutenant Ryder. The party will 
consist of nine persons. They will have three boats, and a 
steamer will convey them to the eastern coast as soon as the 
condition of the ice will allow of a landing. It is proposed that 
the region lying between 66® and 73® north latitude shall be 
explored in the course of the summer, and that the party shall 
push as far as possible into the interior. Sledges will be em- 
ployed during the winter. The Expedition will be provisioned 
and equipped for two years, at the end of which time the steamer 
will return to take them away, cruising along the east coast till 
they get down to the shore. The expenses have been estimated 
at from 250,000 to 290,000 kroner (equal to from about 3,900 
to ;^i6,ioo), and the project is so popular, and looked bn so 
favourably by the Government, that it is practically certain that 
the Diet will grant the money. 

The Geographical Society of Vienna issues a circular letter, 
dated February 1890, announcing the election of officers made 
last December. The new President is Herr Hofrath Ritter von 
Hauer, Intendant des naturhistorischen Hofmuseums. 


LOCUSTS IN INDIA. 

TN 1889, parts of Sind, Guzerat, Rajputana, and the Punjab 
■** were much troubled by locusts. A report on these de- 
structive creatures is being prepared under the direction of the 
trustees of the Indian Museum, Calcutta ; and, in the hope that 
information about them, with specimens, may be obtained from 
persons who have had opportunities of observing them, Mr. E. 
C. Cotes, of the Indian Museum, has issued a preliminary note, 
summing up some of the principal facts thaf have already been 
brought together. This note is very interesting, and has been 
compiled chiefly from the records of the Revenue and Agricul- 
tural Department of the Indian Government. 

The generally received idea is that the locust which invades 
India belongs to the species usually spoken of as Acridium 
peregrinum^ and supposed to have been the locust of the Bible. 
The identity of Indian locusts has not yet, however, been defi- 
nitely ascertained, and this is one of the points which require 
elucidation. As far as we at present know, there seems reason 
to believe that while Acridium paTgrinum extends its ravages 
into the dry plains of the Punjab and Rajputana, the locust 
which proved injurious in Madras in 1878, and in the Deccan in 
1882-83, belongs to a very different species, which is probably 
Acridium succinctum. In order to settle the question it will be 
necessary to examine further specimens taken from destructive 
flights which have appeared in various localities, the material in 
the Indian Museum being at present insufficient. 

Dealing with the natural history of locusts generally, Mr. 
Cotes observes that all the different species which occur in 
various parts of the world breed permanently in barren elevated 
tracts where the vegetation is sparse. In years when they in- 
crease inordinately they descend in flights from their permanent 
breeding-grounds upon cultivated districts, where they destroy 
the crops, lay their eggs, and maintain themselves through one 
complete generation, but are unable to establish themselves per- 
manently, usually disappearing in the year following the invasion, 
to be succeeded, after an interval of years, by fresh swarms 
from the permanent breeding-ground. 

Generally speaking, the life circle of a locust extends through 
one year, in which period it passes through its various stages of 
young wingless larva, active pupa, and winged locust, 
which dies after laying the eggs that are to produce the next 
generation. The e^s are laid in little agglutinated masse^Jin 
Holes, which the female bores with her ovipositor in the ground. 
In temperate climates the eggs are usually deposited in the 
autumn, but in sub-tropical countries, such as India, where there 
is but little winter, the winged locusts live on through the cold 
season, and only die off after depositing their eggs in the follow- 
ing spring. In this case the eggs hatch after lying in the ground 
for about a month. In both temperate |and sub- tropical regions 
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alike, the young wingless locusts, on emerging from the eggs in 
the spring or summer, feed voraciously and grow rapidly for two 
or three months, during which period they moult at intervals, 
finally developing wings and becoming adult. The adult insects 
fly about in swarms, which settle from time to time and devour 
the crops. The damage done by locusts is thus occasioned in 
the first ii^stance by the young wingless insects, and afterwards 
by the winged individuals into which the young are transformed 
after a couple of months of steady feeding. 

In R^jputana and the Punjab in 1869 the flights were said to 
have come chiefly from the vast tract of sand hills ( Teebu^s) be- 
tween the Runn of Kutch and Bhawulpore, and partly from the 
Suliman Range in Afghanistan. Locusts wer^ reported as 
usually to be found in the autumn in the Teeburs^ and it is 
thought that this tract is probably a permanent breeding-ground, 
^he whole question, however, of the permanent breeding* grounds 
of these locusts is one that requires further investigation. The 
winged flights appeared throughout Central Rajputana in the 
latter part of the hot weather, and laid eggs which hatched as 
the rains set in ; the old locusts dying after they had deposited 
their eggs? From these eggs were hatched young locusts which be 
came full grown and acquired wings in August and September. 
The eggs laid by the original flights at the end of the hot 
weather * were distributed throughout the whole of Central 
Rajputana, and a vast amount of injury was done, the crops 
being damaged, in the first instance, by the young locusts before 
they acquired wings, and afterwards by the winged swarms which 
flew about the country and settled at intervals to eat what had 
•escaped the ravages of the young wingless locusts. 

In the Punjab, flights of locusts, from the Suliman Range, 
Afghanistan, appeared in the western border, in the end of 
April and in May. Kggs and young locusts were also found 
about this time near the hills in the sandy tracts of the same 
district. The flights seem generally to have moved frdin west 
to east, and by July to have spread themselves throughout the 
Punjab ; but the laying of eggs and the hatching out of young 
went on, at least in the south-east, throughout August and 
September. 

In Bombay, locusts were noticed in May and June 1882, in 
the south- we'»t of Vhe Presidency ; but they attracted little atten- 
tion, such swarms being annual visitors of the Kanarese forests, 
and neither in Kanara nor in Dharwar did they cau^ic any 
material injury. With the setting in of the south-west monsoon, 
however, they .spread in flights over the Presidency to the north 
and north-east, and early in the rains proceeded to lay their eggs 
and die. These eggs hatched in the end of July and beginning 
of August, and the young locusts did a large amount of damage, 
over a wide area, through the months of August and .September. 
In the early part of October, with the setting in of the north- 
east monsoon, the young locusts, which had by this time acquired 
wings, took flight, and travelled with the prevailing wind in a 
south-westerly direction, doing some injury in the Poona Col- 
lectorate as they passed. They then struck the Western Ghdls, 
and spread .slowly over the Konkan in November, and thence 
travelled into the Native States of Sawantvadi and the Kanara 
district. During the remainder of the cold season and the 
following hot weather (December 1882, to the end of M ly 1883), 
the flights clung to the Ghats, occasionally venturing inland into 
Belgaum, Dharwar, the Kolhapur Stale, and Satara, and devour- 
ing the spring crops in the Coast Districts, but ordinarily keeping 
in the vicinity of the hill ranges. With the commencement of 
the south-west monsoon, in the latter part of May 1883, 
flights began to move in a north-easterly direction, as they had 
done the preceding year, but in larger numbers. % 

At the commencement of the rains they began to alight in vast 
numbers over an immense tract of country, comprising six Deccan 
Collectorates and three Coast Collectorates. They deposited 
their eggs and died ; and early in August the young locusts 
hatched out in countless numbers, but were apparently more 
backward, and possessed of less strength and stamina than were 
those of the previous year. The unusually heavy rainfall killed 
vast numbers of them in some parts of the country, and else- 
where the insects seemed stunted and feeble, and grew but 
sK/wly. They were destroyed in vast numbers by the vigorous 
measures initiated by Government officers, and were also said to 
be diseased and attacked 1 :^ worms and other parasites. As late 
as November, the mass of the young locusts appeared still unable 
to fly, and made no general move, as they had done the year 
liefore, towards their permanent home in the south-west. The 
invasion was in faict at an end, and though swarms appeared in 


Sawantwadi in 1883-84, no further injury of a serious nature 
seems to have occurred. 

, The injury occasioned to the rain crops by the locusts was very 
con«-iderable, ovelr a great portion of the Deccan and Konkan, 
both in 1882 and 1883. But it was found, at the end of the 
invasion, that abundance of the cold weather crops had com- 
pensated to so great an extent for the injury done to the rain 
crops, that, on the whole, no very widespread suffering had 
arisen. 

In 1878, when the Madras Presidency was invaded, the young 
locusts began to appear in January, and were found in great 
numl^ers in different districts from then on till September and 
October, the earlier swarms being found in the west and south 
of the Presidency, and the later ones in the north and east. 
Winged locusts were first observed, in the end of March and 
beginning of April, in the hills to the south-west (Wynaad and 
Nilgiri), where they may be supposed to breed permanently. 
Thence, aided by the south-west monsoon, they gradually worked 
their way over the Presidency to the cast and north, finally 
disappearing about November and December. 

The information hitherto obtained hardly justifies any very 
decided conclusion as to the life history of the locust. But it 
may be noticed that locusts were observed pairing in the Salem 
District, in^ the latter part of June, and also that the young 
locusts, which were found, in the early part of May, in the 
Udamalpet Taluk^ were supposed to be the offspring of the 
large flights of winged locusts which had appeared in the pre- 
ceding February in the same taluk. The connection between 
the autumn broods of locusts and those which appeared in the 
early part of the year has not been made out satisfactorily. 

Mr. Cotes ends his paper with an account of the chief 
measures which have at different times been adopted in India 
against locusts, pointing out that, the locust of North-West India 
being distinct from that of South-West India, measures found 
useful in one invasion are not necessarily applicable in another. 


FIELD EXPERIMENTS ON IVHEAT IN 
ITALY} 

OROF. GIGLIOLI, of the Agricultural College at Portici, a 
* graduate of the Royal Agricultural College, Cirencester, 
has given to the Association of Proprietors and Farmers of 
Naples a voluminous and most carefully compiled Report on 
the results of the first year's experiments on wheat-growing at the 
experimental field of Suessola, about six kilometres fom Acerra. 
The field is on the estate of Count Francesco Spinelli, who 
generously lends it to the Association for experimental purposes. 
The district was celebrated in olden time for its fertility, but 
was afterwards long neglected on account of its marshy nature, 
and the land became sour and productive of disease. Now, 
again, drainage and improved cultivation have changed these 
marshes into some of the best land of a fertile district. The 
soil of the experimental field is easily worked, friable, and bears 
a good natural vegetation ; no analysis of it, however, is 
furnished. Giglioli points out that it is in too high condition at 
present for comparative manuring experiments, but admirably 
suited for comparing different varieties of com and different 
methods of sowing and culiivation, as by dibbling and the Lois- 
Weedon system. 

There are in all 102 plots devoted to trying the effects of 
different manures, each plot being about 43 square metres ; 18 
unmanured plots of a similar size devoted to different varieties 
of wheat ; and 3 plots, each about twice the above-mentioned 
size, used for different methods of seeding and cultivation. 
Paths were made round each plot, the paths being at rather a 
lower level than the plots themselves The author discusses 
the question of large and small plots, but concluded that under 
the conditions obtaining, small plots were the best for use here. 

On the 162 manured plots, Scholey squarehead wheat was 
sown, with a great variety of manures — organic, nitrogenous, 
phosphatic, and potassic ; but it was afterwards ^ found this 
variety of wheat was, unfortunately, not well suited to the 
climate and to the general purpose of these experiments. 

The t8 varieties experimented with, on the second series, in- 
cluded several well-known English varieties^ such as Hallett’s 
pedigree white and red wheats, Chiddam, golden drop, Hunter's 

* ** Refuluti del Primo Anno di Eiperimento tulle Variei& e sul Concimi 
del Frumento al Campo Spcrimentale dL Sueitola nell' ^<>”0 Agrario 
1887-S8.** By Italo Giglioli. Pp. 508. (Naplet, X889.) 
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white and Victoria white, also some Hungarian wheats, besides 
Italian varieties. 

It was found that the English varieties gave vpry poor results ; 
the squarehead was a very poor sample indeed, and it was un- 
fortunate that it was used for the manuring experiments. The 
degeneration of English wheats during the first year is probably 
due to the great amount of transpiration taking place in this 
climate, especially during such a hot and dry summer as that of 
1888. Giglioli enters into an interesting discussion of this im- 
portant physiological result. 

The most productive wheat was a variety known as Noe, from 
the South of France, originally from Bessarabia — this yielded at 
the rate of 3485 kilograms per hectare ; next in order wt-re two 
Italian varieties, Rieti and Puglia grain, yielding at the rate of 
about 3150 kilograms per hectare. The Puglia wheat was the 
finest in quality of grain, but its yield of straw was very low. 

The great importance of a careful selection of varieties is 
pointed out, and Giglioli is of opinion that much more good 
will be done by improving and selecting Italian varieties than 
by importing new varieties; which, if from colder countries, 
will probably not be able to stand the climate. 

Incidentally, the experiments showed the great benefit of good 
cultivation and of surface draining, the plots being above the 
level of the surrounding paths, for the produce of the unmanured 
plots was double that of the neighbouring land under ordinary 
cultivation. 

From the manuring experiments it was shown that farm- 
yard manure gave fair results, but the season was un- 
favourable to the action of artificial manures, being n^ich too 
dry. Of nitrogenous manures, ai-idified urine gave the best 
results, but nitrate of soda and sulphate of ammonia were often 
worse than useless. Phosphates had some good effect, and 
Thomas-Gilchrist slag was useful. Potash salts had no par- 
ticular effect ; the chloride seemed rather belter than the sul- 
phate. 

The results of the manuring experiments, considering the great 
care and labour bestowed on them, must be disappoint ing ; but 
the soil is in too high condition for manures to show great effects, 
also the variety of grain sown was unsuitable to the climate, 
and the season was against manures, especially nitrogenous 

manures. . r n 

In this Report the details of the experiments are given m full, 
with the appearance of the plots at different dales, and the whole 
results tabulated in various ways in nearly a hundred tables. All 
the weighings at harvest were carried out under the personal 
superintendence of Prof. Giglioli, who evidently has spared 
neither lime, trouble, nor health, in conducting these important 
researches. Already the results have yielded important infor- 
mation, especially on the suitability or the reverse of special 
varieties of wheat to the climate of Southern ltaly> and with 
their continuance there can be no doubt that results most 
valuable to the Italian farmer on the cultivation and manuri|^g 
of wheat will be obtained, . , , 

Whilst heartily congratulating Prof. Giglioli and the Agricultural 
Association of Naples on having inaugurated these experiments 
with the prospect of continuing them for some years, we cannot 
but think that their value would be greatly increased if the plots 
were larger ; or, if this cannot be arran,ted with the appliances 
at command, if the experiments were always in duplicate, or 
preferably in triplicate, and this might be rendered possible by 
reducing the number of experiments on manures in future seasons. 


SCIENTIFIC SERIALS. 

Amtricau J ournal of Science. February.— The m^netic ^Id 
in the Jefferson Physical Laboratory, by R. W. Willson. One 
of the wings of this Laboratory in Harvard University has been 
constructed wholly without iron for the purpose of researoh, and 
the author has made a series of experiments to determine hew 
far the end sought has been gained. He has found the magnitude 
of the disturbance which may arise in practice from^ such objects 
as stoves and iron pipesj and has made the interesting discovery 
that the brick piers of the building have a sufficient amoont of 
free magnetism to produce quite an appreciable effect. —On Cre- 
taceous plants from Martha’s Vineyavd, by David White. The 
n vthnr has studied a number of fossil plants collected at several 
localities and horisons in the Vineyard series for the purpoM of 
solving the question as to the age of the underlying clays. 


lignites, and sands, of Martha’s Vineyard. He concludes that 
the evidence from the fossil plants bespeaks an age decidedly 
Cretaceous, and probably Middle Cretaceous, for the terrane in 
which they were deposited. — Review of Dr. R, W. Ell's second 
report on the geol »gy of a portion of the Province of Quebec, 
w'lth additional notes on the Quebec group,” by Ciiarles D. 
Walcott. The geological systems recognized in the area re- 
ported upon include tue Devonian, Silurian, Cambro- Silurian 
(Ordovician), Cambrian, and pre-Cambrian. — Measurement by 
light- waves, by Albert A. Michelson. The telescope and 
microscope are compared with the refractometer, some remark- 
able analogies in their fundamental properties are pointed 
out, and a few cases in which the last-named instrument 
appears to possess a very important advantage over the others 
illustrated. Previous experiments have shown that the utmost# 
attainable limit of accuracy of a setting of the cross-hair of a 
microscope on a fine ruled line was about two-millionths of an 
inch, whereas direct measurements of the length of a wave of 
green light emitted by incandescent mercury vapour, show that 
the average error in a setting was only about one ten-mtllionth of 
an inch. The method is also extended to angular and spectro- 
meter measurements. — On lansfordite, nesquehonite, a new 
mineral, and pseudomorphs of nesquehonite after lansfordite, by 
F. A. Genth and S. L. renfield. The authors have examined 
the crystallization of lansfordite (3MgC03.Mg(0H)22iH20), 
and another new mineral having the composition MgCO<|.3H.20,. 
which has been named nesquehonite. A crystallized artificial 
salt of the same composition is also described. — Weber’s law 
of thermal radiation, by William Ferrel. An examination of 
Weber’s new law, and a test of his formula by means of experi- 
mental results, in which the absolute rate of losing heat is deter- 
mined from the observed rate of cooling of heated bodies of 
known thermal capacity, and the relative rate from the galvano- 
meter needle of the thermopile. — Tracks of organic origin in rocks, 
of the Animikie Group, by A. R. C. Selwyn. Traces of fossils, 
or what are supposed to be such, have been discovered in the 
Animikie rocks of Lake Superior. The fact is interesting and 
important, for, if the black Animikie shales represent the Lower 
Cambrian of the Atlantic border, the Paradoxides and Olenellus 
fauna will probably be found in them sooner or later. 

In the numbers of the yournal of Botany for January and 
February, two important monographs are commenced — by Mr. 
£. G. Baker, a synopsis of genera and species of Malvese ; and 
by Mr. G. Massee, a monograph of the genus Podaxis. This 
last genus of Fungi, Mr. Massee proposes to transfer, in con- 
sequence of the mode of formation of the spores, from the 
Gastromycetes, where it has hitherto been placed, to the 
Ascomyceles. 

The Botanical Gazette for October 1889 contains an in- 
te^e^ting summary of our present knowledge of protoplasm, by 
Prof. Goodale, in the form of an address to the Botanical 
Section of the meeting of the American Association for the 
Advancement of Science held at Toronto. 

With the exception of an interesting paper by Prof. Mas' 
salongo, descriptive of some curious instances of teratology in the 
floral and foliar organs, the number of the Nuovo Giornale 
Botanico Italiano for January is chiefly occupied by a report of 
the proceedings of the Italian Botanical Society. Among a 
nu'iiber of short papers, is one on the fertilization of Dracuncu/us 
vulgaris^ the most important insect agent in which is stated by 
Prof. Arcangeli to be Saprinus subnitidus ; one on the fertiliza- 
tion of Arum pictum^ by Prof. Martelli ; and one^ on the 
development of the picnids of Fungi, by Prof. Baccarini. 


SOCIETIES AND ACADEMIES. 

London. 

Linnean Society, February 6. — Mr. Carruthers, FaR«S., 
President, in the chair. -^Referring to an exhibition at a previous 
meeting, Prof. Stewart communicated some interesting obserui- 
tions on the habits of certain seaweed-covered crabs. He also 
made some remarks on the pitchers ” of Nepenthes Mastersiana^ 
upon which criticism was offered by Mr. Thomas Christjr, Prof. 
Howes, and Mr. J. Murray.— Prof. G. E. Boulger exhibited a 
series of original water-colour drawings of animals and plants of 
the Falkland Islands. — Mr. W. H. Beeby exhibited some forms 
new to Britain of plants from Shetlapd. — Mr. C. B. Clarke, 
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F.K.S., then read a paper on the stamens and sei« of SciYps^t^ 
illustrated by diagrams, which elicited a detailed criticism from 
Mr. J. G. Baker, to which Mr. Clarke replied. — A paper was 
then read by Mr. B. D. Jackson, which had been communicated 
by the late Mr. John Ball on the flora of Patagonia, prefaced by 
some feeling remarks by the President, on the loss which the 
Society had sustained through the recent death of this able 
botanist. 


Zoological Society, February 18. — Dr. St. George Mivart, 

F. R.S., Vice-President, in the chair. — Mr. Tegetmeicr exhibited 
and made remarks on two Cats* skulls, out of the large quantity 
of remains of these animals recently brought to this country 
from Egypt. — Mr. G. A. Boulenger read a report on the 
additions made to the Lizard collection in the British Museum 
^nce the publication of the last volume of the British Museum 
Catalogue of this group. A list was given of 91 species new or 
previously unrepresented in the collection. Ten species and 
three genera were described as new. — Mr. P. L. Sclater, F.R.S., 
read some notes on a Guinea-fowl from the Zambesi, allied to 
Numida S^istata^ and gave a general account of the recognized 
species of this group of Gallinaceous birds. — Dr. Mivart, F.R.S., 
read some notes on the genus Cyon^ mainly based on an 
examination of the specimens of this genus of Canidse contained 
in the British Museum. — Mr. P. L. Sclater, F.R.S., read a j 
paper containing the characters of some new species of the 
family Formicariidse. — Dr. Augustine Henry read some notes 
on the Mountain Antelopes of Central China {Nemorhedus 
ar gyrochittes and N, henryanus). 


Royal Meteorological Society, February 19. — The follow- 
ing papers were read : — Observations on the motion of dust, 
as illustrative of the circulation of the atmosphere, and of the 
development of certain cloud form^*, by the Hon. Ralph Aber- 
cromby. The author has made numerous observations on the 
motion of dust in various parts of the world, especially on deserts 
on the west coast of South America. He finds that the 
wind sometimes blows dust into streaks or lines, which are 
analogous to fibrous or hairy cirrus clouds ; sometimes into 
transverse ridges gnd furrows, like solid waves, which are 
analogous to certain kinds of fleecy cirro-cumulus cloud ; some- 
times into crescent-shaped heaps with their convex side to the 
wind, which are perhaps analogous to a rare cloud form called 
mackerel scales*' ; sometimes into whirlwinds, of at least two 
if not of three varieties, all of which present some analogies to 
atmospheric cyclones ; sometimes into simple rising clouds, w ith- 
^)Ut any rotation, which are analogous to simple cumulus-topped 
squalls ; and sometimes into forms intermediate )>e(ween the 
whirlwind and simple rising cloud, some of which reproduce in 
a remarkable manner the combination of rounded, flat, and hairy 
clouds that are built up over certain types of squalls and 
showers. Excessive heating of the soil alone does not generate 
whirlwinds ; they require a certain amount of wind from other 
causes to be moving at the time. The general conclusion is, 
that when the air is in more or less rapid motion from cyclonic or 
other causes, small eddies of various kinds form themselves, and 
that they develop the different sorts of gusts, showers, saualls, 
and whirlwinds. — Cloud nomenclature, by Captain D. Wilson- 
Barker. The author proposes a simple division of cloud-forms 
under two heads, viz. cumulus and stratus, and recommends that 
a more elaborate and complete division should be made of these 
two types. A number of photographs of clouds were exhibited 
on the screen in support of this proposal. — An optical feature of 
the lightning flash, by £. S. Bruce. It has been stated in the 
Report of the Thunderstorm Committee of the Royal Meteoro- 
logical Society, that there is not the slightest evidence in the 
photographs of lightning flashes of the angular zigzag or forked 
forms commonly seen in pictures. The author, however, believes 
that this is an optical reality^ as the clouds on which the projec- 
tion of the flash is cast are often of the cumulus type, which 
afford an angular surface. In support of this theory he exhibited 
some lantern slides of lightning playing over clouds. 


ciAnthropologii:al Institute, February 11.— Dr. Garson, 
Vice-President, in the chair. — Mr. T. W. Shore read a paper on 
characteristic survivals of the Celts in Hampshire. He con- 
sidered the round huts of the charcoal-burners a survival of the 
huts which were common in the Celtic period ; and some of the 
industries of the Celtic period appear to have survived in 
Hampshire t6 the present day, such as that of osier-working nr 
Ibasket-making.- There can be little doubt that llayling, 


anciently spelt Halinge, ha-^ derived its name from the Celtic 
word hal—soXt ; the salt works which still exist there are in all 
probability an example of a survival of a Celtic industry. Several 
instances were gii^en of earthworks which must be ascribed to 
the Celts, and it was suggested that the mounds upon which 
many ancient churches in Hampshire are built may have been 
sacr^ sites of the same people. Reference was made to the 
peculiar orientation of many Hampshire churches, 20® north of 
east, and it was explained as a survival of a reverence for the 
May Day sunrise from Celtic pagan time to Saxon Christian 
time, and under a modification to a later date. — Dr. Garson ex- 
hibited and described some skulls dredged from the bed of the 
Thames by Mr. G. F, Lawrence, who afterwards gave an 
account of the strata in w^hich they were found. 

Mathematical Society, February 13. — ^J. J. Walker, 
F.R.S., President, in the chair. — Mr. S. Roberts, F.R.S., 
read a paper concerning semi-invariants. — Mr. Tucker (Hon. 
Sec.) communicated papers by Prof. K. Pearson, on ether-squirts ; 
by Prof. G. B. Mathews, on class-invariants ; and a note on the 
imaginary roots of an equation, by Prof. Cayley, F.R.S. 

Paris. 

Academy of Sciences, February 17. — M. Hermite in the 
chair. — Observations of minor planets made with the great 
meridian circle and Jardin’s meridian circle at the Paris Ob- 
servatory during the first three months of 1889, by Admiral 
Mouchez. Comparisons with published ephemerides have been 
made in the following cases: Victoria (12), Astrsea (5), 
Parthenope (ii), Hebe (6), and Eugenia (45). — On the move- 
ments of planets, supposing their attraction represented by one 
of the electro-dynamic laws of Gauss or Weber, by M. F. 
Tisserand. The author has investigated the motions of Mercury 
and Venus on the hypothesis that they were not governed by 
Newton’s law of gravitation, but by one of the above named. 
The change of the longitude of perihelion for a given time 
would be about twice as great, using Gauss’s law, than by using 
Weber’s. Taking the velocity of li^t as 300,000 kilometres per 
second, it is found that, on the hypothesis of Weber’s law, the 
major axis of Mercury’s orbit would have a direct motion of 
14" *4 in a century ; for Venus the variation would be onlv 3''*o. 
Using Gauss’s law, the value for Mercury becomes 28"’2. — 
Posthumous article on polyhedrons by Descartes ; a note 
by M. de Jonquiemes, in which he shows that Descartes 
not only knew and employed the relation S -f F = A -f 2, 
but that he announced it explicitly, and prior to Euler. — 
On a new reviving plant, by M. Ed, Bureau. Two specimens 
of a supposed new plant which revived when placed in water, 
similar to the Rose of Jericho, have been investigated. The 
change, however, is not simply hydration, as in the latter plant. 
The specimens, which were found in Arkansas, prove to be 
the Polypodium iucanum. Pluck, but the above property does 
no*: appear to have been previously observed In it. — On the 
distribution of pressures and velocities in the interior of liquid 
sheets issuing from weirs without lateral contraction, by M. 
Bazin. — On some objections to the theory of deep vertical circu- 
lation in the ocean, by M. J. Thoulet. It is concluded that the 
circulation of water between the eauator and the Poles only 
affects a depth of about a thousana metres. Below this the 
water is in a state of repose. The conclusion has been arrived 
at from a consideration of deep-sea sediment and the observa- 
tions of the density of water at great depths given in the Ckal* 
Unger Report. — On the St. Petersburg problem, by M. Seydler. 
Two solutions are given of this ** probability ” problem. — On 
the regular surfaces of which the linear element is reducible to 
the form of Liouville, by M. Demartres. — On the surfaces of 
which the linear element is reducible to the form dP * F(U 4-V) 
{du^ 4- ifv’), by M. A. Petot. — Summary of the observations of 
the total solar eclipse of December 22, 1889, ^7 A. de la 
Baume Pluvlnel. — Note on the calculation of the compressibility 
of air up to 3000 atmospheres, by M. Ch. Antoine. In the 
expression /s/ » D (0 -i- /) (the pressure^ A being given in 
atmospheres, and the volume, in litres), for air 

;8= 273*6 - VA 

If up to 40 atmospheres D s 2*835, 

and beyond 40 atmospheres D = 2*835 + 0*0018 {p - 40), 

the table given for air at / as o* is found to agree well with the 
experimental results of Regnault and Amagat— Extension of the 
theorems relative to the conservadon of the flux of force and of 
magnetic induction, by M. Paul Janet. — Upon batteries* with 
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molten electrolytes, and upon the K.M.F, at the surface of con- 
act of a metal and a melted salt, by M, Lucie ti Poincare, The 
author finds the E.M,F.'s in this case to be nearly the same as 
those found by M, Bouty {CompUs rendus^ t, xc, p. 217) in the 
case of saturated solutions. — Electrolysis by igneous fusion of 
the oxide and fluoride of aluminium, by M. Adolphe Mioet. 
The author presents the result of three years’ work on the 
electrolysis of the fused oxide and fluoride of aluminium, in a 
table which gives the quantity of metal obtained as a function of 
the time and of the quantity of electricity used. — Note by MM, 
P. Hautefeuille and A. Perrey, on the silico-glucinates of soda. 
In a preceding note, the authors have described a number of 
silico-glucinates of potash, obtained by heating together mixtures 
of silica, glucina, and the alkali, with neutral vanadate of potash. 
They now have applied the same method of mineralization with 
mixtures containing soda, heating to about 800°. Five forms, of 
different composition, have been thus obtained. Substituting 
tungstate for vanadate of soda, two species of crystals have 
been obtained, corresponding in composition with two of 
those obtained with vanadate as mineralizing agent. — Upon 
the rdle of foreign bodies in iron and steel ; the relation 
between their atomic volumes and the allotroi^ic transformations 
of^ iron, by M. F. Osmond. Prof. W. C. Roberts-Austen, 
studying the effect of minute percentages of foreign elements 
upon the mechanical properties of gold, found a relation between 
the results obtained and the position in the- periodic table of the 
introduced elements, and has predicted a similar phenomenon in 
the case of iron. Reviewing bis former work in the light of this 
new idea, the author has found the prediction to be verified. 
Shortly, it may be said that foreign bodies of smalls atomic 
volume tend to cause iron to assume or remain in that of its 
molecular forms in which it has itself the smaller atomic volume, 
bodies of great atomic volume produce the opposite effect. — M. 

J. Ville, on dioxyphosphinic and oxyphosphinous acids. In | 
two preceding notes {Comptes rendusy t. evii. p. 659, t. cix. | 
p. 71), and in the present communication, it is shown that by ; 
the reaction of aldehydes upon hypophosphorous acid, two new • 
classes of acids have been obtained, with the general formulrc : — 

/(R.CH.CM) /\l 

(i) PO" (R . Cll . OH) ; (2) PO( (R— CH . OH). 

\0H ^OI[ 

— Dibromo-carballylic acid, by M. E. Guinochet. This acid 
has been obtained by the reactions of 4 equivalents of bromine 
upon one equivalent of aconitic acid in a sealed tube, heated for 
thirty-six hours to ii5'’~i2o®. — Estimation of uric acid in urine 
by means of a hot solution of hypobromite of soda, by M. Bayrac. 
The principle of the method consists in separating the uric acid 
from the urea and creatinin present by alcohol, and the titration 
of the isolated acid with sodic hypobromite at 9o''-ioo^ Results 
are said to be as exact as those obtained by the best known 
methods, while the process takes much less time.— Researches 
upon the pathogenic microbes in the filtered waters of the Rhone, 
by MM. Lortet and Despeignes.-r-Upon the nutrition ofthe fungus 
of the -tnugfut^ by MM. Georges Linossier and Gabriel Roux. A 
complete study of the mineral, carbohydrate, and nitrogenous 
foodsrequired and the substances producra by this fungus is given. 

— The perception of luminous radiations by theskin, as exemplified 
by the blind Proteus of the grottos of Camiola, by M. Raphael 
Dubois. By a number of experiments upon Proteus angiiinis^ 
the author demonstrates that the sensibility of its skin to light is 
about half of the sensibility of its rudimentary eyes, and further 
that this sensibility varies with the colour of the light employed, 
being greatest for yellow light. — The wax-organs and the secre- 
tion of-wax in the bee, by M. G. Carlet. The author’s researches 
lead him to conclude: (i) the wax is produced by the 4 l^t 
ventral arches of the abdomen ; (2) it is secreted by an epithelial 
niembrane and not by the cuticular layer of these arches, nor by 
the intra-abdominal glands ; (3) this secretory membrane lies 
between the cuticular layer and the lining membrane of the 
antero-bteral part of the ventral arch ; (4) the wax traverses the 
cuticular -layer and accumulates on its outer surface. — Experi- 
mental plant cultivation in high altitudes, note by M. Gaston 
Bonnier. The modifications produced in Alpine plants by the 
climate have been studied and some general conclusions drawn, 
among which the most interesting is : For the same extent of leaf 
surface,* the assimilation is much more considerable in Alpine 
plants than in those of lower stations, on account of the 
greater thickness of the palisade tissue and the abundance of 
chlorophyll.” 


Berlin* 

Physiological Society, rjanuary 31. — Prof, du Bois-Rey- 
mond. President, in the chair. — Dr, Grabower spoke on root- 
area of the motor nerves of the laryngeal muscles. — Prof. 
Munk made a further communication on the subject of 
the cortical visual areas. His earlier researches on the extir- 
pation of these areas had shown that the retina be re- 
garded as spatially projected on to the visual area in such a 
way that its external portion corresponds to the external part of 
the visual area of the same side, while the inner portion corre- 
sponds to the inner part of the area of the opposite side, and the 
middle portion to the middle part of the visual area of the opposite 
side. The upper half of the retina corresponds to the anterior 

£ art of the visual area, and the lower half to the posterior. 

lore recently, Prof. Schafer, of London, has found that, when 
the visual areas are stimulated electrically, movements result • 
which are confined entirely to the eyes ; when the anterior part 
of the area is stimulated, the eye is turned downwards and 
towards the opposite side ; and when the posterior part is 
stimulated, the movement is similarly towards the opposite side, 
but now upwards. When, however, the central pa¥t of the 
area is stimulated, the result is merely a movement towards the 
opposite side. It was shown by the speaker, as the result of a 
large number of experiments on dogs which he had performed in 
conjunction with Dr. Obregici, that these movements are not 
dependent on the stimulation of any motor centres or upon any 
ordinary refiex movements, but that they are really movements 
which accompany visual sensations. They were shown by care- 
ful analysis to result in the directing of the eye towards that 
point in space into which the visual perception is referred when- 
ever any definite point of the retina is stimulated by light, the 
point stimulated in this case being the corresponding part of the 
electrically stimulated visual area. Thus when the anterior 
part of the area is stimulated, the lower portion of the retina is 
stimulated, the resulting visual image is consequently referred 
out upwards, and the eyes accordingly also move upwards and 
towards the opposite side. Similarly for stimulations of other 
parts of the visual area. These experimental stimulations hence 
afford an evidence of the detailed spatial projection of the retina 
on to the visual areas, which is as certain aijd even more con- 
I vincing than the evidence obtained from localized extirpations of 
the areas. They further permitted of a more certain delimitation' 
of the visual areas than had been possible in the earlier experi- 
ments. It is impossible to enter here into the many interesting 
details of these experiments, or to give any account of the lengthy 
j discussion which followed Prof. Munk’s communication. 

Physical Society, February 7. — Prof. Kundt, President, in 
the chair. — Dr. Budde spoke on the very rapid rotation of a 
solid body, possessed of three unequal moments of inertia, about 
a fixed point. He developed very fully the equations which 
I hold good for this motion, and dealt, at the end of his communi- 
cation, with the physical experiments which might be performed 
in order to test the equations. — Dr. Feussner spoke on the 
methods which are employed at the Government Physico-tech- 
nical Institute for the measurement of electrical resistances. 

; He exhibited and explained the several instruments used, point 
' ing out that in their arrangement the greatest importance must 
be attached to the very accurate measurements of temperature. 
For this purpose the wires are wound upon metallic cylinders in 
order to provide for the rapid cooling of the wires as they are 
warmed by the nassage of the current : these are then submerged 
in petroleum, whose temperature is recorded by a thermometer 
immersed in the liquid, which is itself kept constantly stirred. 
German-silver wires have shown themselves to be unsuited for 
the purposes of constructinc; the standard resistances, since their 
resistance increases regularly with lapse of time ; neither could • 
this increase be done away with by heating the wires until they 
were quite soft. This tendency was attributed to the occurrence 
of a gmual crystallization, which depended chiefly upon the zinc 
in the alloy. On this account an alloy of copper and nickel was- 
employed, which is known commercially as “patent nickel,” 
and examined as to its suitability. Wires made of this alloy 
possess a very low templrature-coefficient, and were found to be 
* almost absolutely constant after being heated to loo’’ C. if 
they are kept for some time after they are made and wound, and 
are then heated, they may be used as standards for comparison. 
Several other ^loys were also tried, as, for instance, various 
combinations of copper and manganese. The speaker described 
the exDcrimental measurements made with tnese wires, and 
stated tW up to 30 per cent, of manganese, above which amount 
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it was not possible to draw a wire in this alloy, they have^yielded 
a negative coefficient of temperature* When the alloy contained 
only a small percentage of. manganese, the coefficient was very 
small, so that such wires would be suitable for the construction 
of standard coils. In conclusion, he described how the resist- 
ances are measured in the Government Institute* The method 
employed is that of compensation, and measurement of [poten- 
tials.— Dr* Tager announced that Dr. de Coudres, in L^pzig, 
had succeeded in detecting a thermo-electric tension between 
compressed and uncompressed mercury. The compression was 
produced either hydraulically or by means of its own weight 
acting through a column of mercury. It was found possible to 
determine with certainty the direction of the thermo-electric cur- 
rent, and to measure its intensity for given pressures and tem- 
peratures. The investigation is not yet completed, but Dr. de 
Coudres hopes to be soon in a position to give a full account of 
his experiments* 

In the report of the meeting of the Berlin Physical Society, 
January 27 (p. 383), J&r Dr. Lehmann read Dr. Leman. 

^ Stockholm. 

Royal Academy of Sciences, February 12. — Contributions 
to the flora of the Hieracia of South-Eastern Sweden, by Herr 
II. Dahlstedt. — On the remains of a bread-fruit tree from the 
Cenoman strata of Greenland, by Prof. A. G. Nathorst. — Re- 
port on researches in practical pomology and horticulture during 
H tour in France and Germany, by Herr C. V. Hartman. — On 
the lichens of the island of Bornholm, by Dr. P. J. Hellbom. — 
Algae aquae dulcis exsiccatae quas distribuerunt, V. Wittrock et 
O. Nordstedt, Parts 18-21, exhibited and demonstrated by Prof. 
Wittrock. — The results of a determination of the rotation of the 
sun, executed during the years 1887-89 in the Observatoy of 
Lund, by Prof. Duner. — On the influence of the duration of ex- 
posure for a photographic image of a star, by Dr. Charlier. — 
Experimental determination of the principal elements of a 
divergent lens, by Dr. C. Mebius. — Derivatives of sulphur 
urates, by Dr. Hector. — On the $i — ai bromium naphthalin 
sulphon acid, and on the constitution of the acids which are 
formed by the agency of concentrated sulphuric acid on 0 * 
naphthylamin, by S* Forsling. — Experiments on the humidity 
of the atmosplfere, by Dr* K. H. Sohlberg. — Anatomical 
studies on the floral axes of diclinous Phanerogams, by Herr A* 
Grevillius. 

DIARY OF SOCIETIES. 

London. 

THURSDAY. 27. 

JlovAL Society, at ^30. — ^The Croonian Lecture — The Relations between 
Host and Parasite in certain Epidemic Dise.'ises uf Plants: Prof. H. 
Marshall Ward, F.R.S. 

Society or Arts, at 5. — The Northern Shan States and the Burma-China 
Railil^ay : William SherrifT. 

4 NST 1 TUTION or ELECTRICAL ENGINEERS, at 8. — The Theory of Armature 
. Reaction in Dynamos and Motors ; James Swinburne. — Points in 
Dynamo and Motor Desig^n : W. B. Esson. 

Royal Institution, at 3.— The Three Stages of Shakspeare's Art : Rev. 
Canon Ainger. 

FRIDAY, February 38. 

Amateur Scientific Society, at 8.— Practical Coal-mining ; H. S. 
Streatfeild. 

Rotal Institution, at 9.— Evolution in Music: Prof. C. Hubert H. Parry. 
SATURDAY. i. 

Essex Field Club, at 7.— Micro- Fungi of Epping Forest ; how to Collect, 
Preserve, and Study Them : Dr. M. C. Cooke. 

Royal Institution, at 3.— Electricity and Magnetism: Right Hon. Lord 
Rayleigh, F.R.S. 

SUNDAY. March 3. 

Sundav Lecture Society, at 4.— Apollonius of Tyana ; the Story of 
his Life and Miracles : G. Wothenpoon. 

MONDAY, M ARCH 3. 

Society or Arts, at 8.— Stereot^ing : Ihomas Bola.H. 

AnisTOTBLiAN SOCIETY, at 8. — The Psychological Development of the 
Conceptions of Causality and Substance : G. F. Stout. 

Victoria Institute, at 8.— Chinese Chronology: Rev. James Legge. 
Royal Institution, at 5.— General Monthly Meeting. 

TUESDAY, March 4 

Zoological Socibty, at 8.30.— On the Classihcatlon of Birds : Henry 
Seebohm.— A Revision of the Genera of ScQ|rpions of the Family Bathidae, 
^with Descriptions of some New Souh African Species : R. I. Pocock — On 
some Galls from Colorado : T. D. A. Cockerell. — Report on the Insecu 
House for 2889 : A. Thomson. 

Institution or Civil Enoinbbm, at 8. — ^The Hawksbury Bridge, New 
South Wales : C. O. Burge.— The Erection of the Dufferin Bridge over 
the Ganges at Benares : F. T* G* Walton.— The New filackfriars Bridge 
jUb the London, Chatham, and Dover Railway : G. E. W. Crutttrell* 
IPHVERSITV CoLjUBGE BIOLOGICAL SOCIETY, at 5 15.— A Peculiar Ferment 
in JBalan glossus ; Dr. Hallihurton*— The Weather Plant : Mr. Weisi. 
4 tovAL Institution, at 3*— llie Post-Darwinian Period: Prof. G. J* i 
Romanes, F.R.S. 8 


VYSDNESDA K, March 5-, . * 

Society or Arts, at 8. — Recent Piogress in British Watch and CLck 

Making : J. Tripplin. , at - * r- t 

Entomological Society, at 7.— New Longicomia from Africa : C. L 

Gahan.— Notes on the Lepidoptera of the Region of the Straits of Gib- 
raltar: J. J. Walker, R N.— Some Water Beetles from Ceylon: Dr. D. 
Sharp.— The Classtfication of the Pyralidina of the European Fauna : K. 
Meyrick*— A New Species of Thymara^ and other Species allied to Hi- 
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Royal Society, at 4.30. — T^ following papers will firabahly be read : — 
On a Second Case of the Occurrence 01 Silver in Volcanic Dutt — namely, 
in that thrown out in the Eruption of Tunguragua, in the Andes of Ecuador, 
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Thompson. 
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Institution or Civil Engineers, at 7.— Telephonic Switching : C. H 
Wordingham. 

Royal Institution, at 9.— Electrical Relations of the Brain and Spinal 
Cord : Francis Gotch* 

SATURDAY, March 8 . 

Royal Botanic Society, at 3.45* 

Royal Institution, at 3.— Electricity and Magnetism: Right Hon- 
Lord Rayleigh, F.R.S. 
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THE SCIENCE COLLECTIONS A T SOUTH 
KENSINGTON. 

I T is satisfactory to learn that the Government has 
taken the first step towards carrying out the recom- 
’mendations of the recent Commission on the South 
Kensington Museum. The Report of the Commissioners 
was to the effect that the Science Museums contained 
valuable apparatus which ought to be exhibited ; that the 
buildings in which it is displayed are inadequate; and 
that the area of the exhibition space ought immediately 
to be increased by 50 per cent. Between the Natural 
History Museum in Cromwell Road and the Imperial 
Institute Road lies the strip of ground on which the new 
buildings must be erected. It belonged to the Commis- 
sioners of the 1851 Exhibition, and they were willing to 
sell at a price somewhat less than the valuation of the 
Office of Works, or at ten shillings for every pound of 
their own estimate. 

The question to be decided was, whether the country 
could afford 100,000 to purchase the land necessary to 
carry out the Report of one of the strongest Commissions 
which has ever investigated such a subject, or whether 
the great group of Museums for which South Kensington 
is famous was to be cut into two by rows of mansions. 

The Government, which certainly did not err through 
undue haste, felt that a case had been made out, that 
further delay was useless, that the land ought to be 
secured before time and labour were spent in discussing 
the details of the buildings to be erected upon it, and 
therefore they brought in a supplementary estimate for 
the sum required. 

Then followed a debate of the kind by which the 
prestige of ordinary members of the House of Commons 
has been reduced to its present level. (!)ne member 
“ affirmed that there were empty rooms in South Kens- 
ington Museum, which might well be used for the 
display of exhibits,” though a body of Commissioners 
appointed to investigate the state of the collections had 
reported in a directly opposite sense. Another “could 
not understand why all these educational collections, 
should be established close to one another at South 
Kensington.” In other words, he could not see that if 
there is to be at South Kensington a great training school 
for teachers of science and art, it is desirable that the 
students should have ready access to the national science 
and art collections, and that the collections themselves 
should benefit from the advice of the Professors who are 
familiar with them. These objections were not, however, 
raised by men who knew the facts. Approval was ex- 
pressed from both sides of the House by those who have 
the interests of education at heart. Sir Lyon Playfair, 
Sir Henry Roscoe, Mr. Mundella, and Mr. Chamberlain, 
all spoke in favour of the vote, and Mr. Mundella put 
clearly what those who are acquainted with the Museum 
know to be the truth, when he said “ this question had been 
pressing for the last ten years, because for the whole of 
that period tht most valuable national science collections, 
suck as no other country in the world possessed, had 
been housed in the most disgraceful manner.” 1 

VoL. XU.— No. 1062. 


The vote was finally carried by 144 to 67, and it is to 
' be hoped, now that the Government have entered upon 
the path of progress, they will pursue it with determina- 
tion. 

No one would urge precipitancy. Due care ought to 
be taken that money's value is obtained for money spent ; 
but as the question of principle has been decided after 
ten years’ debate, we have a right to demand that progress 
shall not be delayed by mere blind obstruction to every* 
proposal which involves outlay, but that those in whose 
hands the fate of the science collections rests shall make 
up their minds as to what ought to be done, and shall 
forthwith do it. 

THREE RECENT POPULAR WORKS UPON 
NATURAL HISTORY. . 

Glimpses of Animal Life, By W. Jones, F.S.A. (London 
Elliot Stock, 1889.) 

Toilers in the Sea. By M. C. Cooke, M.A., LL.D. 
(London: S.P.C.K., 1889.) 

Les Industries des Animaux. Par F. Houssay. (Paris : 
J. B. Bailli^re et Fils, 1890.) 

M r. JONES'S book is a charming little volume of 
229 pages, with one illustration forming a frontis- 
piece. There are, in all, seven chapters ; dealing, in 
succession, with ** Playfulness of Animals,” “ Animal 
Training,” “Musical Fishes” (title ill chosen), “Nest- 
Building and Walking Fishes,” “ Luminous Animals,” 
“Birds' Nests in Curious Places,” and “The Mole.” 
The author has been at immense pains to sift the 
voluminous literature of his subject (a tSsk which he 
admits has involved a “ somewhat unprofitable course of 
romance reading”). We find, as might be expected, 
citations of the old old stories of our youth ; the climbing 
perch, Cowper’s hares, and other time-honoured (if perhaps 
too highly coloured) narratives appear ; the luminous 
centipede is not overlooked ; and authorities are ap- 
pealed to, from Aristotle and the ancient classical writers 
of the past, down to Lubbock and Romanes (“ the Rev. 
Dr. Romanes” [«V], p. 25) of to-day. The work is essen- 
tially a compilation ; it consists mainly of a collection of 
lengthy extracts, and the author has left himself little 
room for originality. There results from this an occa- 
sional heaviness of style, which is especially noteworthy 
in the earlier portions of the volume. Paragraphs 
too frequently lead off with “ Broderip mentions,” 

“ Evelyn records,” “ Humboldt saw,” and the like ; 
and not even stories of the gambols between a rhinoceros 
and an elephant, or of those of a 6o-foot whale, serve to 
relieve the monotony. It is doubtful whether the author 
has not occasionally erred in the placing of his anecdotes. 
To take a leading instance ; on p. 32 there is recorded 
the story of a parrot, “ which, when a person said to it, 

* Laugh, Poll ; laugh I ’ laughed accordingly, and the 
instant after screamed out, * What a fool to make me 
laugh ! ' ” This narrative cannot be said to betray any 
sense of playfulness on the part of the bird^as would be^ 
inferred from its position in the text ; it surely should 
have found a place under “Animal Training.” The 
most serious defect in the book is the absence of an 
index. The author has brought together a very re- 
markable series of anecdotes ; and if he would give us an 
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exhaustive index, together with a complete bibliography, 
his book would befit the more special and advanced 
student of animal life. Without these it can only appeal 
to the dilettanti j and we shall look for them in a future 
edition. We would point out, at the same time, that the 
climbing perch is referred to on p. 151 as Perea, and on 
157 as Anabas{fht latter being correct) ; that“Willmoes” 
(p. 185) should read Willemoes Suhm; and that Mr. 
Romanes does not lay claim to the distinction accorded 
him on p. 25 {cf, supra). The author, as he enters into 
details not usually met with in books of this kind, might 
advantageously incorporate with his account of the 
stickleback’s nest, the discovery of Mobius and Prince 
that the thread employed in weaving it is secreted by 
the animal’s kidney. So unique a fact in natural history 
should not be allowed to pass unnoticed ; and that 
poi^ion of the work which deals with the luminous fishes 
might well be brought more completely up to date. 

Dr. Cooke’s treatise is one of 369 pages, with 4 litho- 
graphic plates, 70 woodcuts, and an index. It deals with 
marine invertebrata, in their especial relations to skeleton 
formation ; and the volume is especially designed to make 
good the shortcomings of the Rev. J. G. Wood’s work, | 
entitled “ Homes without Hands.” The book has its 
good points ; the chapter on “ Coral Reefs and Islands,” 
and the “ Introduction,” are fairly well done. The last- 
named deals with generalities as affecting life and the | 
conditions of life in the ocean depths ; it gives a record 1 
of important explorations, from that of Ross in Baffin’s 1 
Bay, to the Challenger j the Bathybius controversy is j 
abstracted, and alternative theories of reef-formation are ! 
summarized, Ijoth being presented in concise and impar- 1 
tial language. On perusal, however, of tlie main portion i 
of the book, we meet with a preponderance of antiquated, ! 
and often erroneous information. Lengthy citations from j 
the writings of authorities of the last two or three de- 
cades are flaunted as if expressive of current knowledge 
and opinion. The question of sponge affinities is discussed 
as though settled by Clark and Kent ; that of the sig- 
nificance of the yellow bodies of the Radiolarians as 
though set at rest by the misconceptions of Wallich. We 
are told that there is no proof that the Millepore is a 
Hydroid, and so on. Upon the ill-effects which must 
result from this method of procedure it is needless to 
enlarge ; but in justice to the author it must be admitted 
that he has made some use of recent literature. He ap- 
peals to the Challenger volumes. His quotations from 
these are, however, very capricious, and in some instances 
inaccurate. It cannot be said that the spines of the 
Radiolaria are “ never tubular,” for Haeckel (whose Re- 
port the author quotes) has given their tubular character 
as a diagnosis of his Plueodaria. Writing of “sensation 
in the Radiolaria,” the author indulges (p. 103) in a re- 
markable paragraph, which concludes as follows 

“ Prof. Haeckel considers that the central capsule con- 
tains the common central vital principle, which he terms 
the ' cell-soul,’ and that it may be regarded as a simple 
.ganglion cell, comparable to tht nervous centre of the 
“'higher animdls, whilst the pseudopodia are analogous to 
a peripheral nervous system.” 

These are not the words of the author cited, and, even 
if they were, the introduction of such silly stuff into the 


pages of a book intended for “ the large and increasing 
section of the nature-loving public who indulge in the 
use of the microscope as a source of instruction and 
amusement ” (p. 3) is intolerable. It is a remarkable 
fact that, while the author has reproduced the more com- 
1 monplacc statements of the earlier writers in their original 
I form, he should have chosen to give us the above, his 
I own, rendering of the lucubrations of a Haeckel. In 
j doing this he betrays a sad want of sound judgment. 
The public have a right to expect that a work of this- 
type, intended to serve (p. 3) “ as a preliminary to more 
specific knowledge, the direction of which they will there - 
I after be better able to choose,” shall be up to date ; but, 

I to fulfil the useful purpose aimed at, such a work should 
j rest upon a more authoritative foundation than the book 
now under review. That is amusing as an example of 
editorial piece-work among a somewhat antiquated litera- 
ture, and to those familiar with the subjects approached 
it suggests reflections. 

i The volume by M. Houssay is one of 312 pages, with 
I 47 woodcuts intercalated in the text (38 only are acknow- 
ledged on the title-page). The bulk of the work is divided 
into six chapters, dealing respectively with modes of cap- 
ture cf prey, of defence, of transport and storage of food, 
of provision for the young ; of constructing or acquiring 
nests and habitations, and of preservation and protection 
of the same. The illustrations are, for the most part, 
admirable ; some, which we take to be original, are fit to 
rank with the famous woodcuts in Brehm’s “ Thier-Leben,” 
while others are already familiar to us from the pages of 
that work. In the introduction the author justly asserts 
that the naturalist of to-day lives more in the laboratory 
than in the field, that the scalpel and microtome have re- 
placed the pins of the collector, and that the magnifier 
pales beside the microscope. This is, alas ! too true. It 
cannot be denied that our present systems for the most 
part take insufficient heed of field-work, and we fully en- 
dorse the author’s further remarks upon the changed 
aspect of affairs. The introduction as a whole deals with 
generalities in direct bearing upon those facts which 
follow ; and by no means its least satisfactory feature is 
-that it clearly sets forth what the author would have his 
readers understand by the title of his work. The main 
portion of the book is confined to bare records of ob- 
served fact, systematically arranged, and, where necessary, 
brought into special relationship by cross-references. 
That “ talkee-talkee ” so often forced into books of this 
kind is here withheld. Such comments as are indulged in 
are either confined to the introduction, or to a few concise 
paragraphs which make up the author’s “ conclusion ” ; 
and the latter is, as might be expected, devoted to a brief 
consideration of animal intelligence. In place of an index 
there is furnished a zoological table, in which the generic 
names of the animals written about are arranged in 
classificatory order, each being accompanied by a paged 
reference and a mention of that particular habit or 
industry dwelt upon. It is a pity that the author takes 
no cognizance of animals lower in the scale than the 
Arthropods ; but we nevertheless heartily recommend 
his book to our readers. It is throughout popular, and 
written in that peculiarly pleasing, yet didactic, style, so 
characteristic of the works of the more successful of 
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French popularizers of science/ which has made them 
masters of their art. 

The above-named volumes are three of a number of 
similar treatises which have lately appeared. The ap- 
preciation of the beautiful and generally interesting in 
Nature must always precede the study of the more useful 
and special, and it is the highest function of works like 
’the present to awaken this preparatory appreciation. Of 
such works those are the most valuable whose authors 
can claim a sound elementary knowledge of the facts with 
which they deal, and a familiarity with current research. 
Only on these terms can a popular natural history rise 
above the level of the too well-known type, in which the 
scissors supply the knowledge and the paste usurps the 
place of the co-ordinating intellect. G. B. H. 

A GENERAL FORMULA FOR THE FLOlf' 
OF WATER. 

A General Formula for the Uniform Flow of Water 
in Rivers and other Channels. By E. (^anguillet 
and W. R. K utter. Translated from the GermaiT by 
Rudolph Hering and John C. Trautwine, Jun. (London : 
Macmillan and Co., 1889.) 

T he general formula devised by Messrs. Ganguillet 
and Kutter for caculating the flow of water in both 
large and small channels, under varied conditions, was 
brought under the notice of English-speaking engineers 
by the publication, in 1876, of a translation by Mr. 
Jackson of some articles on the subject written by Mr, 
Kutter, which appeared in the fournal der Cultur- 
Ingenieur in 1870. This translation, however, was not 
authorized by Mr. Kutter, and contained some incomplete 
tables inserted by Mr, Kutter in his articles at the request 
of a friend. The present volume is a translation of the 
second edition of the treatise on the formula, written by 
Messrs. Ganguillet and Kutter, engineers in Berne, who 
have added a preface to the translation. Mr. Kutter died 
whilst this translation was in progress ; and a short 
memoir of him, with a list of his works, is appended to 
the translators’ preface. 

The book commences with an historical sketch of the 
attempts to arrive at a formula for the flow of water in 
open channels ; and the insufficiency of the earlier formulae 
is pointed out. The investigations of Messrs. Darcy 
and Bazin, and the gaugings of the Mississippi by Messrs. 
Humphreys and Abbot, are then concisely described, and 
the formulae which they deduced from the results of their 
experiments are given, the history of the subject, in a 
brief form, being thus brought down to the period at which 
Messrs. Gangpiillet and Kutter commenced their investiga- 
tions. This forms a sort of introduction to the account 
of the conception and development of the general formula, 
of which the various steps are described in detail. The 
modifications for various amounts of roughness are classi- 
fied ; and, finally, the formula is tested by the comparison 
of its results with a number of gaugings under very differ- 
ent conditions ; and these results indicate, in considerably 
the greater number of cases, a closer approximation to 
the actual measurements than those obtained with the 
formulaf of either Humphreys and Abbot, or Bazin. A 
supplement gives a more direct derivation of the formula 


for mathematical readers ; and the appendices contain 
numerous tables giving the flow of water in pipes under 
pressure, as well as in open channels, for practical use in 
English measures, derived from the formula, and also a 
diagram for the graphical determination of the values of 
the factors in the formula, adapted to English measures 
by the translators. 

Most of the hydraulicians who had investigated the 
question before Darcy and Bazin, such as De Prony, 
Dubnat, Eytelwein, D’Aubuisson, Downing, and others, 
agreed in adopting a formula of the form V •= ^v^RS, 
of which Brahms and Chezy are said to have been the 
authors in the latter half of the last century, in which V 
is the velocity, R the hydraulic radius, and S the slope. 
Different values were assigned to the factor c b^ the 
various investigators ; but it was always regarded as’ a 
constant, applicable to any sized stream in most cases, 
to any slope, and to any state of the bed. Mr. Darcy 
was the first who directed attention to the influence the 
condition of the sides of channels and pipes exercised on 
the discharge ; and he instituted a series of experiments, 
carried out after his death by Mr. Bazin, by which the 
flow of water in regular uniform channels, under different 
conditions of slope, form, and roughness of bed, was 
measured by careful gaugings and gauge-tubes. A few 
years previously, Messrs. Humphreys and Abbot had 
carried out their well-known gaugings of the flow of the 
Mississippi by means of double floats, and deduced a 
formula for the results obtained. Messrs. Ganguillet and 
I Kutter found that the formula derived from the Missis- 
sippi experiments, relating to a' large rivet* with a very 
slight slope, was not applicable to the small streams with 
steep slopes of which they measured the flow in Switzer- 
land, and also that Mr. Bazin’s formula was not suitable, 
in its original form, for large rivers with irregular beds. 
This led Messrs. Ganguillet and Kutter to search for a 
formula applicable to very different slopes and sizes of 
channel, and adaptable to various conditions of bed. 
They took as the basis of their formula the various ex- 
perimental results obtained in France and America, 
•together with their own independent observations on 
channels with steep slopes, so as to include the extreme 
varieties of flow within the range of a single formula. 


Starting from Mr. Bazin’s formula, V 



where c = 



they eventually found it expedient 


y 

to express the value of c in the fonn ^ , in which, 

' ■** V R 

though they at first assumed y and x to be constant for 
any given state of bed, they finally modified them to 
expressions varying with the slope. The alterations in 
the formula were effectedjby aid of graphical representa- 
tions of the various sets of gaugings. It was found, in in- 
vestigating the various experimental results, that thefactorr 
varied generally with the slope ; but a somewhat anomalous 
result was also noted — namely, that whereas in the Missis- 
sippi observations c increased with a decrease in the 
slope, it on the contrary decreased with a decrease of 
slope in the gaugings of small channels,*unless the wetted 
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perimeter was very rough. This change in the variation 
of c with relation to the s lope was found to depend upon 
the hydraulic radius being greater or less than 3‘28i feet ; 
so that c becomes independent of the change in slope 
when R approximates to this value, though the actual 
value of R at which the modification occurs varies with 
the degree of roughness of the channel. This result is 
attributed to the conflicting currents and eddies in large 
rivers having irregular beds, or in small channels with 
very rough beds, which are intensified by an increase in 
the slope ; whereas, in small streams flowing in confined 
channels with smooth beds, an increased velocity tends to 
dissipate retarding lateral movements. A preliminary’ 


fornj adopted for the value of c was 
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where 


rt + - replaces y in the original formula, and an ■■ x, or 

X ^ ny — l,\n. which a is a constant with value 41 ’66 in 
English measures ; / is anot her constant, equal to 
when R has the special value 3'28i referred to above, 
and therefore i'8ii ; and n is the coefficient of rough- 
ness, varying, according to the state of the channel, from 
o’ooq to 0'040. The above value of c suffices for the flow 
in pipes and other small channels with steep slopes, 
owing to the small influence of a variation of slope on the 
coefficient c in such cases ; but for ordinary channels 
allowance has to be made for variations in slope, necessi- 
tating the introduction of another variable factor into the 
expression for c. The final shape given to the value of c 
by Messrs. Ganguillet and Kutter, in their general 


formula, was 
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for English measures, is a constant of a hyperbola em- 
ployed in constructing the formula. The general formula, 
accordingly, became, for English measures — 
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where V is the mean velocity in feet per second, which 
multiplied by the cross-section would give the discharge 
in cubic feet per second, and S is the actual slope. 

The main interest of the book consists in the clear 
exposition of the several steps by which the formula was 
reached ; and even if at some future time, by the aid of 
fresh observations and more accurate experiments, the 
formula should be superseded by a more comprehensive 
and exact one, the merit of this work as an elaborate 
scientific investigation for a general empirical formula 
must always remain ; and the book would deserve to be 
consulted on this ground alone. The formula depends 
entirely upon the exactness of the observations upon 
which it his been based. Mr. Rdvy has questioned the ac- 
curacy of the Mississippi experiments, owing to the use of 
double floats ; and if fresh investigations should establish 
the inaccuracy of any of the observations made use o^ or 
if further experiments should extend the scope of the 
'inquiry, or bring new facts to light, a modified formula 


will be required. The authors, however, of the formula 
do not regard it as final or complete, nor do they claim 
for it any mathematical precision ; they only consider 
that it agrees more closely than any previous formula 
with the results of recorded observations. The formula 
has naturally been objected to on account of its com- 
plicated appearance ; but the variation due to change of 
slope renders this inevitable ; and it has been seen that 
a simpler formula may be adopted for pipes, and small 
channels with steep slopes ; and, moreover, graphical 
methods and tables might simplify the calculations. At 
the close of last year, Mr. Robert Manning, Engineer to 
the Board of Works in Dublin, presented a new formula 

i to the Institution of Civil Engineers of Ireland, which, in 
its general form, is hardly less complicated than that of 
Messrs. Ganguillet and Kutter. This formula is 

V = « VS^IrJ -I- ~ o 

' where n is the coefficient of roughness, g- the force of 
gravity, and tn the height of the barometric column of 
mercury. Mr. Manning puts it forward as simpler and 
better than the other, and claims for it, in a simplified 
form, a closer approximation to the mean of the results 

I of seven of the best known formulae than any other. 

I Actual observations, however, form a surer basis upon 
which to establish a general formula than the results of 
previous formulae ; and it is upon a close concordance with 
very varied and accurate observations that any general 
formula rhust claim acceptance. Whatever position may 
in the future be assigned to the formula of Messrs. Gan- 
guillet and Kutter, their work marks a notable step in 
advance, and must rank with the researches of Messrs. 
Darcy and Bazin, and Messrs. Humphreys and Abbot, as 
a record of important hydraulic investigations ; and the 
translators have performed a valuable service in placing 
clearly before English readers the successive steps by 
which this general formula has been established. 


THE COMPASS ON BOARD. 

Der Kompass an Bord : Ein Handbuch fiir Fiihrer von 
eisernen Schiffen, Herausgegeben von der Direktion 
der Deutschen Seewarte. (Hamburg: L. Friederichsen 
and Co., 1889.) 

T he important subject of the magnetism of iron ships 
and the resulting deviations of their compassest 
has, during the last fifty years, received marked attention 
in England from eminent men of science, attended with 
most valuable results for the safe navigation of our Royal 
and mercantile navies. 

During the last thirteen years this same subject has 
been one of continuous inquiry at the German Naval 
Observatory in Hamburg, and papers have been published 
from time to time in the annual report of that institution^ 
showing what had been accomplished. Combining the 
results of this work with those obtained from the extensive « 
literature chiefly produced in England, Dr. Neumayer, 
the Director of the Observatory, has compiled the present 
work for the use of officers commanding the iron ships of 
the German mercantile navy. 

Of the six chapters into which the work is divided, the 
first is devoted to information on the magnetism of iron 



NA TC/RE 


413 


March 6, 1890] 

and steel, terrestrial magnetism, and the means of 
obtaining the three magnetic elements. . 

In the second chapter, the various modern forms of the 
mariner's compass, and instruments for adjusting com- 
passes without sights, are described with illustrations. 
There is much here which should be of value to com- 
manders of ships anxious to know as much as possible 
of their best friend in navigation. 

• It is, however, to be regretted that in some particulars 
both text and illustrations belong to the past, for in Fig. 
38 an imperfect idea is given of Sir W. Thomson’s com- 
pass. The drawing was correct for 1877, but important 
improvements were made ten years ago in the substitu- 
tion of the wire grummet suspension for india-rubber, a 
change attended with marked success in vessels propelled 
and severely shaken by powerful engines ; also, in 1881, 
the adoption of a total reflection prism in the azimuth 
mirror instead of an ordinary piece of looking-glass. 

Prominence is given to the Hechelmann compass card, 
which is intended to combine the principles of the 
Thomson card (which consist chiefly of a long period 
of oscillation and great lightness), with a much greater 
magnetic moment in the Thomson-Hechelmann car^, as 
it may be termed. The chief difference in these cards 
lies in the arrangement of the needles, Hechelmann's 
idea being to suspend more powerful needles than 
Thomson’s near the circumference, thus bringing the 
weight as far as possible from the centre of the card to 
produce a slow period. 

In bringing powerful needles so near the circumference, 
it is easy to see that something has been lost by Hechel- 
mann when the quadrantal deviation is to be corrected as 
it should be — a correction so perfectly accomplished by 
Thomson. The greater weight of the card, too, tends to 
increase friction at the cap and pivot. Under these con- 
siderations the Thomson-Hechelmann card can hardly be 
considered equal to the modern Thomson. 

In the next chapter, which treats of the magnetism of 
ships and the resulting deviation, it is satisfactory to find 
that the different kinds of magnetism which careful 
investigation has shown to exist in modern vessels are 
specially mentioned. These are — 

(1) Permanent magnetism. 

(2) Sub-permanent (termed also retentive) magnetism. 

(5) Transient magnetism. 

These definitions are accompanied by a footnote stating 
that in the English text-books on deviation no difference 
is made between permanent and sub-permanent mag- 
netism, but that the two are combined under the expres- 
sion sub-permanent. This is perhaps rather hard upon 
some English books, where, by careful reading, it will be 
found that the distinction is really made, but, it must be 
confessed, with a want of that clearness of division 
which is important to sound knowledge. Readers of 
the papers published by the Royal Society, and more 
recently by the Royal United Service Institution, will 
find that the division of a ship’s magnetism into the 
three kinds mentioned above is strongly insisted upon. 

A complete analysis of the deviations of any given com- 
pass in a ship, and of the changes which take place on 
a change of latitude, is necessary before a satisfactory 
compensation of the deviation by magnets and soft iron 
can be made. In the ** Compass on Board,” this analysis 


has a chapter devoted to it, containing information which 
should be of value both to the captains of ships and com- 
pass adjusters. It is illustrated by many examples. 

Values of the coefficients v and v\ representing the 
temporary deviation caused by running on a given <^ourse 
for some days, are given for a number of vessels of dif- 
ferent types, steam and sailing. They clearly show the 
navigator of a new ship the need of caution when altering 
course, and some idea of the amount of change of devia- 
tion he may expect ; whilst it should be understood that 
no careful seaman would fail to learn and note the pecu- 
liarities of the iron affecting his ship’s compasses from 
personal observation under the varied circumstances 
experienced during each voyage. 

A corrector for the deviation caused by sub-permanent 
magnetism has yet to be discovered. . 

Taking a general view of this book, it may be described 
as calculated to provide good practical information for 
the officers of the German mercantile navy, as well as 
a certain amount of a theoretical nature for those inclined 
to learn something of a ship’s magnetism from a higher 
standpoint. 

The maps of the three magnetic elements provided at 
the end of the book are given for the epoch 1885, and on 
a larger scale than those usually provided in hand-books. 
The accompanying map of values of the secular change 
is somewhat open to criticism as regards the figures re- 
corded in the Red Sea, Bombay, East Indies, and Aus- 
tralia. This, however, will not prove of any detriment 
to safety in practical navigation. 

The difficulties connected with the compass in war- 
ships, with their armoured deck, thickly-platid sides, and 
conning-towers, are not treated of, and their officers must 
look elsewhere for the special information they require ; 
still, there is much to be found in this book that will 
serve their purpose. 


OUR BOOK SHELF. 

Library Reference Atlas of the World. By John Bartho- 
lomew, F.R.G.S. (London: Macmillan and Co., 1890.) 

[•The recognition of the intimate connection that exists 
between physiography and geography is made very 
manifest, in all the atlases published during the last few 
years, by the insertion of maps indicating the physical 
features of the earth’s surface. 

We are in an eminently utilitarian age, and a collection 
of maps, to meet the requirements of the day, must serve 
more purposes than that of a mere index to the positions 
of places ; it must represent the most permanent features 
of importance in commercial geography, and the dis- 
tribution of commodities as explained by the sciences 
of physics, geology, meteorology, biology, &c., or collec- 
tively by phvsiegraphy. The elegant work before us 
satisfies all tnese requirements, it is as complete as it is 
a trustworthy atlas of modern geography, and will be 
equally appreciated by the student, the business man, 
and the general reader. 

The atlas contains 84 maps, and amongst them we find 
plates delineating drain^e areas, ocean currents, pre- 
vailing winds, rainfall, temperature, climate^ and com- 
mercial features. A characteristic of the collection is 
the large number of maps that have been devoted to the 
British Empire, eighteen plates being given of the United 
Kingdom alone. India is completed in eight plates, the 
Dominion of Canada is very completeljr represented in 
seven plates, and the mapping of all the British possessions 



414 


NATURE 


[March 6, 1890 


has been carried out on the same elaborate sca^e. After 
the British Empire, special prominence has been given 
to the United States, whilst all the other countries of 
the world have been treated in a very comprehensive 
manner. The general reference index comprises the 
names of 100,000 places contained in the maps, and for 
liritilh names it is the most complete ever published. 
One matter of regret, however, is that the places on some 
of the maps are not obviously visible because of the 
bright and superabundant colouring used to indicate the 
divisions of a country, for, generally speaking, these 
divisions are better represented by coloured lines. The 
less masking there is, the more distinct must places 
appear, and therefore the purpose of an atlas will be the 
better served. This is, however, but a minor point. The 
atlas is an excellent one, it is complete and accurate, 
contains all the results of recent exploration and geo- 
graphical research, and is issued at a moderate price ; its 
addition to every library therefore is a thing to be desired. 

The Bala Volcanic Series of Caernarvonshire and As- 
sociated Rocks; being the Sedgwick Prize Essay for 
1888. By Alfred Harker, M.A., F.G.S., Fellow of St. 
John's College, and Demonstrator in Geology (Petro- 
logy) in the University of Cambridge. (Cambridge : 
University Press, 1889.) 

In this useful little work, Mr. Harker has given an 
admirable resume of the results which have, up to the 
present time, been arrived at by the study of the ancient 
igneous rocks of North Wales. Besides summarizing the 
work of the late John Arthur Phillips and E. B. Tawney, 
of Prof. Bonney, Mr. Rutlcy, Mr. Cole, Mr. Teall, Mr. 
Waller, Miss Raisin, and others who have written on the 
petrography of the district, he has added many new and 
often judicious notes on the rocks in question. A number 
of fresh analyses, and the description of hitherto unrecog- 
nized variet^s of rocks and minerals, raise the work 
out of the category of mere compilations ; and the excel- 
lent classification and arrangement of his materials make 
the book one eminently useful for purposes of reference. 
It is unfortunate that it has no index, though the table 
of contents,*' which is very full and carefully paged, 
causes the want to be less felt than it otherwise would 
be. Mr. Harker classifies the districts of Caernarvon- 
shire in which volcanic rocks are found as the EasterUy 
North- Westerny and IVesterny the latter consisting of the 
Lleyn peninsula. He groups the types of rocks repre- 
sented under the headings of ** rhyolitic lavas," nodu- ' 
lar rhyolites," *^acid intrusives," ^^intermediate rocks," 

‘‘ diabase sills and basalts," and other basic intrusions." 
The work concludes with a review of vulcanicity in 
Caernarvonshire," in which we find discussions of the 
relation of the volcanic eruptions to the earth-movements 
that took place at the period of their occurrence, the suc- 
cession of lavas in the district, and the evidence in favour 
of their submarine origin. The book is admirably 
printed, and is illustrated by six very clearly-drawn 
sketch-maps. The essay is worthy of the memorial in 
connection with which it appears, and is creditable to the 
University under whose auspices it is issued ; and higher 
praise than this it would be difficult to gv'c to any work 
of the kind. 


LETTERS TO THE EDITOR. 

\T%t Editor dots not hold himself responsible for opinions ex* 
pressed by his correspondents. ^^Heither can he undertahi 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part o/Hatvmm, 
No notice is taken of anonymous communications.} 

^ The Inheritance of Acquired Characters. 

WfTHOUT expressing any opinion upon the question recently 
"disatssed in your columns under the above title, I think it may 


be as well to recall the belief of one whose judgment was not 
without weight, and to give some of the evidence on which that 
belief was founded. 

In the first chapter of the Origin of Species" (p. 8 of the* 
sixth edition), Mr. Darwin says, respecting the inherited effect.*; 
of habit, that ** with animals the increased use or disuse of parts 
has had a more marked influence " ; and he gives as instances the* 
changed relative weights of the wing-bones and leg-bones of the 
wild duck and the domestic duck, and, again, the drooping ears 
of various domestic animals. Here are other passages taken 
from subsequent parts of the work : — 

I think there can be no doubt that use in our domestic 
animals has strengthened and enlaiged certain parts, and di.suse 
diminished them ; and that such modifications are inherited " 
(p. 108). And on the following pages he gives five^ further 
examples of such effects. ** Habit in producing constitutional 
peculiarities, and use in strengthening and disuse in weakening 
and diminishing organs, appear in many cases to have been 
potent in their effects " (p 131). “When discussing special 
cases, Mr. Mivart passes over the effects of the increased use 
and disuse of parts, which I have always maintained to be highly 
important, and have treated in my * Variation under Domestica- 
tion ' at greater length than, as I believe, any other writer 
(p. 176). “ Disuse, on the other hand, will account for the Icj-s 

developed condition of the whole inferior half of the body, in- 
cluding the lateral fins " (p. 188). “ I may give another instance* 

of a structure which apparently owes its origin exclusively to use 
or habit" (p. 188). “ It appears probable that disuse has been 

the main agent in rendering organs rudimentary " (pp. 400-401). 
“ < tp the whole, wc may conclude that habit, or use and disuse, 
have, in some cases, played a considerable part in the modifica- 
tion of the constitution and structure ; but that the effects have 
often been largely combined with, and sometimes overmastereit 
by, the natural selection of innate variations" (p. 114). 

In his subsequent work, “ The Variation of Animals and 
Plants under Domestication,” he writes : — 

“ The want of exercise has apparently modified the propor- 
tional length of the limbs in comparison with the body "[in 
rabbits] (p 1 16). “We thus see that the most important and 
complicated organ [the brain] in the whole organization is 
subject to the law of decrease in size from disuse " (p. 129), He 
remarks that in birds of the oceanic islands “ not persecuted by 
any enemies, the reduction of their wings has probably been 
caused by gradual disuse." After comparing one of these, the 
water-hen of Tristan D’Acunha, with the European water-hen, 
and showing that all the bones concerned in flight are smaller, 
he adds ; — “ Hence in the skeleton of this natural species nearly 
the same changes have occurred, only carried a little further, as^ 
with our domestic ducks, and in this latter case I presume no 
one will dispute that they have resulted from the It^ssened use of 
the wings and the increased use of the legs" (pp. 286- 87). “ As^ 
with other loi^-domesticated animals, the instincts of the silk- 
moth have suffered. The caterpillars, when placed on a mulberry 
tree, often commit the strange mistake of devouring the base of 
the leaf on which they are feeding, and consequently fall down 
but they are capable, according to M. Robinet, of again crawling 
up the trunk. Even this capacity sometimes fails, for M. Martins- 
placed some caterpillars on a tree, and those which fell were not 
able to remount and perished of hunger ; they were even in- 
capable of passing from leaf to leaf" (p. 304). 

Here are some instances of like meaning from vol. ii. : — 

‘In many cases there is reason to believe that the lessened use 
of various organs has affected the eorresponding parts in the off- 
spring. But there is no good evidence that this ever follows in 
the course of a single generation. . • . Our domestic fowls, 
ducks, and geese have almost lost, not only in the individual but 
in the race, their power of flight ; for we do not see a chicken, 
when frightened, take flight like a young pheasant. . . . With 
domestic pigeons, the length of sternum, the prominence of its 
crest, the length of the scapulse and furcula, the length of the- 
wings as measured from tip to tip of the radius, are all reduced 
relatively to the same parts in the wild pigeon." After detailing 
kindred diminutions m fowls and ducl^, Mr. Darwin adds, 
“The decreased weight and size of the bones, in the foregoing 
cases, is probably the indirect result of the reaction cn the 
weakened muscles on the bones" (pp. 297-98). “Nathusius has. 
shown that, with the improved races of the pig, the shortened 
legs and snout, the form of the arcictdar condyles of the occiput, 
and the position of the jaws with the upper canine teeth project- 
ing in a most anomalous manner in front of the lower canines, . 
may be attributed to these parts not having been fully exercised. 
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. • • These modifications of structure, which are all strictly 
inherited, characterize several improved breeds, so that they 
cannot have been derived from any single domestic qr wild stock. 
With respect to cattle, Prof. Tanner has remarked that the lungs 
and liver in the improved breeds * are found to be considerably 
reduced in size when compared with those possessed by animals 
having perfect liberty.^ • . • The cause of the reduced lungs in 
highly-bred animals which take little exercise is obvious (pp. 
299-300). And on pp. 301, 302, and 303, he gives facts showing 
the effects of use and disuse in changing, among domestic animals, 
the characters of the ears, the lengths of the intestines, and, in 
various ways, the natures of the instincts. 

Clearly the first thing to be done by those who deny the 
inheritance of acquired characters is to show that the evidence 
Mr. Darwin has furnished by these numerous instances Is all 
worthless. Herbert Spencer. 


Let me remind the readers of Nature that the discussion 
which has been going on in these columns, between the Duke of 
Argyll and Mr. Thiselton Dyer, arose out of a reference in Mr. 
Wallace’s book on “ Darwinism” to the dislocation of the eyes 
of dat- fishes. Two views have been expressed as to the origin 
of this arrangement — the one endeavouring to explain it as a 
case in which a “sport” or congenital variation, had been 
selected and intensified ; the other attributing it to the direct 
action of the muscles of ancestral flat-fishes which had pulled 
the eye out of its normal position, the dislocation thus estab- 
lished being transmitted to offspring, and its amount incrmised 
liy like action in each succeeding generation. In common 
with Mr. Wallace and other naturalists, I spoke of this latter 
hypothesis as one of transmission of an “acquired character.” 
rhe term “ acquired character ” was clearly enough defined by 
t liis example ; it has been used in England for some years, and 
iis equivalent in German (erworbene Eigenschaften) has been 
defined and used for the purpose of indicating the changes in 
a parent referred to by Lamarck in the following words 
(“Philosophic Zoologique,” tome i. p. 235, Edition Savy, 

1873) ’ 

Premiert Loi. — Dans tout animal qui n’a point depasse le 
terme de ses developpemenis, I’emploi plus frequent et soutenii 
d’un organe quelconque, fortifie peu pen cet organe, le 
<leveIoppe, I’agrandit, et lui donne une puissance proportionnee 
a la duree de cet emploi ; tandis que le defaut cons ant d’usage 
de tel oigane, I’affaiblit insensiblement, le deteriore, diminue 
progressivement ses facultes, et finit par le faire disparaitre. 

Deuxi^me LoL — Tout ce que la nature a fait acquirir om 
perdre aux individus par I’influence dea circonstances oii leur 
race se trouve depuis longtemps exposee, et par consequent par 
I’influence de I’emploi predominant de tel organe, ou par celle 
d’un d<5faut constant d’usage de telle partie, elle le conserve par 
la generation aux nouveaux individus qui en proviennent, 
pourvu que les changements acquis soient communs aux deux 
sexes ou i ceux qui ont produit ces nouveaux individus.” 

The meaning of the term “acquired characters” is accord- 
ingly perfectly familiar to all those who have any qualification 
for discussing the subject at all. It is used by Lamarck, and has 
been used since as Lamarck used it Naturalists are at present 
interested in the attempt to decide whether Lamarck was justi- 
fied in his statement that acquired changes are transmitted from 
the parents so changed to their offspring. Many of us hold that, 
he was not ; since, however plausible his laws above quoted may 
appear, it has not been possible to bring forward a single case 
in which the acquisition of a character as described by Lamarck 
and its subsequent transmission to offspring have been con- 
clusively observed. We consider that, until such cases can be 
produced, it is not legitimate to assume the truth of Lamarck’s 
second law. We admit, of course, the operation of the environ- 
ment and of use and disuse as productive of “ acquired charac- 
ters ” ; but we do not find any evidence that these particular 
characters so acquired are transmitted to oflfspring. Acc >idmgly 
it has been held by several naturalists recently (whom I will call 
the anti-Lamarckians, and amow whom 1 include myselO that it 
is necessary to eliminate from Mr. Darwin’s teaching that small 
amount ot doctrine which is based on the admission of the 
validity of Lamarck’s second law. As eveiyone knows, Mr. 
Darwin’s own thMry of the natural selection or congenital varia- 
tions in the straggle for existence is entirely distinct from 
Lamarck’s theory, and the latter was only admitted by Darwin 
\% being possibly or probably true in regain to some cases, and of 
minor importance. Although Darwin expressly stales that he 


was more inclined to attach importance to Lamarck’s theory in 
the later editions of the Origin of Species, ” the anti-Lamarckians 
are convinced that it is conducive to the progress of knowledge 
to reject that theory altogether until (if ever) it is placed on a 
solid basis of observed fact ; and in the meantime to try if it is 
possible to explain the cases which seem most favourable to 
Lamarck’s view by the application of Darwin’s own theoiy. 

It is essential for those who are not thoroughly familiar with 
Darwin’s writings to note that this does not involve a rejection 
of the conclusion that the action of external conditions upon a 
parent may be such as to modify the offspring. That is an 
important part of Mr. Darwin’s own theory, and, as I recently 
pointed out in Nature, it is to such action of the environment 
upon the parent that Mr. Darwin attributed the origin of those 
congenital variations upon which natural selection acts. This 
disturbance of the parental body (I compared it to the shaking 
up of a kaleidoscope), and with it^ of the germs which it carries, 
resulting in “sporting” or “variation” in the offspring, is, it 
should hardly be needful to state, a totally different thing to the 
definite acquirement of a structural character by a parent Rs the 
result of the action upon it of the environment, and the trans- 
mission to offspring of that particular acquired structural character. 
I am not concerned to inquire here whether, or how far, Prof. 
Weismann’s theory of the continuity of the germ-plasm admits of 
the action of external forces on a parental body in such a way as to 
disturb the germ-plasm and induce variation. Prof. Weismann 
can very well defend his own views. All that I am concerned 
with — and that quite independently of the conclusions of Prof. 
Weismann — is whether it is or is not reasonable, useful, or indeed 
legitimate, to assume the truth of Lamarck’s second law, in the 
absence of any direct proof that any such transmission as it 
postulates takes place. Those who think Lamarck’s second law 
to be true have been urged to state (i) cases in which the trans- 
mission of acquired characters is directly demonstrated, or (2) 
cases in which it seems impossible to explain a given structure 
except on the assumption of the truth of that law. If they fail to 
do this, they are asked to admit that Lamarck’s second law is 
unproven and unnecessary. 

The response which has been made to this atten^t to arrive at 
facts is beside the mark. Mr. Cope writes to Nature merely 
asserting^ “ If whatever is acquired by one generation were not 
transmitted to the next, no progress in the evolution of a character 
could possibly occur,” — an opinion peculiar to himself, and cer- 
tainly one which cannot be taken in place of fact. The Duke of 
Argyll then “interpolates” (to use his own word) a general 
statement of his beliefs, and in the last of his letters a statement 
of “ what his position is.” We really are not concerned in this 
matter with beliefs or positions. We want well-ascertained facts 
and straightforward reasoning from facts. The Duke of Argyll 
has not assisted us. When on a recent occasion he was asked to 
cite an instance of what he called “a prophetic germ” in the 
|#adult structure of a plant or animal having, in his opinion, such 
claims to this title as he had ascribed to the electric organ of 
skates, the Duke was unable to reply. He wrote as a substitute 
something about embryological phenomena, which had nothing 
to do with the case. He has not yet ventured to stake his ofi- 
asserted right to offer an opinion upon zoological topics, on the 
reception which his attempt to deal with the details of a par- 
ticular case of organic structure would obtain : in this, I think, he 
is wise. 

The Duke similarly tries to evade the appeal to facts when he 
is pressed by Mr. Dyer to state cases of the transmission of 
acquired characters. In doing so, however, he has, it must be 
admitted, revealed an astonishing levity. He answers (par. 9 
of his letter) that jn all domesticated animals, and especially in 
dogs, we have constant proof that many acquired characters may 
become congenital. This is mere assertion ; we require details. 
It is maintained, on the contrary, by anti-Lamarckians that the 
whole historjr of artificial selection, and of our domesticated 
animals, furnishes a mass of evidence against the theory of the 
transmission of acquired characters, since if such cases occuired 
they would be on record, and moreover would have been utilized 
by breeders. • ^ 

The subsequent proceeding of the Duke is almost incredible. 
In the following paragra{^ of his letter he^ gives up bis con- 
tention that acquired characters are transmitted, coupling his 
retreat with unwarrantable charges against ^ those who nave 
lately raised the question as to whether this is the case or 
not. He correctly states what is meant by the term “ acquired 
characters,” and declares that this meaning, has been expressly 
invented for the purposes R>f the present discussion by “for- 
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tuitists,*' and is “ irrational.” A more baseless charge was never 
yet made in controversy, nor a more obvious attempt to alter the 
terms of discussion so as to give some appearance of plausibility 
to a lost cause. The Duke, in fact, now at length tells us that 
/ic does not mean by ‘‘acquired characters” what we mean. 
Why then did he “ interpolate ” his remarks on the subject and 
make use of the term ? 

If the meaning which the phrase has for the scientific world 
generally be insisted upon, we are now, it appears, to understand 
that the Duke of Argyll agrees with us : what we mean by 
•‘acquired characters ” are not, he admits, shown to be trans- 
mitted. 

“ Fortuitists,” the Duke says, “have invented a new verbal 
definition of what they mean by ‘acquired.’ ” I have shown at 
the commencement of this letter that the term “ acquired ” is used 
lo-day as it was by Lamarck. To the Duke this meaning is 
“ new ” — because he has either never read or has forgotten his 
I.amarck. If this be so, the Duke has been writing very freely 
abou> a subject with which his acquaintance is very small. The 
alternatives are as clear as possible : either the Duke of Argyll 
knew the significance of the term “acquired characters” as em- 
ployed by Lamarck, in which case it would have been impossible 
that he should charge those whom he calls ** fortuitists ” with 
having invented a new verbal definition of what they mean by 
“ acquired ” ; or he did not know Lamarck’s use of the phrase, 
and was therefore not qualified to offer an opinion in the dis- 
cussion, nor to press his “beliefs” and “position ” upon public 
attention. 

I have no time and you have no space to devote to a full 
exposure of the character of other assertions made in the Duke 
of Argyll’s “statement of his position” which are as reckless 
and demonstrably erroneous as that concerning the meaning of 
the term “acquired.” 

Perhaps the most flagrant of these is the assertion that ‘ ‘ the 
theory of Darwin is essentially unphilosopbical in so far as it 
ascril^s the phenomena of variation to pure accident or fortuity ” 
(paragraph 4). Of course the Duke cannot be acquainted with the 
following passage from the “Origin of Species,” sixth edition, 
p. 106 ; but if*he has to plead ignorance of the writings not only of 
Lamarck, but also of Darwin, what is the value of his opinions 
and beliefs on Lamarckism and Darwinism ? The words of 
Mr. Darwin referred to are these : — “ I have hitherto sometimes 
spoken as if the variations, so common and multiform with 
organic beings itnder domestication, and in a lesser degree with 
those under nature, were due to chance. This, of course, is a 
wholly incorrect expression, but it serves to acknowledge plainly 
our ignorance of the cause of each particular variation.” 

Whatever meaning the Duke may attach to the word 
“fortuity,” it is mere empty abuse on his part to call the 
later Darwinians “ fortuitists,” and still less justifiable to insinu- 
ate that their investigations and conclusions are not guided by a 
.simple desire to arrive at truth, but by the intention of propping^ 
up a worship of Fortuity. It is natural for the Duke to suppose 
it impossible to write on Darwinism without some kind of theo- 
logical bias. 

In conclusion, I venture to point out that the Duke of Argyll 
has (l) failed to cite facts in support of his assertions of belief 
in “prophetic germs,” and “transmission of acquired cha- 
racters ” when challenged to do so ; (2) that he displays ignor- 
ance of two of the m^t important passages in the works of 
I>amarck and of Darwin, whom he nevertheless criticizes, and 
in consequence of his ignorance completely, though uninten- 
tionally, misrepresents ; and (3) that he has introduced into these 
columns a method of treating the opinions of scientific men, viz. 
by insinuation of motive and by rhetorical abhse, which, though 
possibly congenial to a politician, are highly objectionable in the 
arena of scientific discussion. 

February 22. E. Ray Lankester. 


Physical Properties of Water. 

As you inform me that my anonymous critic {auie^ p. 361) 
does not intend to avail himself of the opportunity 1 gave him 
(through you) of correcting his misstatements about my Challenger 
Report, 1 must ask to be permitted to correct them myself. 

(i) There is nothing whatever in my Report to justify the 
critic’s statement that 1 “ had never heard of Van dcr Waals' 
work . . . till the end of the year 1888.” Yet this is made the 
, basis of an elaborate attack on me ! 

What I did say was to the effect ^hat I was not aware, till Dr. 


Du Bois told me, that Van der Waals had given numerical esti 
mates of the value of Laplace’s K. I had long known, from 
the papers of Clerk-Maxwell and Clausius, the main features of 
Van der Waals’ investigation. But I also knew that Maxwell 
had shown it to be theoretically unsound; and that Clausius 
had taken the liberty of treating its chief formula as a mere 
empirical expression, by modifying its terms so as to make it 
better fit Andrews’ data. This paper of Clausius is apparently 
unknown to my critic, as is also my own attempt to establish 
(on defensible grounds) a formula somewhat similar to that of 
Van der Waals. 

(2) I said nothing whatever about the “ Volume of Matter in 
unit volume of Water.” Hence the critic’s statement, “ Prof- 
Tail’s value is 0717,” is simply without foundation. 

I merely said that the empirical formula 

/(z^ - a) = constant, 

if assumed to hold for all pressures, shows that a is the volume 
when the pressure is infinite. I still believe that to be the 
case. If not, Algebra must have changed considerably since I 
learned it. 

My critic speaks of a totally different thing (with which I was 
not concerned), which may be 0/4 or a/4 /^2, or (as I think is 
more plausible) a/8. But he says that liquids can be compressed 
to 0*2 or 0’3 of their bulk at ordinary temperatures and pres- 
sures. I was, and remain, under the impression that this could 
be done only eU absohite zero^ and then no compression i > 
required 

There are other misrepresentations of my statements, quite as 
grave as those cited. But it would be tedious to examine them 
all. I have no objection to a savage review, anonymous or not ; 
on the essential condition, however, that it be fair. It is clear 
from what I have shown that this essential condition is absent. 

But my critic, when his statements are accurate, finds fault 
with the form of my work. I will take two examples of this 
kind, and examine them. 

(3) He blames me for not using C.G.S. units. The Chal- 
lenger Reports are, as a rule, written in terms “ understanded 
of nautical men. I wonder what such men would have said 
of me, in their simple but emphatic vernacular, if 1 had spoken 
of a pressure of 154,432,200 C.G.S. units, when I meant what 

I they call a “ton”; or, say, of 185,230 C.G.S. units, when 1 
meant a “ naut.” 

(4) I am next blamed for “mixing units.” 

I should think that if we could find a formula expressing, in 
terms of a man’s age, the average rate at which he can run, say 
for instance 

— Ajr(B - x) 

even my critic would express A in feet per second^ and take x as 
the mere number denoting the age in years. Would he, alone 
in all the world, insist on expressing x as denoting the age in 
seconds in order to prevent what he calls the mixing of units ? 
This is a case precisely parallel to the one in question. 

Generally, 1 would remark that my critic seems to have 
written much more for the purpose of displaying his own 
knowledge than of telling the reader what my Report contains. 
For at least three of the most important things in my Report 
are not even alluded to : — the compressibility of mercury, the 
nature of Amagat’s grand improvement of the ManomHre 
DesgoffeSf and (most particularly) the discussion of the wonder- 
ful formula for the compressibility of water given in the 
splendid publications of the Bureau International. 

P. G. Tait. 


The last volume of the Reports contains papers on 

various branches of science. The review which appeared in 
Nature was not the work of one writer, and was therefore not 
signed, but I have no desire to avoid taking full responsibility 
for the part of which I am the author. 

It will be convenient to reply to Prof. Tait in paragraphs 
numbered to correspond with his own. 

(1) Of course I fully accept Prof. Tail's account of his know- 
ledge of Van dcr Waals’ theory at the time when his Challenger 
Report was vrritteO, but I entirely dissent from his statement 
that what he said about it in the Addendum referred to in the 
review was “ to the effect ” described above. 

It is hardly possible to dP justice to my own case without 
quoting freely, but I will compress as much as possible. He 
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says (p. 60) that he ‘*was informed** (which implies that he 
did not previously know) that ** one of Van derWaals* papers . . . 
contains an elaborate study of the molecular pressure in fluids.” 

Again he says, I have left the passages • . . which refer to this 
subject in the form in which they stood before I became ac* 
quainted with Van der Waals* work. I have not sufficiently 
studied his memoir to be able as yet to form a definite opinion 
whether the difficulty • . • which is raised in Appendix E. can, 
or cannot, be satisfactorily met by Van der Waals* methods.** 

Further, he states that he *‘had been under the impression 
. . . that Laplace’s views had gone entirely out of fashion — 
having made, perhaps, their final appearance . . . about 1850.*’ 

As a matter of fact. Van der Waals adopted Laplace’s views 
in 1873, formula differs from the expression /z/ = RT, 

only by the introduction of two terms, one ol which is obviously 
an additional pressure such as is deduced from Laplace’s theory. 

I do not think that any reader could be expected to conclude 
from these passages in Prof. Tail’s Addendum that when writing 
the paper he had long known the “ main features of Van der 
Waals* investigation.** To me they seemed to mean that he had 
not previously been acquainted with Van der Waals* work, nor 
with his methods, nor with the facts that he studied molecular 
pressure and adopted Laplace’s ideas. 

While, therefore, I willingly submit to Prof. Tait’s correction 
of the phrase that he had “ never heard of Van der Waals,” I 
cannot admit that, on the evidence then before me, I did him any 
substantial injustice. 

(2) I very much doubt whether the distinction between the ulti- 

mate volume and the molecular volume can be maintained if the 
equations are treated as empirical ; and even if they are not, 1 
doubt whether the ultimate volume, as defined by Prof. Tait, has 
any real physical meaning. The value of z' when / 00 is inde- 

pendent of the temperature, whether deduced from the theoretical 
formula to which Prof. Tait refers (p. 48), or from those of Van 
der Waals or Clausius : hence it must (from this point of view) 
be the molecular volume. In the case of Prof. Tait’s new 
equation, which was published after his Report was completed, 
and which is the only one I had not seen when I wrote the 
review, the results when we put / = 00 or T = o, are such as to 
show that its application to these extreme cases is not legitimate. 
My own view is that such algebraical solutions are worth very 
little, and I only discuss them because I wish to show that if we 
admit them at all ♦hey justify my treating Prof. Tait’s number as 
an estimate of the molecular volume. 

(3) I cannot say that I think that Prof. Tait’s reason is 

adequate. The Royal Naval College at Greenwich has done 
more for our naval officers than he would have us believe, and, 
if it were not so, the Challertger Reports are not addressed to 
members of any one profession, nor intended for English-speak- 
ing scientific men alone. Their cosmopolitan character is shown 
by the fact that bound up in the same volume with Prof. Tail's 
Report is another by a distinguished Belgian geologist. ^ 

Foreigners have helped to describe the specimens which our 
i:xpedition collected; they will read the Reports which our experts 
have written. It would have required but a few minutes* work, 
and a few additional lines of print, to have given the final 
results in terms which they would have understood at a glance. 

(4) The analogy is fallacious. Prof. Tait has devised a 
formula into which he introduces two quantities (age and speed), 
which are commonly expressed with reference to different units 
of time. ^ 

I pointed out that he had expressed in the same formula (con- 
trary to conimoti usage) the quantity (pressure) in terms of 
two different units, of which one is not ordinarily used by 
many of those who will make use of his work. 

As to the last paragraph, I have only two remarks to make. 
First, that I think Prof. Tait does himself injustice in re- 
garding a description of apparatus devised by another, and the 
discovery of a blunder of the Bureau International, as two of 
the most important things in his Report. Secondly, >hat 1 . 
think the imputation of motives should be banished from 
scientific discussions. . , . , , , , ^ 

In conclusion, I wish to add that probably I should have Icit 
Prof. Tail’s defence unanswered if ne had not accused me^ of 
unfairness. I have no desire for any oontroi'crsy, and no wish 
to impugn his knowledge of the theory of gases. But. he will 
forgive my reminding him of the old saying, ** AW/rw obli^* | 
A classical research should not be* published in a state which 
leads the reader to the conclusion that the author was only just 
becoming acquainted with facts which bear upon his work and 
have been long before the world. As a reviewer, I formed the 


opiniofi that the Report under discussion was open to this 
criticism. As a reviewer, it was my duty to express my opinion 
in all honesty, and, as 1 hope, in all courtesy. 

Arthur W. Rucker. 


Visualized Images produced by Music.* 

In the annexed paper, and in her own words, are related the 
very curious effects produced on a lady friend by certain musical 
tones and orchestral combinations. They are so very singular, 
so entirely outside my experience, and, withal, so inexplicable, 
that I shall be glad if you will give them a place in your 
columns, in the hope that some of your readers — physiological 
or psychological — may be able to throw some light on them. 

1 should state that the lady is in perfect health, is very intelli- 
gent, an accomplished musician, and not at all, in this or any 
sense, the victim of a disordered imagination. She is quite 
conscious that these spectral images have only a subjective exist- 
ence, though visually they have all the vividness of presentment 
which belongs to realities. • . 

At the first blush it would seem as though these apparitions 
were in some way a response to stimuli sent through the auditory 
nerve ; but this, if any, is an imperfect explanation, since it will 
be noticed that occasionally these visualized pictures slightly 
precede the instrument they belong to. 

This fact suggests that a state of unconscious expectancy may 
be a factor in their reproduction, but it fails entirely, I think, to 
account for their initial appearance. Geo. E. Newton. 

25 Woodland Road, Gipsy Hill, S.E. 

‘‘ The sound of an oboe brings before me a white pyramid or 
obelisk, running into a sharp point ; the point becoming more 
acute if the note is acute, blunter if it is grave. The obelisk 
appears to be sharply defined and solid if the note is loud, and 
vague and vaporous if it is faint. All the notes of the ’cello, 
the high notes of the bassoon, trumpet, and trombone, and the 
low notes of the clarionet and viola, make me sec a flat un- 
dulating ribbon of strong white fibres. 

The tone of the horn brings before me a succession of white 
circles of regularly gradated sizes, overlapping one another. 
These circles and the ribbon float past me horizontally, but the 
point of the obelisk seems to come at me. 

In an orchestra, when the violins strike up, after the wind 
band has been prominent for a time, I see often, but not always, 
a shower of bright white dust or sand, very crisp and glittering. 
I am taking note of the recurrence of this impression, and thime 
it is becoming more frequent, but it is not invariable like the 
others. 

** I have heard a great deal of orchestral music all my life, 
but I have only noticed these effects for four or five years. They 
gained gradually in frequency and clearness, and now the first 
three are invariable. 

I know the scoring of a piece well, the various effects 
slightly precede the instrument they belong to ; only the objects 
are vague wd faint till the sound begins. 

** Sometimes, if an oboe passage h^as an intense and yearning 
character, the white point comes so near me, and moves so 
rapidly, that I think it must wound me, 

I am very anxious to make it clear that I am not trying 
to describe a mental state by symbols, but that / actually see 
the point, the fibres, and the circles. Generally they seem to 
float half-way between me and the orchestra. 

** If only one class of instruments is used, the effect does not 
extend beyond the opening bars : for instance, in a string 
quartette I only see the white sand for a moment at the begin- 
ning ; if, however, wind and stringed instruments are combined, 
I see the various effects again and again in one piece.” 


Foreign Substances attached to Crabs. 

In your issue of December 26, 1889(0. 176), Mr. Pascoedrew 
attention to the cases oFcertain crabs which are frequently found 
covered with sponjges, algse, shells, &c., and*broiight forwaitt 
also the wellrknown case of the Gastrop<kl Phorus. He at the 
same time confessed that be could not see ** where protection 
came in ” in any of the cases which he cited. Mr. A. O. Walker, 
on the other hand (Nature, January 30, p. 296), regards it as 
obvious that the attachment of these foreign substances is a 
useful adaptation for purposes of concealment. Prof. Herdman 
also (Nature, Febrqfiry 13, p. 344) bears withess to the 
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‘ scarcely recognizable appearance of the crab Ifyas 'when 
covered with algae, &c. Indeed, no one who has seen one of these 
crabs brought up with the dredge, or has found a well-covered 
Steuorhynchus on our own shores, can seriou'^ly doubt the useful- 
ness of the habit in rendering the animal inconspicuous. In 
Stenorhyt^hus and Inachus the process of ‘‘dressing” with 
weeds and zoophytes has been described by Bateson (Joum. 
Mar. Biol. Association, vol. i. 1889, P* ^^ 3 )’ ^ 

his description that, as also in the cases of Dorippe^ Pagurits^ 
Dromia vulgaris^ &c., the foreign substances or animals become 
attached to the tody not by accident but by the act of the crabs 
themselves. 

Now Mr. Walker, in regarding all these cases as instances of 
adaptation for concealment, has overlooked the fact that in two 
of our British species of hermit crab {Pagurus bernhardus and 
P. prideauxii) it is the habit of the animds to prefer, and often 
to hght for, shells which are rendered conspicuous by the attach- 
ment to them of species of Anemone, in the one case Adamsia 
rondfletii [Sa^rtia parasitical)^ in the other Adamsia palliaia. 
Another H^ritibh species {Pagtirus cuanemis) is almost invariably 
found inhabiting a shell enveloped in the sponge SubcriUs 
domuncula^ which is frequently of a conspicuous orange-red 
colour Only in the smallest species of Pagurus {e.g,^ P, hrvis) 
does the animal depend invariably upon an inconspicuous ap- 
pearance for its safety. 

The value to the crabs of a preference for shells to which 
Actinians are attached is found in the fact that these gaily- 
coloured animals are carefully shunned by fishes on account of 
their stinging powers ; and although hermit crabs themselves 
are very palatable to fishes, their association with Actinians, 
while rendering them conspicuous as they move atout, is at the 
same time an efficient protection from the persecution of their 
enemies. 

This also explains the habits of the two Mauritian crabs, 
which, according to Mbbius, carry about a sea-anemone in each 
claw. 

The sponge with which Pagurus cuanensis is associated is (like 
all other sponges with which 1 have experimented) exceedingly 
obnoxious to fishes on account of its bad smell and taste. I 
have never succeeded in inducing a fish of any species to swallow 
a fragment of the sponge ; but on the contrary the smell is in 
most cases quite sufficient to drive the fish away. The associa- 
tion with the sponge is therefore here also an efficient protection, 
for I know of no fish capable of extracting the crab from its 
retreat. It is seen from this that the case of Dromia vulgaris 
should probably be removed from the category of adaptations for 
concealment, and, like the cases of /*. bernhardus^ &c., be in- 
cluded in a special group of warning adaptations. 

There yet remains the interesting case, adduced by Dr. R. von 
Lendenfeld, of Dromia excavata associated with a Compound 
Ascidian of the genus Atopomster (Herdman). This, I believe, 
will be found to belong to tne same category of warning adapta- 
tions, for after repeated experiments with Compound and other 
TuniccUa at the Plymouth Laboratory 1 can state that these 
animals are essentially inedible to fishes. The inedibility is in 
large part due, as in the case of sponges, to the characteristic 
odour which Tunicata, and more es^cially Compound TuniccUa^ 
give out, and in no family (excepting perhaps the BotrylHdte) 
is this better marked than in the Polyclinida:^ the group to which 
Atopogasterhtlongfl. Bearing in mind also the fact that Com- 
posite Ascidians frequentlv vie with sponges and Actinians in the 
possession of v^ira and conspicuou*i colours, it is rendered 
practically certain that the case of Dromia excavata is another 
instance of this same type of adventitious warning contrivances. 

Thus the edible (the edibili^ is not yet proved for foreign 
species) Crus acea which attach foreign substances to their bod^s 
may be divided into two groups : — 

(a) Those which are renders inconspicuous in relation to their 
natural surroundings by the habit ; c.g^yStenorhynchus^ Hyas^ 
Dorippe^ Pagurus Icevis^ and young forms of Pagurus bernhardus^ 
&c. 

(0) Those which associate themselves with animals, easily 
recognizable by, and i> 08 se 8 Stog qualities'^oirensive to, their chief 
enemies ; r.^., Dromia vulgaris and excavata^ Pagurus bern* 
hardus^ prideauxii^ and cssamnsis. Walter Garstang. 

Laboratory of the Marine Uiolpgical Association, 

Plymouth, February 21* 

P.S. — From facts which Mr. Weldon and Mr. Harmer have 
communicated to me, it would appear that Dromia vulgaris fre- 
qu^ly attaches Compotpid Ascidians {Leptoclinum maculosum^ 


Botrylloides Gasconia) to its back instead of sponges, a variation 
of habit which is very interesting in connection with the appa- 
rently fixed habit of the Australian species. — W. G. 


A Key to the Royal Society Catalogue. 

“A Cataloguer” appears to have misunderstood me in 
two points. In the index that I propose, the heads would not 
be numbered. Again, in forming an estimate of the size of the 
work, I made the supposition that the 8 papers of an author 
could be grouped, not under 8, but under 3 heads. 

James C. McConnel. 


A Meteor. 

Last night (Monday, the 3rd), as I was crossing the Old 
Deer Park to Richmond, I witnessed the flight of an exception- 
ally fine meteor, which shone out with great brilliancy notwith- 
standing the presence of a bright moon, which was almost at 
the full. 

It appeared to start from the constellation of Leo, and travelled 
across the sky to the westward, vanishing some 10® or 15® above 
the horizon. 

The night was very quiet at the time, and I heard no report. 

T. W. Baker. 

Kew Observatory, Richmond, Surrey, March 4. 


THE^ DISCOVERY OF COAL NPZAR DOVER. 

T he Question of the existence of coal under the newer 
rocks of Southern England, which has engaged the 
attention of some of our leading geologists since the year 
185^, has found its final answer in the discovery announced 
last week in the daily press. The story of the discovery 
is a striking example of the progress of a scientific idea, 
passing through various phases, and growing more clearly 
defined through opposition and failure, until ultimately it 
has been proved to be true, and likely to lead to industrial 
changes of national importance. 

The question was originally started 35 years ago by 
Mr. Godwin-Austen in a memorable paper brought before 
the Geological Society of London, in which it was argued, 
from the character and arrangement of the coal-fields and 
associated rocks of Somersetshire and South Wales on 
the west, and of the Belgian and North French coal-fields 
on the east, that similar coal-fields lie buried beneath the 
newer strata of the intervening regions. Mr. Godwin- 
Austen pointed out that the general direction of the 
exposed coal-fields was ruled by a series of great east 
and west folds, running parallel to the great line of dis- 
turbance — the axisof Artois,” — from the south of Ireland, 
through South Wales and Northern Somerset on the 
west, eastwards through Belgium and Northern France, 
into the valley of the Rhine, near Diisseldorf. Through- 
out this area the exposed coal-fields He in long east and 
west troughs. This series of folded Carboniferous and older 
rocks formed also an east and west ridge along the line 
of the axis of Artois, which gradually sank beneath the 
waves of the Triassic, Liassic, Oolitic, and Cretaceous 
seas. Against this the strata of the three first of these 
rocks gradually thin off, while the coal-measures and 
other rocks of the ridge have repeatedly been struck in 
France and Belgium, and are now being worked imfiie- 
diately underneath the Cretaceous strata over a wide 
area. 

The axisof Artois also, where it is concealed by the 
newer rocks in the south of England, is marked from 
Somerset eastwards by the anticlinal of the chalk of 
North Wiltshire/ and the line of the North Downs^the 
general law seemine to be that when any great folding 
and dislocation of the earth's crust has taken place^ each 
subsequent disturbance follows the very same lines, and 
that simply because they are lines of least resistance.” 

Mr. Godwin-Austen, by combining all these observa- 
tions, finally concluded that there were coal-fietdik beneath 
the Oolitic and Cretaceous rocks of the south of England, 
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and that they were sufficiently near the surface to allow 
of their being of great economic value. He further 
specified the line of the Thames Valley^and the region 
of the Weald, as possible places where they might be 
discovered. 

These important conclusions were during the next 1 1 
years generally received by geologists, with the exception 
of Sir Roderick Murchison. The next important step in 
the direction of their verification was that taken by the 
Coal Commission of 1866-67, by whom Mr. Godwin- 
Austen and Sir R. Murchison were examined at length, 
and the results of the inquiry embodied in the Report by 
Mr. Prestwich. In the Report, Mr. Godwin-Austen’s 
views are accepted, and fortified by a vast number of 
details relating both to the coal-fields of Somersetshire 
and of France and Belgium. Mr. Prestwich also calls 
special attention to the physical identity of the coals of 
these two regions, and to the fact that the Carboniferous 
and older rocks in both are similarly disturbed. He con- 
cludes, further, that the coal-fields which now lie buried 
beneath the newer rocks are probably equal in value and 
in extent to those which are exposed in Somerset and 
.South Wales on the west, and in Belgium and France on 
the east. 

In 1872 the Coal Commission Report was published, 
and in the same year the Sub-Wealden Exploration 
Committee was organized ^ by Mr. Henry WilIett«to test 
the question of the existence of coal in the Wealden area 
by an experimental boring. The site chosen was Nether- 
field, near Battle, in Sussex, where the lowest rocks of the 
Wealden formation form the bottom of the valley. It 
was resolved to go down to the older Palaeozoic strata, 
which were thought to occur at about 1000 feet from the 
surface, or to carry the bore-hole to 2000 feet if they were 
not struck before. The work was carried on under con- 
siderable difficulties for the next three years, until in 1875 
it had to be abandoned at a depth of 1905 feet, because 
of the breakage of many hundred feet of lining-pipes, 
coupled with the loss of the boring-tool at the bottom. 
The section of the strata passed through is as follows : — 


of Wealden rocks were present, they were more than 
1000 feet thick. 

For the next eleven years the problem remained where 
it was left by the results of the Netherfield boring ; while 
in the district of London, evidence was being collected 
in various sinkings for water, which proved the existence 
of the Palaeozoic ridge of rocks, Silurian and old red 
sandstones, older than the Carboniferous, at about 1000 
feet from the surface. Here, too, the Oolitic strata were 
not more than 87 feet in thickness, at their thickest point 
in the well at Richmond. The older rocks, moreover, 
were inclined at a very high angle, as in the case of the 
similar rocks underlying the coal-fields of Somerset, and 
of Northern France and Belgium, and this implied the 
existence of troughs of coal-measures in the synclinal 
folds, in neighbouring areas. 

I come now to the last experiment, which has been so 
fortunately crowned with success. In 1886, I reported 
to Sir Edward Watkin that it was desirable, 4 >otJh on 
scientific and commercial grounds, for a boring to be put 
down in South-East Kent, in the neighbourhood of Dover, 
and that the Channel Tunnel works under the Shake- 
spear Cliff would be the best site for the experiment. It 
was almost within sight of Calais, where the coal-mea- 
sures had been proved at a depth of 1092 feet. It was 
also not many miles away from the spot where a large 
mass of bituminous material — which, according to Mr. 
Godwin-Austen, was the result of the distillation of coal 
from the measures beneath — had been discovered in the 
chalk. Sir Edward Watkin acted with his usual energy 
on my report, and the work was begun in 1886, and 
carried on, under my advice, down to the present time. 
The boring operations have been under the direction of 
Mr. F. Brady, the chief engineer of the South-Eastern 
Railway, to whose ability we owe the completion of the 
work to its present point, under circumstances of great 
difficulty. The strata passed through may be generalized 
as follows : — 

Section at Shakespear CliJ^, Dover. 

Feet. 


Netherfield Section^ 


Lower Grey Chalky and Chalk-Marl 
Glauconitic Marl 

Feet. 

Gault 

Purbeck strata 

200 

Neocomian 

Portland strata 

57 

Portlandian 

Kimmeridge Clay ^ 

Corallian rocks 

107.3 

Kimmeridgean 

5*5 

Corallian 

Oxford Clay 

60 • 

Oxfordian ... 


■ 

Callovian ... ... 


1905 

Bathonian 


500. 


660. 


This section, although it yielded no information as to 
the Palaeozoic rocks, showed that in this particular dis- 
trict they are more than 1900. feet beneath the surface, 
and revealed the great thickness of the Kimmeridge Clay 
and Corallian rocks, sufficiently distant from the ridge of 
coal-measures and older rocks, against which the Oolitic 
strata thin away to the north, to allow of an accumulation 
of Oolitic sediments to a thickness of more than 1700 feet 
In this respect, therefore, it afforded unmistakable evi- 
dence that the search for the ridge in question might be 
carried on with much greater chance of success mrther 
to the north, in the direction of the North Downs. The 
great and increasing thickness of the successive newer 
rocks of the Wealden formation, which form the surface 
of the ground between Netherfield and the North Downs, 
rendered it undesirable to repeat the experiment within 
the Wealden area proper. Close to Battle, the Secondary 
strata were of great thickness, and where the whole series 

' Tb* Comnittee consbted of Profs. lUnsay and Phillip^ Sir John Lub- 
bock, Sir Philip Egerton, and Messrs. Thomas Hawksley, Waringion 
Smythi'^stwi^ Bristow. Stharidga, Boyd Dawkins, and Topley. 

■.Tba nrscias boundary biaween theta two groups is uneerMin. If the 
Kimmahoga Clay series be taken down to the Corafiine Oolite, its thickness 
will be ssM^bet. 


Coal-measures, sandstones, and shales and clays, with 1 
one seam of good blazing coal, struck at i tSo feet > 20. 
from the top of the bore-hole ... ) 

The coal-measures were struck at a depth of 1160 feet, 
or 68 feet below the point where the coal-measures were 
met with in the boring at Calais. It may also be noted 
as a remarkable confirmation of Mr. Godwin-Austen’s 
views as to the abrupt thinning off of the Wealden strata, 
that, although along the line of the North Downs the 
Weald clay Strikes towards the French coast, and is seen 
at low water between Hythe and Folkestone, it and the 
underlying Wealden strata are not represented in the 
section at the Shakespear Cliff. 

It is too soon as yet to measure the full value of this 
discovery near Dover, while our work is as yet unfinished. 
We may, however, xemark that the coal-fields of the 
Continent, which have been proved beneath the newer 
rocks in Northern France and Belmum, some 60 miles to 
the west of their eastern outcrops, Mve now been traced 
across the Channel, that they are at a workable depth, 
and that we have now a well-defined base for further 
researches in Southern England. 

W. Boyd Dawkins. 
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THE RELATION BETWEEN THE ATOMIC 
VOLUMES OF ELEMENTS PRESENT IN 
IRON AND THEIR INFLUENCE ON ITS 
MOLECULAR STRUCTURE. 

I N a lecture on the Hardening and Tempering of Steel, 
published in November last (Nature, vol. xli. pp. ii, 
32), an attempt was made to set forth the prominent facts 
developed in recent researches, more especially those of 
M. Osmond, which tend to prove that iron, like many 
other elements, can pass from the normal state to an 
allotropic one. It was shown that as a mass of iron or 
steel cools down, there are at least two distinct evolutions 
of heat, one occurring at a variable temperature not higher 
than 855'^ C, the other at a more constant temperature, 
near 650'’ C. From a long series of most patient investi- 
gations, Osmond argues that there are two kinds of iron, 
one [hard] /3 iron, and the other [soft] a iron. The 
molecular change from ^ to a iron is indicated by the 
first evdlution of heat in the cooling mass of iron or steel, 
and at this point the cooling mass of iron regains the 
magnetic properties which it loses at higher tempera- 
tures. The second evolution of heat only occurs in car- 
burized iron or steel, and marks the point at which carbon 
itself changes from the dissolved or ‘ hardening-car- 
bon,’ to the state of combined or ‘carbide-carbon.’ 
In highly carburized steel, the two points at which 
heat is evolved coincide, and experimertlal evidence 
has been given (/tfc. cit. p. 34) as to the abnormal 
molecular weakness which is exhibited when a very hot 
bar of such steel cools down to about 660° C. In a recent 
communication to Nature (February 20, p. 369), Prof. 
Carl Barus, of Washington, has pointed out, with refer- 
ence to this molecular weakness, “ that when iron passes 
through the temperature of recalescence its molecular 
condition is almost chaotic ” ; whilst with regard to 
Osmond’s view that a iron passes to 3 iron when sub- 
mitted to any stress which produces permanent deforma- 
tion of the mass. Prof. Barus says that “there is reason 
to be urged even in favour of the extreme view ” that such 
molecular change may be produced in most metals. In 
the lecture at Newcastle, I expressed the belief (Nature, 
loc. cit.) that it would be shown that the influence of 
small quantities of other elements on masses of iron 
would M found not to be at variance with the periodic 
law. I had already given experimental evidence to show 
that the action of small quantities of impurity on the 
tenacity of gold was closely in accordance with that law, 
but in the case of iron it was difficult to say what pro- 
perty of the metal would be most affected by the added 
matter. It appeared safe, however, to point to the pos- 
sibility that the direct connection with the periodic law 
would “ be traced by the effect of a given element in 
retarding or promoting the passage of ordinary iron to 
the allotropic state,” a point of much importance, as the 
mechanical properties of the metal must depend on the 
atomic arrangement in the molecules. 

I am glad that so eminent an authority and admirable 
experimenter as M. Osmond has satisfied himself as to 
the probable accuracy of this view. In two recent papers 
communicated to the Acaddmie des Sciences, the results 
of his experiments are given, and the fallowing is a 
translation of the later of these {Comptes rendus, vol. cx. 
p. 346);- 

“ Within the last few years and quite recently {Compies 
rendusy Sdances des 20 octobre et 6 ddeembre 1886, 4 
avril 1887, et 3 fdvrier i^o), I have had the honour to 
submit to the, Academy f^ts relating to the allotropic 
modifications of iron, and to the part played in such 
changes by foreign bodies alloyed with the mass. Prof. 
Roberts- Austen, by studying the effect produced on the 
mechanical properties of gold by the adaition of the same 
weight (about 0 2 per cent.) of seventeen foreign metals, 
has discovered a curious relation between the results ob- 


tained and the position occupied by the added metals in 
the periodic classification (Phil. Trans. Roy. Soc., vol. 
clxxix. p. 339, 1888). Prof Roberts-Austen has deduced 
from this that ‘an analogous relation should exist for iron, 
but the irons and steels of commerce are such complex 
products, and the same metal may assume such different 
aspects, that the relation in question is not readily apparent 
from a study of their mechanical properties. 

“ In reviewing my former experiments with these new 
ideas as guides, it appeared to me that the law of Roberts- 
Austen was well based, and new experiments undertaken 
to verify it have only confirmed my first view. 

“ The foreign elements whose action on the critical points 
of iron I have studied experimentally with more or less 
completeness, are ranged as follows in two columns in the 
order of their atomic volumes 


1. 

Atomic 

volume. 

ir. 

Atomic 

volume. 

Carbon ... 

... 

Chromium 

... 77 

Boron 

... 4*1 

Tungsten ... 

... 9*6 

Nickel 

... 67 

Silicon 

... 11*2 

Manganese 

... 69 

Arsenic 

... 13-2 

Copper ... 

... 71 

Phosphorus 
Sulphur ... 

••• *3*5 

... 157 


“ The elements in column I., whose atomic volumes are 
smalleii than that of iron (7*2), delay during cooling, 
cceieris paribus y the change of 3 [hard] iron to a [soft] iron, 
as well as that of ‘ hardening-carbon ’ {cafbone de trempe) 
into ‘ carbide-carbon ’ {carbone de recuit). For these 
two reasons they tend to increase, with equal rates of 
cooling, the proportion of 3 iron that is present in the 
cooled iron or steel, and consequently the hardness of the 
metal. Indeed, their presence is equivalent to a more or 
less energetic hardening.^ 

“ On the other hand, the elements of column II., whose 
atomic volumes are greater than that of iron, tend to 
raise or at least to maintain near its normal position, 
during cooling, the temperature at which the change of 
3 to tt iron takes place ; further, they render the inverse 
change during heating more or less incomplete, and 
usually hasten the change of ‘ hardening-carbon ’ to 
‘ carbide-carbon.’ ^ 

“ Thus they maintain the iron in the a [soft] state at high 
temperatures, and must therefore have the same effect in 
the cooled metal. In this way they would act on iron as 
annealing does, rendering it soft and malleable, did not 
tljisir individual properties, or those of their compounds, 
often intervene and partially mask this natural conse- 
quence of their presence. 

“The essential part, therefore, played by foreign elements 
alloyed with iron, is either to hasten or delay the passage 
of iron, during cooling, to an allotropic state, and to 
render the change more or less incomplete in one sense 
or the other, according to whether the atomic volume of 
the added impurity is greater or less than that of iron. 
In other words, foreign elements of low atomic volume 
tend to make iron itself assume or retain the particular 
molecular form that possesses the lowest atomic volume, 
whilst elements with large afomic volume produce the 
inverse effect. 

“It should be noted that carbon, whilst obeying the 
general law, possesses on its own account the property of 
undergoing, at a certain critical temperature, a change the 
nature of which is still disputable, although its existence is 
acknowledged. It is this properw which gives carbon a 
place by itself in the metallurgy of iron.” 


M. Osmond has shown me the curves which represent 
the results of his experiments, and these will doubtless 

* To tl>« element* of column I. bydrosen may be added. A* i* well 
known, this eltment renden clectro-doMiired iron hard and brittlo ; perhaps 
it would bt belter to say with Graham n^dr^geninm, for hydrogen gas does 
not ^pear to have a marked influence on the cr»tical temperature. 

^ Tungsten alone present.*! certain anomalies. 
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soon be^ published. Whatever may ultimately prove to 
be the true nature of the molecular change which accom- 
panies the thermal treatment of iron and determines its 
mechanical properties, there is little doubt but that there 
is a close relation between the action of foreign elements 
and their atomic volume. Few metallurgial questions 
are of greater interest at the present time than those 
which relate to the molecular structure of metals, and the 
admirable work of M. Osmond has shown it to be very 
.probable that the presence of a small quantity of a foreign 
metal may cause a mass of another metal to pass into an 
allotropic state. In relation to iron and steel the problems 
are of great industrial importance, and it is fortunate 
that we appear to be nearing the discovery of a law in 
accordance with which all metallic masses are influenced 
by “ traces,” W. C. Rober'i's- Austen. 


SEDGWICK AND MURCHISON: CAMBRIAN 
AND SILURIAN.^ 

E rroneous impressions have long existed among 
American geologists with regard to the relations to 
one another, and to Cambrian and Silurian geology, of 
Sedgwick and Murchison. The Taconic controversy in 
this country served, most unreasonably, to intensify feel- 
ings respecting these British fellow-workers in geology, 
and draw out harsh judgments. Now that right views on 
the American question have been reached, it is desirable 
that the facts connected with the British question should 
be understood and justly appreciated. 

Sedgwick and Murchison were literally fellow-workers 
in their earlier investigations. Prof. John Phillips, in a 
biographical sketch of Sedgwick (Nature, vol. vii. p. 257), 
whose intimate friendship through fifty years “ he had 
the happiness of enjoying," speaks thus, in 1873, of their 
joint work : — 

“ Communications on Arran and the north of Scotland, 
including Caithness (1828^ and the Moray Firth ; others 
on Gosau and the Eastern Alps (1829-31) ; and still 
later, in 1837, a great memoir on the Palscozoic strata of 
Devonshire and Cprnwall, and another on the coeval 
rocks of Belgium and North Germany, show the labours 
of these intimate friends in the happiest way — the broad 
generalizations in which the Cambridge professor delighted, 
well supported by the indefatigable industry of his zealous 
companion.” 

Prof. Phillips then speaks of the Cambrian and Silurian 
labours “ of two of the most truly attached and mutually 
helpful cultivators of geological science in England.” 

Of these Cambrian and Silurian labours it is my purpose 
to give here a brief history derived from the papers they 
published. They were begun in 1831, without concert — 
Sedgwick in Wales, Murchison along the Welsh and 
English borders. 

In September of 1831, the summer’s excursions ended, 
Murchison made his first report at the first meeting of 
the British Association. It was illustrated by a coloured 
geological map representing the distribution of the 
“ Transition Rocks,” the outlying Old Red Sandstone, 
and the Carboniferous limestone (Murchison, Report of 
the British Association, i. 91, 1831). 

These “ Transition Rocks ” (of Werner’s system), up- 
turned semi-crystalline schists, slates, and other rocks, 
passing down into uncrystalline, and regarded as niostly 
non'fossiliferotts, the agnctonoic” of the first quarter of 
the century,^ were the subject of Sedgwick’s and Murchi- 
son's investigations — the older of the series, as it turned 
out, being Included in Sedgwick’s part’ They were 

Printed firom advnnce sheets kindly supplied bjr Prof. Dans. The 
.article appears in the^nurrent number of the Americ»n Journal ijfScienct. 

Murdiison says, in the introductory chapter of his “ Silurian System," 
p. 4, " No One [in Groat Britain, before his investigations began] was aware 
of the existence below the Old Red Sandstone of a regular series of deposits 
containing peculiar organic remains." " From the days of De Saussuro and 


early i^solved into their constituent formations by 
Murchison, and later as completely by Sedgwick in his 
more difficult field.^ 

Already in March and April of 1833, Murchison showed, 
by his communications to the Geological Society of 
London, that he had made great progress ; for the re- 
port says : ’ — He “ separated into distinct formations, by 
the evidence of fossils and the order of superposition, the 
upper portion of those vast sedimentary accumulations 
which had hitherto been known only under the common 
terms of Transition Rocks and Grauwacke.” And these 
“ distinct formations ” were : (i) the Upper Ludlow rocks ; 
(2) the Wenlock limestone ; (3) the Lower Ludlow rocks ; 
(4) Shelley sandstones, “which in Shropshire occupy 
separate ridges on the south-eastern flanks of the Wrekin 
and the Caer Caradoc ” ; (5) the Black Trilobite flag- 
stone whose “ prevailing Trilobite is the large Asaphus 
liuchit, which with the associated species,” he observed, 
“is never seen in any of the overlying groups”* and 
j below these, (6) Red Conglomerate sandstone and slaty 
' schist several thousand feet in thickness. 

By the following January, 1834, Murchison was ready 
with a further report,^ in which he described the “ four 
fossiliferous formations” in detail, and displayed, on a 
folded table arranged in columns, their stratigraphical 
order, thickness, subdivisions, localities, and “ charac- 
teristic organic remains.” The subdivisions of the rock- 
series in the memoir are as follows, commencing above : 
(I.) Ludlow rocks, 2000 feet ; (II.) Wenlock and Dudley 
rocks, 1800 feet; (III.) Horderley and May Hill rocks 
(afterward named Caradoc), 2500 feet ; (IV.) Builth and 
Llandeilo flags, characterized by Asaphus Buchii, 1200 
feet ; and, below these, (V.) the Longmynd and Gwas- 
taden rocks, many thousand feet thick, set down as 
unfossiliferous. 

Thus far had Murchison advanced in the development 
of the Silurian system by the end of hiS third year. 
U pper and Lower Silurian strata were comprised in it, 
but these subdivisions were not yet announced. 

During the interval from 1831 to 1834, Sedgwick pre- 
sented to the British Association in 1832 a verbal com- 
munication on the geology of Caernarvonshire, and 
another brief report of progress in 1833. A few lines for 
each are all that was published. The difficulties of the 
region were a reason for slow and cautious work. 

In 1834, as first stated in the Journal of the Geological 
Society for the year 1852, the two geologists took an 
excursion together over their respective fields. Sedgwick 
says (Quarterly Journal of the Geological Society, viii. 
152, 1852) : “ I then studied for the first time the Silurian 
types under the guidance of my fellow-labourer and 
friend ; and I was so struck by the clearness of the 
natural sections and the perfection of his workmanship, 
that I received, I might say, with implicit faith everything 
which he then taught me.” And further, “the whole 
'Silurian system' was by its author placed above the 
great undulating slate-rocks of South. Wales.” The geo- 
logists next went together over Sedgwick’s region, and 

Werner, to our own» the belief was impressed on the minds of geologists that 
the great dislocati^n^to which these ancient rocks had been subjected had 
entirely dUsevered mem from the fossiliferous strata with which we were 
acquainted.’* 

f T’K.* f4av*rr 

to the rocks of the I aconic rej^on and thetr i 

upturned, apparently unfossiliforous, semi crys - , , 

extended eastward to a region of mieisscs. The study of the rocks was com- 
menced ; but in 1849, before careml work for the resolution of them had been 
dune'-ltke that in which Murchison and Sedgwick wereengaged— they were, 
unfortunately, put, as a whole, into a ** Taconic system** qf assumed pre- 
Potsdam age ; at the same time ** Transition** was shoved west of the Hud- 
son, over rocks that were horizontal, and already resolved. Owing to .this 
forestalling^ of investigation! and partly also to inherent difficulties, the right 
determination of the several formations comprised in this Tac >nic or Tran- 
sition *' region was very long delayed. 

• Murchison, Proceedings of the Gcol. Soc. London, i. 470, A74, 1833, ^ 

paper on the sedimentary deposits of Shropshire and Herefordshire. 

3 Murchison, Proc. GeoU Soc., ii. 13, 1834. 'Ihe subject was also before 
the British Association ; Report for 1834, p. ^52- ^ 
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the sections from the top of the Berwyns lo Bala. 
Murchison concluded, after his brief examination, and 
told Sedgwick, that the Bala group could not be brought 
within the limits of his system. He says : “ I believed it 
it to plunge under the true Llandeilo flags with Asaphus 
SucHii, which I had recognized on the east flank of that 
chain.” “ Not seeing, on that hurried visit, any of the 
characteristic Llandeilo Trilobites in the Bala limestone, 
1 did not then identify that rock with the Llandeilo flags, 
as has since been done by the Government surveyors ” 
(Q. J. G. Soc., viii. 175). 

In 1835, the terms “Silurian” and “Cambrian” first 
appear in geological literature. Murchison named his 
system the “ Silurian ” in an article in the Philosophical 
Magazine for July of that year, and at the same time 
defined the two grand subdivisions of the system ; (I.) 
the Upper Silurian, or the Ludlow and Wenlock beds; 
and ^II.) the T.ower Silurian, or the Caradoc and Llandeilo 
beds {Phil. Mag., vii. 46, July 1835). 

During the next month, August, the fourth meeting of 
the British Association was held at Edinburgh, and in 
the Report of the meeting (Brit. Assoc., v., August 1835), 
the two terms, “ Silurian ” and “ Cambrian,” are united 
in the title of a communication “ by Prof. Sedgwick and 
R. I. Murchison,” the title reading, “ On the Silurian and 
Cambrian Systems, exhibiting the order in which the 
older sedimentry strata succeed each other in England 
and Wales.” Murchison, after explaining his several 
subdivisions, said that “ in South Wales” he had “traced 
many distinct passages from the lowest member of the 
“ Silurian system ” into the underlying slaty rocks now 
named by Prof. Sedgwick the Upper Cambrian.” Sedg- 
wick spoke of his “ Upper Cambrian group” as including 
the greater part of the chain of the Berwyns, where, he 
said, “ it is connected with the Llandeilo flags of the 
Silurian an^ expanded through a considerable part of 
South Wales”; the “Middle Cambrian group” as 
“comprising the higher mountains of Caernarvonshire 
and Merionethshire”; the “Lower Cambrian group ” as 
occupying the south-west coast of Caernarvonshire, and 
consisting of chlorite and mica schists, and some serpen- 
tine and granular limestone ; and finally, he “ explained 
the mode of connecting Mr. Murchison’s researches with 
his own so as to form one general system.” 

Thus, in four years Murchison had developed the true 
system in the rocks he was studying ; and Sedgwick like- 
wise had reached what appeared to be a natural gp-ouping 
of the rocks of his complicated area. Further, in a united* 
paper, or papers presented together, they had announced 
the names Silurian and Cambrian, and expressed their 
mutual satisfaction with the defined limits. Neither was 
yet aware of the unfortunate mischief-involving fact that 
the two were overlapping series. 

It is well here to note that the term “ Cambrian ” ante- 
dates “ Taconic” of Emmons by serren years; and also 
that Emmons did not know — any more than Sedgwick 
with regard to the Cambrian — that his system of rocks 
was in part Lower Silurian, and of Llandeilo and Caradoc 
age. 

In May of 1838, nearly three years later, Sedgwick 
presented his first detailed memoir on North Wales and 
the Cambrian rocks to the Geological Society.' Without 
referring to the characteristic fossils, he divides the rocks 
below the Old Red Sandstone, beginning below, into (I.) 
the Primary Stratified Groups, including gneiss, mica- 
schist, and the Skiddaw slates, giving the provisional 
name of “ Protozoic ” for the sefies should it prove to be 
fossiliferou^, and ( 11 .) the Palaeozoic Series; the latter 
including (i) the Lx>wer Cambrian (answering to Middle 
Cambrian of the paper of 1835), (2) the Upper Cambrian, 
and (3) the “ Silurian.” or the series so called by Murchi. 

* An abstract appeared in the Proc. Geol. Soc., ii. 675, 1818. A coiitinisa- 
^ion of the paper appeared in i8<|i, itid., iii. 541. See alsoQ. J. Geol. Soc., 

viii., 185a. 
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son. Without a report on the fossils, no comparison was 
possible at that time with Murchison’s Silurian series. 
Yet Sedgwick ^oes so far as to say that the “ Upper 
Cambrian,” which “commences with the fossiliferous 
beds of Bala, and includes all the higher portions of the 
Berwyns and all the slate-rocks of South Wales which 
are below the Silurian System,” “appears to pass by 
insensible gradation into the lower division of the Upper 
System (the Caradoc Sandstone) ; ” and that “ many of 
the fossils are identical in species with those of the 
Silurian System.” ' Respecting the Silurian System he 
refers to the abstracts of Mr. Murchison’s papers and 
“ his forthcoming work.” 

The Protozoic division included the “ Highlands of 
Scotland, the crystalline schists of Anglesea, and the 
south-west coast of Caernarvonshire.” It is added : 
“ The series is generally without organic remains ; but 
should organic remains appear unequivocally in any part 
of this class they may be described as the Protozoic 
System.” 

In the later part of the same year, 1838, Murchison’s 
“ Silurian System ” was published " — a quarto volume of 
800 pages, w'ith twenty-seven plates of fossils, and nine 
folded plates of stratigraphical sections, besides many 
plates in the text — the outcome of his eight years of 
work. Five hundred pages are devoted to the Silurian 
Sysftem. 

The dedication is as follows 

“ To you, my dear Sedgwick, a large portion of whose 
life has been devoted to the arduous study of the older 
British rocks, I dedicate this work. 

“ Having explored with you many a tract, both at home 
and abroad, I beg you to accept this offering as a memorial 
of friendship, and of the high sense I entertain of the value 
of your labours.” 

Thiough Murchison’s investigations here recorded, as 
he remarks in his introduction with reasonable satisfac- 
tion, “a complete succession of fossiliferous strata is 
interpolated between the Old Red Sandstone and the 
oldest slaty rocks.” He observes as follows of Sedg- 
wick : — “ In speaking of the labours of my friend, I may 
truly say, that he not only shed an entirely new light on 
the crystalline arrangement or slaty cleavage of the North 
Welsh mountains, but also overcame what to most men 
would have proved insurmountable difficulties in deter- 
mining the order and relations of these very ancient 
strata amid scenes of vast dislocation. He further made 
several traverses across the region in which I was em- 
ployed ; and, sanctioning the arrangement I had adopted, 
he not only gave me confidence in its accuracy, but 
enhanced the value of my work by enabling me to unite 
it with his own ; and thus have our joint exertions led to 
a general view of the sequence of the older fossiliferous 
deposits.” In accordance with these statements many of 
the descriptions and the very numerous sections represent 
the Cambrian rocks lying beneath the Silurian — though 
necessarily with incorrect details, since neither Murchi- 
son nor Sedgwick had then any appreciation of the 
actual connection between the so-called Cambrian and 
Silurian. 

The Silurian System, as here set forth, is essentially 
that of Murchison’s earlier paper of 1835 ; and through 
the work, as each region is taken up, the rocks of the 
Upper and Lower divisions, and their several subdivisions, 
arc described in order, with a mention of the character- 
istic fossils. As to the relations of the two grand divi- 
sions, he says that, “ although two or three species of 


* Of these foMili, he had mentioned BelUro^hon Producta 

stricta^ and severat tpedet of OtihU** at occumna in the la limestone, 
** all ofwhich are common to the Lower Stionan System, to a syllabus of 


his Cambridge lectures, inibltshed in 18^7, ... . . 

® Murchison^s “ Siluruin System '* heart on ite Ittle-Mge the date 1830. 
He statcf in the Q. J. GeoL Soc., vlii. lyr, i8s», that the work was really 
Issued in 1838. The fossil fishes of ‘'the volume were described by Agassi/, 
the Trilobites by Murchison, and the rest of the species by Sowerby. 
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shells o^he Upper Silurian rocks may be detected in the 
Lower Silurian, the mass of organic remains in each 
group is very distinct” Later he makes the. number of 
identical species larger ; but even the newest results do 
not increase it so far as to set aside Murchison’s general 
statement of 1838. 

Sedgwick, with all the light which the fossils of the 
“Silurian System” were calculated to throw on his 
Upper Cambrian series, found in the work no encroach- 
ments on his field or on his views. They were still side 
by side in their labours among the hitherto unfathomed 
iiritish Palaeozoic rocks. 

In 1840 and 1841, Murchison was in Russia with M. de 
V'erneuil and Count Keyserling, and also in Scandinavia 
and Bohemia, seeking to extend his knowledge of the 
older fossiliferous rocks and verify his conclusions ; and 
in 1845 the great work on the “ Geology of Russia and 
the Urals ” came out, with a further display of Upper and 
Lower Silurian life. In his Presidential addresses of 
1842 and 1843, reviewing the facts in the light of his new 
observations, he went so far as to say that the Lower 
Silurian rocks were the oldest of fossiliferous rocks, and 
that the fossiliferous series of North Wales seemed to 
exhibit no vestiges of animal life different from those of 
the Lower Silurian group. 

.Still Sedgwick made no protest. He states definitely 
on this point in his paper of 1852 (O. J. Geol. Soc.,^iii. 
J53> 1852), that from 1834, the time of the excursion with 
Murchison, until 1842, he had accepted Murchison’s con- 
clusions, including the reference of the Meifod beds to 
the Caradoc or Silurian, without questioning ; but that 
from that time, 1842, he began to lose his confidence in 
the stability of the base-line of the “ Silurian System.” 
He adds that in 1842, Mr. Salter, the paUcontologist, in- 
formed him that the Meifod beds were on the same 
horizon nearly with the Bala beds ; and he accepted this 
conclusion to its full extent, using the words, “ if the 
Meifod beds were Caradoc, the Bala beds must also be 
Caradoc or very nearly on its parallel.” Thus the infer- 
ence of Murchison was adopted, and discrepancy between 
them deferred. And on the following page he acknow- 
ledges that all his papers of which there is any notice in 
the Proceedings or Journal of the Geological Society 
between 1843 and 1846 admit this view as to the Bala 
beds and certain consequences of it — “ mistakes,’’ as he 
pronounced them six years later, in 1852 (Q.J. Geol. Soc., 
viii. 154, 1852). 

In 1843, Sedgwick read before the Geological Society 
in June, a paper entitled “An Outline of the Geological 
Structure of North Wales,” which was published in 
abstract in the Proceedings (iv. 251) ; and in November 
of the same year, one “ On the Older Palaeozoic (Proto- 
zoic) Rocks of North Wales ” (from observations by him- 
self in company with Mr. Salter), which appeared, with a 
map, in the Journal of the Geological Society (i. 1). The 
abstract in the Proceedings was prepared by Mr. War- 
burton, the President of the Geological Society, and the 
paper of the following N ovember makes no allusion to 
this fact, or any objection to the abstract. 

A remarkable feature of the November paper is that it 
nowhere contains the term “ Upper Cambrian ” or even 
“ Cambrian,” although the rocks are Sedgwick’s Upper 
Cambrian, together with Murchison’s Upper Silurian. 

A second fact of historical interest is the use of the 
term “ Protozoic,” not in the sense in which it was intro- 
duced by him in 1838, but in that in which introduced in 
1838 by Murchison, on p. 11 of his “Silurian System,” 
where he says : — 

“ But the Silurian, though ancient, are not, as before 
stated, the most ancient fossiliferous strata. They are, in 
truth, but the upper portion of a succession of early 
deposits which it may hereafter be found necessary to 
describe under one comprehensive name. For this pur- 
ptm I venture to suggest the term * Protozoic Rocks 


thereby fo imply the first or lowest formations in which 
animals or vegetables appear.” 

These facts are in accordance with Sedgwick’s ac- 
knowledgment, already mentioned. 

The map accompanying the paper as originally pre- 
pared, had colours corresponding to five sets of areas, 
those of the “ Carboniferous Limestone,” “ Upper Silu- 
rian,” “Protozoic Rocks,” “Mica and Chlorite Slate,’’ 
“Porphyritic Rocks” ; and here again Cambrian, Upper 
or Lower, does not appear, the term Protozoic being 
substituted. The map, as it stands in the Journal of the 
Geological Society, has, in olace of simply “ Protozoic,” 
the words “ Lower Silurian (Protozoic).” Sedgwick com- 
plains, in his paper of 1852, pp. 154, 155, of this change 
from his manuscript, and attributes it to Mr. Warburton, 
saying that “ the map with its explanations of the colours 
plainly shows that Mr. Warburton did not comprehend 
the very drift and object of my paper.” “ I gav<^ one 
colour to this whole Protozoic series only because 1 did 
not know how to draw a clear continuous line on the map 
between the Upper Protozoic (or Lower Silurian) rocks 
and the Lower Protozoic (or Lower Cambrian) rocks.” 
“ Nor did I ever dream of an incorporation of all the 
Lower Cambrian rocks in the system of Siluria.” Sedg- 
wick also says on the same point : “ I used the word 
‘ Protozoic ’ to prevent wrangling about the words Cam- 
brian and Silurian.” But this is language he had no 
disposition to use in 1843, as the paper of 1843 shows. 

Page 155 has a footnote. In it the aspect of the 
facts is greatly changed. He takes back his charges, 
saying, “ I suspect that, in the explanation of the blank 
portion of the rough map exhibited in illustration of 
my paper I had written ‘ Lower Silurian and Protozoic,’ 
and that Mr. Warburton, erroneously conceiving the 
two terms identical, changed the words into Lower 
Silurian (Protozoic).” “ I do not by any nyrans accuse 
Mr. Warburton of any intentional injustice — quite the 
contrary ; for I know that he gave his best efforts to the 
abstract. But he had undertaken a task for which he 
was not prepared, inasmuch as he had never well studied 
any series of rocks like those described in my papers.” 
Sedgwick here uses Protozoic in the Sedgwick sense, 
not, as above, in the Murchison sense. Sedgwick again, 
in 1854, speaks of “the tampering with the names of my 
reduced map.” But these explanations of his should 
take the harshness out of the sentence, as it was in 1843 
to 1846 out of all his words. 

> The paper has further interest in its long lists of fossils 
in two tables : (I.) “ Fossils of the Older Palaeozoic (Pro- 
tozoic) Rocks in North Wales, by J. W. Salter and J. 
de C. Sowerby,” showing their distribution ; and (2) “ Fos- 
sils of the Denbigh Flagstone and Sandstone Series.” 

Thus, until 1846, no serious divergence of views had 
been noted by Sedgw’ick. This is manifested in his 
paper on the “ Slate-rocks of Cumberland,” read before the 
Geological Society on January 7 and 21, 1846 (Q J. Geol. 
Soc., ii. 106, 122, 1846), which says, on the la^it page but 
one : “ Taking the whole view of the case, therefore, as 
I know it, I would divide the older Palaeozoic rocks of 
our island into three great groups — (3) the upper group, 
exclusively Up>per Silurian; (2) the middle group, or 
Lower Silurian^ including Llandeilo, Caradoc, and per- 
haps Wenlock ; (i) the first group, or Cambrianjf dif- 
fering in this arrangement from Murchison only in the 
suggestion about the Wenlock. The italics are his own. 
He adds : — 

“This arrangement do^s no violence to th^ Silurian 
system of Sir R. Murchison, but takes it up in its true 
place ; and I think it enables us to classify the old rocks 
in such a way as to satisfy the conditions both of the 
fossil and physical as well as mineralogical development.” 

But before the vear 1846 closed, not only the overlap- 
ping of their work was recognized, but also the conse- 
quences ahead, and divergence of opinion began. 
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In December a paper was presented by Sedgwick to 
the (Geological Society, on “The Fossiliferous Slates 
of North Wales, Cumberland, Westmoreland, and Lanca- 
shire ” J. Geol. Soc., iii. 133, December 1846), which 
contains a protest against the downward extension of the 
Silurian so as to include the Cambrian. It is excellent 
in spirit and fair in argument. Many new facts are given 
respecting sections of the rocks in South Wales and North 
Wales, in some of which occur the Lingula flags, and 
characteristic fossils are mentioned. In describing some 
South Wales sections, Sedgwick uses the term “ Cambro- 
Silurian”to include, beginning below : (i) “conglomerates 
and slates, (2) Lower Llandeilo flags, (3) slates and grits 
(Caradoc sandstone of Noeth Grug, &c.), (4) Upper i 
Llandeilo flag, passing by.insensible gradations into Wen- i 
lock shale.” The Cambrian scries is made to include : i 
(i) the Festiniog or Tremadoc group ; (2) roofing-slates, i 
&c., ^he “ Snowdonian group,” fossiliferous in Snowdon, : 
&d. ; (3) the Bala group ; andthen(4)“theCambro-Silurian j 
group,” comprising “ the lower fossiliferous rocks east of 
the Berwyns between the Dec and the Severn — the Cara- 
doc sandstone of the typical country of Siluria — and the 
Llandeilo flags of South Wales, along with certain asso- 
ciated slates, flags, and grits.” The extension of the 
term Silurian down to the Lingula flags, or beyond, is 
opposed, because the beds below the Llandeilo are not 
part of the Silurian system ; the term Silurian [derived 
from the .Silures of South-East Wales and the adjoining 
part of England] is not geographically applicable to the 
Cambrian rocks ; and because the only beds in North 
Wales closely comparable “ with the Llandeilo flags are 
at the top of the whole Cambrian series.” This last 
reason later lost its value when it was proved, as Sedg- 
wick recognized years afterward, that Murchison’s Llan- 
dcilo flags were really older than Sedgwick’s Bala rocks. 

Sedgwick’% paper was followed, on January 6, with one 
by Murchison (Q. J. Geol. Soc., iii. 165, January 1847) 
objecting to this absorption of the Lower Silurian, and 
reiterating his remark of 1843 that the fossiliferous Cam- 
brian beds were Lower Silurian in their fossils, and 
arguing, thence, for the absorption of the Cambrian, to 
this extent, by the Silurian. Having, eight years before, 
in his great work on the “ Silurian System,” described 
the Lower Silurian groups with so much detail, and 
with limits well defined by sections and by long lists of 
fossils, over a hundred species in all, many of them 
figured as well as described, and having thus added a 
long systematized range of rocks to the lower part of the 
Palaeozoic series, he was naturally unwilling to give up the 
name of Lower Silurian for that of Upper Cambrian or 
Cambro-Silurian. Moreover, the term “ Silurian,” with 1 
the tw'o subdivisions of the system, the Upper and Lower, j 
had gone the world over, having been accepted by geo- 
logists of all lands as soon as proposed, become affixed 
to the rocks to which they belonged, and put into use in 
memoirs, maps, and geological treatises. 

In 1852, the controversy, begun by encroachments not 
intended on either part, reached its height. Sedgwick’s 
earnest presentation of the case (Q. J. Geol. Soc., viii. 
152), and appeal before the Geologi/pal Society in 
February of that year — making the latter part of a 
memoir by him on the “ Classification and Nomen- 
clature of the Lower Palaeozoic Rocks of England and 
Wales”— -argues, like that of 1846, for the extension of 
the Cambrian from below upward to include the Bala 
beds, and thereby also the Llandeilo flags and Caradoc 
sandstone, although he says, “ ftiy friend has published a 
magnificent series of fossils from the Llandeilo flag- 
stone.” Sedgwick also expresses dissatisfaction with 
Mr. Warburton’s abstract of his paper of June 1843, 
and with the change made in his map of November 
1843, but, as shown above, be has no blame for 
Murchisop and little for Mr. Warburton. He also points 
out some errors c in the strati^raphical sections of the 


“ Silurian System ” — since the publication of which 
fourteen years had passed. He closes with the words 
(p. 168) . 

“ I affirm that the name ‘ Silurian,’ given to the great 
Cambrian series below the Caradoc group, is historically 
unjust I claim this great series as my own by the un- 
I doubted right of conquest ; and I continue to give it the 
name ‘ Cambrian ’ on the right of priority, and, moreover, 
as the only name yet given to the scries that does not 
involve a geographical contradiction. The name ‘ Silurian ’ “ 
not merely involves a principle of nomenclature that is at 
war with the rational logic through which every other 
Palajozoic group of England has gained a permanent 
name, but it also confers the presumed honour of a con- 
quest over the older rocks of Wales on the part of one 
who barely touched their outskirts, and mistook his way 
as soon as he had passed w'ithin them. 

“ I claim the right of naming the Cambrian rocks be- 
cause I flinched not from their difficulties, made out their 
general structure, collected their fossils, and first com- 
prehended their respet:tive relations to the groups abt)ve 
them and below them, in the great and complicated 
Palaeozoic sections of North Wales. Nor is this all, — I 
claim the name Cambrian, in the sense in which I have 
used it, as a means of establishing a congruous nomencla- 
ture between the Welsh and the (Cumbrian mountains, and 
bringing their respective groups into a rigid geological 
comparison ; for the system on which 1 have for many 
years been labouring is not partial and one-sided, but 
general and for all England.” 

Sedgwick does not seem to have recognized the fact 
that Murchison had the same right to extend the Silurian 
system to the base of the Llandeilo beds, whatever its 
horizon, that he had to continue the Cambrian to the top 
of the Bala beds.^ 

Murchison’s reply was made at the meeting of the 
Geological Society in June (( 2 - J. Geol. Soc., viii. 173, 
1852). He remarked, with regard to Sedgwick’s allusion 
to the excursion of 1834, that, “if 1 lost my way in going 
downward into the region of my friend, it was under his 
own guidance ; I am answerable only for Silurian and 
Cambrian rocks described and drawn as such within my 
own region.” 

In his closing remarks Murchison says : — 

“ I am now well pleased to find that, with the exception 
of my old friend, all my geological contemporaries in my 
own country adhere to the unity of the Silurian System, 
and thus sustain its general adoption. 

“No one more regrets than myself that Cambrian 
should not have proved, what it was formerly supposed to 
be, more ancient than the Silurian region, and thus have 
afforded distinct fossils and a separate system ; but as 
things which are synonymous cannot have separate names, 
there is no doubt that, according to the laws of scientific 
literature, the term ‘ Silurian ’ must be sustained as 
applied to all the fossiliferous rocks of North Wales. 

“ Lastly, let me say to those who do not understand the 
nature of the social union of the members of the Geo- 
logical Society, that the controversy which has prevailed 
between the el(}quent Woodwardian Professor and myself 
has not for a moment interrupted our strong personal' 
friendship. I am indeed confident we shall slide down 
the hill of life with the same mutual regard which animated 
us formerly when climbing together many a mountain 
both at home and abroad.” 

Murchison was right in saying that all British geologists 
were then with him, even in the extension of the name 
Silurian to the lower fossiliferous Cambrian rocks ; and 
this was a chief source of irritation to Sedgwick. It was 
also, with scarcely an exception, true of geologists else- 

‘ One important fact U pointed out in this piipar in a letter from M’Coy» 
on p, 143— that the May Hill group, which Murchkon had referred to the 
Caradoc neries, really Mlonged by itt fhesiU to the Upper Silurian. ^ Thia 
point was the subject of a paper Sedgwick in the next volume (vol. lx») of' 
the Journal of the Geologic Society. 
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where. This state of opinion was partly a consequence or is not, needed. In the progress of geology, the time 
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of Murchison’s early and wonderfully full description of 
the .Silurian rocks and their fossils, which made his work 
a key to the Lower Palaeozoic of all lands. Sedgwick’s 
Cambrian researches and the palaeontology of the region 
were not < published in full before the years 1852-55, 
when appeared his “ Synopsis of the Classification of the 
British Palaeozoic Rocks,” along with M’Coy’s “ Descrip- 
tions of British Palmozoic Fossils.” 

But this general acceptance was further due to the fact 
that the discovered fossils of the Cambrian, from the 
Lingula flags downward, or the “ Primordial,” were few, 
and differed not more from Silurian forms than the 
Silurian differed among themselves ; and also, because 
the beds were continuous with the Silurian, without a 
break. Geologists under the weight of the evidence, 
American as well as European, naturally gravitated in 
the Murchisonian direction, while applauding the work of 
Sedgwick. 

In 1853, Mr. Salter showed, by a study of the fossils 
(Q. J. Geol. Soc., X. 62), that the Bala beds from Bala in 
ISierioneth, the original Bala, were included within the 
period of the Caradoc. Sedgwick subsequently (in the 
preface to the Catalogue of the Woodwardian Museum 
by J. W. Salter) divided his Upper Cambrian into (1)1 
the Lower Bala, to include the Llandeilo flags (Upper j 
Llandeilo of the Geological Survey, the Arenig biing the I 
Lower) ; (2) the Middle Bala, corresponding to the j 
Caradoc sandstone, the Bala rocks, and the Coniston j 
limestone (Geological Survey) ; and the Upper Bala or ! 
the Caradoc shales, Himant limestone, and the Lower 
I.landovery (cited from Etheridge, in Phillips’s “Geology,” 
ii. 77, 1885). 

In 1854, the Cambrian system not having secured the 
place claimed for it, Sedgwick brought the subject again 
before the Geological Society. Besides urging his former 
.arguments, he condemned Murchison’s work so far as to 
imply that none of his sections “give a true notion of the 
geological place of the groups of Caer Caradoc and 
Llandeilo ” ; and to speak of the Llandeilo beds, in a 
note, as “ a remarkable fossiliferous group (about the age 
of the Bala limestone) of which the geological place was 
entirely mistaken in the published sections of the Silurian 
System.” There were errors in the sections, and that 
with regard to the May Hill group was a prominent one ; 
but this was sweeping depreciation without new argument ; 
and, in consequence of it, part of the paper was refused 
publication by the Geological Society. • 

The paper appeared in the Philosophical Magazine for 
1854 (fourth series, vol. viii. pp. 301, 359, 481). It 
contains no bitter word, or personal remark against 
Murchison. Sedgwick wasprofoundly disappointed on find- 
ing, when closing up his long labours, that the Cambri^ 
system had no place in the geology of the day. He did 
not see-this to be the logical consequence of the facts so 
far as then understood. It was to him the disparagement 
and rejection of his faithful work ; and this deeply .moved 
him, even to estrangement from the author of the success- 
ful Silurian system. 

Conclusion. 

The ground about which there was reasonabI)r a 
disputed claim was that of the Bala of Sedgwick’s region 
and the Llandeilo and Caradoc of Murchison’s. _ Respect- 
ing this common field, long priority in the describing and 
defining of the Llandeilo and Caradoc beds, both geo- 
logically and palseontologically, leaves no question as to 
Murchison’s title. Below this level lie the rocks studied 
chiefly by Sed^ick ; and if a dividing horizon of suffi- 
cient geological value had been found to exist, it should 
have been made the limit between a Cambrian and a 
Silurian system. , ' 

The claim of a worker to affix a name to a series of \ 
rocks first studied and defined by him cannot be disputed. 
But science may accept, or not, according as the name is. 


finally was reached, when the name Cambrian was be- 
lieved to be a necessity, and “ Cambrian ” and “ Silurian” 
derived thence a right to follow one another in the 
geological record. 

“ To follow one another ; ” that is, directly, ^tithout a 
suppression of “ Silurian ” from the name of the lower 
subdivision by intruding the term “ Ordovician,” or any 
other term. For this is virtually appropriating what is 
claimed (though not so intended), and does marked in- 
justice to one of the greatest of British geologists. 
Moreover, such an intruded term commemorates, with 
harsh emphasis, misjudgpnents and their consequences, 
which are better forgotten. Rather let the two names, . 
standing together as in 1835, recall the fifteen years of 
friendly labours in Cambria and Siluria and the other 
earlier years of united research. James D. Dana. 


THE WEATHER IN JANUARY. 

T he month of January, which is generally the coldest 
month of the year, was so exceptionally warm this 
year, and in other ways the whole period was so un- 
usual, that a few of the leading features in connection 
with the ^veather may not be without interest. The month 
opened with a short spell of frost, but, after the first few 
days, mild weather set in, and continued until the close 
of the month. 

The stations used by the Meteorological Office in the 
compilation of the Daily Weather Report scarcely repre-- 
sent sufficiently the weather at inland stations, but yet 
they will give an approximate idea of the prevailing con- 
ditions. These reports show that the warmest weather 
was experienced in the south-western parts of the King- 
dom, the stations in the north-east of Scotland being 
about 5° colder than in the south-west England. On 
the east coast the mean temperatures of Wick, Aberdeen, 
Spurn Head, and Yarmouth were each about 41° o. 

The following table gives the mean temperature results 
for a number of stations in all parts of the British 
Islands : — 


Station. 


Wick 

Nairn 

Aberdeen ... 

Leith 

Shields 

York 

Loughborough 
Afdrossan ..« 
Donaghadee 
Holyhead ... 
Liverpool ... 
Parsonstown 
Valencia ... 
Roche’s Point 
Pembroke ... 

Scilly 

Jersey 

Hurst Castle 
London 
Oxford 
Cambridge... 
Yarmouth ... 


40*5 +2-8|4S-2; + 3 -c 
41 -6 -H4*3|47‘I +5'2 


357 +*'7| 
36-1 +3-4 


417 +3’2 
42’2| + 3-o 
♦2'3i + 3’4 
41-8 -I- 3 -6 
42*2, +4-0 
43*6 +32 
4a'6 +2’2 
447 H-2'2 
43’* +3’4 
k2’2, + 1-0 


4S’6 +3-236-5 +3-2| 
48-2, + 3-6 36-2 +2-5| 

47*8 +4-7 36 8 +2-1 


47-9 +4-7|3S-6 +25 
*4,:+ 4*9136 -o +3-t 


47-3i + 2'S 
4771+3-3 
48*7! + 2*8 


19-8 +3'4 

17-5 +*-2 
.0*7 +1-7 


..18-51+4-637-8+2-3 

42*2, + 1 *^8*81 + 2-8 35*5 +0*9 
45 *6 +0*4 51 *1 + 1 *3 40-0 - 0-5 
4S7| + ‘’9So-2; + 2-3 41-2 +1-5 
46*o; + 3*i 49-2, + 3-4 42*8 +2-9 
48*3| + 2*i 51-5 +2-4 45y> + *7 
46-61+4*2 50*5 +4-5 42*6 +3*9 
45*4! + 4*2 49-8 +4-5 40-9 +3'9 
43*7; + 4*1 49*5 +47 37-8 +3-4 
42-5+3-448-1 +4-336-8 +2*4 

41*9+3-648-9 +5-034-9 +2-3 
40*8 +2*645*6 +3-736*0 + 1*5 
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From this it is seen that the excess of temperature was 
least at the extreme western stations, the mean at Valencia 
only exceeding the average for 15 years by o''’4, whilst 
the night temperature was even below the average. In 
nearly eyery case it is seen that the excess of the day 
temperatures over the average was larger than that of the 
night temperatures< A feature of especial interest in the 
table is the large number of days on which the tempera- 
ture reached 50° or above. 

It is interesting to notice the very great difference 
between the temperature in January this year, in com- 
parison with that which occurred in January 1881, 
when the weather was exceptionally cold. At Lough- 
borough, the mean temperature this year exceeded that 
in 1881 by 17°, which is 4" in excess of the difference 
between the average temperature for January and May ; 
there were also several stations in nearly all parts of the 
Kingdoof. with an excess of 12“ and 13°. 

At Greenwich Observatory the mean temperature ob- 
tained from the mean of the maximum and minimum 
readings was43'"’4 ; and with the exception of 43°'5 in 1884 
and 43'’'6 in 1846, this has not been exceeded in January 
during the last half-century. The mean of the highest 
day temperatures was 48'’‘S, which is higher than any 
January during the last fifty years, and the only other 
instances of 48% or above, were 48’’ 1 in 1877 and 1851, 
and 48 °*o in 1846. There were six years with the mean 
maximum between 47" and 48=*, but only eighteen in all 
above 45°, whilst in January 1879 the mean of the maxima 
was only 35'’'!, or I3"‘4 colder than this year, and in 1881 
it was only 36“’2. There have been three Januaries 
<luring the last half-century with a higher mean night 
temperature, but in no year was the excess more than i.* 
In January this year the mean minimum was 38'‘2, and 
in 1884 it was 39°‘2. The Greenwich observations also 
show that there v'cre in January 17 days with a tempera- 
ture of 50” or above, whereas in the corresponding period 
during the last 50 years there has been no similarly high 
number of days with this temperature. It was reached 
14 times in 1877, 1853, and 1846 ; 13 times in 1873 and 
1849 ; 12 times in 1884; li times in 1874, 1869, 1852, and 
1851 ; and in 28 Januaries 50’ or above was only attained 
5 times or less. 

The warm weather was very intimately connected with 
the heavy wind storms which occurred throughout the 
month, the storm systems which so frequently arrived on 
our coasts from off the Atlantic being the natural carriers 
of warm moist air. Scarcely a day passed during the 
month without the arrival of some fresh disturbance from 
the westward, but with one or two exceptions the central 
areas of the storm systems skirted the western and 
northern coasts and did not pass directly over our islands. 
The disturbances, however, passed sufficiently near to us 
to cause winds of gale force, and there was scarcely a 
day throughout the month that a gale was not blowing in 
some part of the United Kingdom. In the North Atlantic 
the month was exceptionally stormy, and vessels trading 
between Europe and America experienced unusually 
heavy weather. 

The month was also marked by the prevaJence of in- 
fluenza, and, in addition to this, a general unhealthiness 
pervaded all classes of the community. The death-rate, 
from all causes, in London, for the four weeks ending 
January 25, corresponded to an annual rate of 297 per 
1000 of the total population, which is excessively high. 
I'he rates for the corresponding period in the last four 
years were 217 in 1889, 23*2 in 1888, 227 in 1887, and 
22 6 in 1886. ' Ch AS. Harding. 


NOTES. 

The subject of the ^akerian Lecture, which, as we announced 
iast week, is to be delivered by Prof. Schuster on March 20, will 
be “ The Discharge of Electricity through Gases.” 


The Academy of Sciences of Berlin has presented the follow- 
ing sums of money ; ;^90 to Dr. Rohde, of Breslau, fora journey 
to Naples to continue his observations on the central nervous 
S3rstem of sharks and echinoderms at Prof. Dohrn’s zoological 
station ; ;^8o to Prof. Matthiessen, of Rostock, to further his 
researches on the eyes of whales at the stations of the North Sea 
fisheries ; £2$ to Prof. Dr. Winkler, of Breslau, for a journey 
to St. Petersburg to make researches on the Turkish, Samoyed, 
and Tungusian languages ; ,^30 to Dr. Schellong, the New 
Guinea traveller, to publish the results of his anthropological 
studies. 

It is proposed that the following address shall be presented 
to Prof. Stuart on the occasion of his resignation of his Professor- 
ship at Cambridge : — “ We, the undersigned resident members 
of the Senate, having learned from your letter to the Vice- 
Chancellor your intention of resigning your Professorship in the 
University, desire to express our sense of the great public service 
I which you have rendered in connection with the University Ex- 
tension movement. By yourself first delivering specimen courses 
of lectures, and afterwards strenuously advocating and ably 
organizing their wide-spread establishment, you did for the 
country at large, and for our own and other Universities, work 
which we regard with sincere respect and admiration. The 
degree ih which Cambridge has, during the last twenty years, 
come into useful relations with sections of the community which 
were previously regarded as beyond the sphere of its influence is, 
we hold, lai^ely attributable to your inspiring initiative, and to 
the wise principles of administration which, mainly under your 
guidance, the University laid down.” 

Among the lectures to be delivered at the Royal Institution 
of Great Britain after Easter we note the following : — On Tues- 
days, April 15, 22, 29, three lectures on the place of Oxford 
University in English history, by the Hon. George C. Brod- 
rick ; on Tuesdays, May 27, June 3, lo, three lectures on the 
natural history of society, by Mr. Andrew Lang ; on Thurs- 
days, April 17, 24, May I, three lectures on the heat of the 
moon and stars (the T)mdall Lectures), by Mr. C. V. Boys, 
F.R.S. ; on Thursdays, May 8, 15, 22, 29, June 5, 12, six 
lectures on flame and explosives, by Prof. Dewar, F.R.S. ; 
on Saturdays, April 19, 26, May 3, three lectures on colour 
and its chemical action, by Captain W.ide W. Abney, F.R.S. 

The De Candolle Prize has been awarded to Prof. F. 
Buchenau, of Bremen, for his monograph of the Juncagineee. 

A Congress for Viticulture will be held in Rome from the 23rd 
to the 27th of the present month. The principal object of the 
Congress will be the discussion of remedies for the Peronospora 
viticola and other diseases of the vine caused by vegetable para- 
sites. There will be an International Exhibition of apparatus for 
the cure of these diseases, and numerous prizes will be awarded. 

The annual general meeting of the members of the German 
Botanical Society is to be held this year in Bremen late in 
September. 

Appendix I. of the Kew httUetin, just issued, contains a list 
of such hardy herbaceous annual and perennial plants and 
of such trees and shrubs as matured seeds under cultivation in 
the Royal Gardens, Kew, during the year 1889. It is explained 
that these seeds are available for exchange with Colonial, Indian, 
and Foreign Botanic Gardens, as well as with regular corre- 
spondents of Kew. The seeds are for the most part only available 
in moderate quantity, and are not sold to the general public. 

The Nachtigal Gesellschaft of Berlin, for German research 
in Africa, has just completed its second year of business. It was 
announced at the last general meeting that the list of members 
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had been doubled during the last year. The Society’s library 
contains 200 books on Africa. Herr Schiller-Tietz was elected 
President of the Society in place of Councillor Engelke. 

A CURIOUS phenomenon is reported from Batoum. On January 
23, at 4 p.m.y during a complete calmi the sea is said to have 
suddenly receded from the shore, leaving it hare to a depth of ten 
fathoms. The wafer of the port rushed out to sea, tearing many 
of the ships from their anchorage, and causing a great amount 
of damage. After a short time the sea assumed its usual level. 

An important addition to our knowledge of the meteorology 
of Central America has been made by the publication of Parts 
1-4 of the Boletin trimestral of the National Meteorological 
Institute of San Jose, Costa Rica, for the year 1888, under the 
direction of Prof. E. Bittier, The Observatory is situated in 
latitude 9° 56' N., longitude 84“ 8' W., and its importance may 
be judged from the fact that no other station of the first order 
possessing self-recording instruments is to be found between 
Mexico, in latitude 19"* N., and Rio de Janeiro, in latitude 23* 
8. The bulletin contains observations made several times daily, 
and hourly observations of rainfall for five months, also a sum- 
mary of the observations formerly made in Costa Rica. The 
older scries of observations show that the mean yearly ex- 
tremes of temperature at San Jose were 78"* *8 and while 

the mean difference of the monthly means amounted only to about 
4^ The daily period of rainfall is very marked. Eron? sunrise 
to noon scarcely any rain falls, while between noon and 6h. 
p.m, about 75 per cent, of the whole amount falls. The mean 
duration of rain on a wet day is 2h. 9m. Only two months of 
anemometrical observations are given ; these show that the 
maximum velocity at noon is twice as great as the mean velocity 
during the night. An interesting summary of the observations 
has been published by Dr. Hann in the McUoroIogische 
Zcitschrijt for h'ebruary. 

At a recent meeting of the Paris Geographical Society an 
interesting lecture was delivered by Dr. Ilamy, on the history 
of scientific missions in France under the old monarchy. He 
commenced practically with the reign of Francis I., and de- 
scribed many missions abroad, with purely scientific aims, which 
are now either forgotten, or the results of which have never 
been published* Thus, the apothecary to Henri IV. went all 
over the globe in search of the peculiar products of each country, 
especially medicinal and food plants ; still earlier, another ex- j 
plorer went to Brazil to study dyeing woods ; and, in the last : 
century, Condamine, Dombey, Bougainville, and La Peroule 
went on their well-known expeditions. The President, Comte | 
de Bisemont, mentioned that there were still in the archives of , 
the Ministry of Marine copies of the instructions given to \ 
travellers and navigators in past centuries, and that these were | 
positively models of their kind, which could not be followed • 
too closely now.” Prof. Bureau, of the Museum of Natural 1 
History in Paris, observed that a botanical collection made by 
Paul Lucas in the reign of Louis XIV. still existed in the . 
Museum, and he referred especially to Tournefort, of the same i 
period, whom he described as the scientific traveller of former 
times who perhaps most nearly approached moderns in his ' 
methods of observation. He was sent by the King on a bota- ^ 
nical expedition to the Levant, with very precise instructions, j 
amongst others, to collect and observe the plants mentioned by | 
the ancients. He did not confine himself to this, but formed a 
complete herbarium, which is still preserved at the Museum, 
and is one of its treasures. He was accompanied by an artist 
named Aubriet, who brought back a large collection of coloured 
sketches, which forms an important part of the unrivalled col- 
lection in the library of the Museum. 

A NEW and very simple method of measuring small elbnga- 
tions of a bar under any influence has been devised by Signor 
Cardani (Cosmos). To one end of the bar is attached a metallic 


wire stretched so as to give a determinate number of vibrations.. 
When the bar expands, the wire becomes less tense, and gives 
fewer vibrations, and there is a simple relation between the 
number of vibrations and the elongation of the bar. The author 
cites a case in which a variation of one hundredth of a milli- 
metre in a bar lessens the double vibrations from 9^ to 96*5. 
Now, a practised ear will appreciate a difference of one vibration 
per cent. ; hence it suffices to ascertain variations of length less 
than 0*01 millimetre. With other methods of measuring 
• change of vibration,, elongations of thousandths of a millimetre 
I may be ascertained. 

I Thk first careful determination of latitude in Tokio (according 
to the yapan Weekly Mail) was made in 1876 by Captain ' 
Kimotsuki, at that time Director of the Naval Observatory. 
In 1888, soon after the transfer of the Naval Observatory to the 
Imperial University, and its reorganization as the Astronomical 
Observatory of Tokio, the new Director, Prof. TeradJ resolved 
upon a redetermination of the latitude. The work was en- 
trusted to Mr. Watanabe, a skilled observer, and the result has 
been published as the first of the ** Annales de TObservatOire 
Astronomique de Tokio (Universite Imperiale du Japon, College 
des Sciences).” The determination was made in two distinct ways : 
first, by observations of the upper and lower transits of the 
Pole star across the meridian ; second, by observations of the 
zenith distances of 38 different stars, arranged in couples 
according to Talcott’s method. This latter method only was 
used by Captain Kimotsuki in this earlier determination. The 
earlier mean value for the latitude was 35*^ 39' 17" ’492 ; while 
the recently obtained mean values were 35® 39' 15" *05 by the first 
method, and 35® 39' 15" *41 by the second method. This dis- 
crepancy of fully 2'' is, in the circumstances, too large to be 
j regarded as an accidental error, and must be due to some 
, systematic error in either the earlier or the I%ter determination. 
More weight will be attached to the new determination, since 
Mr. Watanabe had much superior instruments at his disposal. 

The stay of some 306 natives from various French colonies, 
&c., for about six months, in Paris last year, in connection with 
the Exhibition, was an interesting experiment in acclimatization. 
Owing to wise hygienic measures (such as vaccination, good 
water-supply, isolation of closets, and surveillance of food), 
these Annamites, Tonquinese, Senegalese, &c., seem to have 
escaped most of the common endemic disease. According to 
the Semaine Midicale^ they had no typhoid fever, scarlatina,, 
or measles, though these were in Paris at the time. Some 68 
natives were attacked by mumps. The fatigues of a voyage and 
the change of climate led to a recurrence of intermittent fever, 
with grave symptoms, in twenty cases. It was thought at first to 
be typhoid fever of a severe type ; but the rapid and durable 
efficacy of sulphate of quinine, given in doses of 2 to 3 grammes 
a day, proved the paludine nature of the disorder. It is note- 
worthy that most illnesses of this population, especially that just 
noticed, and those from cold, appeared during the first part of 
the time, when the weather was mild ; while in the second 
period, with unfavourable atmospheric conditions, the illness 
diminished, w4iether owing to precautions in the matter of dress 
and food, or to more complete acclimatization. The negroes 
of Senegal and the Gaboon seem to have been the greatest 
sufferers, while the Indo-Chinese race acclimatized the best. 

The first Bulletin issued this year by the Academie Royale dc 
Belgique contains a note by M. Van Beneden, on a Ziphius 
which was stranded in the Mediterranean, and a^lUt of the prize 
subjects for 1891. The subjects dealt with are architecture, en- 
graving, painting, and music. Four gold medals are given, 
having values 1000, two 800, and 600 francs respectively. The 
dissertations may be written in French, Flemish, or Latin, and 
must be sent before June i, 1891, to M. J. Liagre, Secretary of 
the Academy. ^ 
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A siioKT note on diethylene diamine, C2H4<^^ ^/C2H4, is 

contributed to the new number of the Berichte of the German 
Chemical Society by Dr. J, Sieber, of Breslau. It was obtained 
by the action of ethylene dibromidc, C.,II iBr^, upon ethylene 
/NH2 

diamine, CoII.C , a liquid boiling at 123'' C. Upon treat- 

ing the product of this reaction with caustic potash, an oily 
liquid separated, consisting of a mixture of bases. The separ- 
ated liquid was next dehydrated as completely as possible, and 
then submitted to fractional distillation, when the portion boiling 
. between i68'’-i75® was found to consist of diethylene diamine 
admixed with a little water. The affinity of the base for water is, 
in fact, so great that it was found impossible to remove the last 
traces of moisture. Diethylene diamine, however, readily forms 
salts whi^h can be isolated in a state of purity, and the analyses 
of which prove the composition of the base itself. The hydro- 
NH.HCl 

chloride, , crystallizes in beautiful white needles, 

NH.IICl 

very soluble in water, but insoluble in alcohol- The platino- 
chloride, C4H,QN2(IICl)2PtCl4, forms fine yellow needle-shaped 
crystals, readily soluble in hot water, but difficultly soluble in 
boiling alcohol. A very beautiful salt is also formed with mercuric 
chloride, C4Hj0N2(HCl)2HgCl2, consisting of star-like aggregates 
of acicular crystals, also soluble in hot water, but reprecipitated 
by the addition of alcohol. 

Drs. Will and Pinnow communicate to the same journal 
their report upon the analysis of the remarkable meteorite of 
Carcote, Western Cordilleras, Chili. The great mass of this 
meteorite, 80 per cent., is found to consist of two silicates. 
One of them is readily decomposed by hydrochloric acid, and 
possesses the composition and optical characters of olivine, 
(MgFe)2Si04. The other is unattacked by hydrochloric acid, 
and exhibits the chemical and crystal lographical characters of a 
member of the diopside group. Interspersed among the silicates 
are smaller quantities of chrome ironstone, bronze-like sulphide 
of iron, probably troilite, and light steel-grey nickcliferous iron. 
The latter is not only found in minute particles, but also fre- 
quently in small plates which show the Widmannstadt figures in 
the form of an extremely fine rectangular network. Here and 
there arc found silver- white crystals of rhabdite, one of the forms 
of nickcliferous iron. By far, however, the most interesting 
substance contained in the meteorite, is a form of crystalline 
elementary carbon, dull black in appearance and of extreme 
hardness, at least 9. It is, in fact, a variety of black diamond, 
and its presence in the meteorite affords considerable ground for 
speculation. Carbon is further present in the form of organic 
substances soluble in ether, and these substances carbonize upon 
heating, evolving the usual odour of burning organic matter. 
Hence this meteorite is an extremely interesting one, and forms 
another addition to the fast-accumulating list of those in which 
carbon forms a not insignificant ingredient. 

OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on March 6 = 
8h. 58m. 19s. 
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I Remarks. 

j (1) This bright oval nebula is now in a very convenient posi- 
I tion for observation. I am not aware that the spectrum has 
been recorded. ’ It is about 8' long, and 3' broad, and is thus 
described in the General Catalogue : ** Very bright, very large, 
very much elongated 40° *9, gradually much brighter in the 
middle." The description is very suggestive of the Great 
Nebula in Andromeda, and if, as in that case, the spectrum at 
first appears continuous, closer scrutiny may reveal irregularities. 
The brighter parts, assuming that they exist, should be compared 
with the spectrum of carbon. 

(2) According to the observations of D’Arrest, Secchi, and 
Vogel, this is a fine example of the stars of Group 11 . Duner 
states that all the bands i to 10 inclusive are excessively wide 
and dark, and that the spectrum is totally discontinuous. The 
star, therefore, affords a good opportunity for further observa- 
tions of the bright carbon flutings with the object of establishing 
the cometary character of the stars of this group. It may be 
remarked that the citron band of carbon need not enter into this 
comparison, as it will be masked by the dark fluting of 
manganese (band 4}. 

(3) A star of the solar type (Konkoly). The usual differential 
observations are required. 

(4) A star of Group IV. (Vogel). The usual observations are 
required. 

(5) This star has a “very fine" spectrum of the Group VI. 
type, notwithstanding its low altitude in our latitude (DuntT). 
The principal bands, 6, 9, and 10, are very dark, and the 
secondOfry bands, 4 and 5, are also well seen. Further observa- 
tions, with special reference to line or other absorptions, are 
suggested. 

(6) A maximum of this short-period variable will occur on March 

8. Gore gives the period as 26*76 days, and the magnitudes at 
maximum and minimum as 6*2 and 7 -6 respectively. There is 
still a little doubt with regard to its spectrum. In his spectroscopic 
catalogue, Vogel writes it II.^? Ill.a, giving the magnitude at 
the time of observation as 7*3. In all probability the spectrum 
is intermediate between Group II. and Group HI., perhaps 
something like Aldebaran. A. Fowi.er. 

The Total Solar Eclipse of December 22, 1889. — 
M. A. De La Baume Pluvinel, who was located in Royal Islan<l, 
about 30 miles north of Cayenne, during this eclipse, communi- 
cated his results to the Paris Academy on the 17th ult. 
(Comptes rendus^ No. 7, 1890). An examination of the photo- 
graphs of the corona which were obtained leads to the 
conclusions that — 

(1) The corona presented the same general aspect as on 
January i, 1889. 

(2) The extension of the corona w^as small, being about 18' at 
^ the solar equator, and about & at the poles, and in this respect 
I resembled the coronoe of 1867 and 1878, thus confirming the 
I intimate relation that exists between the intensity of extra-solar 

phenomena and the frequency of sun-spots, 

(3) The aspect of the luminous aigrettes which constitute the 
corona, and notably the curved form of the aigrettes in the 

j neighbourhood of the poles, seem to prove the existence of 
i streams of matter submitted to two forces — a force of projection 
• normal to the solar sphere, and a centrifugal force developed by 
' the sun's rotation. 

I 

I Comets and Asteroids discovered in 1889. — 

[ Comet a 1889. — Discovered on January 15, a little before 
I dawn, by Mr. W. Brooks at Geneva, N.Y., U.S.A. The comet 
! was moving rapidly from east to west, and was not afterwards 
observed. 

Comet b 1889. — Discovered by Mr, Barnard, of the Lick 
Observatory, on March 31 ; it was then very feeble and difficult 
, to see. After perihelion passage, the comet was observed at 
j Ann Arbor on July 22, near the position assigned to it by M. 

I £. Millosevich. 

Comet € 1889, — Also discovered by Mr, Barnard, on June 
23, as a faint nebulosity without condensation or tail. Not 
oteerved after August 6. Dr, Berberich determined the ele- 
ments of this comet on the hypothesis of an elliptic orbit, and 
found that its period was 128 years. 

Comet d 1889. — This comet, the most interesting of those 
observed last year, wm discovered by Mr. Brooks, of Geneva, 
U.S., on July 6. It is periodic, the time of revolution being 
7*04 years. On August 1, Mr. Barnard found that the principal 
comet was accompanied by four Companions. Mr. Chandler 
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has fouiid that in 1886 this comet must have approached near to 
Jupiter, and his investigations seem to show that it is identical 
with the lost comet of Lexell. 

Comet e 1889. — Discovered by Mr. Davidson -at Branscombe, 
Mackay (Queensland), on July 22, and visible to the naked eye 
at first as a star of the fourth magnitude. It moved rapidly 
towards the north, and at the same time diminished in bright- 
ness, remaining visible, however, up to November. 

Comet f 1889. — Discovered by Mr. Lewis Swift at Rochester, 
U.S#, on November 17. From observations extending over 
twenty days, Dr. Zelbr was led to conclude that the comet was 
periodic, the time of revolution being 6*91 years. 

Comet g 1889. — Discovered by M. Borrelly at Marseille, on 
December 12. It was then feeble, but rapidly increased in 
brightness. Although the declination of this comet on discovery 
was + 48® 55', it moved so quickly towards the south, that it was 
lost to our latitudes about January lo, 1890. The first observa- 
tions fixed the perihelion passage at January 26, 1890. 

Six asteroids were discovered in 1889, viz. : — 

Discovered by M. Charlois at Nice on January 28. 

„ ,, ,, ,, February 8. 


f ) >1 > j » 1 May 29* 

M ,, n M August 3. 

,, ,, M. J. Palisa at Vienna on August 3. 

,, ,, Dr. Peters at Clinton, U.S., October 13. 

Mass of Saturn. — The Transactions of the Astronomical 
Observatory of Yale University, vol. i. part ii., contains some 
researches with the heliometer by Mr. Asaph Hall, for the 
determination of the orbit of Titan and the mass of Saturn. 

From observations made at the oppositions of 1885-86, 1886- 
87, the mean value of the semi-major axis of Titan’s orbit was 
determined as — 

1 76" -570 ± o"‘0243 ; 
and the mass of Saturn — 

1 

3500-5 i 1-44 

the sun being unity. 

Struve showed that the value found by Bessel from Titan 
should be 3502*5, while the values found by Struve himself from 
lapetus and Titan are respectively 3500*2 ± 0*82 and 34957 
dbi*43. Prof. Hall, with the great Washington refractor, found 
from lapetus by means of differences of right ascension and 
declination, the mass 3481*2 ± 0*65, and by distances and posi- 
tion-angles 3481*4 2b 0*97 ; from Titan the values corresponding 
to the same methods are 349^ '3 ^ ^’84, and 34^9*9 ^ ^* 49 » 
there seem to be grounds for questioning these results, so 
discordant with those found by Struve, and at Yale College. $ 


THE OPENING OF THE FORTH BRIDGE. 

TVyrUCH interest was excited all over the country by the open- 
ing of the Forth Bridge on^Tuesday. The ceremony was 
simple, and all the arrangements were carried out successfully. 
There was no rain, and although the wind blew stiffly, it was 
comparatively mild." The special train conveying the directors 
and invited guests left the Waverley Station, Edinburgh, in two 
portions, the first at 10.45, Ihe second, to which the Royal 
carriages were attached, ten minutes later. At the Forth Bridge 
Station Sir John Fowler, Mr. Benjamin Baker, Mr. William 
Arrol, Mr. Phillips, and other gentlemen connected with the 
buildii^ of the bridge, awaited the arrival of the Royal party 
from Dalmeny, By the special desire of the Prince of Wales, 
who wished to have an opportunity of examining some details of 
the structure, the Royal train steamed very slowly across the 
bridge. As seen from the shore, the long train of lar^e saloon 
carriages is said to have looked like *‘a mere toy as it passed 
through the stupendous framework of tubes and girders at 
Inverkeithing." From the North Queensferry Pier the steam 
launch Dolphin conveyed the Royal party and the directors 
over the Firth, so that the bridge ought be seen from the 
sea; and another vessel followra, containing the rest of 
the company. Both vessels steamed out to the middle 
of the Firth; and, according to the Ttmes^ the view 
was much enjoyed ‘'as each cantilever was passed ^in suc- 
cession, the junction of the girder bridges with the cantilever 


arms jbeing specially noted." Afterwards, the bridge was re- 
crossed, and in the middle of the north connecting girder the 
train stopped to allow the Prince of Wales to perform the cere- 
mony of driving the last rivet. “ A temporary wooden sta^ng," 
says the Times, “ had been orected there, and upon it His Koyal 
Highness stepped, along with Lord Tweeddale, Lord Rosebery, 
and Mr. Arrol. The hydraulic rivetter was swung frofri one of 
the booms, the pressure being supplied from an accumulator at 
Inchgarvie. Two men were placed on the boom below to 
manipulate the machine. The gilded rivet having been placed 
in the bolt-hole, and the silver key having been handed to His 
Royal Highness by Lord Tweeddale, the Prince, with Mr. 
Arrol’s assistance, finished the work in a few seconds, amid 
cheers. The rivet is in the outside of the boom, and holds 
together three plates. Around its gilded top there is an inscrip- 
tion stating that lit is the Mast rivet, driven in by His Royal 
Highness the Prince of Wales, 4th March, 1890.' The train 
stopped a second time at the south great cantilever pier, where 
another platform had been erected, upon which several ladies 
were standing. Here the Prince again left the train, at half-past 
1 o’clock, to make the formal declaration of the opening of the 
bridge. As the wind was blowing a perfect gale, so that Hia 
Royal Highness had difficulty in retaining a steady foothold, it 
was impossible to make a speech. He therefore simply said : 
‘Ladies and Gentlemen, I now declare the Forth Bridge open.’ 
Hearty cheers greeted the announcement, and, the Prince having 
returned to his carriage, the train moved slowly along to the 
Forth Bridge Station.’’ 

At 2 o’clock a banquet was given in the model-room at the 
bridge works, the chair being occupied by Mr. M. W. Thomp- 
son. The Prince of Wales, responding to the toast of “The 
Prince of Wales and other members of the Royal Family," spoke 
as follows : — 

“ I feci very grateful for the kind words wliich have fallen from* 
the chairman in proposing the toast, and I thank you all most 
heartily for the cordial way in which you have received it. The 
day has been a most interesting day to all of us, and especially 
I $0 to me, and I feel very grateful that I have been asked to take 
I part in so interesting and important a ceremony as the one at 
! which we have all assisted. I had the advantage, nearly five 
I and a half years ago, of seeing the Forth Bridge at its very com- 
I mencement, and I always looked forward to the day when I 
I should witness its successful accomplishment. I may perhaps 
I say that in opening bridges I am an old hand. At the request 
I of the Canadian Government I performed the opening ceremony 
j 30 years ago of opening the Victoria Bridge over the St. Law- 
i rence at Montreal, putting in the last rivet, the total of rivets 
being one million. To-day I have performed a similar ceremony 
for the Forth Bridge, but on this occasion the rivets number 
nearly eight millions instead of one million. The construction < 
of the bridge has been on the cantilever principle, which has 
been known to the Chinese for ages, and specimens of it may be 
seen likewise in Japan, Tibet, and the North-West Provinces of 
India. Work of this description has hitherto been carried out: 

I on small dimensions, but in this case the engineers have had to 
I construct a bridge in 30 fathoms of water, at the height of 150 feet 
above high water mark, and crossing two channels, each one- 
third of a mile in width. Had it not been for the intervening, 
j island of Inchgarvie the project would have been impracticable 
I It may perhaps interest you if I mention a few figures in con-^ 
j nection with the construction of the bridge. Its extreme length, 

I including the approach viaduct, is 2765 yards, one and one-nfth 
I of a mile, and the actual length of the cantilever portion of the 
' bridge is one mile and 20 yards. The weight of steel in it 
amounts to 51,000 tons, and the extreme height of the steel 
structure above mean water-level is over 370 feet ; above the 
bottom of the deepest foundation 452 feet, while the rail-level 
! above high water is 156J feet Allowance has been made for 
I contraction and expansion and' for changes of temperature to the 
extent of one inch per 100 feet over the whole bridge. The wind- 
I pressure provided for is 56 lb. on each square foot of area, amount- 
ing in the aggregate to about 7700 tons of lateral pressure on 
j the cantilever portion of 4he bridge. About 25 acres of surface 
> will have to be painted with three coats of paint. As I havo 
said, about eight millions of rivets have been used in the bridge, 
and 42 miles of bent plates used in the tubes, about the distance 
between Edinburgh and Glasgow. Two million pounds have 
been spent on the site in building the foundations and piers ; in 
the erection of the superstructure ; on labour in the preparatioa 
of steel, granite, masonry, timber, and concrete ; on tools, cranes, 
drills, and other machines required as plant ; while al^ut twa 
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and a half millions has been the entire cost of the structure, 
of which j^8oo,ooo (nearly one- third of this amount) has 
been expended on plant and general charges. These figures 
will give you some idea of the magnitude of the work, and 
will assist you to realize the labour and anxiety which all 
those connected with it must have undergone. The works 
were commenced in April 1883, and it is highly to the credit 
of everyone engaged in the operation that a structure so 
stupendous and so exceptional in its character should have been 
completed within seven years. The opening of the bridge must 
necessarily produce important results and changes in the railway 
service of the east coast of Scotland, and it will, above all, place 
the valuable manufacturing and mineral-producing district of 
Fife in immediate communication with the south side of the 
Firth of Forth. When the Glenfarg line, now nearly completed, 
is opened for traffic, the distance between Edinburgh and Perth 
will he reduced from 69 to 47 miles, and instead of the journey 
occupying, as at present, two hours and 20 minutes, an express 
will be able to do it in an hour. Dundee, likewise, will be 
brought to within 59 miles of Edinburgh, and Aberdeen 130 
miles, land no sea ferries will have to be crossed. The construc- 
tion of the bridge is due to the enterprise of four important 
railway companies — (l) North British (the bridge is in its district), 
(2) North-Eastern, (3) Midland, and (4) Great Northern — and 
the design is that of two most eminent engineers, Sir 
John Fowler and Mr. Benjamin Baker. The contractor was 
Mr. William Arrol, and the present Tay Bridge, and the 
bridge which I have inaugurated to-day, will be last- 
ing monuments of his skill, resources, and energy. I have 
much pleasure in stating that, on the recommendation of 
the Prime Minister, the Queen has been pleased to create Mr. 
Matthew William Thomp'^on, Chairman of the Forth Bridge 
Company and of the Midland Railway Company, and Sir 
John Fowler, engineer- in-chief of the Foith Bridge, baronets of 
the United Kingdom. The Queen has also created, or intends 
to create, Mr. Benjamin Baker, Sir John Fowler’s colleague, a 
Knight Commander of the Order of .St. Michael and St. George, 
and to confer on Mr. William Arrol, the contractor, the honour 
of a knighthood. I must not allow this opportunity to pass 
without 'mentioning the valuable asdstance which has been 
rendered to the companies by Mr. Wieland, their able and in- 
defatigable secretary, who deserves especial praise for the 
admirable way in which he has carried out the important finan- 
cial arrangements essential in a scheme of such magnitude. 
Before concluding I must express my pleasure at seeing here 
Major-General Hutchinson and Major Marindin, two of the 
nspecting officers of the Board of Trade. Although in 
this country great undertakings of the kind which we are 
celebrating this day are wisely wholly left to the enterprise 
and genius of private individuals without aid or favour from the 
State ; yet, in connection with these particular works, Parlia- 
ment, I am informed, for the first time associated officers of the 
Board of Trade with those practically engaged in the construc- 
tion of this magnificent bridge from its commencement by re- 
quiring the Board of Trade to make quarterly reports to be laid 
before Parliament as to the nature and progress of the works. 
This most important and delicate duty has been performed by 
Major-General Hutchinson and Major Marindin ; and I now 
congratulate them on the completion of their responsible duties, 
which they have carried out in a way that redounds credit to 
themselves and to the department which they so ably serve. 
Allow me again, gentlemen, in thanking you for the kind way 
in which you have received this toast, to assure you of the great 
pleasure and gratification it has been to me to have been present 
on this occasion to inaugurate this great success of the skill of 
engineering.” 

Sir John Fowler, in acknowledging the toast of the Forth 
Bridge, said he begged to return his most grateful thanks to His 
Royal Highness the Prince of Wales for the flattering manner 
in which he had spoken of their work. It was now seven years 
ago since the foundations of the bridge were commenced, but up 
to two years ago they had to endure not only the legitimate 
anxieties of their duties, but the attadks and evil predictions 
vi'hich were always directed against those who undertook en- 
gineering work of novelty or exceptional magnitude. It was 
very curious to watch the manner of retreat of these prophets of 
failure. The results had proved them to be mistaken. But he 
could tell some very curious stories connected with the bri fge. 
He pointed out how, from the nature of the materials which had 
tbecQ used in the construction of the bridge, and from the na- 


tionality of the men who had been engaged in that construction, 
the bridge possessed an international character. He 4IS0 pre- 
dicted that the bridge would last for many, many years, and he 
cordially acknowledged the workmanship and ability of all who, 
had ^sisted in its erection. As to the workmen themselves, 
he said they had done admirable work, and had never knowingly 
scamped a rivet. 

Mr. Arrol also acknowledged the toast, and Mr. Baker, in 
response to calls from the audience, made a few remarks. 

Mr. John Dent, Deputy-Chairman of the Forth Bridge Rail- 
way Company, in propo^iing the toast of “ The Guests,” con- 
gratulated the recipients of the special honours l>cstowed by the 
Queen, and he spoke of the universal reputation which had 
become attached to the bridge, which stood as a monument of 
industry, of genius, and of ability. 

After a clever speech from Lord Rosebery, Herr Mehrtens, 
of the Prussian Railway Department, replied for himself and 
in the name of his companions from Saxony, Austria, and 
Hungary. He expressed their feelings of thankfulness that they 
had been permitted to be present on so interesting an occasion, 
and their admiration at all the wonderful things they had seen 
that day. That day, he said, marked the commencement of a 
new era in iron bridge building. He congratulated Great 
Britain, which had led the way in iron bridge building, on now 
having the largest span bridge and the strongest bridge in the 
world. 

M. Picot, on behalf of the railway engineers of France, also 
replied in a speech in which he eulogized the bridge and its 
engineers and contractors, 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — The General Board of Studies announce that 
they will this term appoint an additional Lecturer in Botany for 
three years, from the beginning of the Easter term 1890. The 
.stipend is ;^ioo a year. Names of candidates are to be sent to 
the Vice-Chancellor on or before March 8. 

The Syndics of the Press propose th.at a gift of books pub- 
lished by them shall be made to the Library of the University of 
Toronto, lately destroyed by fire. 

The discussion by the Senate of the proposal to accept the 
Ncwall telescope was on the whole favourable to the proposal, 
though the difficulty of finding the funds required for its adequate 
maintenance and use has not yet been made. From remarks 
made by members of the Observatory Syndicate, it appears that 
it regards the purchase of a large reflecting telescope as the first 
claim on the Sheepshanks Fund ; and it is unwilling to deplete 
the fund until this purchase can be eflected. Profl Liveing 
referred to the recent development of astronomical physics, and 
said the University was bound to further it. The Newall tele- 
scope was specially suited for physical researches, and to reject 
it as a “ while elephant ” would damage the University by dis- 
couraging other benefactors. The matter is to be referred to the 
Financial Board. 

At the meeting of the Philosophical Society on March 10, the 
following papers are promised : — W. Gardiner, on the germina- 
tion of Acacia sphtcrocephala \ M. C. Potter, the thickening of 
the stem in Cucurbitaceac ; Dr. Lea and W. L. Dickinson, note 
on the action of rennin and fibrin-ferment ; W. Bateson, on some 
skulls of Egyptian mummified cats. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, February 20. — ‘*A Comparative Study of 
Natural and Artificial Digestions” (Preliminary Account). By 
A. Sheridan Lea, Sc D., Fellow of Gonville and Caius College, 
Cambridge, University Lecturer in Physiology. Communicated 
by Prof. Michael Foster, Sec. K.S, 

The objects of the investigation were (i.) to obtain in artificial 
digestions some closer approximation to the general conditions 
under which natural digestion is carried on in the body, and (ii. ) 
to apply the improved methods of carrying on artificial diges- 
tions to the elucidation of some special differences, which so far 
have appeared to exist between the natural and artificial pro- 
cesses. 
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An apparatus was described by means of which digestions can 
be carribd on in a dialyzer in such a way as to provide for the 
constant motion of the digesting mixture and the removal of 
digestive products : by this method a partial reproduction of 
two of the most important factors in natural digestion is 
provided. 

So far the method has been employed for 

I. The salivary^ digestion 0^ starch. Experiments conducted 
under otherwise similar conditions in the dialyzing digester and 
a flask| showed that — (i.) The rate of digestion in the former is 
always greater than in a flask, and at the same time the tendency 
to the development of bacteria is greatly lessened. (ii.)The 
amount of starch converted into sugar is always greatest in the 
dialyzer. (iii.) The total sugar formed and small residue (4*29 
per cent.) of dextrin left during an active and prolonged diges- 
tion in the dialyzer justify the assumption that, under the more 
favourable conditions existing in the body, the whole of the 
starch taken is converted into sugar before absorption. 

The above results aflbrd an explanation of the existing dis- 
cordant statements as to the nature and amount of products 
formed during starch digestion. 

II. The tryptic digestion of protcids, 'fhe experiments made 
dealt chiefly with the formation of leucin and tyrosin, and were 
undertaken, initially, in order to find out why these crystalline 
products are formed in large amount during an artificial diges- 
tion, while they have so far been described as occurring in mere 
traces during natural digestion. The results of the experiments 
made it probable that leucin and tyrosin should be formed 
during natural digestion. Examination of the contents of the 
small intestine during proteid digestion showed that, contrary 
to existing statements, leucin and tyrosin are formed in not in- 
considerable quantities during the natural process. 

The last part of the communication dealt with the probable 
physiological importance of the formation of amidated bodies 
during tryptic digestion, and a view was put forward as to the 
possible and probable importance of amides in the chemical 
cycle of animal metabolism. 

The experiments are being extended to the pancreatic digestion 
of starch. 

Linnean Society, February 20.— W. Carruthers, F. R.S., 
President, in the chair. — Mr, G. C. Druce exhibited specimens 
of Agrostis caninUy var, Scotica^ and a small collection of flower- 
ing plants dried after treatment with sulphurous acid and alcohol, 
and showing a partial preservation of the natural colours of the 
flowers. — Mr. F. P. Pascoe exhibited a series of Coleopterous 
and Lepidopterous insects to show the great diversity between 
insects of the same family. — The Right Hon. Sir John Lubbock, 
Bart., M.P., P.C., then gave an abstract of four memoirs which 
he had prepared : (i) on the fruit and seed of the Juglandiae ; 
2) on the shape of the oak-leaf ; {3) on the leaves of Viburnum ; 
and (4) on the presence and functions of stipules. An interest- 
ing discussion followed, in which Mr. J. G. Baker, Mr. Johnf 
Fraser, Mr. D. Morris, and Prof. Marshall Ward took part. 

Edinburgh. 

Royal Society, February 17. — Sir W. Thomson, President, 
in the chair. — Prof. Crum Brown communicated a paper, by 
Mr. Tolver Preston, on Descartes' idea of space and Sir W. 
Thomson's theory of extended matter. — The following communi- 
cations from the chemical laboratory of the University were 
read ; — {a) Prof. Crum Brown, on a new synthesis of dibasic 
organic acids. The method proposed was the electrolysis of 
potassium ethyl salts of lower dibasic acids which would take 
place according to the scheme 

2EtOOC.R^COOK = EtOOC.ir.R".COOEt i 2CO3 + 2K, 

thus giving the diethyl ether of a higher acid of the same series. 
ifi) Prof. Crum Brown and Dr. James Walker, on the electrolysis 
of potassium ethyl malonate, and potassium ethyl succinate. 
The reaction actually takes place in great measure in the above 
indicated sense, the yields of pure succinic ether and of adipic 
ether respectively being from 20 to 30 per cent, of the theoretic- 
ally obtainable quantities. The method is thus proved to be of 
practical as well as of theoretical importance, (r) Dr. Tohn 
Gibson, on the action of bromine and carbonate of soda in 
solutions of cobalt and nickel salts. — Mr. W. Calderwood read 
a paper on the swimming bladder and flying powers of Dactylo- 
pterns volitans. 


^ Paris. 

Academy of Sciences, February 24. — M. Hermite in the 
chair. — The proofs of the separation of the south-east extremity 
of the Asiatic continent during recent times, by M. £milc 
Blanchard. The author advances proofs from the resemblance of 
animal and vegetable life in Further India, on the peninsula 06 
Malacca, and Sunda Islands. — The Drytopithecus^ by M. Albert 
Gaudry. The relation of Dryopithecus to the ape and to man 
has been investigated. — A contribution to the chemical study of 
the truffle, by M. Ad. Chatin. The researches have been 
I directed to the quantitative determination of the organic and 
] other matter in truffles. — Scrotal pneumoceles, by M. VemeuiK 
1 — On the anatomy and the physiological pathology of the re- 
j tention of urine, by M. F. Guyon. — Transformations in kine- 
I matic geometry, by M. A. Mannheim. — On the constitution of 
s the line spectra of elements, by M. J. R. Rydberg. This is a 
I note on the periodic recurrence of doubles and triplets in the 
I spectrum of an element. It is shown how this periodicity 
j enables the spectrum of an element to be found by interpolation 
I when the spectra of elements of the same group are kndwn, the 
j case of gallium being given as an example of the verification of 
j the principle. — Electrical •oscillations in rarefied air, without 
» electrodes; demonstration of the non-conductivity of the 
vacuum, by M. James Moser. It is well known that vacuum- 
, tubes become luminous when near an induction coil in action. 

I The author, by enveloping one vacuum tube with another, in 
. which the rarefaction could be varied, finds that the excitation 
I may take place without any electrode. If the pressure in the 
‘ outer tube be equal to mm., the inner tube, under the 
influence of the coil, becomes luminous and of a clear blue 
' colour ; if, however, the pressure be diminished to 1 mm. of 
I mercury, the air in the outer tube becomes luminous and of a 
j pronounced red colour, thus reversing the phenomena. — Upon 
i the variation, with the temperature, of the bi-refractions of 
j cjuartz, barytes, and kyanite, by MM. Er. Mallard and 
I H. Le Chatelier. This variation has been studied by the 
I aid of a photographic spectroscopic method : with quartz 
a singular point is detected at 570*', at which temperature the 
law of variation suddenly changes.; a similar^ phenomenon is 
indicated as occurring in the case of kyanite somewhere between 
300° and 600®. — The vapour- pressure of acetic acid solutions, by 
MM. F. M. Raoult and A. Recoura. It has been previously 
shown by one of the authors {Comptes rendtts, May 23, 1887 ; 
Anuales de Chimie ct de Physique^ 6th series, t. xv., 1888) that, 
if /represents the vapour- tension of a solvent for a certain tem- 
perature, /' the vapour-tension under similar conditions when a 
non-volatile body is in solution, P the weight of substance dis- 
solved in 100 gnus, of the solvent, M the molecular weight of 
the dissolved body, and M' the molecular weight of the solvent, 
then for dilute solutions — 

^_ioo(/* M 
f P ‘ M'" 

K being a constant generally near to unity. Employing the 
dynamical method, the mean value of K for acetic acid is found 
to be I *61, taking 60 as the molecular weight of acetic acid ; 
but if the molecular weight of a liquid be the same as that of the 
saturated vapour, the apparent anomaly disappears, for wiih 
molecular weight 97 (deduced from density of saturated acetic 
acid vapour at 118®, viz. 3’3S), the above formula gives K=i. — 
The action, in the dry way, of various arseniates of potassium and 
sodium upon the oxides of the magnesia series, by M. C. Lefivre. 
— Note on the volumetric estimation of copper, by MM. A. Etard 
and P. Lebeau. A method of titration is given by the authors, 
for which they claim a rapidity and accuracy comparable to the 
permanganate nPethod for iron ; it is based u))on the formation 
of a characteristic violet coloration on the addition of concen- 
trated hydrobromic acid to a solution of the copper salt, and 
the subseouent decoloration of the solution by standardized 
stannous cnloride solution containing much hydrochloric acid ; 
thus— 

aCuBr^ + «HBr -f- SnBrg = SnBr4 CuaBr.^ + /iHBr« 

Coloured. Uucolourecl. 

— Preparation of hydroxycamphocarbonic acid from campho- 
carbonic acid, by MM. A. Haller and Minguin. — Upon the or- 
ganization of left-handed Prosobranchiate Gastropoda (Pieptunea 
contraria^ Linnaeus), by MM. P. Fischer and E. L. Bouvier,— 
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Upon the initial cells of the ovary in fresh-water Hydrte,<by M. 
Joannes Chatin. — Note on a new putrefaction ptomaine, ob- 
tained by I he culture ol Bacterium by Mr. A, B. Griffiths. 
The author gives analyses of an alkaloid, produced by the de- 
composition of albuniinoids by this organism, showing it to be- 
long to the hydropyridine senes, and to possess the formula of 
hydrocoridine, — On the chromogenous functions of 

the pyocyanic bacillus, by M, C. Gessard, —Fossil Radiolarians 
inclosed in albite crystals, by M. A. Issel. The author con- 
cludes from the data given— (i) that a sedimentary fossiliferous 
rock has become crystalline and rich in plagioclastic crystals, 
without the stratification being sensibly altered ; (2) that this 
change has been produced in a Tertiary formation ; (3) that a 
hydrothermal action is indicated. — A contribution to the history 
of chrome-iron, by M. Stanislas Meunier. 


DIARY OF SOCIETIES. 

• ^ London. 

THURSDAY, March 6 . 

'Koyal Society, at 4.30. — On a Second Case of the Occurrence of Silver in 
Volcanic Dust — namely, in that thrown out in the Eruption of Tunguragua, 
in the Andes of Ecoador, January 11, 18S6 : Prof. J. w. Mallet, F.R.S. — 
On the Tension of Recently-formed Liquid Surfaces : Lord Rayleigh, 
Sec.R«S. — On the Development of the Ciliary or Motor Ocult 
Ganglion: 12) The Cranial Nerves of the Torpedo (Preliminary Note): 
Prof. J. C. Ewart. 

'Linhkan Socibtv, at 8.— On the Production of Seed in some Varieties 
of the Common Sucar-Cane (Saccharum odicinarnm) : D. Morris. — An 
Investigation into the True Nature of Callus ; Part i, the Vegetable 
Marrow, and Ballia calHtricha : Spencer Moore. 

’R«val IfmriTiJTiON, at 3, — ^'J’hc Early Developments of the Forms ot 
Instrumental Music : Frederick Niecks. 

FRIDAY, March 7. 

Physical Society, at 5.— On Bertrand's Refractometer : Prof. S. P. 
Thompson. 

•Geologists* Association, at 8.— On some Pleistocene (non-Marine) Mol* 
lusca of the London District : B. H. Woodward.— Notes on some Pleisto- 
cene Sections, tn and near London: W. J, Lewis Abbott. — Note on a 
f 'urious App^rance produced by the Natural Htsection of some Spherical 
Cmcretions in a^omale Stone Quarry near Leek : Dr. Wheeiton Hind. 

Institution OF Civil Enginebks, at 7* 30. —Telephonic Switching: C. H. 
Wordingham. 

Rovai Institution, at 9.— Electrical Relations of the Brain and Spinal 
Cord : Francis Gotch. 


Koval Botanic Society, at 3.«5* 

.Royal Institution, at 3.— 'Electricity and Magnetism: Right Hon 
Lord Rayleigh, F.R.S. 

SUNDAY, March q. 

SawoAV f.BCTUXK Society, at 4— Pasteur, and his Discoveries (with 
Oxyhydrogen Lantern Illustrations): Sir Henry 1C. Koscoc, M.P., 
F R S 

MONDAY, March 

Royal Geographical Society, at 8.10. — On Lieut. H.^ B, Vaughan's 
Recent Journey in Eastern Persia: Major-General Sir Frederic J. Gold- 
smid, K!.C.S.I. 

Victoria Institute, at 8. — On the Monism, Pantheism, and Dualism of 
Brahmanical and Zjroastrian Philo.'tophers : Sir M. Monier-Wilhams, 
K C I.E. 

TUESDAY, March 11. 

Society of Arts; at 8.— llic Claims of the British School of Painting to a 
Thorough Representation in the National Gallery : James Orrock. 

Anthropological Institute, at 8.30. — Exhibition of the Skull of a 
Carib, from a Cave in Jamaica: Prof. Flower, C.B.. F.R.S.— Manners, 
Customs. Superstitions, and Religions of South African Tribes ; Rev. 
James Macdonald. 

I Institution of Civil Engineers, at 8.— The Hawksbury Bridge, New 
South Wales: C. O. Barec.— The Erection of the Dufferin Bridge over 
the Ganges at Benares : F. T. G. Walton.— The New Blackfriars Bridge 
on the London, Chatham, and Dover Railway: G. E. W. CruttweTI. 
(Discussion.) 

Royal Institution, at 3.— The Post- Darwinian Pr-iod: Prof. G. J. 
Romanes, F.R.S. 

WEDNESDAY, March 12. 

•Geological Society, at 8.— On a Deep Channel of Drift in the Valley of 
the Cam, Essex: W. Whitaker. F.R.S.— -On the Monian and Basal 
Cambrian Rocks of Shropshire : Prof. J. F. Blake.— On a Crocodilian Jaw 
from the Oxford Clay ’of Peter b irough : R. Lydckker. — On Two New 
Species of Labyrinch(^onls : R. I..ydeKker. 

Society or Arts, at 8.— The Chemin dc Fer Glissant, or Sliding Railway : 
Sir Douglas Gjiltoo, K.C.B.. F.R.S. * 

THURSDAY, March 13. 

Royal Society, at 4.30. 

Mathematical Society, at 8.— Som^ Groups of Circles connected with 
Three given Circles: R. Lachlan. — Perfect Numbers; Major P. A. Mac- 
Mahon, R.A. 

Si*ciETv of Arts, at 5.— Agriculture and the State in India : W. R. 
Robertson. 

Hnrtitution of Electrical Engineers, at 8. — 'riie Theory of Armature 
Reactions in Dynamoft and Motors; lames Swinburne. — .Sjmc Points in 
Dynamo and Motor Design : W. B. Ess'>L. (Discussion.) 


Royal Institution, at 3.— I'he Early Development of the Forms ul 
Instrumental Music (with Musical Illustrations): Frederick Niepks. 

March 14. 

Royal Astronomical Society, at 8 . 

R^yal Institution, at 9.— The Glow of Phosphorus: Prof. T. E. Thorpe, 
SATURDAY, March 15. 

Society of Arts, at 3.— The Atmosphere : Prof. Vivian Lewes. 

Royal Institution, at 3,— Electricity and Magnetism : Right Hon. Lord 
Rayleigh, F.R.S. 


BOOKS, PAMPHLETS, and SERIALS RECEIVED. 

Prodromus Faunae Mediterranesc, Part 2*. J. V. Carus (Stuttgart^ Koch). 
— The Elements of Laboratory Work : A. G. Earl (Longmans).— Axistory 
of Botany (1530-1860): J. v.»n Sachs; translated by H. E, F. Garnsey ; 
revised by I. B. Balfour (Clarendon l*fess). -Traitd Encyclopddiqne dc 
Photographte, neuv. fasc. : C. Fabrc (Baris, Gauthier- Villars). — A Syllabus 
of Elementary Dynamics : Prof. W. N. Stocker (Macmillan). — Synoptical 
Tables of Inorganic and Organic Chemistry : C. J. Leaper (Gill) —The 
Growth of Capital: R. Giffen (Bell). — Coal Gas as a Fuel: T. Fletcher 
(Warrington, Mackie). — The Zoological Record for 1888 (Gurney and Jack- 
son).— An Elementary 'IVeatise on Light and Heat, 2nd edition: Rev. F. 
W. Aveling (R^^Ife). — Demoid.s : J. B. Sutton (BailHcre). — The Railways of 
Scotland: W. M. Ack worth (Murray). — Electrical Engineering: W. Slingo 
and A. Brookcr (Longmans).— Un Viaggio a Nias : K. Modiguani (Milano, 
Fratellt Treveji).— Transactions of the Astronomical Observatory of Yale 
University, vol. i. Part (New Haven). — Cycles of Drought and Good 
•Sea.sons in South Africa : D. E. liutcbin-s (Wesl^). — How to Know Grapes 
by the Leaves: A. N. M'Alpine (Edinburgh, Douglas). — Boilers, Marine 
and Land, 2nd edition: ' 1 *. W. Traill (Griffin).- Four-Figure Mathematical 
lables, 2nd edition ; J*T. Bottomley (Macmillan). — The Cultivated (Granges 
.and Lemons, Ac., of India <nnd (^eylon, te.vt and plates : Dr. £. Bonavia 
(Allen). — Elementary Manual of Magnetism and Electricity, Piirt 2 : Prof. 
Tamie.s9n (Griffin) — (^uartcrlv Journal ctf Microscopical Science. February 
(Churchill). — Zcitschrift fiir Wisscnschaftlichc Zoologie, ^9 Band, 3 Heft 
(Williain.s and Norgatc). — fournal of the Royal Microscopical Society. 1889, 
Part 6 a, 1890. Part 1 (Williams and Norgate).— Studies from the Biological 
Lalxiratory, Johns Hopkins University, vol. 4. No. 6 (Baltimore). — Trans- 
actions and Proceedings of the Botanic.al Society, vol. xvii. Part 3 (Edin- 
burgh). — Annual Report of the Canadian In.stitute, Session 1888-89 
(Toronto). 
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THURSDAY, MARCH 13, 1890. 


GERMAN CONTRIBUTIONS TO ETHNOLOGY. 

Ethnographische Beitrdge zur Kenntniss ties Karolinen 
Archipels. Von J. S. Kubary. i Heft, mit 15 Tafeln. 
(Leyden : P. W. M. Trap, 1889.) 

S INCE 1868, when Herr Kubary first entered upon a 
course of inquiry among the Polynesians, which he 
had undertaken for the Godeffroy Museum in Hamburg, 
to which institution he was then officially attached, he 
has made the archipelago of the Carolines the chief seat 
and object of his observations. These islands, lying 
between 5° and 10° N. lat., midway between the Ladrones 
and New Guinea, and stretching from 138^^-160'’ E. long., 
have been visited by few white men excepting the traders 
who occasionally touch there for purposes of barter, or 
with the object of securing workmen for some more or 
less remote labour-market on terms of hire which are 
usually misunderstood by the natives themselves. To 
this drain on the numbers of able-bodied men, and to 
continual tribal wars among the different members of the 
gcoup, the rapid diminution of the population of the 
Carolines is probably mainly due. In some of the 
islands the author found that the once numerous families 
of the kings or chiefs had either wholly died out in 
recent years, or were only represented by a single male 
descendant, who, in the absence of any other woman of 
pure native race, would have to take a half-sister for his 
wife, if he would avoid the alternative of making a 
prohibited exogamic marriage. 

The probably imminent extermination of these Northern 
Polynesians gives more than common interest to Herr 
Kubary’s narrative of his long sojourn in the island Yap, 
and in the Pelew group, or Western Carolines, where he 
had the good fortune to obtain previously-unknown in- 
formation regarding the various indigenous moneys in 
use, and thus to establish the hitherto unsuspected fact 
that among these people a carefully-adjusted and rigidly- 
prescribed monetary system has been long in force. ^ 
Thus in the island of Yap he found that each distinct 
kind of money could only be used for specially-defined 
purposes, the form known as gau, which consists of 
strings of equally-sized polished disks of the spondylus, 
constituting what we may term the gold of the district. 
This is not current among the general public, but is 
carefully accumulated by the chiefs, who keep it in reserve 
to be exchanged with other chiefs for canoes or weapons 
of all kinds, to be used when they are preparing to make, 
or to resist, a hostile attack. This spbndylus currency has 
considerable ethnological interest, for we find that the 
shell can only be procured to the east or the north of 
Yap, and that it is traditionally the most ancient form of 
money in use in that and some of the neighbouring 
islands, while its discovery in old graves of chiefs in the 
Ladrones seems to point to a common origin of the 
natives of the latter group and those of the Carolines. 
Next in value is the palan, which consists of round 
disks of arragonite of various degrees of thickness, which 
is obtained by the people of Yap at considerable risk and 
with much labour from certain islands of limestone- 
formation in the Pelew group. The supply of this money 
VoL. XLi.— No. 1063. 


in Yap is mainly dependent on the enterprise of the 
young men of the villages^ who, from time to time com- 
bine together to procure a canoe, in which, with the con- 
sent of their chief, they repair to the arragonite rocks to 
extract as much of the stone as their boat will hold. On 
returning to their native village, they are bound to pre- 
sent their chief with all the larger blocks, after which 
they dispose of the remainder to the villagers at the rate 
of the market value of the stone, which is estimated 
according to its width. Thus, while a fragment measur- 
ing an inch or two in diameter is the recognized price of 
a basket of taro, consisting of a definite number of roots, 
the scale of values rises gradually until it requires a mass 
six feet in width to purchase a good-sized canoe, or a 
gau-h(\t adorned with two whale’s teeth, which ranks 
in the eyes of a Yap dandy as the most precious of all 
personal ornaments. The arrival of a cargo in which 
there are several of these exceptionally large blocks, is 
generally soon followed by the breaking out of hostilities 
between the village chief and his neighbours, as the 
former seldom loses a chance of making speedy use oi 
these sinews of war ; and hence perhaps palan is popu- 
larly known as “ men’s money.” Next in value to it comes 
yar, which consists of small threaded nacreous shells that 
serve as small change, and are known as women’s 
money.” 

In the Pelew Islands, another form of money, known 
as audouth, is current, whose origin and history are un- 
known, although the traditions regarding it suggest that it 
may have been obtained through early trading relations 
between these islands and remote eastern and western 
I nations. Audouth is divided into numerous groups, con- 
sisting of coloured or enamelled beads or disks, some of 
which present a vitreous or earthy character, recalling 
objects of Chinese or Japanese art ; while others, to judge 
by the coloured illustrations in Herr Kubary’s work, are 
almost identical with the glass beads still largely manu- 
factured in Venice. Each variety of bead has a fixed 
place on the scale of values, which, beginning from the 
/rtrt;-basket unit, gradually rises, until it finally reaches 
so large an amount that each of the still existing forty or 
fifty beads, which rank as the highest in the series, and 
which are all accumulated in the hands of one or two of 
the kings, actually represents a sum equal to ten or twelve 
pounds sterling. The extremely limited number of the 
audouth-h^zAs, and the obligation of making payments 
with only specially prescribed forms of these coins, have 
led to the establishment of a regularly organized system 
of loans. By the rules of this system, a man who re- 
quires to make a payment in a coin of which he is not 
possessed, and who has to borrow it from his chief, or 
some neighboift’, is compelled to give in pledge certain 
definite objects, only redeemable by repayments at fixed 
periods and rates of interest, while he is, moreover, 
obliged to refund his debt in the same coin which he 
originally borrowed. 

In his comments on jthe singular fact that the un- 
clothed, tattooed natives of a remote Polynesian archi- * 
pelago should possess well-organized systems, based on 
fixed principles, not only for regulating loans, but also 
for conducting exchange and barter on equitable terms, 
Herr Kubary adduces apparently good grounds for as- 
suming that the people have derived these methods. 



434 


NA TURE 


\March 13, 1890 


together with the principal features of tlieir politiAil and 
social institutions, through thek early acquaintance with 
the higher civilization of the great Malayan States, with 
whose inhabitants they probably share one common 
origin. • Like these races, the people of the Carolines 
attach an extraordinary importance to money, which is 
made the pivot on which everything in the State turns. ! 
Thus, the sole penalty for ail crimes and misdemeanours ' 
is a fixed payment in some definite form of money ; and, 
as among our own northern ancestors, every injury done , 
to man or beast has its recognized price, while every act | 
or event in a man’s life from his birth to his death, and 1 
beyond it, is charged with a definite payment. Similarly, 
the favour of the gods i'n sickness, and the good-will of a i 
chief, would seem to be regarded as only attainable by : 
money Offerings to priests or rulers. Strangely enough, 
however, the chiefs themselves are compelled to make 
certain prescribed payments in their various transactions 
with the people, by which means an e.xcessive accumula- 
tion of money in the hands of a few is prevented, and a ' 
free circulation of the various coins insured ; and thus, ‘ 
these uncivilized Polynesians have attempted, after their , 
own fashion, to solve a problem involved in the question 
of capital and labour. 

The author’s copiously illustrated descriptions of the 
dwellings and other buildings erected by the islanders I 
show how closely they approximate in structure and ■ 
ornamentation to the Malayan type. The arrangements 
of the interior, however, where the quiet and solitude of | 
the ow’ner of a house are provided for by various portions 
of the building being tabooed to all strangers, and at | 
certain times to the women and children of the family, 
afford strong evidence that in their social usages the 
people have been strongly influenced, probably in recent , 
ages, by intercourse with Polynesians occupying the re- j 
motor eastern archipelagoes. This is shown by the 
uniformity in various practices followed both by the 
natives of st)me of the Carolines, and those of other far 
distant groups. 

Nothing, however, is more remarkable than the di- 
versity presented by contiguous islands, for while in the 
one we find some form of textile art or some method of 
elaborate tattooing, characteristic of the inhabitants of a 
far distant archipelago, not a trace of either is to be met 
with in the neighbouring islands. Even more inexplic- 
able are the differences in stature, appearance, and general 
physical character among the natives of one island, or 
one group ; and hence it is impossible to arrive at any 
firmly-based conclusions as to the true ethnic history of 
the present occupants of the Caroline archipelago. 

Herr Kubary has devoted much attention to the study 
of the various maladies from which the natives suffer, 
with a view of determining how far these are indigenous 
or imported ; and, while he highly commends the 
patience under suffering of these gentle, unsophisticated 
natives, he shows that various specific forms of disease, 
which are usually malignant amo^ig civilized communities, 
here present a benign character. His remarks on this 
subject are full of interest, as are also his descriptions of 
the various local remedies employed^ among which it 
would appear that some possess such well-marked specific 
properties as to merit the careful attention of our own 
barmacologists. . 


The present volume, which is to be followed by a. further 
series of Herr Kubary’s contributions, is edited by Dr. 
Schmeltz, on behalf of the directors of the ImperiaV 
Museum of Ethnology in Berlin, where the most valuable 
of the author’s collections are deposited. 


ENGLISH AND SCOTTISH RAILWAYS. 

The Raihvays of Ktigland. By \V. M. Acworth. Second 
Edition. (London : John Murray, 1889.) 

The Raihvays of Scoihmd. By \\’. M. Acworth. 
(London : John Murray, 1890.) 

B eyond the comparatively small railway circle, there 
are many persons who take great interest in the 
railway system of this country. Any particularly fast 
train is carefully noted, and compared detail for detail' 
with its predecessor ; and its particular virtues are 
pointed out. To such persons the works before us will 
be most welcome. To railway men we need only say 
that not to read these books will be a great loss and 
a mistake. Mr. Acworth has evidently had excellent 
opportunities for observation, and he has not failed to 
make good use of the chances thus obtained for careful- 
study of the many different phases of railway life. The 
author confesses to have written anonymously not a few 
criticisms on the management of certain English railways, 
which were meant to be particularly scathing. In the 
present books we can find nothing of the kind ; in fact, in 
most cases the author uses language of almost unvarying 
panegyric, even the hunting-ground of the “ Flying 
Watkin Express” coming in for nothing but praise. This 
is certainly as it should be, for those who know anything 
of the subject are aware that the English railway system 
taken as a whole is second to none in the world, either in 
management, rolling-stock, or permanent way. 

The volume on the railways of England deals princi- 
pally with the railways terminating in London. Ar> 
historical sketch of the early railways is given, and we 
find, besides much useful matter, many amusing 
anecdotes. The author deals at length with the change 
wrought by the introduction of railways in the various 
trades affected by the withdrawal of the stage-coach, and 
the consequent loss of trade to many towns and villages 
on the old turnpike roads, as well as the birth of new 
trades and occupations caused by the advance of the 
railway system. 

The London and North-Western Railway is the first 
one noticed, in Chapter 11 . The territory of this railway 
extends from London in the south to Carlisle in the 
north, and from Cambridge in the east to Swansea and 
Holyhead in the west. The description naturally begins 
at Crewe, for at this station are the main locomotive and 
other works of the Company, employing about 6000 
men. Here also are the head-quarters of the locomotive 
staff, under Mr. F. W. Webb, the able mechanical super- 
intendent. The author gives an excellent description of 
the w’orks, and the many special manufactures carried on. 
The illustration of the Webb transverse steel sleeper 
shows how a steel sleeper can be designed to suit the 
English mongrel-sectioned rail known as the “ Bullhead.” 
It is a pity some enterprising railway manager in England 
does not give the Indian alLsteel permanent way a trial. 
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viz. a Vlgnoles or flanged rail with a transverse steel 
sleeper formed out of a ribbed plate, with lugs or clips 
formed out of the solid to take the rail flange, and fastened 
with a steel key. In this system there is nothing that can 
get loose, and excellent results are obtained in India, 
where several millions are now in use. 

In Chapter I V. we find the Midland Railway thoroughly 
discussed. The growth of this enterprising and pushing 
Company is carefully and vividly delineated. This large 
system, like most others, is the result of the amalgamation 
of many small companies, and, under an enlightened 
management, it has long been considered the most pro- 
gressive railway in this country. The author gives a 
capital description of this large system, and many inter- 
esting statistics. Among the many special details, perhaps 
the Lickey incline on the Birmingham and Gloucester 
section is of most interest. On this incline, having 
a gradient of i in 37, the traffic has always been worked 
by locomotives, even in the days when stationary engines 
were used to haul the trains out of Euston Station and 
Lime Street Station at Liverpool ; and further, in these 
early days (1839), the English-built locomotive was unable 
to be of much use on this incline, and some Amerfcan 
locomotives were imported and succeeded in working the 
traffic. Derby is the “Crewe” of the Midland. Here 
the Company builds the locomotives, carriages, and most 
of the waggons. The travelling public owe much to the 
Alidland Company. On this line the author tells us most 
<if the new deptirtures in rolling-stock and details were 
originally tried, the Pullman car and many other eiiually 
important novelties, down to the diminutive but most 
useful apparatus, the sand-blast, for sanding the rails 
under the treads of the driving-wheels of the locomo- 
tive. The effects of this apparatus are very inter- 
esting, and its use is becoming universal. So much 
does it add to the effectiveness of a single- wheeled 
locomotive that it is possible to use it on trains in 
]jlace of the four-coupled engine, a saving evident to 
those familiar with the subject. The single-wheeled 
engines, running at high speeds, are more free ; which 
means less wear and tear to the engine itself, and prob- 
ably the permanent way. With an express train the 
sand-blast apparatus uses about nine ounces of sand per 
mile, giving a continuous supply to the driving-wheels ; 
and, be the rails ever so greasy, the wheels seldom slip 
half a turn. The testing of the materials used at Derby 
Works appears to be very efficient ; the steel, )}articularly 
for plates, axles, tyres, &c., being thoroughly tested by 
tensile and bending tests, and by chemical analysis. 

Chapter V. deals with the Great Northern, North- 
Eastern, and Manchester, Sheflield, and Lincolnshire 
Railways. In any description of the Great Northern 
system it would be impossible to pass over the splendid 
running of the Company’s express trains. Some of 
these are, without doubt, the fastest in the world. The 
105^ miles between Grantham and London are continu- 
ously “done” in 117 minutes, or at the rate of 54 miles 
per hour ; and both up and down trains are known to 
get over 60 consecutive miles in as many minutes. On 
one occasion, the author states, the 105^ miles were “reeled 
off” in 112 minutes — a result worthy of Mr. Stirling’s 
splendid locomotives. The description of driving the 
Flying Scot ” is very true* and we are glad to observe 


that the author combats the nonsense written to the daily 
press concerning the drivers and firemen of the Scotch 
expresses “being paralyzed with fear at the awful speeds.” 
No two men are prouder of their positions, nor would they 
exchange into any other link. Their position is, in fact, 
the blue ribbon of the foot-plate. 

In dealing with the North-Eastern Railway, the author 
gives much useful information on the subject of the com- 
pound locomotive. The locomotive superintendent of that 
j ^railway, Mr. T. W. Worsdell, uses probably the best 
arrangement of cylinders, &c., possible to fulfil the many 
conditions under which a satisfactory locomotive must be 
constructed, and the results obtained appear to point to a 
great saving in fuel. We would commend to our readers 
the description of the snow-block on this railway ia the 
year 1886 ; it is well written. 

With reference to the electric lighting of trains on the 
Glasgow underground section of the North British Rail- 
way, it should be noted that the current is taken off the 
third insulated rail, not by a brush, as stated by the 
author, but by means of a wheel in a swing frame under 
each coach. This wheel runs on the central elevated 
and insulated rail, and each coach is electrically inde- 
pendent of any other. The system appears to work very 
well. To the Manchester, Sheflield, and Lincolnshire 
Railway the author gives little attention, for reasons stated 
on p. 193. Probably no line in this country is more 
handicapped by heavy gradients on its main line, and 
the locomotive stock has had to be designed to satisfy 
the conditions, more especially on the section between 
Manchester and Sheflield. The late Mr. cfiarles Saerd, 
the eminent engineer and locomotive superintendent of 
that railway, designed some particularly fine four-coupled 
bogie engines for the passenger service, and his goods 
engines did good work on the heavy sections. 

The Great Western Railway loses nothing by the 
description given in Chapter VI. This historical line is 
well described, and the “ battle of the gauges ” thoroughly 
gone into. It is to be regretted that some compromise was 
not made between the rival gauges ; for it is now evident 
*that the four feet eight and a half inches gauge— -the 
standard one in this country^ — is not wide enough. Loco- 
motives and rolling stock have grown so much that 
I locomotive engineers are in difficulties when trying to 
design more powerful engines. Take, for instance, the 
Indian or the Irish broad gauge ; in these cases the 
engines are not limited in width so much, and can have 
ample bearing surfaces ; as well as, for inside cylinder 
engines, crank ax}es not tied down by considerations 
of cylinder centres and the like. A ride on the 
“ Dutchman ” express locomotive is well enough described 
to make many young locomotive engineers long to have 
shared with the author that thoroughly enjoyable 
experience. The Severn Tunnel is well treated in this 
chapter. Chapter VII. deals with the South-Western 
Railway, and the following one gives much useful in- 
formation of that model of .all southern milways — 
the London, Brighton, and South Coast Railway. In 
noticing the latter we cannot but express our regret for 
the loss that Company and locomotive engineering gener- 
ally have sustained by the recent death of Mr. William 
Stroudley. Without doubt one of our ablest railway 
engineers, he brought the ^designing of focomotives and 



436 


NA TURE 


\March 13, 1890 


rolling-stock to the highest pitch ; his engines are patterns 
to be used with advantage, and their coal consumption is 
the lowest on record. Chapter IX. describes the South- 
Eastorn and Chatham Railways ; and the volume concludes 
with Chapter X., on the Great Eastern Railway. These last 
chapters lack none of the interest to be found in the 
earlier ones in the book. 

The second volume, on Scottish railways, is merely a 
continuation of the first, and is written in the same lucid 
style. Its most interesting part is a description of the 
Forth Bridge. Mr. Acworth gives a good account of the 
bridge and the earlier schemes proposed for crossing the 
Forth. 

Mr. Acworth has written two most interesting books, 
wtiick will be of great use to all in any way connected 
with, or interested in, the British railway system. 

N. J. L. 


DISEASES OF PLANTS. 

Diseases of Plants. By Prof. H. Marshall Ward, F.R.S., 
M.A. (London ; Society for Promoting Christian 
Knowledge.) 

T his little book is an excellent popular introduction 
to the study of the diseases of plants, in so far as 
they are due to the attacks of parasitic Fungi or similar 
organisms. The author, who has made this field of re- 
search especially his own, succeeds in being intelligible 
and interesting to ordinary readers, without in any degree 
sacrificing the scientific character of his work. 

The book is illustrated by fifty-three woodcuts, which 
have been very well selected, many of them from the 
author’s own papers. In certain cases, however, the 
engraving leaves something to be desired, and scarcely 
does justice to the original figures. 

An introductory chapter explains what is here meant 
by disease in plants, namely “ those disturbances of the 
structure and functions of the plant, which actually 
threaten the life of the plants, or at least their existence, 
as useful objects of culture.” The two factors of disease> 
the external cause on the one hand, and the condition of 
the patient on the other, are clearly distinguished. 

The second chapter gives a general account of Fungi 
as saprophytes and parasites. Mucor is described as an I 
example of the former, and vine-mildew {Peronospora \ 
viticola) of the latter group. i 

The succeeding nine chapters, forming the bulk of the j 
book, are occupied with the consideration of special | 
diseases. 

First comes the “ damping-off” of seedlings, a disease 
only too well known to gardeners, due to the attacks of 
various species of Pythium. The whole life-history of 
the parasite is described. In Fig. 9 it is a pity that the 
point of attachment of the antheridium is not more 
clearly shown. 

Next, we have an account of the very interesting 
disease of cabbages and other Crucifers, known as 
“ fingers and toes,” “ club-root,” &c. Here the cause of 
the mischief is a Myxomycete, and this is the only case 
of a non-fungoid disease described in the book. Happily, 

* a satisfactory cu,re can here be prescribed. 


Chap. V. is on the potato-disease. An account of the 
normal mode of nutrition of the plant in health is in- 
troduced in order to show the exact nature of the 
deadly injury which is wrought by the Phytophthora. 
As a preventive measure, the selection of resistant 
varieties of the potato is especially recommended. 
Chap. vi. is devoted to the “smut” of corn. The 
cause of the frequent failure of protective dressings 
i applied to the ripe grain is discussed. If, however, as 
; Jensen believes, the ovule may be infected at the time of 
! flowering, an altogether new light is thrown on this 
I question. 

I After a chapter on the disease known as “ bladder- 
plums,” caused by the yeast-like Fungus Exoascus, wc 
come to the lily-disease. The Fungus which is here 
responsible has been shown by Prof. Ward to afford an 
excellent example of a saprophyte which can become a 
parasite on occasion. 

The next three chapters describe the ergot of rye, the 
mildew of hop (Podosphicra), and the rust of wheat. Iii 
the case of the hop-disease, a figure of the conidia might 
have been added with advantage. The now familiar but 
always interesting story of the hetercecism of rust is 
well told. 

With a caution which in the case of a popular work 
cannot be too highly commended, the author avoids 
expressing any opinion on the subjects of fertilization in 
Podosphaira, and of the fonction of the spermogonia in 
iEcidium. 

In the concluding chapter, Prof. Ward endeavours to 
interest his readers in the wider questions of mycolog)-, 
so fascinating to the botanist, such as the phylogenetic 
origin and relationships of the Fungi. 

The book should have a wide circulation among the 
numerous classes interested in the important group of 
disuses of plants with which it deals. 

1 ). H. .S. 


OUR BOOK SHELF. 

The Physician as Naturalist. Addresses and Memoirs 
bearing on the History of and Progress of Medicine 
chiefly during the last hundred years. By W. 
Gairdner, M.D. (Glasgow : Maclehose and Sons, 
1889.) 

A .SUCCESSFUL physician, during a long and busy life, is 
frequently called upon to preside and deliver addresses 
at meetings at which he is expected to treat his subjects 
in a more or less popular manner. 

Dr. Gairdner has brought together a most interesting 
series of such addresses, which fall into two main groups. 
First, those in which he has contrasted the treatment 
of the present day with that in vogue among our pre- 
decessors of more or less remote times; and in which 
he has attempted to present the answer to that ever- 
interesting question, “Is the treatment of disease 
adopted at the present day superior to that in vogue 
formerly ? And if so, in what does its superiority consist 
Second, those in which he lays down the lines on 
which he considers the medical Plication of the future 
should be conducted, in order to lead to still greater 
advances. 

The dependence of modern treatment upon the dis- 
cussion of accumulations of facts, and not solely upon 
theory, and the necessity of making experience and 
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inot authority the arbiter in cases of doubt, are the 
conclusions which the author inculcates throughout. 

A century ago it was considered a fundamental principle 
that venesection was essential in most, if not all, serious 
illnesses ; and, to such an extent was this carried, that 
200 ounces of blood were sometimes drawn off during 
a week, and even half that amount in 24 hours. Next 
came a reaction, and the theory that fever patients 
required stimulation, rather than venesection, led to the 
administration of enormous quantities of alcohol, espe- 
•cially at the hands of Dr. Todd, who at times administered 
more than four gallons of brandy to young girls during an 
illness. Finally, to Dr. Gairdner himself is due much 
of the credit of the modern treatment ; for in 1864 he 
showed that in fevers, especially typhus, the mortality is 
far less when the patients are supported with milk and 
not with alcohol. Quackery and humbug meet with but 
little mercy at the author’s hands, and the hollowness of 
the pretensions of homoeopathy is well brought out in an 
essay contributed thirty years ago, which is reprinted in 
this collection. 

The volume should meet with a large circle of readers 
outside the medical profession, as it is eminently read- 
able and touches upon many points in the past history 
of medicine as well as in modern practice, which are of 
interest to all. 

• 

Malcriah for a Flora of the Malay an Peninsula, Part I. 

By Dr. (ieorge King, F.R.S., Calcutta. Pp. 50. 

(Reprinted from the Journal of the Asiatic Society of 

Pengal, 1889, No. 4.) 

Sir J. D. Hooker's “ Flora of British India,” of wuich 
live volumes out of seven are now printed, marks an era 
in tropical botany, inasmuch as it will probably contain 
descriptions, with their synonymy, of half the tropical 
plants of the Old World. It furnishes, therefore, a broad 
platform for his successors to build upon. It is not likely 
that within the bounds of India proper many new plants 
still remain to be described ; but it is not so in the 
wonderfully rich flora of the Malay peninsula. During 
the last ten years large collections have been accumu- 
lated at Calcutta from this region, gathered mainly by 
Scortechini and other collectors who have been sent 
out by the authorities of the Calcutta Botanic Garden. 
In the present pamphlet, which is reprinted from the 
Journal of the Asiatic Society of Bengal, Dr. King, the 
Director of the Calcutta Garden, begins a synopsis of the 
plants which are indigenous to the British provinces of 
the Malay peninsula, including the islands of Singapore, 
Penang, and the Nicobar and Andaman groups. 

In this present paper he deals with the orders Ranun- 
culacea;, Dilleniaceae, Magnoliaceae, Menispermacea;, 
Nympha^acea?, Capparideae, and Violacea', leaving over 
the intricate and largely represented order Anonacete for 
another time. In these seven orders there are 35 Malayan 
genera and 90 species, of which 32 are here described for 
the first time. Amongst the novelties are included a 
Magnolia, a Manglietia, 3 Talaumas, an Illicium, 4 species 
of Capparis, and no less then 1 1 new Alsodeias. Besides 
the species here described for the flrst time, there are 
several others, known previously in Java and China, 
which are new to British India. It will be seen that the 
work will add materially to our knowledge of Indian 
plants, and it is to be hoped that I!)r. King, in the midst 
of his multifarious official duties, may be able to go on 
with it quickly and steadily. It is hardly worth while, 
we think, in a series of papers of this kind, to take up 
space and time by recapitulating in detail the characters 
of the orders and genera, as, from the nature of the case, 
it is essentially a supplement to Hooker’s “ Flora of 
British India,” in which they are already fully worked 
out. J. G. B. 


^ LETTERS TO THE EDITOR, 

\Th* Editor does not hold himself responsiile for opinions ex- 
pressed by his correspondents. Neither can he undtrtdhe 
to return, or to correspond -with the -writers rejected 
mawuscri^s intended for this or any other part of NATVaa, 
No notice is taken of anonymosss communications.^ , 

Panmixia. 

Seeing that the whole structure of Prof. Weismann’s theory 
is founded-^both logically and historically — upon the doctrine 
I of panmixia," and seeing that in some important respects his 
I statement of the doctrine appears to me demonstrably erroneous, 

I I propose to supply a paper on the sufyect. 

It will be remembered that the principal evidence on which 
Mr. Darwin relied to prove^ the inheritance of acquired cha- 
racters was that which he derived from the apparently inherited 
t effects of use and disuse — especially as i-egards the bones of our 
{ domesticated animals when compared with the corresponding 
bones of ancestral stocks in a state of nature. Now, in all his 
investigations regarding this matter, the increase or decr^se of 
a part was estimated, not by directly comparing, say, the wihg 
bones of a domesticated duck with the wing-bones of a wild 
I duck, but by comparing the ratio between the wing and leg 
I hones of a tame duck with the ratio between the wing and leg 
' bones of a wild duck. Consequently, if there Ite any reason to 
! doubt the supposition that a really inherited diminution of a 
part thus estimated is due to the inherited effects of diminished 
; use» such a doubt will also require to extend to the evidence of 
! a really inherited augmentation of a part being due to the 
I inherited effects of augmented use. Now, there is the gravest 
' possible doubt lying against the supposition that any really 
inherited decrease is due to the inherited effects of disuse. 

I For it may be — and, at any rate to a large extent, must be — 

I due to another principle which it is remarkably strange that Mr. 

I Darwin should have overlooked. This is the principle of what 
j Prof. Weismann has called panmixia. If any structure which 
was originally built up by natural selection on account of its use, 
ceases any longer to be of so much use, in whatever degree it so 
ceases to be of use, in that degree will the premium before set 
upon it by natural selection be withdrawn. And (he consequence 
of this withdrawal of selection as regards that particular part 
will be to allow the part in a corresponding measure to degenerate 
through successive generations. Weismann calls this principle 
I panmixia, because, by such withdrawal of natural selection from 
I any particular part, promiscuous breeding ensues with regard to 
j that part. And it is easy to see that this principle must be one 
of great importance in nature, inasmuch as it must necessarily 
! come into operation in all cases where a structure or an instinct 
I has ceased to be useful. It is likewise easy to see that its effects 
I — viz. of inducing degeneration — must be precisely the same as 
' those which were attributed by Mr. Darwin to the inherited 
effects of disuse ; and, therefore, that most of the evidence 
on which he relied to prove the inherited effects both of 
use and of disuse is vitiated by the fact that the idea of 
anmixia never happened to occur to him. In this connection, 
owever, it requires to be stated that the idea first of all 
occurred to myself, unfortunately just after the appearance of 
his last edition of the "Origin of Species.” I then published 1.. 
these columns a somewhat detailed exposition of the subject (see 
Nature, vol. ix. pp. 361, 440, vol. x. p.164). I called the prin- 
ciple the cessation of selection — which still seems to me a 
better, because a more descriptive, term than panmixia — and at 
first it appeared to me, as it now appears to Weismann, entirely 
to supersede the necessity of supposing that the effects of use 
and of disuse are ever inherited in any degree at all. Thus it 
obviously raised The whole question touching the admissibility of 
the Lamarckian principles in any case, or the question which is 
now being $0 much discussed concerning the possible inheritance 
of acquired as distinguished from congenital characters. But 
Mr. Darwin satisfied me that this larger question could not be 
raised, That is to say, although he fully accepted the principle of 
anmixia, and as fully acknowledged its obvious importance, 
e left no doubt in my* mind that there was independent 
evidence for the tran.smission of acquired chaiacteA -sufficient in 
amount to leave the general structure of his previous theory 
unaffected by what he nevertheless recognized as a necessarily 
additional factor in it. And forasmuch as no further facts 
bearing upon the subject have been forthcoming since that time, 

I see no reason to change the judgment that was then formed. 
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There is, however, one respect in which Prof. \Yeisiiiann’s 
statement of the principle of panmixia differs from that which 
was considered by Mr. Darwin ; and it is this difference of state- 
ment — which amounts to an important difference of theory — that 
I now wish to discuss. 

The difference in question is, that while Prof. Weismann 
believes the cessation of selection to be capable of inducing de- 
generation down to the almost complete disappearance of a 
rudimentary organ, I have argued that, unless assisted by some 
other frittciyle, it can at most only reduce the degenerating 
organ to considerably above one-half its original size— or probably 
not through so much as one-quarter. The ground of this argu- 
ment (which is given in detail in the Nature articles before 
alluded to) is, that panmixia depends for its action upon 
fortuitous variations round an ever-diminishing average — the 
average thus diminishing because it is no longer sustained by 
natural selection. But although no longer sustained by natural 
selection^ it does continue to be sustained by heredity ; and there- 
fore, as long as the force of heredity persists unimpaired, fortui- 
tous variations alone — or variation which is no longer controlled 
\iy natural selection — cannot reduce the dwindling organ to so 
much as one-half of its original size ; indeed, as above fore- 
shadowed, the balance between the positive force of heredity 
and the negative effects of promiscuous variability will probably 
be arrived at considerably above the middle line thus indicated. 
Only if for any reason the force of heredity begins to fail, can 
the average round which the cessation of selection works become 
a progressively diminishing average. In other words, so long 
as the original force of heredity as regards the useless organ 
remains unimpaired, the mere withdrawal of selection cannot 
reduce the organ much below the level of efficiency above 
which it was previously maintained by the presence of selection. 
If w'e take this level to be 70 per cent, of the original size, 
cessation of selection will reduce the organ through the 30 per 
cent , and there leave it fluctuating about this average, unless 
for any reason the force of heredity begins to fail — in which 
case, of course, the average will progressively fall in proportion 
to the progrcisive weakening of this force. 

Now, according to my views, the force of heredity under such 
circumstance»»is always bound to fail, and this for two reasons. 
In the first place, it must usually happen that when an 
organ becomes useless, natural selection as regards that 
organ will not only ceast\ but become rci'ersed. For 
the organ is now absorbing nutriment, causing weight, oc- 
cupying space, and so on, nse/ews/y. Hence, even if it be 
not also a source of actual danger, “economy of growth*' will 
determine a reversal of selection against an organ w^hich is now' 
not merely useless, but deleterious. And this degenerating 
influence of the reversal of selection will throughout be assisted 
by the cessation of selection, which will now be always acting 
round a continuously sinking average. Nevertheless, a point 
of balance will eventually be reached in this case, just as it was 
in the previous case where the cessation of selection was* 
suj^posed to be working alone. For, where the reversal of 
selection has reduced the diminishing organ to so minute a size | 
that its presence is no longer a source of detriment to the | 
organism, the cessation of selection will carry the reduction a 1 
small degree further ; and then the organ will remain as a 
“rudiment.” And so it will remain permanently, unless there 
be some further reason why the still remaining force of heredity 
should be abolished. This further reason I found in the con- 
sideration that, however enduring we may suppose the force of j 
heredity to be, it would be unreasonable to suppose that it is j 
actually everhsling ; and, therefore, that we may reasonably | 
attribute the eventual disappearance of rudimentary organs to the ! 
eventual failure of heredity itself. In support t»f this view there is ' 
the fact that rudimentary organs, although very persistent, are 
not everlasting. That they should be very persistent is what we 
should expect, if the hold which heredity has upon them is great 
in proportion to the time during which they were originally use- 
ful, and so firmly stami^ed upon the organization by natural 
selection causing them to be strongly inherited in the first in- 
stance. Thus, for example, we rCiight expect that it would be 
more difficult finally to eradicate the rudiment of a wing than 
the rudiment of a feather ; and accordingly we find it a general 
rule that long-enduring rudiments are rudiments of organs dis- 
tinctive of the higher taxonomic divisions — z.e. of organs which 
were longest in building up in the first place, and longest sus- 
tained in a state of working efficiency in the second place. 
Again, that rudimentary organs, although in such cases very 


persistent, should not be everlasting, is also what we should 
expect, unless (like Weismann) we have some argumentative 
reason to sustain the doctrine that the force of heredity is 
inexhaustible, so that never in any case can it become enfeebled 
by a mere lapse of time — a doctrine the validity of which in the 
present connection I will consider later on. 

Thus, upon the whole, my view of the facts of degeneration 
remains the same as it was when first published in these columns 
sixteen years ago, and may be summarized as follows. 

The cessation of selection when working alone (as it 
probably does work in our domesticated animals, and during 
the first centuries of its working upon structures or colours 
which do not entail any danger to, or perceptible drain upon 
the nutritive resources of, the organism) cannot cause degenera- 
tion below, probably, some 20 to 30 per cent. But if from 
the first the cessation of selection has been assisted by the 
reversal of selection (on account of the degenerating structure 
having originally been of a size sufficient to entail a perceptible 
drain on the nutritive resources of the organism, having now 
become a source of danger, and so forth), the two principles^ 
acting together will continue to reduce the ever-diminishing 
structure down to the point at which its presence is no longer a 
perceptible disadvantage to the species. When that point is 
reached, the reversal of selection will terminate, and the cessaj- 
tion of selection will not then be able of itself to reduce the 
organ through more than at most a very few further percentages 
of its original size. But, after this point has been reached, the 
now total absence of selection, either for or against the organ, 
will sooner or later entail this further and most important 
consequence — viz. a failure of heredity as regards the organ. 
So long as the organ was of use, its efficiency was constantly 
maintained by the presence of selection — which is merely another 
way of saying that selection was constantly maintaining the force 
of heredity as regards that organ. But as soon as the organ 
ceased to be of use, selection ceased to maintain the force of 
heredity ; and thus, sooner or later, that force began to waver 
or fade. Now it is this wavering or fading of the force of 
heredity, thus originally due to the cessation of selection, that in 
turn co-operates with the still continued cessation of selection 
(panmixia) in reducing the structure below the level where its 
reduction was left by the actual reversal of selection. So that 
from that level downwards the cessation of selection and tlu^ 
consequent failing of heredity act and react in their common 
work- of causing obsolescence. In the case of newly acquired 
characters the force of lieredily will be Ittss than in that of more 
anciently acquired characters ; and thus we can understand the 
long endurance of “vestiges” characteristic of the higher 
taxonomic divisions, as compared with those characteristic of the 
lower. But in all cases, if time enough be allowed, under the 
cessation of selection the force of heredity will eventually fall to 
zero, when the hitherto obsolescent structure will finally become 
obsolete.' 

Let us now turn to Weismann’s view of degeneration. First 
of all, he has omitted to perceive that “panmixia” alone (if 
unassisted either by reversed selection or an inherent diminish- 
ing of the force of heredity) cannot reduce a functionless organ 
to the condition of a rudiment. Therefore he everywhere 
represents panmixia (or the mere cessation of selection) as of 
itself sufficient to cause degeneration, say from 100 to 5, instead 
of from 100 to 80 or 70, which, for the reasons above giv^m, ap- 
peared (and still appears) to me about the most that this principle 
alone can accomplish, so long as the original force of heredity 
continues unimpaired. No doubt we have here what must be 
regarded as a mere oversight on the part of Prof. Weismann ; 
but the oversight is rendered remarkable by the fact that he does 
invoke the aid of reversed selection in oraer to explain the final 
disappearance oj a rudiment. Yet it is self-evident that the 
reversal of selection must be much more active during the initial 
than during the final stages of degeneration, seeing that, ex 
hypothesis the greater the degree of reduction which has been 
attained the less must be the detriment arising from any useless 
expenditure of nutrition, &c. 

And this leads me to a second oversight in Prof. Weismann's 
statement, which is of more importance than the first. For the 

* II may not be needlefis to add that in the case of newly acquired andi 
comparatively trivial characters, with regard to which reversal of selection is 
not likely to take place slight diflferenect of colour between allied species), 

cessation of selection is liicely to be very soon assisted by a failure in the 
force of heredity ; seeing that such newly acquired characters will not be so 
strongly inherited as are the more ancient characters distinctive of higher 
taxonomic groups. 
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place at which he does invoke the assistance of reversed selec- 
tion is exactly the place at which reversed selection must neces- 
•sarily have ceased to act. This place, as already explained, is 
where an obsolescent organ has become rudim*entary, or, as 
above supposed, reduced to 5 per cent, of its original size ; and 
the reason why he invokes the aid of reversed selection at this 
place is in order to save his doctrine of ‘^the stability of germ- 
plasm/’ That the force of heredity should finally become ex- 
hausted if no longer maintained by the presence of selection, is 
what Darwin's theory of perishable gemmules would expect to 
■ be the case, while such a fact would be fatal to Weismann's 
theory of an imperishable germ-plasm. Therefore he seeks to 
explain the eventual failure of heredity (which is certainly a fact) 
by supposing that after the point at which the cessation of selec- 
tion alone can no longer act (and which his first oversight has 
placed some 70 per cent, too low), the reversal of selection will 
begin to act directly against the force of heredity as regards the 
diminishing organ, until such direct action of reversed selection 
will have removed the organ altogether. Or, in his own words, 
“The complete disappearance of a rudimentary organ can only 
take place by the operation of natural selection ; this principle 
will lead to its diminution, inasmuch as the disappearing struc- 
ture takes the place and the nutriment of other useful and im- 
portant organs.’^ That is to say, the rudimentary organ finally 
4lisappears, not because the force of heredity is finally exhausted, 
but because natural selection has begun to utilize this force 
ngainst the continuance of the organ — always picking out those 
congenital variations of the organ which are of smallest size, 
and thus, by its now rer^ersed action, rc 7 *€rsing the fo^ce of 
heredity as regards the organ. 

Now, the oversight here is that the smaller the disappearing 
structure becomes, the less hold must “this principle" of 
reversed selection retain upon it. As above observed, during the 
earlier stages of reduction (or while co-operaling with the 
cessation of selection) the reversal of selection will be at its 
maximum of efficiency ; but, as the process of diminution con- 
tinues, a point must eventually 1)C reached at which the reversal of 
selection can no longer act. Take the original mass of a now 
obsolescent organ in relation to that of the entire organism of 
which it then formed a part to be represented by the ratio 
.1 : 100. For the sake of argument we may assume that the mass 
of the organism has throughout remained constant, and that by 
“ mass " in both cases is meant capacity for absorbing nutriment, 
causing weight, occupying space, and so forth. Now, we may 
further assume that when the mass of the organ stood to that of 
its organism in the ratio of i : 100, natural selection was strongly 
. reversed with respect to the organ. But when this ratio fell 
to I : 1000, the activity of such reversal must have become 
enormously diminished, even if it still continued to exercise any 
influence at all. For we must remember, on the one hand, that 
the rever-al of selection can only act so long as the presence of a 
diminishing organ continues to be so injurious that variations in ■ 
its size are matters of life and death in the struggle for existence ; I 
and, on the other hand, that natural selection in the case of the 
diminishing organ docs not have reference to the presence and 
the absence of the organ, but only to such variations in its mass 
as any given generation may supply. Now, the process of re- 
duction does not end even at i : 1000, It goes on to i ; 10,000, 
and eventually i : oc. Consequently, however great our faith in 
natural selection maybe, a point must eventually come for all of 
us at which we can no longer believe that the reduction of an 
obsolescent organ is due to t)ii$ cause. And 1 cannot doubt 
that if Prof. Weismann had sufficiently considered the matter, 
he would not have committed himself to the statement that 
“the complete disappearance of a rudimentary organ can only 
take place by the operation of natural selection." 

According to my view of the matter, the complete disappear- 
ance of a rudimentary organ can only take place by the cessation 
of natural selection, which permits the eventual exhaustion of 
heredity, when heredity is thus simply left to itself. During all 
the earlier stages of reduction, the cessation of positive selection 
was assisted in its work by the activity of negative or reveu^sed 
selection ; but when the rudiment became too small for such 
assistance any longer to be supplied, the rudiment persisted in 
that greatly reduced condition until the force of heredity with 
regard to it was eventually woin out. This appears to me, as 
it appeared to me in 1874, the only reasonable conclusion that 
can be drawn from the facts. And it is because this conclusion 
is fatal to Prof. Weismann’s doctrine of the permanent “sta- 
bility " of germ-plasm, while quite in accordance with all 


theorief which belong to the family of pangenesis, that I deem 
the facts of degeneration of great importance as tests between 
these rival interpretations of the facts of heredity. It is on this 
account that I have occupied so much space with the foregoing 
discussion ; and I shall be glad to ascertain whether any of the 
followers of Prof. Weismann are able to controvert the views 
which I have thus re-published. 

London, February 4. George J. Romanes. 

P.S. — Since the above article was sent in, Prof. Weismann 
has published in these columns (February 6) his reply to a 
criticism by Prof. Vines (October 24, 1889). In this reply he 
appears to have considerably modified his views on the theory 
of degeneration ; for while in his essays he says (as in the pas- 
sage above quoted) that “ the complete disappearance of a rudi- 
mentary organ can only take place by the operation of natural 
selection " — i.e. only by the reversal of selection, — in his reply 
to Prof. Vines he says, “I believe that I have proved tnai 
organs no longer in use become rudimentary, and must finally 
disappear, solely by ' panmixia’ ; not through the direct action 
of disuse, but because natural selection no longer sustains tHeir 
standard structure" — i.e. solely by the cessation of selection. 
Obviously, there is here a flat contradiction. If Prof. Weis- 
mann now believes that a rudimentary organ “ must finally dis- 
appear solely through the withdrawal of selection, he has 
abandoned his previous belief that “the complete disappear- 
ance of a rudimentary organ can only take place by the operation 
of ^election." And this change of belief on his part is a matter of 
the highest importance to his system of theories as a whole, since 
it betokens a surrender of his doctrine of the “ stability " of germ- 
plasm — or of the virtually everlasting persistence of the force of 
heredity, and the consequent necessity for a reversal of this force 
itself (by natural selection placing its premium on minus instead 
of on plus variations) in order that a rudimentary organ should 
finally disappear. In other words, it now seems he no longer 
believes that the force of heredity in one direction (that of sus- 
taining a rudimentary organ) can only be al>olished by the active 
influence of natural selection determining this force in the oppo- 
site direction (that of removing a rudimentary organ). It seems 
he now believes that the force of heredity, if meftly left to itself 
by the withdrawal of natural selection altogether, will sooner or 
later become exhausted through the mere lapse of time. This, of 
course, is in all respects my own theory of the matter as origin- 
ally published in these columns ; but I do not see how it is to 
be reconciled with Prof. Weismann's doctrine of so high a degree 
of stability on the part of germ-plasm, that we must look to the 
Protozoa and the Protophyta for the original source of congenital 
variations as now exhibited by the Metazoa and Metaphyta. 
Nevertheless, and so far as the philosophy of degeneration is 
concerned, I shall be very glad if (as it now appears) Prof. 
Weismann's more recent contemplation has brought his prin- 
ciple of panmixia into exact coincidence with that of my cessa- 
tion of selection. — G. J. R. 

Newton in Perspective. 

The interesting modern science termed by the ( lernians Cco^ 
metrie der Lagc^ and by the French and other Latin peoples 
i^comitrie de position^ may be traced in germ to that ])art of 
Newton's “Principia" which deals with the construction of 
curves of the second order, and to what has survived in tradi- 
tion of Pascal’s lost manuscript entitled “Traite complet des 
Coniques." The more recent developments of this imi)ortant 
subject cast much new light upon Newton's propositions, many 
of which we are now enablecl to solve by easier and more direct 
methods. A noteworthy example is here fully worked out, in 
order to show how problems which Newton solved by indirect 
and circuitous processes may be solved more simply by the aid 
of modern graphics. 

Problem. — Given the four tangents EA^ AE, BC\ CD {Fig, 
i), as well as a point of contact ; to construct the conic, — First 
it will be necessary to give spme faint idea of Newton's solution 
of this problem, without entering upon details wrjiich can be 
found in the Latin edition of the “Principia” edited by Sir 
William Thomson and Prof. H. Blackburn. Having expoundeil 
at great length a general theorem for the transformation of 
curves, Newton transforms the quadrilateral figure formed by 
the four tangents into a parallelogram. Then he joins the given 
point of contact transformed according to the same principle 
as the given four tangents, to the centre O of the parallelogram 

J • 
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— which is also the centre of the conic — and producing tJie line 
yO to y, so that Oy* may be equal to Oy^ he determines a 
second point of contact y on the conic, by which means the 
problem is reduced to the case dealt with in the preceding pro- 
position^ showing how to construct the curve when three tangents 
and two points are given. Having in this way found five points 
on the transformed conic, Newtoh next proceeds to retransform 
the whole of the figure to its original shape, in order to apply 
his well-known method of constructing a conic of which five 
points are known. 



Case II. IVhen the f^^iifen point of contact z lies outside of the 
four tangents AEDC^B. — By the corollary, Case I., if AB be 
the fifth tangent, it must pass through the given point of con- 
tact z in such a direction that the diagonals C"A and £B may 
intersect in a point I situate on a given line Dz, 

Now let AB revolve about the fixed point of contact c; as a 
fulcrum, whilst A and B describe the lines EC and CC' (Figs. 

I and 2). Then, necessarily, z will be the centre of perspectivity 
of the punctuated lines EC and CC^ whose centres of projection 
are respectively C' and E. But, by a well-known proposition of 
geometry of position, when the points of two converging punc- 
tuated lines, such as EC and CC', are projected from opposite 
centres in this fashion, the locus of the successive intersections 
of the rays C'A and EB, or in other words the variable position 
of the point I, will describe a conic, which in the present 
instance is a hyperbola. But the problem is how to find the 

! )oint I on the transversal \.z without constructing the hyperbola, 
our points on which are already known. For it w’ill be 
observed that, when A coincides with E, the point B will lie 
on the prolongation of E;:, and the corresponding projecting 
rays Ec and C'E will meet in E, a point on the hyperbola. 
Similarly C' is a second point on the hyperbola. Again, as A B' 
continues to revolve about the fixed centre of perspectivity z, its 
intersections A and B with the punctuated lines KC and CC' 
will ultimately coalesce in the point C, common to both those 
lines. Hence, since in that case the rays projecting the double 
point C from the centres E and C' meet in C, this point must I ie 
on the hyperbola. 

Foifirthly, if the line Cc be produced to intersect the line EC' 
in N, it can be easily shown that i, the third point in the 
harmonic ratio Gcf N, is a fourth point on the hyperbola. A fifth 
point can be found by simply drawing AB in any direction 
traversing c and intersecting EC in A' and CC' in B', and then 
projecting A' and B' from the centres C' and E respectively by 
rays C'A' and EB' which will meet in a fifth point upon the 
hyperbola. 

Thus, given these or in fact any five points EDeTH (Fig. 2 ' 


Now all thes^ transformations and retransformations of lines 
and quadrangles involve very tedious and laborious operations, 
which can be avoided by borrowing a few simple principles of 
modern geometry. The following two original solutions of the 
above problem will serve to illustrate this statement. 

Solution. — Casel, IVhen the given point of contact .t lies 
on one of the given four tangents, — Assume the given point of 
contact -V and the neighbouring apex B of the quadrangle as 
centres of projection, and the given tangent lines EA and C'I> 
as punctuated lines. The meaning of the term “punctuated 
line,’' familiar to students of modern geometr)*, will appear in 
the sequel. 

It will be seen that the fourth tangent AB cuts the first punc- 
tuated line EA in A and the second punctuated line C'D in A'. 
Now, according to a proposition of modern geometry, if the 
points A and A', in which the tangent AB intersects the two 
punctuated tangents EA and C'D, be projected by rays .rA and 
BA' issuing from their respective centres of projection x and B, 
those rays will meet in a point A, situate on what is termed the 
jjerspcctivc line of the pencils .r and B. 

Next imagine the tangent AB to revolve upon the curve 
so as gradually to approach the limiting position BC. In that 
case A will approach* C, B will fall upon C', and the inter- 
section of the projecting rays xC and BC' will coincide with C', 
which is therefore a second point on AC', the required perspec- 
tive line of the pencils x and B. Wherefore, in order to find a 
fifth or any number of tangents to the curve, f noose any point 
E on the punctuated line EA, and project this point from Xy the 
corresponding centre of projection, upon the perspective line 
AC' in e ; and then projei|t e from the second centre of Frac- 
tion B upon, the corresprading punctuated line C'D in D. llie 
line ED is a fifth tangent to the conic, and any number of 
tangents can be drawn in precisely the same way. Then, let F 
r be any other point on EA. Join anH produce Far, intersecting 
the perspective, line AC' in/; and from the centre B project f 
upon the punctuated tangent C'D in F'. Then the line FF' 
will be a sixth tangent to the conic. 

Cor. I. — Since the lines AC', BD, and xE all meet in the 
same point e, it follows that, in any pentagon ABC'DE circum- 
scribed to a conic, the opposite diagonals AC' and BD and the line 
joining the fifth point E .to the opposite point of contact x all 
meet in the same point. ^ 



on the hyperbola, ft is possible to find the point of intersection I 
of the given transversal Ls with the hyperbola without con- 
structing the curve. First describe any circle in the plane of 
the five points, choosing two of these, such as £ and f, as 
centres of projection from which to project the remaining three 
points DHT upon the given transversal Ix in the points dht 
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and <Ch'lf respectively. Then, from any point S on the 
circumference of the circle, reproject the six points dht, (C/i'C, 
upon the same circumference in the points similarly lettered. 

By means of this double projection from the centres E and i the 
])oints DHT have been transferred in duplicate from the hyperbola 
to the circle, or from one conic to another of a different species ; 
and it is proved in treatises on modem geometry that points so 
transferred lose none of their projective properties. Hence the 
points dht and d'h'C on the circumference of the circle are allied 
projective systems. Therefore, in order to find the per^ctive 
line common to both systems, choose one point t of the first set 
ns the centre of projection of the second system ; and make 
the correlative point of the second set, the centre of projection 
of the system dht. 

From t project the points (f and h! by rays td' and tK, and 
from C project the correlative points d and h by rays Cd and Ch. 
Then the correlative rays id' and Cd will intersect in a point d^ 
on the required perspective line ; and the correlative rays th' 
and t'h will meet in //q, a second point on the same line. This 
perspective line d^t^^ will intersect the circumference in two 
points /„ and which, being joined to S and produced, will 
<letermine the double points I and g common to the hyperbola 
and transversal Ls. The complete quadrangle ECTC shows 
that the harmonic ratios CstN and ^IL are segments of the 
same harmonic pencil P. 

The lines Es and C's are tangents to the curve at E and C' 
respectively ; and s is the pole of the polar EC' with respect to 
the hyperbola. The proofs of these last two deductions may be 
found in any good text<book on geometry of position. • 

Robert H. Graham. 


Thought and Breathing. 

Prok. Max Muller’s article on thought and breathing, in 
your issue of February 6 (j). 317) has just come into my 
hands. In it he states that the power of retaining the breath 
is practised largely by Hindus as a means towards a higher object, 
viz. the abstraction of the organs of the human body from their 
natural functions. The same custom prevails amongst a certain 
sect of Mahometans also — the so-called Softas. 

In 1878, when in the Central Provinces of India, I came 
across a native Christian — Softa AH, as he was called — who had 
a history. His father had been a Cazi — or religious judge— and a 
wealthy man, who through scruples of conscience fell into dis- 
grace with a certain native ruler, lost his all, and was banished. 
H is son was, or became, a Softa, and after some years embraced 
Christianity from conviction, and at great cost to himself — for 
his wife and children would no longer consort with him. When 
describing to me the practices formerly enjoined upon him by 
his religion, this man stated that a Softa is required to draw in 
and retain his breath and respire it again in various manners. 
He did not give full details as to how this should be effect^, 
hut said that the object of this procedure was to worship with 
every organ of one’s body — heart, lungs, &c., in turn. He 
added that this practice was a fruitful source of heart-disease. 

The following year, when staying at Futtehpore Sikri, near 
Agra, I saw and heard a Mahometan, unknown to himself, make 
his evening devotions near the tomb of Suleem Chisti in the 
way above described ; his movements, and the sounds he uttered, 
were most peculiar. 

It has been often related, from well-attested evidence, that in 
the case of those who have been recovered from drowning, or of 
those who have been hung and cut down before life was extinct, 
a kind of automatic consciousness seems to be extraordinarily 
active in them at the time of their peril. It would appear that, 
as regards Hindu and Mahometan devotees, and the drowning 
or partially hung man, a kind of asphyxia is the result, and 
that, when sensation is almost gone, the intelligence acquires 
increased activity. In our ordinary life, if our minds are in- 
tently fixed upon a subject, we instinctively and involuntarily 
retain the breath. 

When in Rajputana, and again when on the frontier of 
Chinese Tibet, I saw in mch puree a man who, to all appw- 
ance, seemed to have attained the power of perfect abstraction. 
In the former case, the villagers asserted that the devotee rose 
only once a week from his most uncomfortable and constrained 
position ; in the s^nd instance, themad-— amost singular-look- 
ing person— -remained absolutely immovable the whole day. 
Both seemed to be in a kind of cataleptic trance. 

Harriet G. M. Murray-Aynsley. 
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( Former Glacial Periods. 

I HAVE long felt convinced that geologists are being misled in 
reference to former glacial epochs by failing to give due thoimht 
to a consideration referred to on former occasions,* viz. that 
when the present surface of the globe has been disintegrated, 
washed into the sea, and transformed into rock, there will un- 
doubtedly then be about as little evidence that there had been 
a glacial epoch during post -Tertiary times as there is at present 
that there was one during Miocene, Eocene, Permian, and other 
periods. - James Croi.l. 

Perth, March 6. 


AUSTRALASIAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 

T he formation of this Association, mainly by the 
efforts of Prof. Liversidge, of Sydney UniversiW, and 
its first meeting in Sydney in August 1888, were ribtioed 
at the time in Nature (vol. xxxviii. pp. 437, 623). One 
of the chief rules of the Association is that it shall meet 
in turn in the capital cities of the various colonies ; and 
Melbourne was agreed upon as the second meeting-place. 
It was found inconvenient, however, to hold the Mel- 
bourne meeting during 1889, as should have happened in 
due course, for it is only after Christmas that all the 
Universities are simultaneously in vacation ; and accord- 
ingly it was commenced on the 7th of January in the 
present year, and was continued through the following 
week. Some anxiety was felt as to the result of this choice 
of date, for there is always a risk in January of such con - 
tinuous heat as would hinder the work and destroy the 
pleasure of the meeting ; but the Association proved to 
be specially favoured in the matter of weather. 

The following are the names of the officers of the 
Association and of the Sections. With regard to the 
latter, the rule obtains that Presidents ar^ chosen from 
other colonies, while Vice-Presidents and Secretaries are 
chosen from the colony in which the meeting is held. 
President, Baron von Mueller, K.C.M.G., F.R.S. 

Local Treasurer, R. L. J. Ellery, C.M.G., F.R.S. 
General Secretaries : Prof. Archd. Liversidge, F.R.S., 
Permanent Hon. Secretary ; Prof. W. Baldwin Spencer, 
Hon. Sec. for Victoria. 

Assistant Secretary for Victoria, J. Steele Robertson. 
Sectional Officers : — Section A (Astronomy, Mathe- 
matics, Physics, and Mechanics)— President, Prof. .Threl- 
fall, Sydney University. Vice-President, Prof. Lyle, 
Melbourne University. Secretaries ; W. Sutherland, E. 
F. J. Love. 

Section B (Chemistry and Mineralogy)— President, 
Prof. Rennie, Adelaide University. Vice-President, C. 
R. Blackett, Government Analyst, Melbourne. Secretary, 
Prof. Orme Masson, Melbourne University. 

Section C (Geology and Palaeontology — President, 
Prof. Hutton, Canterbury College, New Zealand. Vice- 
President, Prof. McCoy, C,M.G.#,. F.R.S., Melbourne 
University. Secretary, James Sterling, 

Section D (Biology) — President, Prof. A. P. Thomas, 
Auckland. Vice-Presidents : J. Bracebridge Wilson ; 
P. H. MacGilfIvray. Secretaries : C. A. Topp, Arthur 
Dendy. 

Section E (Geography) — President, W. H. Miskin, 
President of the Queensland Branch of the Royal Geo- 
graphical Society of Australasia. Vice-Presidents : Com- 
mander Crawford Pasco, R.N.; A. C. Macdonald. 
Secretary, G. S. Griffiths* 

' Section F (Economic and Social Science and Statistics 
— President, R. M. Johnson, Registrar-General, Hobart. 
Vice-President, Prof. Elkington, Melbourne University. 
Secretaries : A. Sutherland, H. K. Rusden. 

' Section G (Anthropology) — President, Hon. J. Forrest, 
C.M.G., Commissioner for Crown Lands, Western 

* Quart* Joum* G«ol* Soc. forgMay 1889 ; “ Climate and Time/* p. a66. * 
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Australia. Vice-President, A. W. Howitt, Secretary for 
Mines, Melbourne. Secretary, Rev. Lorimer Fison. 

Section H (Sanitary Science and Hygiene) — President 
Dr. J. Ashburton Thompson, Sydney. Vice-Presidents : 
A. P. Alcchurst, President of the Central Board of Health 
Melbourne ; G. Gordon. Secretary, G. A. Syme. 

Section I (Literature and Fine Arts) — President, Hon. 
J. VV. Agnew, Hobart. Vice-Presidents: Prof. Tucker, 
Melbourne University (Literature Sub-Section) ; J. 
Hamilton Clarke (Music Sub-Section). Secretaries ; Dr. 
Louis Henry (Music Sub-Section) ; Tennyson Smith 
(Literature Sub-Section). 

Section J (Architecture and Engineering) — President, 
Prof. Warren, Sydney University. Vice-Presidents: A. 
Purchas, H. C. Mais. Secretary, A. O. Sachse. 

All arrangements for the meeting were made by the 
Local Committee, of which Mr. R. L. J. Ellery, the 
Government Astronomer, was chairman, and Prof. W. 
Baldwin Spencer secretary. The greater share of the 
work devolved on Prof. Spencer, and to his indefatigable 
energy is mainly due the undoubted success of the meet- 
ing. The buildings and grounds of the University were 
placed at the service of the Association, and nothing 
could have been better than the accommodation thus 
afforded. A lecture theatre was set apart for each of the 
ten Sections ; and, as these theatres are situated 'in 
different parts of the grounds, and some distance apart, 
they were all connected by telephone, so that the advent 
of each paper in any Section could be signalled in every 
other. The large Wilson Hall was used as a reception- 
room ; and a luncheon-hall, smoking-rooms, reading- and 
writing-rooms, a press-room, &c., were also provided, as 
also a special post- and telegraph-ofFice. An official 
journal of the proceedings was published each morning, 
and every member was supplied with a copy of a special 
hand-book compiled for the occasion, and containing the 
following chapters : — 

(1) “ History of Victoria,” by Alexander Sutherland. 

(2) “ Geology of Melbourne,” by G. S. Griffiths. 

( 3) “ Aborigines of Victoria,” by Lorimer Fison. 

(4) “ Zoology, Vertebrata,” by A. H. S. Lucas. 

(5) “ Zoology, In vertebrata,” by A. Dendy. 

(6) “ Entomology,” by C. French, Government Ento- 
mologist. 

(7) “ Botany,” by C. A. Topp. 

(8) “ Commerce and Manufactures,” by W. H. Thodey. 

(9) “Climate,” by R. L. J. Ellery, C.M.G., F.R.S., 
(Government Astronomer. 

Over six hundred members, representing all parts of 
.Australasia, were in actual attendance, the total member- 
ship roll numbering more than a thousand. Some 
hundred and fifty papers in all were set down for reading 
m the various Sections. All these figures show a large 
increase since the first meeting, and give gratifying evi- 
dence of the growing interest taken in science throughout 
the colonies ; further proofs of which are to be found in 
the facts that the Government of Victoria voted the liberal 
sum of £\ooo towards defraying the expenses of the 
meeting, and that the entertainments provided by the 
hospitality of prominent citizens were nunterous and on 
a most sumptuous scale. Many visits to places of scien- 
tific interest were also arranged for— short afternoon 
excursions for those who might not care for continuous 
.Sectional work, and longer excursions at the conclusion 
of the meeting, under special leaders, to the Australian 
Alps, the Black Spur and Marysville, Gippsland Lakes, 
Ferntree Gqlly, Ballarat, and ^Sandhurst, all of which 
proved highly successful. 

At the opening meeting in the Town Hall — presided 
over by His Excellency the Governor, the Earl of Hope- 
toun— the President, Baron Sir Ferdinand von Mueller, 
delivered his address, after being introduced by his , 
predecessor in office, Mr. Russell, the Government j 
Astronomer of New South Wal^s. Baron von Mueller j 


undoubtedly stands at the head of the scientific'workers 
in Australia. He has been a colonist since 1848, and 
since 1852 has held the position of Government Botanist 
in Victoria. His fame, which is based not only on the 
immense amount of work he has done in his special 
subject, the botany of Australia, but on his early achieve- 
ments as an explorer, may be indicated in the words used 
by Mr. Russell : — “ In 1861 he was made a Fellow of the 
Royal Society ; he received from Her Majesty the Queen 
the Knight Companionship of St. Michael and St. George ; 
was made a Commander of the Orders of St. I ago of 
Portugal, of Isabella of Spain, and of Philip of Hesse ; 
was created hereditary Baron by the King of Wiirtem- 
berg in 1871 ; and is honorary or corresponding member 
of a hundred and fifty learned societies.” To this enu- 
meration may be added what is, perhaps, the most 
honourable award of all — that of a Royal Medal by the 
Royal Society at the end of 1888. Throughout the 
colonies “ the Baron ” is known : a unique personality, 
not always wholly understood, but always recognized as 
a proud possession. His address, therefore, was listened 
to with peculiar interest, and perhaps all the more so 
that he did not confine himself to any special branch, 
but dealt generally with the past and future of Austral- 
asian science. 

The Presidents of Sections also, in many cases, chose 
for tlfcir addresses subjects of particular interest in Aus- 
tralia. Prof. Rennie spoke of the work that has been 
done in the investigation of the chemistry of native plants 
and minerals, and made suggestions as to how this work 
may in future be encouraged and facilitated. Prof. 
Thomas discussed the problems here a 'aiting the bio- 
logist, and the local desiderata in scitf'.ific education. 
Mr. Miskin spoke principally of exploration in Australia 
and New Guinea, and of the importance to the colonies 
of Antarctic exploration ; but he also discussed the chief 
geographical work now being done in other parts of the 
world. Mr. Forrest’s address dealt with the present con- 
dition of the Australian aboriginal races. Dr. Ashburton 
Thompson discussed the sanitary organizations of Victoria 
and New .South Wales, and the modes of obtaining and 
interpreting health statistics. Prof. Warren spoke of the 
education of engineers, with special reference to the local 
conditions and reciuirements. Dr. Agnew reviewed the 
literature and art ot Australia. In the other Sections the 
Presidents chose subjects that do not owe their interest 
to local colour. Prof. Threlfall gave an account of the 
present state of electrical knowledge ; Prof. Hutton’s 
address was on the oscillations of the earth’s surface ; 
and Mr. Johnston spoke generally of current social and 
economic problems. A large proportion of the papers 
read by members in the various Sections were also 
Australian in their character. This was specially the case 
in the Sections of Geologfy and Anthropology ; where, 
perhaps, the most valuable original work was communi- 
cated. As the Transactions will soon be published, the 
individual papers need not now be noticed ; but reference 
may be made to the work done in the form of reports 
from Committees appointed at the previous meeting. 
The most bulky and perhaps the most valuable of these 
reports is that by a Committee which undertook, with 
Prof Liversidge as its secretary, to prepare a census of 
the known minerals of the Australasian colonies. It 
disposes of New South Wales (only such information 
being given as was required to supplement Prof 
Liversidge’s published work), Queensland, and New 
Zealand. The portions dealing with ^ Victoria and 
Tasmania are in process of completion ; and, the 
Committee having been re-appointed, it is hoped that 
by next year the whole census will be complete. The 
publication wilt proba|dy be delayed till then, and it will 
f possible take the form pf a separate volume. A very 
mportant recommendation was made by another Com- 
mittee (Prof Haswell, of .Sydney, secretary), which when 
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it is earned out will do much for biological research, viz. 
that steps be taken to. establish and endow a central 
biological station at Port Jackson. Among the other 
reports may be mentioned one on the Polynesian races 
and Polynesian bibliography. 

At the final meeting of the General Committee of the 
Association new special Committees were appointed to 
investigate and report on the following subjects : wheat 
rust, the manner of laying out towns, the preparation of 
geological maps, the arrangement of museums, the 
fertilization of the fig, Australian tides,' and the jpresent 
state of knowledge with regard to Australasian palaeonto- 
logy. A Committee was also appointed to formulate a 
scheme for obtaining practical assistance from the various 
Colonial Governments in the collection of material for 
research — chemical, geological, or biological. Other 
special Committees were appointed for the publication 
of the Transactions and for the revision of the laws of the 
Association. 

The next meeting is to be held in Christchurch, New 
Zealand, probably in January 1891 ; and Sir James Hector 
has been elected President, and Prof. Hutton, Secretary. 
It has also been decided to hold the fourth meeting in 
Hobart, Tasmania, so that the Association will not again 
meet on the mainland for three years. To adventure so 
far as Christchurch is somewhat bold in so young an 
Association ; but the success of the Melbourne meeting 
has demonstrated its usef^ulness and popularity, and war- 
rants the belief that many will cross the water next year. 
There is even a strong hope felt by some that the occa- 
sion and the place may tempt a few of the members of 
the parent Pritish Association to make the longer voyage 
from home, and see for themselves what is being done 
and what waits to be done for science at the antipodes. 

ormk Masson. 


METEOROLOGICAL REPORT OF THE 
“ CHALLENGER ” EXPEDITION> 

PREVIOUS to 1872, discussions of the fundamental 
problems of meteorology relating to diurnal changes 
in atmospheric pressure, temperature, humidity, wind, 
and other phenomena, may be regarded as restricted to 
observations made on land. It had then, however, be- 
come evident that data from observations made on land 
only, which occupies about a fourth part of the earth's 
surface, were quite inadequate to a right conception and ' 
explanation of meteorological phenomena ; and hence, 
when the Challenger Expedition was fitted out, arrange- 
ments were made for taking, during the cruise, hourly or 
two-hourly observations. These observations were pub- 
lished in detail in the ** Narrative of the Cruise," Vol. II. 
pp. 305-74, and are still by far the most complete yet 
made on the meteorology of the ocean. 

Elaborate observations were likewise made on deep- 
sea temperatures, which were at once recognized as 
leading to results of the first importance in terrestrial 
physics, and opening for discussion the broad question of 
oceanic circulation, on a sound basis of authentic facts. 
Preliminary, however, to any such inquiry, a full discus- 
sion of atmospheric phenomena was essential, requiring 
for its proper handling maps showing the mean tem- 
perature, mean pressure, and prevailing winds of the 
globe for each month of the year, with tables giving the 
data from which the maps are constructed. In other 
words, what was required was an exhaustive revision and 
ratification of Dove’s isothermals, 1852 ; Buchan’s iso- 
bars and prevailing winds, 1869 ; and Coffin’s winds of 
the globe, 1875. 

' ** Report of the Scientihe Results of the Voys||:e of H«M.S. Cftmiifngtr 
during the Years 1873-76/' Prepared under the superintendence of John 
Murray, LL,D, ** Physics and Chemistry." Vol. II., Part V. ** Report on 
Atniospheric Circulation.".' By Alexander Buchan. M.A., LL.D. 


The|work was entrusted to Mr. Buchan, of the Scottish 
Meteorological Society, in 1883, and was published in the 
beginning of this year. In addition to the tables of the 
appendices, giving the results of the Challenger observa- 
tions, the more important are those giving the mean 
diurnal variation of atmospheric pressure at 147 stations 
in all parts of the world ; the mean monthly and annual 
pressure at 1366 stations ; a similar table of temperatures 
at 1620 stations ; and the mean monthly and annual 
direction of the wind at 746 stations. It is believed 
that these tables include all the information at present 
existing that is required in the discussion of the broad 
questions raised in the Report, which includes, with the 
exception of the rainfall, all the important elements of 
the climates of the globe. 

The Report itself is divided into two parts, the first 
dealing with diurnal, and the second with monthly, 
annual, and recurring phenomena. This is the first 
attempt yet made to deal with the diurnal phenonvena of 
meteorology over the ocean — the temperature, pressure, 
and movements of the atmosphere, together with such 
phenomena as squalls, precipitation,' lightning, and 
thunderstorms. 

In equatorial and subtropical regions, the mean tem- 
perature of the surface of the sea falls to the daily 
minimum from 4 to 6 a.m., and rises to the maximum 
from 2 to 4 p.m., the amount of the diurnal variation 
being only o’’'9 F. In the higher latitudes of the 
Antarctic Ocean, the diurnal variation was only o'’‘2. Of 
the four great oceans, the greatest variation was i^'o in 
the North Pacific, and the least o"‘8 in the Atlantic. This 
small daily variation of the temperature of the surface of 
the sea, shown by the Challenger observations, is an 
important contribution to physical science, being in fact 
one of the prime factors in meteorology, particularly in 
its bearings on the daily variations of atmospheric 
pressure and winds. The diurnal phase# of the tem- 
perature of the air over the open sea occur at the same 
times as those of the temperature of the surface, but the 
amount of the variation is about 3®'o, and when near land 
the amount rises to 4”'4. The greater variation of the 
temperature of the air, as compared with that of the 
surface of the sea on which it rests, is a point of much 
interest from the important bearings of the subject on 
the relations of the air, and its aqueous vapour in its 
gaseous, liquid, and solid states, and the particles of 
dust ever>'where present, to solar and terrestrial radia- 
tion. Thus the air rises daily to a higher and falls to a 
lower temperature than does the surface of the sea on 
which it rests. 

The diurnal variation in the elastic force of vapour in 
the air is seen in its amplest form over the open sea, the 
results giving a curve closely coincident with the diurnal 
curve of temperature. But near land, the elastic force 
instead of rising towards, and to, the daily maximum at 
noon and 2 p.m., shows a well-marked depression at 
these hours, and indicates no longer merely a single, but 
a double maxima and minima. In other words, the curve 
now assumes the characteristics of this vapour curve as 
observed at all land stations, or where during the warmest 
hours of the ddy ascending currents rise from the earth’s 
surface, and down-currents of drier air take their place. 
An important point specially to be noted here is that over 
the o^n sea, hygrometric observations disprove the 
existence of any ascending current from the surface of 
the sea during the hours when temperature is highest. 
On the other hand, the curve of relative humidity is 
simply inverse to that of the temperature, falling to the • 
minimum at 2 p.m. and rising to the maximum early in 
the morning. 

As regards the diurnal variation of the barometer, it is 
shown that the special forms of the monthly curves are, 
in their relations to the sun, direct and not cumulative 
as is the case with most of the monthly mean results of 
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meteorology. The movement of the daily^ barometric 
oscillations from east to ' west is only quasi-tidal, being 
quite different from the manner in' which the tides of the 
ocean are propagated from place to place over the earth’s 
surfacf ; these oscillations being, undoubtedly, directly 
generated by solar and terrestrial radiation in the regions 
where they occur, arid it is thus only that the' striking 
variations in the curves of restricted districts compara- 
tively near each other are to be explained. These 
peculiarities do not occur over the open sea. 

As illustrating these variations, reference is made to 
the retardation of the time of occurrence of the morning 
maximum, which is delayed as the year advances, the 
latest retardation being in June ; and the curves^ of 14 
stations are given, these stations being situated in the 
middle and higher latitudes, and in loc^ities which, while 
strongly insular in character, are at the same time not 
far frpm extensive tracts of land to eastward or south- 
eastward. These barometric curves for June present a 
graduated series, the two extremes being CuHoden," where 
the morning maximum occurs at 7 a.m., and Sitka, where 
the same phase of pressure is delayed till 3 p.m., there 
being thus eight hours between them. Another set of 
curves is given from lower latitudes, showing the diurnal 
variation in mid-ocean from the Challenger observations, 
together with a series of land stations representing the 
influence of a land surface in increasing the amount of 
the variation, which reaches the maximum in the driest 
climates. Latitude for latitude, the maximum daily varia- 
tion occurs in such arid climates as Jacobabad on the Indus, 
and the minimum over the anticyclonic regions of the 
great oceans. At Jacobabad the variation from the 
morning maximum to the afternoon minimum reaches 
O' 187 inch, whereas in the South Pacific it is 0'036 inch, 
and in the North Atlantic only 0*014 inch. 

The follow^pg arc some of the other types of barometric 
curves discussed — the curves at high-level stations on 
true peaks, and down the sides of the mountain ; the 
curves in deep contracted valleys ; those in high latitudes 
in the interior of continents where the morning minimum 
disappears ; and those in high latitudes over the ocean 
where the afternoon minimum disappears. In the two 
last cases, the curve is reduced to a single maximum 
and minimum, which as regards the tithes of occunience 
are the reverse of each other. 

The atmosphere over the open sea rests on a floor or 
surface, subject to a diurnal range of temperature so 
small as to render that temperature practically constant 
both night and day ; but notwithstanding this, the diurnal 
oscillations of the barometer occur over the open sea, 
equally as over the land surfaces of the globe. Hence 
the vitally important conclusion is drawn that the diurnal 
oscillations of the barometer are not caused by the 
heating and cooling of the earth’s surface by solar and 
terrestrial radiation and by the effects following these 
diurnal changes in the temperature of the surface, but 
that they are primarily caused by the direct heating by 
solar radiation and cooling by terrestrial radiation of the 
molecules of the air and of its aqueous vapour, and the 
changes consequent on that cooling, jt follows that 
these changes of temperature arc instantly communicated 
through the whole atmosphere, from its lowermost stratum 
resting on the surface to the extreme limit of the at- 
mosphere. There are important modifications of the 
barometric curves affecting the amplitude and times of 
occurrence of the principal phases of the phenbniena, 
over land surfaces, for example, which are superheated 
during the 'day and cooled during the night according to 
the amount of aqueous vapour present in the atmo- 
sphere. But it is particularly insisted on that the baro- 
metric oscillations thmselves are independent of any 
change in the temperature of the floor of the earth’s 
surface on ^ which the atmosphere rests. It scarcely 
requires • to be added that the^ results of observation 


will necessitate the revision of all theories . of the 
diurnal oscillations of the barometer that have assumed 
a dhimal pha^e of the temperature of the sur-' 
face on which -^e atmosphere rests as a necessary 
cause of these oscillations. The theory of the diurnal 
oscillations of the barometer submitted by Mr. Buchan 
may be thus stated : Assuming that aqueous vapour, in 
its purely gaseous state, is as diathermanous as the 
dry air of the atmosphere, it is considered that the 
morning minimum of pressure is due to a reduc- 
tion of tension brought about by a comparatively 
sudden lowering of the temperature of the air itself by 
terrestrial radiation through all its height, and by a 
change of state of a portion of the aqueous vapour from 
the gaseous to the liquid state by its deposition on the 
dust panicles of the air. The morning minimum is thus 
due, not to any removal of the mass of air overhead, but 
to a reduction of the tension by a lowering of the tem- 
perature and change of state of a portion of the aqueous 
vapour. 

' As the heating of the air proceeds with the ascent of 
the sun, evaporation takes place from the moist surfaces 
of the dust particles, and tension is increased by the simjile 
change from the fluid to the gaseous state ; and as the dust 
particles ip the sun’s rays rise in temperature above that < >f 
the air-films in contact with them, the temperature of the 
air i» thereby increased, and with it the tension. Under 
these conditions the barometer steadily rises with the 
increasing tension to the morning maximum; and it is 
to be noted that the rise of the barometer is not oc- 
casioned by any accessions to the mass of air overhead, 
but only to increasing temperature of the air itself and 
change of state of a portion of its aqueous vapour. 

By and by an ascending current of the warm air sets 
in, and pressure gradually falls as the mass of air over- 
head is reduced by the ascending current flowing back as 
an upper current to eastward — in other words, over the 
section of the atmosphere to eastward whose temperature 
has now fallen considerably lower than that of the region 
from which the ascending current is rising ; and this 
continues till pressure falls to the afternoon minimum. 

The back flow to eastward of the current, which has 
ascended from the longitudes where pressure at the time 
is at the minimum, increases pressure over the longitudes 
where temperature is now rapidly falling, and this atmo- 
spheric quasi-tidal movement brings about the evening 
maximum of pressure, which occurs from 9 p.m. to 
midnight according to latitude and geographical position. 
As the early hours of morning advance these contributions 
through the upper currents become less and less, and 
finally cease, and the effects of terrestrial radiation now 
going forward again introduce the morning minimum as 
already described. It is during the evening maximum 
that the diurnal maximum of periods of lightning without 
thunder and of the aurora take place , it being during 
this phase of the pressure that the atmospheric conditions 
result in an abundant increase of ice spicules in the upper 
regions of the atmosphere, which thus serve as a screen 
for the better presentation of any magneto-electric dis- 
charges that may occur. 

It is interesting to note, in this connection, -that the 
amount of the diurnal barometric tide falls conspicuously 
to the minimum, latitude for latitude, within the anti- 
cyclonio regions of the great oceans, where, owing to the 
descending currents which there prevail, deposition from 
the aqueous vapour is less abundant on the dust particles. 

From a discussion of the whole of the two-hourly 
observations of the wind made during the cruise, sorted 
into those made over the open sea and those made near 
land, it is shown* that the velocity of the wind is greater 
over the open sea than at or near land, the difference 
being from 4 to 5 miles ^er hour. The most important 
result is that there is practically no diurnal variation in 
the wind’s velocity over the open sea. But as respects 
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the winds observed near land, the velocity at the different 
hours of the day gives a curve as clearly and decidedly 
marked as that of the temperature, the minimum occur- 
ring from 2 to 4 a.m., and the maximum 'from noon to 
4 p.m., the absolute maximum being at 2 p.m. The dif- 
ference between the hour of least and that of greatest 
velocity is for the Southern Ocean 6i miles ; South 
Pacific, 4 i miles ; South Atlantic, si miles ; and North 
and South Atlantic, each 3 miles. It is also to be noted 
that even the maximum of the day near land in the case of 
none of the oceans attains to the velocity observed over the 
open sea. The curve near land is substantially the same 
as the curves characteristic of stations on land. Thus, 
over the sea, where surface temperature is practically a 
constant day and night, the velocity of the wind shows 
no diurnal variation ; whereas over land, and also near 
it, where the temperature of the surface is subject to a 
diurnal variation, the wind’s velocity is also subject to an 
equally well-marked diurnal variation. On the other 
hand, at high-level observatories situated on true peaks, 
the maximum velocity occurs during the night, and the 
minimum during the day. In deep valleys in mountain- 
ous regions, an abnormally high barometer obtains during 
the night, which is the result of cold currents from the 
adjoining slopes that the cooling effects of terrestrial 
radiation set in motion. Now since these down-nowing 
winds must be fed from higher levels than those^tf the 
mountain itself, the winds prevailing on their tops are 
really the winds of a higher level, and blow therefore 
with the increased velocity due to that greater height. 
On the other hand, during the warmer hours of the day, 
the barometric pressure in deep valleys is abnormally 
low, owing to the superheating of these valleys as con- 
trasted with the temperature of the surrounding region, 
thus giving rise to a warm wind blowing up the valleys, 
and an ascending current close to the sides of the moun- 
tain up to the summit. Now, since no inconsiderable 
portion of this ascending current, whose horizontal velo- 
city is necessarily much retarded, mingles with the air- 
current proper to the level of the peak, the wind on the 
peak is retarded, and falls to the minimum of the day 
when the temperature is highest. 

The results of the averaging of the squalls over the 
open sea entered in the Challenger^ s log show a strongly 
marked diurnal* maximum early in the morning, when 
the effects of terrestrial radiation are at the maximum. 
Itut over land the diurnal curves for whirlwinds, torna- 
does, and allied phenomena, show the minimum at thes$ 
hours, and the maximum at the hours when insolation is 
strongest. It is probable that the daily maximum occurs 
in each case at those hours when temperature decreases 
with height at a greatljr more rapid rate than the normal. 

The distribution during the day of thunderstorms, and 
of lightning without thunder, is very remarkable. During 
the cruise 26 thunderstorms occurred over the open 
sea, of which 22 occurred during the 10 hours from 
10 p.m. to 8 a.m., and only 4 during the other 14 hours of 
the day. Hence, over the open sea, the diurnal curve of 
thunderstorms is precisely the reverse of what obtains on 
land. Of the 209 reported cases of lightning without 
thunder, 188 occurred during the 10 hours from 6 p.m. to 
4 a.m., and only 21 during the other 14 hours of the day. 
The following are the hours of the maxima of these 
phenomena in the warmer months over land and the 
open sea respectively. Thunderstorms over land, 2 to 
6 p.m. ; lightning over land, 8 p.m. to midnight ; lightning 
over the open seaf^ 8 p.m. to 4 a.m. ; and thunderstorms 
over the open sea, 10 p.m. to 8 a.m. These facts are a 
valuable contribution to the science, from their intimate 
connection with the ascending and descending currents 
of the atmosphere. 

The second part of the Report, dealing with the monthly 
and annual phenomena, aims at giving a comparative 
view of the climatologies of the globe to a d^ree of com- 


pletei^ss not previously attempted. The distribution of 
the tmperature and pressure of the atmosphere and 
prevailing winds is illustrated by 52 newly constructed 
maps, of which 26 show by isothermals the mean monthly 
and annual, temi^rature on hypsobathymetric maps, 
first on Gall's projection, and second on north circum- 
olar maps on equal surface prmection ; and 26 show, 
y isobars, for each month and mr the year, the mean 

f )ressure of the atmosphere, with the gravity correction to 
at. 45” applied, and by arrows the prevailing winds of the 
globe. Two other maps are given in the text, one show- 
ing for July the geographical distribution of the amount 
of the barometric oscillation from the morning maximum 
to the afternoon minimum; and the other, the annual 
range of the mean monthly pressure, which, in a sense, 
may be regarded as indicating the relative stability of the 
atmospheric pressure in different regions of the earth. 

For the details of this discussion, we must refer to the 
Report itself, the broad results of which Mr. Buchan thus 
summarizes : — 

The isobaric maps show, . in the clearest and most 
conclusive manner,, that the distribution of the pressure 
of the earth’s atmosphere is determined by the geo- 
graphical distribution of land and water in their relations 
to the varying heat of the sun through the months of the 
year; and since the relative pressure determines the 
direction and force of the prevailing winds, and these in 
their turn the temperature, moisture, rainfall, and in a 
very great degree the surface currents of the ocean, it is 
evident that there is here a principle applicable not 
merely to the present state of the eartbj but also to 
different distributions of land and water in past times. 
In truth, it is only by the aid of this principle that any 
rational attempt, based on causes having a purely ter- 
restrial origin, can be ngipde in explanation of those 
glacial and warm geological epochs through which the 
climates of Great Britain and other Countries have 
passed. Hence the geologist' must familiarize himself 
with the nature of those climatic changes which neces- 
sarily result from different distributions of land and 
water, especially those changes which influence most 
powerfully the life of the globe.” 

It is evident from what has been said that many of the 
results of the diurnal and seasonal phenomena of ocean 
meteorology are equally Tiovel and important, and, when 
combined with the analogous results obtained from land 
observations, enable us to take a more intelligent and 
comprehensive grasp of atmospheric phenomena in their 
relations to the terraqueous globe taken as a whole than 
has hitherto been possible. 

THE BOTANICAL LABORATORY IN THE 
ROYAL GARDENS, PERADENIYA, CEYLON 

'■PHE attention of the readers of Nature has been 
drawn more than once (vol. xxxi. p. 460, vol. xxxiv. 
p. 127) to the opportunities which are before botanists 
for the study of plants other than those of our own flora. 
But since the latter of these articles appeared, a step has 
been taken which will justify a return once more to this 
important subject. 

It is certainly one of the most healthy signs of the 
present time that our younger botanists desire not merely 
to pore over, minute details of microscopical structure in 
the laboratory at home, but to become personally ac- 
quainted with plants in the open. When the somewhat 
sudden reversion occurred some fifteen years ago, from 
taxonomy as an academic study, to the more detailed* 
examination of the tissues of plants in the laboratory, and 
the study of their functions, those who took a large view 
of the progress of the science must have seen with regret 
that the change, however valuable in itself, brought with 
it a new danger. Those who as students were first 
introduced to plants as subjects of microscopic study ran 

t 
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the risk of failing to appreciate the importance of external 
form : they acquired a knowledge of the minute stnictural 
details of certain plants, but did not acquire a strong 
grasp of the external characters of plants as a whole. 
Ilut the pendulum which thus swung rapidly over to an 
extreme position is now returning to the mean. ^ While 
duly appreciating the value of microscopic examination, 
the younger botanists are awake to the advantage, or 
even the necessity, of a wide knowledge of plants. The 
whole area of facts upon which those who are now 
engaged in teaching draw in the course of their lectures 
is much wider than it was ten years ago, and the exten- 
sion has, perhaps, been most marked in the province of 
external morphology. 

This being so, there will be no need to press upon the 
men who are starting upon a career as botanists the 
importance of a visit to the tropics : they will look upon 
the collections in our Botanic Gardens, which they are 
hardly ^llowed^ to touch, as only a temporary substitute 
for a tropical jungle, where they may cut down plants 
as they please, in order to obtain specimens illustrating 
mature or developmental characters. Moreover, those 
characters of a tropical flora which are the most striking 
and characteristic are often those which must remain 
entirely unrepresented in our glass houses at home. An 
expedition to the tropics should, in fact, become a recog- 
nized item in the programme of preparation for a career 
as a teacher of botany. 

The advantages offered by the Royal Gardens at 
Peradeni^a have already been pointed out in Nature 
(vol. xxxiv. p. 127); but since that article was written 
steps have been taken by a Committee of the British 
Association to add to them. Backed by a grant of 
money, they have undertaken the establishment of a per- 
manent laboratory in which visitors may carry on their 
work. A room has been set apart for this purpose in the 
official bungalow by the directorate of the Royal Garden. 
It has every advantage of position, being placed centrally 
in the garden, and within easy reach of the herbarium, 
&c.; while, since it is under the same roof as the Director’s 
office, visitors would have the great advantage of the 
presence of Dr. Trimen himself as a referee in recognition 
of the plants of the rich native flora. In this room are to 
be found such apparatus and reagents as are ordinarily 
required for laboratory work, and steps are being taken 
to add other facilities. 

The mere mention of these facts will probably suffice 
to attract those who were not previously aware of them. 
The chief deterrent will be the cost of the journey. It 
has already been stated that £,^oo to will suffice for 
all expenses of an expedition of six months’ duration, 
while if two club together the individual cost would be 
considerably smaller. Though the Committee of the 
British Association have no power to use the money 
entrusted to them as a personal grant, still it is well 
known that there are sources from which such grants may 
be obtained in order to assist those who are engaged on 
a definite line of research. Bearing all these facts in 
mind, the value of such an expedition as that to Peradeniya 
cannot be too strongly urged on those who are about to 
enter definitely on a career as professed btflanists. The 
widening of view, and opportunity for research, which any 
man of originality would obtain by it would amply repay 
him for his expenditure of time and money. Applications 
for the use of the laboratory, which is at present vacant, 
should be made to Prof. Bower (University, Glasgow), 
who is the secretary to the Committee. 

THE ASTRONOMICAL OBSERVATORY OF 
HARVARD COLLEGE. 

pROF. EDWARD C. PICKERING has presented to 
the Visiting Committee the forty-fourth Annuai 
Report of the Director of the Astronomies Observatory of 


Harvard College. The following are the more important 
passages : — 

Henry Draper Memorial. — The first research on the 
spectrum of oVer ten thousand of the brighter stars is now 
nearly completed and is partially in print. The photo- 
graphs required for the second research on the spectrum 
of the fainter stars are also nearly complete. The eleven- 
inch telescope has been in constant use throughout 
nearly every clear night in photographing the spectrum 
of the brighter stars. This work is approaching com- 
pletion for all stars bright enough to be photographed by 
means of our present appliances, with the large dispersion 
now employed. Good progress has also been made with 
the classification of the spectra, and the study of the 
slight differences in different stars. By the use of an 
improved process for staining plates with erythrosin, the 
yellow and green portions of the spectrum, even of the 
fainter stars, can be advantageously studied. Numerous 
experiments have been made with a device for measuring 
the approach and recession of stars, by means of an 
achromatic prism in front of the object-glass. Several 
peculiar spectra have been studied, especially that of 
a Ursse Majoris. The periodic doubling of its lines seems 
to be due to the rotation of two components too close to 
be distinguished by direct observation. The detection of 
bright lines in one of the stars in the Pleiades suggests a 
possit)je explanation of the legend that seven stars were 
formerly visible in this group. 

During last spring an expedition was sent to Peru in. 
charge of Mr. S. 1 . Bailey, assisted by Mr. M. H. Bailey. 
A station was selected on a mountain about six thousand 
feet high and about eight miles from Chosica. All 
supplies for the station, including water, must be carried 
by mules for this distance. Two frame buildings covered 
with paper have been erected, one for an observatory, the 
other for a dwelling-house. Since May 9 the Bache 
telescope has been kept at work during the whole of 
every clear night. 1236 photographs have been obtained. 
The- plan proposed will cover the sky south of — 15° four 
times, once with photographs of spectra having an ex- 
posure of an hour, which will include stars to about the 
eighth magnitude ; secondly, with an exposure of ten 
minutes, giving the brighter stars ; thirdly, with charts 
having an exposure of one hour, permitting a map of the 
southern stars to the fourteenth magnitude inclusive ; 
and fourthly, with charts having an exposure of ten 
minutes, including stars to about the tenth magnitude. 
Jhe weather for the first four or five months was ex- 
cellent, being clear nearly every evening. Fogs and 
cloud which often covered the adjacent valleys and the 
city of Lima did not reach to the top of the mountain. 
The cloudy season is now beginning and the work will 
be more interrupted. But nearly one-half of the entire 
programme has already been carried' out. A large 
number of interesting objects have been detected, among 
others several stars .having bright lines in their spectra. 
Including the photometric work described below, the 
amount of material so far collected is unexpectedly large. 

Boyden Fund, — The climate of Southern California 
seems especially favourable to the undertaking desired by 
Mr. Boyden. An expedition under the direction of Prof. 
William H. Pickering was accordingly sent in November 
1888 to the summit of Wilson’s Peak, in the vicinity of 
Los Angeles. In order that as much useful work as 
possible might be accomplished, the thirteen-inch tele- 
scope and the eight-inch telescope now in Peru were sent 
to Willows, California, where the total solar eclipse of 
January 1, 1889, was successfully observed. Forty-seven 
photographs were obtained bv the party during the three 
minutes of totality, and the instrumental equipment was 
much superior to any previottslv used for such a purpose. 
It was not until May 1 1, that tne large telescope was suc- 
cessfully mounted on Wilson’s Peak, b;^ Messrs. E. S. 
King and Robert Black, but since then it has been kept 
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at work throughout every clear night. The number of 
photOCTaphs obtained is 1 155. The objects photographed 
are selected from a list of 625 double stars, 143 clusters 
and other celestial bodies, such as the moon and planets. 
As these pme objects have been^repeatedly photographed 
at Cambridge with the same instrument, an accurate com- 
parison of the atmospheric conditions of the two places 
may be made. It will of course be impossible to derive a 
final conclusion until the observations have extended over 
at least a year, but the evidence already secured shows 
that in summer results can be obtained at Wilson’s Peak 
which cannot be obtained here. The difference is very 
pronounced for such objects as the markings on Jupiter. 
Clusters like that in Hercules are well resolved, so that 
the individual stars are easily measured, which cannot be 
done with the best Cambridge photographs. As a test- 
object the sixth star in the trapezium of the Orion nebula 
is clearly photographed for the first time. A new variable 
star has been discovered in the midst of the cluster G. C. 
3636. A beginning has been made of the measurements of 
the position and brightness of the double stars, and it is 
hoped to extend this work to the clusters, and thus furnish 
an extensive addition to this department of micrometic 
astronomy. 

Much experimental work has also been done at Cam- 
bridge, as is shown by the fact that nearly a thousand 
photographs have also been taken there. Moreover, the 
expedition to Peru is largely supported by the Boydcn 
Fund. The meridian photometer will be used to extend 
two large series of observations to the south pole. These 
are the “ Harvard Photometry,” and the zones used in the 
revision of the Durch muster ting. This work will furnish 
photometric magnitudes of stars as bright as the ninth 
magnitude in all parts of the sky. The Messrs. Bailey 
have observed 67 series, one of them including 293 stars. 
In all, during less than six months, about 6700 stars have 
been observed, which have required 26,800' settings. 

The /truce Photographic Telescope . — For the last six 
years experiments have been in progress here on the use 
of a photographic doublet in the preparation of maps of 
the stars. The eight-inch telescope now in I’eru is of this 
form and was mounted here in 1885. Since then 4500 
photographs have been taken with it. With an exposure 
of an hour twice as many stars can be photographed as 
are visible with a telescope having an aperture of fifteen 
inches, and as many stars as can be photographed in the 
same time with a telescope of the usual form having an 
aperture of thirteen inches. Moreover with a doublet a por-# 
tion of the sky covering twenty-five square degrees can be 
photographed with good definition, while only three or 
four degrees can be covered equally well with telescopes 
of the usual form. The time required to photograph the 
entire sky will be reduced in the same proportion. With 
a doublet each hemisphere could be covered in one year 
with eight hundred plates. In 1885 it was proposed to 
photograph the entire sky with the eight-inch telescope, 
enlarging the plates three times. The results would 
resemble in scale and size the charts of Peters and Cha- 
cornac. The generous aid of Miss Bruce mentioned j 
above will permit this result to be attained in the original 
photographs, without enlargement. A contract has been 
made with Messrs. Alvan Clark and Sons for a telescope 
having an aperture of twenty-four inches and a focal 
length of eleven feet. Meanwhile nineteen foreign Ob- 
servatories have united in an Astfophotographic Congress 
to prepare a map of the stars to the fourteenth magnitude 
with telescopes of the usual form having apertures of 
thirteen inches. The plans have been matured with 1 
great care and skill. The courteous reference to the ' 
Bruce telescope and its proposed work bv Admiral 
.Mouchez shows that both plans can be carried out with- 
out disadvantageous duplication. Doubtless each plan 
will possess certain advantages over the other. The 
Bruce telescope will be especially adapted to studying the 


very fj^int stars. It is hoped that those of the sixteenth 
magnitude and fainter can be photographed. Its principal 
use will probably be for the study of the distribution of the 
stars, for complete catalogues of clusters, nebulae, and 
double Stars, and for the spectra of faint star|. The 
amount of material accumulated will be enormous, and the 
best method of discussion will form a very difficult and 
important problem. 


NOTES. 

Tue bulletins relating to the health of Sir Richard Owen, 
who is suffering from a paralytic stroke, have called forth many 
expressions of sympathy from the general public, as well as from 
men of science. Hopes of his recovery are entertained, but at 
his advanced age the process must necessarily be slow. ^ 

A CIRCULAR letter from the Conseil General des Facultes de 
Montpellier, issued March 1, 1890, and addressed to the chief 
learned bodies, sets forth that on October 26, 1289, a Bull of 
Pope Nicolas IV. ** crigeait en Studium geiurale Ics Facultes de 
Droit, de M^ecine et des Arts, qui existaient dej^ depuis long- 
temps dans notre ville.” It is proposed, therefore, as we have 
already noted, that during the present year the University shall 
commemorate its entry upon its seventh century. The fiU will 
probably be held towards the end of May. 

After the reading of the papers at the ordinary meeting of 
the Royal Meteorolt^ical Society on Wednesday, March ty, 
the Fellows and their friends will have an opportunity of in- 
specting the Exhibition of Instruments illustrating the application 
of photography to meteorology, and of such new instruments as 
have been invented and first constructed since tl)« last Exhibition. 
The Exhibition will, at the request, of the Secretary of the 
Institution of Civil Engineers, be open in readiness for their 
meeting on Tuesday evening the i8th instant, and will remain 
open till Friday the 21st instant. 

An International Exhibition of Mining and Metallurgy will 
be held this year at the Crystal Pahace from July 2 to September 
30. The Lord Mayor is the patron, the Duke of Fife the lion. 
President, and the list of Hon. Vice-Presidents contains the 
names of Lord Wharncliffe, Lord Brassey, Lord Thurlow, Sir 
Frederick Abel, Sir Alexander Armstrong, Sir F. Dillon Bell, 
Sir Graham Berry, Sir Charles Clifford, Sir James Kitson, Sir 
Roper Lethbridge, M.P., Sir John Lubbock, M.P., Sir John 
Pender, Sir E. J. Reed, M.P., Sir Saul Samuel, Sir Warington 
W. Smyth, Sir Charles Tennant, M.P., Sir Edward Thornton, 
Sir Charles Tupper, Sir H. Hussey Vivian, and Prof. Robert-s- 
Austen. Mr. Pritchard Morgan, M.P. , is chairman, and Mr. 
Henry Cribb deputy-chairman of the Executive Council, which 
consists of 20 gentlemen well known in engineering and mining 
matters. The following are the subjects likely to be included 
within the scope of the Exhibition : — Machinery, mining in 
gold and silvec, diamonds and precious stones, ironstone and 
iron-ore mining, the manufacture of iron and steel, lead, tin, 
copper, and coal mining, petroleum and salt industries, and a 
number of other kindred subjects. Ambulance practice an<l 
the condition of miners will also be illustrated. 

A GENERAL meeting of the Society for the Preservation of 
Ancient Monuments in Egypt will be held at th^ rooms of the , 
Royal Archseological Institute to-morrow (Friday), at 5 p.m. 
Attention will be specially called to the wanton excision of por- 
tions of the well-known fresco paintings in the tomb of the 
Colossus on a sledge, dating from the Twelfth Dynasty, or 
between 2000 and 3000 years b.c., at Der-el-Barsha, the 
chipping out of cartouches of different Sovereigns from the Sixth 
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Dynasty tombs at the same place^ the mutilations of toifibs at 
I^eni Hassan, the malicious removal of curious bas-reliefs at Tel- 
el-Armana, and other recent acts of vandalism. Such outrages 
as these ought surely to be made practically impossible. All 
that is needed is that the matter shall be seriously taken in hand 
by the Foreign Office. 

An attempt is being made by the Society of Antiquaries of 
London to raise a fundi the interest of which shall be used from 
time to lime to defray the expense of excavationSi or to advance 
arcbocological knowledge in such other ways as may seem suitable 
to the President and Council of the Society. The object is one 
which ought to commend itself to all who interest themselves in 
archaeology. The Society wants a capital sum of only ;^3000. 
Subscriptions should be sent to the treasurer, Dr. E. Freshfield, 
5 ilank Buildings, E.C, 

Mr. Gladstone has consented to open the new Residential 
Medical College at Guy’s Hospital on Wednesday, March 26, 
at 2 p.m. 

The treasures of the Ruskin Museum at Sheffield arc being 
transferred from the small building at Walkley, in which they 
have hitherto been kept, to more convenient premises. The 
Museum will be reopened by Lord Carlisle on July 15. 

The March number of the Kew Bulletin opens with an account 
of Indian Yellow, or Purree, about the origin of which there used 
to be much uncertainty. Some time ago, in consequence of 
inquiries made in India at the request of the authorities at Kew, 
the mystery was cleared up ; and full information on the subject 
w'ill be found in the present paper. Another paper deals with 
Bombay aloe fibre, and there are sections on the commercial 
value of loxa bark, and on barilla. 

An industrial ^nd artistic Exhibition will shortly be opened 
in Oiieno, the most beautiful park in Tokio. M. de Lezey, 
writing to La Nature on the subject from Tokio, says that the 
Exhibition will be particularly rich in collections of Japanese 
antiquities. 

On February 22 the Johns Hopkins University celebrated the 
twelfth anniversary of its opening. It was announced that, of 
the various pressing needs of the University for expansion, that 
of the chemical laboratory was to be met by turning over to it 
for reconstruction the ill-ventilated Hopkins Hall. 

The collections belonging to the Academy of Natural Sciences 
of Philadelphia grow so rapidly that the accommodation provided 
for them is wholly inadequate. A new building is to be erected, 
and the State Legislature has voted $50,000 as a contribution 
towards the expenditure. It is hoped that another '^appropria- 
tion ” of the same amount will be made, and that the rest of the 
money required will be privately subscribed. 

German papers announce the death of Dr. Karl Emil von 
.Schafhautl, Professor of Geology, Mining, and Metallurgy at 
Munich University, keeper of the geognostic collection of the 
Bavarian State, and member of the Academy of Sq'ences. He was 
not only an eminent physicist and geologist, but also a theoretical 
musician of some note. He was born at Ingolstadt on February 
26, 1803, and died at Munich on February 25 last. 

The death of Victor, Ritter von Zepharovich, is also announced. 
He was Professor of Mineralogy at the German University of 
Prague, a member of the Academy o^* Sciences at Vienna, and 
author of the " Mineralogical Dictionary of the Austrian 
Empire,” and many valuable mineralogical and crystallo- 
graphical works. He was bom at Vienna on April 13, 1830, 
and died at Prague on Februtiry 24 last. 

On Tuesday evening, Dr. Dallinger delivered an interest- 
ing lecture at the Roya^l Victoria Hall,, on ** The Infinitely Great 


and the Infinitely Small,” to an audience numbering about 400, 
composed principally of working men. The lecture was illus- 
trated by numerous lantern-views, and was evidently much 
appreciated. 

In the Engineer of the 7th inst., there is an excellent article 
on the latest express compound locomotive on the North-Eastern 
Railway. This engine is for the east coast Scotch traffic on the 
section between Newcastle and Edinburgh — about 125 miles. 
A trial was made with a train of thirty-two coaches (total 
weight of train 270 tons) between Newcastle and Berwick, a 
distance of sixty-seven miles ; and the time was seventy-eight 
minutes, or three minutes less than the Scotch express. With 
the heaviest loads an assistant engine will not be necessary. In 
another trial with a special train of eighteen six- wheeled coaches, 
a speed of about ninety miles per hour was obtained. This is the 
highest recorded speed by several miles. Diagrams were taken 
at various speeds, one set at a speed of eighty-six miles per hour 

I on the level. This speed was carefully measured by stop-watch 
and mile-posts ; the highest speed observed was just over ten 
seconds per quarter mile run. It is evident from these facts that 
passengers to the north will not waste much time on the journey 
when the summer traffic begins on the east coast route. 

' Some time ago we referred to a paper in which Dr. Daniel G. 
Brintoi? developed the theory that the ancient Etruscans were 
an offshoot or colony of the Libyans or Numidians of Northern 
Africa — the stock now represented by the Kabyles of Algeria, 
the Rifians of Morocco, the Touaregs of the Great Desert, and 
the other so-called Berber tribes. This paper Dr. Brinton has 
followed up by another, in which he compares the proper names 
preserved in the oldest Libyan monuments with a series of 
similar names believed to be genuine Etruscan. The resem- 
blances in many cases are certainly striking, and Dr. Brinton’s 
ideas on the subject deserve to attract the attention of scholars. 

At a meeting of the Royal Botanic Society on Saturday, 
reference was made to a very interesting collection of seeds of 
economic and food plants, timber trees, &c., of Uruguay, pre- 
sented by Consul Alex. K. Mackinnon, On the table were 
plants in flower of Narcissus pociicns^ lately received from China, 
and several varieties of the same flower from the Scilly Isles, 
illustrating the cosmopolitan nature of this family of plants. In 
the Scilly Isles narcissi are grown by the acre, and over ten tons 
of the flowers are sent off weekly to market. 

In the current number of the Revue des Sciences naturelles 
appliquies^ M. M( 5 gnin has a valuable paper on the existence of 
tuberculosis in hares. About two years ago he described a 
peculiar disease brought on by the presence of some species of 
Strongylus in the lungs of hares. The disease dealt with in the 
present paper is wholly different. 

M. H. Beaurec;ard, aide-naturaliste in the Paris Museum of 
Natural History, has published an elaborate monograph on the 
Vesicant tribe of insects. It is illustrated by many fine plates. 

The skeleton of a mammoth has been discovered in the 
Russian province of Tula, and the Moscow Society of 
Naturalists have sent a commission to excavate it. 

Messrs. Macmillan and Co. are issuing a thoroughly 
revised edition of '‘A Treatise on Chemistry,” by Sir H. E. 
Roscoe, F.R.S., and C. Schorlemmer, F.R.S., and have just 
published Part II. of Vol. III., dealing with the chemistry of the 
hydrocarbons and their derivatives. Since this part of the work 
was published in 1884, many additions have been made to our 

I knowledge of this department of organic chemistry ; and the 
authors, as they themselves explain, have sought to represent 
the present position of the science by introducing the results of 
the latest and more important researches, with the effect that 
the greater part of the volume has been re-written. 
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Mr. John Murray has published the nineteenth edition of 

'fhe Reign of Law," by the Duke of Argyll. 

"I HE Amateur Photographer has issued its 'fourth **home 
portraiture number," It reproduces one photograph each from 
the work contributed by sixty competitors for prizes. 

In the Report of the U.S. Commissioner of Education for 
the year 1887-88 it is stated that 48 educational institutions in 
the United States receive the benefit of the national land grant 
of 1862. Among these institutions are the Arkansas Industrial 
University, the State Agricultural College at Colorado, the 
Maine State College of Agriculture and the Mechanic Arts, the 
Massachusetts Institute of Technology, the Missouri School of 
Mines and Metallurgy, and the Scientific School of Rutgers 
College. In 38 of the Colleges an officer of the Army or Navy 
is detailed to act as professor of military science and tactics. 
If a State has more than one school endowed by the national 
land grant of 1862, the school which is reported by the 
(rovernor of the State as most nearly meeting the requirements 
of existing law is held to have the first claim to the officer 
allotted to the State. 

M. A. Angot, of the French Meteorological Office, has 
published in the Annates of that office a very careful discussion 
of the diurnal range of the barometer, based upon tl^ best 
available data for all parts of the globe. After having given the 
mean range for each month and for the year, he has calculated 
the amplitudes and phases of the first four simple harmonic 
oscillations into which the complex oscillation of the barometric 
diurnal range may be resolved, and which may be considered as 
the resultant of the superposition of two waves of different origin 
and character. One of these, which the author terms the 
thermic wave, is of a more or less complicated form in appear- 
ance, and is easily explained as being produced by the diurnal 
variation of temperature and by the differences that this variation 
presents between neighbouring stations. The other, the principal 
semi-diurnal wave, for which he has given the numerical law, 
])resents a much more simple form, and is not at all affected by 
local conditions. It is possibly produced by the calorific action 
of the sun upon the upper strata of the atmosphere ; but, as the 
author states, this is still only an hypothesis, and the theory of 
this part of the phenomenon remains to be established. His 
conclusions upon the effect of the thermic wave arc very interest- 
ing, and the whole discussion will well repay a careful study. ^ 

Mr. T. W. Baker writes to us that, in his note regarding 
the meteor of March 3, he omitted to state the time of its 
appearance, which was 7.28 p.m. | 

An important paper upon the crystalline allotropic forms of 
sulphur and selenium is contributed by Dr. Muthmann, of 
Munich, to the latest number of ihe Zeitschrift fiir Krystattogra- 
ph ie. Besides the well-known rhombic pyramids and monoclinic 
prisms, sulphur may, under certain conditions, be obtained in 
a third crystalline modification, which has been termed by 


metrefi|in length and 1-2 mm. thick. Another method which 
yielded very beautiful crystals ofthis modification consisted in allow- 
ing a solution of acid potassium sulphate to slowly diffuse into a 
solution of sodium thiosulphate. In about four weeks* time, perfect 
crystals, almost white in appearance, and exhibiting .strcmgly the 
mother-of-pearl lustre, were obtained. This third variety of 
sulphur also ciystallizes in the monoclinic system. The ratio of 
its axes isaidic — 1-0609 : I : 07094. The axial angle fi = 
88® 13'. The symmetry plane, h = (010) 00 i? 00, is so largely 
developed as to give the crystals the appearance of plates. At 
the edges of the plates the two primary pyramids (iii) - P and 
(Iii)-I-P, a prism (210)00 p2, and a clinodome (oi2)il?oo are 
well developed. These crystals are totally distinct from those 
of the second modification ; the axial ratios of the latter are 
a\b\c^ 0-9957 : 1 : 0*9998 and jS = 84® 14'. Upon the sides of 
the vessel containing the alcoholic ammonium sulphide solution 
prepared as above, Dr. Muthmann noticed curious tabular prys- 
tals of hexagonal section, which immediately became altered 
upon contact with a disturbing body, such as a platinum wire or glass 
rod. They were likewise found to consist of pure sulphur, and, 
on optical and goniometrical examination, were found to consist 
of a distinct fourth modification, also monoclinic. They greatly 
resemble a rhombohedron with predominating basal plane. 
They are best obtained by allowing to slowly evaporate in a tall 
cylinder a saturated solution of sulphur in alcoholic ammonium 
sulphide diluted with foot times its volume of alcohol. The 
temperature during this crystallization must not exceed 
14® C. Occasionally in this experiment all four forms of sulphur 
are obtained ; the surface is covered with crystals of the third 
I variety, tables of the fourth modification are deposited upon the 
sides, and the base of the cylinder is spangled with rhombic 
pyramids interspersed wulh monoclinic needles of the second 
form. If crystals of the third variety are sq^peoded in their 
mother liquors and left for some days, they are converted into a 
voluminous mass of minute rhombic pyramids. The conversion 
into the more stable rhombic form is almost instantaneous if a 
rhombic crystal be dropped into the liquid containing suspended 
third variety crystals. The immediate alteration of crystals of 
the fourth kind is even more remarkable, the mere movement of 
the cover-glass, when examining them under the microscope, 
being sufficient to instantly change the optical properties to 
those of the rhombic form. It is interesting that this fourth 
form of sulphur is isomorphous with the form of selenium 
obtained by evaporation of a hot saturated solution in carbon 
bisulphide. 

The additions to the Zoological Society’s Gardens during the 
past week include two Badgers {Metes taxus) from Ireland, 
presented by Mr. P. Bicknell ; a Grey Ilypocolius {Hypocotius 
ampetinns 6 ) from Scinde, presented by Mr. W. D. Gumming ; 
a Rhesus Monkey {Macacus rhesus 6) from India, a Spotted 
Ichneumon {Herpestes nepateusis) from Nepal, deposited ; an 
Axis Deer {Cervus axis), born in the Gardens. 


Gernez ** souf re nacriP This third modification has been fully 
investigated by Dr. Muthmann, and, in addition, a new fourth 
totally distinct variety has been discovered. The third form is 
best obtained by boiling about five grams of powdered sulphur 
with 750 c.c. of absolute alcohol in a flask provided with an 
inverted condenser for one hour, filtering through a warmed 
funnel into a large flask heated to 70® C. in a water-bath, and 
allowing the alcohoF to slowly evaporate. After about twelve 
hours a large deposit of brilliant tabular crystals is formed. 
Similar crystals of the third variety may be obtained by agitating 
a saturated alcoholic solution of ammonium sulphide with excess 
of powdered sulphur, filtering, diluting with a little alcohol and 
allowing to stand in a loosely covered cylinder. In a few hours 
crystals are found deposited, often measuring a couple of centi- 


OU^ ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at lo p.ni. on March 13 
9h. 25m. sss. 


/ \ f G.C. x86x ... 
IG C. 1863... 

(2) 8 Leo Minoris 

(3) ^ Hydrse 

(41 o LconU... ... 
(s) x3a Sch) • ••• 



1 

Mag. • Colour. 

R.A. 1890. 



h. m. s. 

... 

— W^hitc. 

35 47 

... 

— White. 

9 35 58 

...j 

5-7 Reddish-yellow. 

9 34 5 * 


4 1 Whitish-yellow. 

9 34 13 

••• 

4 1 Yellowish-white. 

9 35 18 

... 

! Var. j Red. 

xo 32 7 


+21 58 

4-22 O 

+35 35 
- o 39 

+ 10 24 
-xa 25 



450 


NATURE 


{March 13, 1890 


Remarks^ 

(1) Described by I lerschel as a bright extended nebula with 
two nuclei, the north following one being very faint. In 1848, 
Lord Rossc observed that the nebula was distinctly spiral, and 
his drawing represents it as elliptical in shape. The nebula is 
about long and is situated about 2® south of the star X Leonis. 
I am not aware that any record of the spectrum has been 
published. 

(2) A star of Group II. Duner states that the bands 2, 3, 7, 
8 are visible, but are rather weak and not very wide. The 
bands 4 and $ are very delicate. The star belongs to species 
5 of the subdivision of the ^oup, which means that the meteor- 
swarm of which the ‘‘star” is probably composed is somewhat 
sparse. The bright carbon flutings should therefore be well 
developed. Bright lines may possibly also be present, if the 
swarm is not too far condensed. 

(3) Konkoly and Vogel both describe the spectrum of this 
star as a well>develop>ed one of the solar type. The usual 
differential observations are required. 

(4-) star of Group IV. (Vogel). The usual observations 
of the relative thicknesses of the hydrogen and other lines are 
required. 

(5) A star of Group VI., with a spectrum of extraordinary 
beauty (Duner). The spectrum consists of four zones, and all 
the bands i-io are strongly developed. Band 6 is not very 
dark. The specific differences in stars of this group have not 
yet been fully investigated. The principal variations so far 
observed are: (i) the length of continuous spectrum, as indi- 
cated by the number of zones visible ; (2) the number and 
intensities of the secondary bands ; (3) the intensity of band 6 
as compared with bands 9 and 10. 

Gould believes this star to be variable, his estimates of the 
magnitude varying between 4’3 and 6*1. Birmingham’s values 
vary from 4*5 to 6*3. The star appears to be U Ilydrae, and, 
if so, a maximum will be reached about March 18 (Observatory 
ComfanioHy 1890). Kspin believes the period to be about 
195 days. 

As yet, we have no information as to changes of spectrum 
accompanying changes of magnitude in stars of this group. 

A, Fowler. 

The Solar and the T-unar Spectrum.— Prof. Langley’s 
second memoir on this subject, which was read before the 
National Academy of Science in November 1886, has been 
received. In a previous memoir it was demonstrated that 
evidence of heat had been found in the invisible spectrum of the 
sunlit side of the moon, and the experiments indicated that this 
heat was chiefly not reflected but radiated from a surface at a 
low temperature. The amount of heat, however, was excessively 
minute, even when compared with the feeblest part of the solar 
spectrum known in 1882, yet it was easily recognizable because 
of the fact that, whereas in the typical solar spectrum heat is 
greatest in the short wave-lengths, in the typical lunar spectrum 
heat is greatest in the long wave-lengths. 

In this second memoir the results of further observation of the 
infra- red solar spectrum are given, the newly investigated region 
being close to that which contains a large part of the lunar heat. 
The researches considerably extend those previously made. In 
pas^iing from the visible part of the spectrum into the infra-red 
region, wider regions of absorption occur. To an eye which 
could see the whole spectrum, visible and invisible, the luminous 
part would be, as is well known, interrupted by dark lines, the 
lower part to 5 /i would appear to consist of alternate dark and 
bright bands, and the part below 5 /a be nearly dark, but with 
feeble “ bright” bands at intervals. This appe^ance is shown 
in a plate accompanying the memoir. It is noted as a curious 
fact that the centres of several of the bands or lines are under 
some conditions found to be shifted to a recognizable extent, 
and hence their wave-lengths arc, within certain limits, variable. 
This apparent shift is found to be because the absorption does 
not increase symmetrically with the centre of the band, but more 
on one side than another, so as tp considerably modify the 
^position of greatest absorption. 

The Corona of 1889 December 22.— The March number 
of the Observatory contains a Woodburytype reproduction of 
this corona taken by the late Father Perry with a short focus 
reflector of Mr. Common’s, and a note by Mr. W. H. Wesley, 
assistant secretary of the Royal Astronomical Society, upon its 
prominent features. Mr. Wesley finds that, as in the eclipse of 
January i, 1889, the ejetension is greatest towards the equatorial 


regions, and on the longest exposed plate it can be .traced to 
nearly a diameter from the limb. A wide rift at the north pole, 
extending 60® or 70® along the limb, contains several fine straight 
rays similar to the polar rays in 1878 and 1889 January i, but not so 
numerous, regular, or distinct. The usual polar rays are scarcely 
distinguishable at the south pole. A remarkable fact is that the 
general mass of the corona on the eastern side is considerably 
broader from north to south than on the western side. This was 
also the case in 1878. Numerous prominences are seen on the 
eastern limb, and filates taken near the end of totality show a 
range of low prominences on the western limb. An interesting 
feature in the plates taken with the reflector is the photographic 
reversal of the prominences and the brighter parts of the corona. 
In the larger exposed negatives the prominences and the corona 
near the limb are bright instead of dark, whilst the limb itself 
is bounded by a very definite dark line indicating a double 
I reversal. 

The Nebular Hypothesis. — Mr. Herbert Spencer am- 
tributed an essay on Laplace’s famous theory to the iVestmiastcr 
Review for July 1858. With the assistance of Mr. Thynnc 
Lynn, a new edition of this essay has been prepared and 
distributed amongst leading astronomers at home and abroad. 

The revised calculations bring out more strongly than evt r 
Mr. Spencer’s views of the nebular hypothesis, and in particular 
the portion referring to Mars. When the essay first appeared 
the density of this planet was taken as 0*95, but recent an 1 
more exact determinations show the value to be much too high, 
and taking this into account the fact comes out that to agree 
with Mr. Spencer’s views Mars should have from one to four 
satellites as it has since 1877 been known to have. 

Olbers’s theory that the asteroids are fragments of an exploded 
planet is favoured, and the genesis of the thirteen short- period 
comets is found in the same catastrophe. It is needless to 
say that the theory is defended in a most masterly manner, 
although the arguments against its acceptation are overwhelming. 

Nebula, General Catalogue No. 4795. — The Journal 
of the Liverpool Astronomical Society for December 1889, 
which has just been issued, contains a note by Mr. W. K. 
Jackson on this nebula, R.A. 22h. 24m., N.P.D. iii® 24'. 

It is described in the General Catalogue as Remarkable, 
pretty faint, very large, extended or binuclear.” Mr. Jackson 
has carefully observed the nebula several limes, and finds that 
there are several stars involved, although no mention of them is 
made in the Catalogue, and that there is a strong suspicion of 
others beyond the reach of his 6 inch Grubb telescope. A sketch 
of the appearance accompanies the note. 

A New Asteroid. — Minor planet was discovered by 
Prof. Luther (Hamburg) on February 24. 

CAMBRIDGE ANTHROPOMETRY. 

A BOUT two years ago the results were published, in the 
Journal of the Anthropological Society, of the first batcli 
of measurements taken at Cambridge. These comprised rather 
more than 1100 cases. During the last two years a nearly equal 
number have been obtained, and it therefore becomes important 
to compare the results yielded by these distinct batches. 

The measurements proposed by Mr. Gallon, and adopted by 
the Cambridge Committee, were the following ; — (i) A test for 
the eyesight. The extreme distance at which a man could read 
“ diamond type ” (viz. the print employed in the little pocket 
Common Prayer-tooks) was noted with each eye separately ; 
the figures given in our tables indicate the mean of the two. It 
may be remarked that, as this instrument would only record up 
to 35 inches, and as about ten per cent, of the men could read 
at this distance, it is certain that many could have seen further. 
The arithmetical mean, therefore, though good enough for our 
present purposes, is here less scientifically appropriate than the 
median.” (2) A test of the muscular strength of the arms 
when employed in an action similar to that of pulling a bow. 
Two handles, connected at a convenient distance apart, are 
pulled away from each other against the pressure of a spring. 
(3) A test of the power of squeeze ” of each hand separately. 

In this case two handles stand a short distance apart, and are 
then pressed towards each other egainst the action of a spring. 
The hgures here given denote the mean of the two results. (4) 
Measurement of the size of the bead. This is taken in three 
different directions, viz. from front to back, between the two 
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sides^ and upwards from a line between the eye and the ear. 
The product of these three measurements is what is given in 
the annexed tables as “head*volumes.” It need hardly be said 
that these numbers do not assign the actual magnitudes of the 
heads ; but they do all that is wanted for our purpose, viz. they 
are proportional to these magnitudes, on the assumption, of 
course, that the average shape of the head is the same through- 
out. (5) A test of the breathing capacity. The volume of air, 
at ordinary pressure, that can be expired is measured by the 
amount of water displaced from a vessel. The result is given 
in cubic inches. (6) The height ; deducting, of course, the thick- 
ness of the shoes. (7) The weight, in ordinary indoor clothing. 
This is assigned, in our tables, in pounds. 

As regards the persons measured, they are exclusively students 
— that is, undergraduates, with a small sprinkling of bachelors 
and masters of arts. Nine- tenths of them were between the 
ages of 19 and 24 inclusive. Statisticians will understand the 
importance of this fact in its bearing upon the homogeneity of ; 
our results ; since a comparatively small number of measure- | 
ments, in such cases, will outbalance in their trustworthiness a j 
very much larger number which deal with miscellaneous crowds, j 
But it is not so much to the above characteristics that I wish 
to direct attention here as to one in respect of which our Uni- ■ 
versity offers an almost unique opportunity. No previous at- ! 
tempt, it is believed, has ever been made to determine by actual | 
statistics the correlation l:)ctween intellectual and physical capa- ; 
cities. What, however, with the multiplicity of modern exa- 
minations, and the intimate knowledge possessed by many tutors i 
about the character and attainments of their pupils, thi| could j 
here be effected to a degree which could not easily be attempted 
anywhere else. By appeal to these sources of information, the 
students were divided into three classes (here marked as A, B, 
and C), embracing respectively (i) scholars of their College, and 
those who have taken, or doubtless will take, a first class in any 
tripos ; (2) those who go in for honours, but fall short of a first 
class ; and (3) those who go in for in for an ordinary degree, to 
which class also are assigned those who fail to pass. It is not 
for a moment pretended that such a classification is perfect, even 
within the modest limits which it hopes to attain. Very able 
men may fail from indolence or ill-health, and very inferior ones 
may succeed through luck or drudgery. But it must be remeni- 
bered that we only profess to deal with averages, and not with 
individuals, and on average results such influences have little 
power. There are probably few cricket or football clubs in 
which one or more men in the second eleven or fifteen are not 
really better than some in the first, but no one supposes that the 
second team would have much chance of beating the first. ^ All 
that is maintained here is that our A, B, C classes, as ^ classes^ 
stand out indisputably distanced from each other in their 
lectual capacities. The average superiority of one oyer the 
next is patent to all who know them, and w'ould be disputed 
by very few even of the men themselves. • 

The plan adopted has been to classify the A, B, C men separ- 
ately, arranging each of these in sub-classes according to their age. 
On the last occasion about 1100 were thus treated, and it is very 
important to observe that the new batch (of about 1000) inde- 
pendently confirms the conclusions based on the previous set. 
Space can scarcely be aftbrded for these tables separately, so I 
only give here the results of grouping the entire two sets toge- 
tlier. But as a matter of evidence, it must be insisted upon that 
the two separate tables tell the same tale. ^ 

The following, then, are the results of thus tabulating the 
measurements of 2134 of our students - 

Table T. 

Class A (487). 


No. 

Age.j 

Eyes. 

Pull. 

Squew. 

Head. 

Breath, 

Height. 

Weight. 

10 

18 

213 

” 75*8 

75 '3 i 

235-8 

244:0 

68*13 

142*6 

42 

*9 

22 '6 

75*3 

8 o*9 

2429 

255-5 

69*04 

148*0 

99 

20 

237 

81 '2 

83 '5 

242*8 

252 7 

69*00 

152*1 

104 

21 

23 6 

81 -6 

82 '8 ' 

242*1 

255-2 

68 82 

152-3 

94 

22 

24 '6 

839 

87-1 : 

244-3 

* 57-2 j 

68*71 

154-0 

48 

23 

21 9 

82’0 1 

84*2 ' 

242*9 

262*8 

69*11 

149-7 

33 


236 

84-9 

! ^ 

245*9 

261*5 

68*90 

*54-8 

57 

! 

23-0 

8 o*9 

1 827 ■ 

247*2 

251 0 

68*59 

154-6 

Average.. 

23 '4 

; 81-5 

! 

83 s 

243-6 

255*6 

1 

68 85 

1 

» 52-5 


Class B (913). 


38 

18 

24*4 

77*4 

82*1 

236*7 

235-0 


148*5 

*.36 

*9 

35*4 

78*7 

80*3 

238*0 

249*8 

68 78 

149*7 

280 

20 

24*0 

82*5 

84*2 

237-3 

255-1 

69*08 

*S 3’5 

212 

21 

23-5 

83*7 

83-7 

235-5 

257-2 

68*841 

153*0 

*36 

22 

24*6 

84-7 

85-3 

239*2 

257*2 

69*17 

153*3 

54 

23 

227 

81*5 

83-5 

234-4 

259*0 

69*3* 

154*0 

21 

24 

26‘I 

90*6 

87-4 

245-5 

261 5 


157-7 

36 

25 

22*6 

» 5'8 

86*1 

237*1 

264*5 

6883 

157-2 

Average.. 

24*1 

CO 

84*4 

237-3 

254-9 

69*00 

152*8 





Class C (734). 




32 

18 

^ 4 '41 

82*4 

83-7 

234-2 

1 2380 

68*68 

156*0 

98 

^9 

24*8 j 

81*8 

83-6 

231-4 

250*0 

69*10 

152*9 

185 

20 

24*8 

83*5 

82*8 

235*0 

: 252*7 

69*03 

> 53*6 

163 

21 

23 7 

86*1 

84-5 

239-6 

! 258*1 

69 * 23 *» 

156*0 

123 

22 

24*4 

89-5 

86*6 

236*8 

' 255-5 

68*79 1 

* 55*4 

57 

23 

23*8 

88*1 

87*2 

238-5 

256*4 

68*97 

156*2 

26 

24 

25*4 

87*4 

36*1 

239-3 

244*0 


156*0 

50 

25 

24*0 

82*5 

84*2 

243-2 

247*5 

68*24 

* 54*2 

Average.. 

24-4 

85*2 

84*5 

236*8 

252*9 

68*93 

* 54*8 


These tables may be looked at from two points of view, which 
would commonly be called the practical and the theoretical. By 
the former, to speak in the more accurate language of statistics, 
I understand any conclusions to be involved which do not re- 
cognize distinctions of less than about 4 or 5 per cent, of the 
totals in question. Looked at with this degree of nicety, the 
main fact that the tables yield is, that there is no difference 
whatever (with a single exception, to be presently noticed) be- 
tween the physical characteristics of the different intellectual 
grades. Whether in respect of height, weight, power of squeeze, 

I eyesight, breathing capacity, or head-dimensions, there is no 
perceptible distinction. There are differences, of course, but 
to say whether or not these are of any significance requires an 
appeal to the theory of statistics and to tests beyond the reach 
of the practical'' standard. 

The one exception is in the power of ‘*pull." I called atten- 
tion to this two years ago ; but, with the bulk of statistics at 
that time at our command, 1 felt somewhat doubtful as to its 
i real significance. But there can scarcely be any doubt as to the 
' non-casual nature of a difference of power between the A and 
i C classes amounting to 4*6 per cent., when this difference dis- 
! plays itself between the averages of such large numbers as 487 
and 734 respectively. At least, if there were any doubt, it 
' would be removed by another mode of displaying the results, to 
' explain which a brief digression must be made. In the preced- 

■ ing tables the primary division into three classes was based on 
! intellectual differences. Let us make, instead, one based on 
i physical differences. Let the first class, in respect of each kind 
i of measurement, embrace ‘‘the best in ten" ; in other words, 

■ select the top 200, or thereabouts, in each separate list. Such a 
table will show, for one thing, the extent to which one kind of 
physical superiority is correlated with another ; and also, by 
reference to the triposes and tutors' information, it will^show 

! how these classes are composed in respect of their A, B, C con 
stituents. The following is such a table, arranged to show how 
such “ first classes " in one physical department stand in relation 
to the princip^ other such departments. 

Table II. 

Comparative Excellence in Different Physical Capacities . 



Eye*, i 

Pull. 

Squeeze. 

Breath. 

Height. 

Weight. 

1st Class, Eyesj 
„ Pull, 

,, Squeeze 
„ Breathj 
„ Height! 

34*6 

25-4 

24*2 1 

24 *9 ! 

25*3 1 

•86*6 

1*3*0 

96*5 

94*3 

88*0 

: 83*5 

, 93*9 
*03*7 
92*4 
90*4 

263*2 

280*2 

278*7 

320*5 

286*7 

69*40 

•69*82 

70*45 

7***9 

73-25 

157* 
*67 *3 
170*1 

167*3 

* 7**5 

Average student. *| 

24*1 j 

83*5 

84*2 

254*5 

68*94 

* 53*4 
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I shall call attention hereafter to certain conclusions furbished 
.by this table as to the correlation of these various physical 
characteristics. At present they are only appealed to in con- 
firmation of the fact alluded to above. It is rather curious 
that, when we sort out these first classes into their A, B, C con- 
stituentSp we find that, with the same single exception, the 
distribution is about what it would be on a chance arrangement. 
That is, the men of exceptional height or breathing capacity are 
just as likely to be found amongst the A’s as amongst the B*s or 
C’s. This IS the case even with the eyesight. Ihe first class 
here was confined to men who could read distinctly the small 
print (diamond) employed, at a distance of at least 35 inches ; 
with the additional restriction that the weaker eye of the two 
could read the same at 33 inches. Of such men there were 196 
out of 2134. Now had these been taken indiscriminately from 
the three classes A, B, C, the most likely proportions would have 
been respectively 44, and 68. The actual numbers were 46, 
88, and 62. But when we select in the same way a first class 
.consisting of 182) of the strongest pullers,” we find that 
whereastA, B, C, should contribute respectively 41, 78, and 63, 
they 'actually contribute 28, 78, and 83. Taken in connection 
with our previous results, the conclusion seems inevitable that 
this particular kind of physical superiority is, to a certain extent, 
for some reason or other, hostile to intellectual superiority. 

The question %vhy this is so is one which it is not easy to 
answer with confidence, but the following suggestion may be 
offered. The action of ‘‘ pulling ” is the only one in the above 
list of physical tests which is much practised in any popular 
games : it obviously is so in rowing, whilst in cricket a similar 
set of muscles appear to be exerted. But no known game ap- 
pears much to practise our squeezing ” power ; and, as regards 
the height, weight, breathing, and seeing powers, probably any 
form ^ of exercise which keeps a man in good health offers 
sufficient scope for development. It would therefore seem to 
meet all the observed facts if we sup]>ose that our hard-reading 
men ^ take amply sufficient exercise to develop their general 
physical powers fully up to the same relatively high standard 
found amongst the others ; but that the non- reading men, or a 
certain proportion of them, are rather apt to devote themselves 
to certain kind^ of exercise which develop a proportional 
superiority in one special muscular development. 

I should not have directed so much attention to this second 
table if it were not that such considerations have a very direct 
bearing upon a question of importance at the present day. As 
some readers of this journal probably know, it has been seriously 
discussed, in influential quarters, whether it is not advisable to 
take some account of physical qualifications in our Civil Service 
or other State examinations.^ By this, we may presume, is not 
to be understood any mere pass examination. The necessity of 
^ioine test of that kind may be taken for granted, and would 
naturally be secured by a medical certificate. Something much 
more serious than this may plausibly be defended, and on the 
following grounds. 

In most of the examinations of any magnitude with which the 
State is concerned, it may be taken as a fact of experience that 
the number of selected candidates bears some moderate ratio to 
that of those who compete. If two hundred men are found to 
go in and try, it will seldom be the case that there were very 
many more or less than fifty vacancies. Supply and demand, 
in a country in the present social and economic condition of 
England at any rate, will generally obviate any extreme dispro- 
portion between the two quantities. Now it is well known that 
where many aims of any kind are made at an object the so-called 
‘law of large numbers,” or “law of error,” comes into play. 
At the two ends of our list of competitors the discrepancies in 
their performances will be very great. But, for k wide range on 
both sides of the middle, the differences will be comparatively 
small. A glance at any one of the lists, which are published 
in the papers from time to time, of the selected candmates for 
the army, with the number of marks gained by each, will 
illustrate this. Near the top the difference between one can- 
didate and the next may be measured by hundreds of marks, 
whilst towards the bottom of the selected candidates (1./. to^ 
boards the middle of the coffipetitors) the difference will be given 
in tens only, or even in units. So marked is this tendency that 
any well-informed statistician could often give a very shrewd 
guess, from the mere inspection of such a list, as to the numter 

* Sec Mr. Galton’s paper on this subject at the last meeting of the British 
Association. 


of candidates who had failed to pass, and whose names therefore 
were not mentioned. 

Now, this being so, it follows that the differences between, 
say, the last 20 per cent, who succeeded, and the first 20 per 
cent, who failed, are extremely slight, in respect of the qualities 
thus tested. Might it not then be wise to take account of some 
other quality, and what better could be found than the physical ? 
If by sacrificing little or nothing of mental superiority we 
can gain a good deal of physical superiority, there is much 
to be said in favour of such a final appeal. If, for instance, 
we accepted, in the first instance, 20 per cent, more than we 
wanted to retain, and then subjected the whole number to some 
physical test, for which a moderate amount of marks were 
assigned, the men finally excluded would at worst necessarily be 
those who were only just admitted on the customary plan, and 
those finally admitted would at worst necessarily be those who 
otherwise would only just have been rejected. 

There is not space here to discuss fully any^ such proposal, but 
if any scheme of this kind is ever introduced its justification must 
rest on considerations such as those displayed in our second 
table. One or two results may be pointed out. In the first 
place, it must be insisted that the whole merit of any such scheme 
rests upon the assumption that mental superiority may be con- 
sidered as perfectly “independent” (in the mathematical sense) 
of physical. This we find is not quite the case as regards the 
“pulling” power, but is the case as regards every one of the 
other qualities here displayed. If we set much store upon tall 
men, or upon men with good eyes, we may rest assured that 
little or nothing will be sacrificed in the way of mental results by 
giving Reasonably good marks for such excellence. Again, it 
may be remarked to what extent these different kinds of physical 
superiority are correlated. It appears that great superiority in 
any one kind of physical power is accompanied by considerable 
superiority in every other. It is a striking fact that in only one 
of the thirty subdivisions there indicated, do we fail to find the 
“first class” man, in any one department, standing above the 
average man in every department. 

This being so, it is rather for the physiologist, or for the man 
of affairs, to select the particular physical test which is likely 
best to serve the public interest. So far as mere statistics are 
concerned, I should give the preference to the breathing power. 
For one thing, this appears, in my judgment, to be correlated, 
on the whole, with a higher general physical superiority than is 
the case with the other qualities. I apprehend also that good 
breathing power could not readily be “ crammed,” so to say, by 
attendance at a gymnasium, and by aid of professional advice 
and direction, as can be done to some considerable extent in the 
case of muscular power. 

It has been already remarked that high excellence in one 
physical capacity seems correlated with decided superiority in alt 
the others. This is evident from a glance at the tables. But it 
deserves notice that equally high excellence is not by any means 
implied. The chance of a man who is in one of these physical 
first classes being also in another such class is not very much 
more than what it would be if the two capacities were distributed 
at random. As a matter of fact, four men only out of the entire 
number are in every one of these first classes. As between the 
exertions of muscular strength apparently so closely similar as 
those of pulling and saueezing, it is found that only 44, out of 
the total of 195 in the latter, also secured a place in the former ; 
whereas a purely chance distribution might have been expected 
to secure as many as about 20. As between the corresponding 
selections, of about equal numbers, from the best in respect of 
eyesight and breathing, it appears that not more than 30 obtain 
a place in both classes. 

Turn now to some of the less obviou.s]y certain conclt^ions. 
Comparing the “ head- volumes ” of the students, two facts 
claim noticct viz. first, that the heads of the high-honour men 
are distinctly larger than those of the pass men ; and, second, 
that the heads of all alike continue to grow for some years after 
the age of 19. 

The actual amount of difference as between the A and C 
students is, of course, small. On our scale it is just about 7 
inches — that is 3 percent, on the real size of the head. Is 
this small difference to be regarded as significant ? The answer 
can only be given by an apMal to the tbeoiy of statistics, which 
yields the following conclusions. 

I must premise that the figures given here as average head- 
volumes were thus obtained. The average was taken of each of 
the three separate head-measurements (m the three directions 
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alreadyexplained) of each sub-class of students— of those of 
the A class who were 19 years of age ; these three were then 
multiplied together, and the product resulting.(in the case in 
Question, 242*9) was entered in the table. '^Vhat we have, 
therefore, is not strictly the mean of the products, but the pro- 
duct of the means. Theoretically, I apprehend, the former 
should have been preferred ; but as the extra labour entailed 
would have been very great, and as the difference, when dealing 
with large numbers of cases and small amounts of divergence, is 
extremely small, I have been content with the latter. It may 
be added that the actual computation was made in both of these 
ways for a sample number of cases, and the insignificance of 
the difference for our iJurposes of comparison was statistically 
verified. 


What theory directs us to do is of course to begin with deter- 
mining the probable error of the individual head-volumes of the 
men generally. This is found to be, on the scale in question, 
about 1 7 inches. The usual formula for the difference between 
the means of 734 of 4^7 would then assign to this difference 

a probable error of 17 x - + viz. nearly one inch. 

The actual observed difference, of nearly 7 inches, thus lies 
enormously outside the bounds of probability of production from 
mere statistical chance arrangement. But in this calculation 
there is a source of error omitted to which attention was directed 
not long ago by a correspondent in Nature, viz. the actual 
errors (in the literal sense of that rather unfortunate technical 
term) committed by the observer, or involved in the mechanism 
of the instrument. 7' wo years ago I had taken it for*granted 
that these were insignificant ; and, had it been otherwise, the 
materials at our disposal would hardly have enabled us to make 
the due allowance. But, as the correspondent pointed out, the 
error is by no means to be neglected, and we have now the 
means of fairly estimating it. A considerable number of men 
have been measured five or six times, and some even oftener, 
whilst one man, who seems to have had a morbid love of this 
ph} ^ical inspection, has actually had his various dimensions and 
capacities tested no less than eighteen limes during the course of 
some three years. These cases have furnished a fair basis of 
determination. They show that these personal errors are 
certainly greater than they should be {they seem to arise in part 
from a certain looseness in the machine, which will be remedied 


in future), amounting in certain extreme cases to as much as 
even half an inch on the single measurement, and therefore to 
much more in what appears here as a ** head- volume.” The 
resultant “ probable error ” from this fresh source of disturbance 
amounts to about five (cubic) inches. Those unfamiliar with 
probability may perhaps be staggered by such an admission, but 
they may be assured that the healing tendency of the averages 
of large numbers is very great, and that the results remain sub- 
stantially unaffected. The problem appears to be simply one^of 
the superposition of two independent sources of error, and may 
be stated thus : Given a large number (over 2000) of magni- 
tudes, with a mean of 239, and a probable error, about this 
mean, of 17 ; and assume that these magnitudes are inaccurately 
measured with a further probable error of 5 inches (as seems to 
be the fact), what is the probable error of the divergence be- 
tween the two averages obtained respectively from 734 and 487 
of these results ? The answer is still a little less than one inch. 
It is, that is to say, an even chance that the two averages will 
not differ by more than this ; and it is, consequently, thousands 
to one that they will not differ by so much as seven inches. 
The conclusions, therefore, previously drawn, lose little of their 
force. 

It seems to me almost as certain that the size of the^ head 
continues to increase up to at any rate the age of 24. This will 
be made clear by looking at the following diagram, which is 
drawn to show the sum of the figures of the head-measurements 
as contained in Table III. 

As regards the comparative physical endowments, in the other 
respects, of the different classes of students, there does not seem 
to be much to say. The differences — sometimes one way and 
sometimes the other — between them in respect of height, weight, 
breathing, and squeezing power, are so small as to be statistically 
insignificant! averaging only about I per cent. That the first- 
class honour men, however, have slightly inferior eyesight 
seems established, especially when we bear in mind that each 
batch of about looo cases tells the same tale ; the only evidence 
telling the other way is the fact, already adverted to, that when 
a class comprising *^the best in ten,” as regards eyesight, is 


selected from the whole number, we do not find any appreciable- 
intellectual selection to be thereby entailed. 

An equally trustworthy basis of comparison is found by ob- 
serving the distribution of the short-sighted men. Let us take 
as the limit of what shall be termed ‘Short sight” the ina- 
bility to read the diamond print with both eyes at a« distance 
greater than ten inches. Adopting this test, we find that th^ 
A, B, C classes furnish respectively 14, 11, and ii per cent.,, 
indicating a very small difference between them. 



The general conclusion to be drawn here seems, then, to be 
this. With the single exception of eyesight — and this to a very 
slight extent — it does not appear that intellectual ’ superiority 
in the slightest significant degree either correlated with any kind 
of natural physical superiority or inferiority, or that it tends 
incidentally to produce any general superiority or inferiority. I 
emphasize the word “general” in the last clause in order to 
allow for the difference shown in respect of pulling power. It 
seems probable, as has been already suggested, that the superi- 
ority of the non-honour men does not poiift to the slightest 
superiority of their general bodily development — as would be 
indicated perhaps if it displayed itself in respect of their height, 
weight, or breathing capacity — but is solely brought about by 
greater muscular exercise in the pursuit of certain athletic 
games. 

So much as regards the first and second tables. As regards 
the third — which is arranged in order to show the development 


Table III. 

Physical Development of Students from 18 io 25. 
A, B, C combined (2134). 


No. 

Ajje. 

Eyes. 

Pull. 

Squeeze. 

Head. 

Breath. 

Height. 

1. . _ 

Weight. 

80 

18 

24*0 

79*2 

81 *9 

23s 6 

237 3 

6872 

150*8 

276 

*9 

24*8 

79 ‘3 

81 -6 

2364 

250*8 

68*93 

150*5 

564 

20 

24*2 

82*6 

83*6 

237*5 

253*9 

69*05 

> 53-3 

479 

21 

23 6 1 

! 840 

83 *8 

238*3 

257*0 

6896 

>54*1 

3S3 

22 

24*6, 

86*2 

86*2 

239*7 

256*6 

68*91 

>54-2 


23 

22*8 

84*0 

85*0 i 

2384 

259-4 

69*12 

>53*5 

80 

24 

24*8 

88*4 

85-6 ! 

243*6 

255*8 

68*73 

156*0 

>43 

25 

23*3 

82*7 

84*1 1 

243*3 

i 253*2 

68*53 

>55*1 


of the physical powers between 18 and 25 — there is very little 
to be said, as statistics of this character offer no particular 
novelty. Such merit, therefore, as this may possess must depend 
mainly on the homogeneity of the class of men concerned. As 
indicated at the commencement of this paper, this homogeneity 
is equivalent to a considerable increase in the total numbers 
where more heterogeneous materials are dealt with. They 
appear to indicate that •the physical powers, as a whole, cul- 
minate at the age of 22 or 23, and thence begin to steadily 
decline. Too much stress, however, must not be laid upon the 
rate of decline here, since the last subdivision is of a somewhat 
less homogeneous character than the others. For one thing, 
the men of twenty-five really include those also who are over 
that age, though these are relatively but few. Again, whilst the 
men up to 24 remain (for all statistical purposes; identically the 
same individuals, with a year or two ,more added on to their 
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it would probably be found that a not insignificant propor- 
tion of those marked as 25 were men who were already ^Ider 
when they came into residence. J* Venn. 

About eighteen months ago a brief memoir of mine — Head 
Growth in Students at the University of Cambridge” — read 
before the Anthropological Institute, was published in Nature 
(vol. xxxviii. p. 15). The means obtained by Dr. Venn, of 
the “ head* products** of Cambridge students between the ages 
of nineteen and twenty-five were there thrown into the form 
of a diagram, and discussed. The head-product, I may again 
mention, is the maximum length of the head, x its maximum 
breadth, x its height above tne plane that passes through the 
following three points : 1 and 2, the apertures of the ears ; 3, 
the average of the heights of the lower edges of the two orbits. 

I drew curves that appeared to me to approximately represent 
the true average rate of growth, and deduced from them the 
following conclusions, in which I have now interpolated a few 
words in brackets, not because any criticism has been founded 
on their r mtsston, but merely as a safeguard against the pos- 
sibility of future misapprehension. 

(1) Although it is pretty well ascertained that in the masses 
of the population the brain ceases to grow after the age of nine- 
teen, or even earlier, it is by no means so with University 
students. 

(2) That men who have obtained high honours have had [on 
the average] considerably larger brains than others at the age of 
nineteen. 

(3) That they have [on the average] larger brains than othei*s, 
but not to the same extent, at the age of twenty-five ; in fact, 
their predominance is by that time diminished to [about] one- 
half of what it was. 

(4) Consequently, ‘‘ high honour ” men are presumably, as a 
class, both more precocious and more gifted throughout than 
others. We must therefore look upon eminent University suc- 
cess as [largely due to] a fortunate combination of these two 
helpful conditions. 

These conclusions have been latterly questioned by two of 
your corres]>ondents, partly on the ground of discordance among 
the data, and partly on that of insulBcient accuracy of the indi- 
vidual observations. To this I replied, that materials had since i 
been accumulating, and that a second batch of observations, 
about equally numerous writh those in the first, were nearly ripe 
for discussion, and that I thought it better to defer discussion 
until these had been dealt with ; then, their agreement or dis- 
agreement with the first batch would go a long way towards 
settling the doubt. 

This second batch of observations has now been discussed by 
Dr. Venn on exactly the same lines as the first one, and 1 give 
the results of both in the annexed diagram. The data from the 


A C A .-.f.: C 
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first batch, which formed the basis of the above-mentioned i 
memoir, are here shown by dots with little circles round them ; ' 
those from the second batch by crosses. 

To the best of my judgment, the conclusions that were reached I 
before are now confirmed. No person,, can, I think, doubt that I 
{.he swarm of tlje A dots, and that of the C dots, are totally 
'distinct in character. 1 have avoided drawing curves tbrougn ' 
•either of them, lest by doing so the effect of the marks, when | 
standing alone, should be overpowered, and it might ^ pre 
judiced. In their place, small urow-hmids are placed outside 
•each diagram, to indicate the direction of the stretched thread 
.that seemed most justly to represent the general trends of the 


two swarms of dots. Then, for the sake of convenient com- 
parison, lines corresponding to these threads have been placed 
on the third dit^ram. It must, however, be understood that I 
have supposed die lines to be drawn straight, merely for con- 
venience. In making my own final conclusions, I should take 
into account not only what the swarms of dots appear by them- 
selves to show, but also the strong probability that the rate of 
head-growth diminishes in each successive year, and I should 
interpret the true meaning of the dots with that bias in my 
mind. Francis Galton. 


SOC/ET/ES AND ACADEMIES. 

London. 

Chemical Society, February 6. — Dr. W. J. Russell, F.K..'>., 
in the chair. — 'The following papers were read : — Observations 
on nitrous anhydride and nitric peroxide, by Prof. Ramsr.y, 
h'.R.S. The author recommends as the best method of pre- 
paring pure nitrogen peroxide that the deep blue-green liquid, 
supposed to be a mixture of this oxide with nitrous aphydride, 
which is obtained by condensing the products of the interaction 
of arsenious oxide and nitric acid, be added to a solution of 
nitric anhydride in nitric and phosphoric acids, prepared by 
adding phosphoric anhydride to well-cooled nitric acid ; after 
agitating the mixture, the upper layer is decanted and distilled. 
He assumes that the two oxides interact according to the 
equation : N3O3 -f- The melting-point of tlie 

peroxide was found to be io°*i4, in agreement with Deville ami 
Troost’s statement. The depression of the freezing-point caused 
by one part of chloroform in 100 parts of the peroxide was 
o’*35> ®nd by one part of chlorobenzene d’y] ; the molecular 
depression is therefore 41’. The heat of fusion, W, of the per- 
oxide, calculated from this number and the observed fusing- 

point, by Van’t Hoff’s formula W = ° where T is the 

t 

freezing-point of the solvent in absolute d^recs and t the mole- 
cular depression, is 337 cals, ; a direct determination gave 32 7 
cals. To determine the molecular weight of nitrous anhydride, 
a known quantity of nitric oxide was passed into the peroxide, 
and the depression of the freezing-point determined. Assuming 
that an amount of nitrous anhydride equivalent to the nitric 
oxide was formed, the results gave the values of 80*9, 927, .-ind 
81 'o against 74, the value corresponding with the formula NjO;,. 
The author was unsuccessful in freezing nitrous anhydride even 
at - 90" by means of liouefied nitrous oxide. It was found to 
be soluble in this liquid, and it was further observed that os 
evaporation took place nitric oxide gas was given off together with 
the nitrous oxide ; it would therefore appear that NgOs is unstable 
even at the very low temperature at which nitrous oxide is liquid. 
I.i the discussion which followed the reading of the paper, Mr. 
Pickering pointed out, with referebce to Prof. Ramsay’s deter- 
mination of the heat of fusion of nitric peroxide, that observations 
on substances which exercise an appreciable influence on each 
other cannot safely be used in deducing the heat of fusion. 
Thus in the case of mixtures of water and sulphuric acid, solu- 
tions containing 29*5, 18'$, 8*6, i‘o, and 0*07 per cent, of acid, 
gave respectively the values 37*4, S8'3, 79*9, 74'9, and $ 6’3 as 
the heat of fusion of water, instead of 79'6. In reply to Mr. 
Wynne, who remarked that nitric oxide alone shoiud interact 
with nitric anhydride in the way attributed to NjO*, Prof. 
Ramsay stated that he had not examined the action of nitric 
oxide on nitric anhydride. — Note on the law of the freezing- 
points of solutions, by Mr. S. U. Pickering. — The action of 
chromium oxychloride on nitrobenzene, by Messrs. G. G. 
Henderson and Mr. J. M. Campbell. — Studies on the constitution 
of the tri-derivatives of naphthalene ; No. i. The constitution 
of 3-napbthol- and /S-naphthylaminedisulphonic acids R. and G. ; 
naphthuenemetadisulphonic add, by Prof. H. Armstrong, 
F.R.S., and Mr. W. P. Wynne. After alluding to the great 
theoretical importance of a study of the tri-derivatives of naphtha- 
lene, the authors draw attention to the necessity of determining 
the constitution of those tri-derivatives which are employed 
technically in the mannfiusture of azo-dyes in order that the 
dependence of colour and tinctorial, prt^rties on structure may 
be determined ; and espedalH is tHis tM case, since all are not 
equally valuable— ft-naphtholdfiftdphonic add G. (Gelb), like 
Bayers /l-naphtholinonosulphonie add, interacting but slowly 
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with diazp-salts^ whilst the corresponding /3-naphthylamiae- 
(lisulphonic acid G, like the Badische modification of iS-naphthyl- 
aminemonosulphonic acid, is incapable of forming azo-dyes with 
the majority of diazo-salts. The method adopted ih this and the 
following papers consists firstly in displacing the NH, radicle by 
hydrogen by v. Baeyer’s hydrazine method and determining the 
constitution of the resulting naphihalenedisulphonic acid, and 
secondly in substituting chlorine fortheNH^radiclebySandmeyer’s 
method, and characterizing the resulting chloronaphthalene- 
disulphonic acid and the trichloronaphthalene derived from it by 
treatment with phosphorus pentachloride. /8-naphthyIamine- 
ilisiilphonic acid R is in this way found to have the constitu- 
tion [NHg : SO3H : SO3II = 2:3:3' (for nomenclature, see 
Nature, vol. xxxix, p. 598)], and / 3 -naphthyIaminedisulphonic 
acid G, the constitution [NHg : S 08 H : SOgH = 2 : 1' : 3'J. 
From the latter acid by^ the hydrazine method naphthalenemeta' 
disiilphonic acid, the fifth known naphthalenedisulphonic acid, 
has l}een prepared ; this yields a disulphochloride melting at 
137'’, and 1 : 3-dichloronaphthalene melting at 6i®‘5. The further 
investigation of derivatives of this acid is expressly reserved by 
the authors. The results obtained in the case of the G acid 
make it evident that, as in the case of the Bayer y 3 -naphthol- 
sulphonic acid [OH : SOgll = 2 : I'J and Badische / 3 -naphthyl- 
aminesul phonic acid [NHj : SO3H - 2 : I'J, the action of diazo- 
salts is cither retarded or prevented by the protecting influence 
exercised by an a-i'-sulphonic group. — Studies on the constitution 
of the tri -derivatives of naplhlhalene ; No. 2, a-amido-i : 3'- 
naphthalenedisulphonic acid, by the same. The constitution of 
the acid known technically as a-naphthylamine-e disulpjionic 
acid is found to be [Nil^ : SO3H : SO3II = i' : i : 3'], a result 
agreeing with that arrived at by Bernthsen {Be 7 \ der. dettf, 
rJh'in. Ccsflhch .22, 3327). — Studies on the constitution of the 
tri derivatives of naphthalene ; No. 3, a-naphthylaminedisul- 
plioiiic acid, Dahl, No. iii., The constitution of naphthol-yellow 
S., by the same, a-naphthylaminedisulphonic acid No. iii. of 
J )ahl’s patent (Germ. pat. No. 41,957), which when diazotised 
and warmed with nitric acid yields naphthol-yellow S., is found 
to have the constitution [NHj : SO3H : SO3H — 1:4: 2'], 
whence it follows that naphthol-yellow S. has the constitution 
[Oil : NOa ; NOo : S03li = 1:2:4: 2'J. The trichloro- 
naidithalene prepared from the a-naphthylaminedisulphonic acid 
n thuds a remarkable case of dimorphism : it is sparingly .soluble 
in hot alcohol from which it crystallizes in slender needles melting 
at 66"’ ; if the melting-point be redetermined as soon as solidifi- 
cation has taken place, it is found to be Sfi'", but if determined 
after a longer interval, 66"*, as in the first instance. The tri- 
chloronaphthalenes prepared by Cleve from nitro-i : 3'-dichloro- 
naphthalene (m.p. given as 65®), and by Widman from i : 4- 
dichioronaphthalene-/ 9 -sulphochloride (m.p. given as 56^ are 
found to be identical wdth this compound, and to behave in the 
same way on fusion. 

Geological Society, Febniaryai. — Annual General Meeting. 
— Dr. W. T. Blanford, P\R.S., President, in the chair. — After 
the reading of the reports of the Council and of the Library and 
Museum Committee for the year 1889, the President handed the 
Wollaston Medal to Prof. J. W. Judd, F.R.S., for transmission 
t<j Prof. W. Crawford Williamson, F.R.S. ; the Murchison 
Medal to Prof. K. Hull, F.R.S. ; the Lyell Medal to Prof. T. 
Rupert Jones, F.R.S. ; the balance of the Wollaston Fund to Mr. 
W. A. E. Ussher ; the balance of the Murchison Geological 
Fund to Mr. E. Wethered ; the balance of the Lyell Geological 
Fund to Mr. (^ Davies Sherborn ; and a grant from the proceeds 
of the Barlow-Jamcson Fund to Mr. W. Jerome Harrison. — The 
President then read his anniversary address, in which, after 
giving obituary notices of several Fellows, Foreign Members, and 
Foreign Correspondents deceased since the last annual meeting, 
including the Venerable Archdeacon Philpot (who was the senior 
Fellow of the Society, having joined it in 1821), Dr. H. von 
l^cchen (the oldest Foreign Member, elected in 1827), Mr. 
Robert Damon, Mr. J. F. La Trobe Bateman, Mr. W. H. Bristow, 
Dr. John Percy, the Rev. J. E. Tenison Woods, Mr. Thomas 
Hawkins, Prof. F. A. von Quenstedt, Prof. Bellardi, Dr. Leo 
Lesquereux, and Dr. M. Neumayr, referred briefly to the 
condition of the Society during the past twelve months, and to a 
few works on palseontologicfu subjects published in the same 
period. He also mentioned t^ finding of coal in situ in a 
t)oring at Shakespear Cliff, and then proceeded with the main 
subject of his adaress— *namely, the question of the permanence 
of continents and ocean-basins. After previewing the evidence 


dcrivedifrom the rocks of oceanic islands and the absence 
deep'Sei deposits in continental strata of various ages, he pro- 
ceeded to the point.s connected with the geographical distribution 
of animals and plants, and gave reasons for believing that 
Sclater's zoological regions, founded on passerine birds, were 
inapplicable to other groups of animals or plants, and that any 
evidence of continental permanence based on such regions was 
worthless. He also showed that both elevations and depressions 
exceeding 1000 fathoms had taken place in Tertiary times, and 
gave an account of the biological and geological facts in support 
of a former union between several lands now isolated, and 
especially between Africa and India xnd Madagascar, and 
between Africa and South America. From these and other 
considerations it was concluded that the theory of the permanence 
of ocean-basins, though probable, was not proved, and was 
certainly untenable to the extent to which it was accepted by 
some authors. — The ballot for the Council and Officers was 
taken, and the following were duly elected for the ensuing year : 
— President: A. Geikie, F.R.S. Vice-Presidents: Prof. T. G. 
Bonney, F.R.S., L. Fletcher, F.R.S., W. H. Hudlcston, 
F.R.S., J. W. Ilulke, F.R.S. Secretaries: H. Hicks, F.R.‘S., 
J. E. Marr. Foreign Secretary: Sir Warington W. Smyth, 
i'.R.S. Treasurer: Prof. T. Wiltshire. Council : Prof. J. F. 
Blake, W. T. Blanford, F.R.S., Prof. T. G. Bonney, F.R.S., 
James Carter, John Evan.s, F.R.S., L. Fletcher, F.R.S., 
A. Geikie, F.R.S., Prof. A. H. Green, F.R.S., A. Harker, 
11 . Hicks, F.R.S., Rev. Edwin Hill, W. H. Hudleston, F.R.S., 
J. jN. Hulke, P'.R.S., Major-General C. A. McMahon, J. E. 
"Marr, II. W. Monckton, E. T. Newton, F. W. Rudler, Sir 
Warington W. Smyth, F.R.S., W. Topley, F.R.S., Rev. G. F. 
Whidbornc, Prof. T. Wiltshire, II. Woodward, F.R.S. 


Paris. 

Academy of Sciences, M.arch 3. — M. Ilermite in the chair. 
— On the absorption of atmospheric ammonia by soils, by 
M. Th. Schloesing. Experiments were made on the quan- 
tities of ammonia absorbed in a given time by various soils — viz. 
non-calcareous earths, similar to those previously used in 
the fixation of free nitrogen, earths containing 40 per cent, 
of calcareous matter, and entirely calcareous earths. The 
analytical results are given for each case. — Contribution to 
the chemistry of the truffle, by M. Ad. Chatin. — Upon the 
method of using, and the theory of, seismographic apparatus ; 
note by M. G. Lippmann. The theory of the deduction of the 
true movement of the soil from the apparent movement, as in- 
dicated by the instruments, is mathematically discussed. A 
general solution of the problem is given, and applied to some 
special cases. — An historical note on batteries with molten elec 
trolytes, by M, Henri Becquerel. It is shown that M. Lucien 
Poincare was not justified in claiming the invention of such 
batteries, as M. Jablochkoff, so long ago as 1877, proposed the 
combustion of carbon in the nitrates as a source of electricity ; 
and still earlier^ thirty-five years ago, M. A. C. Becquerel 
studied similar methods. — A facsimile atlas to illustrate the 
hisioiy of the earliest period of cartography, by M. A. E. 
Nordenskiold. — Observations of the new minor planet, Luther 
© (Hamburg, February 24, 1890), made at the Paris Obser- 
vatory (equatorial of eastern tower), by Mdlle. D. Klumpke. 
— On the transversal magnetization of magnetic conductors, 
by M. Paul Janet. — On the localization of interference fringes 
produced by Fresnel mirrors ; note by M. Charles Fabry. — 
Researches upon the dispersion of aqueous solutions, by MM. 
Ph. Barbier an<VL* Roux. The authors find, for concentrated 
solutions, that, u B be the dispersive power and p the weight of 
anhydrous substance dissolved in unit of volume of the solution, 
the relation B = K/ + b bolds, l> being always sensibly equal to 
the dispersive fpower of water. The specific dispersive power 
is practically a constant quantity for each substance. — On 
the vapour- density of the chlorides of selenium, by M. C. 
Chabric. -—Upon some derivatives of erythrite, by MM. li. 
Grimaux and Ch. Cloez. The writers, by investigating the 
transformations of h}rdrofurfural, have attempted to establish 
its constitution and the method whereby it is formed from 
erythrite. They conclude that hydrofurfurane may be repre- 
CH . CH,v 

sented by the formula || pO. — Derivatives of hepta- 

CH . ch/ 

methylene ; note by M. ,Markownikoff.-j-Researches on the 
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preparation and properties of aricine, by MM. II. Moissan and 
Ed. Landrin. — Influence of light and of the leave/ upon 
the development of the tubers of the potato, by M. Pagnoul. — 
The comparative physiology of the sensations of taste and touch ; 
note by M. Raphael Dubois. — A method of studying the nuclei 
of whii^e corpuscles, by M. Mayet. — On the localization, in 
plants, of the principles which yield hydrocyanic acid, by M. 
Leon Guignard. — On the intensification of sexuality in a hybrid 
{Ophrys tenthredinifero-scolopax)^ note by M. L. Trabut. — 
On the relations which appear to exist between the Cretaceous 
Mammalia of America and the Mammalia of the Cernaysienne 
fa^na in the neighbourhood *of Rheims. — Remarks by M. Albert 
Gaudry on the communication of M. Lemoine ; appearances of 
inequality in the development of the beings of the Old and New 
Worlds. — New anthropological discoveries at C ham pigny (Seine), 
by M. £mile Riviere. — Note on the formation of the delta of the 
Neva, according to the latest researches, by M. Venukoff. 


Chbmical Society, at 8.— The Evidence aflorded by Petrographical 
Research of the Occurrence of Chemical Change under Great Pressures ; 
Prof. Judd, F.R.S. 

Zoological Society, at 4. 

Institution or JBlbctrical Enoinbbrs, at 8. 

Royal Institution, at 3.— The Early Developments of the Forms ot 
Instrumental Music (with Musical Illustrations): Frederick Niecks. 

FRIDAY, March 21. 

Physical Soanv. at 5.— On the Villari Critical Point of Nickel : 
Herbert Tomlinson. — On Bertrand's Idiocyclophanous Prism : Prof. 
Silvanus Thompson. 

Institution or Civil Enoinbbrs, at ?. 30. —Economy Trials of a Com- 
pound Mill-Engine and Lancashire Boilers : L. A. Legros. 

Royal Institution, at 9.— Electro^magnetic Radiation: Prof G. F. 
Fitzgerald, F R.S. 

SATURDAY, March 22. 

Society of Arts, at 3. — The Atmosphere : Prof. Vivian Lewes. 

Koval Botanic Society, at 3.45. 

Royal Institution, at 3.— Electricity and Magnetism: Right Hon. 
Lord Rayleigh, F.R.S. 


DIARY OF SOCIETIES. 

London. 
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Royal Society, at 4.30. — On the Organization of the Fossil Piauis of the 
Coal-Measures, Part 17: I^f. W. C. Williamson, F.R.S. — The Nitri- 
fying Process and its Specific Ferment, Part x : Prof. P. F. Frankland 
.and Grace C. Frankland. 

Mathematical Society, at 8. — Some Croups of Circles connected wUh 
Three given Circles : R. I.Achlan.— Perfect Numbers: Major P. A. Mac- 
Mahon, R.A. 

Society of Arts, at 5. — Agriculture and the State in India: W. R. 
Robertson. 

Institution of Electrical Engineers, at 8. — The Theory of Armature 
Reactions in Dynamos and Motors: Jatnc.s Swinburne. — Some Points in 
Dynamo and Motor Design : W. B. Esson. (Discussion.) 

Royal Institution, at 3 —The Early Development of the Forms of 
Instrumental Music (with Musical Illustrations) : Frederick Niecks. 

FRIDAY, March 14- 

Royal Astronomical Society, at 8 . 

Royal Institution, at 9.— The Glow of Phosphorus: Prof. T. E. Thorpe, 
SATURDAY, March 15. 

Society or Arts, at 3. — The Atmosphere : Prof Vivian Lewes. 

Royal Institution, at 3. — Electricity and Magnetism: Right Hon. Lord 
Rayleigh, F.R.S. 

SUNDAY. March t6. 

Sunday Lecture Society, at 4. — A Trip to British Columbia— the Life 
of an Emigrant In North-West Canada (with Oxyhydrogen Lantern Illus- 
trations) : Dr. James Edmunds. 

MONDAY, March 17. 

Society of Arts, at 8.— Some Considerations concerning Colour and 
Colouring : Prof. A. H. Church, F.R.S. 

Aristotelian Society, at 8.— Symposium — The Relation of the Fine 
Arts to one another : B. Bosanquet, K. W. Cook, and D. G. Ritchie. 

TUESDAY, March 18. 


BOOKS, PAMPHLETS, and SERIALS RECEIVED. 

The Reign of Law, iQth Edition : Duke of Argyll (Murray). — Recherches 
sur les Trembleoients de Terre: J. Girard (Paris, Leroux). — The English 
Sparrow in North America: Dr. C. H. Merriam and W. B. Barrows 
(Washington). — Facsimile-Atlas to the Early History of Cartography : A. 
E. Nordenski 5 lci ; translated by J. .A. Ekeldt and C. R. Markham (Stock- 
holm). —Birds* Nests, Eggs, and Egg-Collecting: R. Kearton (Cassell). — 
Force as an Entity with Stream, Pool, and Vrave Forms : Lieut -Colonel 
W. Sedgwick (Low).— Notes on Indian Economic Entomology (Calcutta). — 
National Academy of Sciences, vol. 4 ; Second Memoir, the Solar and the 
Lunar Spectrum : S. P. Langley.— Erlfiuterungen zu dcr (^ologischeu 
Uebersichtskarte der Alperi: Dr. F. NoC (Wien, H 5 lzel). — ^Journal of 
Morphblogy, vol. 3, No. 3 (Collins). — North American Fauna, No. 3 : C. 
H. Merriam (Washington). — Himmel und Krde, Heft 6 (Berlin). 
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A NATURALIST IN NORTH CELEBES. 

A Naturalist in North Celebes. By Sydney). Hickson, 
M.A. (Cant), D.Sc. (Lond.), M.A. (Oxon. Hon.Caus.). 
With Maps and Illustrations. Pp. 392. (London 
John Murray, 1889.) 

T his book is the outcome of the residence of a 
specialist for nearly a year upon a small island 
oft* the extreme north point of Celebes. Of books of travel 
there is in these days no lack, and so beaten are the 
paths along which authors for the most part lead us, that 
the reader in search of amusement or instruction not 
infrequently arrives at the index without having met 
with either. But Dr. Hickson’s is not a book of travel : 
it is a record of a naturalist’s life with an almost bound- 
less submarine field for observation close at hand — albeit 
terrestrially somewhat limited — and when he leaves his 
coral-girt island, it is to wander in that little-known archi- 
pelago which links Celebes to the Philippines, the Sangir, 
Nanusa,and Talaut groups, whither few but adventurous 
Dutchmen have penetrated. 

Of the fourteen chapters, three are devoted to Talisse^ 
the island on which Dr. Hickson conducted his observa- 
tions. Four arc descriptive of his wanderings in the 
groups just mentioned, and the remainder for the most 
part treat of the Minahassa district, its natives, and their 
mythology and customs. Of these, the author tells us in 
his preface that “ the greater part of the ethnological 
portion of the book is borrowed from the valuable writings 
trf be found in many of the reports of missionary and 
other societies, and in Dutch periodicals.” 

Dr. Hickson owing his voyage almost entirely to a 
desire to study the corals of the Malay Archipelago, it is 
naturally to that part of the book which treats of them 
that we first turn. No one has ever yet done justice to 
the wonderful beauties of coral-land, and the author, ill 
common with his predecessors, has failed — as everyone 
must fail — to convey to the untravelled reader an adequate 
idea of the appearance of a vigorous reef. Perhaps the 
very fact of being an authority has lessened his chance of 
success. The description is nevertheless a good one, and 
the chapter (vi.) the most important in the book. Dr. 
Hickson has wisely relegated his technical work to the 
publications of the various learned societies, but he tells 
us much of interest. The first sight of a coral reef at 
close quarters astonished him — specialist as he was : — 

** I could not help gazing with' Wonder and admiration 
on the marvellous, sight. ... I bad expected to see a 
wonderful variety of graceful shapes in the branching 
madrepores and the fan-like, feather-like aIc>ronarians, 

. . . but I was not prepared to find such brilliancy and 
variety of colour” (p. 15). 

That vexed and most important question, the growth 
of coral reefs — a question upon which it was to be hoped 
that Dr. Hickson might be able, from the length of his 
stay and his varied opportunities, to enlighten us — is left 
pretty much- where it was. We should be able to pre- 
dict with certainty the direction and the rapidity of 
VoL. XLI.— Na 1064. 


. growth. As it is now, charts of coral islands and reefs 
' become almost valueless in the course of a few years. 
But the causes both of growth and erosion are still un- 
determined. Much, no doubt, depends upon tfap rapidity 
of the tides. In strong tide-races no true coral reef is 
ever formed. “ Flowing water, which is neither too swift 
nor too stagnant, bearing the kind of food necessary for 
the proper nourishment of t^e corals,” is, as Dr. Hick- 
son justly remarks, a strongly predisposing element to 
vigorous growth. Y^t this is not always the case, neither 
does the converse always hold good ; and we cannot 
^ agree entirely with the author when he says, '‘in deep 
bays or inlets, where tidal and ocean currents are 
scarcely felt, there is but little vigour in the reef.” The 
inner harbour of Amboyna displays as ricl^ a “sea 
garden,” perhaps, as any in Malayan seas. 

' Dr. Hickson’s daily work on the reefs led him to the 
certain conclusion that but one true species of Tubipora 
exists. The size of the tubes and the character of the 
I septa — upon which most of the species are founded — are* 
shown to be utterly without specific value ; these differ- 
*ences depending entirely upon the position of the coral 
on the reefs. The following remarks upon a fact which 
must have struck most naturalists in tropic seas, but 
which we do not remember ever to have seen in print 
before, are worthy of quotation. Talking of sunrise and 
early morning, he says : — 

“ Not only are the birds and insects, which disappear 
as the sun becomes more powerful, particularly visible at 
that hour, but it is the time of day above all others 
when the surface of the sea teems with animal life. I 
remember well my disappointment when I first got into 
tropical waters at finding that my surface-net invariably 
came up almost empty. It was not until I had been at 
work some time that I made the very simple discovery 
that in the early morning hours every sweep of the net 
brings up countless pelagic forms of all sizes and descrip- 
tions” (p. s8). 

The question of the food of corals is yet unsettled ; but 
I the author, after careful examination of polypes of various 
kinds, is inclined to the belief that many of them may be, 
partially at least, vegetable feeders. No doubt the water 
n the vicinity of mangrove-swamps is very largely charged 
with the d/bris of leaves and fruit and wood, some of 
which, sinking to the bottom, must enter the mouths of 
the polypes. Upon the mesenterial filaments of the 
I Alcyonarians, indeed, particles of vegetable fibre are 
frequently found. It is suggested that the vigorous reefs 
frequently seen near extensive swamps, may be explained 
by such an hypothesis. Upon Darwin’s theory of the 
formation of atolls, Dr. Hickson had little opportunity of 
forming an opinion — little, at least, until he visited the 
archipelagos already mentioned. He ultimately came to 
a disbelief in the general subsidence theory, and is not 
opposed to Mr. Murray’s view — that coral reefs can, 
under favourable circumstances, grow out into deep sea- 
water upon the talus o( their own dibris. 

Among many references to birds occuss an accounts 
(p. 41) of the existence of the maleo, or brush-turkey, in 
Ruang Island. Unfortunately, we are not told whether 
this is Megacephalon maleOf or the smaller Afegapodius 
gilberti. They were most probably the latter; but it 
would be interesting to know, for the true Megacephalon 
of Celebes has nevet, we believe,* been recorded as 

X 
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occurring in the smaller islands. Meyer’s story of'the 
whimbrcls nesting on trees (probably Numenius uro- 
Pygialis, Gould, by the way — not N. pheeopus) is quoted, 
but without comment, and it is worthy of remark that no 
naturalist has as yet confirmed it. Dr. Hickson is not quite 
accurate in his statement that there are only two Cele^an 
birds which are likewise English. He must often have 
noticed, in his rambles along shore, not only the common 
sandpiper, but also the wide-ranging Strepsihxs interpres 
and one or more of the genus Totanus, which are not 
unfamiliar to us at home. 

Perhaps one of the best passages in the book is that I 
describing a mangrove-swamp, where the extraordinary' : 
conditions of life obtaining within its limits, and the j 
interdependence of that tree and the coral reef, are well ' 
illustrated. The scenery of Talisse Island is not par- : 
ticularly beautiful, although the author does not tell us 
so ; but that of the district of Minahassa on the main- 
land is strikingly lovely, and he describes the view of the ' 
'Tondano Lake as one without an equal. It was unspoilt 
to him even by the thought of the “ heerendienst^* —xXxax. 
system of compulsory service which has acted as a reef 
rag to so many Englishmen. Dr. Hickson is not so pre- 
judiced, and is wise enough to recognize — as did Wallace 
— the enormous advantage which it has conferred upon 
the people. 

“ I cannot help thinking,” he says (p. 208), “ that every- 
one who is really acquainted with the circumstances of 
these colonies and the character and condition of the 
people must adipit that it is a service both necessary and 
just. The Dutch Government has brought to the people 
of Minahassa not only the blessings of peace and security, 
but also the possibilities of a very considerable civiliza- 
tion and commercial prosperity. ... In return for all 
this, it is only just that every able-bodied man should be 
compelled to lend a hand in maintaining this happy con- 
dition of afiairs. In a land where the necessities of life 
are so easily obtained, ... it would be impossible for 
the Government to obtain a sufficient number of them to 
labour on the roads at a reasonable wage.” 

I 

The consequence is that they would be neglected. 
The heerendienst, then, as Dr. Hickson shows, is the 
only system possible, without overburdening the Ex- 
chequer, or increasing the taxation beyond the endurance 
of the jjeople. 

We have not space to dwell upon the description of 
the Sangir Islands, or on the mythology and customs of 
the natives of Minahassa, which Dr. Hickson has done 
well to put within the grasp of those who are unacquainted 
with the Dutch language. Among the folk-lore it is 
interesting to notice (p. 241) the story of Lumimuiit’s 
impregnation by the west wind — a story which, if we 
mistake not, is almost identical with one of Egyptian 
source. The “ swan-maiden ” tale — which, perhaps, has 
as wide a distribution over the surface of the globe as 
any other — again occurs in Celebes. Enough has been 
said to show that** a naturalist in North Celebes ’’had 
a varied inte/est in his surroundings, which he has con- 
trived to communicate to his readers with success. A 
little more care, perhaps, would have purged the volume 
of several misprints, and one or two instances of involved 
diction. 

The woodcuts with which the book is furnished are 
well enough. We wish that anything could be said in 


favour of the ** process ” illustrations. That at pi 33 is- 
bad, and another at p. 137 still worse. But anything- 
more muddy and meaningless than that facing p. 45 we 
confess never to have seen. 

F. H. H. Guillem.ard. 


SAlNT-VENANrS ELASTICAL 
EESEARCNES. 

The Elasiical Researches of Barri de Saini-Venant. 
(Extract from Vol. II. of Todhunter’s ** History of the 
Theory of Elasticity.”) Edited, for the Syndics of the 
University Press, by Karl Pearson, M.A., Professor of 
Applied Mathematics, University College, London. 
(Cambridge : At the University Press. London : C. 
J. Clay and Sons. 1889.) 

O UR fears lest this ** History of the Theory of Elasti- 
city” should, like Thomson and Tait’s ** Natural 
Philosophy,” remain a magnificent mathematical torso 
have been agreeably falsified by the early appearance of 
this instalment of the second volume. It is devoted 
entirely, to the work of Saint-Venant, the distin guished 
French mathematical engineer. 

Saint-Venant is one of the rare examples of a writer 
who is equally popular with the mere mathematician and 
with the practical engineer. To quote from the author’s 
preface to this part of the “ History of Elasticity,” **we 
live in an age when the physicist awaits with not un- 
reasonable excitement for greater revelations than even 
those of the past two years about the ether and its 
atomic offspring ; but we live also in an age when the 
engineer is making huge practical experiments in elasti- 
city, and when true theory is becoming an absolute 
necessity for him, if his experiments are to be of prac- 
tical as well as of theoretical value.” This is the 
opinion of the theorist ; but the engineer points to his 
work as magnificent experiments on a gigantic scale, to 
which he invites the theorist to an inspection, for him to 
deduce his theoretical laws. 

So far as pure theory is concerned, the engineer trusts 
only to Hooke’s law, and Euler’s theory of the beam, 
which neglects the warping of the cross-sections. But 
Hooke’s law is shown by the testing-machine to be 
only a working hypothesis within very narrow limits of 
extension and compression, after which the bafiling phe- 
nomena of plasticity make their appearance, and destroy 
all the simple mathematical harmony ; while as to Euler’s 
theory of the flexure of the beam, the editor. Prof. Fear- 
son, is at present engaged on the mathematical discussion 
of the permissible limits of the application of the ordinary 
theory, and, so far, the result of his investigations (in the 
Quarterly Journal of Mathematics) is such as to strike 
dismay in the heart of the practical man who would be 
willing to apply his conclusions. 

The purely mathematical theory of Elasticity is, at the 
present moment, in a very curious condition, for a subject 
in the exact science par excellence. Not only are elasti- 
cians divided into opposite camps of multi'censtan^ and 
rari-constancy^ but we find a war opinion raging among 
the most recent invesfiiiaters~-Lord Rayleigh, Chree, 
Love, Basset, and ethers. Alt are compdled to violate 
apparently the most fiiadamental rule of mathematical 
approximation ; and, in *c<Mwidaring the elasticity of a 
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curved’ plate, to begin by neglecting the terms depending 
on the stretching of the material, which involve the first 
power of the thickness of the plate, in comparison with 
the terms depending on the bending, involving the cube 
of the thickness ; thus apparently neglecting the first 
power compared with the third power of small quan- 
tities. But, if we take a thin sheet of brass or iron in our 
hands, we shall find it quite easy to bend, but apparently 
impossible to stretch or shear in its own plane, showing 
that the stretching stresses may be considered as non- 
existent, by reason of requiring such large forces to pro- 
duce them. 

Before pure mathematical treatment can make much 
progress in Elasticity, much more experimental demon- 
stration is required of the behaviour of pieces of metal of 
mathematical form under given applied forces ; and such 
experiments can be carried out in testing-machines, now 
forming an indispensable part of a physical laboratory. 

Saint-Venant’s memoir on torsion, analysed in Section 
I., is familiar to us through its incorporation by Thomson 
and Tait, and shows that Saint-Venant carried out, with 
the comparatively crude methods at his disposal, valuable 
experiments, from which much theoretical deductibn has 
been made ; the analogues of the mathematical analysis 
in the problem of the torsion of the cylindrical beam of 
given cross section, and of the fiow of viscous liquid 
through a pipe of the same section, or of the rotational 
motion of a frictionless liquid filling the cylinder being 
very striking. Prof. Pearson introduces great elegance 
and interest into the series which arise by a free use of 
the notation of hyperbolic functions, and we think there 
is still some interesting work for pure mathematicians in 
the identification of those series which are expressible by 
elliptic functions. But it certainly looks curious to find 
in § [287] the old familiar polar co-ordinates treated as 
mere conjugate functions, without reference to their geo- 
metrical interpretation. 

Section II. is occupied with the analysis of Saint- 
Venant’s memoirs of 1854 to 1864, in which he attacks 
such questions in practical elasticity as the longitudinal 
impact of bars, illustrated by very ingenious graphic 
diagrams, and also the conditions of stress of a cylindrical 
shell, in equilibrium under given applied internal and 
external pressures. This is the problem required in the 
scientific design of modern built-up artillery ; and it is 
noticeable that Saint-Venant’s solution differs materially 
from Lamd’s, subsequently popularized by Rankine, the 
theory employed, as far as it will go, by scientific gun- 
designers all over the world. 

The researches in technical Elasticity of Section III. 
arose in the annotations of Navier’s *‘Legons sur la 
Resistance des Corps solides”; the mantle of Navter 
descended on the shoulders of Saint-Venant, and ulti- 
mately the notes of Saint-Venant overwhelmed the original 
text of his master Navier ; and, according to Section IV., 
Saint-Venant has practically done the same thing with 
Clebsch’s “ Elasticitat.” 

Being the mathematical referee for all the difficult 
theoretical problems arising with the extensive use of 
the new materials iron smd steel in architecture and 
engineering, Sa.int-Venant was provided with a number 
of useful problems on which to exercise his ingenuity ; 
such as the impact of bars, the flexure of beams due to a 


falling weight or a travelling load, the critically dangerous 
speeds of fly-wheels and piston-rods, and so on; all 
problems hitherto solved by practical rule of thumb, the 
practical constructor encountering and opposing the 
difficulties without knowing why and how they arose. 

Saint-Venant’s investigations urgently need extension 
and application to the critically dangerous conditions 
which can arise in the stresses in artillery, when the 
dynamical phenomena are analysed, due to the sudden 
and periodic application of the powder pressure, and to 
the wave-like propagation and reflection of the stresses in 
the material. At present, we can only investigate the 
theoretical strain set up in the material of the gun by a 
steady hydrostatic pressure equal to the maximum pres- 
sure of the powder, employing Lamd’s formulas, ^d then 
employ an arbitrary factor of safety, say 10, in the design 
of the gun, to provide against the contingencies of the 
dynamical phenomena we have not yet learnt how to 
discuss. 

In the old times, before the Cambridge Mathematical 
j Tripos was reduced to its present meagre curriculum, the 
Examiner would have found the present volume very 
useful in suggesting good ideas, capable of testing rea- 
sonably the mathematical power of the candidates ; at 
present, the chief class to profit by the present work are 
the practical constructors, who will learn where to look 
for the useful information on the narrow technical point 
which concerns them. 

Prof. Pearson has brought his onerous task one step 
nearer to completion in this interesting volume, a monu- 
ment of painstaking energy and enthusiasm. 

A. G. Greenhill. 

GLOBES. 

Hues's Treatise on the Globes (1592). Edited by Clements 
R. Markham, C.B., F.R.S. (London : Reprinted by 
the Hakluyt Society, 1889.) 

T he Hakluyt Society has for its object the reprinting 
of rare or unpublished voyages and travels, and 
few are worthier of this honour than the “ Tractatus de 
Globis ” of Robert Hues. The author of this work was 
an intimate friend of Sir Walter Raleigh, and combined 
book-learning with practical knowledge gained by joining 
in some of the voyages to the New World with navigators 
whose names have made the sixteenth century famous. 
He strongly urged that his countrymen would have still 
further surpassed their Spanish and Portuguese rivals 
if they had ** but taken along with them a very reasonable 
competency and skill in geometry and astronomy.” In 
those days logarithms were unknown, and the solution of 
the problems of nautical astronomy required advanced 
mathematical knowledge. It was hoped that this diffi- 
culty would be overcome by the extended use of globes, 
which at once reduces these complex questions to approxi- 
mate solution by inspection. After the construction of 
the Molyneux globes. Hues’s treatise came into very* 
general use, and no doubt played an important part in 
the explorations of the succeeding century. 

It seems strange in these days, when a globe can be 
purchased for a few shillings, to read that only three 
centuries ago the construction of globes entailed such 
great expense that thei liberal patrohage of a merchant 
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prince was required before such an undertaking coutd be 
entered upon. Readers of Kingsley’s masterpiece will 
not need to be reminded that the funds were supplied by 
“Alderivan Sanderson, the great geographer and setter 
forth of globes.” Emery Molyneux, a mathematician of 
whom little is known, was entrusted with the construc- 
tion of the globes, but although several were manufactured 
and sold, only one set ha;; been preserved, and this has 
found a strange resting-place in the library of the Middle 
Temple. 

From the admirable introduction by the editor, we 
learn that the celestial preceded the terrestrial globe by 
many centuries. It has been asserted that Atlas, of 
Libya, discovered the use of the globe, and thus gave 
origin t^ the fable of his bearing up the heavens on his 
shoulders. There are several allusions to globes by the 
ancient writers, and on the medallion of the Emperor 
Commodus a celestial globe is clearly represented. 
None of the Greek or Roman globes, however, have been 
preserved. Amongst the oldest in existence are those 
made by the Arabian astronomers, dating from the 
thirteenth century. These are made of metal, on whicli 
the stars are engraved, and five of them are still with 
us, one belonging to the Royal Astronomical Society. 
The oldest globe, now at Florence, was constructed in 
1070; and, though it is only 7'8 inches in diameter, 1015 
stars are engraved upon it. 

The terrestrial globe apparently dates from 1492. 
Baron Nordenskiold points out that this is the first 
adoption of the notion of antipodes, and the first to show 
a sea-passage from Europe to India. The first map on 
which the name of America appears was found amongst 
the papers of Leonardo da Vinci at Windsor Castle ; it 
is drawn on eight gores, and was probably intended for a 
globe. The next terrestrial globe of interest was that 
'completed by Mercator in 1541, having a diameter of 16 
inches. Others succeeded, and finally we come to the 
enlarged and improved globes constructed by Molyneux. 
These are twenty-six inches in diameter, and differ little 
in construction from our modern globes, but the geography, 
of course, differs very considerably. 

The original work of Hues was in Latin, and went 
through several editions. Nine editions in Dutch and 
French followed, the most important being the Dutch 
one annotated by Isaac Pontanus. The latter was trans- 
lated into English by John Chilmead in 1638. 

The treatise is divided into five parts, the first dealing 
with things common to both globes, the second with 
planets and stars, the third with the geography of the 
terrestrial globe, the fourth with the use of the globes for 
purposes of navigation, and the fifth is a tveatise on the 
use of rhumb lines, by Thomas Herriot. The book is 
especially interesting on account of the many references 
to the theories of the ancients and contemporaries, the 
whole forming a valuable history. The discussions of 
the size and shape of the earth ^re particularly striking. 

* After giving<the diverse opinions as to the length of a 
degree, the measures varying from 480 to 700 furlongs, 
the author concludes with the remark : ** Let it be free 
for every man to follow whomso^er he please.** 

A geographical index at the end gives a long list of 
places, with their latitudes and longitudes, which has 
been reprinted with the hope that it may of use in 


identifying old names. Longitudes in those days were 
measured from a point in the Azores, London thus having 
a longitude of about 26^ 

Two other indices have been added, one a biographical 
index, and the other an index to the names of stars and 
constellations. Both of these are very complete, and will 
be of great interest to those wishing to learn a little about 
ancient astronomers and the origins of astronomical 
names. A. F. 


THE PSYCHOLOGY OF ATTENTION. 

The Psychology of Attention. By Th. Ribot. Authorized 
Translation. (Chicago ; The Open Court Publishing 
Company, 1896;) 

I N this neat little volume of little more than a hundred 
pages we have a very careful and lucid consideration 
of attention from the standpoint of scientific psychology. 
Adopting the division of attention into two well-defined 
forms — the one spontaneous or natural (non-voluntary or 
reflex of Mr. Sully’s “ Outlines ”), the other voluntary or 
artificial — Prof. Ribot devotes his first chapter to the 
former and his second to the latter. In a third he deals 
with “ morbid forms of attention.” These, with a short 
introduction and a short conclusion, constitute the com- 
pact little work. Although there is not very much that 
is, strictly speaking, new — and is this to be expected? — 
there is scarcely a page without some apt illustration, 
some pithy epigram, or some well-expressed generaliza- 
tion. It is a closely-reasoned and luminous exposition of 
a genuine piece of psychological work. 

The four points on which the author lays most stress 
are the following : — (i) Attention is caused by, or has its 
origin in, emotional states. (2) Under both its sponta- 
neous and voluntary manifestations it is, “ from its origin 
on, bound up in motory conditions.” (3) Intellectually 
it is a state of relatively perfect monoideism. (4) It has 
a biological value. Of these, the second is the most 
essential. The motor element in attention is the keynote 
of the whole argument. The emotions from which we 
start are not merely complexes of pleasurable or painful 
elements floating free in a purely mental atmosphere. 
They are the psychological accompaniments of certain 
activities or tendencies to activity. The pleasure and 
pain associated with these activities are **the hands of 
the clock, not its works” — or, to change the analogy, 
“ they follow tendency as the shadow follows the body.” 

And as the motor element is present at the emotional 
initiation of attention so too is it present through every 
phase of its existence. The motor effect may, however, 
be manifested under either of two forms; it may be 
impulsive and produce movement ; or it may be inhi- 
bitory and withhold movement. Attention accordingly 
means the concentration or the inhibition of movements ; 
while its converse, distraction, means diffusion of move- 
ments. Steadily applied work is the concrete, the most 
manifest form of impulsive attention ; steadily applied 
thought the ultimate goal of inhibitive attention ; for, as 
Prof. Bain has well said, “To think is to refrain from 
speaking or acting.” Sui^ inovements as are still re- 
quisite for continued life, tn^ et those of respiration, are 
under strict control The master-idea, so far as is 
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possible, drains for its own use the entire cerebral 
activity. 

Attention from the first has had a biological value. 

“ Any animal so organized that the impressions of the 
external world were all of equal significance to it, in 
whose consciousness all impressions stood upon the same 
level, without any single one predominating or inducing 
an appropriate motory adaptation, were exceedingly ill- 
equipped for its own preservation.” 

Attention has thus been a factor in the progress of life, 
or, as Prof. Ribot puts it epigrammatically, attention is a 
condition of life. In the lower animals, under normal 
conditions, attention is for the most part spontaneous ; 
or, to use the author’s alternative term, natural. One 
may perhaps say that in natural or spontaneous attention 
the motive or interest is inherent, while in voluntary or 
artificial attention it is extraneous. And the process by 
which voluntary attention is developed is by rendering 
attractive by artifice what is not attractive by nature ; 
by giving an aftificial interest to things that have not a 
natural interest. This, too, is a factor in progress ; this, 
too, has a biological value. 

In the course of man’s development from the savage 
state, so soon as (through whatever actual causes, such 
as lack of game, density of population, sterility of soil, 
or more warlike neighbouring tribes) there was only left 
the alternative of perishing or of accommodating oneself 
to more complex conditions of life — in other words, going 
to work — voluntary attention became a foremost factor 
in this new form of the struggle for existence. So soon 
as man had become capable of devoting himself to any 
task that possessed no immediate attraction, but accepted 
as only means of livelihood, voluntary attention put in 
an appearance in the world. It originated, accordingly, 
under the pressure of necessity, and of the education 
imparted by things external.” 

We have thought it more just to our author, and more 
satisfactory to our readers, to give some account of Prof. 
Ribot’s main theses with which we are in full sympathy, 
than to select minor points, of which there arc but few, in 
which we differ from his conclusions. The translation is, 
on the whole, satisfactory, but some expressions, such a% 
“the marrow and the bulb” (for the spinal cord and 
medulla), “ moderatory centres,” and “ the fundament of 
emotional life rests in tendencies,” &c., strike one as 
somewhat unusual. C. Ll.. M. 


OC/H BOOK SHELF. 

Handleiding tot de Kennis der Flora van Nederlandsch 
Indie: Beschrijving van de Families en Geslachten der 
Nederl. Indische Phanerogamen. Door Dr. J. G. 
Boerlage. Eerste Deel, Eerste Stuk. “ Ranunculaceae 
— Moringacem.” Pp. 312. With an Index. (“ Intro- 
duction to a Knowledge of the Flora of the Dutch East 


ally has experienced extraordinary development since 
then. * Further, one of the great advantages claimed for 
the present work is that it is wholly in Dutch. It is 
based on Bentham and Hooker’s “ Genera Plantarum,” 
and we find on comparison that the ordinal, tribual, and 
generic definitions are to a great extent translations, 
though later additions to the flora, both in genera and 
species, have not been neglected. Dr. Boerlage’ s book 
will also be useful to the phytographer, as it is already 
something to have a synopsis of the genera found in 
the large eastern area under Dutch dominion. Geo- 
graphically, the next descriptive “Flora” of the region 
should include the whole of “ India aquosa,” which 
means, at least, an examination of the plants of the 
whole of tropical Asia, of tropical Australia, and of Poly- 
nesia. Such a work, on lines similar to Hooker’s “ Flora 
of British India,” would be of immense value ; but it 
requires qualified men, with sufficient time, money, and 
ample materials from the whole area. W. fl. H. 

The Elements of Laboratory Work. By A. G. Earl, M.A., 
F.C.S. (London: Longmans, Green, and Co., 1890.) 

This volume is of such a character that the reader is at 
once tempted to seek for its excellences rather than for its 
weak points. It aims at presenting “ an introduction to 
afl branches of natural science,” and is intended to be 
used as a hand-book in the laboratories of public schools 
that have well-equipped rooms devoted to practical science. 
The author says in his preface that such rooms “ are now- 
adays considered a necessary part of all public schools and 
colleges.” Granting that this is the case, that the teacher 
is good, and that his pupils are already highly trained 
and anxious to learn pure science for its own sake, this 
volume might be accepted as an excellent guide. It is 
marked by a total absence of the “ familiar examples ” 
which we have hitherto associated with elementary 
scientific works. The student is made to accustom him- 
self to technical language from the very first. For example, 

“ a set of weights f is, on p. 2, explained as being “ a 
number of bodies so arranged,” &c. ; and a few paragraphs 
further on the student is directed to “ verify the graduation 
of a burette,” and is introduced to reading telescopes and 
cathetometers. The first introduction of the student to 
chemical changes is an experiment consisting of the igni- 
tion of silver nitrate with quantitative observations, the 
second experiment is similar but with silver iodate, and 
the third is the heating of silver nitrate in a closed tube 
over a small Bunsen flame. In an explanation of the 
significance of what are commonly known as atomic 
weights and molecular weights, the expressions atomic 
masses and molecular masses are used. We do not see 
the advantage of this novel nomenclature. If the volume 
had an index, we should be prepared to recommend it in 
unqualified terms for the use of school-boys who can 
carry out such instructions as the following ; “ Perform ex- 
periments illustrating the law that chemical combination 
takes place between definite quantities of different kinds 
of matter.” 

Magnetism at 9 d Electricity. Part 11. Voltaic Electricity. 
By Prof. Jamieson, M.Inst.C.E., &c. (London ; Griffin 
and Co., 1890.) 


Indies.” (Leyden; E. J. Brill, 1890.) 

Thi.s is the first part of a work consisting of descriptions 
of the natural orders and genera of flowering plants repre- 
sented in the Dutch East Indies. A work thus limited 
must necessarily be of limited utility ; but we have Dr. 
Treub’s testimony in a preface thereto that he regards it 
as a highly useful forerunner of a new Flora of the 
country. It is nearly five-and-thirty years since Miquel 
began publishing hia Flora,” and the last part of it 
appeared in i860, before Bentham and Hooker’s “ Genera 
Plantarum ” commenced ; and systematic botany gener- 


If the third part of this work prove equal in excellence 
to the two already published. Prof. Jamieson may claim 
to have produced one of the best introductory text-books 
on the subject Like its predecessor. Part II. treats the 
subject in an essentially practical way. A competent * 
electrician himself, the author is well able to understand 
the difficulties which beginners are likely to meet with, 
and his attempts to make obscure things clear will prob- 
ably be found highly successful. The theoretical side of 
the subject is carefully considered, and no important 
application of a principle is passed over without reference. 
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Instruments in actual use for what have now become 
every-day purposes are fully illustrated and described. 

The book is well up to date both in the experimenta 
and applied branches. Mr, Shelford Bidwell’s apparatus 
for stuaying the changes in length of a bar during mag- 
netization is described in such a way as to make the 
object of the experiment and the method of carrying it 
out easily understood. More of this kind of thing in our 
text-books is very desirable as showing that progress in 
a science is not made by chance, but is the outcome of 
careful thought on the part of patient investigators. 

As a text-book for classes where experimental work is 
encouraged it is especially suitable, but we recommend 
it to the notice of all beginners. Numerous questions and 
specimen answers follow the various chapters, and an 
appendix gives instructions for making simple apparatus. 

Astronomy with an Opera-Glass. By Garrett P. 

S^rvfes. (London and New York: D. Appleton and 

Co., 1889.) 

We are glad to welcome this, the second edition of a 
popular introduction to the study of the heavens. The 
author has surveyed, with the simplest of optical instru- 
ments, all the constellations visible in the latitude of 
New York, and carefully noted everything that seemed 
of interest to amateur star-gazers. In addition to the 
map and directions given to facilitate the recognition of 
the constellations and the principal stars visible to the 
naked eye, many facts are stated concerning the objects 
described which render the work a compendium of useful 
and interesting information -an astronomical text-book 
as well as a star-atlas. Similar combinations are very 
desirable introductions to every science, and offer the 
best means of extending true knowledge. To lead the 
student to Nature, and direct his attention to some of 
her marvellous works, to make him see natural pheno- 
mena intellectually, should be the basis of all scientific 
instruction, and works constructed on these lines read 
like story-books. With such works the one before us 
should be included, and there could hardly be a more 
pleasant road to astronomical knowledge than it affords ; 
replete with information, elegant in design, easy of 
reading, and practical throughout, it deserves to rank 
high among similar guides to celestial phenomena. A 
child may understand the text, which reads more like 
a collection of anecdotes than anything else, but this 
does not mar its scientific value, and if the work multi- 
plies the number of observers, as it is calculated to 
do, the dearest wish of every astronomer will be gratified. 


LETTERS TO THE EDITOR. 

[Thi Editor dots not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undetiake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature, 
No notice is taken of anonymous communications.^ 

Electrical Radiation from Conducting Spheres, an 
Electric Eye, and a Suggestion regarding Vision. 

I DO not know how far the description of little isolated ex- 
periments is serviceable, but I am templed to communicate a 
simple plan I use for exciting electric oscillations in dumb-bells, 
ellipsoids, elliptical plates, spheres, or^other conducting bodies 
of definite geometrical shape unhampered by a bisecting spark- 
gap. I do it by supplying eleclri^ly to opposite ends of the 
, conductor by tneans of Leyden jar knobs brought near enough 
to spark to it 2 said knoM being likewise connected with the 
terminals of a small Ruhmkorff coil. The charge thus supplied 
or withdrawn at every spark settles down in the conductor 
after a few oscillations, and these excite radiation in surrounding 
space. 

There are many ways of arranging the Leyden jaw : some 
more effective than others. The outer coats of the two jars may 


or mav not be connected together. Connecting them in some 
cases brightens the sparks at short range, but seems to have a 
tendency to weaken them at long ranges. It is not difficult to 
surmise why this is so. 

Of course, when the outer coats are disconnected, only an 
insignificant portion of the capacity of the jars is utilized ; but 
unless the thing to be charged has too large a capacity it works 
perfectly well. 

The receiver or detector is a precisely similar conductor 
touched to earth by a point held in the hand. The distance at 
which such a receiver responds is surprising. Or one may use a 
pair of similar conductors and let them spark into each other ; 
but this plan is hardly so sensitive, and is more trouble. 

The fact of being able in actual practice to get radiation from 
a sphere, is intert;sting, inasmuch as the subject of electrical 
oscillations in a perfectly conducting sphere has been worked out 
accurately by Prof. J. J. Thomson in the London Mathematical 
Society’s Proceedings. I have not the volume by me, but I 
think he reckons the period of oscillation as the time required by 
light to travel i *41 diameters of the sphere. 

The case of spheres of ordinary metal will not be essentially 
different, with these rapid oscillations, for the electric currents 
keep to a mere shell of surface in either case ; and in so far as 
damping affects the period, the dissipation of energy by radiation 
(which is common to both) is far greater than tW caused by 
generation of heat in the skin of a metal sphere. 

1 happen to have four similar spheres of nickel-plated metal 
on tall insulating stems ; each sphere 12'1 centimetres in dia- 
meter. Applying spark knobs to each end of a diameter of one 
of them, and applying the point of a penknife to another one 
standing on the same table at a distance of two and a half 
metres, I am able to get little sparks from it without using any 
rellector or intensifier. 

Or arranging three spheres in a row, with intervals between 
and knobs outside, 5 short spaik-gaps in all (see figure), and 



using a fourth sphere as detector of this triple-sourced radiation, 
I draw little sparks from it to a touching penknife at a distance 
of 12 feet (360 centimetres, actual measurement). 

In this case it may be a trifle better to hold one’s hand near 
the receiving sphere at the side opposite to the penknife, and 
thus vary its capacity by trial so as to imitate the disturbing 
effect of the contiguous spheres in the transmitter. 

The complete waves thus experimented on and detected are 
only 17 centimetres (six and a half inche.s) long, and I imagine 
are about the shortest yet dealt with. ^ 

But we do not seem near the limit set by lack of absolute 
suddenness in sparks yet, and are going on to try a large 
number of little globes. 

Exciting a lot of little spheres by a coil in this way forcibly 
recalls to mind the excitation of a phosphorescent substance by 
T coil discharge. 

And a receiver not very unlike the rod-and-cone structure of 
he retina can likewise be made. My assistant has been experi- 
menting on a sort of gradated receiver which he made himsdf. 
1 have recently bad made a series of long cylinders with 
diameters ranging above and below 12 centims. ; and the 
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length of each which re^nds to radiation is a kind of measure 
of sp^fic intensity* They form (speaking sensationally) an 
olectric eye with a definite ranee of colour sensation. It would 
be easy to supply it with a pitch or paraffin lens. 

There is no need to suppose the retinal bodies to be conduct- 
ing: a body of high refractive index should be subject to 
•electric vibrations, and its surface to spurious electrifications, 
when radiation falls upon it ; and the optical density of the rods 
and cones is known to be high. They may, however, be 
electrolytic conductors ; and I find that a liquid sphere — t.g, a 
fiask of inky water — responds to radiation, giving a glow to 
a point touching its glass. 

The diameters of the rods, as measured by various physio- 
logists, are not vei^ different from dimensions adapted to 
respond to actual light- vibration frequency; and if this idea 
substantiates itself, these bodies can supposed to constitute 
a sort of Corti’s organ responding to etherial instead of to 
aerial vibrations, and stimulating in some still unknown, but 
possibly mechanical, manner, the nerve- fibre and ganglion with 
which each appears to be associated. Oliv£R J. Lodge. 

University College, Liverpool, March ii. 


“ Peculiar Ice-forms.” 

May I add another to the long series of communications 
which from time to time have been addressed to you under the 
above heading? Most of them have described and discussed 
the occurrence of ice in the form of filaments. One signed by J. 
D. Paul (Nature, vol. xxxi. p. 264) seems (the description is 
somewhat vague) to refer to a mode of ice formation which is of 
somewhat frequent occurrence here, and is the only reference to 
.this mode which I can find in that portion of the literature of 
physics which is accessible to me. 

It happens now and s^ain in our variable climate that a loose 
porous soil which has been thoroughly soaked with rain is made 
by a sudden and a sharp frost to produce a crop of little columns 
•of ice. I observed a striking instance lately on a piece of hard 
compact ground, which, not being quite smooth, had been 
covered with an inch or so of loose pebbly soil for levelling pur- 
poses. before the loose soil had been rolled or trampled upon, 
it l>ecame saturated with water through two days of continuous 
rain ; and while it was still saturated, a sharp frost set in at 
night. In the morning the ground, to the extent of 60 square 
yards, was found to be covered with little columns of ice, some 
of them about two inches in length. They were roughly circular 
in section ; and each column had approximately the same section 
throughout. Their diameters ranged from one-tenth to one-third 
^f an inch. They were not transparent, but were whitish in ap- 
pearance, and carried on their summits pebbles or frozen earth. 
They were thus obviously not ice crystals, such as Brewster de- 
scribes in the Edinburgh Journal of Science, vol, ix. p. 122, as 
occurring in similar circumstances. The columns started froiR 
the ground at various inclinations to the vertical, and in the 
great majority of cases they curved upwards to a greater or less 
extent. 1 had never noticed this upward curving of the ice 
columns before, but other persons familiar with the phenomenon 
assure me they have observed it. 

Tlie explanation of this mode of ice formation seems pretty 
•obvious. The sudden frost solidifies the crust of the soil ; and 
Hi may therefore sometimes happen (in the above case it clearly 
must happen) that water becomes imprisoned between the frozen 
crust and the impervious sub*8oil. Further freezing enables 
nature to perform Major Williamses experiment for us. If the 
crust does not give way as a whole, it must at its weak points ; 
and the internal pressure is relieved by the protrusion of ice 
columns through apertures formed at these points. These 
columns would naturally carry portions of the crust on their 
summits, and during their protrusion might be expected to have 
innumerable minute fissures or cracks produced in them so as to 
exhibit a whitish snowy appearance. At the base of any 
column, at points where the freezing-point has been lowered by 
the pressure to the actual temperature, melting is continually 
occurring, and the water thus formed will flow into the fissures 
referred to. If the axis of the column is inclined to the vertical, 
and if we assume that the fissures and the points at which melt- 
ing occurs are pretty uniformly distributed, more water will flow 
into the fissures of the lower side of the column than into those 
of the upper side. When the water re-freezes therefore, the 
lower side must elongate more than the upper, and the column 


must consequently in general curve upwards. That in 
exceptional cases the upward curving may not occur is obvious. 

J. G. MacGregor. 

Dalhousie College, Halifax, N.S., March i. 


On a Certain Theory of Elastic After- Strain. 

In a recent paper (Proc. Lond. Math. Soc., April 11, 1889), 
Prof. Karl Pearson has discussed at some length the possible 
forms of the additional terms which may be introduced into the 
general equations of elasticity by Reconsideration of the mutual 
action of the molecules and the ether, and has examined what 
physical phenomena may admit of explanation in this way. In 
particular, certain terms which thus appear admissible are made 
to yield a theory of the phenomenon known as **elastische 
Nachwirkung^" or after-strain.” The attempt to explain such 
a comparatively slow process by the intervention of the ether 
certainly invites scrutiny, and in fact a very slight examination 
serves, I think, to show that the theory in question rests on a 
mistake. The author, after writing down the equaticgis which 
(on his view) represent the steady application of stress' to a 
portion of matter, proceeds to integrate them in the usual way 
by assuming a time-factor and arrives at a quadratic in 
whose roots are /a/iu' and (JA -f 2/i)/(3\' + 2 fi)f where A, /i are 
the ordinary elastic constants of Lame, and A', f/ are the co- 
efficients of the additional terms referred to. He continues: — 

Now m cannot be positive^ so long at least as we are dealing 
with elastic-strain. For A' and are small as compared with 
A and /i, the efiects we are considering being only of the second 
order. Hence is large, and if tn were positive the strain 
would rapidly grow immensely large, which is contrary to ex- 
perience. Thus, we must give m the negative values - s/ifilfi) 
and - v/{(3A -f 2 /a)/( 3A' f 2/a')}.” The positive values of ni 
are certainly inconvenient, but they are on the same footing with 
the negative ones ; all are solutions of the author’s equations, 
and all are required for the purpose of satisfying arbitrary initial 
conditions. The proper inference is surely that the substance 
is unstable, so long as the constants fi/fjif and 3A' + 2/a' are (as 
the author has tacitly assumed them to be) positive. If, to avoid 
this disaster, we change the signs of these constants, we get 
circular instead of exponential functions, and all analogy to 
elastic after-strain of course disappears. In its place we have 
vibrations (not molecular, but ** molar”) whose period is intrin- 
sic to the substance and independent of the dimensions of the 
portion considered. To what physical reality these may corre- 
spond I do not undertake to say. Horace Lamb. 

The Owens College, March 4. 


Foreign Substances attached to Crabs. 

If, as Mr. Garstang seems to suppose, the presence of tuni> 
cates on a crab is to be regarded as a danger-signal to its ene- 
mies, then Ztyas must belong equally to both his groups a and 0 . 

I have found simple timicates (^. sordida) on two small speci- 
mens of Af. coarctatus. In one example they almost completely 
hid, and several were larger than, the crab. I do not know if 
anyone has observed ** dressing” itself with tunicates. T 

should think it was an operation of some difficulty, at least in 
the case of A. sordida^ which adheres pretty tighily to stones 
and shells. It cannot be said to be brilliantly coloured, so that 
its assumption by Ilyas might be regarded as only an adaptation 
for concealment, as in the case of Algtv — belonging, therefore, 
to group a. It seems to me, however, very doubtful whether a 
small Hyas would, even if it could, willingly burden itself with 
such a serious ipeubus as half a dozen tunicates. Probably their 
presence is in no way due to any act of the crab’s. 

The shore-crab, as pointed out long ago by Prof. McIntosh, 
frequently suffers loss of sight by the usurpation of its orbit by 
a growing mussel, and the Norway lobster has been found with 
one eye grown over by a Polyzoan. Such foreign bodies are 
surely rather hurtful than protective, and the same may perhaps 
be said of the tunicates otklfyas. It is also a question whether 
the crab likes the smell of tunicates any better |han its neigh- • 
hours. 

I think Mr. Garstang is wrong in assuming the inedibility of 
tunicates. Prof. McIntosh, in ** The Marine Invert ebrata and 
Fishes of St. Andrews,” speaks of Molgula arenosa as being 
found abundantly, and of Eelonaia corrugaia as occasionally in 
the stomach of the cod and haddock ; and Mr. W. L. Calder- 
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wood has found Peionaia in some numbers in the intestine of 
the common dab. • 

Amongst anemones, mesembryanthemum is certainly a 
favourite food of the cod, and is not uncommon on the carapace 
of Cancer fagurus. It is difficult to see in what way the ane- 
mone is /here protective to the crab. Both young crabs and 
anemones (of this and some other species) are equally preyed 
on by the cod ; and though the crab may perhaps M big enough 
(as in a recent specimen 5 inches broad) to enjoy immunity from 
the cod’s attack, yet, by parading such a gaudy bait, it must at 
least run the risk of a severp snaking. It may be added that, 
in the last-named case, the anemone quitted the crab, when 
moribund, for a more desirable basis. 

Ernest W. L. Holt. 

St. Andrews Marine Laboratory, N.B., March 9. 


Abnormal Shoots of Ivy. 

The accompanying sketch represents a condition which is ex- 
liibited bjr a certain group of ivy plants in the neighbourhood of 
Plymouth. The plants are rooted upon the top of a high bank, 
which bounds the southern side of the road from Mount Edg- 
cumbe to Tregantle ; the branches pass downwards from the top 
of the bank on to its northern side. 

The young shoots of each plant are conspicuous, because 
their leaves appear red, and so contrast strongly with the green 
of the older leaves. This appearance is due to the fact that the 
lower surface of each leaf is uppermost. 

The sketch represents the terminal portion of a young shoot. 
The growing point is directed downwards. The -three terminal 
leaves, a, n, c, have their upper surfaces directed upwards. The 



leaves beyond these, however (d,e, &c.), are tested in a two- 
fold way. First, each leaf-stalk is twisted on its own axis, so 
that the lower side of the leaf is directed upwards; and 
secondly, the apex of each leaf is rotated through 180% so that it 
points away from the growing point of the shoot which beais it, 
towards the root. 

This twisted condition is exhibited by about twelve or fourteen 
leaves on every young shoot — say, through a dozen inches from 
the growing point. The older leaves lose both kinds of torsion, 
so that each old leaf has its upper side uppermost, and its apex 
is directed towards the growing point of the stem. The under 
sides of the older leaves have completely lost their red colour. 

The condition described is exhibited by all the shoots of a 
plexus of ivy plants just beyond the fifth milestone from Mount 
Kdgeumbe, on the road aoove mentioned. It is absent in all 
the many bushes and creeping masses of ivy which grow on the 


same bank of the road betWeeh this point and Mount Edgeumbe. 
Whether all the plants cotiiposing the abnormal plexus 'are the 
offspring of a single parent cennot now be determined. 
Plymouth, Mtfrch 10. W. F. R. Weldon. 


Earth-Currents and the Occurrence of Gold. 

Gold has been so large a factor in the prosperity and great- 
ness of Australia, that the interesting subject of the origin of .gold 
drifts and reefs must always possess to us something more than 
a purely scientific attraction. In the earlier days of the gold- 
fields there was among the diggers much speculation, of a 
scientific and semi-scientific nature, os to the processes by which 
Nature had produced the accumulations of coarse and fine gold 
dust which it was their business to extract from the alluvial drifts. 
The most obvious explanation, of course, was that the grains of 
gold had an origin similar to that of the debris and detritus of 
various characters which made up the alluvium itself ; and this 
explanation seemed to harmonize so completely with the general 
processes of Nature that at one time it was almost universally 
accepted as the correct one. But many thoughtful mining 
authorities had their doubts upon the subject, and these doubts 
were not founded, as so frequently happens, upon mere prejudice, 
but were fortified by the fact that certain phenomena character- 
istic of the occurrence .of drift gold were not only not explained 
by the ‘‘detrital hypotliesis,” as it is called, but were absolutely 
inconsistent with it.. Chief among these objections may be 
mentioned the undoubted generalization that drift gold is nearly 
.always purer than the, gold in the reefs of the neighbourhood 
in which it occurs. No explanation as to the Jong distances to 
which grains of gold might be conveyed, or to the possible 
purifying effects of ni^tural chemical action, made up any satis- 
factory explanation of the known facts, and accordingly under 
the detrital theory these facts had to remain shrouded in mystery. 
Then, again, it was a frequent occurrence for gold to be found so 
peculiarly embedded in pieces of wood, or in conjunction with 
natural crystals of minerals, such as the sulphides, that those who 
were constantly being brought into contact with such phenomena 
were firmly convinced that at all events there was a certain pro- 
portion of the gold found in alluvial drifts which had its origin 
in some other source than the breaking down of quartz reefs by 
the ordinary processes of Nature. The majority of those who 
held to this belief had at first but little scientific knowledge of 
natural reactions ; and when questioned as to their theory on the 
subject, they were accustomed to say of the alluvial drift -gold, 
that it appeared to be actually growing — a statement which 
sometimes provoked, not unnaturally, a smile of pity for mis- 
placed credulity. 

These objectors, however, were right. Of this there is now 
scarcely the shadow of a doubt. It would be tedious to trace 
the steps by which such a strange conclusion has come to be 
virtually established. Suffice it to say that at the present day 
there are but few scientific men in Australia who have studied 
the subject who do not hold that by some agency or another the 
gold that is in our alluvial drifts has been formed, and probably 
is at present accumulating at the present moment, in its present 
position. It seems probable, indeed, that drift gold has its 
origin in the salts held in solution by the water by which it was 
formerly supposed to have been merely carried from one place 
to another. The most common salt of the precious metal is 
chloride of gold ; and of this salt there is an appreciable miantity 
present in sea water along with the common sea salt, which, of 
course, is mainly chloride of sodium. In geological epochs, when 
the rocks of our present gold-fields were submerged below the 
ocean, and later on, when they held upon their surfaces vast im- 
prisoned lakes of salt water, it is probable that they becanie 
saturated with sea water and retained large amounts of gold in 
solution. According to a computation quoted by Mr. Skey, the 
Government Geological Analyst for New Zealand, it is probable 
that every cubic mue of rock contains something like a million 
ounces 01 gold. Hence the underground streams of Australia, 
in certain districts, are particularly rich in salts of the precious 
metal, and there is an enormous area over which slight quantities 
of gold can always be obtained, while surface streams which are 
fed by deep»seated springs accumulate gold upon alluvial flats 
and hollows. Some of the gold found in such streams m^ 
undoubtedly be ascribed to the destruction of ouartz reefs. It 
stands to reason that these reef& like other rocks, must contri- 
bute to the dibris in the beds of rivep and streams. But most of 
the purer alluvial coiuse gold has evidently a different origin. 
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Up to this point, the new explanation of the origin of drift 
gold seeAis feasible, and, indeed, almost conclusive. The gold 
IS present in minute quantities in the water of the drift, and this 
fact has been conclusively demonstrated experimentally by 
various investigators, among whom may be mentioned Messrs. 
Newberry and Skey. But it is one thing to prove that chloride 
of gold exists in the drift waters, and quite another thing to sug- 
gest in what manner and by what agency the precious metal has 
been reduced from its salt, and deposited in tne form of coarse 
or fine grains or in that of large and strangely-shaped nuggets. 
Precipitation was the first and most obvious suggestion. The 
addition, for instance, of a minute quantity of sulphate of iron to 
a solution of chloride of gold would cause the formation of 
minute particles of metallic gold, and sulphate of iron, of course, 
is present in Nature abundantly. But such an explanation 
would only account for the formation of the very finest gold 
dust. It would give no solution of the origin of coarse gold 
and nuggets, nor would it account for any of the many peculiar 
anomalies of which I shall presently mention some striking 
examples. 

In order to afford a possible extension' of this purely chemical 
theory which might give a clue to the origin of nuggetty gold, it 
has been pointed out that if a crystal of some sulphide, such as 
iron pyrites, be immersed in a solution of chloride of gold, it will 
be covered with a film of metallic gold. Following the track 
of investigation thus apparently opened up, it has been in- 
geniously suggested that possibly the material of the metallic sul- 
phide, and that of the golden film, may be regarded as a sort of 
miniature electric battery, in which the gold would form one 
anode and the pyrites the other. A current would pass between 
the two, and the result would be the deposition of metallic 
gold upon the film, at the same time that the material of the 
pyrites would continually become decomposed. The electro- 
plater, in his laboratory, places the salt of gold in his bath, and 
uses an ordinary battery from which to obtain a current suffi- 
ciently strong to deposit gold upon the articles to be plated. 
But in this case it was suggested that the article to be plated, 
which was the film of gold itself, might be regarded as one of 
the elements supplying the current. The theory seems from the 
outset somewhat far-fetched, and it is open to very strong objec- 
tions on the ground of improbability. The amount of material 
which the electroplater has to use up in order to deposit an ounce 
of gold is very considerable, even in the most efficient forms of 
batteries known to science. It is scarcely conceivable that a 
piece of pyrites, weighing about two pennyweights, would, by 
its decomposition, afford sufficient current to deposit an ounce of 
gold. Yet something of the sort would have to be established 
before it could be proved that electro-chemical action in situ 
supplies the electric current as a reducing ageiit. 

In seeking for an explanation of the deposition of gold which 
would afford a surer or more probable basis for conjecture, I 
was at first mainly influenced by two remarkable facts which 
could hardly be referred to any imaginable phenomena of i 
chemical or electro -chemical origin. These were that in a drift 
supplying gold in abundance it is by no means uncommon to 
find a patch in which the gold gives out altogether, and is picked 
up further along the line ; and the second was that there has 
always been observed at many of the leading goldfields a certain 
correspondence between the richness of the alluvial drifts and 
reefs and the points of the compass. The direction in which 
the richest drifts run may vary from one locality to another. But 
no matter how broken in contour the country may be, there is 
almost always a marked parallelism between the richest drifts. 

Taking these and one or two other facts as a starting-point, 

I was led to form the hypothesis that the probable origin of the 
deposition of gold is to found in thermo-electric earth-currents, 
probably generated by the unequal heating of the surface of the 
earth by the sun’s rays in passing from east to west. This theory 
of earth-currents has attracted a good deal of attention in Aus- 
tralia, and it is remarkable how rapidly facts in support of it 
have been brought forward during the past few months. It 
would be impossible for me, within brief limits, to refer to all of 
these ; but it will be of interest to summarise a few of the 
leading points : — 

(i) The existence of earth-currents has been frequently demon- 
strated, and has attracted special attention since the invention 
of the telephone. In 1880, Prof. Trowbridge, of Harvard, con- 
ducted a series of experiments at the Observatory, and recorded 
it as one of his results that these currents appeared to be most 
pronounced along the water-courses. 


(2) In Victoria remarkable instances of deflection of the com- 
pass hgve been particularly numerous, hinting at the presence of 
strong currents, more especially at the lines of junction between 
permeable and impermeable rocks.^ 

{%) There is a remarkable relation between the conductivity 
of the adjacent rock countiy and the richness of an alluvjal drift. 
Thus, in passing through slate or below an overhanging mass of 
basalt, the drift is generally richer than in passing through moist 
sandstone, suggesting that, where an earth-current is concentrated 
along the line of the water in consequence of the presence of 
rocks of low conductivity, the process of deposition has been 
facilitated. * 

(4) There are places at which the gold gives out altogether, 
although no discernible change has taken place in the nature of 
the countr]r. These places seem to be the localities of a sort of 
short-circuiting, which we may readily suppose to take place 
very frequently in earth-currents. 

(5) At particular pinched localities the current would be 
peculiarly strong, and would lead to the formation of nodules or 
nuggets of gold, the existence of which cannot be satisfactorily 
explained by any chemical theory hitherto advanced. 

(6) Nuggets of an alloy of gold and copper have sometimes 
been met with, and the two metals have even been found to lie 
in alternate layem, suggesting that at one time a cop(^r salt, 
and at another a gold salt, has been subjected to the action of a 
reducing current. 

(7) In presence of a large amount of organic matter, it is 
a^ost invariably found that a drift becomes especially rich. 
Ine formation of acid by decomposition is what would be 
peculiarly required to facilitate the passage of an earth-current 
through the water of an underground drift, the existence of 
free acid being the requirement for an artificial electro- depositing 
bath. 

(8) Conversely, the vicinity of large masses of calcite has been 
observed to be most inimical to the richness of a drift, and, of 
course, this could be explained by the fact that the carl^nate of 
lime would destroy the free acid, and reduce the conductivity 
of the water so as to impede the transmission of a current. 

(9) The peculiar shapes of the grains of what is known as 
coarse gold, are very suggestive of the action of a feeble current 
in piling up the metal upon the prominent portions, and leaving 
deep indentations between. pJectric action of an extraneous 
nature is also strongly indicated by the strange strings and fila- 
ments which are constantly being met with. 

(10) If we accept the crenitic theory of the origin of quartz 
reefs, the theory of earth-currents would at once apply with 
particular force to show how the action of such currents in hot 
siliceous solutions would produce a formation of gold simultaneous 
with that of quartz, thus accounting for the finely divided state 
of the gold in such reefs. 

(11) At the same time it is necessary to account for the exist- 
ence of the large masses of gold which are sometimes found 
associated with quartz, at places where the reefs become narrow 
in pinched localities. The theory of precipitation cannot account 
for these. But that of earth-currents would naturally lead us to 
expect the phenomenon, because in such a locality, while the 
formation of quartz would be retarded, the formation of gold 
would be accelerated by the concentration of the current as 
already explained. 

The hypothesis is thus well supported by primd facie evidence. 
For the experimental detection ot earth-currents on goldfields 1 
have strongly recommended the close observation of the most 
minute deflections of the magnetic needle, especially in under- 
ground workings. I believe also that the use of the telephone, 
as in Prof. Trowbridge’s experiments, will be of great service in 
indicating the lines of greatest conductivity in the earth’s crust, 
and in enabling us to decide whether these are identical ip. gold- 
fields with those lines in which the drifts contain the richest 
gold. George Sutherland. 

Angas Street, Adelaide, South Australia. 


THE PRIMITIVE *TYPES OF MAMMALIAN 
MOLARS, 

S O much light has recently been thrown on the origin 
and mutual relations of the Mammalia by the 
labours of the Transatlantic palaeontologists, that jn the 
case of the limbs we have long since been able to trace 
the evolution of the specialized foot of the Horse from 
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that of the five-toed Phenacodus (see Nature, vol. xl. 
P- 57)- 'I'dl quite lately, however, we have been tlaable 
to follow the mode of evolution of the more complicated 
forms of molar teeth from a common generalized typ< 
although Prof. Cope, by his description of the so-calle 
“ tritubfercular type of molar structure, paved the way 
for the true history of this line of research. 

The common occurrence of this tritubercular type of 
dentition among the mammals of the Lower Eocene at 
once suggests that we haye to do with a very generalized 
form of tooth-structure ; and by a long series of observa- 
tions Prof. H. F. Osborn, of Princeton, New Jersey, has 
succeeded, to a great extent, in showing how the more 
complicated modifications of molars may have been 
evolved from this generalized type. These observations 
are of so much importance towards a right understanding 
of the phylogenetic relationships of the Mammalia that 
a short summary cannot fail to be interesting to all i 
studenti of this branch of zoology. ' 


The tritubercular molar (Fig. A, 6), consists qf three 
cusps, cones, or tubercles, arrang^ in a triangle, and so 
disused that those of the upper jaw alternate with those 
of the lower. Thus, in the upper teeth (Fig. A, 7), there 
are two cu^s on the outer side, and one cusp on the 
inner side of the crown ; while in the lower teeth (Fig. A, 
8, 8a) we have one outer and two inner cusps. This type, 
when attained, appears to have formed a starting-point 
from which the greater number of the more specialized 
types have been evolved. The Monotremes, the Eden- 
tates, perhaps the Cetaceans, and the extinct group of 
Multituberculata (JPlagiaulax and its allies), must, how- 
ever, be excepted from the groups whose teeth have a 
tritubercular origin. 

It appears probable, indeed, that “trituberculism,” as this 
type of tooth-structure may be conveniently termed, was 
developed from a simple cone-like tooth during the 
Mesozoic period, and that in the Jurassic period it had 
developed into what is termed the primitive sectorial 





A ^ 



Fig. a. — Types of Molar Tecih of Mesoioic Mammals. 1-5, Triconodont Type (1, Dromathcrinm ; a, Microconodon ; 3, AM/Ai/nUs ; 4, Pkascolotkirittm ; 
5, Triconodon). 6, 7, 10, Tritubercular Type (6, PtraUsiet ; 7, Spalacotherium ; 10, AMtkgnodouX 8-9, 11*15, 'i'liberculo-Sectorial Type (8, 
Amphitheriumi 9, Peramns ; it, Dryo/dstes ; 12, 13, AmidQtk4rium ; 14, Achvrcdon; 15, Kurtodon), 6 and 15 arc upper, and the remainder 
lower molars. paraconid ; /r, protoconid ; me^ metaconid ; hy^ liypocotiid. In the upper teeth the termination ends in cone. 


type (Fig. A, 9). The stages of the development of | 
“ trituberculism ” may, according to Prof. Osborn, be ! 
characterized as follows : — 

(1) The Haplodont type. — This is a hypothetical type : 

at present undiscovered, in which the crown of the tooth | 
forms a simple cone, while the root is probably in most ; 
cases single, and not differentiated from thd crown. | 

(a) The Protodont sub-type. — This sub-type is a slight j 
advance on the preceding, and is represented by the 
American Triassic genus Vromatherium. The crown of 
the tooth (Fig. A, ij has one main cone, with fore-and-aft 
accessory cusps, and the root is grooved. 

(2) The Triconodont type. — In this Jurassic type the 
crown (Fig. A, 4, 5) is elongated, with one central cone, 
and a smaller anterior and posterior cone situated in the 
same line ; the root being differentiated into double fangs. 
Triconodon, of the English Purbeck, is the typical 
example. 

(3) The Tritubercular type. — In this modification the 
crown is triangular (Fig. A, 7), and carries three main 


cusps or cones, of which the central one is placed in- 
ternally in the upper teeth (Fig. A, 6), and externally in 
the lower molars (Fig. A, 7). The teeth of the Jurassic 
Spalacotherium are typical examples. In the first and 
second types the molars are alike in both the upper and 
lower jaws ; but in the third or tritubercular type, the 
pattern is the same in the teeth of both jaws, but with the 
arrangement of the homologous cusps reversed. These 
features are exhibited in Fig. B. 

These three types are regarded as primitive, but in the 
following sub-types we have additional cusps grafted on 
to the primitive tritubercular triangle, as it is convenient 
to term the three original cusps. 

(a) Tuberculo-sectoricU sub-tvpe. — This modification of 
the tritubercular type is found in the lower molars, like 
those of Didelpkys. Typically the primitive tritubercular 
triangle is elevated, and the three cusps are connected by 
cross ridges, while a low posterior talon or heel is added 
(Fig. A, 9). This modification embraces a quinque- 
tubercular fornt, in which the talon carries an inner and 
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an outer cusp ; while by the suppression of one of the 

E riniitive cusps we arrive at the quadritubercular tooth, 
unodoilt tooth (Fig. C), like that of the Pigs. In the 
upper molars the primitive triangle in what is termed the 
secodont series may remain purely tricuspid. But by 
the development of intermediate tubercles in both the 
secodont and bunodont series a quinquetubercular form 
is reached ; while the addition of a postero-internal cusp 
in the bunodont series gives us the sextubercular molar. 

There is no doubtas to the homology of the three primary 
cusps in the upper and lower molars ; and Prof. Osborn 
proposes the following series of terms for all the cusps 
above mentioned. The hrst secondary cusps (hypocone 
and hypoconid) respectively added to the upper and lower 
molars are also evidently homologous, and modify the 
crown from a triangular to a quadrangular form ; but 
there is no homology between the additional secondary 
cusps of the upper molars termed protoconule and meta- 
conule with the one termed ectoconid in the lower molars. 


I Terms applied to the cusps of molars : — 

Upper Molars. 


i Anterc^intemal cusp 
I Postero- „ „ or 6th cusp 

Antero*extemal „ 

Postero- „ ,, 

Anterior intermediate cusp 
Posterior ,, ,, 


Protocone — pr. 
Hypocone — ny. 
Paracone — pa. 
Metacone — me. 
Protoconule^— ml. 
Metaconule — pi. 


Lower Molars. 

Antero-external cusp 
Postero- tt i> • , 

Antero-internal or 5th cusp 
Intermediate, or antero-internal cusp 
(in quadritubercular molars) 
Postero-internal cusp 


Protoconid — -pr^. 
Hypoconid — hy<*. 
Paraconid — pa**. 

Metaconid — me**. 
Entoconid — en**. 


1 Having thus worked out the homology and relations of 
i the tooth-cusps. Prof. Osborn gives some interesting 
■ observations on the principles governing the development 



FiCr. 1^. —Upper and Uower Molars in mutual apposition, i, lyelphinus ; 2, D ro mett fieri uin; 3, Trieonedon; 4, Psralcstes and Sl^alacotherium ; 

5, Didyifizctts ; 6, Miociceitus ; 7r Hyopsodus* Letters as in preceding figure. 


of the.se cusps. It is considered that in the earliest 
Mammalian, or sub-mammalian, type of dentition (Haplo- 
dont), the simple cones of the upper and lower jaws 



Fig. C. — Diagram of two upper and lower quadritubercular molars in appo*- 
sition Tne cusps and ridges of the upper molars are in double Itnes^ 
and those of the lower ones in black. The letters refer to the table given 
above. The lower molars are looked at from below, as if transparent. 

interlocked with one another, as in the modern Dolphins 
(Fig. B, i). The first additions to the primitive protoconid 


appeared upon its anterior and posterior borders, and the 
growth of the para- and metaconids involved the 
necessity of the upper teeth biting on the outer side of 
; the lower (Fig. B, 2), this condition being termed anisogna- 
I thism, in contrast to the isognathism of the simple inter- 
i locking cones. In the typical tritubercular type (Fig. A, 

I 7} it has been suggested that the para- and metaconids 
I were rotated inwards from the anterior and posterior 
i borders of the triconodont type ; but it is quite possible 
i that they may have been originally developed in their 
: present position. By the alternation of the primitive 
, triangle in the upper and lower jaws of the tritubercular 
I type, the retention of an isognathous arrangement is 
! permitted, the upper and lower teeth biting directly 
I against one another. 

i Finally, Fig. C shows the mutual relations of the upper 
j and lower teeth of the complicated quadritubercular 
molars, with the positions held by the primitive tri- 
I tubercular triangles. 


OXFORD **PASS” GEOMETRY. 
iytu/iZrpnros /rnStls ivravBo! ttairw. 

W HETHER poultry are to be regarded as descended 
from a primeval egg or a primeval hen, is a 
question on which soine amount of scholastic ingenuity 
is supposed to have been exercised, and whether teachers 
or examiners are responsible for defective trainine in 
geometry is a question on which much might, more or 
less unprofitably, be said, and on which teachers and 
examiners may be expected to take different views. 
Happily for tbe mental equipment of the present genera- 
tion of students, many teachers and examiners, avoiding 
barren controversy, have both laboured, as far as in them 
lies, to encourage soundness and thoroughness. 

Probably, the old-world teachers who, hearing a 
“ Euclid *' lesson with the open Simson in their hand, 
looked upon “therefore** as an unwarrantable substitute 
for “wherefore,** and could not be induced to accept 


“ angle CAB ** as a legitimate equivalent for what they 
saw in the text presented as “ angle BAC,” are fast dis- 
appearing, if not already extinct. Unfortunately, we are 
still under the influence of bad examination papers. 
Take, for instance, the papers set last year at Respon- 
sions. The sole directions from the examiner to the 
printer, nece&ary for getting these set up, might have 
been, and very likely were, as follows ; — 


Trinity. 


Micliaelmas. 



(6) I. 45 

[7) II. 6 

8) n. JO • 

(91 II. 12 
(to; II. 14 


' The symbols ml. and >4 should properly apply respectively to the meta- 
conule and protoconule, out since they bear the opj^site signification in 
Fig. C, they are placed as above. 
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We believe that those qualified to give an opinion will 
agree as to the tendency of papers like these. They are 
direct incentives to learning propositions by tjpte — a 
practice to which beginnera are by nature only too prone, 
without being encouraged by the grave authority of an 
ancient University : and they tend to paralyse any efforts 
a tutor, may make to teach his subject intelligently. How 
is he to get pupils to listen to any discussion of difficulties, 
or to care for any deductions from the propositions, when 
they know as well as he does that not a mark can be 
gained by anything which goes beyond a bare knowledge 
of the Simsonian text ? « 

Well might the Council of the Association for the Im- 
provement of Geometrical Teaching, in its last Report, 

regret to notice that the Euclid papers set for Responsions 
at Oxford still consist exclusively of bookwork,” and re- 
mark that *‘the entire absence of riders or other questions 
designed to test the real knowledge of the student seems 
calculated to foster ‘ cram.’ ” The Council confined itself, 
as we^ave done, to the ’’Responsions” papers, but its 
reiharks apply with equal force to ” Moderations.” The 
Euclid paper in the ” First Public ” and ” Second Public” 
of Michaelmas 1889 are, in effect : — 

“Write out IV. i, III. 10, 3rd case of III. 35, III. 2, 

III. 25, III. 28, III. 12, III. 17, IV. 4, IV. 7. 

“ Dehne plane superficies, rhomboid, sector, similar 
segments, ratio, ex aequali. 

“ Write out the three postulates and the twelfth axiom. 

“Write out I. 7, I. 29, I. 48, II. 12, III. 15, III. 26, 

IV. 6, VI. 5, VI. 18.” 

Though we regret the absence of ’’ riders,” we do not 
attach so much importance to it as to that of ’’ other ” 
questions arising naturally from the definitions, axioms, 
postulates, and propositions set to be written out : ques- 
tions, for instance, on the redundancy of the definitions ; 
on the distinction between the general and the geome- 
trical axioms ; on the axioms tacitly assumed by Euclid ; 
on the truth or falsehood of the converse of a given pro- 
position ; on the interdependence of two contrapositives ; 
or on the difficulties of Euclid’s treatment of parallels. 

It is instructive to contrast the Mathematical Respon- 
sions papers with those set in the classical part of the 
same examination. In these the University is by no 
means satisfied, as in the mathematical, with a know- 
ledge which may be obtained by efforts of the memory 
alone, but applies the sharp test of prose composition 
and “ unseens.” To this inequality we draw the special 
attention of readers of Nature. Compare the course 
open to a classical man with that which lies before one 
who intends to take his degree in science or mathe- 
matics. The classical man appears to have everything 
in his favour : he most likely knows enough mathematics 
to feel quite comfortable as to the paltry modicum re- 
quired at Responsions. The other is in a very different 
position. If he has attained to anything like scholarship 
in his own subject, it will only be in rare cases that he 
can hope to get through Responsions without devoting a 
large amount of valuable time towards the acquirement 
of some facility in prose composition. We should hke 
to see a vigorous protest by the science graduates against 
this anomaly. 


PRZEWALSKY'S 
ZOOLOGICAL DISCOVERIES} 

X^ITH great satisfaction naturalists will observe th^t 
* a complete account of Przewalsky’s zoological ob- 
servations and discoveries is to bb given to the world, and 
has in fact bfcen for some time in course of publication. 

* ** Wis.<ienschaft]iche ReMiltate der von N. M. PrzewaJskt nach Central* 
Ajien untemommenen Reisen : auf Kosten einer von seiner Kaiserlichen 
Hoheit dein Gro&sfiirsten Thronfolger Nikolai Alexandrowitech genpendecen 
Summe." Herausgegeben von der Kaieerlichen Akademie der WtsMn- 
echaften. ZoologUcher llieil. (St Petemburg, x888-8^) 


The great Russian explorer, although perhaps best known 
in Western Europe as a geographical traveller, was at 
heart a naturalist, and one of no mean rank. Those who 
have read the narratives of his four great journevs will 
recollect how full they are of notes on the animals and 
plants met with during his routes. The specimens ob- 
tained by him and his companions were carefully pre- 
served, and deposited in the Museum of the Imperial 
Academy of Sciences at St. Petersburg. Up to the 
present time these collections have only been made 
known to the public by various fragmentary accounts of 
them in scientific journals, and in the appendices to Prze- 
walsky’s volumes of travels, which were in many cases of 
the most unsatisfactory character. The Imperial Crown 
Prince Nicolas of Russia has now, however, placed at 
the disposal of the Imperial Academy, in whose Museum 
Pnewalsky’s collections are stored, a sum sufficient to 
cover the cost of the publication of a connected account 
of them. To no more worthy object could Royalty devote 
its income, and the resulting volumes promise to be alike 
a credit to the great nation to which Przewalsky belonged, 
and to form a very material contribution to zoological 
science. 

As is almost the universal and necessary custom now- 
adays, the different branches of the collections to be 
investi^ted have been placed in the hands of different 
specialists. The mammals had been undertaken by 
Eugene Buchner, the Conservator of the Division of 
Mammals in the Academy’s Zoological Museum. Herr 
Theodor Pleske, who has lately succeeded Herr Russow 
in the charge of the birds of the same Museum, supplies 
the portion of the work relating to the objects under his 
care. Similarly, to Herr S. Herzenstein have been as- 
signed the fishes. Each section is prepared on a similar 
plan. The text is given in parallel columns of Russian 
and German. We cannot complain of a great national 
work like the present being published primarily in the 
national language, but our thanks should be given to the 
learned Academy for letting us have it also in a tongue 
generally understood by scientific men. The work is 
well illustrated, and the plates are excellently drawn, 
those of the mammals and birds mostly by Miitzel, the 
well-known German lithographic artist. Up to the pre- 
sent time we have seen three parts of the mammals, one 
of the birds, and two of the ffshes of this important work, 
which is a credit alike to the Academy which has pro- 
duced it, and to the distinguished personage who has 
supplied the necessary means. 


NOTES. 

Ths Chemical Society will this year for the first time hold its 
anniversary meeting (March 27) in the afternoon at 4 p.m., and 
the Fellows and their friends will dine together in the evening at 
the Whitehall Rooms, Hotel M^tropole. It is hoped that the 
Fellows will signify their approval of this alteration by attending 
in considerable numbers. 

A MEETING was held in Berlin on Monday, March to, under 
the auspices of the German Chemical Society, to celebrate the 
25th anniversary of the promulgation of Prof. Kekule’s theory 
of the constitution of the aromatic compounds. A very large 
number of chemists assembled in the Rathhaus in the afternoon. 
After an introductory address by the President, Prof. v. Hof- 
mann, Prof. A. Bayer delivered a lecture in which be pointed 
out how completdy modern investigations had confirmed 
Kekul^’s views. A' congratulatory address from the German 
Chemical Society was then presented to Prof. Keknie. Prof. 
Armstrong httended on behalf of the London Chemical Society, 
Prof. Komer on behalf of the Italian chemists. Prof. Bischof on 
behalf of the Russian chemists ; and besides the addresses pre- 
sented by those r^resentatives, there were very numerous letters 
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and telegrams of congratulation from various sources. Dr. 
Glover, on behalf of German artificial dye-stuff manufacturers, 
then presented a most admirable portrait of Prof. Kekule 
which had been painted by the celebrated painter Angeli ; this 
is to be placed in the Berlin galleries. Prof. Kekule returned 
thanks in an eloquent address. Subsequently a banquet was 
held which was very numerously attended. 

Lord Rayleigh has been elected a correspondent of the 
Paris Academy of Sciences in the department of physics. 

The discourse to be given by Lord Rayleigh at the Royal 
Institution on Friday evening, March 28, will be on *‘Foam.** 

Mr. H. Carrington Bolton, the eminent American 
bibliographer, wishes to associate himself with those who 
recommend the system of Russian transliteration, explained 
lately in Nature (p. 397). His letter was not received in time 
to permit of his name being included in the list of signatures. 

The visit of the Iron and Steel Institute to America is likely 
to be remarkably successful. At a meeting held the other day 
at New York, upon the invitation of Mr. Andrew Carnegie, a 
committee was appointed to arrange a reception for the members. 
The Philadelphia Correspondent of the TitJtes says so many in- 
vitations have been received from various parts of the country 
that the belief is that the month given to the visit will be in- 
sufficient. The members will meet in New York. There 
will also be an international session at Pittsburg. 

A si'ATED meeting of the Royal Irish Academy was held in 
Dublin on the 15th inst., at which the President and Council 
for the ensuing year were elected. Prof. Sollas, F.R.S., read a 
paper on the mica which occurs in well-formed crystals in the 
famous geodes of the Mourne Mountain granite : it was described 
as a lithium mica of the species Zinnwaldite. Most of the crystals 
possessed an exquisitely defined zonal structure, and in a single 
crystal a change in colour, density, composition, and in the 
magnitude of the angle of the optic axes could be traced on 
passing from the centre to the surface ; this gradual transition 
from a more ferro-magnesian character near the centre to a more 
alumino-alkaline one near the surface was compared to the 
change from a more anorthite-like to a more albitic character, 
which accompanies the growth of many zonal felspars. This 
subject is also referred to in Prof. Sollas’s paper on the granites 
of Leinster, which is to appear in the Academy’s Transactions. 
The Report of the Council, giving the details of work done 
by the Academy during the past year, with notices of deceased 
members— among these John Ball, F.R.S., Sir Robert Kane, 
F.R.S., and Robdrt McDonnell, F.R.S., — was read and 
adopted. Dr. E. Perceval Wright, Secretary to the Academy^ 
was elected, in the place of the late Sir R. Kane, a visitor to 
the Museum of Science and Art, Dublin. 

The Royal Society of Medical and Natural Sciences of 
Brussels offers a gold medal of the value of 200 francs for the 
best essay on the influence of temperature on the progress, 
duration, and frequency of karyokinesis in an example belonging 
to the vegetable kingdom. The essay must be written in French, 
and must be sent in before July 1 to Dr. Sti<fnon, 5 Rue du 
Luxembourg, Brussels. 

Mr. J. Wertheimer, head master of the Leeds School 
of Science and Technology, has been elected to the head 
mastership of the Merchant Venturers’ School, Bristol, the 
largest technical school in the West of England. 

Recognizing the difficulty experienced by Western natural- 
ists in following the valuable scientific work now carried on 
in Russia, a number of influential men of science of that country 


have arranged for the publication of a monthly review— the 
Vyestnlk Estesivoznaniya, This will consist of original articles 
and shbrt reports, with French risumis^ and an index, in French, 
to Russian periodical scientific literature ; the subjects included 
will be zoology, botany, pb]rsioIogy, geology, and microscopical 
technology, with the allied sciences. As, with the exception of 
Nikitin’s admirable geological bibliography, no adequate attempt 
has been made to record Russian general scientific literature, 
this review will supply a very general want. The facts that it is pub- 
lished under the auspices of the St. Petersburg Society of Natural- 
ists, and that the list of promised contributors includes most of the 
leading Russian naturalists, are sufficient guarantee for its value. > 
The bibliographical index commences in the second number. 
The first consists of eight original articles. W« Wagner treats of 
the Infusoria of the body-cavity of Sipunculus and Ph^colosoma ; 
J. Wagner of some points in the development of Schizopods ; 
Schimkevich of the alternation of generation in the Hydro- 
medusse ; Borodin and Tanfil^ev contribute botanical«article$, 
the former discussing the nature and distribution of dulcite) and 
the latter the causes of the extinction of Trapa natans* Geology 
is represented by an account of the Devonian rocks of Mij^hod- 
zhares, a criticism of Levy’s classification of the eruptive rocks 
by Polyenov, and an interesting account of the formulae and 
relations of the different chemical types of the eruptive rocks by 
I^. Levinson- Lessing. The subscription to the review, it may 
be added, is 3 roubles 50^kopecks, and the office of publication, 
j the Society of Naturalists, St. Petersburg University. 

The Vienna correspondent of the Standard telegraphed as 
follows on Monday: — **Dr. Eder, Professor of the Photogra- 
phic Institute of Vienna, has announced that a photographer 
named Verescz, living in Klausenburg, Transylvania, has suc- 
ceeded in solving the problem of photographing in natural 
colours. Up to the present, only the shades between deep red 
and orange can be retained, and even these, if exposed to the 
light, fade in from two to three days ; but the experiments are 
being continued, with good prospects of complete success. ” 

Recently Lord Reay, 'the Governor of Bombay, laid the 
foundation-stone at Poona of a Bacteriological Laboratory, which 
is to be annexed to the College of Science in that town. Dr. 
Cooke, the Principal of the College, to whose efforts the 
establishment of the Laboratory is due, stated that it was 
originally intended that the study of the diseases of the lower 
animals in Poona should be directed to check the losses from 
anthrax in cattle by the introduction into India of protective 
inoculation. With this object two Bengal students at the 
Cirencester Agricultural College underwent a course of study 
at M. Pasteur’s laboratory in Paris. One of these gentlemen 
devoted his attention entirely to sericulture, the other studied 
M. Pasteur’s system of vaccination against anthrax. He re- 
turned to India, and has since conducted some experiments on 
cattle in Calcutta. Subsequently, Mr. Cooper, of the Veterinary 
Service, was deputed to M. Pasteur’s Institute for instruction in 
the system of inoculation against anthrax. While in Paris, Mr. 
Cooper submitted a report, and explained that for the work in 
question a speciRl laboratory would be required. At the same time 
he advocated the adoption of artificial gas for the culture-stoves 
and glass-blowing, and for the purpose of obtaining the high 
temperature required for sterilizing vessels, instruments, &c. 
Subsequent inquiry showed that anthrax is not the only con- 
tagious disease of a nature with which the Indian cattle- 
owner has to contend. He^fias a&o to take into account rinderpest, ^ 
tuberculosis, pleuro-pneumonia, and, in a minor degree, foot and 
mouth disease* It was, therefore, evident that if an institution 
was established for the preparation of an anthrax vaccine its 
value would l>e greatly enhanced if diseases other than anthrax 
could receive attention. The main objects of the Poona 
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Laboratory therefore are : — (a) The preparation of anthrax 
vaccine for despatch to districts where anthrax prevails* (^) The 
conduct of experiments in rinderpest with a view to the dis&very 
of the pathogenic micro-organism of the malady, its cultivation 
in broth and other media, and attenuation, so as to provide a 
vaccine that shall give immunity to animals in rinderpest-infected 
districts, (r) Experimental research into the epizootic diseases 
generally of the ox and horse. {(/) The instruction of trained 
native veterinarians in a proper method of performing vaccina- 
tion and of the precaution^ necessary to avoid risk of septic 
infection. 

On March 17, at six minutes past ii, a severe shock of earth- 
quake was felt at Bonn, and reports from the surrounding 
districts on the following morning showed that it was veiy 
generally perceived in the vicinity of the town. On March 18, 
in the morning, a strong shock of earthquake was felt at Malaga 
and the, neighbouring towns. The inhabitants were greatly 
alarn^ed, but no damage is reported. 

According to a telegram sent from New York by Reuter's 
Agency on March 15, the captain of the steamer Slavonia re- 
ported having encountered a waterspout during the voyage from 
Europe. The vessel sustained no damage. 

Thk Pilot Chart of the North Atlantic Ocean for the month 
of March states that the weather during February was much 
more moderate than during the two preceding months. An area 
of very high barometer extended over nearly the entire length 
of the Transatlantic steamship routes during the first five days. 
After this date the pressure fell, and gales of varying force were 
experienced from time to time. The most important of these 
storms was one south of Newfoundland on the 21st, whence it 
moved rapidly eastward. The storm on the iith in about lat. 
49® 30' N., long. 22® W., was also of considerable energy. The 
most extensive fog bank reported during the month occurred on 
the coast from the 24th to the 26th, from Boston to Norfolk. 
The unprecedentedly laige amount of ice this season has been the 
cause of considerable delay and damage to vessels ; there are not 
only vast fields of ice, but also a very large number of bergs, 
some of which are of enormous dimensions. The importance of 
the knowledge of ice movements to navigation is recognized to 
lie so great, that the Navy Department has, at the request of the 
U.S. Hydrographer, despatched an officer to Halifax and St. 
John's to collect information upon the ice movements daring this 
season and past years, for the purpose of facilitating predictions 
of the general movements in future. A petition is also being 
drawn up for transmission to the Canadian Government to take 
such steps as they may deem advisable to obtain as thorough a 
knowledge as possible of the currents in the Gulf of St. Lawrence 
and adjacent waters, on account of their dangerous character 
during thick weather. 

In the summary of a meteorological journal kept by Mr. C. 
L. Prince, at his observatory, Crowborough, Sussex, during 
1889, he draws attention to the great preponderance of north- 
east wind over all other ‘wind currents, and more particularly 
over that fron the south-west, which has obtafned during the 
last five years. He has examined his registers for the thirty-one 
years ending with 1889, and finds that between 1859 and 1883 
there were only two years, viz. 1864 and 1870, in which the 
north-east wind has been in excess. In 1884 the north-east and 
south-west winds were nearly balance^, but during the last five 
(years the average frequency has been north-east 102, south-west 
72. Comparative observations would be interesting with the 
view of seeing whether this reversal of the ordinary conditions 
holds good for other stations. The Greenwich . observations 
show that this great preponderance of north-east wind is not 
borne out there, at all events in all of the years mentioned. 


Technical instruction, according to the Times of Indta^ 
now takes a leading place in the educational programme of the 
Central Provinces. A year ago an entirely new curriculum was 
devised, whereby, among other changes, agricultural and engi- 
neering classes were established at Nagpore ; the scholarship 
rules were revised with special reference to technical education ; 
drawing-masters were appointed at a large number of schools, 
and every encouragement was given to the study of that subject ; 
and new subjects of a technical and scientific character were 
grafted on to old School programmes. When the fact is taken 
into consideration that the year was one of transition, the 
progress made may be pronounced most satisfactory. Eleven 
students out of thirty who applied were admitted into the 
engineering class after a test as to general education. These 
did well, and most of them have entered on a second year’s 
course. The agricultural class had an average strength of 
twenty-five throughout the year, the pupils working on the 
model farm and in the laboratory established in connection with 
this technical education scheme. No fewer than seventeen of 
the lads came through the ordeal of a strict examination at the 
end of the session. When it is remembered how largely the 
economic future of India will depend on the development of her 
agricultural resources, the value of this work, now fairly initiated 
in the Central Provinces, cannot be over-estimated. 

In the current number of the American Naturalist Mr. 
R. E. C. Stearns continues his interesting series of papers on 
the effects of musical sounds on animals. One of his corre- 
spondents writes “ Some time since I had an ordinary tortoise- 
shell cat, which had a peculiar fondness for the tune known as 
* Rode's Air.' One day I chanced to whistle it, when, without 
any previous training, she jumped on my shoulder, and showed 
unmistakable signs of pleasure by rubbing her head against 
mine, and trying to get as near my mouth as possible. I have 
tried many other tunes, but with no avail," Captain Noble, of 
Forest Lodge, Maresfield, England, testifies that he formerly 
had a cat which displayed a corresponding sensitiveness, but it was 
only by plaintive tunes that she was affected. When such an air 
was whistled, she would climb up, and try to get her mouth as 
close as possible to that of the whistler. ‘‘ I used as a rule," says 
Captain Noble, *‘to whistle the *Last Rose of Summer,' when 
I wished her to perform. I never could satisfy myself as to her 
motive in putting her mouth to mine. The most feasible con- 
jecture that I was able to make seemed to be that she imagined 
me to be in pain, and in some way tried either to soothe me, or 
to stop my whistling.” 

A TAPER on forestry in India and the colonies was read last 
week by Dr. W. Schlich before the Royal Colonial Institute. 
He said that for 700 years a gradual destruction of the forests of 
India had gone on. Under British rule the process had been 
hastened by the extension of cultivated and pasture land, and by 
the laying down of railways. After a time difficulty was ex- 
perienced in meeting demands for timber, and in the early part 
of the century a timber agency was established on the west 
coast, while, in 1873, ^ plantation on a large scale was 
made at Nilambur. Through the energy of a few officials the 
matter was kept before the public, and in 1882 the Forests 
Department of Madras was entirely reorganized. Several Acts 
were passed to provide for the management of the forests under 
the protection of the State, and a competent staff of officers was 
provided, to be reinforced from time to time by those educated 
at Cooper’s Hill College. Under the charge of the Department 
Were some 55,000,000 acres of forest lands, and the figures re- 
lating to the cost of the work done were very satisfactory. Dr. 
Schlich then gave an account of the action of the Australian 
colonies with regard to the regulation of wooded lands by the 
State, contending that in no case had sufficient steps been taken 
to ensure a lasting and continuous supply of timber. 
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We print to-day a review of Dr. Sydney J. Hickson’s valu- 
able work» A Naturalist in North Celebes.” It may be well 
at the same time to call attention to an Album” which has 
been sent to us, containing reproductions of photographs taken 
in Celebes. The collection has been formed by Dr. A. B. 
Meyer, director of the Zoological and Ethnographical Museum of 
Dresden, and includes 37 plates, on which about 250 reproduc- 
tions are printed. In i87oand 1871 Dr. Meyer spent some time in 
Celebes, and the greater number of the photographs which have 
been reproduced he brought back with him. Others he has re- 
ceived from friends. We cannot say that the process employed 
has always yielded perfectly satisfactory results ; nevertheless, 
the Album ” contains many representations that cannot fait to 
interest students of anthropology and ethnography. There are 
groups of portraits from northern, central, and southern Celebes, 
and any one who carefully studies them will find that they give 
him a very vivid idea of the various types of the native popula- 
tion. The tables are accompanied by short explanatory notices, 
some of the best of which are by Dr. J. G. F. Riedel, Utrecht. 
The work is edited by Dr. Meyer, and issued by Messrs. Stengel 
and Markert, Dresden. 

Messrs. Macmillan and Co. have published a second edition 
of Sir John Lubbock’s well-known Scientific Lectures.” The 
author includes in this edition the Presidential address read by 
him before the Institute of Bankers in 1879. The address con- 
tains many interesting suggestions as to the development of 
coinage, and is illustrated by two excellent ]dates representing 
ancient coins. 

We have received the fifth volume of** Blackie’s Modern Cyclo- 
paedia,” edited by Dr. Charles Annandale. The volume includes 
words from ** Image ” to “ Momus,” and the articles, so far as 
we have tested them, are, like those of the preceding volumes, 
concise and accurate. 

Fhe Literary and Philosophical Society of Liverpool has 
published Nos. 41, 42, and 43 of its Proceedings. Among the 
papers printed, we may note “ Life and Writings of the Hon. 
Robert Boyle,” by Mr. E. C. Davies; **An Ideal Natural 
History Museum,” by Prof. Herdraan ; **On the Remains of 
Temperate and Sub- Tropical Plants found in Arctic Rocks,” by 
the Rev. H. H. Higgins: “Notes on the Cooke Collection of 
British Lepidoptera,” by Mr. J. W. Ellis; *‘ Lake Lahontan, 
an Extinct Quaternary Lake of North-West Nevada, U.S.A.,” 
by Mr. R. McLintock ; “On the Individuality of Atoms and^ 
Molecules,” by the Rev. H. H. Higgins ; note on the foregoing, 
by Prof. Oliver J. Lodge ; ** The Complete Analysis of Four 
Autopolar lO-Edra,” by the Rev. T. P. Kirkman ; and ** On the 
Cradle of the Aryans,” by Principal Rendall. 

Mr. Fletcher, the well-known manufacturer of gas appli- 
ances, has just issued a little work of 70 pages on ** Coal Gas as 
a Fuel ” (Warrington : Mackie and Co,). Perhaps no one has 
given more attention to the subject than Mr. Fletcher, and his 
book is therefore of considerable importance. He gives an 
account of the precautions necessary to obtain the greatest 
efficiency in every case where coal gas can be applied — in the 
kitchen, bath-room, greenhouse, workshop, and laboratory. 
There is a useful chapter giving instructions to fitters with 
respect to flues and dimensions of service pipes. All who con- 
sume gas for purposes other than ordinary house illumination, 
will do well to read Mr. Fletcher's book. I 

A CURIOUS observation relating to influenza is quoted in 
La Nature from Copenhagen journal. At the Royal Institu- 
tion for education of deaf-mutes there, the pupils (about 70 boys 
and girls) have for seven years been regularly weighed every 
day in groups of 15 and under. This new experiment has 
yielded some interesting results. Thus it has been found that 
the children's growth in weight has occurred chiefly in autumn 


and in the first part of December ; there is hardly any in 
the reiy of winter and in March and April, and a diminution 
then occurs till the end of summer. Last year proved an ex- 
ception. The curves of weight were quite like those of previous 
years till November 23. In the four weeks thereafter, while 
each child has usually gained on an average over 500 gtammes, 
the girls last year gained nothing, and the boys only 200 grammes 
j each (less than two-fifths of the normal amount). The contrast 
with 1888 was even more remarkable, 700 grammes having been 
the average four-weeks’ gain in that ^rear. There was no modifi- 
cation as regards food or other material conditions. Now, the 
influenza epidemic appeared in Copenhagen towards the end of 
November. While six of the professors at this institution were 
attacked, there were no pronounced cases among the pupils ; 
but it is supposed that germs of the disease having entered the 
place, the struggle with these on the part of the children ab- 
sorbed so much vital force that the organs of nutrition failed to 
give the normal increase of weight after November 23. • 

A remarkable fall of a miner down 100 metres of shaft (say 
333 feet) without being killed, is recorded by M. Reumeaux in 
the Bulletin de V Industrie Mutfrale, Working with his brother 
in a gallery which issued on the shaft, he forgot the direction in 
which he was pushing a truck, so it went over and he after it^ 
falling into some mud with about 3 inches of water. He seems 
neither to have struck any of the wood debris, nor the sides of 
the shaft, and he showed no contusions when he was helped out 
by his brother after about ten minutes. He could not, however, 
recall any of his impressions during the fall. The velocity on 
reaching the bottom would be about 140 feet, and time of fall 
4*12 seconds; but it is thought he must have taken longer. It 
appears strange that he should have escaped simple suffocation 
and loss of consciousness during a time sufficient for the water to 
have, drowned him. 

An extremely useful piece of apparatus has been devised by Prof. 
Lunge, and is described in the current number of the Beric/ite^ by 
useof which allthe troublesome reductions to standard temperature 
and pressure in the measurement of gas volumes may be avoided, 
the volume being actually real off corrected to o'’ C. and 760 mm. 
pressure. The arrangement is at once simply and capable of 
adaptation to any form of gas apparatus. It consists essentially 
of three glass tubes. A, B, and C, arranged parallel to each 
other vertically, and all connected with each other below by 
means of a glass T tube and stout caoutchouc tubing. A is the 
measuring vessel, graduated in cubic centimetres ; any gas 
measuring vessel, such as that of a nitrometer, or of a Hempel 
or other gas analysis apparatus, may be used for this purpose. 

It is closed at the top by the usual well- fitting stopcock, through 
which the gas to be measured is introduced in the ordinary 
manner. Below, the gas is enclosed by mercury which is 
poured down the tube C ; Prof. Lunge terms this latter the 
pressure tube. The pressure tube is simply an ordinary straight 
glass tube of similar diameter and length to the measuring tube 
A, and open at the top.* The tube B, called the reduction 
tube, is of about the same length, but* of somewhat greater * 
diameter in its Upper half. This cylindrical expansion nar.ows 
again at the top, and terminates with a well-greased stopcock. 

A is firmly clamped to the stand, while B and C are held in 
spring clamps which permit of ready lowering or raising. The 
reduction tube B is then prepared as a reference tube, once for 
all, in the following manner. The stopcocksof A and B are opened, 
and mercury is poured do^n C until it rises nearly to the ex- 
panded portion of B. A drop of water is then introduced into 
B so that the enclosed air is saturated with aqueous vapour. 
The thermometer and barometer are next observed, and the 
apparent volume calculated of xoo c.c. of gas at o* and 760 mm. 

A mark is then made upon the reduction tube B so that the 
volume of the tube between this mark and the stopcock is the 
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calculated apparent volume of the standard 100 c.c. The size 
of the tube is so arranged that this mark falls on the narrower 
portion of the tube, just below the expanded part. The pres- 
siMe tube C is then raised or lowered until the mercury in 
h stands at the mark, when the stopcock at the top of B is 
closed. Thus a volume of air is enclosed which at and 
760 mm. and in the dry state would occupy exactly lOO c.c. 
In order to determine the corrected volume of a gas it is then 
only necessary to introduce it into the measuring tube A, allow 
it to cool to the temperature of the room, and then adjust B 
until the mark is a little higher than the mercury meniscus in 
A ; C is next raised until the mercury in B rises to the mark, 
when B and C are finally simultaneously lowered until the level 
of the mercury in A and B is the same. The gas in A and the 
air in B are evidently equally compressed, and thus the volume 
read off upon the measuring tube A represents the corrected 
volume at 0° and 760 mm. The f^implicity of the arrangement 
and the rapidity with which it can be worked are sure to recom- 
mend it for general use ; and its applicability to the estimation of 
nitrogen in organic substances, which Prof. Lunge discusses in 
detail, will doubtless be especially appreciated by those who 
employ the volumetric method. 

^ The additions to the Zoological Society’s Gardens during the 
past week include two Red Tiger Cats (/v//j planicepsyw,) from 

Malacca, a Fish Eagle {Polioaltus ichthyaetus) from the 

Himalayas, deposited ; a Gayal {^Eibos Jrontalis 9 ), ^rn in the 
Gardens. 


OUR ASTRONOMICAL COLUMN. 
Objects for the Spectroscope. 


Sidereal Time at Greenwich at 10 p.m. on March 20 = 
9h. SS'w* 3^s. 


Name. 

Mag. 

Colour. 

|r.A. 1890. 

Decl. 1890. 

(x)G.C. 2tx>3 ... ... 

_ 

[ II. m. s. 

— ' 9 59 44 

• t 

- 7 11 

( 2 ) ir Leonis ... ... 

5 

Yellowish-red. 

, 9 54 34 

+ 8 34 

(31 a Ursje Majoris ... 

'2 

Yellow. 

1 lo 57 0 

+62 ai 

( 4 ) B Urs® Majoris ... 

+68^617 ... 

2 

While. 

1 10 55 12 

+ 56 59 

6 

Red. 

, 10 37 26 

+ €7 59 

(6) R VirginU 

Var. 

Red-yellow. 

i 12 32 55 

, + 7 35*6 

(7) U Hooiis 

Var. 

— i M 49 15 

1 

-fiS 8-6 


Remarks. 


(1) This nebula is described in the General Catalogue as 
“ Very bright ; large ; very much extended in a direction 45'' ; 
at first very gradually, then veiv suddenly much brighter in the 
middle to an extended nucleus,^* The spectrum of the nebula 
was observed by Lieut. Hcrschcl in 1868, but his observations 
are not quite complete. He states that a continuous spectrum 
was suspected, and that there were probably no lines present. 
Further observations arc obviously required. 

(2) A star of Group II. Duner states that the bands 2-8 are 

well seen, but that 4 and 5 are somewhat feeble. The sj^ctrum 
is not strongly marked. The star is. probably approaching the 
temperature at which the bands will be replaced by lines, and 
affords an opportunity of studying the order of the appearance 
of the lines. • 

(3) A star of the solar type (Gothard). The usual differential 
observations are required. 

(4) A star of Group IV. (Gothard). The usual observations 
are required. 

(5) One of the finest examples of stars with spectra of Group 
VI. Duner states that the four bright zones ana all the bands 
.which he has numbered i-io are visible. In this star, band 6 
is weaker thto the other carbon bands. Band 5 is strong ; 1, 2, 
and 3 are weaker ; and 7 and 8 are visible with difficulty. 

(6) This variable will reach a maximum on March 28. The 
period is about 146 days and the magnitudes at maximum and 
minimum 6 ’5-7*5 and io-lo'9 respectively (Gore). The spec- 
trum is a remarkable one of the Group II. type, and the 
great range suggests the possible appearance of bright lines at 


maximum, as in R Andromedse, &c., observed by Mr. Espin. 
Mr. Espin has noticed that in the variables, where F is very 
bright, the bright lines do not appear until some time after the 
maximum. It is therefore important to continue observations 
for a considerable period. 

(7) No record of the spectrum of this variable appears to 
have been published. The period is about 176 days. The 
magnitude at maximum is 9-9*5, and that at minimum 13*5 
(Gpre). A maximum will be reached about March 23. 

A. Fowler. 

I The MEgui^ia Meteorite. — Thfa meteorite was observed 
' to fall at M^gudia, in Russia, on June 18, 1889, and a short 
account of Prof. Simaschko’s analysis of it is found in the 
current number of VAstronomie. It is noted that the meteorite 
belongs to that remarkable division containing carbon in com- 
bination with hydrogen and oxygen. The meteorites of this class 
I are Alais, 1806, Cold Bokkeveldt, 1838, Kaba, 1857, Orgueil, 

I 1864, and Nogoya, 1880. The Megueia meteorite is covered with a 
i thin (0*5 mni.) crust, is black, partly dull and partly shiny, and 
i somewhat friable. A microscopical examination showed dark grey 
I specks distributed through the black mass, varying in size from a 
I mustard-seed to a hemp-seed. These grey specks have a more or 
' less chondritic structure, and are different in composition from 
i the mass of the meteorite. Besides these chondrules, the 
greenish, semi-transparent particles of olivine are seen as in 
almost all other meteorites, whilst nickel-iron is disseminated 
through the mass in small grains, and occurs in a half-fused state 
on the crust. Account is also given of white angular scales, 
much resembling certain fossils, but this is not the first time that 
the chondrules with their eccentrically radiating crystallization 
have been mistaken for organisms. Like other carbonaceous 
meteorites, that of Megueia has a bituminous smell. 

The Velocity of the Propagation of Gravitation. 
— M. J. Van Hepperger, in a paper read before the Vienna 
Academy of Science, has assigned an inferior limit to the velo- 
city of propagation of gravitation. It results from this limit 
that the time taken by gravitation to travel the radius of the 
1 earth’s orbit does not exceed a second. 

The Vatican Observatory. — The work to be undertaken 
at this new Observatory will be in connection with meteorology, 
terrestrial magnetism, seismology, and astronomy. The astro- 
nomical portion will mainly be directed to the photography of 
the sun and other celestial bodies, and to take part in the con- 
struction of the photographic map of the heavens, under the 
direction of the International Committee. 

Double-star Observations. — Mr. S. W. Burnham, of the 
Lick Observatory, gives his sixteenth catalogue of double-stars 
in Astronomische Nachrichten^ Nos. 2956-57, The observa- 
tions were made in May, June, and July 1889, and 62 new pairs 
have been discovered and measured during this period. 

Sun-spot in High Latitudes. — The Comptes rendus of the 
Paris Academy of Sciences for March 10 contains a short note 
by M. G. Dierckx, in which he states that he observed a sun- 
spot on March 4 in N. lat. 65^ If this were substantiated, it 
would be an almost unprecedented observation. But the photo- 
graph of the sun taken at the Royal Observatory, Greenwich, 
on that day, shows no trace of a spot in so high a latitude. A 
fine group did indeed appear on the sun on March 4, but its 
latitude was only 34"". This, however, is a veiy interesting 
circumstance, for though spots have been observed at consider- 
ably greater distances from the equator, they have usually been 
only small, and have lasted but a few hours, or two or three 
days at most. It would seem probable, therefore, this is the 
group which M« Dierckx observed, but that he made some 
error in determining its latitude. 


GEOGRAPHICAL NOTES. 

The limits of the ever-frozen soil in Siberia are the subject 
of a paper by M. Yatchevsky, in the Iwestia of the Russian 
Geographical Society (voL xxv. 5). It is now generally ad- 
mitted that Karl BaeFs criticism of Middendorff’s measure- 
ments in the Sheighin shaft at Yakutsk — from which measure- 
ments Middendorff concluded that the depth of frozen soil at 
Yakutsk reaches 600 feet — are well founded. The walls of the 
shaft, which was pierced seven years before Middendorff came 
to YakttUk, had cooled in the meantime through the free access 
of cold air, and therefore a smaller increment of increase of 
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temperature with depth was found by Middendorff than would 
have been 'found if the measurements had been made in a shaft 
immediately after its being pierced. NeverthelesSf the fact of 
the frozen soil extending to a great depth, especially in the val- 
ley of the Lena, is not to be contested ; nor can there be any 
doubt as to the extension of frozen soil over largje parts of 
Siberia. M. Yatchevsky attempts to determine its limits from 
general considerations about the average yearly temperature of 
separate regions, and the thickness of their snow-covering ; and 
he gives a map of the probable southern limits of the frozen soil 
in Siberia, which do not differ much from the yearly isotherm of 
- 2° C. It must, however, be remarked that though the map 
approximately shows where the ever-frozen soil may be found 
beneath the thin layer of soil which thaws every summer, it 
ought not to be concluded that ever-frozen soil will be found 
everywhere within those limits. For instance, the granite rocks 
on the surface of the Vitrin plateau being immediately covered 
with immense marshes, the water from these marshes infiltrates 
into the rocks, and, while the marshes are covered during the 
winter with a crust of ice, their depths remain unfrozen. It 
may thus be considered certain that immense spaces will be 
found within the theoretical limits marked on the map, where 
no ever-frozen soil will be discovered. The Russian Geogra- 
phical Society is sending out a series of questions, in the hope of 
obtaining accurate information, and it would be well if the same 
thing were done in Canada. 

According to a letter from Iceland, dated Reykjavik, Feb- 
ruary 5, 1890, a translation of which is printed in the current 
number of the Board 0/ Trade Journal^ the population of Iceland 
during the four years from 18^5 1 ^ 1888 inclusive has diminished 
by about 2400, the total number at the close of each of these 
years having been, in 1885, 1886, 5 1887, 

69,641 ; and in 1888, 69,224. This diminution was greatest 
(1880) in 1887, the explanation for which may be sought in the 
enormous emigration to America which took place in that year. 
The diminution in the remaining years, though less sensible, 
must be attributed to the same cause, as in these years the 
number of births exceeded that of deaths. The chief diminution 
has been shown by the northern and eastern districts. The 
prefecture of Hunavatn in particular has fallen off in respect to 
inhabitants from 4800 in 1885 to 3785 in 1888. In Reykjavik, 
the capital, the population has risen^rom 3460 to 3599. 


ATMOSPHERIC DUST! 

'T'HE infinitely small particles of matter we call dusty though 

^ possessed of a form and structure which escape the naked 
eye, play, as you are doubtless aware, important parts in the 
pnenomena of nature. A certain kind of dust has the power of 
decomposing oiganic bodies, and bringing about in them 
definite changes known as putrefaction, while others exert a 
baneful influence on health, and act as a source of infectious 
diseases. Again, from its lightness and extreme mobility, dust 
is a means of scattering solid matter over the earth. It may 
float in the atmosphere as mud does in water, and blown by 
the wind will perhaps travel thousands of miles before again 
alighting on the earth. Thus Ehrenberg, in 1828, detected 
in the air of Berlin the presence of organisms belonging to 
African regions, and he found in the air of Portugal fragments 
of Infusoria from the steppes of America. The smoke of the 
burning of Chicago was, according to Mr. Clarence King 
(Director of the United States Geological Survey), seen on the 
Pacific coast. 

Dust is concerned in many interesting meteorological pheno- 
mena, such as fogs, as it is generally admitted that fogs are 
due to the deposit of moisture on atmospheric motes. Again, 
the scattering of light depends on the presence of dust, and you 
may remember iny showing you on a former occasion that 
beautiful experiment of Tyndall, illustrating the disappearance 
of a ray of light when made to travel through a gl^s receiver 
free from dust, whilst reappearing as soon as dust is admitted 
into the vessel. There is no atmosphere without dust, although 
it varies laigely in quantity, from the summit of the highest 
mountain, vmere the least is found, tp the low plains, at the 
seaside level, where it occurs in the largest miantities. 

The origin of dust may be looked upon, without exaggeration, 

' An Address delivered to the Royal Meteorological Society, January 25, 
1890, by Dr. William Marcet, F.R. 5 ., President. 


as universal. Trees shed their bark and leaves, which are 
powdered in dry weather and carried about by ever-vaiying 
current^of air, plants dry up and crumble into dust, the skin of 
man and animal is constantly shedding a dusty material of a 
scaly form. The ground in diy weather, high roads under a 
midsummer’s sun, emit clouds of dust consisting of very fine 
particles of earth. The fine river and desert sand, a speties of 
dust, is silica ground down into a fine powder under the action 
of water. 

If the vegetable and mineral world crumbles into dusty on the 
other hand it is highly probable that dust was the original state 
of matter before the earth and heawenly bodies were formed ; 
and here we enter the region of theory and probabilities. In a 
science like meteorolMy, where a wide door is open to specu- 
lation, we should avoid as much as possible stepping out of the 
track of known facts ; still there is a limit to physical observa- 
tion, and in some cases we can do no more than glance into the 
possible or probable source of natural phenomena. Are we on 
this account to give up inquiring for causes ? This question I 
shall beg to leave you to decide, but where we have such an expe- 
rienced authority as Norman Lockyer, I think the weight attached 
to possibilities and theories is sufficiently great to warant my 
drawing your attention for a few moments to the probable origin 
of the stars and of our earth. 

I dare say many of you have read the interesting article in the 
Nineteenth Century of November last, by Norman Lockyer, and 
entitled **The History of a Star.” The author proposes to 
clear in our imagination a limited part of space, and then set 
poAible causes to work ; that dark void will sooner or later be 
filled with some form of matter so fine that it is impossible to 
give it a chemical name, but the matter will eventually condense 
into a kind of dust mixed with hydrogen gas, and constitute 
what are called nebulm. These nebulae are found by spectrum 
analysis to be made up of known substances, which are mag- 
nesium, carbon, oxygen, iron, silicon, and sulphur. Fortunately 
for persons interested in such inquiries, this dust comes down to 
us in a tangible form. Not only have we dust shed from the sky 
on the earth, but large masses, magnificent specimens of meteor- 
ites which have fallen from the heavens at different times, some 
of them weighing tons, may be submitted to examination. 
From the spectroscopic analysis of the dust of meteorites we find 
that in addition to hydrogen their chief constituents are mag- 
nesium, iron, silicon, oxygen, and sulphur. 

There are swarms of dust travelling through space, and 
their motion may be gigantic. We know, for instance, some 
stars to be moving so quickly that, from Sir Robert Ball’s 
calculations, one among them would travel from London to 
Pekin in something like two minutes. From photographs taken 
of the stars and nebulae, we are entitled to conclude that the 
swarms of dust meet and interlace each other, becoming raised 
from friction and collision to a very high temperature, and 
giving rise to what looks like a star. The light would last so 
long as the swarms collide, but would go out should the 
collision fail ; or, again, such a source of supply of heat may be 
withdrawn by the complete passage of one stream of dust- 
swarms through another. We shall, therefore, have various 
bodies in the heavens, suddenly or gradually increasing or de- 
creasing in brightness, quite irr^^larly, unlike those other 
bodies where we get a periodical variation in consequence of the 
revolution of one of them round the other. Hence, as Norman 
Lockyer expresses it clearly, it cannot be too strongly insisted 
upon that the chief among the new ideas introduced by the 
recent work is that a great many stars are not stars like the sun, 
but simply collections of meteorites, the particles of which may 
be probably thirty, forty, or fifty miles apart.” 

The swarms o{ dust referred to above undergo condensation 
by attraction or gravitation ; they will become hotter and 
brighter as their volume decreases, and we shall pass from the 
nebulae to what we call true stars. 

The author of the paper I am quoting from imagines such 
condensed masses of meteoric dust being pelted or bombarded 
by meteoric material, producing heat and light* which effect will 
continue so long as the peltipg is kept up. To this circumstance 
is due the formation of stars like suns. Our earth originally 
belonged to that class of heavenly bodies, but from a subsequent 
process of cooling assumed its present character. 

While apologizing for this digression into extra-atmospheric 
dust, I shall propose to divide atmospheric dust into organic y 
or combustibley and mineraly or incombustible* The dust scat- 
tered everywhere in the atmosphere, and which is lighted up in 
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a sunbeam, or a ray from the electric lamp, is of an organic 
nature. It is seen to consist of countless motes, rising, falli^ 
or gyrating, although it is impossible to follow any of tkfem with 
the eye for longer than a fraction of a second. Wc conclude 
that their weight exceeds but very slightly that of the aif, and 
moreover, that the atmosphere is the seat of multitudes of 
minute currents, assuming all kinds of directions. Similar cur- 
rents, though on a much larger scale, are also met with in the 
air. One day last June, from the top of Eiffers Tower in Paris, 
I amused myself throwing an unfolded newspaper over the rail 
carried round the summmit of the tower. At first it fell slowly, 
carried away by a light brtjeze, but presently it rose, and, de- 
scribing a curve, began again to fall. As it was vanishing from 
sight, the paper seemed to me as if arrested now and then in its 
descent, perhaps undergoing again a slight upheaval. Here 
was, indeed, a gigantic mote floating in the atmosphere, and 
subject to the same physical laws, though on a larger scale, as 
those delicate filaments of dust we see dancing merrily in a 
sunbeam. ^ • 

I recollect witnessing at one of the Friday evening lectures of 
the Kbyal Institution in the year 1870 the following beautiful 
experiment of Dr. Tyndall, Illustrative of the properties of 
atmospheric dust ; — If we place the flame of a spirit-lamp^ or a 
red-hot metal ball in the track of a beam of light, there will be 
seen masses of dark shadows resembling smoke emitted in all 
directions from the source of heat. At first sight this appears 
as if due to the dust- particles being burnt into smoke ; but by 
substituting for the spirit-flame or red-hot metal ball an object 
heated to a temperature too low to burn the motes, the S8«me 
appearance of smoke is observed, hence the phenomenon is 
not owing to the combustion of the dust. The explanation, 
however, is obvious. The source of heat, by warming the air 
in its contact, and immediate proximity, made the air lighter 
and the motes relatively heavier, consequently they fell, and 
left spaces free from dust. These spaces in the track of the 
electric ray appeared dark, or looked as if full of a dense smoke, 
because the light of the ray could no longer be scattered in them 
from the absence of dust. 

The motes were next examined by Tyndall, to determine 
whether they were organic or mineral. This was done by 
driving a slow current of air through a platinum tube heated to 
redness, and examining this air afterwards in a beam of light ; 
it was then found to darken the ray, having lost the power of 
scattering light ; therefore the dust had been destroyed or burnt 
by passing through the red-hot platinum tube, clearly showing 
its organic nature. 

We breathe into our lungs day and night this very finely- 
divided dust, and yet it produces no ill effect, no bronchial 
irritation. Tyndall has again shown by the analytical power of 
a ray of light what becomes of the motes we inhale. 

Allow me to return to the experiment with the red-hot metal 
ball placed in the beam of the electric light. Should a person 
breathe on the heated ball, the dark smoke hovering around it 
will at first disappear, but it will reappear in the last portions of 
the air expired. What does this mean? It means that the 
first portions of air expired from the lungs contain the atmo- 
spheric motes inhaled, but that the last portions, after reaching 
the deepest recesses in the organs of respiration, have deposited 
there the dust they contained. 

It is difficult to say how much of the dust present in the air 
may become a source of disease, and how much is innocuous. 
Many of the moles belong to the class of micro-organisms^ and 
the experiment to which we have just referred shows how easily 
these micro-organisms, or sources of infectious diseases, can 
reach the lungs and do mischief if they should find a condition of 
the body on which they are able to thrive and be reproduced. 
Atmospheric motes, although it has been shown that they are 
really deposited in the respiratory organs, do not accumulate in 
the lungs and air-passages, but undergo decomix>8ition and 
disappear in the circulation. Smoke, which is finely-divided 
coal-dust, is clearly subjected to such a destructive process; 
otherwise the smoky atmosphere of many of our towns would 
soon prove fatal, and tobacco 8iiv>ke would leave a deposit 
interfering seriously after a very short time with the phenomena 
of respiration. 

Dust, however, in its physical aspect is far from being always 
Vinocuous, and, as you are aware, many trades are liable to 
suffer from it. The catting of chaff, for horses’ food, is one of 
the most pernicious occupations, as it generates clouds of dust of 
an essentially penetrating character. Those engaged in needle 


manufactures and steel-grinders suffer much from the dust of ' 
metallic particles. Stone-cutters, and workmen in plaster of 
Paris, coal-heavers, cotton and hemp spinners are also engaged 
in trades injurious to health because of the dust these men un- 
avoidably work in. Those engaged in cigar and rope manu- 
factures, or in flour-mills, hat and carpet manufacturers, are also 
liable to suffer for the same reason. A number of methods have 
been adopted, more or less successfully, to rid these trades of 
the danger due to the presence of dust. I shall not detain ^ou 
on this subject, which would carry me too far, but merely bring 
to your notice the fact I observed many years ago, that charcoal 
has the power of retaining dust in a remarkable degree. I had 
charcoal respirators made of such a form as to cover both the 
mouth and nose, and containing about ^-inch thick of charcoal 
in a granular state. I could breathe through such a respirator 
in the thickest cloud of dust made by chaff-cutting without being 
conscious of inhaling any of the dust. 

The subject of micro-otganisms belongs to the science known 
as micro-biology. As meteorologists we are chiefly concerned 
with their distribution in the atmosphere. Micro-organisms are 
dust* like particles capable of cultivation or reproduction in 
certain media and at certain temperatures. If a particle of 
matter known to contain micro-organisms, also called bacilli^ be 
placed on a clear surface of gelatine and maintained at a tem- 
perature favourable to its development, in a short time the 
gelatine will be found to contain a colony of those same bacilli. 

A fact so often stated as to become a medical truism is that there 
can be no infectious disease without the presence of the micro- 
organism special to that disease. Open cesspools, putrid meat 
or vegetable matter, accumulations of refuse, have no ill effects 
on health unless the micro-organisms of a certain disease, as those 
of typhoid fever or cholera, be present. On such foul decom- 
posing matters these organisms thrive. They are reproduced 
with great activity, and become virulent in their effects. 

Micro-organisms are scattered everywhere in the atmosphere. 
Dr. Miguel, at the Monts ouris Observatory at Paris, has made 
an extensive inquiry into their distribution in air and water. 

In this country Dr. Percy Frankland has, with praiseworthy 
labour and perseverance, investigated the subject of micro- 
organisms, aiid ascertained their number in various localities. 
The result of his inquiry is that in cold weather, especially when 
the ground is covert with snow, the number of organisms in 
the air is very much reduced, and presents a very striking con- 
trast with that found in warmer weather. The experiments 
made on March 9 show that during cold and dry weather, with 
a strong east wind blowing over London, a large number of 
micro-organisms may still be present in the air. It is particularly 
noticeable that even after an exceedingly heavy rain, and within 
a few hours afterwards, the number of micro-organisms in the 
air should be as abundant as usual. Taking an average of the 
experiments made on the roof of the Science Schools of the 
South Kensington Museum, the mean number of organisms 
found in 10 litres of air amounted to 35, while an average of 279 
fell on one square foot in one minute. Other experiments made 
near Reigate and in the vicinity of Norwich present a marked 
contrast with those undertaken in the South Kensington Museum. 
There was a remarkable freedom from micro-organisms of the 
air collected on the heath near Norwich during the compara- 
tively warm April weather, when the ground was dry. The air 
in gardens at Norwich and Reigate was richer in micro-organisms 
than that of the open country. Again, the number of organisms 
found in the air of Kensington Gardens, Hyde Park, and Prim- 
rose Hill a as less than in that taken from the roof of South 
Kensington, but greater than in the country. 

Experiments made in inclosed places, where there is little 
or no aerial motion, show the numoer of suspended oiganisms 
to be very moderate, but as soon as any disturbance in the 
air occurs, from draughts or people moving about, the number 
rapidly increases and may become very great. Experiments 
made in a railway carriage afford a striking example of the 
enormous number of micro-organisms which become suspended 
in the air when many {^rsons are brought together. 

Micro-orgimisms being slightly heavier than airi have an in- 
variable tendency to fall, and on that account frequently collect 
on the surface of water; hence rivers, lakes, and ponds are 
constantly being thus contaminated* Micro-organisms in very 
pure water are not readily disposed to multiply, but traces of 
decomposing organic matter will induce their reproduction. One 
remarluble case occurs to me illustrating this fact. ' In 1884 a 
severe epidemic of typhoid fever broke out in the town of 
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Geneva, in Switzerland. The water of the lake in th6 harbour, 
which is silrrounded by houses on three sides, was then examined 
by a distinguished micro-biologist, M. Fbl, who discovered it 
to be full of micro-organisms ; the water supplied to the town 
for drinking-purposes was taken from the River Rhone im- 
mediately as It flowed out of the harbour. The inquiry was 
pursued further, and it was found that just outside the harbour, 
on the surface of the water, there were still a number of micro- 
organisms, though less than in the harbour ; but a few feel 
below the surface, say 3 or 4 feet, they had greatly diminished 
in number, indeed to such an extent that there were very few 
present. The obvious remedy was at once carried out. A 
wooden aqueduct was constructed, opening into the lake about 
150 yards outside the harbour, and some 3 or 4 feet under the 
surface. As stated by Dr. Dunant, a Geneva physician who has 
given a very interesting account of this epidemic,^ eighteen days 
after the source of the water-supply had thus been altered, a 
marked decline took place in the epidemic, and it was clearly 
being mastered. A similar epidemic due to a like cause occurred 
about the same time at Zurich. 

There is one point connected with the properties of dust of 
organic origin which I think cannot fail to be of interest on the 
present occasion. I mean its inflammability, and its liability to 
explode when mixed with air. By explosion is meant that the 
propagation of flame by a very finely-divided material, such as 
coal-dust, mixed in due proportion with air, may proceed with 
a rapidity approaching the transmission of explosion by a gaseous 
mixture. 

An interesting lecture was delivered on this subject at the 
Royal Institution, in April 1882, by Sir Frederick Abel, en- 
titled “ Some of the Dangerous Properties of Dust.'* The 
lecturer refers to instances of explosions in flour-mills, due in all 
])robability to a spark from the grinding mill-stones, occurring in 
consequence of a deficient supply of grain to the stones. 

Messrs. Franklin and Macadam, who investigated the subject, 
found that accidents of this nature were of frequent occurrence. 
In May 1S78 a flour-mill explosion, quite unparalleled for its 
destructive effects, occurred at Minneapolis, Minnesota. Kighteen 
lives were lost, and six distinct corn-mills were destroyed. 
Persons who were near the scene of the calamity heard a 
succession of sharp hissing sounds, doubtless caused by the 
very rapid spread of flame through the dust-laden air of the 
passages inside the mill. The nearest mill to that first fired was 
25 feet distance, and exploded as soon as the flames burst 
through the first mill. The explosion of the third mill, 25 feet 
from the second, followed almost immediately ; and the other 
three mills, about 150 feet distance in another direction, were at 
once fired. The fire was attributed to a spark from friction of 
the mill-stones. 

Coal-dust in coal-mines is a cause of accident froni explosions, 
which has been closely investigated in this country, in Germany, 
and other mining districts. Sir Frederick Abel has given this 
subject especial attention, and brings it prominently forward in 
his valuable and exhaustive paper on “ Accidents in Mines," read 
to the Institution of Civil Engineers in 1888, Some mines are, 
of course, more dusty than others, and coal-dusts are not all 
equally inflammable. That which is deposited upon the sides, 
top timbers, and ledges in a dry, dusty mine-way is much finer 
and more inflammable than the coarser dust which covers the 
floors. The lecture I have referred to alludes to the case of a 
considerable quantity of coal-dust accidentally thrown over some 
screens at a pit mouth bursting into flame as the dust cloud came 
into contact with a neighbouring fire, and burning a man very 
severely. There appears good ground for believing that fire may 
travel to a considerable extent through the workings of a mine 
from the ignition of coal-dust, as will be seen in the following 
account, extracted from Messrs. W, W. and J. B. Atkinson’s 
book on ** Explosions in Mines": — *^An appalling accident 
happened at the Seaham Colliery, in the county of Durham, on 
September 8, 1880, at 2.20 a.m., causing the death of 24 men. 
An explosion occurred in the mine, and a loud report was heard 
at the surface, accompanied with a cloud of dust from the shaft, 
but no fire was seen. Owing to damage to the shaft it was more 
than twelve hours before a descent could be eflTected, and then a 
scene of destruction was witnessed by the explorers. Doors and ; 
air-crossings destroyed ; tuba broken to pieces, and hurled one | 
over the other ; timber blown out, attended with heavy falls ! 
from the roof ; and the bodies of men and horses in mauy cases j 

* ** EpidSmie de fidvre typhoide it Gendve en 1884/* par P* L. Dunant, 
^\vn€ MedicaU de la Suisse Romande^ 1887. 


terribly mutilated. The explosion was found to have extended 
over rot^s of an aggregate length of about 7500 yards, the 
greatest distancia between the extreme points reached being 
about 3800 yards/* 

When discussing the came of this terrible accident, Messrs* 
Atkinson remark that it was apparently impossible to account 
for the effects of the explosion on the assumption that it was due 
to fire-damp, as the presence of fire-damp was most unlikely to 
occur at any part at which the explosion could have happened ; 
and therefore attention must be turned to coal-dust. There 
was coal-dust on all the roads traversed by the explosion, and 
there was coal-dust at the supposed point of origin. These facts 
are of striking significance. After the explosion, all parts of the 
mine in which its effects could be traced were covered on the 
bottom and on flat surfaces with a coating of fine dust, which, 
when examined under the microscope, appeared to have been 
acted on by great heat. This fine dust covered the surface for a 
depth of from | to ^ an inch and under. Dust of this kind was 
entirely absent on tho.<^e roads over which the explosion had not 
extended. With reference to the original ignition, a shqf had 
been fired apparently simultaneously with the explosion. The 
road at the place was of stone, and would probably be coated 
with the finest coal-dust ; and, moreover, just above the spot 
where the fatal shot was fired were large baulks of timber, on 
which dust was plentifully stored. The shock caused by the 
explosion would throw the dust into the air, and the flame set 
fire to it. Thus initiated, the flame would extend through all 
the^oads on which there was an uninterrupted supply of coal- 
dust to support it. ^ 

The second part of this address relates to inorganic or 
mineral dust. When on the Peak of Tenerife in 1878, engaged 
in a pursuit mostly of a physiological kind, 1 had occasion to 
use a very delicate chemical balance. My object was to deter- 
mine the amount of aqueous vapour given out of the lungs while in 
the shallow crater at the summit of the Peak, 12,200 feet above 
the sea. The heat was intense, as the sun shed its nearly vertical 
rays at midday on the fine white volcanic sand spread over the 
floor of the crater. At various places rocks projected, covered 
here and there with crystals of sulphur, and $0 hot that the hand 
could scarcely bear coming in contact with them. Anticipating 
some difficulty in the use of the balance from the action of the 
wind, I bad brought up with me a hamper and a bLanket. After 
placing the hamper sideways, with tne lid off, I proceeded, 
though not without some little trouble, to dispose the balance 
satisfactorily inside the basket ; then, having thrown the blanket 
over the hamper, I stretched out at full length on the burning 
sand, nestling under the blanket, much as a photographer 
would cover himself and camera with a dark cloth. On trying 
to use the balance, it refused to act ; its beam would not oscil- 
late. A careful examination showed the instrument to be 
apparently in perfect order, when it occurred to me to wipe the 
knife-edges at the points of suspension of the beam and pans. 
The balance then worked quite well, though but for a few 
minutes only, again most provokingly declining to oscillate ; 
indeed, it was omy by constant wiping of the knife-edges that I 
succeeded with my experiment. The cause of my trouble was 
clearly the presence of very fine mineral dust in the air, of which 
my senses were utterly unconscious. Hence it is that extremely 
fine particles of mineral dust may exist in the atmosphere, while 
escaping detection by our senses, and such an occurrence is 
probably more frequent than generally thought. 

Prof. Piazzi Smyth, while on the Peak of Tenerife, witnessed 
strata of dust rising to a height of nearly a mile, reaching out to 
the horizon in every direction, and so dense as to hide frequently 
the neighbouring hills. The Report of the Krakat^ Commis- 
sion of the Royal Society contains the following interesting 
account, p. 421 (Mr. Douglas Archibald’s contribution to the 
Report): — “In 1881, Prof. S. P. Langley ascended Mount 
Whitney, in Southern California, with an expedition from the 
Alt^hany Observatory ; at an altitude of 15,000 feet his view 
extended over one of the most barren regions in the world. 
Immediately at the foot of the mountain is the Tnyo Desert^ and 
in the east a range of mountains parallel to the Sierra Nevada, 
but only about 10,000 feet in height. From tha valley the 
atmosphere had appeared beautifully clear, but, as stated in 
Prof. Langley’s own words, “from this aerial height we looked 
down upon what seemed a kind of level dust ocean, invisible 
from bdow, but whose depth was six or seven thousand feet, as 
the upper portion only of the opposite mountain range rose 
clearly out of it. The colour of the light reflected to us from 
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this dust ocean was clearly red, and it stretched in every direc* 
tion as far as the eye could reach, although there was no^ special 
wind or local cause for it. It was evidently like the dust seen in 
mid-ocean from the Peak of Tenerife— something present all the 
time, and a permanent ingredient of the earthy atmosphere/* 

Storms . — These storms, as suggested by Dr. Henry 
Cook, from whose paper to the Quarterly Journal of the Royal 
Meteorological Society, in 1880, I am now quoting, may be con- 
sidered under three heads, according to their intensity — ^atmo- 
spheric dust, dust columns, and dust storms. Dr. Cook, allud- 
ing to occurrences in India^ observes that there arc some days 
on which, however hard and violently the wind may blow, little 
or no dust accompanies it ; while on others, every little puff of 
air or current of wind forms or carries with it clouds of dust. If 
the wind which raises the dust is strong, nothing will be visible 
at the distance of a few yards, the sun at noon being obscured. 
The dust penetrates everywhere, and cannot be excluded from 
houses, boxes, and even watches, however carefully guarded. 
The individual particles of sand appear to be in such an elec- 
trical condition that they are ever ready to repel each other, and 
are. cotisequently disturbed from their position and carried up 
into the air. 

Dust columns are considered by Dr. Cook as due to electrical 
causes. On calm, quiet days, when hardly a breath of air is 
stirring, and the sun pours down its heated rays with full force, 
little eddies arise in the atmosphere near the surface of the 
ground. These increase in force and diameter, catching up and 
whirling round bits of sticks, grass, dust, and, lastly, sand, uptil 
a column is formed of great height and considerable diameter, 
which usually, after remaining stationary for some time, sweeps 
away across country at great speed. Ultimately it loses gradu- 
ally the velocity of its circular movement and disappears. In 
the valley of Mingochar, which is only a few miles in width, 
and surrounded by high hills, Dr. Cook, on a day when not a 
breath of air stirred, counted upwards of twenty of these 
columns. They seldom changed their places, and, when they 
did so, moved but slowly across the level tract. They never 
interfered with each other, and appeared to have an entirely 
independent existence. 

Dr. Cook describes as follows a dust storm which took place 
at Jacobabad : — ‘‘The weather had been hot and oppressive, 
with little or no breeze, and a tendency for dust to accumulate 
in the atmosphere. On the evening of the storm heavy clouds 
gathered and covered the sky. About 9 p.m. the sky had 
cleared somewhat, and the moon shone. A breeze sprang up 
from the west, which increased and bore along with it light 
clouds of sand. At 9.30 p.m. the storm commenced in all its 
fury. Vast bodies of sand were drifted violently along. The 
stars and moon were totally obscured. It became pitch dark, 
and it was impossible to see the hand held close to the face. 
The wind blew furiously in gusts, and heaped the sand on the 
windward side of obstacles in its course. Lightning and thunder 
accompanied it, and were succeeded by heavy rain. The storm 
lasted about an hour, when the dust gradually subsided. The 
sky again became clear, and the moon shone brightly. The 
storm appeared to have entirely relieved the electrical condition 
of the atmosphere. A pleasant freshness followed, and the 
oppressive sensation before mentioned was no longer experienced. 
This, indeed, is the general effect of storms' in Upper Scind. 
The air is cooled, the atmosphere cleared, and the dusty con- 
dition of the atmosphere which usually jirecedes them for several 
days completely disapi^ears.*’ 

In the case of a memorable sand storm which occurred at 
Aden on July 16, 1878, and recorded by Lieutenant Herbert 
Russell, there was a remarkable play of light on the objects 
which remained within sight. The sudden darkness from the 
storm gave a peculiar and ghastly tint to the white sand and 
neighbouring plain, while the curling masses; of sand drifted 
before the eale, resembling a dark yellow smoke. The varied 
lights, ijuicldy changing, were curious and most grand ; the sea 
a clear green, and Slave Island and Shum-Shum, usually of an 
arid brown colour, became of an ashy white. 

In a dust storm I experienced myself at Luxor, on the Nile, 
the suffocatiog effect of the sand as it drove into the lungs and 
air passages was very trying. People rushed to the immediate 
river side, where some relief was found. 

A book on “ Whirlwinds and Dust Storms in India,’* by 
P. L. H. Baddeley, Surgeon, Bengal Army, i860, gives some 
interesting information on the electrical character of du'^t storms 
and dust pillars. When at Lahore in 1847, this gentleman was 


desirous of experimenting on the electrical state of the atmo- 
sphere in a dust storm, and with this object he projected into 
the air, on the top of his house, an insulated copper wire fixed 
to a bamboo ; the wire was brought through the roof into his room, 
and connected with a gold-leaf electrometer, a detached wire com- 
municating with the earth. A day or two after, during the 
passage of a small dust storm, he observed the occurrence (jf 
vivid sparks from one wire to the other, and, of course, strongly 
affecting the electrometer. He subsequently witnessed at least 
sixty dust storms of various sizes, all presenting the same kind 
of phenomena. * 

Volcanic Dust . — This dust consists mainly of powdered vitri- 
fied substances, produced by the action of intense heat. It is 
interesting in many respects. The so-called ashes or scories 
shot out in a volcanic eruption are mostly pounded pumice, but 
they also originate from stones and fragments of rocks which, 
striking against each other, are reduced into powder or dust. 
Volcanic dust has a whitish-grey colour, and is sometimes 
nearly quite white. Thus it is that, in summer, the terminal 
cone of the Peak of Tenerife appears from a distance as if 
covered with snow ; but there is no snow on the mountain at 
that season of the year ; the white cap on the Peak is entirely 
due to pumice ejected centuries ago. It is probably to this 
circumstance that the island and Peak owe their name, as in the 
Guelph language the words Tener Ifa mean white mountain. 

The friction caused by volcanic stones and rocks as they are 
crushed in their collision develops a mass of electricity which 
shows itself in brilliant displays of branch lightning darting from 
the edges of the dense ascending column. During the great 
eruption of Vesuvius, in 1822, they were continually visible, and 
added much to the grandeur of the spectacle. It not unfre- 
quently happens that dust emitted from Vesuvius falls into the 
streets of Naples ; but this is nothing in comparison with the 
mass of finely-powdered material which covered and buried the 
towns of Pompeii, Herculaneum, and Stabiae in the year 79. 

On this occasion, according to the younger Pliny, total dark- 
ness from the clouds of volcanic ashes continued for three day-’, 
during which time ashes fell like a mantle of snow all over the 
surrounding country. When the darkness cleared away, the 
calamity was revealed in all its awful extent, the three towns 
having disappeared under the showers of dust. 

The eruption of Krakat&, a mountain situated on an island 
in the Straits of Sunda, exceeded, in all probability, in its 
deadly effects, and as a wonderful phenomenon of Nature, the 
outburst of Vesuvius in the year 69. The Krakatab Committee 
of the Royal Society have collected and published in their inter- 
esting Report particulars of that memorable eruption, all of 
them thoroughly authenticated and reliable. The following is 
extracted from a communication to the Report by Prof. Judd: — 
“ On August 26, 1882, it was evident that the long-continued 
moderate eruptions of Krakatao had passed into the paroxysmal 
stage. That day, about i p.m., the detonations caused by the 
explosive action attained such a violence as to be heard at 
Batavia and Buitzsenborg, about 100 English miles away. At 
2 p.m. Captain Thompson, of the Afedea, then sailing at a point 
70 miles east' north-east of Krakat^, siw a black mass like 
smoke rising into the clouds to an altitude which has been 
estimated at no less than seventeen miles (nearly six times the 
height of Mont Blanc}.” 

If this surmise be correct, some idea of tho violence of the 
outburst can be formed from the fact that during the eruption of 
Vesuvius in 1872 the column of steam and dust was propelled to 
a height of from 4 to 5 miles only. 

At 3 p.m. the explosions were loud enough to be heard 150 
miles away. At Batavia and Buitzsenborg the noise is described 
as being like the discharge of artillery close at hand. Windows 
rattled, pictures shook, but there was nothing in the nature of 
earthqualce shocks— only strong air vibrations. 

Captain Wooldridge, of the Sir R. viewing the volcano 
at sunset on the 26th, describes the sky as presenting a most 
terrible appearance, the dense mass of cloud of a murky tinge 
being rent with i^rce flashes of lightning. At 7 p.m., when 
from the vapour and dust clouds intense darkness prevailed, the 
whole scene was lighted up by electrical discharges, and at one 
time the cloud abo^ the mountain presented the appearance of 
an immense pine-tree, with the stem and branches formed of 
volcanic lightning. The air was loaded with excessively flne 
ashes, and there wet a strong sulphurous smell. The steamer 
G. G. Loudon^ withih 20 or 30 miles of the eruption, passed 
through a rain of ashes and small bits of stone. 
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Captain AVatson, of the ship Charles Bal^ at a spot about a 
dozen miles off the island, records the phenomena of chains of 
fire appearing to ascend between the volcano and the sky, while 
on the south side there seemed to be a continual roll of balls 
of white fire.'* These appearances were doubtless caused by 
the discharge of white-hot fragments of lava rolling down the 
sides of the mountain. From midnight till 4 a.m. explosions 
continually took place, the sky one second being intense 
blackness, the next a blaze of fire. 

All the eye-witnesses agree as to the splendour of the electrical 
phenomena. Captain Woolridge, viewing the eruption from a 
distance of 40 miles, speaks of the great vapour cloud resembling 
an immense wail, with outbursts of fork lightning, like large 
luminous serpents, rushing through the air. After sunset, this 
dark wall assumed the appearance of a blood-red curtain, with 
the edges of all the shades of yellow — the whole of a murky 
tinge, and attended with fierce flashes of lightning. It was 
reported from the Loudon that lightning struck the mast-head 
conductor five or six times, and that the mud-rain which covered 
the masts, rigging, and decks was phosphorescent. The rigging 
presented the appearance of St. Elmo’s fire, which the native 
sailors were busily engaged putting out with their hands, 
alleging that, if any portion found its way below, a hole would 
burst in the ship ; not that they feared the ship taking fire, 
but they thought the light was the work of evil spirits, and 
that if it penetrated the hold of the vessel, the evil spirits would 
triumph in their design to scuttle the ship. 

By these grand explosive outbursts the old crater of 
Krakatab was completely •eviscerated, and a cavity formed more 
than 1000 feet in depth ; while the solid materials thrown out 
from the crater were spread over the flanks of the volcano, 
forming considerable alterations in their forms. 

The sea disturbance which accompanied the eruption of 
Krakatab was carefully investigated by Captain Wharton, 
Hydrographer to the Admiralty ; — **The rush of the great sea 
wave over the land, caused by the violent abrasion in the crater, 
aided hy the action on the water of enormous masses of fallen 
material, caused great destruction of life and poverty in the 
Straits of Sunda. By the inrush of these waves on land, all 
vessels near the shore were stranded, the towns and villages near 
the coast devastated, two of the lighthouses were swept away, 
and the lives of 36,380 of the inhabitants sacrificed. It w^ 
estimated that the wave was about 50 feet in height when it 
broke on the shore.” 

On the morning of the 27th, between 10 and ii a.m., three 
vessels at the eastern entrance of the Straits encountered the fall 
of mingled dust and water, which soon darkened the air, and 
covered their decks and sails with a thick coating of mud. 
Some of the pieces of pumice falling on the Sir JR. Sale were 
said to have been of the size of a pumpkin. All day on the 27th, 
the three vessels were beating about in darkness, pumice-dust 
falling upon them in such quantities as to employ the crew for 
hours in shovelling it from the decks and in beating it fr<mi the 
sails and rigging. At Batavia, 100 miles from Krakatab, the 
sky was clear at 7 a.m., but at ii a.m. there fell a regular dust- 
rain ; at 11.20 complete darkness pervaded the city. The rain 
of dust continued till I, and afterwards less heavily till 3 p.m. 

The speed and distance attained by the pumice ejected from 
the volcano may be conceived from the fact staled in Mr. 
Douglas Archibald’s contribution to the Report, that dust fell on 
September 8, more than 3700 English miles from the seat of 
the eruption. 

The great mass of the pumice thrown out during the eraption 

f resented a dirty greyish-white tint, being very irregular in size, 
t was undoubt^Iy due to the collision of fragments of pumice 
as they were violently ejected from the crater; the noise pro- 
duced was even more striking than the sound of the explosion. 

The dust ejected from Krakatab did not all fall back at the 
same time upon the sea and earth ; as the lightest portions 
formed into a haze, which was propagated mostly westward. 
Mr. Archibald states in the Report that most observers a^ree 
upon considering this haz^ as the proximate cause of the twilight 
glows, coloured suns, and large corona, which were seen for a 
considerable time after the eruption. The haze was densest in 
the Indian Ocean and along the ^uatoriai belt, and was often 
thick enough to hide the siin entirely when within a few degrees 
from the horizon. 

And now, ladies and gentlemen, I must brii^ this address toa 
conclusion, and thank you for having followeame over a long, 
"^ty track. 1 hope I have succeedea in showing that infinitely 


small oUects, no larger than particles of dust, act important 
parts in nhe physical phenomena of Nature, just as small and 
apparently unimportant events occasionally lead to others of the 
greatest magnitude. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, March 6.—^* The Cranial Nerves of the 
Torpedo” (Preliminary Note). ByJ, C. Ewart, M.D. Com- 
municated by Prof. M. Foster, Sec. R.S. 

The cranial nerves of the torpedo agree in their general* 
arrangement with those of the skate. ^ The ophthalmicus pro- 
fundus occupies the usual position, but its ganglion lies in close 
contact with the Gasserian, and not on a level with the ciliary, 
ganglion. The trigeminus has the usual distribution, for, not- 
withstanding the statements in the most recent text-books,^ the 
trigeminus sends no branch to the electric organ. The facial 
complex includes the superficial ophthalmic, the buccal, apd the 
hyomandibular nerves, all of which have the same distribution 
as the corresponding nerves in the skate ; but the hyomandibular 
includes or is accompanied by a large bundle of nerve fibres 
which supply the anterior and inner portion of the electric 
organ. This large nerve cord (the first electric nerve) has^ 
hitherto almost invariably ^ been described as a branch of the 
trigeminus. When traced backwards, it is found to spring from 
theganterior portion of the electric lobe. 

The glossopharyngeus, a slender nerve in the skate, is repre- 
sented in the torpedo by a thick cord which escapes by a large 
foramen -in the outer wall of the auditory capsule. This large 
nerve consists of two portions, one of which is small and com- 
pletely covered by the large superficial division. The small deep 
division, which in its course and distribution closely resembles- 
the glossopharyngeal in the skate, presents on leaving the 
auditory capsule a distinct ganglionic swelling, beyond which it 
breaks up into the branchial and other branches. The large 
superficial division emanates from the electric lobe behind the 
origin of the first electric nerve, and at once runs outwards to 
reach and supply the majority of the columns of the anterior 
half of the electric organ. 

The vagus complex consists of the nervus lateralis, the nervus- 
intestinalis, and of five branchial nerves, of which the two- 
anterior are accompanied by the third and fourth electric nerves. 
The nervus lateralis, lying superficial to all the other nerves, 
arises on a level with tne root of the glossopharyngeus, and then 
curves backwards dorsal to the posterior electric nerve to reach 
the canal of the lateral line. Shortly after leaving the cranium^ it 
presents a distinct ganglionic swelling, which is crowded with 
large cells. The four branchial nerves for the four vagus 
branchiae, the slender filament which represents a sixth branchial 
nerve, and the intestinal nerve lie at first in contact with each 
other under cover of the third and fourth electric nerves. When* 
the branchial and intestinal nerves are carefully examined, they 
are found to present four, sometimes five, ganglionic enlarge^ 
ments, and in addition ganglionic cells can sometimes be detected 
at the proximal end of the slender sixth branchial nerve. The- 
third and fourth electric nerves lie over and are especially related 
to the second and third branchial nerves. These large electric 
nerves spring from the posterior half of the electric lobe, and find 
their way outwards partly behind and partly under the auditory 
capsule, to terminate in the posterior h^f of the electric organ. 

It thus appears that all the electric nerves spring from the 
electric lobe, that the first accompanies the hyomandibular 
division of the facial complex, the second the glossopharyngeus, 
and the third and fourth the first two branchial nerves ot the* 
vagus complex. It remains to be seen whether the electric 
nerves have been derived from motor branches of the nerves 
with which they are respectively associated by an enormous* 
increase in the number of their fibres, as the muscular fibres 
were gradually transformed into electric plates. 

Physical Society, Feb. ai. — Prof. G. Carey Foster, F.R.S., 
Past-President, in the chair. — The following communications « 
were read On a carten deposit in a Blake telephone trans* 

’ Ewart, *'On the Cranial Nerves of Klasmobranch Fishes/’ Roy. Soc. 
Proc., vol. 45, 1889. 

* A.^., McKendnek, Text-book of Physiology,*’ 1888, and Wiedersheim, 

** Orundfiss der veigleichenden Anatomie/* 1888. 

3 Fritsoh is the omy author I am acouainted with who does not describe 
the first electric nerve as a branch or the trigeminus, *'Untersuchungen 
ueber den feineren Ban des Ftschjgehirns/' Berlin, 1878. 
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mitter, by Mr. F. B. Hawes. The author exhibited photmraphs 
of the interior portions of the transmitter on which the msposit 
had taken place. These portions consist of a metal diaphragm, 
a highly-polished carbon button, and a platinum contact piece 
carried by a German silver spring placed between them. The 
diaphfagm presented a mottled appearance due to the deposit, 
but the part which had been behind the German silver spring 
seemed compuatively clean. The deposits on the carbon button 
and German silver spring were much less dense than that on the 
exposed parts of the diaphragm, and the space near the point of 
contact between the platinum and carbon was free from deposit. 
The deposit was fairly adherent, some rubbing being neces* 
sary to remove it, and on examination under the microscope 
particles of copper and metallic crystals could be seen. The 
author believes the deposit due to some kind of bombardment 
of carbon particles, but was nnable to say why it should occur, 
or why the varnished diaphragm should receive the greater 
deposit although it was further from the carbon than the German 
silver spring. Mr. C. V. Boys said the photographs reminded 
him «f a phenomenon he oMerved some time ago on a glass 
sheet against which one terminal of a dry pile had been resting 
for some weeks. Just as on the carbon button, the glass near 
the point of contact was clean and had a comet-shaped deposit 
formed around it. He could offer no explanation of the apf^ar- 
ance. — The geometrical construction of direct- rending scales for 
reflecting guvanometers, by Mr. A. P. Trotter. In a recent 
]>aper on galvanometers, % Prof. W. E. Ayrton, F.R.S., 
T. Mather, and Dr. W. E. Sumpner, read before the Society, 
the opinion was expressed that proportionality of scale reading 
to current was very desirable, and the present paper shows how 
to bend a scale of equal divisions so as to give the required pro- 
portionality. Suppose the currents required to produce several 
deflections have been experimentally determine. A full-size 
plan of the scale is then drawn, and radial lines from the points 
on the scale at which the observations w’ere taken are drawn 
towards the centre of the mirror. Let these radii numbered 
o, I, 2, 3, &c., commencing from zero azimuth. According to 
the procedure recommended, distances proportional to the several 
current strengths are marked off along the edge of a strip of 
paper, a few inches being left over at each end. Call the marks 
a, b, £, d, &c., a being the zero point.- Two points on the radii 
o, I, and equidistant from the mirror are now found such that the 
distance between them is equal to that between a and b on the 
strip, and the points marked by fine needles stuck in the board. 
The zero end of the strip is now fixed so that the marks a and b 
lie against the needles, and the strip is swept round until the 
mark c coincides with the radius 2, where also a needle is placed. 
Repeating the process gives a series of points which on being 
joined form part of a polygon. A line can then be drawn 
between the inscribed and circumscribing corves which has the 
same length as the sum of the straight lines, and this is the curve 
to which the original scale may be bent so as to give proportional 
readings. Dia^ms showing such curves, constructed from the 
calibrations of mstroments given in the paper above referred to, 
accompany the paper. The author showed that a family of 
curves raw be drawn, each of which satisfies the required con- 
dition. Of the two limiting curves, one is tangential to the 
usual scale line at zero azimuth, and the other passes through the 
vertical axis of the mirror. The flattest of the various curves is 
generally the most convenient. Mr. J. Swinburne asked whether | 
good definition could be obtained when such curved scales not 
equidistant from the mirror were used, and also whether it was 
not easier to divide a flat scale unequally so that the readings are 
proportional to the current Mr. Trotter, in reply, said Dr. 
Sumpner thought there would be no difficulty a^regards definition 
with the flat curves shown. He (Mr. Trotter) also added that 
a curved scale might be advanb^eous in reading the deflections 
from one side of a table, as the more distant part of the scale 
could be more nearly perpendicular to the line of sight. For 
such an arrangement, however, a parallel beam of light would be 
required. — A parallel motion suitable for recording instruments, 
Ly Mr. A. P. Trotter. This is a iQodification of Watt’s parallel 
motion, in which the two fixed centres are on the same side of 
the line described by the ’’parallel point.” The arrangement 
consists of two -vibrating arms, one of which is twice the iength 
cf the other, and whose outer ends are jointed respectiveiy to 
the middle and end of a short lever ; the free end of the latter 
describes an approximate straight line. The motion was arrived 
at by considering the curve traced out by a point on the radius 
of a circle, such that its distance from the circumference measured 


towards the centre is equal to the radial intercept between 
the circle and a tangent line. The equation to the curve is 
r — z - sec 9 (conchoid of Nicomedes) and the raditu of^ the 
osculating circle at the point where the intercept is zero is given 
as half that of the initial circle. This oseulatory circle, the 
author finds, practically coincides with the curve over a considrr- 
able angle (40*), and thus may replace this part of the curve ; 
hence the motion. The author thinks the motion will be nseful 
for recording barometers, ammeters, and voltmeters, as it is more 
compact than that of Watt, and needs no fixed point beyond the 
straight path, — Owing to the absence of Prof. S. P. Thompson, 
his paper on Bertrand’s refractometer was not read. 

Linnean Society, March 6. — Mr. Carruthers, F.R.S., Pre- 
sident, in the chair. — Mr. Thomas Christy exhibited a dried sproi- 
men of Picramnia antidesma, the plant from the bark of which 
a medicine, known as cascara amatya, a useful alterative in 
diseases of the blood and skin, is believed to be prepared. — 
Mr. J. E. Harting exhibited a series of horns of the American 
Prongbuck {Antilocapra amerieana), to illustrate the mode 
in which the shedding and new growth of horn is effected 
in this animal. — A paper was read by Mr. D. Morris, on the 
production of seed in certain varieties of the sugar-cane {Sac 
charum officinarutn). It was pointed out that, although well 
known as a cultivated plant, the sugar-cane had nowhere been 
found wild ; nor had the seed {caryopsis) been figured or de- 
scribed ; it being the generally received opinion that, having 
been propagated entirely by slips, or cuttings, it had lost the power 
of producing seed. Spikelets, however, received at Kew, had 
been carefully examined, and the seed found, which was now 
for the first time exhibited by Mr. Morris. He anticipated that, 
by cross-fertilization and selection of seedlings, the sugar-cane 
might be greatly improved, and much importance was attach^ 
to the subject, as it opened up a new field of investigation in 
regard to sugar-cane cultivation. Mr. J. G. Baker and Mr. Christy 
concurred. — A paper was then read by Mr. Spencer Moore, 
on the true nature of callus ; Part I, the vegetable-marrow and 
Ballia calHtricha. It was shown that the callus of sieve-tubes 
of the vegetable- marrow gives marked proteid reactions : and 
since it is dissolved in a peptonizing fluid there can be no doubt 
of its being a true proteid, and not a kind of starchy mucilage, 
as is usually supposed. The “stoppers” of Ballia also yield 
proteid reactions, but inasmuch as they resist gastric diges- 
tion, the substance cannot be a true proteid, and may perhaps 
be allied to lardacein. Mr. Moore maintained the view of 
Russow, Strassburger, and others — that callus is deposited upon 
the sieve — to be correct in the case of the vegetable-marrow ; 
since a peptonizing fluid clears the sieve-plates and leaves them 
in their pristine condition, which would not be the case if callus 
were formed by a swelling up of the sieves. A discussion fol- 
lowed, in which Dr. F. W. Oliver, Dr. D. H. Scott, Prof. 
Reynolds Green, and Mr. George Murray took part. 

Zoological Society, March 4. — Prof. W. H. Flower, 
F.R.S., President, in the chair. — The Secretary read a report 
on the additions that had been made to the .Society’s Menagerie 
during the month of February 1890. — Mr. F. E. Beddard ex- 
hibited and made remarks on some living specimens of an Indian 
Earthworm {Periehceta indica), obtained from a greenhouse in 
Scotland. — Mr. A. Thomson exhibited a series of insects reared 
in the Insect House in the Society’s Gardens during the past 
year, and read a report on the suHect. Particular attention was 
called to specimens of a South Afncan Mantis {Harpax ocellata) 
and of a Canadian Stick Insect {Diapkemora femoraid). — Mr. 
Henry Seebohm read a paper on the classification of birds, being 
an attempt to diagnose the sub-classes, orders, sub-orders, and 
some of the families of existing birds. The characters upon 
which the diagnoses were based were almost entirely^ derived 
from points in the osteology, myology, and the pterylosts of the 
grouM diagnosed. — A communication was read from Mr. T. D. 
A. Cockerell, describing some Galls from Colorado, of which 
specimens were transmitted for exhibition. 

Edinburgh. 

Royal Society, February 98. — Sir Douglas Maclagan, Vice- 
President, in the d^r. — Prof. Rutherford communicated a paper 
on the structure and contraction of striped muscular fibre of 
crab and lobster.— -Prof. Haycraft read a paper on the histolo^, 
functions, and development. of the carapace of the Chelonia, 
and also anot^ paper on the rate at which muscles contract 
when the motor paths arc stimulated by interrupted electrictl 
currents. ' 
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March 3.—- Sir W. Thomson, President, in the chain — Prof. 
Tait communicated a note on ripples in a viscous liquid. He 
* investigates in it the motion of a continuous set of ripples, and 
discusses the effects of gravity, surface-tension, surface-stiffness, 
and viscosity. — Dr. Thomas Muir communicated a paper by 
Mr. D. Maver, on a geometrical method based on the principle 
of translation. — Prob J. Stuart Blackie read a paper on the 
phases of the living Greek language. 

* Paris. 

Academy of Sciences, March 10. — M. Hermite in the 
chair. — ,Note on the life and works of George Henry Halphen, 
by M. Emile Picard. — On the phenomena seen about the sun on 
March 3, 1890, by M. A. Cornu. Halos and parhelia were 
seen about the sun on this date, and observations of the aqueous 
bands of the solar spectrum made at the time when the first halo 
of 22^ appeared, showed that warm and moist currents existed in 
the higher regions of the atmosphere in spite of the exceptional 
cold ( - II® C.) at Paris. — Thermal researches on the allotropic 
modifications of arsenic, by MM. Berthelot and Engel. The 
amount of heat evolved on treatment with bromine and water 
was found to be nearly the same in both the forms ; arsenic, in 
this respect, behaving like carbon. — Second note on the absorp- 
tion of atmospheric ammonia b^ soils, by M. H. Schloesing. 
From the experiments described in this and the previous note, 
the author finds that calcareous, acid or neutral, dry or wet 
soils, absorb atmospheric ammonia. Moist earth, however, 
favours the fixation of ammonia, and dry earth retards it. — The 
muscular and clastic elements of the retrolingual membrane of 
the frog, by M. L. Ranvier. The problems investigated are : 
the attachment of the elastic fibres to the muscular bundles, and 
whether a fibril terminates in a thick or thin disc or a clear 
space, all of which occur in the muscular bundles. — On the 
microbes of acute ostcomyelitcs called infectious, by MM. 
Lannelongue and Achard. — Study of the errors of observation, 
by M. J. E. Estienne. — Sun-spot in very high latitude, by M. 
Dierckx. To ThlS’ttOtc we refer elsewhere (p. 472). — On Stirling’s 
formula, by M, E. Rouche. — On regular surfaces which pass 
through a given curve, by M. Ch. Bioche.— On the compounds 
of phosphoretted hydrogen and ammonia with boron chloride 
and silicon hexachloride, by M. A. Besson. — Note on the com- 
pounds of the metals of the alkalies with ammonia, by M. J. 
Moutier. — On the estimation of free halogens and of iodides in 
presence of chlorine and bromine, by M. P. Lebeau. Iodine is 
estimated by liberation from its compound in aqueous solution 
by a standard solution of bromine, the iodine being dis- 
solved out from the water by CSg as soon as liberated : the end 
of the reaction is indicated by the decoloration of the supernatant 
aqueous solution, to which a few drops of indigo solution has 
been previously added. — On the formation of thiosulphate of 
lead, note by M. J. Fogh. — Decomposition of thiosulphate of 
lead by heat. Trithionate of lead, by the same author. It is 
shown that, by the prolonged action of boiling water, thio- 
sulphate of lead decomposes according to the equation 
2PbS^O;j — PbS + PbSeOe. — On a new iodide of bismuth and 
potassium, M. L. Astre. — Note on the molecular increase of dis- 
persion of saline solutions, by MM. Ph. Barbier and L. Roux. 
If the constant K given in a previous communication be multi- 
plied by the molecular weight of the dissolved salt, what the 
authors term the molecular increase of dispersion is obtained. 
MK for chlorides of the type MCI is shown to have the mean 
value 0 020, for chlorides MCI2 the mean value is 0*044. — Re- 
searches upon the application of measurements of the rotatory 
power to the .determination of compounds resulting from the 
action of malic acid upon the neutral molyMates of lithium 
and magnesium, by M. D. Gernez. — The volumetric estimation 
of tannin, by M. E. Guenez. — Estimation of acetone in pethyl 
alcohol and in the raw methyl alcohol used for methylation, by 
M» L^o Vignon. — On the diminution of fermenting po^er of 
the ellipsoidal wine-yeast, in presence of salts of copper, by M. 
A. Kommier.— On a Coleopterous insect attacking the vine in 
Tunis {JLigniperda franciua^ Fabricius), by M. A. Laboulbine. 
— The. preparation of crystallized basic nitrate of copper and its 
identification with gerhardtite,.by M. L. Bourgeois. 

Berlin. 

Metaorological Society, February 11. — ^Prof. Schwalbe, 

JE!mideht, in the chair.— Dr. Danckdmann spoke on the 
mworological conditions which exist on the Gold and Slave 


Coast. General observations had been started in New Guinea, but 
were sooti reduced to observations of rainfall only ; during the 
years 1886 to 1889, they bad yielded some interesting results ou 
the connection between rainfall and the direction of the mon- 
soons and trade-winds. No trustworthy data are as yet tq hand 
of the meteorological conditions of Southern Africa, Cameroon, 
and East Africa, but, on the other hand, there is a mass of material 
accumulated at many stations on the Guinea coast. From tho 
latter it appears that the atmospheric pressure varies but slightly, 
and shows a maximum in July and Aurast. In Bismarck burg the 
wind blows from the north and northeast from the Sahara in 
December, January, and February ; in June, July, and August 
it blows west and south•we^t. Variations of temperature are 
but slight, presenting a maximum in December to February, 
and a minimum in July and August. The amount of rainfall is 
very variable, being, in some places, as low as 575 mm. per 
annum ; in others, 1000, 1500, or even 3500. The speaker 
concluded by describing the climatic conditions of this region, 
pointing out that they may be explained with reference to the 
contiguity of the Sahara Desert.. — Dr. Eschenhagen gave '^i de- 
tailed description of the Magnetic Observatory at Potsdam, 
dealing with its structural arrangements and the internal loca- 
tion of the instruments. While exhibiting the photographically 
recorded curves of the previous fortnight, he dealt with the 
breaks in these which result from anv more than usually severe 
shock of earthquake. These he attributed to purely mechanical 
causes rather than to magnetic, basing his views on observations 
of the movement of the surface of mercury at the time. He 
pointed out that the opposite view, urged by French meteoro- 
logists, a.s based upon observation of a copper rod with a bifilar 
suspension, is inconclusively supported bv such observations, 
inasmuch as the equilibrum of a copper roa is relatively stable, 
while that of a bifilar magnet is pnstable. — The President re- 
ferred, in conclusion, to the loss which meteorology had sustained 
in the death of Buys Ballot. 

Physiological Society, February 14. — Prof, du Bois Rey- 
mond. President, in the chair. — Prof. Zuntz gave an account of 
experiments conducted in his laboratory by Dr. Katzenstein, on 
the influence of bodily labour on the metabolism of man. After 
giving an historical rhumc of previous researches, he described 
the methods employed in the present research. The experi- 
ments were conducted in a very convenient form of respiration- 
apparatus, the analysis of the gases being made by Hemp>el’s 
method. Great stress was laid on the accurate determination, 
of the work done ; the latter consisted in either turning a wheel 
against a graduated resistance, or else in motion on either a 
plane or inclined surface. In the latter form of work an appa- 
ratus was used which bad previously been employed in experi- 
ments on a horse. The oxygen consumed in each experiment 
was taken as a measure of the metabolism. It was found that 
this was permissible, from the fact that the respiratory quotient 
was observed to be constant during the three conditions of rest, 
walking, and climbing. From this it appeared that the energy 
required for any given work was the outcome of the union of 
oxygen and carbon in the formation of carbonic acid gas. The 
increased respiratory interdiange which accompanied any extra 
work fell to the normal some two or three minutes after the 
work ceased. In each experiment the distance covered and 
height through which the body was raised was measured in 
kilogram-metres ; the oxygen simultaneously absorbed was 
determined, and from this the amount of oxygen which would 
have been absorbed if no work had been done was subtracted, 
so that the amount of oxygen required for the given work was. 
obtained. It was found that, as in Smith’s experiments, the 
metabolism migh0» be increased to two or three times the normaP 
during work. The experiment was then repeated, employing a* 
different rate of motion and steepness of ascent, so that it was 
readily possible to calculate the oxygen, in cubic centimetres, 
required for a progression of one metre or the raising of 
one kilogram ; the former was then reduced to a unit of 
one kilogram of body-weight. The result obtained from 
the person on whom mosr of the experiments were made 
was that the moving of one kilomm of body-Weight over 
one metre of space on the level involved a consumption of 
I *11 c.c. of oxygen, and for the raising of one kilogram through 
one metre, a consumption of 1*438 c.c. In conclusion, the 
speaker drew some interesting comparisons between the resuks 
of these experiments and those previously made on a horse. — 
Dr. Benda exhibited seveml preparations of sense-organs of 
mammals; and Dr. ICatz sh^wra some specimens of the organ' 
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of Corti. — Dr. Hausemann spoke on unsyminetrical karvokinesis 
met with in epitheliomata. Ordinarily the chromatin'^filaments 
divide into two equal parts, but in cancer-cells they do not, and 
from this results the polymorphism of the nuclei. 

Physical Society, Febuary 21. — Prof, du Bois-Reymond, 
President, in the chair. ~Prof. von Bezold made a short speech 
in memory of Buys Ballot, pointing out with chief prominence 
that he was the first to draw attention to the necessity of co- 
operation between the* meteorologists of different nations, and 
that he had been chiefly iAstrumental in establishing the existing 
International Meteorological Co^ngress. He further showed that 
Buys Ballot was the first to give a survey of the meteorological 
conditions existing simultaneously at different places on the 
earth^s surface, the pioneer in the production of the synoptic 
charts which are now published (see Poggendorff^s AnnaUn for 
1847), thoroughly grasp and state with precision 

the difference between weather and climate. — Dr. £. Pringsheim 
•spoke on Kirchoff 's law and gaseous radiation. During the ex- 
p^riiifontal verification of the above, the speaker was chiefiy 
interested in the behaviour of gases and vapours, and selected 
foi his experiments sodium vapour. It was impossible to obtain 
any answer to the question ‘‘Does a gas acquire the power of 
emitting light-rays when its temperature is raised ? ’’ by the mere 
introduction of sodium or its salts into the non-luminous flame of 
a Bunsen burner, since it was not possible to exclude the occur- 
rence of chemical changes during such an experiment. Thus he 
employed rather the method of Lockyer, Liveing, and Dewar, 
heating the metal in a sealed tube. In this way he verified the 
appearance of the bright emission-line and of the absorption-line 
of sodium. The lowest temperature at which they make their 
appearance was determined and measured thermo-electrically, 
but the speaker did not deduce any absolute value from lus data. 
He further considered that the radiation of gases when heated is 
not yet definitely proved, since the nitrogen in which he heated 
the sodium contained minute traces of oxygen, and the method 
he employed for closing the ends of his tube permitted of the 
probable entry of small <^uantities of air. He had, therefore, 
additionally made experiments with thallium, and on the in- 
troduction of air into the metallic vapours ; these experiments 
yielded a distinctly affirmative answer to the original question, 
but require further extension. So also do some experiments on 
the occurrence of a fluted spectrum of sodium, which the speaker 
had made during the course of the above work. 
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A SOUTH LONDON POLYTECHNIC.^ 

S OME little time ago we expressed our views on the 
general scheme put forward by the Charity Com- 
missioners for the establishment of Polytechnics (we 
must use the word, however inapplicable) in various 
parts of London. Since then we have received a 
copy of the architect’s report on the requirements 
of a Technical Institute for Battersea. It may be well 
to recall to the minds of readers the main features of the 
proposed scheme. The Polytechnic in Regent Street, 
and the People’s Palace at Mile End, are to receive large 
endowments to enable them to continue and develop the 
work on which they are already engaged, a large sum is 
to be given to found a City Polytechnic, and series of 
three new Institutes are to be established in various 
parts of South London ; whilst others, at present more 
or less shadowy and prospective, are talked of for other 
parts of the metropolis. 

Of the three new Institutes, the plans for which may 
be said to be in an advanced condition, two will be 
housed in buildings already established. The Gold- 
smiths’ Company have bought the Royal Naval School 
at New Cross, and are adapting and altering it so as to 
be ready to be opened for its new purpose in October 
next. The premises of the Borough Road Training Col- 
lege have been secured for the second of the Institutes, 
which is probably to be partly endowed by the Iron- 
mongers’ Company. The scheme in this case is not, 
we believe, yet published, and some delay may take 
place ; but, if all goes smoothly, this Institute also may 
be ready to begin work before very long. 

The third of the proposed South London Polytechnics 
is the Battersea Institute, for which we have received the 
draft plans. Here there is no existing building to be 
adapted. Everything must start de novo, and only the 
limits of the funds at their command, and their un- 
certainty as to the future tastes and wants of the district, 
need restrict the trustees in their efforts to make the 
Institute in every way worthy of its purpose. 

And here we may at the outset congratulate the 
trustees on the mode in which they have determined to 
proceed. They have intrusted to Mr. Rowland Plumbe 
the task of visiting other technical schools, obtain- 
ing necessary information, and preparing a detailed 
statement of the requirements of the Battersea Institute, 
and have since circulated his draft Report amdng various 
experts, with requests for criticisms and suggestions. | 
The plans with which the Report is illustrated are not 
intended to be in any way final, but merely to suggest 
the nature of the requirements of the Institute to the 
architect, whoever he may be, who is ultimately selected 
to design -the building. It is clear that no stone will be 
left unturned, so far as the Committee are concerned, to 
make the Battersea Institute a model Polytechnic. 

We may congratulate the Committee on another matter. 
In our former article we pointed out the inexpediency of 
attempting too much at once, while the whole question 
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of ^e future of Polytechnics is in an experimental 
stage. Since then. Sir Bernhard Samuelson and other 
members of the Executive Committee of the Technical 
Association have publicly impressed similar views upon, 
the Vice-President of the Council, into whose hands the 
Commissioners’ scheme has now passed. We are, there- 
fore, glad to see that Mr. Plumbe expressly states that 
his plans are drawn up so t;}iat the proposed building 
.may be gradually constructed as the need arises; and 
though he does not conceal his own desire to have the 
whole building erected at once, we are glad to learn that 
the Committee have decided to let the institution grow 
as the number of students increases, and not to erect a 
great shell until they see more clearly the extent of the 
demand which it is to supply. We gather furthe% that the 
sum required for the endowment of the Institute i‘s not 
yet complete, and we may take it for granted that no 
attempt will be made to start operations until this 
necessary preliminary step is completed. Thus those 
who are anxious that the whole scheme for Polytechnics 
should not be imperilled by hastily founding too many at 
%nce before one new Institute has been made a success, 
may feel assured that the necessary interval which must 
elapse before the foundation-stone of the Battersea Insti- 
tute can be laid will give some further opportunity to the 
promoters to profit by the experience which accumulates 
every day of the working of similar institutions else- 
where. 

To quote Mr. Plumbe’s Report, “ The combined form 
of Institute ... is a growth almost of the present day, and 
the subject as now presented is, with the hereinafter men- 
tioned exception, comparatively new and without pre- 
cedent," The exception referred to is Mr. Hogg’s Poly- 
technic, and as this is the product of the gradual growth 
of seventeen years, the argument for going “slow and 

The promoters of the Goldsmiths^ 
Institute at New Cross are, we understand, equally alive 
to this necessity. 

Mr. Plumbe has made inquiries, for the purpose of his 
Report, into the nature of the industries of Battersea, 
and has visited several of the chief Technical Institutes 
in London, from the Bow and Bromley Institute up to the 
Central Institution of the City and Guilds Institute. He 
might, perhaps, with advantage have extended his visit 
to some of the more important provincial centres, which 
in some ways offer examples which are not to be found 
in the metropolis of the kind of equipment required for 
a popular technical school. London has long been 
behindhand in the matter, except for the higher Colleges 
at South Kensington, which are intended to serve a pur- 
pose so different that their example may be disregarded. 
There are, indeed, the two existing Polytechnic Insti- 
tutes, and apparently Mr. Plumbe has derived from them 
almost all his information as to the requirements of the 
Battersea Institute. The Regent Street Polytechnic he 
considers “ most undoqjitedly must serve as a model to 
all succeeding institutions.” He presumes (hat the Com-* 
mittee will “follow to some extent the curriculum of 
study adopted at Mr. Quintin Hogg’s Polytechnic and 
the People’s Palace.” 

Without in any way challenging these conclusions, it is 
only fair to point out that the first-hand inquiries on 
which they are based ire mostly derived from these very 
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institutions. Now it is important that in a new departure 
like that which it is proposed to make at Battersea we 
should not blindly follow in the rut of any one existing 
institution, and the only way to avoid this is to profit by 
the experience of other technical institutes in various 
parts of. the country. Mr. Plumbe quotes the Report (now 
nearly six years old) of the Royal Commission on Technical 
Instruction, but many of t^e more important provincial 
schools have sprung up since that date, and the Com- 
mission on Elementary Education to which he refers only 
dealt with elementary schools. He is consequently led 
to the very doubtful conclusion that provincial schools 
offer no example for London because of the “ thorough- 
ness and great cost of the education given (which 
further required the whole time of the pupils for a num- 
ber of years).” “ I have not,” he continues, “ thought it 
necessary to spend any further time on the examination 
of buildings of this character, particularly as I found 
those of most experience with whom I conferred on the 
subject were distinctly of my opinion.” 

Who these experts were we are not told, but the above 
remarks are scarcely applicable to such technical schools 
as those at Bradford, Huddersfield, Keighley, Manchester, 
Bristol, and other large centres, which are doing for the 
artisan population of those districts much the same service 
as is expected from the Battersea Institute. 

Whether instruction be elementary or advanced, 
whether it be intended for masters or for workmen, it 
ought to be “ thorough,” and thoroughness implies to 
some extent costliness. “To educate the industrial 
classes on a large scale at a comparatively nominal 
cost ” is an attempt which looks better on paper than in 
practice. 

And this brings us to the question of the financial aspect 
of the scheme. Mr. Plumbe states that his estimate of the 
cost of a given amount of accommodation is based on a me- 
morandum by Mr. H. Cunynghame, in which he calculates 
that the building, including land, &c., ought to be erected 
and fitted up for ;^i i per student or member and that the 
cost of annual maintenance, in addition to fees and 
grants, will amount to 15.^. per head per annum. This 
estimate is naturally considered by Mr. Plumbe to be 
“ moderate in the extreme.” It is much to be desired 
that the basis of Mr. Cunynghame’s calculation should be 
made public, so that the materials should exist for the 
formation of a sound judgment thereon. 

As regards the cost of building, all depends of course 
on the kind of building proposed ; but it would be 
melancholy, indeed, if an institution directly designed 
to elevate the ideas and refine the taste of the population 
of dismal and ugly South London, were to* be housed in 
a building “ of the plainest and most utilitarian character ” 
—to say nothing of the quality of materials used in its 
construction. 

But from an educational point of view an even more 
important consideration is the necessary amount of en- 
■ dowment. ^The allowance of I5r. a head, ** including 
repairs and maintenance,” seems very meagre, if fees are 
to be low, and at the same time first-class teaching power 
and management are to be secured, and paid for. To 
base an estimate on the current expenses of the Regent 
Street Polytechnic is to run the risk of serious error, for it 
is well-knpwn that much of the wprk of organization and 


direction has there been performed gratis, or at far below 
market value, thanks to the enthusiasm of a few devoted 
workers. Can the Committees of the new Institutes call 
into existence a similar amount of enthusiasm among men 
of leisure and means in connection with each of the pro- 
posed Institutes (not, be it remembered, of a religious 
character), which will justify them in relying on being 
permanently saved the bulk of the expenses of manage- 
ment ? If not, it is clear that a good deal will have to 
be added to the estimate of 15J’. a head. 

Another matter which is of importance from a financial 
point of view is the question of the position to be occu- 
pied by the day-school with respect to other sections of 
the new Institute. On this point, the language of the 
Commissioners’ scheme is vague almost to the point of 
unintelligibility. There are evident advantages in utiliz- 
ing the Polytechnic buildings in the day-time for the pur- 
pose of a school which may afterwards serve as a feeder 
to the evening classes. But it should be an organic part 
of the Institute ; not a mere appendage, the existence of 
which may be tolerated so long as it interferes with no 
other department of work and claims no share in the 
endowment. Yet such seems to be the present intention 
of the Charity Commission, so far as we can gather 
from their published statements. The language of Mr. 
Plumbe’s Report confirms this conclusion, against which 
it is time to record an emphatic protest. In our opinion, 
the day-school, if properly conducted, should ultimately 
become the corner-stone of the whole educational work 
of the Institute, for much more systematic teaching can 
be done in the case of boys working all their time than 
can be hoped for with students devoting a couple of 
evenings a week to instruction and recreation. Doubt- 
less, in Regent Street a secondary school can be made 
self-supporting, and even profitable, by its fees ; but such 
an attempt would be undesirable, and indeed impossible, 
in the case of a school for the “ poorer classes ” in a poor 
district. A high-fee’d school might perhaps fill itself at 
the expense of emptying other schools in the neighbour- 
hood, but it would not fill the gap which wants filling. 
Onder these circumstances, to condemn the day-school 
to pay its way is to condemn it to become a mere grant- 
earning machine, neglecting all subjects which do not 
pay, and constructing its curriculum strictly on the lines 
of the South Kensington Directory. What is wanted is 
a good modern school with a low fee, and a large number 
of scholarships for competition among the scholars of 
elementary schools. But such a school cannot be made 
self-supporting, and the Battersea Committee would do 
well to induce the Charity Commissioners, before it is 
too late, to recognize this fact frankly in the scheme 
which they are about to draw. 

Again, we should be glad to know how wide a margin 
Mr. Cunynghame’s estimate allows for the cost of what 
we may term “ local adaptation.” For example, in Mr. 
Plumbe’s list of local industries we find chemical works, 
match factories, and gas-works. From this it would seem . 
that there is room for the teaching of chemistry in its 
application to various industries. But such instruction, 
though it is one of the chief objects with which the 
technical side of the Institute is started, must involve extra 
cost, for it will not produce grant; and Mr. Plumbe’!?^ 
conclusion from his inquiry, that the “ science and ^ 

( 
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classes should be carried on so that the Government 
grant be earned,” is a non sequitur; at all events until the 
Science and Art Department award grants for distinctively 
technical subjects under the new Technical Instruction 
Act 

We cannot help thinking that if due weight is allowed 
to these considerations the estimate of 15J. a head will be 
largely raised (unless compensation be sought by cutting 
down some of the more expensive trade classes) ; and as 
we suppose the endowment cannot be much increased, 
the number of students to be provided for must be 
necessarily diminished. In fact, the whole scale on 
which Mr. Plumbe has calculated the requirements of 
the Institute may have to be somewhat revised. To 
those who consider large numbers all-important, this may 
seem deplorable, but we are convinced that the Com- 
mittee of the South London Polytechnic will prefer the 
interests of efficiency to those of temporary display. 

One other matter which we notice with some sur- 
prise and regret is the apparent omission in the plans 
to provide committee-rooms and other accommodation 
which can be utilized by local working men’s organiza- 
tions. We referred in our former article to the importance 
of making the Institutes real working-class centres, and 
the reply of the Charity Commissioners to the deputation 
from the London Trades Council on the subject was 
supposed to be favourable to the provision in connection 
with each Institute of rooms which could be utilized on 
moderate payment by various working-class societies 
which now too often have to meet in public-houses. The 
omission of any such provision in the plans for Battersea 
is a serious blemish on the scheme, which, however, can 
easily be corrected, as soon as pointed out. 

The Committee will have a great opportunity, which it 
is to be hoped they will use aright, of providing the in- 
habitants of South London with a technical and recreative 
Institute, which in its close adaptation to local needs may 
serve as model for all such Institutes in the future. 

A GEOLOGICAL MAP OF THE ALPINE CHAIN. 

Geologische Ubersichtskarte der Alpen, Entworfen von 

Dr. Franz Noe. Mit einem Begleitworte. (Wien : Ed. 

H&lzel, 1890.) 

G ood, and in. some cases even elaborate, geological 
maps exist for parts of the Alps ; but one to exhibit 
the chain as a whole, without being on a scale so large as 
to be unwieldy or so small as to be indistinct, has been 
hitherto a desideratum. This has now been supplied by 
Dr. Noe. The scale, adopted is i in 1,000,000, or about 
16 miles to the inch, which very well satisfies both the 
above conditions. A glance at the list of authorities 
which have been consulted indicates that Dr. Noe has 
had no easy task ; for in Alpine geology there are indeed 
consellors enough, but their multitude is not strength, for 
they are so often at variance. 

At the present stage of knowledge, the chartographer 
must be content, in dealing with the crystalline schists 
(using that term in a rather wide sense), to colour his map 
petrographically — that is to say, he must, as far as possible, 
record facts and avoid theories. Dr. N06 has endea- 
voured, though not with complete success, to render his 
ii^ps petrographical in the parts where doubt might arise, 

V. 


viz.| those occupied by that crystalline series which, 
whatever may be its age, in the Alps always underlies 
any sedimentary rock to which a date can be assigned. 
The principle of coloration agrees very nearly*with that 
suggested by the International Geological Congress at 
Bologna. Crimson denotes the deep-seated igneous rocks 
of the more acid type, dull green the more basic ; 
two slightly different shades red represent respectively 
the older (and in most cases more acid) volcanics and the 
newer volcanics. Four colours are employed to express 
the “ crystalline schist ” series : one, for the Central gneiss 
and some of the oldest mica-schists ; another, for the less 
coarsely crystalline (and probably newer) mica-schists, 
together with calc-schists, chlorite-schists, &c. ; a third, 
for certain crystalline schists, phyllites, and ciay-slates 
of uncertain geological age ; and marbles are indicated 
by a deep blue. Palaeozoic rocks (exclusive of Permian) 
are coloured purple, the different series being distin- 
guished by symbols ; pale brown denotes Permian ; tints 
of blue represent the Triassic and Jurassic strata ; green 
signifies Neocomian and Cretaceous ; orange the older 
*rertiary, flysch having a separate tint ; one shade of 
yellow is used for Miocene and Pliocene ; another for 
Diluvial and Alluvial deposits — the former a word of 
misleading origin, which ought to have long since disap- 
peared from geological nomenclature. 

Very wisely. Dr. Noif has included in his map some- 
thing more than the Alps. Not only do we find the 
Jura, but also this region is extended far enough in the 
direction of Dole to exhibit the remarkable exposure 
of the old crystalline floor, north of that town. 
On the right bank of the Rhine, in the neighbourhood, 
of Sackingen, a considerable strip of crystalline rock is 
shown, the end of the great Schwarzwald massif j and 
north of the Eastern Alps we find the crystalline rocks 
indicated as they uprise from beneath the Miocene on the 
left bank of the Danube, as, for example, near Linz, and 
again at Pressburg. The geological colours also are 
carried down the east coast of the Adriatic as far as 
Spalato, so that the connection of the Istrian and Dal- 
matian Alps with the main chain is made perfectly clear. 
Unfortunately, however, Dr. Noc has not applied the same 
treatment to the Apennines, though their connection with 
the Alpine chain cannot be of less geological importance, 
for he brings the colours to an abrupt end a few miles 
west of Savona. 

In one or two respects the above system of coloration 
seems open to criticism. The tint and the lines used to 
indicate mountain land are productive of some confusion, 
and increase the difficulty of identifying the colours, with- 
out, as we Aiink, producing a compensating advantage. 
The use of three colours for the Trias-Rhaetic seems a 
disproportionate subdivision when only one is allotted 
to Neocomian-Cretaceous. We are, however, disposed 
to difier more seriously — though only occasionally — from 
Dr. No€ as to his use of^he colours for the divisions of the 
crystalline schists. One of these is made too inclusive, * 
because it is applied to clay-slates and phyllites as well as 
to rocks which must be admitted to be crystalline schists. 
Granted that there is sometimes a difficulty in separating 
these in the field, we fail to see the propriety of deli- 
berately effacing the distinction. Fortunately, however, ^ 
this confusion, owing to the scale of *the map, does not 
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seriously mislead the student, but we are more perplepted 
to discover the reasons which have led in some cases to 
the separation of the crystalline members of this group 
from certain of those in the other, and presumably older 
group, which is defined as consisting of “mica-schists 
calc-mica-schists, chlorite-schist, &c. To the latter are 
referred the schists — calcareous, micaceous, and chloritic 
— near Windisch-Matrei ; Jto the former the great belts 
north and south of the Tauem range, which, for instance, 
occur respectively near Mittersill and Lienz. We cannot 
understand on what grounds these are distinguished. 
Further, the great group of schists which sweeps along on 
the eastern flank of the watershed of the Franco- Italian 
Alps, as, for example, near the Mont Gen^vre, has the same 
colour as those of Windisch-Matrei ; but petrographically 
they appear to us inseparable from the other group. 
By some geologists, as is well known, the “lustrous 
schists ” have even been mapped (erroneously no doubt) as 
altered Trias. 

Still, though we venture to dissent occasionally from 
Dr. N06, and think that in all probability a wider 
personal knowledge of the Alps would have led him' 
occasionally to modify a conclusion and to avoid 
some slight inconsistencies, we cannot conclude this 
notice without expressing our sense of the very great 
value of his work. He has placed a really good general 
map of the Alps within the reach of all students, for the 
price at which it is sold is surprisingly low. The map is 
accompanied by a useful descriptive pamphlet, to which 
Prof. Suess has written a short preface. 

T. G. Bonney. 

OLD AGE. 

Old Age. By George Murray Humphry, M.D., F.R.S^ 
(Cambridge : Macmillan and Bowes, 1889.) 

I N spite of pessimistic philosophies, man still regards 
life as worth living, and trusts to attain to a good old 
age, however miserable his life may seem to impartial 
critics. This desire, of course, is a necessary condition 
of human existence, and the destruction of it would entail 
the extinction of the human race — a contingency, however, 
which is never likely to arise. Hence, we have no doubt 
that this volume will be eagerly scanned by innocent 
persons who are still in hopes of finding some panacea 
which will enable them to attain the desired length of 
days. 

But, alas, the number of their somatic cell generations 
is already fore-ordained in the germ fro^ which they 
were developed ; and no rule of life can increase this. 
No man by taking much thought can add a cubit to his 
stature, nor a decade to the predestined span of his exist- 
ence. Yet the facts gathered together in this book may 
afford some hints as to the best way of attaining just 
this limit. 

On p. 135, et seq.y Prof. Humphry reviews the chief 
characteristics in the mode of life of the favoured subjects 
of the work. He begins by saying that the results of the 
collective investigation respecting old age, “have not 
been such as to evolve anything very novel or startling, 
'tor. to give rise to any fresh tlieories with regard to 


longevity and the means of attaining it,” but only to 
“ show that the maxims and laws which common-sense 
would dictate hold good, that the real elixir vita is to 
be found in the observance of them, and that, as a general 
rule, those persons live the longest who might be expected 
to do so.” 

The author also emphasizes the fact of the all-import- 
ance of inherited predisposition among the factors that 
tend towards producing longevity, and shows that nearly 
all the subjects of the return's came of a long-lived stock. 
In most of them, too, the body was well-proportioned 
and developed, brain development fair, and there was 
a remarkable absence of degenerative changes in the 
arteries and cartilages. According to the author, their 
essential characteristic is that all parts of the body are 
so well balanced, that the senile decay of function goes on 
in them all simultaneously, and at an equal rate, so that, 
e.g.y the vascular system is not overloaded and over- 
worked by a too vigorous digestive apparatus, nor the 
vessels worn out by an over-excitable nervous and 
cardiac mechanism, so that if we could induce all our 
organs 

" to arrange 
This not to be avoided change. 

So as to change together,” 

we should have gone far towards attaining the secret of 
long life. 

Most of the persons described were temperate, taking 
little alcohol and meat, and lived active open-air lives. 
There are one or two startling exceptions to the former 
rule, however ; such as the centenarian who “ drank like 
a fish all his life,” and several others who had always 
indulged pretty freely in stimulants. 

Another point that Prof. Humphry lays stress on is the 
fact that most of these people were early risers, and 
could do with little sleep. It seems that the anabolic 
processes are more complete and regular when they are 
accomplished quickly. Apropos of this, he quotes with 
approval the dictum of the Duke of Wellington : “ When 
one turns in bed, it is time to turn out.” 

In discussing the general aspects of his subject, he 
shows that old age may be said to be a product of 
civilization, the law of the “ weakest to the wall ” being 
altered by the growth of sympathy, and of love for others. 
But the continued existence of old people among com- 
munities may (partly, at all events) be accounted for on 
more utilitarian principles. Weismann remarks: — 

“ It [old agej is obviously of use to man, for it enables 
the old to care for their children, and is also advantageous 
in enabling the older individuals to participate in human 
affairs, and to exercise an influence upon the advancement 
of intellectual powers, and thus to influence indirectly the 
maintenance ot the race.” 

Thus we see the production of old age could be ac- 
counted for simply on the laws of natural selection 
among nations. 

The fertility of these long-lived individuals is also 
above the normal (the average of children bom to each, 
whether man or woman, being six), and many of them 
seem to have borne or begotten children to an advanced 
age. This, again, is in accordance with the view advo- 
cated by the biologist just quoted— viz. that a lengthening^ 
of life is connected with the increase in the duration cf 
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reproduction. The effects of this fertility of longdived 
people must give their stock an advantage in the race 
for existence, so that one would expect their number, in 
proportion to the rest of the population, gradually to 
increase. 

The last chapter gives a short account of the maladies 
of old people, and is chiefly of medical interest. 

Besides the general account of the subject, Prof. 
Humphry gives all the analyses of the British Medical 
Association returns, which f^umish the material for the 
book. There are several good photographic illustrations : 
the frontispiece, portraits of a man and his wife (both 
over loi years), and others, representing sections through 
the neck of the thigh-bone, and the jaw of old people. 
With regard to the femur. Prof. Humphry points out 
that there is no foundation for the generally accepted 
idea that the head in old people sinks to or below the level 
of the great trochanter, and the illustration certainly bears 
out his criticism. 

Perhaps the happiest feature of the book is its 
optimism. “ It is satisfactory to note how many of the 
very aged are in good possession of their mental faculties 
— taking a keen interest in passing events, forming a 
clear judgment upon passing events, and full of thoughts 
for the present and future welfare of others.” 

An old age like this is worth striving to attain, although 
one may never be free from the dread of dying “ from 
the head downwards,” and so lingering on in 

“ Second childishness and mere oblivion, 

Sans teeth, sans eyes, sans taste, sans everything.” 

E. H. S. 


THE ELEMENTS OF ASTRONOMY. 

The Elements of Astronomy. By Prof. C. A. Young, 
Ph.D., LL.D. (Boston and London: Ginn and Co. 
1890.) 

T his is a valuable addition to the existing text-books 
of astronomy for ^he use of those who intend to 
study the subject seriously. It has much in commpn 
with the same author's larger work on General 
Astronomy” (see Nature, vol. xxxix. p. 386), but we are 
assured that it is not merely an abridgment, but has 
been worked over with special reference to a high-school 
course. It is assumed that the students have mastered 
the ordinary elementary subjects, and are acquainted with 
elementary algebra and geometry. 

The book covers quite as much ground as can be 
expected for an elementary course, although many of the 
subjects are merely glanced at. Practically everything, 
vdth the exception of the more difficult problems of 
mathematical astronomy, is considered more or less. 
The opening chapters deal with definitions, the geometry 
of the sphere, and the determination of latitude and longi- 
tude. Chapters on the earth’s dimensions and motions, 
the moon, sun, planets, comets, stars, and nebulae, then 
follow. An appendix includes topics which might be 
considered beyond an elementary book, but are still of 
sufficient importance to form part of a high-school 
course. 

Astronomical physics receives a fair share of attention, 
but here the book is necessarily more open to criticism 


than in the parts dealing with well-established facts and 
principles. There are few general text-books which treat 
this important branch of astronomy in a satisfactory 
manner, and it is perhaps not to be wondered at, as the 
constantly increasing number of new observations neces- 
sitate considerable changes in our ideas. As far as a 
consideration of the facts is concerned, however. Prof. 
Young has done his work admirably, but this cannot be 
said of his treatment of the yarious conclusions which 
have been drawn from them. In his introduction. Prof. 
Young tells us that he has tried to treat every subject in 
such a way as ** to discourage narrow and one-sided ways 
of looking at things, and to awaken a desire for further 
acquisition.” However he may succeed with his readers, 
it does not seem that he has altogether taken this lesson 
to heart himself, for we find him dismissing suggestions 
without a complete hearing. For instance, in connection 
with the theory that sun-spots are formed by the down- 
rush of cool materials into the photosphere (p. 130), he 
states that it is not easy to reconcile this view with the 
distribution of the spots over the sun's surface. Further 
enquiry on his part, however, would have shown him 
that the theory in its extended form suggests that the 
spot-forming material is mainly formed of vapours which 
have condensed in the cool outer layers of the sun’s 
atmosphere (in the same way as water-vapour condenses 
in our own), and also gives an explanation of the way in 
which the material may be localized over the spot-zones. 
The author is notably cautious with regard to new things, 
but we are surprised to find that he continues to adopt 
Secchi’s classification of star spectra (p. 317), seeing that 
it does not satisfactorily treat bright-line stars like y 
Cassiopeiae, and those of Orion which give almost con- 
tinuous spectra. The classifications suggested by Vogel 
and Lockyer both have the advantage of detail, and the 
latter is certainly the most philosophical. On p. 318 it is 
stated that stars of Secchi’s fourth type usually “ show a 
few bright lines,” in addition to the carbon absorption 
bands, an idea of Secchi’s which was shown to be 
erroneous several years ago. 

The book is abundantly illustrated, and most of the 
diagrams are excellent. Fig. 1 19, however, gives a very 
bad impression of the spectrum of a nebula, the three 
bright green lines being represented as almost equidistant, 
whereas they practically form a triplet. A useful 
“ Uranography ” is given at the end. This embraces the 
more important celestial objects in the northern hemi- 
sphere and some degrees south, and is accompanied by a 
series of star maps. In the maps a convenient system of 
indicating magnitudes is adopted, but it has the dis- 
advantage of destroying the appearances of the constella- 
tions for rapid identification. A. F. 

OUR BOOK SHELF. 

Physiology of Bodily Exercise. By Fernand Lagrange, 

M.D. (London: I^egan Paul, Trench, and Co., 1889.) 
This book at first sight reminds one of th( saying that a 
German takes a year to make a research, ahd a week to 
write an account of it, while a Frenchman takes a year 
to write a book on one week’s work. The onlv original 
part consists eff a few experiments on the influence of 
fatigue in ^rodttcing increased excretion of urates in the 
urine. The author ascribes most of the ill effects qf 
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fatigue to the presence of uric acid in the blood — in fact, 
considers a fatigued man to be in exactly the same con- 
dition as a gouty man. His observations, howdver, 
seem to have been very few in number, and the analyses 
were all made for him by a friendly chemist. Still, it is 
unfair ta the book to regard it as a contribution to the 
advance of physiological science. It is really an excel- 
lent little account of the physiology of bodily exercise, 
and its role in the maintenance of health, by a medical 
practitioner. It seems to be chiefly culled from the 
standard French works on general physiology, and on 
the physiology of movement. The author has digested 
his materials well, and so produced a very readable and 
lucid account of his subject. For a book of its class, it is 
remarkably free from mistakes, though physiologists 
might not agree with him in his account of the produc- 
tion of breathlessness or the causation of gout. 

The style is simple, and the book is well adapted for 
popular ,use, and ought to find favour with our exercise- 
loving countrymen. E. H. S. 

Boilers — Marine and Land. By Thomas W. Traill, 

F.E.R,N., M.Inst.C.E. Second Edition. (London : 

Charles Griffin and Co., 1890.) 

This volume is a second edition of a work noticed in 
these columns last year. It was then a pleasure to ex- 
press the opinion that the work would be useful to air 
connected with this particular branch of mechanical 
engineering. The author has found it necessary to extend 
the tables of sccantlings, &c., from 160 to 200 pounds 
pressure per square inch. This in itself is sufficient 
evidence of the continued increase of steam pressures 
used in marine and stationary engines — probably the only 
practicable direction in which greater economy of fuel is to 
be obtained. These increased steam pressures have also 
the advantage of diminishing the gross weight of machinery 
on board ship. 

The greater use made of mild steel by engineers 
generally is interesting, considering the fight the steel 
manufacturers had a few years ago to get it used at all in 
place of iron for many purposes. Mr. Traill observes 
that, “ notwithstanding the peculiarities of mild steel, it 
is a material which may be used with safety and advan- 
tage, if proper precautions be taken and due consideration 
given to these peculiarities ; possibly it has fewer in- 
firmities than iron ; and there can be no doubt that it is 
a better and more serviceable material for general use in 
the construction of boilers." This is the experience of 
most engineers intimate with the general behaviour of 
the material when being worked up into boilers and other 
constructions. To the many tests and safeguards specified 
to prevent the use of a brittle and bad steel in any erection 
is due the present excellence of this material, nor should 
they now be in any way relaxed, for to accept material, 
either iron or steel, on any particular brand is a mistake. 

The general utility of the work has been increased by 
the addition of other matter and tables. The volume 
cannot fail to be of very great use to engineers. It is 
nicely printed, got up in a handy size, and strongly yet 
pliably bound. N.X 

The History and Pathology of Vaccination^ Edited by 

Edgar M. Crookshank, M.B. Two Vols. (London : 

H. K. Leuris, 1889.) 

The arguments adopted in this work belong to a mental 
attitude identical with that displayed by anti-vaccinators 
in their clamorous treatment of ^he subject. They are 
(Sophistical from beginning to end, and even as a book of 
reference the Volumes are not without drawbacks. 

Firstly, the argument is that cow-pox is to be regarded 
as akin to syphilis rather than to small-pox, and that 
therefore cow-pox is no protection against small-pox. On 
this hypothesis ulcerated arms sometimes occurring after 
vaccination are to be regarded as reversions to type. 


rather than as due to the ill-treatment by over-anxious 
mothers not content to let Nature alone in her progress 
towards recovery. Having assumed that vaccination is 
no protection against small-pox, the book goes on to show 
that the only means we have of controlling the devasta- 
tions of this disease is by attention to sanitary arrange- 
ments and by isolation, perhaps contbined with judicious 
inoculation. The latter, the book assures us, is a more 
scientific procedure than the inoculation of cow-pox. 
Next, the author is very angry with Jenner for calling 
vaccinia, “cow-pox” or “variola vaccinia.” To this 
stroke of dexterity by Jenner is to be attributed, says 
Prof. Crookshank, all the credit that vaccination has 
attained ; thus for a single happy thought Parliament 
gave Jenner j^3o,ooo as a consequence of his conceit, and 
England has been made to submit to the most tyrannical 
of laws. 

This carping at the pioneer of new knowledge, and 
more especially at those forecasts of his which necessarily 
could only be verified by the lapse of time, is certainly 
not calculated to shake the faith of those who now fully 
comprehend not only the immense value of vaccination, 
but also the small amount of mischief which it has ever 
done. 

The best that can be said for Prof. Crookshank’s work 
is that it is well published. The printing is bold and 
clear, and the lithographs, such as they are, well 
reproduced. 

Vol. ii. contains reproductions of original papers, most 
if not all of which arc out of print, and cannot now be 
obtained except at fancy prices. 

Had Prof. Crookshank been satisfied with editing these, 
and had he refrained from expressing his opinions, we 
should have been grateful to him. The book does not 
pretend to be a practical work on the subject of which it 
treats ; and for the rest it might have been compiled by 
the average anti-vaccinator. Robert Cory. 


LETTERS TO THE EDITOR, 

\Tkt Editor dots not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertahi 
to return, or to correspond with the writers tf, rejectee 
manuscripts intended for this or any other part of Naturc, 
No notice is taken of anonymous communications.] 

The Transmission of Acquired Characters, 
and Panmixia. 

*I SUPPOSE that a correspondent has no claim to limit the 
scope of a discussion in such a journal as Nature. At the 
same time I feel it to be a rather severe burden when I am called 
upon to expound, in answer to one letter after another, the merest 
common-places of the subject under discussion, and to retail in 
this place the substance of books like Weismann’s "Essays” 
and Wallace’s " Darwinism ” (to which the attention of your 
readers has been already drawn by reviews), not to mention the 
" Philosophic Zoologique” and the "Origin of Species.” It 
seems to me that there might be interest and profit in opening 
your columns to the statement of newly observed cases which 
seem to tell in favour of either the Lamarckian or the anti- 
Lamarckian theories, or to novel criticisms of any cases which 
have already been discussed elsewhere ; but surely the repeated 
citation of familiar exploded " cases,” and the reiteration of 
arguments and beliefs which have long since received attention, 
is not fair to the writers who have dealt with these cases and these 
arguments in admirable treatises which are well known (I am 
happy to think) to nearly all serious students of these questions. 

When I saw the distinguished name of Mr. Herbert Spencer 
at the end of a letter in your issue of March 6, I anticipated 
some real contribution tu the discussion as to whether acquired 
characters are transmitted or not. Mr. Spencer some few years 
ago expounded his convictions in favour of Lamarck in one 
of the monthly reviews. His present letter is not only dis- 
appointing, but is unfortunately likely to mislead the unin- 
formed. Mr. Spencer states what we all know, viz. that Mr. 
Darwin considered that the effects of habit and of use and 
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disuse are transmitted from the affected generation to its off- 
spring% He refers by chapter and page to the instances which 
Mr. Darwin* considered as examples of the transmission of the 
effects of habit or of use and disuse. He then says : “ Clearly 
the first thing to be done by those who deny the inheritance of 
acquired characters is to show that the evidence Mr. Darwin 
has furnished by these numerous instances is all worthless.'^ I 
entirely disagree with this way of putting the matter. It is not 
necessary to show that anything Mr. Darwin wrote was “ worth- 
less/' but it is necessary to show that certain facts cited by Mr. 
Darwin admit of another interpretation or explanation than that 
which he gave to them. Naturally those who have taken up 
the anti-Lamarckian position have done long ago what Mr. 
Herbert Spencer says is the first thing for them to do. Of 
course the cases cited by Darwin were the first to be dealt with. 
It is extremely unfortunate that Mr. Spencer has not come 
across the work in which this is done. Otherwise, instead of a 
well-meant direction from Mr. Spencer as to what we ought to 
do, we might have the advantage of reading what he has to say 
after considering what has been done. It is seven years since 
Prof. Weismann published his essay on heredity ; last spring 
this and other essays appeared in English under the auspices of 
the Clarendon Press. In that particular essay Darwin's cases 
are dealt with at length. Am I to reproduce Prof. Weismann's 
essay or a prkis of it in this letter? Will not Mr. Spencer 
and others who are interested in these matters read Weismann’s 
** Essays " ? I think that those who will take the trouble to do 
so will see that Mr. Spencer's injunction was superfluous. 

It is, however, apart from other branches of the question, 
important that a correct appreciation of Mr. Darwin’s position 
in this matter of the ** transmission of acquired characters" 
should be arrived at. Mr. Herbert Spencer’s letter is, I think, 
likely to produce an erroneous conception on this matter. We 
know from his letters pumished since his death that Darwin 
held the Philosophie Zoologique" to be “veritable rubbish" — 
“extremely poor ; I got not a fact nor an idea from it." The 
notion that his own view was a modification of Lamarck’s 
appeared to Darwin absurd. The “obvious view" was pro- 
pounded by Lamarck, he says, “ that if species were not created 
separately they must have descended from other species, and I 
can see nothing else in common between the ‘ Origin ' and 
Lamarck." This was Mr. Darwin’s attitude of mind to 
Lamarck's theory, and the cases in which he attributes import- 
ance to the effects of use and of disuse, and to acouired habit, 
and consequently to the Lamarckian principle ot the trans- 
mission of acquired characters, are clearly to be regarded as 
concessions or admissions on his part, given with increasing 
generosity in the later editions of the “ Origin “ ; but always 
treated as of quite subordinate importance. It is not going too 
far to say that Mr. Darwin never troubled himself very much 
with the question as to whether acquired characters are trans- 
mitted or not. It was the object of his works to show that the 
main effective principle in the origin of species is the natifral 
selection in the struggle for existence of congenital characters. 
He explicitly states that he believes other causes to be at work ; 
one of which at least, viz. sexual selection, he himself investi- 
gated at length. It must be remembered that no evolutionist 
in Darwin’s life-time had prominently challenged the truth of the 
Lamarckian assumption that acquired characters are transmitted. 
For Darwin it was sufficient to show that, granting such a 
process to take place, it would not account for much ; he 
was content to accept it as a subordinate factor. His view is 
best stated in his own words in the “Origin of Species": 

“ On the whole we may conclude that habit, or use and disuse, 
have, in some cases, played a considerable part in the modi- 
fication of the constitution and structure." 

Whilst it is true that Mr. Darwin in various parts of his 
works alludes to c^es which he interprets as due to the trans- 
mission of characters acquired by parents through habit, use, or 
disuse, it is obvious, when we read what he has to say in each 
case (as in the examples cited by Mr. Herbert Spencer), that 
he preferred, where it occurred to him another interpretation. 
Thus, after referring to the wings of the logger-headed duck 
and the domestic Aylesbury duck as dwindled by the trans- 
mission in successive generations of the effects of disuse, he 
interposes his own explanation by natural selection of the wing- 
less beetles of Madeira, prefaced by the words ; “In some cases 
we might easily put down to disuse modifications of structure 
which are wholly or mainly due to natural selection." He 
refuses to regard the defective anterior tarsi of dung-belles as 


due to inherited mutilation, though he supposes they may have 
become deficient through disuse. He regards the defective 
eyes of cave-animals as due to the inheritance of the effects of 
disuse. I can scarcely doubt that, had it occurred to him, he 
would have preferred an explanation similar to that given by 
him of the wingless island beetles, viz. that a natural selection 
of animals with defective eyes takes place in a c%ve; since, 
ultimately only those remain in a cave and breed in it which, 
in the course of their wanderings, are unable to see the faint 
light which penetrates to a great distance from the mouth, and 
must guide all those but the congenitally blind or weak-sighted, 
to the exterior. The defective ayes of moles are ascribed by 
him not merely to disuse but to the selective action of inflam- 
mation. The case of the silkworm caterpillars with defective 
instincts (which is one of those given by Mr. Spencer) does not 
appear to me to bear on the present question. Of acquired 
characters, other than those due to disuse, Mr. Darwin accepts 
very few as being transmitted. He accepts the statements of 
Brown-Sequard as to the transmission of the effects of mutila- 
tions of guinea-pigs only so far as to “make us cautious in 
denying such transmission." He regards the dislocation of 
the eye of flat-fishes as due to the inheritance in successive 
generations of an increasing displacement caused by muscular 
effort. Besides these two instances (noted by Mr. Spencer) 
there is one other prominent passage in which Darwin asserts his 
belief in the inheritance of an acquired character which is not 
merely the result of disuse. I am anxious to separate those cases 
which Darwin speaks of as “due to the effects of disuse," 
|i for a reason which will appear below. The additional passage 
not noted by Mr, Spencer is this (“ Origin of Species,” p. 2C^, 
sixth edition): — “ If we suppose any habitual action to become 
inherited — and it can be shown that this does sometimes happen 
—then the resemblance between what originally was a habit and 
an instinct becomes so close as not to be distinguished. If 
Mozart, instead of playing the pianoforte at three years’ old with 
wonderfully little practice, had played a tune with no practice at 
all, he might be truly said to have done so instinctively. But it 
would be a serious error to suppose that the greater number of 
instincts have been acquired by habit in one generation and then 
transmitted by inheritance to succeeding generations. It can 
be clearly shown that the most wonderful instincts with which 
we are acquainted — namely, those of the hive bee and of many 
ants — could not possibly have been acquired by habit." 

The cases of the epileptic guinea-pigs, the eyes of flat-fishes, 
and of some acquired habits, have been discussed by Weismann 
and by Wallace. I will not now allude further to those classes 
of cases. But I am anxious to draw attention to the special 
subject of the “ effects of disuse " as set forth by Mr. Darwin. 
This phrase is not only used by him in regard to special in- 
stances, but, in treating of the large subject of rudimentary 
organs, he frequently refers to the “effects of disuse." He 
says, “ It appears probable that disuse has been the main agent 
in rendering organs rudimentary " (“Origin," p. 401). 

Now I am anxious to point out three things in regard to the 
* effects of disuse." (i) There are other possible effects of 
disuse of an oigan than the dwindling of that organ in one 
generation, and the inheritance of the organ in a diminished size 
by the next generation. (2) The anti-Lamarckians attribute a 
very great effect to disuse, although they do not attribute to it 
the particular result which Lamarck did. (3) The particular 
way in which, according to the anti-Lamarckians, disuse acts so 
as to lead to the dwindling or complete loss of the disused organ 
has been called by Weismann by aconvenient name — '^panmixia." 
The doctrine of panmixia is already indicated by Darwin him- 
self, and in view of this fact we must suppose that, when he 
attributed the loss or dwindling of an organ to “disuse" or the 
“effects of disuse," he did not necessarily (though probably he 
frequently did) refer to the Lamarckian^ modus ofierandi of 
disuse, but may very well have had in mind the results which 
are attributed to disuse by the anti-Lamarckian doctrine of 
panmixia. 

The doctrine of panmixia is this. When there is no longer, 
owing to changed conditions of life, any use for an organ, it 
will cease to be the subject of natural selection.^ Consequently 
all possible variations of the organ will have (so far as the now 
lapsed use of the organ is concerned) an equal chance. Amongst 
the possible variations there will be the variation in the direction 
of increased size, and its exact complement — the variation in the 
direction of diminished size. Prof. Weismann has stated briefly 
that this equal survival of all possible variations must lead to the 
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dwindling and ultimate loss of the organ. I would, however, 
venture to supplement what he has said by the following : vi*., 
given the state of panmixia, it is apparent that variations ip^the 
direction of excessive sise will be injurious — both as_ taxing 
the nutriment of the organism, and often as mechanical en- 
cumbrance. On the other hand, variations in the direction 
of greatly* diminished sixe will be advantageous, as causing 
a diminished tax on the resources of the organism. Now 
it is a demonstrable fact that excessive variations in both direc- 
tions naturally though rarely occur — probably more often than 
is supposed, since we do not see all the young born. If the varia- 
tions in the direction of excessive diminution of a useless organ 
(as, for instance, tailless cats or hornless sheep) survive as being 
less taxed — whilst the complementary variations in the direction 
of excessive size tend in the struggle to die without reproducing, 
owing to their awkwardness and their relatively greater burden 
in life —then it is clear that panmixia may lead rapidly to the 
dwindling and eventual extinction of a disused otgan without 
any transmission of acquired parental character. The fact that 
there is no use for an organ— or, in other words, the “ effect of 
disuse 1’—^ that the congenitally small varieties of the organ 
survive, and are even favoured in the struggle for existence. 

Whilst Weismann has the merit of having insisted on a form of 
his doctrine as the effective reply to those who argue in favour of 
Lamarck’s theory of the transmission of acquired qualitte from 
instances of “ disuse,” it is yet the fact that Mr. Da^in him- 
self recognized and formulated the doctrine of panmixia in the 
last (sixth) edition of the “Origin of Species, “published in 1872 ; 
and he even went further than Weismann, for he associated the* 
principle of the economy of material with the principle of the 
cessation of selection. It is therefore, it seems to me, not at all 
improbable that when Darwin refers, here and there throughout 
his works, to a reduced or rudimentary condition of an organ as 
“ due to disuse,” or “ explained by the effects of disuse,” he does 
not necessarily mean such effects as the Lamarckian second law 
assert^ and assumed (though often he does appear to mean such) ; 
but he may mean, and probably had in his mind, the effects 

disuse as worked out through panmixia and economy of 
growth. 

The passages in Darwin which seem to me to have been 
missed or neglected by those who think panmixia altogether a 
new idea are as follows 

(1) “If under changed conditions of life a structure before 
useful, becomes less useful, its diminution will be favoured 
for it will profit the individual not to have its nutriment 
wast^ in building up a useless structure.” After an example 
in point from the group of the Cirrip^ia, Darwin con- 
ttinues : “Thus, as I believe, natural selection will tend in the 
long run to reduce any part of the organization as soon as it 
becomes, through changed habits, superfluous, without by any 
means causing some other part to be largely developed in a 
corresponding degree” (“Origin of Species,” sixth edition, 
p. 1 18). 

(2) “ Organs, originally formed by the aid of natural selection, 
when rendered useless, may well be variable, for their variations 
can no longer be checked by natural selection. ... It b 
scarcely possible that disuse can go on producing any further 
effect after the organ has once been rendered functionless. 
Some additional explanation is here requisite, which I cannot 
give. If, for instance, it could be proved that every part of the 
organization tends to vary in a greater degree towards diminu- 
tion than towards augmentation of size, then we should be able 
to undersUtnd bow an otgan which has become useless would 
be rendered, independently of the effects of disuse, rudimentary, 
and would at last be wholly suppressed ; for the variations 
towards diminished size would no longer be checl^ by natural 
selection. The principle of the economy of growtn explained in 
a former chapter [cited in quotation No. 1], by which the 
materials forming any part, it not useful to the possessor, are 
saved as far as pomible, wilt perhaps come into play in rendering 
a useless part rudimentary” (“Origin of Species,” sixth edition, 
pp. 401-402). 

I h^d written thus far, and intended, to finish thu letter by 
asking' if the anti-Lamarckians are not really carrying out the 
spirit of Darwin’s doctrines, although not the absolute letter, 
whenal received your issue of March 13, containing a long letter 
from nr. Geoige Romanes, headed “Panmixia.” In that letter 
Mr. J^omanes, whilst amending (as I have done above) Prof. 
Webinann’s statement of the principle of panmixia, makes the 
definite assertion that “ it is remarkably strange^ that thb prin- 
ciple should have been overlooked by Mr. Darwin.” 


Probably your readers will be as much astonished as I wa> 
when they read the extracts I have above given from the “ .Origin 
of Species " by the side of Mr. Romanes’s letter. 

After dismissing Mr. Darwin, Mr. Romanes proceeds to sav : 
“ In thb connection, however, it requires to be stated that u>e 
idea first of all occurred to myself, unfortunately just after the 
appearance of his last edition of the * Origin of Species.’ ” 

Now, inasmuch as the idea in question is (as I have shown 
above) formulated in the last edition of the “ Origin of Species,” 

I confess that I do not think it requires to be stated that the 
idea occurred to Mr. Romanes shortly after the publication of 
that work. What more natural? The idea occurred to me 
also shortly after the passages above quoted from Mr. Darwin 
were published. It certamly never appeared to me “unfor- 
tunate ” that thb was the case, and I cannot see where the mis- 
fortune comes in in regard to Mr. Romanes. As soon as the 
matter had taken root in his mind, Mr. Romanes published in 
Nature, March 12, April 7, and July 2, 1874, expmition of 
the importance of the principle of cessation of selection as a 
commentary upon a letter by Mr. Darwin himself (Nature, 
vol. viii. pp. 432, 505) in which Mr. Darwin had suggested that, 
with organisms subjected to unfavourable conditions, all the 

E arts would tend towards reduction. Mr. Darwin, with hb usual 
indly manner towards the suggestions of a young writer, gives at 
p. 309 of vol. ii. of “ Animals and Plants under Domestication ” 
(second edition), Mr. Romanes’s view, “ as far as it can be given 
in a few words.” The view, as it there appears in Mr. Darwin’s 
words, is certainly not the same as that which Mr. Romanes has 
expounded in Nature of March 13, 1890 (p. 437), and since it 
represents what Mr. Darwin had Men able to gather from Mr. 
Romanes’s letters to Nature of 1874, it is not at all surprbing 
that Mr. Darwin did not recognize any resemblance between it 
and hb own statement, viz. that “ the materials forming anv 
part, if not useful to the possessor. Sire saved as far as possible, ” 
thus “rendering a useless part rudimentaiy,” Whether thb 
is, or was, Mr. Romanes’s view or not, it is Darwin’s, and is the 
essence of the anti- Lamarckian view of the effects of disuse. 
March 15. E. Ray Lankester. 

Exact Thermometry. 

Shortly after the publication of my second letter on this 
subject (Nature, January 23, p. 271) I received a letter from 
M. Guillaume, who very kindly called my attention to a paper 
by Prof. J. M. Crafts {Comptes rendus, xci. p. 370), in which 
the “ plastic theory ” is discussed. Prof. Crafts states that he 
has subjected thermometers to prolonged heating at 355° 
under various conditions as regards pressure, the internal pres- 
sure being in many cases considerably greater than the external, 
but that there was invariably a rise of the zero-point. The ex- 
periments were carried out in very much the same manner as 
that described in my first letter (Nature, Decemlher 19, 1889, 
p.»i52), and had I known at the time of the earlier work of 
Prof. Crafts, I should of course have referred to^ it. Prof. Crafts 
also describes and quotes experiments with air-thermometers, 
the temperature in one determination by Regnault being as high 
as 511° C., and the internal greater than the external pressure ; 
in every case the bulb diminished in volume. From these re- 
sults, Prof. Crafts concludes that it is not proved that pressure 
plays any part in the contraction of the glass. 

My experiments can therefore be regarded as little more than 
confirmatory of the earlier work of Prof. Crafts und others, but 
as such it may be worth while to give the results. ^ 'The method 
adopted was fully described in my first letter, and it b therefore 
only necessary to repeat that in thermometer, A the external 
pressure exceeded the internal, while in thermometer C there 
was considerable internal pressure, but no external. According 
to the plastic theorv, therefore, the zerorpoint .'of A should have 
risen, while that of C should have fallen. The resuHs previously 
described were regarded as ‘Insufficient by Prof. AHlls, and 1 
have therefore conuinied the beating for a much loomr time. 

I have also made similar experimenta with two other thermo- 
meters belonging to the same batch, at a temperature of a^ut 
356”, the thermometers being heated in the vapour of boiling 
mercury. During the first three hours, the two thermometers 
a and b were treated in pieeisely the same manner, as regards 
pressure, as A and C, and it will be seen that the zero-point of 
b showed a slightly greater rise than that of a. Afterwards, air 
was admitted mto tnenaometer a, so that there was an excess of 
internal over external pressure in both thermometers, but the ^ 
excess was greater tqr one atmosphere in b than in a. 
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The results obtained are given in the followii 
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The iast result at 356* is a little uncertain, owing to a breakage 
of the apparatus. 


I may also mention that M. Guillaume has informed me that 
M. Tonneiot has heated several thermometers to 450*, and that, 
notwithstanding a considerable internal pressure, a rise of the 
zero'point was observed in eveiy case. 

All these results seem to lead unmistakably to the conclusion 
that pressure has little or no effect on the rise of the zero-point. 
Three questions remain to be discussed — 

(l) Would the total rise of the zero-point be different if two 
similar thermometers were subjected to sufficiently prolonged 
heating at different temperatures ? At first sight, it would cer- 
tainly appear that at 356” the totid rise with my thermometers 
must be greater than at 280*, but I do not feel satisfied that the 
proof is sufficient. If we map the observations of zero-point 
t^ainst the time of heating, <mrves are obtained which appear 
as if they might become horizontal after a few weeks or, po^ 
sibly, months ; but if, instead of the actual times, we take ueir 
logarithms — as in the diagram — as abscissae, there is no appear- 
ance of an approach to the final state at either temperature. 
But while at 356” the curve has become almost a stra^bt line, 
at 280* there appears to be an increasing tendency toiyards the 
vertical direction. I do not for a moment argue that the curves 
indicate that the maximum rise would be tbe same at both tern- 

f >eratures if the experiments were carried on for a sufficiently 
ong time ; but, at the same time, 1 do not think that they 
afford any convincing proof that the total rise would be different. 
The results merely tend to increase my scepticism as to the 
value of the determination of the maximum rise at o* obtained 
J^y extrapolation of the curve constructed firom observations at 
that temperature. It does not appear to me that it would be 
justifiable to extrapolate these curves at ^1, and I am afraid that 
they do not throw much light on the total rise of zero-point at 
either temperature. Very much more prolonged heating would 
be necessary before arriving at 4 definite conclusion. 

(2) With regard to the causes of the contraction bf the bulb, 
I have no hesitation in admitting that — as shown by M. Guil- 
laume — the removal of the condition of strain caused by tbe 



more rapid cooling of the &uter parts of the glass, is insufficient 
to account for the results. No doubt we must also take into 
account the too rapid cooling of the glass as a whole, which 
prevents the molecules from assuming the position of greatest 
stability, perhaps in the same sort of way that the assumption by 
sulphur of the monoclinic or the more stable rhombic form de- 
pends on the rate at which solidification takes place. That 
•there are other causes besides thm two does not at present 
jippear to me to be proved. 


(3) Lastly, there is theviuestion raised by Mr. Tomlinson, as 
to whether repeated heating and cooling between wide limits o^ 
temperature is more effective in raising the zero-point than pro- 
longed heating at the higher temperature. The points repre- 
senting the. individual observations fali very fiiirly on the curves 
constructed from them, and do not seem to indicate any notice- 
able difference in the effect of long or short heating. The results 
can hardly, however, be regarded as decisive. '' 

University Collqre, Bristol, March 1 ^ Sydney Yovng. ' ■ 
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Foreign Substances attached to Crabs. 

Since is one of the most abundant Crustaceans foutid 
off the east coast of Scotland^ Mr. Holt must adduce consider- 
ably more than two instances before it can be admitted that the 
attachment of Simple Ascidians to this crab is at all a usual 
occurrence. If it is, I should still be anxious to inquire whether 
the crab does not — in spite of the apparent difficulty of the 
operation — place the Ascidians upon its back with its own nip- 
pers. I may cite Gosse’s well-known experiment with Pagurus 
prideauxii and Adamsta palliata^ described in his *‘Year at 
the Shore,*’ for the purpose *of analogy. But Mr. Holt will 
find a case, probably quite similar to that which he mentions, in 
Bell's Stalk-eyed^ Crustacea.” Two specimens of J/yas ara- 
neus were found with oysters attached to their backs, that on the 
larger crab being three inches in length, and five or six years 
old, probably a much more ^‘serious incubus*’ than Mr. Holt’s 
Tunicates. The crab’s carapace was but two and a quarter 
inches in length. Hence, despite the “ world of weight upon 
its shoulders,” Mr. Thompson concluded that the presence of 
this pysfbr affords interesting evidence that the nyas lived 
several years after attaining its full growth.” Probably the 
larvae of the oysters, and of the Ascidians also, happened 
to alight upon the crabs at the end of their free-swimming 
existenqe, although six or seven years seems to me to be a 
remarkably long age for a Ilyas. 

Barnacles upon the backs of Maia^ Carcinus, are also 
due to the same, as it were, accidental cause. 

But, whatever the explanation, these exceptional cases do not* 
alter the fact that the foreign bodies found upon Hyas are usually 
fixed there by the crab itself. The specimens I have seen have 
been covered with fragments — not living colonies-*-of Algae, 
Hydroids and Polyzoa, which are fastened by the hairs of the 
crab’s carapace and legs exactly as in Stenorhynchus^ and in 
this crab the process of attachment has been frequently observed 
here and accurately recorded. 

At the same^ time I by no means hold that the two groups 
which were defined in my previous letter are absolutely marked 
off from one another. The hermit crabs make use of both 
methods of protection. Bits of Sponges may frequently be seen 
upon the carapace of Maia^ SUnorhynchusy and InachuSy and I 
have occasionally found colonies of Leptoclinum and Didemnum 
upon both Afaia and InacAus. In these cases the inconspicuous 
^pearance is not lost, but the attachment of small Sponges and 
Didemnids is probably an additional protection against the 
numerous night-feeding fishes, which hunt their prey by the 
senses of smell and touch. 

As to the inedibility of Tunicaia^ I did not — as Mr. Holt 
states — assume” it. I have experimentally found it to be a 
fact (as I stated in my letter) that the odour and taste of Tuni- 
catUy and especially Compound Tunicatay^ are almost invariably 
sufficient to prevent fishes from eating them. Exceptions do 
not disprove the rule, and it is quite possible that Pdonaia is 
not distasteful. But this is not established by a few specimens 
having been taken on one or two occasions from the stomachs of 
Cod, Haddock, and Dab ; and although Mr. Holt quotes Prof. 
McIntosh as speaking of the ‘"abundant ” occurrence ol Molgula 
arenosa in the stomachs of Cod and Haddock, he will find upon 
reading Prof. McIntosh’s words again, that they are open to a 
different interpretation. 

In my previous letter I omitted to mention that a species of 
hermit crab also, Eupagurus lucasiiy takes advantage (regu- 
larly?) of the distastefuJness of Compound Ascidians. Mr. 
Harmer has, with much kindness, examined for me a specimen 
in the Cambridge Museum. The crab inhabits a univalve which 
is covered with Distaplia magnilarvaJ ^ 

Mr. Holt’s statement that Actinia mesemhryanthemum is 
certainly a favourite food of the Cod” is so astonishing that I 
hope he will adduce the evidence for his assertion. Mr. Brook 
had not found this to be so when he reported upon the food of 
this fish for the Scottish Fishery Board, and indeed only the 
youngest Cod ever frequent the tidal waters to which A. mestm- 
iryanthc^um is confined. Further,, although Pagurus tern- 
^hardusy when ^ot associated with an Anemone, is very frequently 
found in the stomachs of Cod and Haddock, I do not know a 
single instance of its having been found in the stomachs of the 
same fish when associated with one. 

1 am informed by Mr. Poulton that, in a work which is shortly 
to appear, he has included such animals as Stmorhynchus and 
Cttddis wormsy which disguise their tmpearance with foreign 
bodies siipply in order to escape identification by enemies, ip a 


group -to which he. gives the very convenient natne “allo- 
cryptic.” Animals which trust rather to the offensive than to 
the inconspicuous character of the foreign bodies with which 
they associate themselves he terms “ allbsematic ’* (tr^pa, a 
sign). . 

It is obvious that the allosematic method of .protection js all 
but perfect, since it is largely free from the loss due to experi- 
mental tasting attendant upon the method of a purely warning 
appearance (‘"autosematic”). Walter Garstang. 

Plymouth, March 21. 


Sea-bird Shooting. . . 

Is it not time that something more was done to stop the 
wholesale slaughter of our sea-birds ? During the pait winter 
the havoc has been terrible, and unless some restraint is imposed 
we may expect before long to find our shores denuded of their 
white wings. When the birds had no value, there was a limit, 
though a wide one, to tbeir destruction, because of the*cost of 
killing them ; but recently a. large demand has sprung* up for 
their skins, and an organized traffic is now carried on in the 
carcases. 

The shooter gets from threepence to.sixpence per bird from the 
amateur dealer,> and for the sake of this paltry sum (surely the 
birds are worth more to us alive than this I) there is not a 
sporting lounger .on the coast who can possess himself of a gun 
who does not kill every bird which can be reached either from 
the shore or from a boat. . The gulls are pursued, I am told, 
even as far as the Dogger Bank. 

The beautiful kittiwake is the greatest sufferer. One of the 
dealers boasted to me the other day that he had passed “ nearer 
ten than nine thousand dead birds through his hands this 
season, chiefly kittiwakes.” He added that he had gpt 804 
carcases in one batch from one sportsman^ 

From inquiries, 1 judge that this person’s trade represents 
about one-third of the dead birds which have been sent away from 
our little town this season. I know the traffic is carried on at 
other points, and no doubt this is but an example of what is 
going on all round our coast. When we consider that the car- 
cases which can be secured represent only a fraction of the birds 
killed or injured, we gain some idea of the extent of the mis- 
chief. Indeed, during the past month it has been possible to 
take a long walk along our shore without seeing a single sea- 
gull. Who wishes to see a blank seascape ? 

Now, surely, we all have equal rights in these graceful birds, 
and the numerous class who love to see them alive deserve 
as much consideration as the mischievous minority whose plea- 
sure it is to destroy them ! It is not as though these latter 
were worthy persons, compelled to a cruel employment for 
their daily bread : they are, on the contrary, nearly all of a 
class who deserve no sympathy — of a comfortable class who, I 
verily believe, would shoot their next-door neighbours if they 
could do so with impunity, and could dispose of the carcases t 
Just imagine the new variety of sport which one of them 
described to me not long ago ! He said you could catch the 
gulls at sea by baiting a floating fishing-line with liver, and in 
this way, though you did not get quite so many as with a gun, 
you had far htXXtx fun^ especially from the kittiwakes, as they 
are wonderfully ‘‘game,*^ and, when they feel the hook, 

flacker about and scream like a child . 

Is it too much to ask that our Legislature, which has spent so 
much time in the past on laws in the interests of the so-called 
‘"preservers” of game, will do something, and that speedily^ in the 
interests of those who would fain be truly preservers of the sea- 
birds? At least they should extend the protection afforded to 
“game” to these noble birds, and order that those who shoot 
them shall pay a heavy license for their despicable sport, and 
those who deal in the dead carcases a still heavier. 

And nothing in this matter must be left to local authorities. 

In seaside places self-interest vitiates the sentiment on this ques- 
tion. The fisherman finds it easier to earn money by letting his 
boat to the “sportsman” than by his legitimate productive in- 
dustry ; the tradesman fears to lose these men’s custom ; and the 
gently^ mostly supporters of “sport,” are perhaps not soriy to 
have such an excellent safety-valve for guns which might other 
wise poach on their preserves ; and besides, there is in Yorkshire 
a semi-political aspect to the matter. Thus it baa happened that 
of lateiears the clause in the (so far as it goes) excellent ” Sea- 
birds Preservation Act” of 1869, ^hich permits a lengthening 
of the dose time under certain conditions, has been rendereoi 
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niuatory through the action of our county magistrates, who have 
refused to present the requisite petition to the Home Office. 
They must have been aware that their action doomed innumer- 
able young birds to death by starvation, since the clifficlimbers 
collect the eggs until July (a perfectly legitimate industry, by 
the way, carried on by hard-working men, and producing 
valuable food), and thus render it impossible for the majority of 
the birds to get their young reared by the ist of August. 

And, in consequence, whenever during August I go on the 
shore under the great cliffs where the birds breed, my ears are 
filled with the melancholy “piping” of the starving helpless 
young, dying slowly on the ledges, whose parents have been 
shot — for sport, or threepence. G. W. Lamplugh. 

Bridlington Quay. 

Locusts. 

With reference to the flight of locusts which passed over the 
steam-ships Golconda and Clyde in the Red Sea about November 
25 last, it would be interesting to ascertain to what species 
they belong. The past year, 1889-^0, has been marked in 
India by the invasion of locusts belonging to the species Acridium 
peregrinum, which, starting, it is believed, about the end of the 
hot weather (May or June), from the sand-hills of Western 
Kajputana, have, during the past six months, spread in vast 
numbers over the whole of Sind, Rajputana, the Punjab, North- 
West Provinces, and Oudh, besides penetrating sporadically into 
Guzerat, Ahmedabad, Baroda, Khandesh, and parts of Central 
India, a stray flight even appearing in the Kistna district of the 
Madras Presidency. 

This insect, which is supposed to be the locust of the Bible, 
and which is undoubtedly the one that periodically invades 
Algeria from the Sahara, though it is altogether distinct from 
the locust Stauronotus maroccanus^ of which so much has been 
heard in Algeria during the past two years, is likely to be the 
species which was observed in the Red Sea. To ascertain the 
point, however, with certainty, it is essential that specimens, 
which I am told fell upon the deck of the ship Clyde in con- 
siderable numbers, should be examined and determined entomo- 
Ic^ically, and mjr object therefore in addressing you is to 
endeavour to obtain some of the speci mens for comparison with 
those which have invaded India. 

It is worthy of notice that in 1869 when Rajputana suffered 
considerably from locusts, vast swarms were also observed by 
ships passing through the Red Sea, and it would therefore be 
interesting to learn to what extent 1869 and 1889 were years of 
locust invasion in the intervening countries of Arabia, Persia, 
and Biluchislan. It is much to be regretted that in 1869 neither 
the locusts found in Rajputana nor in the Red Sea appear to have 
been preserved or determined, and their identity therefore cannot 
be definitely established. E. C. Cotes. 

Indian Museum, Calcutta, February 28. 


THE ROYAL METEOROLOGICAL SOCIETY’S 
EXHIBITION, 

T he eleventh Annual Exhibition of the Royal 
Meteorological Society was held at the Institution 
of Civil Engineers on March 18 and three following days. 
Each Annual Exhibition is devoted to some special branch 
of meteorology, which is illustrated by specimens of all 
known instruments (or drawings and descriptions of the 
same) that have been employed in its investigation. 
This year’s Exhibition was illustrative of the application 
of photography to meteorology. Photographic meteoro- 
logical instruments are not numerous, and those used for 
recording the indications of the barometer, thermometer, 
and electrometer are very costly and delicate, and are 
only made to order. The number of instruments in the 
Exhibition was consequently less than in previous years, 
but this deficiency was fully made up by the large and 
highly interesting collection of photographs of meteoro- 
logical phenomena. 

The earliest application of photography for the con- 
tinuous registration of the barometer, &c., was made by 
Mr. T. B. Jordan, of Falmouth, in 1838. His plan was to 
.-(furnish each instrument with one or more cylinders con- 


taining scrolls of photographic paper. These cylinders 
were made to revolve slowly by a very simple connection 
with a clock, so as to give the paper a progressive move- 
ment behind the index of the instrument, the place of 
which was registered by the representation of its own 
image. , 

In 1846, Mr. Charles Brooke and Sir Francis Ronalds 
each brought forward a method for the registration of 
magnetic and meteorological instruments by means of 
photography. The methods are those now in use, the 
former at the Royal Observatory, Greenwich, and the 
latter at the Observatories of the Meteorological Office. 

Although these instruments were not shown, they 
were fully illustrated by photographs and drawings. A 
number of the barograms and thermograms were ex- 
hibited by the Astronomer-Royal and the Meteorological 
Council, showing the passage of storm centres, and sudden 
changes of temperature and humidity. A set of baro 
grams from various parts of the world was exhjlxited by 
the Meteorological Council, showing the barometric 
oscillation due to the Krakatab eruption, August 1883. 
The thermogram at Kew on May 8, 1871, showed a fall 
of about 20° of temperature during a thunderstorm 
at 4 p.m. 

Mr. Symons exhibited a photographic scale showing 
the intensity of sunlight during the solar eclipse of July 
•18, i860 ; and the Kew Committee showed the chemical 
photometer devised by Sir H. Roscoe in 1863. Mr. 
J. B. Jordan exhibited his experimental instrument for 
recording the intensity of daylight, and also the three 
patterns of his sunshine recorder. Similar instruments 
designed by Dr. Maurer, of Zurich, and Prof. McLeod, 
were also shown. Prof. Pickering sent a photograph of 
his Pole-star recorder, in use at the Harvard College 
Observatory, U.S.A., for registering the cloudiness during 
the night. This instrument consists of a tel^copic 
objective attached to a photographic camera and directed 
to the Pole-star; the camera is provided with very 
sensitive plates which are inserted in the evening, and a 
shutter, worked by an alarm clock, is closed before dawn. 
If the sky be clear during the night, the plate, after 
development, shows a semicircle traced by the revolution 
of the star around the North Pole, but if clouds have 
passed across the star, the trace is broken. 

The photo-nephograph designed by Captain Abney 
for the registration of the velocity and direction of motion 
of clouds was exhibited by the Meteorological Council, as 
well as a model showing the manner in which the pair 
of photo-nephographs are mounted for use at the Kew 
Observatory. One of the instruments is placed on the 
roof of the Observatory, the other being at a distance of 
800 yards ; the observers at each end are in telephonic 
communication. Both cameras being oriented with refer- 
ence to the same point of the horizon, the distant observer 
is instructed as to the direction and elevation of his in- 
strument. The chief observer controls the exposure, both 
cameras being exposed simultaneously ; another pair of 
plates are exposed after an interval of one minute. A 
slide rule designed by General R. Strachey for obmining 
the height and distance of clouds from the pictures 
yielded by tjie cloud cameras was also exhibited, as well 
as photographs of an experimental apparatus designed 
by Mr. G. M. Whipple for the same purpose. 

The Exhibition included a large and interesting col- 
lection of photographs of clouds. Padre F. Denza sent 
a set of 80 cloud photographs which had been taken 
during the past twelve months at the Specula Vaticana, 
Rome. M. Paul Grflrnier exhibited a magnificent set 
of 17 large photographs of clouds taken at his ob- 
servatory, Boulogne-sur-Seine, Paris. These are the 
best photographs of clouds that have been seen in this 
country, and they were consequently very much admired. 
M. Garnier has not yet explained the method he 
adopts for obtaining mch beautiful pictures. Dr. Riggen- 
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bach, of liasle, showed some photographs of cirrus clouds 
taken by reflection from the surface of the Lake^ of 
Sarnen. In this case the surface of the water act/ like 
a polarizing mirror, and extinguishes the sky light. Photo- 
graphs of clouds were also exhibited by Mr. Clayden, 
Dr. DrCwitt, Dr. Green, Mr. Gwilliam, Mr. Harrison, 
Mr. McKean, Messrs. Norman May and Co., Mr. H. C. 
Russell, and Mr. Symons. Mr. H. P. Curtis, of Boston, 
U.S.A., sent a valuable and highly interesting collection 
of photographs, showing the devastation caused by the 
tornadoes at Rochester, Minnesota, on August 2i, 1883, 
and at Grinnell, Iowa, on June 17, 1884. After seeing 
these photographs, some idea can be formed of the 
immense destruction wrought by these terrible scourges, 
which so frequently visit various parts of the United 
States. Mr. Curtis also exhibited three photographs of 
the tornado cloud; two of these were taken at James- 
town, Dakota, on June 6, 1887, when the cloud funnel 
was I2*miles to the north ; the third, which was taken 
in New Hampshire, during the storm on June 22, 1888, 
shows the spiral-shaped funnel trailing at a considerable 
altitude in the air. 

Many interesting photographs illustrating meteoro- 
logical phenomena were exhibited. These included floods, 
snow-drifts, hoar-frost, frozen waterfalls, &c. A large 
number of photographs of flashes of lightning taken 
during the last twelve months were also shown, as well 
as some photographs of electric sparks, taken by Mr. 
Clayden and Mr. Bidwell, which explain the formation 
of dark images of lightning-flashes. 

Mr. Clayden exhibited a very interesting and instruc- 
tive working model, showing the connection between the 
monsoons and the currents of the Arabian Sea and the 
Bay of Bengal. 

Mr. Dines showed a model of the whirling machine 
used by him at Hersham for testing anemometers and 
for experiments on wind-pressure ; he also exhibited a 
remarkable curve showing the normal component of the 
wind-pressure upon a sloping surface i foot square, the 
normal pressure being taken as 100, and the pressure at 
various angles of inclination being expressed proportion- 
ately. Mr. Munro sent two instruments which he has 
recently constructed in conjunction with Mr. Dines. 
The first is for showing the velocity of the wind. The 
shaft of an anemometer is connected with the shaft of the 
instrument, and in turning works a small centrifugal 
pump, thus raising the level of the mercury in the long 
cistern. The deflection of the pendulum from the vertical 
position is proportional to the rate of turning, and thus 
gives_ a uniform scale. The second instrument is for 
showing the pressure of the wind from a velocity anemo- 
meter. The arrangement is the same as in the preceding 
instrument, but the fall of the float in the small circular 
cistern is proportional to the square of the velocity and 
therefore to the wind-pressure, thus giving a scale of 
pressure with the divisions at uniform distances. 

Mr. Hicks exhibited Draper’s self-recording metallic 
thermometer ; a mercurial minimum thermometer with 
lens front ; and a radial scale thermometer. Mr. Long 
showed Trotter’s compensating thermometer for taking 
temperatures at any distance ; and Mr. Denton exhibited 
his clinical thermometer case with new spring-catch. 

William Marriott. 


THE ORIGIN AND COMPOSITION OF THE 
FLORA OF THE KEELING ISLANDS. 

intervals I have contributed to Nature the results 
of the more recent investigations of insular floras, 
more especially in relation to the dispersal of plants by 
ocean currents, birds, and winds ; ana now^ through the 
courtesy of the author and Captain Petrie, Honorary 
Secretary of the Victoria Institute, I am able to furnish 


a commentative summary of a lecture^ by Dr. H. B. 
Guppy, on the flora of the Keeling Islands. 

It is hardly necessary to mention that Darwin visited 
these islands in 1836, except in connection with the fact 
that Dr. Guppy’s visit was in a measure an outcome of 
that event. In 1878, Mr. H. O. Forbes spent some time 
there, and extended our knowledge of the flora. Primarily, 
no doubt, the coral-reef question took Dr. Guppy to the 
scene of Darwin's early labours, though he was probably 
not less interested in the flora, having been stimulated by 
practical botanizing in the Solomon Islands a few years 
previously ; and a stay of nearly ten weeks enabled him 
to elucidate many points that were either obscure or 
conjectural. 

Mr. John Murray, of the Challenger Expedition, found 
funds for Dr. Guppy’s mission, and he presented to the 
Kew Herbarium the collections made of dried plants and 
drifted seeds and fruits ; and there, such of them as were 
not already familiar to Dr. Guppy, and of which the mate- 
rial was sufficient, were named, and a set incorporated. 

For the sake of brevity it will be better to describe 
what Dr. Guppy has accomplished, rather than follow 
him through his account of it. 

Specimens were taken of all the different species of 
plants found in a wild state in the islands ; notes made 
of the conditions under which they occurred, of their 
relative frequency, of their chances of propagation, and 
of their natural enemies, besides other particulars. In 
addition to seeds, or fruits containing the seeds, of the 
plants actually established on the islands, many others 
were picked up on the beach, where they had been de- 
posited by the waves. Whilst most of these were in 
various stages of decay, others were actually germinat- 
ing, and the question arose. Why had they not succeeded 
in obtaining a footing ? As we shall presently learn, this 
question was easily answered. 

Another point on which we had little trustworthy in- 
formation was the length of time various seeds of essen- 
tially littoral and insular plants would bear immersion, 
or, rather, flotation, in sea-water without losing their 
vitality. With the exception of a few isolated instances 
of seeds having germinated after having been carried 
across the Atlantic to the western coast of Europe, very 
little was known, because the majority of the seeds ex- 
perimented with by botanists at home did not belong to 
this class of widely-spread plants. Dr. Guppy instituted 
experiments on the spot, and although his time was too 
short to determine the extreme limits of endurance of 
tfle various seeds, he was able to prove that certain kinds 
germinated freely after being thirty, forty, or fifty days in 
sea-water. Again, he observed that some seeds that do 
not readily float, or only for quite short periods, are con- 
veyed hither and thither in a variety of ways — ^uch as^ in 
the cavities of pumice-stone, and in the crevices of drift- 
wood. 

From all available evidence, it is almost absolutely 
certain that there were no permanent inhabitants of the 
Keeling Islands till about the end of the first quarter of 
the present century ; and from the most trustworthy ac- 
counts the islands were covered with vegetation, the 
coco-nut largely preponderating in the arboreous ele- 
ment. Indeed, as ^e outer part was almost entirely 
coco-nut, it seemed, as Darwin says, at first glance to 
compose the wholh wood. But there is evidence that 
there were laige ** forests ” in the interior of the islands, 
consisting mainly of the iron-wood, Cordia subcordata. 
The largest island is said to be only about five miles long; 
and the group is between 600 and 700 miles from the 
nearest land, excluding the small Christmas Island. 

Already at the time of Darwin’s visit in 1836, the 
islands were in the possession of Captain Ross, the 

' 1 M«mimI of Plsats, tm iUoSMIO^ ky Om l^lon of the Keeling or 
Cocdii A Paper reed at « ineetiai Of the Victoria Institute on- 

Monday. Febniaiy 3, 1890^ by Dr. H. B. Ou|^. 
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grandfather of the present proprietor, and coco-nu' 
planting 'ivras progressing. Since then most of the avail 
• able ground has been cleared of other vegetation and 
planted with coco-nut trees, so that the wild vegetation 
IS nearly limited to an external fringe, and this often 
broken. In North Keeling, about fourteen miles distant 
from the main group, which was not visited either by 
Darwin or Forbes, there was still sufficient of the original 
, vegetation left for Dr. Guppy to form an idea of what it 
was generally before it was cleared away for cultivation. 
Darwin’s investigations had the effect of arousing the 
interest of Captain Ross in the natural history of the 
group, and this interest has been inherited by his de- 
scenrants, who have greatly aided subsequent travellers 
by /heir hospitality and by their knowledge of loca* 
pqi^omena. Darwin collected or noted about a score ol 
(F^erent species of wild plants, and this number has now 
Y/een doubled by Forbes and Guppy. 

This brings us to the results of Guppy’s own investiga- 
tions, the most interesting and important being those 
relating to the capabilities of certain plants, notably the 
coco-nut, to establish themselves on coral islands, as 
some writers of repute have strongly contested the possi- 
bility of it, and there can be little doubt that the coco-nut 
and other plants having large seeds obtain a footing only 
under exceptional circumstances, such as being buried by 
the sands washed over them in heavy gales. 

Foreign coco-nuts are frequently cast ashore on the 
Keeling Islands, where they sometimes germinate, but 
the crabs invariably destroy the sprouting nut. Suppose, 
however, a period when crabs were less numerous, and 
the chances are not so very remote of some of the 
growing nuts escaping them. Again, Mr. Forbes cites 
an instance in which the crabs may even facilitate the 
establishment of the coco-nut, for he observed that the 
crabs sometimes burrow so near the surface that the nuts 
occasionally break through and find favourable condi- 
tions for growth. Should they escape the crabs in their 
earliest infancy, they are safe. Many other plants are 
now prevented by the crabs from establishing themselves 
on the Keeling Islands. Dr. Guppy says : — 

“ I have been informed by the proprietor that some- 
times when a large amount of vegetable drift has been 
stranded on the beach, a line of sprouting plants may be 
shortly observed just above the usual high-tide mark ; 
but the tender shoots are soon eaten by the crabs, and in 
a little time every plant is gone. Many of the seeds that 
germinate on the beach are beans, varying in size from 
those of Entada scandens downward. They form one- 
third of the vegetable drift.” 

Indeed, the crabs are so numerous that Mr. Ross has 
failed in many attempts to raise plants of some of these 
things in his garden. One flourishing Entada scandens 
and a sickly Calophyllum InophyUum were all the 
reward of much trouble in this direction. The huge 
square fruits of Barrin^tonia speciosa are often thrown 
up, and the seed germinates, but very few escape the 
crabs. This tree had not established itself in North 
Keeling, though in August 1888, Dr. Guppy observed two 
seedlings about eighteen inches high, and they owed their 
preservation, it was supposed, to the circumstance of the 
fruits having been concealed when the seeds germinated 
by the bed of fine drift pumice that had been deposited 
on the shores of the lagoon after the Krakatdb eruption. 

Particulars are given of the incipient germination and 
early destruction of Carapa. Nipuy Cycas^ and other 
seeds. Of course, the clearing of the original vegeta- 
tion and subsequent cultivation, and the incidents or 
intentional introduction of various birds and animals, 
and the migration of the myriads of sea-birds that 
formerly inhabited the islands must all be taken into 
consideration. Yet no , species of plant ever known to 
row wild there has beetle quite extinct, an evidSnee of 
ieir tenacity of life und«r umavourable conditions. 


Dr. Guppy’s additions to the Keeling flora include the 
following plants, which he regards as having formed part 
of the ^original vegetation, judging from the conditions 
under which he found them : Calophyllum InophyUum, 
Thespesia populnea, Triumjletta subpalmata, Suriana 
maritima, Canavaliaobtusi/olia, Terminalia Catappa,Bnr- 
ringtonia speciosa, Sesuvium Portulacastrum, ipomoea 
grandiflora, 1 . biloba (/. pes~capr^, Premna obtusifolia, 
and Memandia peltcUa. Their general distribution fully 
justifies this deduction. 

The experiments on the vitality of seeds after forty to 
fifty days in sea-water were necessarily of a limited 
character, but they established the fact that the following 
germinated : Cordia subcordata, Hernandia peltata, Guet- 
'tarda speciosa, Thespesia populnea, Sccevola Koenigii, 
Morinda citrifolia, and Tournefortia argentea. Every 
seed of the last named germinated after forty days’, and 
half of the seeds of Morinda after fifty-three days’ immer- 
sion. Dr. Guppy calculates that a surface currant of 
only one knot an hour would convey drift a distance* of 
looo to 1 200 miles during these periods. From the fact 
that almost all the drift is thrown up on the eastern and 
southern coasts, it is assumed that the bulk of it comes 
from the Malay Archipelago, and perhaps some from the 
north-west coast of Australia. This is borne out by the 
general distribution of the established Keeling plants, as 
wdll as by the other seeds and fruits that are stranded 
there. 

Among the latter may be mentioned Pangium edule, 
Heritiera littoralis, Erythrina indica, Mucuna spp., 
Dioclea rejiexa, Casalpinia Bonducella, Cerbera Odollam, 
Quercus spp., and Caryota. 

Carpophagous pigeons have played no recognizable 
part in the flora of the Keeling Islands. 

In his forthcoming book Dr. Guppy will doubtless give 
all the details of his observations in a more connected 
and systematic form. 

W. Hotting Hemsley. 


NOTES. 

To-day the honorary freedom and livery of the Turners 
Company are to be conferred on Sir John Fowler, K.C.M.G., 
and Sir Benjamin Baker, K.C.M.G., *Mn recognition of their 
distinction and eminence as engineers, earned by many great 
works at home and abroad, especially the design and construction 
of the Forth Bridge, one of the greatest triumphs of British 
engineering in the Victorian age.” 

Sir John Kirk, F.R.S., and Sir William Turner, 
F.R.S., Professor of Anatomy in the University of Edinburgh, 
have been elected members of the Athenseum Club, under the 
rule which provides for the annual election of a certain number 
of persons of distinguished eminence in science, literature, or 
the arts, or for public services. 

Mr. T. Kirks Rose, Associate of the Royal School of 
Mines, has obtained the appointment of Assistant Assayer at 
the Royal Mint, by competition among selected candidates. It 
is a post of somi* importance, and the salary rises from ;^35o to 
;^450, with (ui official residence in the Mint After an unusually 
brilliant career at the Ro^l School of Mines, Mr. Rose was 
engaged as metallurgist and assayer to the Colorado Gold and 
Silver Extraction Company in Denver. It is to be hoped that 
he will afford valuable assistance to Prof. Roberts-Austen in 
preserving the standard fineness of our coinage with the remark- 
Kble degree of accuracy that generatiems of assay masters have 
attained. 

StR Henry Rpscox has introduced into the House of 
Commons a Technical Education Bill, which is intended to 
dear up ftny doubt as to the legality of the provision of technical 
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nnd manual instruction in public elementary schools. The 
following arc the provisions of the measure : — (i) The managers 
of any public elementary school may provide technical o^ manual 
instruction for the scholars in that school, either on the school 
premises or in any other place approved by the inspector, and 
attendSnee by the scholars of the school at such instruction 
shall be deemed to be attendance at the public elementary 
school. (2) The conditions on which Parliamentary grants shall 
be made in aid of technical or manual instruction in public ele* 
mentary schools, shall be t];»ose contained in the Minutes of the 
Education Department and of the Science and Art Department 
in force for the time being. (3) The expression “ technical in- 
struction^’ and “ manual instruction” shall have the same mean- 
ing as in the Technical Instruction Act (1889). 

Last week Dr. Farquharson asked the President of the Board 
of Trade whether he was aware that much dissatisfaction existed 
among scientific men as to the sufficiency of the tests used in the 
mercantile marine for the detection of colour-blindness, and 
whether he would appoint a committee of experts to advise the 
Government on this important question. In reply, Sir Michael 
Hicks-Beach said he was sensible of the importance of the 
matter, and had been in communication with the Royal Society 
upon the subject ; and he was happy to state that **that valuable 
institution had appointed a committee to consider the wkole 
question of colour-blindness.” 

The meetings of the Institution of Naval Architects are now 
being held in the hall of the Society of Arts ; the chair being 
occupied by Lord Ravensworth, the President of the Institution. 
The following is the programme of proceedings : — Wednesday, 
March 26, morning meeting, at 12 o’clock : (i) Annual Report 
of Council ; (2) election of Officers and the Council ; (3) 
alteration of rules relating to election of Vice-Presidents j 
<4) Address by the President ; the following papers were then to 
be read and discussed — notes on recent naval manoeuvres, by 
W. H, White, F.R.S., Director of Naval Construction, Vice- 
President ; the Maritime Conference, by Rear-Admiral P. H. 
Colorab, R.N. Thursday, March 27, morning meeting, at 12 
o’clock ; on leak-stopping in steel ships, by Captain C. C* 
Penrose Fitzgerald, R.N. ; strength of ships, with special 
reference to distribution of shearing stress over transverse 
section, by Prof. P. Jenkins ; steatite as a pigment for anti- 
corrosive paints, by Frank C. Goodall. Evening meeting at 
7 oclock : on the evaporative efficiency in boilers, by C. E. 
Stromeyer ; on the application of a system of combined steam 
and hydraulic machinery to the loading, discharging, and steering 
of steam-ships, by A. Betts Brown ; the revolving engine applied 
on board ship, by Arthur Rigg. Friday, March 28, morning 
meeting, at 12 oclock : on the variation of the stresses on 
vessels at sea due to wave-motion, by T. C. Read ; spontaneous 
combustion in coal ships, by Prof. Vivian Lewes. Evening 
meeting, at 7 o’clock : on the screw propeller, by James 
Howden ; experiments with life-boat models, by J. Corbett. 

The Geologists’ Association have made arrangements for an 
Easter excursion to North Staffordshire. It will last from April 
3 to 8, and the head-quarters will be the Ndtth Staffordshire 
Hotel, Stoke-on-Trent, except on Saturday and Sunday nights, 
when the Association will stay at the Red Lion, Leek. 

A Conference of the Camera Club, under the presidency 
of Captain de W. Abney, was held last week at the Society of 
Arts. Lord Rayleigh gave an account of instantaneous photo- 
graphy by the light of the electric spark. He stated that he had 
been experimentalizing in taking photographs of minute jets of 
water as from a bottle. He exhibited on the sheet, by means of 
the electric ligllt, photographs of jets of water taken in less than 
the 100,000th part of a second. In the course of the discussion 
following the demonstration and explanations by Lord Rayleigh, 


Mr. Trueman Wood spoke of the new application of electricity 
to the photographic art in fixing for study natural phenomena. 
The chairman, in giving the thanks of the meeting to Lord 
Rayleigh, referred to some photographs taken in less than the 
100,000th part of a second under the name of a photographic 
untruth.” Captain Abney dealt with the untruth of form, 
which photography gave when judged by light and shade, a 
subject which could only be explained by series of drawings on 
the black-board and shadows cast upon the sheet. 

The Royal Microscopical Society has received from Dr. E. 
Abbe, of Jena, one of the new apochromatic microscope 
objectives recently produced at Zeiss’s optical works^ Jena, 
under Dr. Abbe’s superintendence. The aperture is the highest 
hitherto attained, being 1*6 N.A., whereas the highest point 
previously reached by Dr. Zeiss was 1 *4 N. A. , so that the clear 
gain of aperture is 20 per cent. The advantage of this increase 
is shown by the perfection of the images obtained in photomicro- 
graphs produced by the new objective in the hands of Dr. Henri 
Van Hewick, Director of the Jardin Botanique, Antwerp, 
specimens of whose work were exhibited at the last meeting 
of the Royal Microscopical Society. At this meeting it was 
announced that Dr. Dallinger, F.R.S., had consented to join a 
committee appointed by the Council of the Royal Microscopical 
Society, to make a special report on the new objective. 

At the fortnightly meeting of the Royal Horticultural Society, 
on Tuesday, M. Henri de Vilmorin, President of the Botanical 
Society of France, delivered a lecture on salads, mentioning 
that in England we neither eat nor grow so many plants fot 
salad as in France. He dwelt upon the nutritive value of salads 
due to the potash salts, which, though present in vegetables 
generally, are eliminated in the process of cooking. He then 
enumerated the various plants which are used in salads in France 
— namely, the leaves of lettuce, corn-salad, common chicory, 
barbe de capucin, curled and Batavian endives, dandelion in its 
several forms of green, blanched, and half-blanchcd, water- 
cresses, purslane in small quantities, blanched salsify-tops of a 
pleasant nutty flavour, witloof or Brussels chicory, the roots of 
celeriac, rampion, and radish, the bulbs of stachys, the stalks 
celery, the flowers of nasturtium and yucca, the fruit of cap- 
sicum and tomato, and, in the south of France, rocket, picri- 
dium, and Spanish onions. Various herbs are added to a French 
salad to flavour or garnish it, such as chervil, chives, shallot, 
and borage flowers. In addition, many boiled veg etables are 
dressed with vinegar and oil. M. de Vilmorin then showed 
specimens of dandelion, barbe de capucin, and witloof, both 
varieties of chicory, which he recommended to the notice of 
English gardeners as most useful and palatable. He mentioned 
that from a ton to a ton and a half of witloof is daily brought to 
the Paris market from Brussels, where it is grown in the greatest 
perfection. Specimens of English salads grown in the month 
of March, and consisting of corn-salad, lettuce, and blanched 
chicory, were sent from the Marquis of Salisbury’s gardens at 
Hatfield. Among the other exhibits was a quaint orchid 
{Cd’logyne fanduraia), a native of Borneo, sent from Kew 
Gardens. The flower is bright green, like the colour of forced 
I lilac-leaves, with a dull jet* black blotch and lines on the lip. 

At the meeting of the Royal Botanic Society on Saturday, 

I it was announced that the donations received included an 
interesting collection of seeds from the gardens of Mr, Thomas 
Hanbury, at Moriola, on the coast near Ventimiglia, Italy, with 
printed catalogues of the great variety of plants and trees from 
all climes growing in the garden— more than 4000 named 
species. 

Baron de LlSi;^ the pbneer planter of British North 
Borneo, arrived at $andakin In January last. The official 
Gaz^tU of British North Borneo says that, the Royal Geographica] 
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Society of Australia have forwarded to the Bacon a draft for ;^loo 
^ towards the expenses of obtaining some information regarding 
the fauna and flora of Kina Balu and its neighbourhood. Baron 
de Lissa has placed himself in communication with the Governor 
on the subject, and is endeavouring to secure the services of 
a well-known geologist and naturalist who is residing at 
Sandakan. 

The following science lectures will be delivered at the Royal 
Victoria Hall : — April i, an hour with the telescope, by J, D. 
McClure ; April 15, the colours of a soap bubble, by John Cox. 

It is pleasant to turn over the pages of the handsome new 
edition of Darwin's famous “Voyage of a Naturalist" (Murray). 
The text is well printed, and no one can fail to enjoy the admir- 
able illustrations contributed by Mr. R. T. Pritchett. In a 
prefatory note Mr. Murray explains that most of the views given 
in the work are from sketches made on the spot by Mr. Pritchett, ' 
with Mr. Darwin's book by his hand. 

In a few days the first part of a new work on the theory of 
determinants, by Dr. Muir, of Glasgow, will be published by 
Messrs. Macmillan and Co. It presents the subject in the his- 
torical order of its development, beginning with the brilliant 
but unfruitful conceptions of Leibnitz in 1693, and carrying the 
record forward to 1841, the year of the appearance of Cayley's 
first paper. 

Mr. H. a. Miers, of the Natural History Museum, is 
engaged upon a text-book of mineralogy, which will be 
published by Messrs. Macmillan and Co. 

Last week (p. 478) we noted that at the meeting of the Royal 
Society of Edinburgh, on February 28, Dr. John Berry Haycraft 
had communicated the results of some recent investigations on 
voluntary muscular contraction. Dr. Haycraft's observations 
are interesting both to physiologists and to physicists. Where 
a muscle is stimulated by an electrical shock, all the fibres of 
the nerve receive the same stimulus, and all the fibres of the 
muscle to which the nerve passes contract together, and In the 
same way. This is not the case when a muscle contracts on 
receiving a natural nerve stimulation, starting cither as a result 
of volition or of reflex action. The central nervous system 
seems unable to affect all the fibres of a muscle, through the 
numerous nerve fibres passing to it, in such a manner that they 
all shall contract exactly in the same way. The reason for 
supposing this to be the case is the fact, observed by the author, 
that fascicular movements are always present within a muscle 
during a voluntary or a reflex contraction, so that tracings taken 
from different parts of the same muscle invariably differ from 
each other. The experiments were conducted both upon the 
human masseter and the gastrocnemius muscle of the frog. These 
fascicular movements occurring within it will prevent any muscle 
from pulling with perfect steadiness on any lever or other 
registering apparatus, and the tracings taken by means of such 
apparatus will show oscillatory waves, often very rhythmical in 
their appearance. Many observers have concluded from an 
examination of these tracings that they indicate that the central 
nervous system discharges impulses into the muscle at a rate 
corresponding with that of the oscillations observed. Thus some 
observers find 20, others xo oscillations per second in the muscle 
curve, and they consider that the nervous system discharges into 
the muscle at these rates. The author finds that the fascicular 
movements just described as occurring within the muscle itself 
account fully for the oscillations seen, the irregular aperiodic 
movements of the muscle compounding themselves with the 
period of oscillation proper to the registering apparatus itself, 
for. by varying the instruments used, the resultant cm^es 
mt^r be varied at will, slow oscillations appearing wheti using 


instruments of slow period, quick oscillations when using 
instrum^ts of quick period. The author suggests that these 
. fascicular movements probably account for the production of the 
muscle sound, which Helmholtz* long ago pointed out was chiefly 
an ear-resonance sound. This,, of course, could readily be 
evoked by any slow aperiodic movement, and the fascicular 
movements within the muscle must at any rate assist in, pro*, 
ducing it. » Theses fascicular movements* may, perhaps, account 
for the results obtained by Lov^n, with the capillary electro- 
meter, for it is more probable that he was . registering , the 
period of his own instrument than that the muscles were twitch- 
ing at the slowi rate of 8 times per second. If these conclusions 
are correct, there remaini little to be said in support of the 
theory genera]ly> accepted that the nervous system normally 
discharges nerve impulses into the muscles like shots quickly fired 
from a revolver. It may be that this is the case, but the .sub-r 
ject requires more extended investigation before any definite 
conclusions can be arrived at. 

. The St. Petersburg Academy of Sciences has issued the 
Report for 1889, which was read at the annual meeting on 
! January 12. The Report contains a valuable analysis of the 
scientific work done by the members during the year. In 
> ma\j[tematics, Prof. TchebyshefTs applications of simple fractions' 
to the investigation of the approximate value of the square root, 
and M. Ishmenetsky’s work on the integration of symmetrical 
differential equations, are especially worthy of note. In astro- 
nomy, we notice O. A. Backlund’s researches on the influence of 
temperature upon refraction. In physics, M. Khwolson made 
an attempt at a mathematical investigation of the extx'emely 
complicated laws of dispersion of light in milk-coloured glasses. 
The exploration of earth magnetism has made marked progress, 
both as regards the theory of diurnal variations and the measure- 
ment of magnetical elements in Caucasia and Siberia. Besides 
theoretical work in meteorology, the Central Physical Observa- 
tory has extended its system of weather-forecasts. Much interest- 
ing work has been accomplished in geology, Baron Toll having 
brought out the first volume of the geological part of the work of 
the expedition to the New Siberia Islands. In the botanical 
department the chief event was the publication of two parts of 
Prof. Maximowicz's description of the plants brought from 
Ceiftral Asia by Przewalsky, as well as the flora of Western 
China, as represented in the valuable collections brought by 
M. Potanin. Highly interesting work was done in zoology by 
Prof. Famintzyn. 

When the sun sets in the sea, a curious appearance, as of a 
bluish-green flame, is sometimes observed. This has been 
thought to be due to the light passing through the crests of 
waves. But Prof. Sohneke {Met. Zeits.) considers this view 
disproved by such an observation as that recently made by Prof. 
Lange at a watering-place on the Baltic. Shortly before sunset, 
the disk was divided in two by a thin strip of cloud ; and just as 
the upper part disappeared under the cloud, the blue flame was 
observed. Thus the cause appears to be in the air, not in the 
sea. It is a case^f atmospheric refraction. And as a planet, 
seen near the horizon with a good telescope, appears drawn out 
into a spectrum, with the more refracted blue-violet end higher 
than the red, so the last visible part of the sun furnishes the 
blue-violet end of a spectrum. But it would be interesting, 
Herr Sohneke remarks, to determine more precisely the condi- 
tions of this not very frequeni phenomenon. Perhaps it requires 
merely great transparepey of air, as only in this ca^ would the 
last ray be able to give a spectrum sufficiently intense in its blue 
region. 

Thb Report of the Meteorological Council for the year ending 
March 31, .X889, has been published, and describes the work of 
the Office under three heads, (i) Ocean Meteorology. The 
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number of logs'received from ships was 189 ; of these 80 per 
cent, were classed as ** excellent,” being a greater percentage of 
excellence than has been reported for some years. The dis- 
cussion of the meteorology of the Red Sea is still in progress, 
and tl)p work is well advanced. Charts of barometrical pressure 
for four representative .months for the various oceans have been 
issued, together with charts showing the m^an barometrical 
pressure for the year, and the extent of range of irregular 
fluctuations, and considerable progress has been made in the 
construction of the curreift charts for the various oceans. As 
these works are cleared off, it is intended to undertake a dis- 
cussion of the meteorology of the region from the Cape of 
Good Hope to New Zealand. (2) Weather Telegraphy. The 
work of this branch continues to increase, and the Daily and 
Weekly Weather Reports, in particular, have been extended 
and improved. Forecasts continue to be prepared three times 
daily, (Ond special forecasts were issued during the hay-making 
season ; the highest percentage of success of the latter was in 
the southern part of England, and the lowest in the north-east 
district. Storm warnings are issued to those places on the coast 
that desire to receive them. (3) Land Meteorology of the 
British Isles. The records from the Observatories and Stations 
of the Second Order are discussed and published. The Council 
have continued the annual grant of towards the expeases 

of the Ben Nevis Observatory, and have received copies of the 
observations made there. They have also i^reed to allow ;^25o 
a year to the proposed Observatory at Fort William, for five 
years, and to supply an outfit of an Observatory of the First 
Order, to be equipped with self-recording instruments. The 
Report also contains interesting notes on some results of an 
examination of the Atlantic charts published by the Oflice, and 
on the measurement of squalls shown on the traces of Robinson’s 
anemometers. 

A NEW alkaloid, to which the name taxine is applied, has been 
extracted and isolated by Drs. Hilger and Brande, of Erlangen, 
from the leaves, seeds, and young shoots of the yew tree ( Taxus 
haccata). Lucas some time ago pointed out the existence of a 
narcotic partaking of the nature of an alkaloid in the yew tree, 
and Marm^ has since described a mode of extracting it. Drs. 
Hilger and Brande have lately prepared large quantities of this 
alkaloid, and have at length satisfactorily determined its com- 
position and its more important chemical properties. The leaves 
and seeds were first repeatedly treated with ether in order to 
extract as much of the alkaloid as possible. The extract was 
then subjected to distillation to remove the ether, and the residue 
agitated with water acidified by a little sulphuric acid. The acid 
washings were noticed to be strongly coloured, and this was 
found to be due to the high tinctorial power of a compound of 
taxine with sulphuric acid. The acid solution was then rendered 
alkaline by ammonia, and the precipitated alkaloid dried over 
sulphuric acid. After dissolving in ether, re-washing with acid 
and precipitating with ammonia several times, the alkaloid was 
obtained as a perfectly white powder of extremely bitter taste, 
and melting at 82* C. On beating in a glass tube the melted 
taxine partly sublimes as a white cloud which* condenses in the 
colder part of the tube in the form of drops of oil which solidify 
on cooling. At the same time it evolves a most characteristic 
odour. It is very difficultly soluble in water, chloroform, or 
benzene, but readily in alcohol and ether. Concentrated sulphuric 
odd produces an intense purple coloration. Dilute acid solutions 
g^ve precipitates with gold chloride, (>latinum chloride, and picric 
acid, and also even in very dilate solutions yield precipitates on 
the addition of caustic alkalies or ammonia insoluble in excess. 
Analyses show that the formula of taxine is most probably 
CsrHgjOioN. It forms with acids salts readily soluble in water. 
The hydrochloride, sulphate, acetate, oxalate and tartrate, have 
been prepared, likewise the doable salts with the chlorides of 


platinum and gold. The hydrochloride is best obtained by 
passing hydrochloric acid gas through a solution of taxine in 
anhydrous ether, when the salt is at once deposited in good 
crystals. Analysis indicates the formula CsrHgjOioN. HCl. The 
sulphate possesses the composition (C37HnOioN)gH)S04, the 
platinochloride (C37HB30jgN.HCl)3PtCl4, and the aurochloride 
(C37H330ioN.HCl)AuCl3. A compound of taxine with ethyl 
iodide, of the composition C37HS3O10N.C3H3I, was also 
obtained by heating equal molecules of the alkaloid and ethyl 
iodide to 100* C. under pressure. This compound is also a 
crystalline solid soluble in water. As regards the constitution of 
the alkaloid, which from its high molecular weight must of 
necessity be extremely complex, it has only yet been ascertained 
that it belongs to the class of nitrile bases. The leaves of the 
yew tree were found to contain the largest quantity of taxine, the 
seeds containing a smaller but still by no means inconsiderable 
quantity of the alkaloid. 

The additions to the Zoological Society’s Gardens during the 
past week include a Rhesus Monkey {Afacacus rhesus 9 ) from 
India, presented by Mr. McDowall Currie ; a Ring-necked 
Panakeet {PaltBornis torquatus i ) from India, presented by 
Miss Thornton Smith ; two West African Love Birds {Agapornis 
pullaria i 9 ) from West Africa, presented by Mrs. Cyril 
Tatham ; a Black-necked Stork (Xenorhynchus australis) from 
Malacca, two Peacock Pheasants {Polyplectron chinquis i 9 ) 
from Burmah, purchased. 
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Remarks, 

(I ) This is a very bright planetary nebula in the constellation 
Hydra. From its size and equable light, Smyth compared it 
to Jupiter. It is about 32" in diameter, and its spectrum con- 
sists of bright lines. In 1868, Dr. Huggins recorded the pre- 
sence of the three characteristic nebula lines, but Lieutenant 
Herschel only saw two of them. The spectra of planetary 
nebulae are by no means difficult to observe, notwithstanding 
their generally small diameters. If no cylindrical lens be em- 
ployed, the lines in some cases are considerably bright, and 
their shortness is no great drawback. Now that we know that 
there are a good number of lines in the nebula of Orion, it 
seems reasonable to expect that a careful search will reveal a 
greater number in other nebulm. D3 and a line about K 447 
are the next in order of brightness to the three chief lines and 
G in the visible part of the spectrum of the nebula in Orion, 
and these should therefore be first looked for. It should also 
be particularly noted whether the brightest line is perfectly 
sharp on both edges, or otherwise. 

(a) This star has a spectrum of the Group 11 . type. Dun^r 
states that the spectrum is rather feebly developed, all the bands 
being narrow. The bands 2 and 3 in the red are the strongest. 
The character of the spectrum indicates that the temperature of 
the star is probably higher than that of most of the members of 
the group, the spectmm approaching that of Aldebaran. In 
that case, a considerEble number of lines may be expected. ^ It 
will be remembered that in Aldebaran there is nuinly a line 
spectrum, together with tl^ remnants of the bands in the red. 

(3) A star of the SQlaf.^^|l|ie (Qothard). The usual observa- 
tions are required. i " 
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(4) This is a star of Group IV., showing several fine metallic 
lines in addition to those of hydrogen. The usual observations 
.are retired. 

(5) The spectrum of this star is a fine one of Group VI. The 
usual carbon bands are wide and dark, and the subsmiary bands 
4 and 5 are perfectly well seen (Duner). It seems probable 
that favourable conditions of observation, which, unfortunately, 
are not common for low stars in our latitude, may reveal other 
secondary bands. 

^ (6) This is another variable star of which the spectrum has 

apparently not been recorded. The period as determined by 
Baxendell is 121*4 days, and the magnitudes at maximum and 
. minimum are 9*2 and 10*2 respectively. The maximum will be 
reached about April 5. (This is Baxendell’s V Bodtis.) 

A. Fowler. 

Charles Marie Valentin Montigny.— It is with regret 
that we have to announce the death of Prof, Montigny, at 
Schaerbeek, on the i6th inst. Prof. Montigny was born on 
January 8, 1819, and was a member of the Royal Academy of 
Belgium, Astronomical Correspondent of Brussels Observatory, 
an officer of the Order of Leopold, and decorated with the 
civil cross of the first class. He is best known for his interesting 
researches on the scintillation of stars, which form the subject- 
matter of a series of papers communicated to the Brussels 
Academy. In the January number of Himmd und Erde 
i\ long description is given of the results of Montigny’s ob- 
servations, and the instrument he devised and used for the 
determination of the amount of scintillation on different 
nights, and for the same stars at different altitudes. It is 
well known that if a scintillating star is observed by means 
of an opera-glass or small telescope, and the instrument 
tapped, the star appears to move and not the instrument ; if the 
instrument is kept vibrating, the star will appear to move in a 
closed curve, along which different colours repeat themselves. 
The scintillometer devised by the late Prof. Montigny for in- 
vestigating these appearances consisted of a small disk which 
could be whirled round in front of the eye-piece so that the star 
appeared to describe a circle in the field of the telescope. The 
circumference of this circle was made up of a regular sequence of 
colours, of which blue, yellow, and red were predominant. If 
the rate of motion of the disk be known, then by counting the 
number of times the colours were repeated the number of changes 
of colour a second may be found. All the causes affecting the 
scintillation of stars were investigated, and the relation of the 
amount to the character of the spectrum, the state of the atmo- 
sphere, and the colour of the star, made the subject of inquiry. 
The results obtained by means of this ingenious instrument are 
important, and the whole work on scintillation done by the 
deceased astronomer stands as a fitting monument to his memory. 

An Observatory at Madagascar. — A new Observatory 
has been established at Tananarivo under the direction of th6 
Jesuit fathers, and with the concurrence of the French Govern- 
ment. The site chosen is a hill a short distance to the east of 
the town, and about 4400 feet above sea-level, making the 
Observatory one of the highest in the world. It already pos- 
sesses an equatorial, a meridian instrument, and all necessary 
apparatus for meteorological observations ; and a photographic 
telescope will shortly be provided for solar observations. 


r//E ADMINISTRATION OF FOREIGN 
FISHERIES. 

following notes ^ were drawn up at the request of the 
^ late Lord Dalhousie just before he became seriously ill. The 
failure of his health and his absence from home — before the sad 
bereavement and shock which terminated in his death — prevented 
him perusing them, though the substance of much that appears 
in the subsequent pajges formed the theme of several conversa- 
tions with him. His familiarity with the sea, his wide know- 
ledge of the fisheries, his upright and generous bearing, and his 
sound judgment, would undoubtedly, it he had been spared, have 
been of infinite service to the Department (which, probably, 
sooner or later, he would have reorganized very thoroughly). No 
greater loss, indeed, lias happened to the fisheries in recent 
times. 

* For information on various points mlatiiia to the subject, I have to thank 
Profs. Alex. Agassiz, Hubrecht, MObitts, Lovtfn. and G. O. Sars. Kerr von 
Behr, Drs. Anton Dohra, Lindemsn, Nansen. anaStuvage ; while Mr. Hoyle 
kindly aided me with the Norwegian statislMS^ > 


The United States Fish Commission is managed by a 
Director, who is more or less autocratic and irresponsible ; 
though ififthe case of the late Prof. Baird the Americans were 
extremely fortunate in having a Director possessed of great 
administrative power and tact, and who never utilized the re- 
sources at his disposal for personal display or advancement. 
However able this Director may be, the system has its** dis- 
advan^es, and is less suitable than a mixed Commission of men 
of position, who would have an opportunity of expressing their 
views as to the work to be carried out Moreover, the American 
plan is less safe than a responsible head — that is, a chief under 
the control of a Board or Commissim of those who are not 
necessarily specially skilled. It is possible, indeed, that, as the 
fisheries are at present administered in the United States, a con- 
siderable expenditure of money and of time annually takes place, 
which under other methods might be curtailed. The practical 
advances made by the Americans have in the main been confined 
to the fresh-water fisheries— that is, the propagation of the 
salmon-tribe, carp, and other fluviatile and lacustrine forms. 
The Marine Department has not yet succeeded in making any 
noteworthy improvement in sea-nsheries, though much ni^ney 
has been spent, and a large Annual Report is regularly issued. 
This Report contains not only the work accomplished by the staff 
of the Department, but reprints and translations of papers relating 
to the fisheries of other countries. There is, therefore, a wide 
difference between the condition in this country (where the 
observations connected with the fisheries have often to be pub- 
lished by Societies or independent journals) and the lavish 
expenditure on the other side of the Atlantic. 

In France, again, the management of the fisheries is exclu- 
sively vested in the Minister of Marine at the Bureau des 
Peches. At the head is a Director charged by the State with 
the inspection of the fisheries. For the scientific study of the 
questions pertaining to the marine fisheries the chief station is 
at Boulogne — though the Minister of Agriculture, under whom the 
station was constructed, also gave a small subsidy to the 
Zoological Laboratory at Villefranche (Alpes Maritimes) for the 
study of diverse questions concerning fishes and oysters — and this 
was founded by a subsidy from the town and the Chamber of 
Commerce. The advances made by M. Coste and others in the 
fresh-water fisheries of France are too well known to need further 
attention. France is fortunate in having a series of excellent 
marine laboratories, at which considerable advances have 
already been made in regard to the food-fishes, and in 
collateral scientific subjects. The names of MM. Lacaze 
Duthiers, Giard, Marion, Barrois, Pouchet, Sauvage, and others, 
are sufficient guarantees that the work of the fisheries and 
connate subjects will be worthily carried out. 

In Norway there is no special Fishery Board, but the 
Governmental Department of the Interior manages both the 
marine and fresh- water fisheries. As yet only a general inspector 
for the latter has been appointed at a fixed salary. For each of 
she more important marine fisheries, however, a so-called 
opsynschef\% engaged by the Government, to see to the adminis- 
tration of justice during the time the fishery is going on. More- 
over, an annual grant of 16,000 kr. is granted to the Society for 
the Advancement of Norwegian Fisheries in Bergen. The aims 
of this Society, which has various branches in towns along the 
coast, are chiefly practical, such as the improvement of fishing 
implements, the most suitable and successful preparation of the 
fishery products, and other features. It also has a special 
department for the artificial hatching of the food-fishes, in con- 
nection with the laboratory at Arendal, on the southern coast. 
The expenses of this establishment are partly borne by the 
Society just mentioned, and partly by private subscription. It is 
at this laboratory ^hat M. Dannevig has done so much ^ good 
work in the artificial rearing of cod, oysters, and lobsters, in the 
former case having succeeded in keeping the fishes till the end 
of the second year, and when of considerable size (14-16 inches). 

For strictly scientific investigations in connection with the 
marine fisheries the Storthing grants an annual sum of 4800 
kr. These investigations have for many years been chiefly 
carried out by Prof. G. O. §ars, whose observations on the 
Lofoten cod-fisheries, and the development of the cod, are well 
known and justly esteemed, while, as a worthy sod of a dis- 
tinguished father, he has in other departments of zoology 
contributed largely to our knowledge. Other naturalists have 
also been engaged in the work, chiefly in regard to the herring 
fisheries. ProL Sara, moreover, with a view of protecting the 
marine fisheries, has to report on every contrivance proposed. 
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and in regard to restriction in the . use of certain fishing imple- 
ments, besides giving his advice concerning the regulation of 
close seasons and similar subjects. He has to presdht to the 
Department his opinions on these matters before the proposals 
are brought in for the Storthing. In 1886 much discussion took 
place in the latter assembly concerning a more central manage- 
ment of the Fishery Department, and the establishment of a 
special office for a chief director for all the fisheries, together 
with a staff of' subordinate inspectors. This arrangement is 
considered in Norway to be of considerable importance, but 
unfortunately no individual is known who unites in himself ail 
the many qualifications for this important office. The following 
are the grants sanctioned for the financial year from July i, 1886, 
to June 30, 1887, for the Fishery Institutions : — 

(1) For practical scientific investigation regarding the sea 
fisheries, the last Parliament voted 4800 kr.^ 

It is proposed to increase this by 2400 kr., to be given to Hr. 
Lumholtz. 

(2) As a contribution to the Society for the Encouragement 
of tjje Norwegian Fisheries, the last Parliament voted 16,000 kr., 
of which 4000 kr. were to be given to the affiliated Societies of 
Tromso, Stift, and 2000 kr. to the Institution for Pisciculture in 
Arendal. 

It is desired to increase this sum to 32,000 kr. for the coming 
year ; the work of the Society depends upon this grant, because 
the fishermen cannot be expected to contribute much, and the 
needs of the Society are always increasing. The expenses for 
the coming year are estimated at 34,910 kr., of which 12,000 kr. 
will be needed for the regular expenses of the Society. ^ It is 
proposed that the fisheries should be under a central direction 
with subordinate officials, and thus the Society would be relieved 
of a large part of its expenses. 

The Department decided, however, that the grant should be 
retained at its original amount, 16,000 kr. 

(3) For inspection and administration of the law at Lofoten 
cod-fishery, 31,950 kr. were voted. 

(4) For increased police inspection of the mackerel-fishery at 
Uleholmene 200 kr. were voted. 

(5) For increased police inspection of the spring cod-fishery in 
Namdal 1000 kr. were voted. 

(6) For increased police inspection of the spring cod-fishery In 
Finmark 7200 kr. were voted. 

(7) For increased police inspection of the spring cod-fishery in 
Sondmore 3600 kr. were voted. 

(8) For inspection and administration of the law at the herring- 
fishery 12,000 kr, were voted. 

(9) For the encouragement of fresh-water fisheries 24,040 kr. 
were voted. 

This sum it is desired to increase to 31,000 kr. 

A. Expenditure, 

Kronas. 

I. For practical scientific investigations into the 
sea fisheries, of which 2400 kr. form an 
honorarium for Hr. Lumholtz 7, 200 

II. Contribution to the Society for the Encourage* 

ment of Norwegian Fisheries ... ... 16,000 

III. For inspection, &c., of cod-fisheries at Lofoten 

( 1 200 kr. only in the event of there being a 
congregation of fishermen at Raftsund) ... 31,950 

IV. For increased police inspection at : — 

(1) Mackerel-fishery at Uleholmene 200 
(2^ Spring cod-fishery at Namdal ... 1,000 

(3) M M Finmark ... 7,600 

(4) #> Sondmore 3,200 

12,000 

V. For inspection, &c., at the herring(»fishery in 

1887 ... ... ... ... ••• ... 12,000 

VI. For the encouragement of fresh- water fisheries : 

(1) To salary and office help for the 

inspector (400 kr. for personal 
exj^nses of present inspector).. 3,640 

(2) To two permanent assistants ... 3,400 

(3) To travelling ex]^enses of the 

a^ve officials in the fishing 
districts, and for travelling ex- 
penses of temporary assistants. 5,000 

(4) Inspection of salmon-fishery ... 7,600 

(5) For experimental transport of 

Wener salmon ... 200 

’ About 18 kronas =s sterling. 


I Kronas. 

I (6) For experimental marking of 

salmon and sea-trout ... ... 400 

(7) For encouragement of artificial 

spawning ... ... , ... 1,000 

(8) Contribution ; — 

a. For erection of salmon 
ladders at water- falls 
in accordance with 
plans given by the 
inspector in 1884 ... 1,667 
A For erection of a 
salmon ladder at 
Haaelven in accord- 
ance, &c. ... 300 

1,967 

23.207 

102,357 

B. Income, 

Salvage of nets and apparatus at Lofoten ... ... 600 

In Sweden there is, strictly speaking, no Central Government 
Office for the fisheries. The fishery laws, and other special 
measures relating to the fisheries, are decreed by the Governors 
of the provinces or by the Department of the Interior, Pre- 
viously, however, to the promulgation of any new law, (the 
Governor must, pursuant to the Royal Ordinance of November 
7, 1867, consult the Intendant of the Fisheries, who, conjointly 
with two assistants and one Instructor in Fish breeding, are the 
public functionaries in connection with the fisheries in this 
country. Before the appointment of these officials, in 1864, 
there was (from the year 1855) a special Fishery Overseer 
{Fiskeritillsynin^man)^ or Inspector of the Sea Fisheries, in 
the province of Gothenburg and Bobus. He receives a salary 
from the Agricultural Society of that province, with subvention 
from the Crown, and is subordinate to the Governor of the 
province. The Intendant of the Fisheries and his assistants 
are under the control of the Royal Academy of Agriculture in 
Stockholm.^ 

The duties of the Intendant of the Fisheries are : — 

(1) To investigate, with the aid of his assistants, the fisheries 
of the country. 

(2) To propose or examine drafts of fishery laws or other 
measures for toe improvement of the fisheries. 

(3) To assist proprietors of fisheries with advice for hatching 
fishes, or with other measures for a rational management of the 
fisheries. 

(4) To prepare and elaborate the fishery statistics. 

(5) To control and direct the labours of the assistants and the 
fishery overseers. 

Persons desiring the assistance of the fishery officials have to 
lodge intimation with the Royal Academy of Agriculture, and 
then the Intendant submits to the Academy a plan for the 
labours and the journeys of the fishery officials for the ensuing 
year, A fixed sum of 3500 kr. (about ;^I98, or for the 
Intendant and £S 5 for each assistant) is assigned for the 
travelling expenses of the fishery officials. Those requesting 
assistance have to pay 6 s, per day. 

The Intendant has to present annually a brief report on the 
labours of the fishery officials, and from time to time more 
detailed notices of the fisheries of the country. The Inspector 
of the Sea Fisheries of Gothenburg and Bohus submits an annual 
report on those fisheries to the Agricultural Society of the 
province. 

The legal proceedings relating to the fisheries are briefly as ' 
follow : — If one or more proprietors of fisheries desire new or 
modified laws for the fisheries in their waters, or the Intendant 
of the Fisheries proposes such, the matter is submitted to the 
Governor of the province. The Governor then convokes all 

S arsons interested to meet and discuss the question. If the 
ovemor, after having consulted the Intendant of the Fisheries, 
judges the prop<Mais of the m^ority of the fishery proprietors 
suitable for the improvement of the fishery, those proposals are 
sanctioned, either at they stand, or with the necessary modifica- * 
tions. Anyone who dissents from the judgment may appeal to 
the Department of the Interior* 

* The allotraacet of these ofRcUU fiom the Treasury are as follow 
Intendant, £^$0 ; two assistants, respectively, jC^jk and 483. 
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Germany, likewise, has no special central or chief authority 
for the management of the fisheries. The Empire has no right 
,of control or even of cognizance of the fisheries. The State, 
however, gives annually a small sum to the German Fisheries 
Union (Fresh-water Fisheries). The control and management of 
the fisheries is therefore a matter for the different States which 
forni the Empire. All these (Prussia included) have Inspectors 
of Fisheries \ OberJischmeister) and master-fishers (Fischmeister)^ 
but their duty only relates to the fiscal interests of the States 
and the rigorous observance of the fishery laws. They also give 
•directions to the fishermen concerning the use of new and 
suitable fishing apparatus. 

The control of the fresh-water fisheries of Prussia is vested in 
the Minister for Agriculture, Woods, and Forests, but there is 
no special Board for Fisheries. The various questions are 
worked up by clerks as they arise, as also is the preparation of 
Bills for the Prussian Chambers. In like manner the provincial 
control, the district {Kegicrung) control, and the Kreiss or 
■county control, are carried out respectively by the Oberprasi- 
dent, the Regierungs Prasident, and the Landrath. 

The Deutsche Fisherei Verein, of which Herr von Behr is 
chairman, is an independent association. It receives occa- 
sionally money grants from the Prussian Minister from a fund 
voted by the Prussian Chambers, and a regular grant, 
amounting at present to ;^’iSoo a year, from the German Parlia- 
ment, towards the encouragement of fish-breeding throughout 
Germany. 

Prussia for a series of years has had at Kiel a Commission for 
scientific researches in the German seas. It consists of four 
members, viz. a zoologist, a botanist, a physiologist, and a 
physicist. The present members are Professors in the University 
of Kiel, and Prof. Mdbius (zoologist) is chairman. This Com- 
mission is pljxced under the control of the Ministry of Agricul- 
ture, and from that body it receives annually a sum of 9600 
marks (/‘480) for general and personal expenses. The Commis- 
sion publishes meteorological observations, statistics of the 
fisheries on the Baltic stations, and reports on scientific 
researches. 

Much valuable work has been accomplished by this Commis- 
sion in regard to the life-histories and development of fishes 
and the pelagic animals of the Baltic. Amongst other recent 
suggestions is one regulating the saleable size of certain fishes in 
special localities, e.g. the salmon and salmon-trout being fixed 
at I9i and 1 1 inches respectively, the flounder at 6 inches, and 
the plaice at 7. 

The Fishery Board of the Netherlands (Collegie voor de 
Zeevisscherijen) is composed of fifteen members, one of whom is 
president, and a secretary, who is not actually a member. All 
are nominated by the Crow'n, and the president out of a leet of 
two drawn up by the Board itself. The president and secretary 
form a kind of standing Committee by whom the every-day 
business is managed. All important affairs, however, have to 
come before the meetings of the Board, of which there are at 
least two yearly, viz. one in summer and one in winter. Very 
often the meetings are more numerous. 

The majority of the members must be free from any direct 
interest in the fishing trade or the fisheries industries. The 
minority may, on the contrary, represent such interests. 
Actually the minority is composed (l) of a specialist for the 
herring- fishery — a great shareholder and head of a large fishing 
firm ; (2) a member for the line-fishing ; (3) one for the oyster 
industries ; (4) one for the salmon and fresh-water fisheries ; 
(5) one for the herring and cod fisheries ; and (6) one for the 
fisheries of the Zuyder Zee. 

Further, there are on the Board one shipowner and ship- 
builder; one naval officer; several lawyers, several local 
authorities ; and two zoologists.^ 

The members receive no salary — only their travelling ex- 
penses. Whenever a question is laid before the Board either 
by Government or at its own invitation, the President selects a 
special committee of three or five members to study, discuss it, 
and to draw up a report, which is then circulated, and after- 
wards, if necessary, discussed and voted about. All questions 
concerning fishery legislation are thus brought before the Board, 
and generally settled according to its advice. 

There is a yearly grant (dating back, however, only a few 

* This account does not quite correspond with the view published by 
the Fishery Board in their Sixth Annual Report. Part 111., p. 305 , for it 
is thcie sUted that in Holland There is a Stale Commission for Sea 
Fisheries, chiefly composed of naturalists and scientific men.*' 


years) of about ;^2So for experiments on the fishing indus- 
tries, fish-culture, &c. Another ;^iooo are yearly devoted to 
salmon- culture, this sum being disbursed to the most successful 
fish-cuUurists at the rate of for a salmon a year and a half 
old (smolt), and two-fifths of a penny for one a few months 
old (parr). If the number of parr offered exceeds the^sum 
which is available after the full value has been paid for the 
smolts, the culturists must either acquiesce in a reduction of 
price or keep their fishes. One or more members of the Board 
are always present when the fishes are set free into the rivers. 

Since 1881 certain legal restrictions have been made with regard 
to the fisheries of the Zuyder Zee, and A staff of police organized 
on the inland sea, the chief officer being directly under the 
orders of the President of the Board. The same is the case 
with the police on part of the oyster territories. Those in Zea- 
land have been, since the fresh start in 1870, under a special 
local Board. 

In Italy the affairs relating to the fisheries are managed by 
the Minister of Agriculture, &c. The Minister nominates a 
Central Committee of twenty-four members. These consist of 
scientific men, magistrates, persons industrially interested in thp 
fisheries, and some members of the Legislature (M.P.*s). Twelve 
members are elected or reappointed every year. Tlie meetings 
of this Committee do not take place at certain fixed periods, but 
only by invitation of the Minister, who submits to the Committee 
the material to be discussed. 

Besides the Central Committee there arc a scries of local Com- 
mittees throughout the kingdom. These consist of the Captain 
of th% Port, a zoologist, and technically experienced men. Their 
term of office lasts for three years from the date of appointment. 
The Regulation is published in the Annali deW Industrial 
1882, by the Ministry of Agriculture, Direzione delP Industria 
e Commercio. 

The duties of these local Committees are as follow : — 

(1) To study and to propose all new regulations rendered 
necessary by experience. 

(2) To collect the material for annual statistics. 

(3) To give, on the demand of the Government, the Provinces, 
and the Communes, their opinion on matters directly or in- 
directly connected with the fisheries. 

(4) To further the diffusion of the best methods of fishing and 
the advancement of the industries connected with them. 

(5) To “ render popular the knowledge regarding the pro- 
duction, food, and diffusion of fishes and other useful marine 
animals. 

From a consideration of the foregoing remarks on the Com- 
missions, Boards, or Departments of foreign countries, it would 
appear that a central authority composed of a single individual, 
as in America, has certain disadvantages which can only be 
overcome by a rare combination of scientific eminence, adminis- 
trative skill, and unbiassed judgment. It has, moreover, been 
a costly experiment ; and it cannot be said that the Americans — 
%ven in the case of the cod— have succeeded so well as Dannevig 
at Arendal, in Norway, with the moderate resources at his dis- 
posal. It cannot be questioned, however, that the liberality of 
the Government of the United States has greatly aided scientific 
inquiry into marine life in general. Moreover, their efforts to 
increase the fresh-water fishes are most praiseworthy, and indeed 
in this they give us a good example, for there are still many 
fresh-w^ter streams and lochs that would be of great value to the 
country if scientific fish-culture were put on a proper footing. 
The instance of the Outer Hebrides, e.g. North Uist, is sufficient 
in our own country. From the top of the Lee Hills the eye rests 
on a multitude of lochs — fresh-water and salt — which seem to be 
almost as extensive in superficial area as the shreds of land 
between them. In iiiany of these, trout, salmon-trout, and salmon 
are found, so that one familiar with the agricultural poverty of 
these regions would not hesitate to place the culture of the 
water far before that of the land in regard to remuneration. A 
well-organized* system of pisciculture in connection with these 
lochs would effect a revolution in the financial affairs of the 
people, and greatly supplement the food-supply for the com- 
munity. • 

The French system does not seem to offer any suggestion of 
note in regard to the administration of the marine fisheries. 
The early labours of M. Coste and others in the culture of trout 
and salmon have, however, been of great service both to the 
adjoining Continental States, tons, and to America. It must not 
be forgotten also that M. Coste was one of those who took much 
Uiterest in the Stormontfield experimental station on the Tay, 
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and personally, along with Mr. R. Buist, aided its establishment 
under the Committee of Proprietors. 

Much that is useful for the purposes of administration may be 
learned from Norway, especially in connection with the Society 
for the Advancement of Norwegian Fisheries in Bergen, a place 
so chtssic to marine zoologists, from the days of Michael Sars 
to those of Fridtjof Nansen. Nowhere in Scotland can we point 
tq a series of open-air reservoirs of pure sea-water, such as at 
Arendal, in which larval fishes can be raised to post-larval and 
subsequent stages ; though at Stonehaven an enclosure of this kind 
formerly existed, and wa; used about thirty years ago in experi- 
menting with salmon (smolts). Yet no place is better 

fitted — both scientifically and economically — for such an arrange- 
ment than St. Andrews, as Jhas indeed been often pointed out. 
The Norwegians are also fortunate in having the services of an 
able and original naturalist — trained from boyhood in marine 
zoology, besides others of European reputation. Sweden, though 
rich in names well known wherever zoology is studied, e.g. 
Loven, places the direction of the fisheries under the Academy 
of i^riculture, the Gk)vernors of the provinces, and the Intendant ; 
while the Inspector of the Sea-fisheries of Gothenbuig and 
Bohus submits a special report to the Academy. The arrange- 
ments seem to work fairly, but it is doubtful if any feature of 
the system would be of advantage to this country. 

No central authority for the whole of Germany yet exists, each 
of the States having Inspectors of Fisheries. Prussia, however, 
has the Special Commission at Kiel, the scientific work of this 
body being very much in its own hands. It has done goo^ ser- 
vice in regard to the scientific aspects of the marine fisheries. 
The encouragement held out by the Deutsche Fisherei Verein 
to fresh-water fisheries is noteworthy and commendable. 

One of the most satisfactory arrangements is seen in the 
Fishery Board of the Netherlands, in the composition of which 
all interests have been consulted. Moreover, the recent ap- 
pointment of a scientific Superintendent of the Fisheries (viz. 
Dr. P. Hoek, an able zoologist) is important. The names of 
Hubrecht and Hoffman, who represent scientific zoology on the 
Board, are a sufficient guarantee that both tact and talent are at 
the service of the State. The solid scientific work done in the 
department by Profs, Hubrecht and Hoffman would alone give the 
Dutch Board a reputation, and when we add the names of 
other workers who have aided it, the position is considerably 
enhanced. Further, the mode by which scientific questions arc 
referred to special committees — say of zoologists or physicists — 
and their reports thereon dispassionately discussed at meetings of 
the whole Board, obviates the possibility of the mistakes caused 
by a committee having perhaps only a single head to direct it 
in a particular inquiry. 

The Italian system is satisfactory so far as the composition of 
the Board goes, though it seems to be a large one for efficiency, 
and the somewhat irregular nature of the meetings would hardly 
suit the methodical system generally followed in this country^ 
The short period of office (three years), is perhaps not of much 
moment if re-election of the right men takes place. The fine 
Zoological Station at Naples under Dr. Dohm (who, however, is 
loo closely occupied to serve on the Central Committee of the 
Fisheries), gives the Italian Government a source of independent 
and reliable information, and of a different kind from that 
derived from the servants of a Board. The establishment of 
hatching stations, and the series of local committees throughout 
the country are features worthy of note, especially if due care be 
taken in the composition of the latter, so os to avoid the entrance 
of those who trade, it may be, on the credulity or ignorance of 
the fishing population. W. C. McIntosh. 


SCIENTIFIC SERIALS. 

VAnthrofologief paraissant tous les deux mois, tome i. No. i, 
1890 (Paris). — The first number of the new French review of 
anthropology, formed by the amalgamation of the older 
Revue d'Anthropologie and iht^Revue el Ethnographies begins 
with an article by Dr. Topinard, one of its joint eaitors, on the 
skull of Charlotte Corday, which ranked among the most interest- 
ing of the curious contents of the anthropological section of the 
Paris Exhibition, to which it was presented by Prince Roland 
Bonaparte. The author explains that, in making dioice of this 
special skull, his object is not to compare its craniological 
characteristics with the moral disposition bistorically attributed 
to the individual to whom it had .belonged, but simply to make 


it the text for an exposition, which might serve our own and 
future students as a lesson for the examination and description 
of an isolated skull after the precise methods taught by Broca, 
and having regard to the present condition of our science. In 
accordance with this object. Dr. Topinard, confining himself 
almost entirely to craniometrical determinations, of which he 
gives a most comprehensive series, together with several well- 
drawn illustrations, only occasionally enters into the comparative 
relations presented by this cranium to other isolated crania. 
From this exhaustive lesson in craniometry it would appear that 
the skull of Charlotte Corday closely accords with the typical 
form of the female skull, established by Broca as characteristic 
of Parisian women, deviating only from the normally perfect 
feminine cranial type in presenting a certain flatness of the 
frontal region, and some traces of jugular apophysis. — The Bronze 
Age in Egypt, by M. Montclius. The author, in opposition to 
the opinions of Lepsius and Maspero, believes that the use of 
iron was not known in the valley of the Nile as early as bronze, 
which was probably fabricated 6000 B.C., and that the use of the 
former metal was not sufficiently common to justify us in speak- 
ing of an Iron Age in Egypt before 2000 B. c. He, moreover, 
believes that we must consider the era of Egyptian civilization as 
belonging mainly to the Bronze Age. — A short notice of the works 
of Alexander Brunias, by Dr. E. T. Hamy. — On the rock- 
sepulchre of Vaphio, in the Morea, by M. S. Reinach. The ex- 
ploration of this tumulus was undertaken last year at the cost of 
the Archaeological Society of Athens under the direction of M. 
Tsountas, and although the contents have not yet been fully 
examined, there can be no doubt of their extreme importance to 
archaeology, as it has been proved beyond question that this 
rock-sepulchre had remained intact till the present time. It ap- 
pears from the report of M. Tsountas that the poniards and other 
implements, together with many of the numerous funereal objects 
brought to light by the explorations at Vaphio, are similar to 
the remains obtained at Mycenae. Among these finds special 
interest attaches to two golden goblets carved in strong relief, 
representing both clothed, and almost nude, figures, engaged in 
the hunting and taming of wild bulls. M. Reinach proposes in 
a future number of this journal to discuss the Vaphio tumulus 
more fully, but in the meanwhile he appeals to English archaeo- 
logists to test the accuracy of a statement published in 1813 by 
the German traveller Baron von Stackelberg, that the so-called 
Treasury of Atreus at Mycense had a few years earlier been 
ransacked by Veli Pasha, who was said to have disposed of part 
of its treasures to Lord North. Dr. Schliemann questions the 
truth of this report, but M. Reinach is of opinion that it bears 
evidence of authenticity, deserving the notice of Englishmen, and 
he hopes, in the interests of archaeological science, that some of 
these precious objects may yet be found in one or other of the 
great English collections. — We may remark, in conclusion, that 
the present review surpasses its predecessors in the excellence of 
its printing and its illustrations, while it has the great advantage 
of being edited by MM. Cartailhac, Hamy, and Topinard. In 
the space allotted to the consideration of the scientific literature 
of various countries, to which more than half the entire volume 
is devoted, there are various notices of Russian, Hungarian, and 
other works, not generally accessible to the ordinary reader ; but 
we trust that in future numbers the reports of English works 
and memoirs will not, as in the present number, be drawn ex- 
clusively from the Quarterly Journal of the Royal Geographical 
Society of London. 

American yournal of Sciences March 1890. — Sedgwick and 
Murchison : Cambrian and Silurian, by Prof. James D. Dana. 
The relations of these two geologists to one another, and to 
Cambrian and Silurian geology is given. The full pa^r 
appeared in Nature of March 6 (p. 421). — Notes on the Cfrc- 
taceous of the British Columbian regions ; the Nanaimo group, 
by George M. Dawson. — Celestite from Mineral County, West 
Virginia, by George II. Williams. A large number of celestite 
crystal-*, from an extensive railroad cutting into a bluff of lower 
Helderberg limestone, has been investigated. — A method for 
the determination of i(^ine in haloid salts, by F. A. Gooch and 
P. E. Browning. — On the mineral locality at Branchville, Con- 
necticut, fifth paper, by George J. Brush and Edward S. Dana ; 
with analyses of several manganesian phosphates, by Horace L. 
Wells. A new member of the triphylite group— a sodium- 
manganese phoqpbate, which has been called natrophilite — ^has 
been found, and the rare mineral hureaulite identified in the 
Branchville minerals. — A simple interference experiment, by 
Albert A. Mfehelson. Two pieces of plane glass, silvered on 
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the front surfaces, are fixed against a block of wood, so that the 
angle between the two surfaces is slightly less than 90°. This 
•simple apparatus will give the interference phenomena produced 
by means of Fresnel’s mirror or bi-prism. — An improved wave 
apparatus, by John T. Stoddard. This is a method of demon- 
strating to a class the formation of the compound curves repre- 
senting the combination of two simple sound waves. — On a 
recent rock-flexure, by Frank Cramer. — On the origin of the 
rock-pressure of the natural gas of the Trenton limestone of 
Ohio and Indiana, by Edward Orton. By the rock-pressure of 
gas is meant the pressure in a well which is locked in so that no 
gas can escape ; and the author concludes that the rock-pressure 
of the gas of the Trenton limestone is due to the pressure of a 
water column under which it is held in the arches of the rocks. 
This explanation seems applicable to all gas fields. 

The American Meteorological Journal for January contains 
a continuation of Faye's theory of storms, and of Fcrrel's con 
vectional theory of tornadoes, both of which have been already 
referred to ; the latter paper is concluded in the number 
for February. Of the other articles in these two months the 
principal are : — The mathematical elements in the estimation 
of the Signal Service Reports, by W. S. Nichols. He points 
out that attempts to measure the accuracy of the daily weather 
forecasts are liable to give rise to a confusion of ideas, and, con- 
fining his attention to rainfall, he lays down certain rules for 
testing the value of the predictions to the community when 
judged from the stand-points of quantity and quality, as well as 
the accuracy of the information. — On the use of the sling” 
thermometer in the prediction of frosts, by Prof. H. A. Hazen. 
With the view of protecting delicate plants from destruction by 
frost, the author advocates the determination of the dew-point 
in the evening, and if it is found to be as low as 25®, and the 
air-temperature at 45® or lower, with a clear sky, frost may be 
expected, and the plants should be protected by smoke from 
burning straw, before the early morning. — On globular lightning, 
by Dr. T. C. Mendenhall. The author quotes many interesting 
instances of this rare phenomenon, the earliest case recorded 
being at Stralsund in June 1670; and he describes several 
instances in which it has been observed at sea. Photographs of 
the phenomenon are much wanted. — Diminution of temperature 
with height, by Prof. H. A. Hazen. He has recently spent 
several weeks on the summit of Mount Washington (6300 feet 
above sea-level), and finds that the diurnal range of tempera- 
ture, which is very small, is not due to the heating of the air 
by the sun, but only to the convection currents caused by the 
warm rocks. The object of the paper is to endeavour to throw 
light on the true explanation of storm phenomena. — An interest- 
ing summary, by A. L. Rotch, of the Meteorological Conference 
held at Paris in September last, in connection with the Interna- 
tional Exhibition. This is the first general account which has 
appeared in English. 

SOCIETIES AND ACADEMIES. 

London. 

Royal Society, March 6. — ^‘On the Development of the 
Ciliary or Motor Oculi Ganglion.” By J. C. Ewart, M.D. 
Communicated ly Prof. M. Foster, Sec. R.S. 

The most conflicting views have for some time been held as 
to the origin, relations, and homology of the ciliary (motor 
oculi, ophthalmic, or lenticular) ganglion. By Remak, 
Schwalbe, Marshall, and other^ the ganglion of the ophthal- 
micus profundus has been described as the ciliary ganglion, and 
this ganglion has frequently been regarded as the ganglion of 
the motor oculi nerve, and hence as homologous with the 
Gasserian and other cranial ganglia. The ciliary ganglion 
having been shown by van Wijhe to be ouite distinct from the 
ganglion of the ophthalmicus profundus, the old view of Arnold 
has been recently revived, and already van Wijhe, Hoffmann, 
Onodi, Dohrn, and Beard have indicated that they regard the 
ciliary as a sympathetic ganglion. Hoffmann bases Us belief 
on certain observations on the development of the ciliary 
ganglion in reptiles, while Onodi has adopted this view chiefly 
because in the higher vertebrates the dliary ganglion receives a 
communicating branch from the sympathetic. But Beard, 
while considering the ciliary a S3rmpathetic gang^on, states 
*thft in sharks he has seen nothing in support of the mode of 


origin for the ciliary ganglion described by Hoffmann,” in 
reptiles. 

In studying the ciliary ganglion in Elasmobranchs I have 
been specially struck with its tendency to vary not only in the 
same genus or species, but in the same individual. Of the 
numerous specimens examined, I have only once founej^ the 
anglion entirelv absent (in an adult Haia radiata)^ wmle I 
ave occasionally (in Acanihias) found two well-developed 
ganglia on each side. Usually in sharks I found the ganglion 
lying in connection with the inferior branch of the motor oculi, 
while in skates it was generally in contact with the ophthalmicus 
profundus, or lying midway between ^he motor oculi and the 
ganglion of the profundus. In form the ganglion varies 
extremely, rounded or conical in some cases, in others it was 
represented by two or three groups of cells lying parallel to or 
in contact with the motor oculi. 

In some cases ganglionic cells had wandered from the gang- 
lion a considerable distance along the ciliary nerves towards the 
eyeball. 

Although in sharks the ciliary ganglion often lay in close con- 
tact with the motor oculi nerve, no ganglionic cells were^ever 
found either in the trunk of that nerve or on any of its branches. 
In skates the ganglion was usually more intimately related with 
the ophthalmicus profundus than the oculo-motor. In all cases 
the ciliary ganglion had at least two roots, one from the motor 
oculi, and one or two from the ophthalmicus profundus. In 
skates the profundus root always proceeded directly from the 
profundus ganglion, and the profundus ganglion was frecjuently 
fouiM to be connected by a communicating branch with the 
Gasserian ganglion. 

Both in sharks and skates, in addition to the ciliary nerves 
from the ciliary ganglion there were ciliary nerves proceeding 
from the ganglion and from the trunk of the profundus, and in 
some cases large ganglionic cells had wandered from the pro- 
fundus ganglion along the ciliary nerves ; occasionally a few 
large cells had migrated some distance along the main trunk of 
the profundus. In all cases the majority of the cells of the 
ciliary ganglion were only about half the size of the cells of the 
profundus ganglion. 

In skate embryos under two inches in length no indication of 
the ciliary ganglion was discovered, and in shark embryos about 
ten inches in length the ganglion was frequently represented by 
small groups of cells in the vicinity of the inferior branch of the 
oculo-molor nerve. In sharks the first steps in the development 
of the ganglion were not observed, but in skates it was possible 
to. make out all the stages. The first indication of the ganglion 
was in the form of a slender outgrowth from the inferior border 
of the large ophthalmicus profundus ^nglion, which met and 
blended with fibres from the descending branch of the motor 
oculi. The outgrowth from the profundus ganglion was crowded 
with cells ; the fibres from the motor oculi^ like its root and 
trunk, were absolutely destitute of cells. At a somewhat later 
stage the cells had accumulated at the junction of the outgrowth 
from the profundus ganglion with the fibres from the motor oculi. 
It looked as if the mending of the two sets of fibres had formed 
a network which resisted the further migration of the ganglionic 
cells. In typical cases, at a still later stage, all the ganglionic cells 
had left the outgrowth from the profundus ganglion to form a 
rounded mass from which the ciliaiy nerves took their origin. In 
some cases some of the fibres which connected the profundus gang- 
lion with the Gasserian seemed to reach and end in the ciliary 
ganglion. It thus appears that the ciliary ganglion stands in the 
same relation to one of the cranial nerves (the ophthalmicus 
profundus) as the sympathetic ganglia of the trunk stand to the 
spinal nerves, and that the ciliary ganglion may henceforth be 
considered a symfiathetic ganglion. Further investigations may 
show that the ganglia in connection with the branches of the 
trigeminus (fifth) nerve may also be considered as belonging to 
the sympathetic system. In conclusion, I may say that I have 
found the vestiges of the ophthalmicus profundus ganglion in a 
five-months human embryo lying under cover of the inner 
portion of the Gasserian ganglion, and satisfied myself that the 
ophthalmicus profundus of the Elasmobranch is represented in 
man, as suggested by several writers, by the so-called /lasal branch 
of the ophthalmic division of the fifth. To as far as possible 
clear up the confusion that has arisen from mistaking the 
ophthalmicus profundus nerve for a branch of the oculo-motor 
or of the trigeminus nerve, and the ganglion of the ophthalmicus 
profundus for the ciliary ganglion, it might be well in future to 
speak of the profundus as the oculo-nascu nerve and its ganglion 
as the oculo-nasal ganglion.. 
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Chemical Society, February 20. — Dr. W. J. Russell, F.R.S., 
in the chair. — The following papers were read : — The behaviour 
of the more stable oxides at high temperatures, by t)r. G. H. 
Bailey and Mr. W. B. Hopkins. Previous experinaenters have 
found that cuprous oxide is obtained when cupric oxide is heated 
to redness. The authors find that at higher temperatures a further 
quantity of oxygen is given off, and an oxide having the com- 
position CU3O is formed. This is insoluble in mineral acids and 
even in aqua-regia, but can be converted into a soluble form on 
fusion witn caustic potash, from which it separates on treatment 
with water. The oxides pf lead and tin seem to behave similarly 
at high temperatures. — The influence of different oxides on the 
decomposition of potassium chlorate, by Messrs. G. J. Fowler 
and J. Grant. The authors have systematically examined the 
influence of the chief metallic oxides and certain unstable salts 
on the decomposition of potassium chlorate by heat, and the 
chief results obtained may be summarized as follows Acid 

oxides, such as V3O5, WO3, and VaOg, cause the evolution of 
oxygen at a much reduced temperature with the formation of a 
metavanadate, tungstate, or uranate. Chlorine is evolved in 
large quantity in these cases, but the whole of the oxygen of the 
chlorate is not liberated, since the compound of KjO with the 
oxide is not decomposed by heat or by chlorine — 

4RCIO3 4 " 2V2O3 = aK^O, V2O5 + 2CI3 + 

(2) Alumina acts similarly but less energetically. (3) Chromium 
sesquioxide causes the evolution of oxygen at a lower tempera- 
ture, chlorine also being liberated — 

8KCIO3 + 2Cr30, 4KCr04 + 4CI2 + 7O2. 

(4) The sesquioxides of iron, cobalt and nickel, cupric oxide, and 
manganese dioxide cause the evolution of oxygen at a compara- 
tively low temperature accompanied by only a small percentage 
of chlorine ; the oxide is left but little altered at the end of the 
experiment. The authors find that their results are in harmony 
with the theory of the action of manganese dioxide advanced by 
McLeod (Chem. Soc. Trans., 1889, 184). (5) The monoxides of 
barium, calcium, and lead cause no evolution of oxygen when 
heated with potassium chlorate, but the latter breaks up below 
its normal temperature with the formation of potassium chloride 
and a peroxide. (6) In the presence of such oxides as silver 
oxide and the peroxides of barium and lead, potassium chlorate 
acts as a reducing agent. No oxygen is liberated, but a per- 
chlorate is formed. (7) Oxides such as those of zinc and mag* 
nesium are completely inactive. The authors find that the 
physical condition of the oxide is of importance, thus copper 
oxide prepared in the dry way is almost inactive ; and further, 
that certain substances, as powdered glass, sand, and kaolin, assist 
the decomposition, although apparently they undergo no chemical 
change. — The interaction of hypochlorites and ammonium salts ; 
ammonium hy]^chlortte, by Messrs. C. F. Cross and E. J. Bevan, 
The authors bring forward evidence of the formation and existence 
of ammonium hypochlorite in solution, but have failed to isolate 
the compound when produced by the action of an ammonium salt 
on a dilute solution of bleaching powder, or by the electrolysis of 
ammonium chloride solutions. It exhibits curious anomalies in 
oxidizing properties in comparison with other hypochlorites. It 
is without action on many colouring matters— for example, those 
of the vegetable fibre ; it does not decolorize a solution of indigo in 
sulphuric acid, although it at once liberates iodine from potassium 
iodide, and it does not peroxidize hydrated lead oxide. On the 
other hand, it oxidizes sulphites and arsenites, and its effect on 
aniline salts is identical with that of ordinary hypochlorites. In 
the discussion which followed the reading of the paper. Prof. 
Armstrong suggested that probably the authors were dealing 
with a chlorinated derivative of ammonia, €,g, NH3CI ; such 
compounds, according to Gattermann’s experiments, Mng more 
stable than is usuallv sup^sed. — The action of phosphoric anhy- 
dride on stearic acid, by Dr. F. S. Kipping. One of the products 
of the reaction is stearone, (Ci7H35)8CO, and the yield appears to 
be as good or better than that obtained when salts of stearic acid are 
submitted to dry distillation. — Semithiocarbazides, by Prof. A. E. 
Dixon. — Note on the production of ozone by flames, by Mr. T. T. 
Cundall. ‘'Ilosva {Ber, der deut. chem. Geseltsch.^ Referate 
1889, 791) states that when all the products of combustion of 
various kinds of flames are iqllected, they do not exhibit the 
smell or taste of ozone. This is confirmed by the results of some 
unpublished experiments made by the author in 1886, but re- 
cently he has found that the air aspirated through a tube, 3 mm. 
in bore, whose mouth is fixed about S mm. above the tube, and 


5 mm. away from the flame of a Bunsen burner, both tastes and 
smells strongly of ozone. Similar results were obtained both 
with luminous and hydrogen flames. It was not found possible' 
to confirm this fact by any other test for ozone, owing to the im- 
possibility of finding any sufficiently sensitive reaction which was 
not common to dilute nitrogen oxides. The author agrees with 
Ilosva that the smell and taste of ozone are the only trustworthy 
tests for it when it is present in small quantities, and that 
Houzeau’s papers (impregnated with red litmus and potassium 
iodide), which at first sight should give the necessary distinction, 
since an acid gas would not be expected to give an alkaline 
product, are useless, inasmuch as nitrogen oxides also turn 
them blue. 

Geological Society, February 26.— Mr. J. W. Hulke, 
F.R.S., Vice-President, in the chair. — The following com- 
munication was read : — On the relation of the Westleton 
Beds or “Pebbly Sands” of Suffolk to those of Norfolk, 
and on their extension inland, with some observations on the 
period of the final elevation and denudation of the Weald 
and of the Thames Valley ; Part 3, on a Southern Drift in 
the valley of the Thames, with observations on the final ele- 
vation and initial sub-aerial denudation of the Weald, and on 
the genesis of the Thames, by Prof. Joseph Prestwich, F.R.S. 
In this third part of his paper the author gave a description of 
the characters of the Southern Drift, showing how it differs from 
the Westleton Beds in the nature of its included pebbles, which 
consist of flints from the Chalk with a large proportion of chert 
and ragstone from the Lower Greensand, while there is a total 
absence of the Triassic pebbles and Jurassic dSris characterizing 
the Northern Drift. He traced the drift through Kent, Surrey, 
Berkshire, and Hampshire, and described its mode of occur- 
rence. Another pre-glacial gravel was then discussed under the 
title of the Brentwood group, and its age was admitted to be 
doubtful. The author then entered into an inquiry as to the 
early physiographical conditions of the Wealden area, and gave 
reasons for supposing that a hill-range of some importance was 
formed in the Pliocene period after the deposition of the Diestian 
beds. From the denudation of this ridge, he supposes that the 
material was furnished for the formation of the Southern Drift, 
which may have been deposited partly as detrital fans at the 
northern base of the range. The relation of the Southern Drift 
to the Westleton Shingle and other pre-glacial gravels was con- 
sidered, and the Westleton Beds were referred to a period sub- 
sequent to that of the formation of the Southern Drift. The 
influence of the meeting of the earlier Wealden axis with that of 
the folding which produced the escarpments of central England 
was discussed, and it was suggested that the result would be the 
genesis of the Thames valley and river. The following summary 
gives the results of the author’s inquiry as developed in the other 
parts of the paper. He holds : — (i) That the Westleton Shingle 
ranges from Suffolk to Oxfordshire and Berkshire, rising gra- 
dually from sea-level to 600 feet. (2) That the lower Tertiary 
strata were co-extensive with this shingle. (3) That the up- 
raising of the Westleton sea-floor, with its shingle, preceded the 
advance of the Glacial deposits, and that the latter become 
discordant to the former when traced westward, occupying 
valleys formed after the rise of the Westleton Beds. (4) 
That the Tertiary strata and Westleton Beds on the north 
border of the Chalk basin were continuous until the insetting of 
the Glacial period, when they were broken through by denuding 
agencies. (5) That none of the present valleys on the north of 
the Thames Tertiary basin date back beyond the Pre-glacial 
period. (6) That the same date may be assigned to the Chalk 
and probably to the Oolite escarpments. (7) That in the Thames 
basin, besides the Northern Drift, there is a Southern Drift de- 
rived from the Lower Greensand of the Wealden area, and from 
the Chalk and Tertiary strata formerly extending partly over it. 
(8) That during the Diestian period the Weald was probably 
partly or wholly submerged, and that between this and the in- 
setting of the Glacial period, the Wealden area and the Boulon- 
nais underwent upheaval resulting in the formation of an anti* 
clinal range from 2000 to 3000 feet high. (9) That from the 
slopes of this range the materials of the Southern Drift were 
derived, and spread over what is now the south side of the 
Thames basin. (10) That this denudation commenced at the 
time of the Red Crag, and went on uninterruptedly through 
successive geological stages. (11) That consequently, though 
the Southern Drift preceded the Westleton Shingle, the two 
must at one time have proceeded synchronously. (12) That thq 
valley- system of the Wealden area dates from Pliocene times— 
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the initial direction of the transverse valleys from pre- Glacial 
times — and of the longitudinal valleys from Glacial times. (13) 
That the Thames basin results from the elevation of the Weald 
and the flexures of the Chalk and Oolites of the Midland coun- 
ties, and. dates from a period subsequent to the Westleton Beds. 
(14) That the genesis of the Lower Thames similarly dates from 
early Pleistocene times, whilst its connection with its upper 
tributaries and the Isis, which possibly flowed previously north- 
•^eastward, took place at a rather later period. After the reading 
of the paper there was a discussion, in which the Chairman, Mr. 
« Whitaker, Dr. Irving, Mr. Topley, Dr. Evans, and the author, 
took part. Dr. Evans congratulated the Society and Prof. 
Prestwich on his having been able to sum up the results of the 
observations of so many years in the series of papers which he 
had lately read. 

Entomological Society, March 5.— Captain Henry J. 
Elwes, Vice-President, in the chair. — Mr. C. G. Barrett 
exhibited a number of specimens of Dianthecia carpophaga^ 
Bork., bred by Mr. W. F. H. Blandford from larvae collected 
near Tenby on flowers of Silent maritima. He remarked that 
the series included a number of forms intermediate between D. 
carpophaga and />. capsophila^ and establish the fact that the 
latter is only a local variety of the former. Mr. W. H. B. 
Fletcher, Mr. Blandford, and Mr, McLachlan took part in a 
discussion as to the identity of the supposed species. — Mr. 
Barrett further exhibited a specimen of Dianthecia Inteago^ var. 
Barrcttii^ Db., also bred by Mr. Blandford from a larva found 
at Tenby, and he remarked that the species had not previously 
been taken in England ; also a long series of forms intermediate 
between Catoptria scopoliana^ IIw., and its small variety 
paf^tilana^ Wilk., collected by Mr. E. Bankes, Mr. Fletcher 
and Mr. Vine, in Sussex, the Isle of Wight, and Pembroke- 
shire ; also a specimen of Botys nnitualis^ Zell., — a species 
widely distributed in Asia and Africa, — taken by Mr. C. S. 
Gregson near Bolton, Lancashire. — Mr. H. Goss exhibited 
several abnormal specimens of Arctia caja^ bred last December. 
The object of the exhibition was to show the effect produced by 
forcing the larvae, and subjecting them to unusual conditions. 
It was stated that the peculiarity of the colour of the hind 
wings of the female parent had not been transmitted to any of 
the offspring, — Mr, Blandford referred to two specimens of a 
species of Cardiophorns^ from Tenby, which he had ex- 
hibited at the August Tiieeting of the Society as Cardiophorus 
cinerms, and stated that subsequent investigation had led him to 
hand them to Mr, Champion for determination. Mr. Champion 
was of opinion that they did not belong to the same species ; 
that one of them was C. asellus, Er., and the other, probably, C. 
equiseti^ Hbst., a species new to this country. — Mr. C. J. Gahan 
read a paper entitled ‘‘New Longicornia from Africa and 
Madagascar. ” — Captain Elwes read a paper entitled “ On a new 
species of Thymara and other species allied to Himantopterus 
fuscinervis^ Wesmael.'' — Dr. Sharp read a paper entitled “On 
some Water Beetles from Ceylon.*'— Mr. J. J. Walker communi- 
cated a paper entitled “ Notes on Lepidoptera from the Region 
of the Straits of Gibraltar." Mr. F. Merrifield, Mr. B. G. 
Nevinson, Captain Elwes, and Mr. G. Lewis took part in the 
discussion which ensued. — It was announced that papers had 
also been received from Mr, E. Meyrick, Prof. Westwood, and 
Mynheer P. C. T. Snellen. 

Royal Meteorological Society, March 19. — Mr. H. F. Blan- 
ford, F.R.S., Vice-President, in the chair. — The following papers 
were read : — A brief notice respecting photography in relation 
to meteorological work, by Mr. G. M. Whipple. The first person 
to use photography for obtaining meteorological records was Mr. 
T. B, Jordan, of Falmouth, in 1838. Some years later, Sir F. 
Ronalds and Mr. C. Brooke devised more complete and 
elaborate apparatus ; the arrangement of the former being now 
in use at the Observatories of the Meteorological Office, and that 
of the latter at the Royal Observatory, Greenwich. Reference 
was also made to Mr. J. B. Jordan's form of sunshine recorder, 
and to Captain Abney's photo-nepbograph. The various photo- 
graphic processes which have been employed in connection with 
these instruments were fully described. — Application of photo- 
graphy to meteorological phenomena, by Mr. W. Marriott. The 
author showed how photography could be most usefully em- 
ployed for the advancement of meteorological knowledge. Much 
valuable information had been recently obtained from photographs 
of lightning and clouds. An interesting collection of such 
photographs was shown on the screen, together with others 


illustrating floods, whirlwinds, tornadoes, hailstorms, frost, snow, 
&c. — After the reading of these papers, the meeting w^s ad- 
journed to allow the Fellows to’ inspect the Exhibition of 
Instruments, &c., an account of which we print elsewhere. 

Mathematical Society, March 13. — J. J. Walker, F.R.S. 
President, in the chair. — The following communications were 
made: — Perfect numbers, b^ Major P. A, MacMahon, R,A. — 
The relation of distortio n m prismatic images to dispersion, by 
Dr. J. Larmor. — On the satellite of a line relatively to a cubic, 
by the President (Prof. Greenhill, F.R.S., V.P., in the chair). — 
An approximate relation connecting Successive terms of the 
expansion for tan by G. Heppcl. 

Paris. 

I Academy of Sciences, March 17. — M. Ilermite in the 
I chair. — M. Maurice L^vy communicated a paper on the applica- 
\ lion of electro-dynamical laws to planetary motions. In a com- 
1 munication of February 17, M. Tisserand applied Gauss's for- 
mula of electro-dynamical attraction to the movement of cele^Jtial 
bodies without at all asserting it to be true. M. Levy concludes 
that the formula is contrary to the doctrine of energy and to the 
facts, and shows that Riemann gave a law w'hich, like that of 
Weber, is in accord with both. — On the photographic halo, and 
a method of making it disappear, by M. A. Cornu. The author 
has investigated the appearance and cause of the halos which sur- 
round intense points of light on a photographic plate, and the 
conditions necessary to remove them. — Under agricultural 
chemistry, M. Berthelot discusses the facts relating to observa- 
tions on the reactions between the soil and atmospheric ammonia. 
— M. P. Schutzenberger, in researches on some phenomena pro- 
duced during the condensation of gases containing carbon under 
the influence of the silent discharge, has investigated the com- 
position of the brown solid formed together with carbonic acid 
from the condensation of carbonic oxide. The experi- 
mental results give a formula intermediate between 10^ 

and CiaHgOji. — Method of determining the pole of an ellipsoid of 
three unequal axes by the observation of its catoptric im^es, by 
M. D. E. Sulzer. — On a new system of electrical accumulators 
and some accessory apparatus, note by M. Charles Poliak. — On 
the double thiosulphates of lead and sodium, by M. J. Fogh. 
— The action of sulphuric acid on aluminium, by M. A. Ditle. 
The aulhor finds aluminium to behave much like amalga- 
mated zinc. With a smooth plate of this metal immersed 
in dilute cold sulphuric acid for some time but little hydro- 
gen is liberated owing to the formation of a protecting 
film of the free gas, and that any circumstances tending to 
facilitate the removal of this film increase the rapidity of action 
of the acid ; for instance, a trace of a chloride of any metal 
reduced by aluminium causes the plate to be comparatively 
rapidly attacked owing to the roughening of the surface due to 
^he deposition of a metallic film ; again a similar effect is 
obtained when the reaction is caused to occur in a vacuum, 
because of the freer disengagement of hydrogen. The product of 
the reaction is in the first place neutral sulphate of aluminium, 
but the reaction continues further, a basic sulphate being pro- 
duced with further evolution of hydrogen. The conclusion 
is drawn that aluminium acts normally, in accordance with the 
heat of formation of its salts, when in contact with sulphuric 
acid or metallic sulphates, and that the slowness of the reaction 
is due to the mechanical interference of the liberated^ hydro- 
gen. — On a new crystalline form of ammonium chloride, by 
MM. G. Geisenheimer and F. Leteur. M. Le Bel has shown 
the possibility of a second form of ammonium chloride {Comptes 
rendusf January «o, 1890) ; the authors give data leading 
them to conclude that they have probably obtained the second 
form, rendered stable by the presence of a slight impurity. — 
Note by M. J. Meunier, on the mono- and di-benz-acelals 
of sorbite. — On the a dextro- and laevo-rotatory borneol cam* 
phorates, by M. A. Haller. The author draws the conclu- 
sions — (i) that the total etherification of camphoric acid is only 
effected at a relatively high teipperature and with the anhydride ; 
(2) that isomeric bodies are certainly produced under these con- 
ditions; (3) that camphoric acid, in the acid ethSrs studied 
in this note, ds analogous to phenol in its reactions. — On 
oxytetric acid, by M, Ch. Cloez. — On the value 6f the heat of 
hydration of malic acid, by M. Iw. Ossipoff.— Noteby M. J. A# 
Muller, on the dissociation of the hydrochlorides of amines and 
dissolved salts of fatty acids. Using phenolphthalcin as in- 
dicator, the author has been enabled to trace the dissociation of 
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these bodies on diluting or heating their solutions. — A botanical 
note, by M. L^on Guignard, on the forniation and differentia- 
tion of the sexual elements which take part in fertilization. — 
Another botanical paperi by M. A. Piunet, on the comparative 
structure of the nodes and internodes in the trunk of the Di- 
cotyledones. — Under geology, M. de Folin has a paper on the 
formation of nummoluic rocks. He concludes that these rocks 
are formed by the work of an organism of the same order as the 
Rhisopodes.— Also under geology, M. Stanisl^ Meunier con- 
tributes some chemical researches on the fossil shells of Fora- 
minifera, Mollusks, and Crustacea, He has investigated the 
composition of the flocculent organic residue formed when these 
fossil shells are dissolved in acid. — On Pyrenean kersanton, its 
age and affinities with ophite, by M. J. Caralp. 

Berlin. 

Physiological, Society, February 28. — Dr. Rosenstein ex 
hibUed a patient with distension of the lymphatics in the leg, and 
fistmous openings which discharged an albuminous fluid some- 
times amounting to ixoo c.c. in a day. ^ Dr. J, Munk has made 
. observations on this fluid. It is sometimes transparent, but is 
always milky after a meal containing fat. It thus resembles chyle 
rather than lymph, and probably really is chyle. ^ At least two- 
thirds of the fat given at any one meal reappeared in the fluid from 
the fistula. On giving olive ^oil, fat appeared in the fluid in two 
hours, increased steadily till its maximum after five hours, then 
diminished, and in ten or twelve hours disappeared. With a 
harder fat, mutton fat, the phenomena were the same, but 
were longer in appearing. Erucic acid given to the patient ap- 
peared as a neutral fat, and not as free acid, synthesis having 
been effected in the body. No appreciable absorption of fat 
occurs from the rectum. Large doses of starch or sugar scarcely 
increased the percentue of sugar, nor did large meals of albumen 
increase that of proteids in the fluid. Thus the only food-stuff 
which leaves the intestine by the lacteals is fat. 

Meteorological Society, March 4.— Dr. Vettin, President, 
in the chair. — Dr. Wagner spoke on fire-damp explosions in 
mines in their relationsnip to cosmic and meteorological con- 
ditions. He discussed the collection of the gas, the conditions 
necessary for its explosion, the part played by coal-dust, and the 
several chance circumstances which may lead to the hon -dis- 
covery of the gas in the workings. He next discussed the 
various means available for avoiding and removing accumulations 
of fire-damp, and gave an account of researches on the relation- 
ship of its explosion to varying barometric pressures. His own 
work had consisted in working up the statistics of the Dortmund 
mining district in which explosions are more frequent than in 
any other state of Prussia. The reports cover a period of 2i 
years and give a reco^ of 7000 explosions. He first compared 
the numerical relationship of the explosions with the phases oft* 
the moon, and concluded that there is no connection between the 
two. He then made a similar comparison of their frequency 
with the rotational period of the sun, taking the latter as 25*5 
days ; the result was again negative. He finally compared their 
frequency with periods of 27*9 days, this being, according to 
3uys- Ballot, the cycle of temperature variations resulting from 
the sun’s rotation. In this ca^ the curves he obtained were 
quite uniform and r^ular, showing a maximum on the third day 
and a second maximum on the twentieth. He refrained from 
drawing any definite conclusions from this last observation in 
view of the numberless chance circumstances which may lead to 
explosions. 

Physical Society, March 7. — Prof. Ku^dt, President, in 
the chair. — Dr. Rubens spoke on the employment of the 
bolometer for observing the electrical radiations of Hertz as 
carried out by himself and Dr. Ritter. Up to the present it 
had not been found possible to measure the intensity of the 
radiation owing to the extraordinarily minute amplitude of the 
oscillations ; but the speaker had been able to carry out the 
determination by means of a ^lometer whose construction 
and working he fdly described. It consists essentially of an 
accurately balanced primary Wheatstone bridge, two of whose 
arms are again converted into secondaiy Wheatstone bridges. If 
a current passes through one of them its resistance is altered by 
the rise ot temp^ature, and the galvanometer gives a proportion- 
ate throw. A similar effect is produced by a wave of electrical 
radiation, and hence its amplitude can he measured by this 
bolometer when qnce it has beep calibrated. When experi- 


menting with the polarizing wire*grating it was found that there 
is a constant relationship between the intensity of the rays which 
pass the grating and the angle of inclination of the wires to the 
plane of oscillation of the rays. It was further observed that 
the energy which does not pass the grating is reflected, and to 
the extent of 98 per cent., when the wires are at right-angles to 
the plane of oscillation. Experiments in illustration of the 
above were shown at the end of thd communication. 
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TECHNICAL EDUCATION IN THE CODE. 

M r. KEKEWICH is to be congratulated on the recep- 
tion which his Code has hitherto met with. From 
all sides it has been received with a unanimous chorus of 
congratulation, tempered only by the difficulty which has 
been experienced in distinguishing clearly what is new 
from what is old. Many parts of the Code have in fact 
been entirely re-cast and re-arranged, and in the absence 
of the schedule of alterations which it is customary to 
issue as an appendage to the Code, the compilers of 
abstracts for the daily papers have this year had a 
terrible time of it. They have been unable to criticise 
the alterations without reading the document through, 
and even this unwonted exercise has not prevented them 
in more than one case from reproducing as new, old 
and familiar articles, the order of which has been 
changed. 

But these trials, and the further difficulty of picturing 
at once the effect on various classes of schools of the 
action and reaction of numberless modifications, addi- 
tions, and omissions both small and great, fortunately 
affect us but little. A great part — some would say the 
most important part — of the alterations, deal with matters 
of finance, management, and control, rather than 
directly with the education givei^ in the schools. And it 
is with this that we are chiefly concerned in the present 
article. 

So far as regards the changes in curriculum there is no 
ambiguity. We may fairly congratulate the Government 
on a solid and unequivocal advance in the right direc- 
tion. In fact, the framers of the Code have gone a very 
long way (without the aid of Sir Henry Roscoe’s new 
Bill) to enable elementary school managers to provide 
technical education, or more strictly to provide the 
general educational basis on which all specialised 
technical instruction must be founded. 

A few weeks ago, when dealing with the changes in the 
new Scotch Code, we ventured on two forecasts regarding 
the co.naing changes in English elementary schools. The 
first was that the English Education Office would be 
unable to maintain its previous non possunius attitude on 
the subject of manual instruction after the Scotch Depart- 
ment had virtually assented to Sir Horace Davey’s now 
famous opinion by including manual training among the 
grant-earning subjects of the Code. The second was that 
the policy of the Department would be found to lean (as 
in Scotland) towards the encouragement and extension of 
“class subjects,” taught throughout the whole school, 
evdh at the expense of “ specific subjects ” which only 
affect a small minority of picked scholars. 

Both these forecasts, as we shall see, have been verified, 
but this does not by any means exhaust the new pro- 
visions by which the range of study, especially of technical 
and scientific instruction, is extended. We will consider 
some of the changes in order. 

To take first the most striiuiig change, the clause by 
which manual instruction foi: the first time is recognised 
as a part of elementary education will come to many as a 
VoL xli.—No. 1066. 


surprise. It indicates a change of front on the part of> 
the Department on a matter of interpretation of the 
Educ&tion Acts. Hitherto the authorities at Whitehall have 
declared that the recognition of manual training without a 
new Act of Parliament was impossible. They asserted that 
their hands were tied by statute. That was the position a 
few months ago. And now no statute has been altered, and 
manual instruction is in the Code. It may be taught 
cither In or off the school premises, and either by the 
ordinary teachers of the school or by special instructors, 
provided “ special and appropriate provision approved 
by the inspector is made for such instruction and the 
times for giving it are entered on the approved time- 
table.” In a later clause manual instruction is specially 
recognised as an object to which part of the school funds 
may be devoted. 

Thus the aim of the Bill just drafted by the Technical 
Association is virtually attained without it. One omis- 
sion, however, may attract notice. No special grants are 
provided in aid of manual training. In Scotland, it be- 
comes a “ class subject,” and is paid for accordingly, but 
no grant is attached to it in the English Code. We pre- 
sume, however, that there is nothing to prevent it being 
paid for as a specific subject under the clauses which 
provide for grants in aid of any subject “ if sanctioned by 
the Department,” provided that “ a graduated scheme 
for teaching it be submitted to, and approved by the 
inspector.” * 

There is, however, yet another way in which grants, for 
manual instruction may be made, and, reading between 
the lines of the Code, it looks not unlikely that the Go- 
vernment mean to adopt it. Drawing is already paid for 
by the Science and Art Dep.artment, and in Art. 85 {b) of 
the new Code we find drawing and manual training 
coupled together. Boys in a school for older scholars 
must be taught drawing “ with or without other manual 
training.” Unless, then,' the present confusion of over- 
lapping authorities is to be made worse confounded, it is 
reasonable to expect that both these subjects will be 
under the same Department, and we shall look with in- 
terest for the inclusion of manual instruction in the next 
Science and Art Directory. There is this further induce- 
ment to the Government to take this course, that pay- 
ments made by the Science and Art Department fall 
outside the 17^. 6 ^/. limit. In any case, two 'main con- 
ditions should be fulfilled in making grants for manual 
instruction : first, that they should not be given on re- 
sults of examination ; secondly, that they should be 
dependent on a really effective inspection. The first 
condition is necessary because no satisfactory scheme 
of individual examination in such a subject can be de- 
vised so as tc^be a real test of efficiency ; the second is 
necessary to guard the public purse from being depleted 
to enable small children to construct bad soap-boxes 
when they ought to be in school. 

But if the official recognition of manual instruction 
(which we assume includes, as in the Technical Instruc- 
tion Act, “ modelling in wood, clay, and othe^ material ”), 
is the most striking victory of the advocates of technical 
instruction, there are other changes of greater importance 
from an educational point of view. 

The Department has at last screwed itself up to the 
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point of refusing to acknowledge any boys’ school as 
efficient which does not include drawing in its curriculum. 
This is an enormous advance — how great will be 
seen if we remember that less than a million out of 
the five, million scholars of our elementary schools are 
receiving instruction in drawing at the present time. It is 
a great advance, also, on the halting proposal of last year, 
when the requirement was restricted to large schools 
which aimed at the maaimum grant. When a radical 
change, such as the present one, is proposed, it is only 
reasonable that the transition stage should be made easy 
for schools which have to adapt themselves to the new 
requirements. We make no complaint, therefore, of the 
year of grace granted before the regulation comes into 
force, nor even of the power given to the inspector to 
dispense with it altogether in cases where the “ means of 
teaching drawing cannot be procured ” This provision 
would, indeed, seriously cripple the usefulness of the 
change if it were intended to be permanent. But clearly 
it is only meant to obviate temporary hardships in small 
schools; and we may congratulate ourselves that within a 
short space of time, every boy (or at least every boy 
among the working classes) will be receiving instruai- 
tion in what is stated by all authorities to be the in* 
dispensable basis of almost all technical instruction. 
.■\s a corollary to the change, there is another of less 
importance, but of value in its way, which makes drawing 
an alternative to needlework for boys in infant schools. 

While thus the manual instruction of boys is provided 
for, a useful extension is given to the curriculum for girls, 
by the provision of a grant for laundry work calculated 
on much the same principle as that for cookery. 

Passing to science teaching, the reforms introduced are 
no less satisfactory. In the first place, science instruction 
(as well as manual training) is placed on the same foot- 
ing as cookery as regards facilitie.s for the grouping of 
schools for central instruction, and attendance at such 
centres will count as attendance at school. 

X still more important change is the extension of the 
range of class subjects. Under former Codes a single 
course of elementary science was sketched out meagrely 
enough in Schedule II., while managers were invited if 
they pleased to subnaU alternative covirses to the inspector. 
The result might have been e.xpected. Science teaching 
gives in any case more trouble than geography, and the 
additional necessity of framing their own courscsof instruc- 
tion was quite enough to deter managers from taking up 
the subject. Now, however, while still giving permission to 
managers to draw up other courses of instruction, the 
Department gives a lead by suggesting as examples no 
fewer than eight different courses in various branches of 
science, which are embodied in a supplemen'’ to Schedule 
1 1. The subjects thus treated arc mechanics, physiology, 
botany, agriculture, chemistry, sound, light, and heat, 
electricity and magnetism* and domestic economy ; while 
the model course still retained in the main schedule em- 
bodies a scheme of elementary instruction in “nature 
knowledge ” of a more mixed and varied character. 

In each of the first two standards the instruction js to 
consist of thirty object lessons in common things, designed 
to lead on to the more specialised instruction in the third 
and higher standards, the courses for which follow 
('perhaps somewhat too closely) the syllabus laid down for 


the corresponding subjects in the schedule of specific 
subjects. It has, of course, been necessary somewhat 
to simplify and curtail the schemes of instruction in 
adapting courses framed for picked pupils to suit the- 
capacity of the whole school. It seems to us that 
the process of simplification might in some cases be 
carried still further withadvantage. Elementary physics for 
children should consist of a general view of the properties of 
matter and the forces which act upon it, rather than a more 
detailed study of one out of many branches of the subject. 
This was the line taken up by Michael Faraday in his 
inimitable lectures to children on the “ Physical Forces.” 
This too is the view of the Scotch Department, which 
has laid down a course of class instruction in “ Matter,” 
designed to give general preliminary notions of the 
whole range of physics. And, we may add, this also is 
the view taken by the Science and Art Department in 
framing the alternative course in physics for those who 
(like the vast majority of elementary school children) are 
not likely to carry their study of physics to a higher stage. 

This, however, is a matter of detail, while the sug- 
gestion of alternative courses in science, linked to the 
instruction of the Kindergarten by graduated object- 
lessons in the first two stand ards, is a reform which we 
cannot praise too highly. 

Other changes to be noticed arc the inclusion among 
class subjects of history, and the disappearance of the 
requirement that English grammar should be compulsory 
as a class subject. 

Turning to the schedule of specific subjects, we find 
less alteration. Mensuration is separated from Euclid 
and the alternative course of mechanics disappears. 
There are a few slight changes in the syllabus of the 
various subjects. Thus the law of conservation of energy 
drops out of the course on mechanics, presumably be- 
cause the idea is thought too hard for young children to 
grasp. But if it be too difficult for picked scholars in the 
fifth and higher standards, how comes it that in the new 
Scotch Code this very law appears in the syllabus for the 
“ ” subject of “ matter ” (which we have alluded to 

above), as part of the course suitable for the whole of 
.Standard IV. ? Are Scotch children so very far in advance 
of English as this difference would seem to imply ? 

If, however, the fourth schedule presents few changes 
worthy of note, considerable additions are made to the 
list of specific subjects for which no special syllabus is- 
suggested, such as book-keeping, shorthand, Cerman, 
and (in Wales) Welsh. In this way the demand for com- 
mercial instruction is met, though how far advantage will 
be taken of the permission to present scholars in these- 
new subjects remains to be seen. And lastly, payments 
will be made on account of any other spe ific subject 
which the Department may sanction, provided a 
raduated scheme of instruction be submitted to the 
inspector. 

We have now completed the survey of the purely educa- 
tional . changes of the Code. Henceforth (assuming, as 
we do, that the provisions of the Code will come into 
force much in their present form) there can be little 
complaint on the part of advocates of scientific or t ch- 
nical instruction that its introduction into elementaty^ 
schools is hindered by the action of the Department. 
There need be no longer any talk of an educational ladder 
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\vith its lower rungs wanting. How far managers will 
take advantage of their powers remain to be seen. The 
changes which are compulsory, such as that which makes 
drawing universal for boys' schools, will, of course, take 
•effect widely at once. Those which are merely per- 
missive may be slow in their operation. Meanwhile, 
those who are in earnest about the introduction of such 
subjects as manual training into elementary schools 
could not better occupy the time which intervenes before 
the new Code comes into force, at the end of August 
next, than in perfecting a graduated scheme of instruction 
such as may be confidently recommended to school 
managers to submit to the Education Department. 

We have laid stress in this article on the proposed 
■changes in the elementary school curriculum, because, 
important as these are, they are likely to be overshadowed 
in the coming discussions on the Code by other questions 
which appeal more directly to party politicians. We 
have thus left ourselves no room to do more than allude 
to other reforms which will affect as powerfully the 
educational character of our schools as the widening of 
the course of study. After all, the main guarantee of 
•efficiency is the quality of the teaching staff. The 
new Code raises the requirements of the Department 
as to minimum staff, improves the regulations regarding 
the ex.amination and training of pupil teachers, and pro- 
\ ides for the crejition (on a very limited scale it is true) 
of day Training Colleges attached to the Universities or 
Higher Local Colleges, as well as for the attendance of 
day students at tl\e existing Training Colleges. The Code 
further revises the system under which the Parliamentary 
grant is paid, .and almost entirely abolishes payment on 
results of individual examination. It gives freedom to 
teachers to classify their scholars as they please, so that 
a child may be in three different standards in the three 
R’s, and in two different standards again in the two class 
subjects. All these and other changes, which demand 
much more notice than we can give them, make the 
Minute of the Department whi«.h has just seen the light 
•emphatically a “ Teachers’ Code.” 


THE CAVE FAUNA OF NORTH AAfER/CA. 

The Cave Fauna af North Aniettca:, loitk Remarks cn 
the Anatomy of the Train and Origin of the Blind 
species. By .•\. .S. Packard*. Pp. 1-156, with 37 
Plates. 

T his important memoir is the first of vol. iv. of the 
“ Memoirs of the Kational Academy of Sciences,” 
and contains the results of an e.xaminatiOn of the Mam- 
moth Caves in Kentucky made during the months of April 
and May 1874, and of some other caves in Indiana and 
Virginia which were visited by the author at a later date. 

A description of eighteen caves, with notes on their 
hydrography and geological agej and an account of the 
fauna of those ivhich are better known, forhi the first 
section of the memoir. The caves form the natural drains 
of the country, all fhc surface* draiiiage being at dfice 
•carried down into them thrduiijh ;!tli^ Iplputii^able sink-: 
holes ” which pierce the thin s^ratjiiitvovei^y/pg' the C^rr' 
boniferous Limestone, in which the caves are excavated, 
'Ific Mammoth CaVe is the largest and best known,, with 


its 150 miles of passages and avenues, frequently crossing 
one :yiother at different levels. 

'fheir geological age is uncertain, but there is very 
little doubt but* that they assumed their present proper-, 
tions long after the melting of the glacial ice Snd are 
comval with the Niagara river-gorge. And as the caves 
must have been incapable of supporting life while flooded, 
their preglacial fauna, if they had one, must have been 
killed oft', and they could not hawe become ready for their 
present fauna until comparatively recent times ; therefore, 
they must have been colonized by members of the existing 
fauna. The mode of colonization is very simple. Tracks 
of bears, wolves, and smaller animals occur in nearly nil 
those caves which are easily accessible from without, and 
clinging to the skins of these animals various small Arthro- 
pods may have been carried in ; other species oP insects 
and Myriopods which naturally lead a subterranean life 
may voluntarily enter the Assures and sink-holes which 
abound in this region ; others, again, get carried in by the 
agency of torrents which flow in during certain seasons 
of the year, as, for instance, the eyed fishes and species 
of Crustacea which abound in the surface waters. 

That cave animals have entered the caves from without 
is further corroborated by the fact that in the case of very 
many cave species closely allied outdoor species are 
found in great numbers in the immediate vicinity of the 
caves. Also caves situated neat’ one another are popu- 
lated by a similar fauna, which allows us to classify them 
in groups closely corresponding to the various zoo-geo- 
graphical regions of the country. 

The author then proceeds to the systematic detailed 
description of the fauna, a section which constitutes 
more than one-third of the memoir. As in the case of 
the fauna of the outside world, the species of Arthropoda 
form a very large percentage of the total number of cave 
species ; but, however different the groups to which the 
various species belong may be, they possess the common 
characteristics of slenderness of body and appendages 
and of the absence of functional eyes. The systematic 
description is followed by lists of all the North American 
and European cave species known at present, showing 
that the European species are by far the most numerous. 
It is therefore argued that the European caves have been 
inhabited for a longer period than the American. 

Although the animal kingdom, at any rate as far as 
certain groups are concerned, is comparatively well re- 
presented, vegetable life is almost absent, evidently owing 
to the dryness and the absence of light ; in fact, so far as 
is known at present, it is only represented by a few Fungi 
and two or three MoUldk. The air must also be com- 
paratively free from the germs of bacteria of putrefac- 
tion, as the d?cay of organic refuse is very slow, and meat 
hung up in the cave will keep a long time. But though 
bacteria are absent, their office is performed by larvae of 
the blind beetle {Adelops hirtus) and of flies. 

Cave animals are mostly carnu'orous. The blind flsh 
{Amiilyop^s)X\\t% oh Crustacea, and especially on the 
blind crayflsh, which iii its turn preys upon living Coeci- 
dofeily but how they and other small aquatic Crustaceans 
‘’nsaltitairr ' ah' e\istence^is unknown. The Myriopods, 
which, .are very iomihon, feed on decayed wood and 
fungous grourths.' 

• However, in all cai^j^ as a rule,* food must be very 
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scanty, and “ lack of food as well as the absence of light 
was one of the factors concerned in the diminutiqin of 
size and in the slenderness of blind cave animals as com- 
pared with their lucicolous allies.” 

The rflect of total darkness upon animals is twofold. 
Firstly, colour is either entirely or partially bleached, 
and, secondly, the sense of sight is lost. Eyesight may | 
be lost in various ways. Either the optic lobes and 
nerves may atrophy, whil^ the retina, pigment, and lens ; 
remain more or less persistent ; or the optic lobes and { 
nerves may persist, while the retina and eye-facets ' 
atrophy ; or, again, the whole of the optic apparatus may | 
atrophy. Examples of all these cases are given in the ; 
important chapter which is devoted to a description of ‘ 
the anatomy of the brain and eyes of certain blind ' 
Arthropods, and illustrated by numerous drawings of | 
sections through various regions of the bead. j 

It is argued that this atrophy must be comparatively 
sudden and wholesale, because no series of individuals ! 
has been found with the optic lobes or nerves in different 
stages of disappearance. Transitional forms have been 
<)bserved with eyes with a varying number of crystalline 
lenses, as in the case of Chlhonius ; those individuals 
which live near the mouth of the cave have better deve- 
loped eyes than those which live far in. And surely, 
on further examination, more transitional forms will be 


allies. If a cave species could be made to revert to an 
epigcan form by keeping it for a' number of generations 
in a gradually increasing amount of light ; and if, on the 
other hand, a lucicolous species could be changed into a 
cave form by a converse process, the theory of occasional 
rapid evolution due to sudden changes in the environ- 
ment would receive its final proof. 

Mr. Packard draws attention to the interesting parallel 
between the life of the abysses of oceans and lakes and 
that of caves. In both cases vegetable life is almost 
absent, and a large proportion of the animal forms have 
become similarly modified with regard to the degeneration 
of the optic organs and corresponding development of 
other organs as compensation. But while caves have 
only been populated comparatively recently, the ocean 
abysses have had inhabitants for a very much longer time, 
and consequently these have had time to become much 
more highly specialized than the inhabitants of caves. 

This most valuable contribution terminates with a 
bibliography containing the titles of previous publications 
on the subject, and we must not omit to mention that in 
a separate chapter a list is given of the known non- 
cavernicolous blind animals. As far as the higher classes 
are concerned, this list contains about the same number 
of species as the one of the blind cave-dwelling forms. 

K. T. G. 


discovered, as animals must be continually getting into 
the caves from the outside ; their descendants becoming 


( 



gradually adapted for cave life, until they finally reach the 
degree of modification of the present older occupants. 

As the sense of sight diminishes, it is compensated by 
an increase of the delicacy of other senses. The tactile 
and olfactory senses are rendered more sensitive, the 
appendages become much more slender, and the blind 
form is altogether more timid and cautious than its eyed 
allies, as has been particularly noticed in the blind cray- 
fish. 

The last part of this memoir tleals with what is of 
most general interest to the biologist, viz. the bearing of 
these facts upon the theories of evolution. The author 
states that here the term “ natural selection ” expresses 
the result of a series of causes rather than any one cause ’ 
in itself. The most important of these causes are : the j 
change of environment, from light to partial or total dark- 
ness, involving diminution of food, the disuse and loss of 
certain organs, with compensation as has been mentioned 
above ; adaptation, enabling the more plastic forms to 
survive and perpetuate the stock ; heredity, which operates 
to secure the future permanence of the newly originated 
forms — the longer it acts, the earlier will the inherited 
characters appear in the development of the animal ; 
and, lastly, which, after adaptation ^nd heredity 

have established the typical characters, prevents inter- 
crossing with out-door forms, and thus insures the 
permanence of these characters. 

The author adduces facts which seem to prove that the 
organic adaptations to a life in darkness may have been ' 
"induced aftei; but a few generations, perhaps one or two 
only, resulting in the comparatively rapid evolution of 
cave species. If that be the case, then, there is no 
reason why they should not be produced artificially, but 
at present no experiments have been made to prove the | 
mutual convertibility of cave species and their lucicolous 


j LINEAR DIFFERENTIAL EQUATIONS. 
j A Treatise on Linear Differential Equations. By 
Thomas Craig, Ph.D. Vol. I. Equations with Uni- 
form Coefficients. (New York : John Wiley and 
Sons, 1889.) 

T reatises on this subject have been somewhat 
numerous of late. We recently noticed in these 
j columns an excellent, but fairly elementary work, “ On 
; Ordinary and Partial Differential Equations,” by Prof, 
i Woolsey Johnson. The student who wishes to enter on 
! the profitable perus.'il of the book before us must be well 
versed in all the ordinary modes of procedure,* and then 
he will find that Dr. Craig is well qualified to lead him 
through the intricate windings of this difficult branch of 
mathematics. The advanced student will find the author’s 
analysesof use to him whilst reading the various original me- 
moirs here introduced to him, for the first time, in English. 
Some may remember that Mr. Forsyth, in his classical 
treatise, omitted the investigations of Fuchs, the recent 
researches of Hermite and Halphen, contented himself 
with a slight sketch of Jacobi’s method for partial differ- 
ential equations, and did not at all touch upon the 
methods of Cauchy, Lie, and Mayer. The consideration 
of these matters he reserved for a future volume. 

The theory of the subject before us, i.e. of linear differ- 
ential equations, almost owes its origin, in Dr. Craig’s 
opinion, to two memoirs by Fuchs, published in vols. 
Ixvi. and Ixviii. of Crelle's Journal (1866, 1868) 

Previous to this the only class of linear differential 
equations for which a general method of integration was 
known, was the class of equations with constant coeffi- 
cients, including, of course, Legendre’s well-known equa- 
tion, which is immediately transformable into one with 

' ** The reader is pf course supposed to be familiar with the ordinary 
elementary theory of differential equations (p. 32), 
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constant coefficients. After the appearance of Fuchs’s 
second memoir, many mathematicians, particularly in 
France and Germany, including Fuchs himself, took up 
the subject, which, though still in its infancy, now pos- 
sesses a very large literature.” 

As happens in such cases, these memoirs have to be 
dug out of journals and publications of learned Societies 
before the student can be put in possession of results 
obtained. It is for this labour of research, and then for 
the arrangement in due sequence of theorems, that the 
reader has to thank Dr. Craig.^ Even in the first two 
chapters, where most of the results are old, the treatment 
IS comparatively new, being founded upon papers by 
Laguerre {Comptes re/idus, 1879), and upon memoirs, or 
works, by Briot and Bouquet and Jordan ; reference is 
also made, in connection with a proof by Jordan, to a 
paper by Picard {Bulletin ties Sciences Math., 1888). 
Here we may note that the author reserves an account of 
the investigations of Laguerre, Halphen, and others, from 
a still higher point of view, to a subsequent volume. 

This first instalment discusses principally Fuchs’s type 
of equations, but accounts are given of the researches of 
Frobenius (chapters iv., viii.), Markoff, Heun, Riemann, 
and Humbert (chapter vi.), Thomd (chapter ix.), Halphen 
(chapter xii.), Forsyth’s canonical form and associate 
equations, Brioschi, Lagrange’s adjoint equation, Hal- 
phen’s adjoint quantics and Appell’s theorem (chapter 
xiii.), and Picard (chapter xiv.). An account, due to 
Jordan, is given of the application of the theory of sub- 
stitutions to linear differential equations (chapter iii.). 
Many points are touched lightly here, a fuller develop- 
ment being held in reserve. A prominent feature is the 
reproduction (chapter vii) of a thesis by M. E. Goursat 
on equations of the second order satisfied by the hyper- 
geometric series. This consists of two parts. The first 
part gives an application of Cauchy’s theorem, and rela- 
tions between Kummer’s (24) integrals, an application to 
the complete elliptic integral of the first kind, and 
Schwarz’s results. The second part discusses the trans- 
formations of the hypergeometric series, Tahnery’s 
theorem, and some other points, the article closing with^ 
collection of 137 transformations due (apparently) to 
Ku miner. 

The pages bristle w ith references to original sources, 
so that, as we have already indicated, this treatise is an 
invaluable handy-book to what has been done in this 
field. 

One more word : there is no collection of examples for 
solution on the Cambridge model, but the work is strictly 
on the lines of a French or German treatise. 

The book itself is very elegantly turned out. 

THE BACTERIA OF ASIATIC CHOLERA. 

The Bacteria of Asiatic Cholera. By E, Klein, M.D 

(London : Macmillan and Co., 1889.) 

S O masterly and complete was the account which 
Koch gave in 1884 of the comma-bacillus, which 
he held to be the virus of cholera, that but little, if any- 
thing, has been added to our knowledge of its mode of 

* For initance, he obtainii certain forme in the same way that Fuchs 
obtained them, " if for m other reason than that of the desirability of 
<tevelopinK the subject in historical order ” (p. 6(). 


growth, of its reaction to dyes, or of its life-history. As 
might be expected, the assiduity of many observers, now 
it has been directed to the subject, has led to the dis- 
covery of many other bacilli, which may be described as 
comma-shaped. But, so far, no bacteriologist, who has 
had his observations corroborated by other observers, 
has proved that any of them are indistinguishable in all 
their physical characters, whether in appearance, in re- 
action to dyes, or in their mode* of growth, &c., from the 
choleraic bacillus. So far as is known, animals are not 
susceptible to cholera. If Asiatic cholera could be in- 
duced by inoculating with pure cultivations of choleraic 
comma-bacilli, then beyond a doubt they would be the 
vera causa, or, in other words, the contagium of cholera ; 
but this step in Koch’s argument was wanting, {yobably 
for the above-named reason, and is likely to remain so ; 
the experimental inoculations of guinea-pigs which have 
taken place being by no means conclusive. 

The present volume is a valuable and most trenchant 
criticism of every step of Koch’s argument, and may be 
said to contain everything that can at present be said 
cfgainst Koch’s theory, of which the author is the most 
active opponent. 

The author commences with an account of the various 
comma-shaped bacilli which are at present known, and 
there are well-recognized characteristics which distinguish 
them from the first form, in all of them, except in those 
which depend upon solitary observations. 

The following is the list of comma-shaped bacilli with 
the names of their discoverers : — 

(i) Koch, in Asiatic cholera ; i to |j the length of 
tubercle bacilli, but thicker and curved. (2) Finkler and 
Prior, in cholera nostras ; but Koch and Frank failed to 
demonstrate these in typical cases. They are thicker 
and longer than (i). In 10 per cent, gelatine, the growth 
is broad and conical, liquefying the gelatine more rapidly- 
(3) Lewis, in the fluid of the mouth, thicker than (i) 
Klein only twice has succeeded in growing them ; every 
one else has failed. (4) Miller, in some cases of caries 
of the teeth, similar to (2). (5) Kuisl, in human fmces 

similar to (2). (6) Deneke, in stale cheeses. The growth 

on gelatine is similar, but they will not grow on potatoes. 
(7) Klein, in some cases of diarrheea, especially in mon- 
keys. They grow differetly in gelatine, and cause it to 
smell offensively. (8) Ermengen and others, in the in- 
testines of guinea-pigs, pigs, rabbits, horses, &c., but they 
will not grow in 10 per cent, gelatine. (9) Lingard, two 
kinds in a case of noma, the smaller of which is said to 
have been very similar to the choleraic one. (10) Weibel, 
various forms in mucus, but their mode of growth is 
distinct, (il^ Gamaleia, in a fatal fowl disease, which 
was prevalent at Odessa. He did not distinguish them 
from (i). (12) Klein, in the intestines of a monkey with 

diarrhoea. The organisms were smaller, but the growth 
was similar to (i). 

Klein lays great stress upon the difficulty there is in 
demonstrating the presence of the bacilli in the walls of* 
the intestine in cases of cholera, and thin*ks that they 
are not present in the parts which are still alive, but only 
where the tissue has died ; moreover they are absent 
from the blood. 

The bacilli are most readily found in the mucous 
flakes ; and in the presence of ftccal matter they are 
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readily destroyed, which tnJty explain why they are 
sometimes not easily detected. ^ 

The author has done good service in threshing out all 
the evidence afresh, but the matter reii)ains very much 
where *Koch left it. The detection of the bacilli may 
enable us more readily to diagnose the earliest cases in 
an epidemic of cholera ; and, as one result of his e.\peri- 
ments, we may expect soiled linen to be most efficiently 
sterilized by drying it f at the same time, until the 
disease has been reproduced by inoculation with the 
organism, it cannot be said to be conclusively proved 
that this is the true virus. 


* OUR BOOK SHELF. 

Manuel de V Analyse des I'ins. Par Ernest Barillot. 

Pp. .\ii-13i. (Paris; (lauthicr-Villars et Fils, 1889.) 

Thk studerit of practical chemistry will tind in this book 
a handy guide to the examination of wines. Works on 
the same subject are freriuently rendered both unwieldv 
and tiresome by a multiplicity of analytical methods and 
the introduction of a bulky collection of tables embodying 
the composition of various classes of wine, a knowledge 
of which is deemed necessary in forming an opinion of 
the quality or purity of a particular sample. Here, 
however, details of this hind are reduced to a minimum. 
One or two methods, only, of carrying out any estimation 
are given, and free use is made of such empirical relations 
between the proportions t>f the constituents of a wine as 
seem warranted by the results of previous analyses. 

nie book consists of two parts and an appendix. Part 
I. is concerned with the determination of the nomial 
constituents of wines, alcohol, total solids, ash, grape 
sugar, &c. Part ll. deals with adulterations. In its 
opening sections are placed the indications traceable to ■ 
the presence of added water, added alcohol, cane sugar 
dextrine, &c., but the greater bulk of the part is devoted 
to the detection of foreign colouring matters. The \ 
subject of colour reactions is very fully treated, and by 
the arrangement of the experiments in tabular form their ! 
nature and interpretation can be readily appreciated. It 
seems a pity that in connection with these tests no notice , 
is taken in the text of the absorption spectrum of the 
colouring agents, as a clue to their identification ; in a 
footnote the author contents himself by merely referring | 
the reader to the works of \ ogel and Wurtz for inform- 
.'ition on this subje^. In the appendix is a statement of ■ 
the chemical constitution of the colouring matters men- 
tioned, followed by an account of some recent work of 
the author on the detection of added alcohol. His 
method is based on the effect of the alcohol introduced , 
on the proportion of volatile acid which distils from the ' 
wine, and the result is shown to be consistent with the ! 
theory of the rate of etherification of organic acids. i 

The book is intended to be useful for commercial 
purposes, and for such the analytical proces.>es described 1 
arc sufficiently accurate. The apparatus employed, as is 1 
stated in a footnote, has been constructed by the .Soci< 5 td 
Centrale de Produits Chimiques, and judging from the 
illustrations, is in some cases, to ICnglish eyes at least, a 
trifle antiquated. The occasional reference to vessels 
provided with marks, and to which no numerical values 
are attached, detracts somewhat from the general useful- 
ness of the book, and is unintelligible to a reader who has 
failed to notice the explanatory footnote. 

The graduation of alcoholometers, the maximum 
amount of alcohol permissible in wines, &c., are of 
course in accordance with the regulations of the French 
Excise. 


Synoptical Tables of Organic and Inovy^anic. Chemisir.}' 
I Compiled by Clement I. Eeaper, F.C.S. (LQDdon : 

George Gill and Sons, 1890.) 

I 1 HK compiler says in his preface that “ the mass of facts 
, presented to the mind of the beginner in chemistry is so 
j large that he often experiences a difficulty in distinguish- 
ing the useful from the ornamental, and is apt, corise- 
quently, to neglect fundamental principles and reactions 
' for comparatively useless minutim. These tables arc 
*■ intended to prevent this error. . . . The experience of 
many years has convinced the author that the student 
, who honestly commits these tables to memory \Yill lay 
for himself a solid groundwork for future reading and 
research.” Whatever may be meant therefore by the 
expression “ future reading and research,” it appears that 
the compiler aims no higher than to give a series of 
unconnected statements which if learned will enable the 
would-be student to begin his study of chemistry. W’e 
do not think this commuting to memory will make the 
study more easy, and should fear that the learner might 
imagine after his memory exercise that he thereby knew 
something of chemistry. The separation of “the useful 
from the ornamental ” is always difficult, and it is rare to 
find two authorities at one in such a matter. It is 
doubtful, for example, whether any chemist will agree 
with the compiler when he states as Charles's law that 
“All gases expand or contract wj.., of their volume for 
each rise or fall of i' C.,” and omits, presumably as 
ornamental, the limitation of this proportion to the volume 
of the gas at o C. 

Tbe British Journal Photographic Almanac, l8<)o. Edited 
by J. Traill Taylor. (London : Henry (Ireenwood 
and Co., 1890.) 

In this year’s volume w’e find a most interesting collection 
of notes and articles relating to almost every branch of 
the subject. Captain Abney contributes an article in 
which he warns photographers to beware of their principal 
enemy — dust — and concludes with the best method of 
exclusion. The Rev. S. J. Perry gives a short summary 
of the instruments used in celestial photography during 
the past year, and of the work accomplished, including 
the wonderful photographs taken by Isaac Roberts of 
the nebula of Andromeda, nebulae in the Pleiades, &c. 
Mention is also made of the success of Mr. Common in 
rendering still more perfect the reflecting surface of his 
magnificent five-foot glass mirror. Amongst the other 
.•trticles we may refer to that on halation by Chapman 
Jones, hydroquinone by W. B. Bolton, and celluloid films 
by Colonel J. Waterhouse. An epitome of the year’s 
progress, with notes on passing events, original and 
selected, is given by the editor, who marks the great 
advance made in film photography, and also the tendency 
to diminish the bulk of cameras, as shown by the innu- 
merable hand or detective cameras that have .appeared 
during the last twelve months. Allusion also is made to 
the new developer, eikonogen, which can, it is believed, 
develop into full printing density a plate that has been 
impressed by feeble radiations. 

No alteration has been made as regards the general 
order of the work ; there are only slight additions to the 
tables, formula:, &c. The specimens of processes which 
illustrate the volume, especially that of Mrs. Sterling, from 
a negative by Vander Weyde, are very fine. 

Four- Figure Mathematical Tables. By J. T. Bottomley, 
M.A., F.R.S., &c. Second F-dition. (London: Mac- 
millan and Co., 1890.) 

This useful collection of tables has been considerably 
enlarged and revised since its first appearance. It com- 
prises logarithmic and trigonometrical tables, tables of 
squares, square roots, and reciprocals, and a collection of 
useful formula; and constants. The introduction is sufifi- 
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ciently ' detailed to make the construction of the table 
•readily understood, assuming a knowledge of the use of 
logarithms. The book will prove a handy substitute for 
more bulky volumes in cases where extreme accuracy is 
'not required, such as computations in chemistry and 
physics. 


LETTERS TO THE EDITOR. 

{Tht Editor does not hold himself re^onsibU for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part oj Nature, 
No notice is taken of anonymous communications.^ 

Panmixia. 

My letter of March 6 commenced with the remark that, 
without entering into controversy, 1 proposed to draw attention 
to the opinions expressed concerning the inheritance of acquired 
-characters l)y Mr. Darwin. The reasons for my own beliefs on 
the questions at issue 1 have given in “The Principles of 
Biology/' § 166, and, with other illustrations, in “The F'actors 
of Organic Kvolution.*’ Here it must fniffice to say that 1 have 
seen no reason to abandon the conclusions there set forth. 

Respecting the doctrine of “ panmixia,'' either as enunciated 
by Prof. Weismann, or as recently presented in modified forms, 

I will say no more than that I should like to see its adequacy 
discussed in connection with a specific instance — say the dnwping 
ears of many domesticated animals. “Cals in China, horses in 
parts of Russia, sheep in Italy and elsewhere, the guinea-pig in 
<.itrmanv, goats and cattle in India, rabbits, pigs, and dogs in all 
long-civilized countries, have dej^endent ears." 

Here the influence of natural selection is almost wholly 
excluded ; nor can artificial selection be supposed to have 
operated in most of the cases : save, perhaps, in some pet 
animals, selection has been carried on to develop other traits. 
In the cases of most of these creatures, too, artiricially fed and 
often over-fed, it does not st-em that individual fates can have 
been affected by economy of nutrition, either general or 
special ; since there has been no struggle for existence to cause 
the survival of those in which nutriment was most advantageously 
distributed. Further, the parts in question are not of such sizes 
that economy in nutrition of them could sensibly affect the fates 
of individuals, even had the struggle for existence been going on. 
Again, it seems that in respect of the ears themselves (though 
not in respect of their motor muscles) there has been extravagance 
of nutrition rather than economy of nutrition ; since even where 
selection has been carried on for increasing other traits, the ears 
have not dwindled but rather increased. Lastly, at the same 
time that there has been this surperfluity of nutrition in the ears 
themselves, their motor muscles appear to have dwindled either 
relatively or absolutely — at least relatively, we must suppose, 
%vhere the weight of the ears has increased, and absolutely 
where the weight of the ears has not increased. 

'rhe question presented by these facts is one in the solution of 
which the theory of “panmixia" may, I think, be satisfactorily 
tested ; and without expressing any opinion upon the matter 
myself, I should be glad to see it discussed. 

Herbert Spencer. 

I AM not Iware how far Prof. Ray Laiikester is disposed to 
acknowledge his obligations to Prof, Weismann for what I am 
glad to sec he now calls his “ anti- Lamarckian " (as distinguished 
fn!m “ pure Darwinian ") proclivities. Therefore I do not know 
how far he professes to be one of “the followers of Prof. 
Weismann," to whom my previous letter on this subject was 
addressed. But it seems desirable that 1 should take some 
notice of the altogether distinct question which he has now 
raised — viz. whether, or how far, Prof. Weismann’s anti- 
Lainarckian views were anticipated by Mr. Darwin. 

His argument is that Eterwin must have been a Lankesterian 
anti- Lamarckian in di^uise; and, more particularly, that “the 
doctrine of panmixia is recognised and formulated in the last 
(sixth) edition of the ‘Origin of Species’ published in 1872." 

Taking the most general statement nrst, Prof. Lanke^ter 
represents it as not improbable that “ when Darwin refers, here 
and there throughout his works, to a reduced or rudimentary 


condition of an organ as ‘due to dUuse,' or ‘explained by the 
efleett of disuse,' he does not uetessarily mean such effects as 
the Lamarckian second law asserted and assumed (though c^en 
he does appear to mean such) ; but he may mean, and probably 
had in his mind, the effects of disuse as worked out* through 
panmixia and economy of growth." 

Now, here we have a specimen of Prof, Lankester’s dialectic 
at its worst. Truly, with such an interpreter, Darwin “ ” 

be made to “mean’' anything. First it is represented as 
seeming “ not at all improbable that when Darwin refers " to one 
principle, “he docs not nccessarify mean "what he says ; and 
then it is concluded that “ he may mean, and probably had in his 
mind a totally different principle." Moreover, what is re 
presented as mere references, “here and there throughout his 
works," are, as all the world knows, one whole and “highly 
important " (though stiH subordinate) side of Darwin's system. 
Yet again, in all plages where the meaning assigned to his term 
“disuse" is explained, there can be no shadow of ambiguity 
attaching to it, and everywhere it is alluded to as a 4>rincfple 
wholly distinct from the “economy of growth" ; while. pan- 
mixia, as I shall presently prove, is nowhere mentioned at all. 
This, indeed, is clearly shown even in the passages quoted by 
Prof. Lankester, and now re-quoted below. For it is there said 
that, conid a certain explanation be found, “then we should be 
able to understand how an oi^an which has become useless would 
be rendered, independently of the effects ef disuse^ rudimentary.’* 
J)bviously, in this context, “the effects of disuse" cannot 
possibly mean “the effects of disuse as worked out through 
panmixia and economy of growth " : they can only mean the 
direct effects of disuse itself in causing inherited atrophy. And 
now, lastly, “the effects of disuse" are habitually pointed to by 
Mr. Darwin in association with the “ effects of htcreased use " ; 
and how he can “ seem " to have “explained" th-^se cither by 
the economy of growth (which he‘ fully recognized), or by 
panmixia (which he never recognized), I must leave Prof. 
Lankester to indicate. 

It will be observed, from the point last mentioned, that this 
attempt to read the doctrines of Weismann into the writings of 
Darwin must equally collapse, whether or not any other human 
being can be found to follow Prof. Lankester in his commentary 
on Darwin's “here and there" references to “ the effects of 
disuse " : the equally constant and as frequently detailed re- 
ferences to ‘ ‘ the effects of the increased use of parts, which I 
have always maintained to be highly important," arc of them- 
selves sufficient to dispose of the Lankesterian gloss. Never- 
theless, it remains worth while to see whether there is any shred 
of evidence in support of the narrower or more particular state- 
ment, that the principle of panmixia is to be found “already 
indicated" in the “ Origin of Species." The following are the 
passages upon which this statement is founded — passages, I may 
remark, which have certainly neither been “missed" nor 
“neglected " by me. 

(1) “If under changed conditions of life a structure before 
useful, becomes less useful, its diminution will be favoured, it 
7oill profit the individual not to have its nutriment wasted in 
building up a useless structure. . . . Thus, as I believe, natural 
selection will tend in the long run to reduce any part of the 
organization as s >on as it becomes, through changed habits, 
superfluous, without by any means causing some other part to 
be largely developed in a corresponding degree" (“Origin of 
Species," sixth edition, p. ii8). 

(2) “ Organs, originally formed by the aid of natural selection, 
when rendered useless, may well be x^atiablc, for their variations 
can no long^ be checked by natural selection. ... It is 
scarcely possime that disuse can go on producing any furth' 
effect after the organ has once been rendered functionless. 
Some additional explanation is here requisite, which I cannot 
give. If, for instance, it could be proved that every part of the 
organization tends to vary in a greater degree towards diminu- 
tion than towards augmentation of size, then we should be able 
to understand how an organ which has become useless would 
be rendered, independently of the effects of disuse, rudimentary, ^ 
and would at last be wholly suppressed ; for dhe variations 
towards diminished size would no longer be checked by natural 
selection. The principle of the economy of grmvth explained in 
a formdr chapter [cited in mioiation No. i], by which the 
materials forming any part, il not useful to the possessor, are 
saved as far as possible, will perhaos come into play in rendering 
a useless part rudimentary" (“Origin of Species," sixth edition, 
pp, 401-402). 
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Can it be that Prof. Lankester has not even yet perceived the 
significance of the idea” of panmixia? Such certainly teems 
to be the case from his use of the above quotations. For the 
words which I have italicized render it most obvious that the 
only principle under consideration is the economy of growth or 
nutrition, i.e. the reversal selection: there is no allusion to 
panmixia, or the cessation of selection. In the second passage 
it is shown that, because ** no longer checked by natural selec- 
tion,” useless organs will become variable ; and hence that if 
(here were any other cause tending to degeneration (such as the 
* impoverished conditions” subsequently suggested), natural 
selection would not interfere yi\\.h‘-i,e, prevent or “check” — 
the degenerating process thus induced. But there is no hint 
that the mere cessation of natural selection must be itself and in 
all caseSf a cause of degeneration. 

Similarly, at the end of his letter, Prof. Lankester again fails 
to distinguish between the cessation and the reversal of selection. 
For, after endeavouring to represent that Mr. Darwin did not 
understand my “ view,”^ he says, “it is not at all surprising that 
Mr. Darwin did not recognize any resemblance between it and 
his own statement, viz. that ‘ the materials forming any part, if 
not useful to the possessor, are saved as far as possible,* thus 
‘rendering a useless part rudimentary.'” Not surprising, in- 
deed. But it is surprising that Prof. Lankester, even at this 
time of day, should thus appear incapable of clearly distinguish- 
ing between natural selection as withdraivn and as reversed. 
For this is the whole point, and the only point so far as “ thg 
doctrine of panmixia” is concerned. It is a matter of familiar 
knowledge that Mr. Darwin at all times and through all his 
worlds laid considerable stress upon the “economy of growth,” 
(or, more generally, reversed selection) ; but, most emphatically, 
this is not, as Prof. Lankester now says it is, “ the essence of the 
anti- Lamarckian view of the effects of disuse.” The essence of 
this view is, and can only be, the cessation of selection, as Prof. 
Weismann has clearly perceived." 

In order that there shall be no doubt upon this point, I must 
here explain the importance of the cessation of selection, as 
distinguished from the reversal of selection, in regard to “the 
essence of the anti-Lamarckian view ” — even though in so doing 
“I feel it rather a severe burden when 1 am called upon to 
expound the merest commonplaces of the subject under dis- 
cussion.” 

As stated in my previous letter, “ the principal evidence on 
which Mr. Darwin relied to prove the inheritance of acquired 
characters was that which he derived from the apparently in- 
herited effects of use and disuse — especially as regard^i the 
bones oj our domesticated animals.^' Now, the reason why our 
domesticated animals appeared to furnish the most unequivocal 
proof of the inherited effects of disuse (and so, likewise, of the 
inherited effects of use, as explained in my last letter) was this. 
In the case of all species in a state of nature, it is, as Darwin 
observed, impossible to eliminate the effects of natural selection 
(acting through the economy of growth, or otherwise) from 
those of disuse, supposing disuse to be a cause of degeneration 
in .species as it is in individuals. Therefore, in order to 
estimate what, if any, is the proportional part that is played in 
degeneration by the inherited eflects of disuse, it is necessary to 
find cases where disuse, if it ever acts at all, must be acting 
alone. Such coses Mr. Darwin took to be furnished by our 
domesticated animals, seeing that they are so largely pro« 

• There is something comical to me in this endeavour, in view of ail the 
conversations and correspondence which I had with Mr. D.irwin upon the 
cessation of selection. Moreover, I do not in the least agree with Prof. 
Lankc- ter where he says that iny **vicw, as it .appears in Mr. Darwin's 
words (* Variation,' &c , vo'. ii. p. 509), is certainly not^\e same as that 
which Mr. Romanes has expounded in Nature of March 13, 1890.*' 'that 
my “ view" is not fully given, Mr. Darwin himself affirms ; but, “as far as 
it can be given in a few words,** it is given as correctly as 1 could wish. 

'''It appvars^ to me that Prof. Lankester cannot h.Tve read Prof. Weis- 
inann's exposiri'in of “the doctrine of panmixia." For, not only docs he 
make this otherwise unaccountable (and, in relation to his “ anti<f.amarckian 
view/* suicidal) blunder of seeking to unite, if not vir.ually to identify, the 
principles of panmixia and economy lif growth ; but he alludes to Weismann 
as having “stated briefly** the former principle. “Stated briefly** it 
certainly is in “the translated essays *' ; but this is only because it is set out 
at length in one of the untranslated essays, which is entirely devoted to ex- 
fxiiunding the matter (“ Ueber den k iickschrilt in dcr Natur *'). And this re- 
minds me that in his review of Mr. Wallace's “ Darwinism *’ there is a 
passage which Similarly indicates that Prof. Lankester has either not read, 
or has strangely forgotten, another of Weismann's unpublished essays. 
Therefore, $^>ng how ready he is, on account of a precisely similar omission, 
to juinDf::^|;M|^r. Herbert Spencer — whose recent and protracted illness is 
notoriou^.'-*^TO can scarcely refrain from asking in his own words, “ Will 
not Mr. Spencer and ethers who are these matters read 

Weismann*s essays ? ** 


tected from the struggle for existence on' the one hand, 
while, “on the other hand, with' highly-fed domesticated 
animals, there seems to be no economy of growth, nor any 
tendency to the elimination of superfluous details.” Having 
found in such cases material for ascerlaining the effects apparently 
caused by disuse alone, Darwin concluded that he was able to 
estimate the degree in which these effects occurred elsewhere, 
or generally ; even though in all wild species they must usually 
be more or less associated with the effects of reversed selection. 
Therefore it was that he chose domesticated animals for all his 
weighings and measurings of comparatively disused parts — with 
the result of appearing to obtain good evidence of a high degree 
of reduction as due to the inherited effects of disuse alone. 
But it did not occur to him that the amount of reduction thus 
proved might be equally well explained, not indeed by the 
reversal of selection (as in wild species), but by the cessation of 
selection, or panmixia. And it is just because the cessation of 
selection thus applies with even more certainty to the case of 
domesticated animals, than does the reversal of selection to the 
ca^^e of wild animals, that the former principle is of such unique 
importance to “the essence of the anti-Lamarckian view” ; by 
its means, and by its means alone, can the apparent evidence of 
the inherited effects of disuse be overthrown. 

Therefore, by seeking to assimilate the distinct principles of 
selection as withdrawn and selection as reversed, Prof. Lankester 
is performing but a sorry service to his anti-Lamarckian cause. 
Weismann may well cry, “ Save me from my friends,” when he 
finds them thus playing into the hands of his opponents. For 
on all the logical bearings of his principle of panmixia, Weis- 
mann has perfectly clear and accurate views ; and although he 
was not accurate in representing the relations which obtain 
between this principle and that of reversed selection, such is 
but a small error compared with Lankester’s identification of 
the two principles — with the necessary result of again bringing 
into court the whole body of direct evidence on which Darwin 
relied in his apparent proof of Lamarck's “second law.” 

We shall now, perhaps, be able to understand what Prof. 
Lankester means when he says: “The idea [of panmixia] oc- 
curred to me also shortly after the passages above quoted from 
Mr. Darwin were published.” If this is the case, “the idea” 
in question must have “occurred” to Prof. Lankester before he 
had reached his teens, seeing that one of “the passages” in 
question is not confined to “the last edition of the ‘ Origin of 
Species,"' but runs through them all. Allowing this to pass, 
however, what I have now to remark is, that if the idea which 
occurred to Prof. Lankester “shortly after the publication of 
that work” (1872) was, as he alleges, the idea of panmixia, it 
becomes a most unaccountable fact that in his laborious essay 
ou “ Degeneration ” (1880) there is no hint of, or even the most 
distant allusion to, this idea. Yet, in the presence of this idea, 

“ Hamlet ” without the Prince of Denmark would be a highly 
finished work compared with an essay on “ Degeneration ” 
without any mention of panmixia. Therefore, here again, I can 
only understand that Prof. Lankester has not even yet assimi- 
lated “ the idea in question.” He confounds this idea with that 
of the economy of growth : he fails to perceive the very 
“essence” of the idea, in the all-important distinction between 
selection as withdrawn and selection as reversed. Without ques- 
I lion, his essay on “ Degeneration ” proves a familiar acquaintance 
with the doctrine that “the materials forming any part, if not 
useful to the possessor, are saved as far as possible ” ; but, most 
emphatically, this is not “ the idea of panmixia,” while it is the 
idea that is definitely “formulated” scores and scores of times 
through all the editions of Mr. Darwin's works-ian “idea,” 
therefore, which must necessarily have “occurred” to every 
reader of those works since the time when Prof. Lankester 
was at school. 

As this letter has already run to an inordinate length, I will 
relegate to a footnote my discussion of the merely personal 
criticisms which Prof, Lankester has passed upon my former 
communication.^ George J. Romanes. 

London, March a8« 

* Prof. Lankester says: — “As icon at the matter had taken root in his 
mind, Mr. Romanes nublUhed in Natuhk, March ta. April 7, and July 2, 
1874, an expositicn of the importance of the principle of cessation of selec< 
lion as a commentary upon a letter Mr. Darwin himself (Naturr, vol. 
viii. pp. 432, 50O, in which Mr. Darwin had suggested that, with organisms 
subjected to unuvourable conditions, all the parts would tend towards reduc 
tion. Mr, Darwin, with his usual kindly manner towards the suggestions uf 
a young writer, gives, at p. 309 of vol. ii. of 'Animals and Plants under 
Domestication,* Mr.^ komanes*M view, * as for as it can be given in a fovw 
Wvrds.*** Now, as it is only a few ddys ago that I myself directed ProL 
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-The Spectrum of Subchloride of Copper. 

It is noticed in Nature (voI. xli. p. 383), as the substance 
of a paper read to the Academy of Sciences in Paris, on the 
loth ult., by M. G. Salet, on the blue flame of common salt, 
and on the spectroscopic reaction of copper-chloride, that the 
strongest lines of the former flame, in the indigo and blue, are 
due to copper-chloride, and coincide with bands given in M. 
Lecoq de Bnisbaudran’s Spectres Lumineux/’ 

Copper and chlorine appear, from the easy formation of 
copper- subchloride, to have a very unstable affinity for each 
other ; and the readiness with which copper itself seems to 
volatilize, as shown by Mr, John Parry, in his spectroscopic 
experiments for the Ebbw Vale Steel-making Company in 
Wales, on the detection of impurities in iron and steel, by the 
free and wide diffusion of its vapours compared with those of 
other metals to a distance from a blowpipe flame, would per- 
haps tend to promote dissociation and to the production of sub- 
chloride from chloride of copper, at least in the presence of 
reducing-gases, in a flame. 

'Phere is a considerable general resemblance in respect of 
place and brightness between the groups of lines belonging to 
chlorine, and those belonging to copper-chloride, as those two 
spectra are represented in M. Lecotj de Boisbaudran’s work. 
But the two spectra are of course very far from showing any 
precise coincidences w^th each other. My attention was drawn 
sometime ago (in July 1878, Nature, voI. xviii. p. 300) to a 
set of line bands of this same description, in very near corre- 
spondence, apparently with the chief lines of the copper- 
cnloride spectrum, which presented itself in a violet-blue flame 
seen very frequently in ordinary fires when they have been fed 
with almost any kind of household dust and rubbish. But the 
remarkably neat triplet of line-pairs — green, blue, and indigo — 
in this blue fire- flame’s spectrum could only be recognized as 
very indistinctly matched by those chief lines of the spectnim 
of copper-chloride, as those are produced, for instance, by in- 

i.;inkester's attention to this passage, and as it appears evident that he has 
not referred to my original letters in Natuke, I conclude that he docs not 
know how rompletely 1 there rreonjed iny obligation to the article by 
Darwin which really first did cngeruler the doctrine uf panmixia. But, be this 
as it may, the following is what 1 wrote : — 

** In a former communication I promised to advance what seemed to me 
. I probable cause -additional to tnose already known — of the reduction of 
useless structures. As before stated, it was suggested to me by the pene- 
trating theory pr«>poscd by Mr. Darwin, to which, indeed, it is but a 
supplement" f 1874). 

Aga*n, in 1887, while anticipating and greatly extending Prof. Lankestrr’s 
present criticism touching Mr. Spencer's altitude with respect to panmixia, 

I s.aid: — 

** The leading idea in Mr. Darwin's suggestion was that impoverished con- 
ditions of life would accentuate the principle of economy of nutrition, and 
so assi.stin the reduction of useless structures by free intercrossing. Nvjw, 
in this idea, that of the cessation of selection was really implied ; but neither 
in hi.s own article, nor in a subsequent letter by Mr. George Darwin on the 
same subject (Vaturh, October 16, 1873), it exhibited as an inde- 
pendent principle. It was inarticulately wrapped up with the much leas 
significant prin* iple of impoverished nutrition." 

The simple history of the matter, therefore, is as follows. Even up to the 
time of publishing his article in Naturk, Mr. Darw'in had not perceived the 
principle of panmixia as an “independent principle" — any more than Dr. 
Dohrn i)crccivcd it in 1875, or Prof, bankester perceived it in 1880, — which 
must act in all cases of degeneration, w hether with or without the co-operation 
of reversed sel^ctjon in the economy of growth, “impoverished conditions," 
&c.^ Therefore, in the sixth edition of the "Origin of Species" after 
having explained the phenomena of degeneration by the inhcriied effects of 
disuse, combined with he economy of growth, he proceeds to give very good 
reasons for concluding that **some additional explanation is here requisite 
which I cannot give " ; and^ he suggests that, “ if it could be provea that 
every part of the organization tends to vary in a greater degree towards 
diminution than towards nug nentation of size, then should be able to 
ufuierstand how an organ which has become useless would be rendered, 
in iependently of the ejfects of disuse^ rudimentarj'," &c. But although he 
thus saw the “explanation" that was “requisite," he said he was unable to 
give it ; therefore at that time he could not have seen that the cessation of 
selectioa was exactly the explanation of which he was in search — to wit, a 
prAiciple which must always make every unused part of the organization tend 
to degenerate. Later on, h> »wever, it occurred to him that “ impoverished con- 
ditions," combined with intercrossm^^ might lead to this rcs-ult. al- 

though he thus came to such close quarters with the idea of panmixia that 
he immediately sugge.sCed it to me on readinf^ his exposition, the idea was still 
entangled with that of" impjveri'hed conditions " being required in order to 
stanfe the degenerating parts. Therefore, the only hand that I had in the 
matter was to liberate the all-important principle of panmixia from the toils 
of this entanglement, and thus to .show that it must necessarily act in the 
case of all unused structures, with the result of destroying the evidence of 
“ the eflTects of disuse." 

Such is a simple history of the facts ; and my only object in previously 
alluding to the part which I had played in the matter was not that of claiming 
priority touching so very obvious an “idea," but in order to show how it 
was that Mr. Darwin, through all the editions of the “ Origin Species," 
continued to attribute Important weight to a lineof evidence in favour of the 
inherited effectM of disuse, which the doctrine of panmixia, and the doctrine 
vf panmixia alone^ has entirely destroyed. 


troducing into a Bunsen-flame a piece of copper-foil well wetted 
with hydrochloric acid ; and no counterpart at all to them, 
any more than to the ordinary chloride of copper spectrum, 
could be traced in the well known blue fire-flame of common 
salt, in whose spectrum, when pure, as well as in th^t of the 
equally familiar blue fire* flame (when pure also) of carbonic 
oxide, I do not remember to have ever detected any lines or 
bands of greatest brightness so obviously discernible and distinct 
as to admit of measurements. 

In the case of a copper- melting furnace, round the loose 
junction of whose lid small escapitig bodies of blue flame, on 
one of the days on which I analyzed them, showed the well- 
defined triplet spectrum very neatly, it was afterwards mentioned 
to me (when that observation had been noted at the above place 
in Nature), that pieces of ships’ old copper-sheathings were 
sometimes put into the copper-melting pot ; and just as the use 
of logs of broken-up ship-timber (as was also stated at that 
place in Nature) explained a gorgeous blaze of this flame’s 
fine blue colour in a London house-fire very satisfactorily, so 
foreign importations by salt into waste- materials from^seaworn 
ships, might by such a practice’s occurrence as this in the 
melting furnace, account very well for the presence of chlorine 
along with copper in the furnace efflagrations which showed the 
neat and easily recognized line-spectrum on one of the days of 
my spectroscopic examinations of them, very plainly. Neglected 
scraps of brass and copper become, however, so soon contamin- 
ated with chlorine in nearly all situations, that it suffices, in 
general, to throw any rusty piece of them, such as an old, dirty 
piece of thin brass or copper wire, among the glowing coals of 
a bright fire, to produce this peculiar-spectrumed blue flame in 
the hottest crevices of the fuel. 

The nature of this flame, since it differs very materially, by 
the simplicity of its spectrum, from the ordinary one of chloride 
of copper, although in the strong point of line* positions there is 
a partial feature of similitude in the spectra of the two flames by 
which they agree very nearly with each other, remained a 
mystery to me for several years ; but about four years ago I 
chanced by good fortune to hit upon a compound, in some ex- 
periments on suhchloride of copper, which yielded in a flame, 
at least a successful imitation, it not, as seems most probable, 
the really natural and perfectly exact reproduction of it. Copper 
subchloride is easily obtained by evaporating hydrochloric acid 
to dryness in an open dish on an excess of wire clippings or 
other small fragments of metallic copper. It is a dark greenish- 
brown pow’der, which easily deliquesces, and by absorbing 
oxygen, if exposed to the air, is soon converted into the green 
chloride of copper. For the spectroscopic purpose it should be 
dissolved when first formed, and dry, in about its own weight of 
hot glycerine, and the solution be allowed to cool in a well- 
corked bottle. This pasty solution inflames, when heated on a 
wire, and burns with the peculiar-spcctrumed violet-blue flame 
which is observable in common fires when contaminations of 
copper by chlorine are introduced among the fuel, in its hottest 
parts. Although these contaminations in the state of exposure 
to common air probably all consist of ordinary chloride of 
copper, yet among the interstices of the fire, by the presence of 
hot fuel and great abundance of carbonic oxide, they doubtless 
undergo reduction to subchloride, and, in place of the many- 
lined and banded green-flaming spectrum of ordinary copper- 
chloride, the far simpler and symmetrically grouped one of 
three line-pairs — green, blue, and indigo — belonging to sub- 
chloride of copper vapour presents itself in the fine blue 
tint which the fire’s flames assume, one may suppose, by 
chloride’s reduction to subchloride, and by the infinitesimal ad- 
mixture in theti of this latter foreign substance. The varieties 
of tint, from blue below to green above, which a Bunsen-flame 
exhibits when chloride of copper is introduced into it, are 
probably due to the same chemical conversion, in dependence 
on the reducing or oxidizing constitution of the flame in it.s inner 
and outer layers, which most purely exhibit the two different 
colorations. 

To produce the subchloride of copper spectrum very purely, 
the thinnest possible smear of its pasty solution^ iiV glycerine, ^ 
on one side of a narrow strip of paper, suffices very^ amply, 
since its colouring effect upon the flame, when the strip is rolled 
up into a spill and lighted, is very powerful. Chlorate of 
potash powder, kneaded up with the glycerine solution, bums 
also self-supportingly with the characterislic rich blue colour, 
but the spectrum in this case, and also when the paper stain of 
he glycerine solution is left long exposed to air upon the strip. 
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of paper, is apt to lose its purity and acquire confusing lines 
and hands of ordinary copper* chloride, hy oxidation, which the 
prejiaraiion then undergoes spontaneously, before ignitiiwg it. 
For pyroicch'iists, therefore, it seems scarcely probable that the 
subchloride of copper, with its pure cerulean flame, will ever 
be of any very useful value. But as a parallel example of a 
coloured-fire composition, it may be mentioned here, that 
powdered Val Traversite (a bituminous li uestone fournl near 
Neuchatcl, in Switzerland), on account of its prodigious natural 
richne.ss in bitumen, when mixed with sufficient chlorate of 
potash, rfiso burns self-sup^ortingly, with a fine orange-red 
flame in which the familiar spectrum of calcic oxide is, of 
course, most vivid. Were hot asphalt, pitch, or bitumen, instead 
of hot glycerine, used to dissolve or to masticate** the dry sub- 
chloride of copper when it is freshly made, a copper-chlorinated 
mass would be produced which would probably be capable of 
resisting atmospheric action, and whose mixture with chlorate of 
potash w'ould, like the similar Val-Traversite mixture, probably 
also not suffer by keeping and exposure, and w ould furnish a 
source oCblue flame and of the significantly simple spec rum of 
subchloride of copper, not less vividly true and fixed in their 
distinctness, than the orange- red light and strongly pronounced 
calcic-oxide spectrum of the other combination of chlorate of 
potash with a bitumen-conlnining substance. 

As regards the blue salt-flame, v\hose spectrum in its purity 
shows, no conspicuous lines, or bands of greatest brightness, 
it can hardly be doubted that the element chlorine, from the 
positions of its own principal line groups, contributes mainly to 
produce the blue coloration, at a temperature, in the fire, which 
is not high enough to dissocitte the sodic chloride and liberate 
sodium vapour, with its tell-tale yellow line, from its chemical 
union. In the green flame of chloride of copper the colour- 
ing groups of lines show a more detailed resemblance than this 
to the chief colorific lines in the elenientary chlorine spectrum,^ 
while in copper subchlorkle’s “bluest of blue** flames, the 
wide green light-bands of copper chloride fade out, leaving the 
colorific light concentrated almost entirely in three close pairs, 
or in six bright lines, which, if they do not coincide in place 
with, are at least not far di^tant in position from, three chief 

• A very suggestive example of a substance’s detection by rec 'gnition of 
its spectrum was described, with a drawing of the rec ^rded spectra, Mr. 
A. Percy Smith, in a short notice of h series • { observations on the spectra 
of chlorides, and on the blue fta uc f n salt, in the Cktmicai Ntias, 

V # 1 , 39, p. i4f (1S79). An examination of the flame-spectra -jf several 
diflerent chlorides, e tabled the author of iluit noti< e to recognise a common 
similarity am >ng them a'l to the spark- or fl vnie-specirum «'f hydrochloric 
acid gas. This gas showed a belt of green line-ban is which a^rc^-d in their 
ma n portions with the green portion of a long array of hani- pair* shown 
with much constancy by several dilfercnt alka ine and earthy chlorides, and 
especially by ammonium cblo ide, and hy mercurous chloride (or calomel, 
where the agreement w-as also verifled by a direct c itiiparisonX ma Bunsen 
flame; but no lin^-cmnterpar s to the equally bright, blue-lined portion of 
the saine constant spectral striaiion were observable in the hydrochl ^ric acid 
spectrum. 

From the easy conversion of ch’orides into the corresp onding oxides in a 1 
air-gas flame, when the flami is not kept arufic ally saturated with hydro- 
chloric acid we mighr. pret'y certainly assume that in the flame's 

ordinary condition, the heated chloride.s would always d^^eng'«ge sufl!icient 
chlorine to produce by comb na- ion with bydr gen in the coal-gas of the 
flame, traces of the stable product, hvtlrochloric acid gas. among the ga es 
of the flame’s combustion ; and the different chlorides would thus, by sup- 
po.stctons which may not perhap.s be unlikt-'y and ina lniU.sib'e, all supply the 
flame abke with the ^uD.stanrlal facMT needed, for the appearance of the 
green line portion of the constant •^f)e trum. 

At the same time new carbon-compounds wmild be r>rmed by dehydration 
of the flame's gaseous hydrocarbons, to furnish hydrogen to the liberated 
chlorine, and f-onie constant carb. n-gases ihcn. of n t ycr known descrip- 
tions, might be conjecture J just as comprehensibly and fidy, to be c n- 
currently productive in the constant chloride-rank's illiirainatiun, of the blue- 
line porti 111 of its bauds, « f which no spectral counterparts could be detected 
in the hydrochloric actd spectrum. 

But whether the interesting figure and description given by Mr. A. Percy 
Smith in the ab we pap-r, of his long .series of experiment^ may or maw not 
admit of such a simple spectro-cheni cal int rpre.ation. the conflicts 01 con- 
tending chcmiral affinities of wh.ch the sprctros<.:opic re< ognition of hydro- 
chl ric acid in flames fed with difTrreni chlorides furnisher siuch a wonderful 
example, give weight and value to the notes of the discovery recorded by 
Mr. A. Percy S luth, in a new wide field of the spectroscope’s utility, whicn 
are of mtich deeper interes* than any single theory to account only for th.$ 
particul.\r recognition and di.scoyery itself. 

Mr. A. Percy Smuh’sowri cipitall/ ba.se i, and clearly proved deductions 
from hi< numerous experiments were accordingly, in prospect of their 
• further prosecution, exjpreS'ied thus, quite generally : — lliat the bin; fl ims ^ 
common salt in a hot nre owei its col r^iiio 1 to reactions either exactly or 
very nearly similar to those which produce resemblance *if a nearly constant 
spectral ty|)e in different chloride flam-ss. to that of hydrochloric acid ; and 
thaf, agan, among the partly undeterrnined. ;vii ^nsrhaps tJ some extent 
variable re.icttjns which pr>dace the similarkty, there appear to he so ae 
which disturb and ino lify ordina»-y .ippjarancs of ihj h«rdrochlortc 
acid .spectrum, and wl^ch would appear tf supiradl to it a S3rie.s of 
blue line-bands which, as it is presented m a fl imi, or electrically in vacuum 
tiibesj the spectrum of pure hydrochl inc acid gas alone does not usudly 
exhibit. c 


line-pairs in the ordinary spectrum of chloride of opper. There 
is much in these resemblances which betokens kind of 

continuity of connection with the primary features of the chlorine 
spectrum itsdf ; the evidences of which, although thus displayed 
by cop er and chlorine in the spectroscope, may perhaps be 
sensibly regarded as having some near relation of analogy to the 
appearance of variable chemical comhiniug power under the in- 
fluence of light, between silver and chlorine^ presented in 
photography. But there is also, undoubtedly, a very marked 
distinciioi between the spectroscopic reactions** of these two 
different copper chlorides ; and, similarly, there are in the 
apparently mutable photochemical affinity between silver and 
chlorine in photography, two fairly .stable delimitations of its 
range, in the “sul>chloride ** for ars it has been te**med hy Mr. 
Clement Lea, the “photochloride’*) of silver, and inordinary 
silver-chloride. Further discriminations of the copper-chloride 
spectra in intermediate forms which they seem to comprise 
transitionally heiween the two definite ones of the chloride and 
subchloride, would perhaps extend and strengthen this analogy, 
and may not impossibly help, at some future lime, to explain an(l 
illustrate it, if there is any real soundness in it, more fully and 
completely. 

The example of fluoride of calcium i.s a curious one in spectrum 
analysis, where sprinkling fluor-spar dust in a Bun^en-flame 
produces, in aildition to the normal calcic oxide .spectrum of one 
orange red and one green band, a second bright and narrow 
green one at a dislance from the first about equal to that of the 
red band from it. Phere are no other distinguishable bands. 
But if the pair of normal ones i.s really due to calcium-oxide 
vapour produced by decomposition in the flame, it is not very 
easy to conjecture to what other product of decompositi )n the 
additional, sharply definecl and brilliant, solitary green band can 
be ascribed. The spectrum of hycirofluosilicic acid gas presents 
a very gorgeous hand-array of violet-blue lines, whose lustrous 
group is pnibably indicarive of near neighbourhood in place to 
some bright line concentration in the .spec rum of fluorine itself ; 
but if so, the collection of its colorific .siren*/lh in the single 
additional green line of the fluor-spar »|>ectrum, seems to imply 
a freedom from iiniformiiy in fluorine’s power of imparting 
spectral coloration to its c unpounds, ju t oppcwiie to 1 he sensible 
continuity and kinship of .sfiectral clusterings, above described, 
which the presence of chlorine appears to impose upon its com- 
pounds by common resemblances discernible in the blue light- 
ascendencies of (he fire* flames of common salt, chloride and 
subchloride of copper, when they are spectroscopically analyzed. 

A. S. IIerschel. 

Observatory House, Slough, March 3. 

Brush-Turkeys on the Smaller Islands North of 
Celebes. 

Thid reviewer of Dr. Hickson’s book, “ A Naturalist in North 
G;lel>es*’ (March 20, p. 458), l>elieves that the bru'ih-turkey or 
moleo, Megacefhalon has never been recorded as occurring 

in the smaller islands north of Celebes. 1 beg to remark that in 
the yeair 1879 I recorded this species from Siao, and in the year 
1884 from Great Sangi, on lK>th of which islands, Ijesides, occurs 
a Megapodius peculiar to them, viz. M, sanghirtns*s^ Schlegel, 
representing there gilherli^ Gray, from Celebes (See the Ibis^ 
1879, p. Z39 ; Jsis^ 1884, pp. 6 and 53, &c.). Perhaps Mr. 
Guillemard did not c emprise Siao and Great Sangi under the 
head of “smaller islands,” but Dr. Hickson himselt (p. 95) re- 
cords two brush- turkeys from the smaller island of Tagulanciang, 
a larger and a smaller one, and these must be \jegaciphalon 
maleo and a A/egapodius. Tagolandang is situated between 
Celebes and Siao, and much nearer 1 1 the latter island. From 
the volcano klet of Ruang, opposiie and within about a mile 
from Tagulandang, he only records (p^ 41) one brush-turkey, apd 
this, of course, may lie either the Megacepbaion or a Afigap^ius^ 
if Ixith do not occur, as appears rather probable, when I 
visited Ruang in 1871 after the heavy eruption in March of that 
year (see Nature, toI. iv. p. 286), neirly the whole of its 
forest was destroyed and burnt down, and I do not believe 
that a living brush-turkey then remained on the islet ; but it has 
since been repeopled fromdts near neighbour, Tagulandang, where 
both species occur, and therefore, if the one could reach Ruang, 
the other may have reached it too« This is of noconsequence at 
ail. Dr. Hickson’s following remark as to brush-turkeys on 
Tagulandang (p. 95), **The larger bird is perluips Megapo- 
dius sanghtremis of Schlegel, a brush turkey, which is bigger 
than the AJegacephaton^ and extends over the Sangir Islands,” 
contains a mistake, as M. sanghinmis is much smaller than 
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Megacephaloti mtleo. The reviewer corrects, by the way, my 
filing the Celebean whimbrel Nnmenius p/ueopus, saying that it 
is probably N. uropvgialit, but theae two names are synonymical. 
cf. for instance, Salvaclori, Or//. Pap., iii., 332, 18S2, sub N. 
variegatus. As to its nesting on small trees “small brushes” 
were intended to be implied (sec Legge, “ Jiirtls of Ceylon,” 
1880, p. 913). A. B. Meyer. 

Royal Zoological Museum, Dresden, March 22. 

Crystals of Lime. 

It was pointed out to me by Mr. W. J. Pope, of the City 
and Guilds of London Institute, that a lime cylinder which had 
Iteen used in the lantern during a lecture had become distinctly 
cry>talline where affected by the oxyhydrogeu flame. 

Examined under the microscope by polarized -light, the crystals 
are seen to be well-defined cubes with striated faces. When 
immersed in water they break up and give rise to minute doubly 
refracting plates of rhombic outline, behaving in this respect like 
ordinary lime ; the cubic crystals, however, are less rapidly 
affected by exposure either to air or water than is amorphous 
lime. 

Lime is commonly stated to be infusible at the temperature of 
the oxyhydrogen blow-pipe ; and the only crystals previously 
recorded, so far as I know, are those obtained by Hriigelmann, 
by fusing calcium nitra'e {An/iale/t tier Physik t/nd Chemie, 
ii. p. 466, iv. p. 277, 1877 -78). It seems, therefore, woithy 
of notice that they are possibly always formed upon the surface 
of the lime cylinders by the action of the oxyhydrogen fl.ame. 

The crystals resemble in all resi>ects those rlescribed by 
Hriigelmann. The jet used on the present occasion was an 
ordinary blow-through jet. II. A. MitKS. 


Foreign Substances attached to Crabs. 

T AM glad to see that Mr. Garstnng agrees with me in regard- 
ing the presence of the Ascidians on Ilyas as accidental. 

I had no intention of decrying the value of Mr. (iarstang’s 
cx|)eriments with Ascidians, but his rule might, perha.rs, be 
limited to those members of the group to which it can be proved 
to apply. Under natural conditions it apparently fails to apply 
to/*, co/'/'uga/a and /)/. a/vt/osa. As to the latter. Prof. Meinto h 
assures me th.ai he has freiiuenily found it in the stomach of the 
cod and haddock. 

'I’lic appreciation of the cod for .4. ///esi-//il>/'ya/ifhe//////n is, I 
think, sufficiently proved by the fact that the latter is one of the 
most successful cod-baits used here. 

Ernest W. L. IIoi.t. 

St. Andrews MaHne I.aboratory, March 29. 

Wimshurst Machine and Hertz’s Vibrator. 

It may interest those who wish to repeat Hertz’s experiments 
on electro-magnetic radiation to know that many of these can 
done very well by using a small Wimshurst machine in place 
of the usual induction coil and battery. The vibrator and re- 
sonator which we used were like those described in Nature 
(vol. xxxix. p. 54 ^b the Wimshurst machine had two 

1 2-inch plates (giving at most with the jars on a 4-inch spark). 
The wires from the vibrator, instead of being connected with an 
induction coil, were connected with the two outer coatings of the 
jars of the machine. The machine spark-gap and the vibrator 
spark-gap should be so adjusted that when a spark occurs at 
the former one also occurs at the latter. With the apparatus 
described we got good results when the spark-gaps were 38 mm. 
and 3 mm. respectively. The outer coatings of the jars are only 
connected together by the wood of the machine, but it is some- 
times an advantage to put a few inches of damp string between 
the balls of the vibrator. 

This combination„is obviously a modification, adapted to work 
a Hertz vibrator, of one of Dr. Lodge’s well-known Leyden jar 
arrangements. 

No doubt many persons have connected the vibrator directly 
with the terminals of the machine, but this arrangement does not 
work nearly so well. T. A. Garrett. 

W. Lucas. 

THE INSTITUTION OF NAVAL ARCHITECTS. 

T he annual meeting of the Institution of Naval Ar- 
chitects was held under the presidency of Lord 
Ravenswortb, on Wednesday, Thursday, and Friday of 


last week. There w.ns a fair list of papers On ‘the pro- 
gramme, although at one lime, shortly before the meeting, 
it wife leared that there would be a sad lack of contribu- 
tions fiom members. -At the last minute, however, one 
or two papers came ih, and the lisr, although perhaps 
below the average in the importance of the memoirs, 
was of passable interest. 

The following is a consecutive enumeration of the 
business that was transacted at the meeting 

Wednesday, March 2bth : morning sitting — Annual 
Report of the Council, and otherl-outine business ; Address 
by the President. Paper read and discussed — Notes o'n 
the recent naval manueuvres, by Mr. W. H. White, 
F.R.S., Director of Naval Construction. 

Thursday, March 27th: morning sitting -The Maii- 
time Conference, by Rear-Admiral P. H. Colomb ; 
strength of ships, with special reference to. distribution of 
shearing stress over transverse section, by Prof. P. 
Jenkins; steatite as a pigment fOr anti-corrosive* paints, 
by Mr. F. C. Goodall. Evening sitting— On the evapora- 
tive efficiency of boilers, by Mr. C. E. .Stromeyer ; on 
the application of a system of combined Steam aivd 
hydraulic machinery to the loading, discharging, and 
Steering of steam-ships, by Mr. A. 11. lirov^n ; the 
revolving engine applied’ on ship-board, by Mr. Arthur 
Rigg. 

Friday, March 28th ; morning sitting— On leak stopping 
in steel ships, by Captain C. C. Penrose Fitzgerald, R.N. ; 
on the variation of stresses on vessels at sea due to wave 
motion, by Mr. T. C. Read ; spontaneous combustion in 
coal ships, by Prof. Vivian Lewes. Evening sitting 
Experiments with life-boat models, by Mr. J. Corbett ; on 
the screw propeller, by Mr. James Howden. 

The annual dinner was held on the evening of 
Wednesday. 

Out of the above list of a dozen papers there were fewer 
than usual of scientific interc.st, an I, indeed, in one ©r 
two instances they were not either distinguished by prac- 
tical interest. Mr. White’s paper, which formed the ///Vv 
de resistance of the meeting, was of military rather than 
scientific importance, and was chiefly notable from the 
number of admirals that took part in the discussion ; 
indeed, the whole naval contingent of the Board of 
Admiralty was present to hear the paper read. Admiral 
Colomb’s paper on the recent Washington Maritime Con- 
ference was practically reduced to a consideration of the 
rule of the road at sea. The general opinion of the 
authorities assembled appeared to be that the present rule 
of the road is very well as it stands, with the exception 
that the “ holding-on ship ” should not be required, or 
even allowed, to slacken her speed. This seems in 
conformity with common- sense. If two ships are 
converging towards a point, say at right angles 
to each other, and one shifts her helm to go under 
the other’s stern, if the second, or holding-on ship, 
slacken speed, the probability will be that the giving-way 
ship will crash into the other’s broadside or cross her 
bows ; in the latter case, there is probability that the 
holding-on ship will give the other her stem. What is 
most wanted^when danger of collision arises, is certainty 
on each vessel as to what the oth;r may be going to do. 
If the holding-on ship never slacken speed — is not 
allowed to slacken speed — then the other vessel knows 
exactly what course to take ; as the law stands, the 
quartermaster, or officer in charge, is never quite sure 
until the last minute, e.-pccially at night, whether the 
other ship considers there is danger of collision or not, 
and, therefore, whether she will slacken or Reep to full ' 
speed. We anticipate the proposed alteration, »f put in 
force, will greatly lessen the list of collisions. 

The memoir contributed by Prof. Jenkins on the 
strength of ships was decidedly the most important 
contribution to naval science of this year’s meeting. 
The paper will open up to the majority of those practi- . 
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caliy engaged in the design of ships a new iieldjhf research^ 
the investigation of which will enable them to solve 
some problems which have hitherto been withdut ex> 
planation. That is, speaking generally — for the influence 
of longitudinal bending moment on bearing stress has 
beford been investigated by naval architects ; notably 
by Mr. W. H. White, ^e Director of Naval Construc> 
tion, and Mr. W. John. This, however, was many 
years ago, and in connection with wooden ships with 
no longitudinal connection between the planking except 
that supplied by dowefls, the friction of the edges, and 
the “anchor-stock*’ shape of the pieces. It will be 
evident, therefore, that previous investigations must 
have been of a qualitative, rather than of a quantita- 
tive, form.; and the world of naval architecture is much 
indebted .to the occupant of the John Elder Chair at 
Glasgow for putting the problem on a practical quanti- 
tative basis. 

Th 4 paper contributed by Mr. C. E. Stromeyer had a 
most attractive title, “The Evaporative Efficiency of 
Boilers ” ; and a good many of the working marine 
engineer members of the Institution, who were acquainted 
with the thorough manner in which the author follows up 
all his work, had assembled to hear the paper read, and 
take part in the discussion. We are afraid it must have 
been somewhat of a disappointment to several of those 
gentlemen when they turned over the leaves of the paper 
as it was placed in their hands, and found that the matter 
was rather of a suggestive than of a conclusive character. 
There is so much business to be crowded into the three 
days’ annual meeting of this Institution that it is necessary 
the papers should be read with despatch ; and we quite 
sympathize with the engineer whose daily task is of an 
administrative rather than a contemplative nature, when 
he is asked to assimilate at a galloping pace two or three 
pages of mathematical formulae of by no means an 
every-day character. 

Mr. Stromeyer confined himself chiefly to a considera- 
tion of the relative distribution of efficie..cy in the tubes. 
He points out that the distribution is governed partly by 
the temperatures in the combustion-chamber and smoke 
box, and partly by the resistance of gas in the tubes, and . 
this again depends upon the velocity and temperature 
of the gas, and on the loss of heat experienced by it. 
Mr. Longridge has found that the coefficient of trans- j 
mission of heat through boiler-tubes or combustion- 
chamber plates is eleven calorics of heat per square foot 
per hour for every degree F. of difference between the 
gas and the water : o'oqi is the reciprocal value, and is 
the resistance offered to the flow of heat under the above 
condition. This resistance is offered when heat passes 
from one medium to another, as, for instance, from the 
gas to the metal, from the metal to the boiler scale, or to 
the water, and it also includes the resistance offered by 
the metal to the scale. For iron and boiler scale the re- 
sistances are 0'00202 and 0 207 per inch thickness ; so 
that a clean ^-inch plate would offer 0 001 resistance ; or, 
if covered with scale one-tenth inch thick, the resistance 
would be o’ooi + o‘02i = 0*022. 

Arguing from these facts the author concludes that the 
chief resistance, about 80 per cent., is encountered at the 
surfaces ; and he doubts whether the change of medium 
from iron to scale, and to water, influences the values very 
much. The chief difficulty in transmitting heat from the 
gas to the tubes is want of circulation, or admixture of gas 
in the tubes. He speaks favourably of draught retarders, 
corrugated tubes, and ribbed-tubes for the purpose. 

Mr. Strqmeyer next refers to the experiments of 
Haverez (see du C^nie Civil, 1874), by whom it was 
shown that more heat is absorbed in the fire-box with 
flaming material than with flameless coke. It is well 
known that a luminous flame radiates more heat than 
one which is non-Iuminous ; and it is for this reason that 
the latter may not be used in the i^iemens-Martin furnace. 


For reasons -gjlveu, Mr. Stromeyer would prefer. that, in 
the formulae used by Mr. Longridge for heating boiler 

tubes, the coefficient of resistance ^ should be somewhat 

increased ; say from 0 091 to o'l. This the author works 
out in detail.^ We have stripped Mr. StromeyeFs argu- 
ments of their mathematical aspect, as, however interest- 
ing the matter nuty be, we have not space to do it justice. 
We must refer those of our readers who are sufficiently 
interested in the subject to the Transactions of the 
Institution. 

Mr. Macfarlane Gray, of the Board of Trade, was the 
chief speaker in the discussion which followed. He said 
he could not pretend at one reading to follow the author 
in all his reasoning. Mr. Fothergill, who is the superin- 
tending engineer to a north country line of steamers, 
gave the meeting the benefit of his practical knowledge 
upon the subject. Mr. F'othergill is well qualified to 
speak on the question of the evaporative efficiency of 
marine boilers, as he has made an especial study of the 
matter in the actual v/orking of vessels in connection with 
his well-known researches on the subject of forced 
draught on ship-board. 

Mr. Brown’s paper was one of unusual interest to the 
members of the institution. In it be described the most 
recent development of that beautiful system by which he 
has so vastly improved the loading and discharging of 
cargo on steam-ships, and the steering of vessels. The 
paper was illustrated by several diagrams without the aid 
of which it would be impossible to make clear the details 
of the very ingenious methods* by which the author has 
applied his combined steam and hydraulic practice to the 
purposes named. Briefly stated, it may be said that, in 
lace of the usual deck winches, there is placed at every 
atch a derrick, having mounted upon it the hydraulic 
cylinder which supplies the motive power to lift the 
goods. The steering motor is placed directly on the 
quadrant of the tiller, and is actuated from the bridge by 
means of what the author describes as a telemotor. The 
transmission of the controlling force which governs the 
steering motor is through hydraulic pipes ; a vast im- 
provement on the rattling chains and rods now in com- 
mon use. In fact the great virtue of Mr. Brown’s system 
is its quiet working. 

Mr. A. Rigg’s revolving engine is an ingenious device, 
perhaps better suited to water than steam. It was fully 
described in Section G at the last Birmingham meeting 
of the British Association. 

“ Leak Stopping in Steel Ships ” was the somewhat 
misleading title of a rather weak paper by Captain 
Fitzgerald. The only point the author suggested was 
that war-ships should be outside sheathed with wood in 
order that there might be some attachment to which leak 
stoppers could be affixed. The contention that the swell- 
ing of wood by moisture that takes place, or used to take 
place, when a shot cut through the side of an old man-of- 
war is quite beside the mark, as we suppose no one pro- 
poses to make the wood sheathing of a modern steel 
steamer as thick as .the sides of our old wooden walls. 
Three or four inches of elm would do very little swelling 
when pierced by a modern projectile of any considerable 
size. 

Mr. T. C. Read’s paper on the variation of stresses at sea 
is another of those contributions which are the despair of 
the practical naval architect, not over-given to abstruse 
science, who attends the meetings of his Institution, hoping 
to take part in the discussions. We are quite at one with 
the speaker, Mr. Alexander Taylor, who proposed that a 
rule should be passed compelling contributors to send in 
their papers sufficiently early for them to be printed and 
distributed to members before the meetings. The exe- 
cutive say it cannot be done, but it would be worth 
trying for a time. 
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ProC Lewes’s paper on the ignition of coal cargoes was 
quite a new d^anure in the practice of the Institution. 
When the members assemble they found an array of 
bottles, flasks, and chemical apparatus, that was not a little 
puzzling to those not in the secret, and must have reminded 
many of the dear old Polytechnic days and Prof Pepper. 
However, the lecture, and the experiments by which it 
was illustrated, were of a thoroughly sound and prac- 
tical nature. The question of spontaneous ignition of coal 
canoes is one for the ship-owner rather than the ship- 
builder ; excepting that ship-builders have to replace the 
vessels which are destroyed by reason of such spon- 
taneous ignition. The lecturer illustrated the influence 
of carbon in producing heating by the power it possesses 
•of attracting and condensing gases upon its surface. The 
action of the bituminous constituents of the coal in spon- 
taneous ignition was next dealt with, and the author then 
proceeded to point out the important part the action of 
iron disulphide, pyrites, or coal-brasses played in pro- 
moting spontaneous ignition. The remedy Prof Lewes 
advises for the evils of spontaneous ignition are : 
firstly, non-ventilation of holds, so that oxygen may 
not be admitted to carry on the chemical processes by 
which heat is generated ; secondly, by placing thermo- 
meters, suitably protected, in the mass of coal, so that, 
by electrical communication, warning may be given when 
the temperature rises to a dangerous point ; and, thirdly, 
by placing flasks of liquid carbonic anhydride in the 
coals, the flasks to be sealed by an alloy with a low 
melting-point. This would be fused when the dangerous 
temperature was reached, and the carbonic acid, in 
expanding to its gaseous state, would cool the mass of 
coal to a safe temperature. 

At the last sitting of the meeting, Mr. Corbett’s paper 
on lifeboat models raised a lively controversy. The Royal 
National Lifeboat Institution had brought Mr. G. L. 
Watson all the way from Glasgow to meet the bold 
innovator who proposed to abolish their cherished self- 
righting boats. Of course, who is right remained an 
■open question, as it always does when the properties of 
lifeboats are concerned. 

Mr. Hpwden’s paper on the screw propeller was of 
great length, containing no less than twenty-four pages 
without the appendix. Mr. Howden, like many other 
people, has a theory of his own on the screw propeller, 
which is opposed to that of all other authorities on the 
subject; for he believes that Rankine, Froude, Cotterill, 
and others, have based their conclusions on erroneoife 
premises. It will be evident that we cannot enter into 
this vast subject at the end of a notice such as this, but 
we may briefly record our opinion that the older authori- 
ties were right. 

On the whole, the meeting passed off very well. The 
attendance was good, and Mr. Holmes, the secretary, 
had made his arrangements so that the business pro- 
ceeded without a hitch, as, indeed, is invariably the case 
at this well-managed institution. 


BOURDON'S PRESSURE GAUGE. 

M r. WORTHINGTON’S letter to Nature, January 
30 (p. 296), on the theory of this instrument^ has 
excited some criticism and disagreement of opinion : so 
it is proposed to examine here how far it is possible to 
construct a theory which shall be quantitative, in addition 
to giving a general explanation of the action. 

The instrument is in very extensive use, hardly a 
steam-boiler being in existence which is not provided 
with one ; and the simplicity and strength of the con- 
struction are such that it does not easily get out of repair, 
while it can be made to register either the highest pressure 
of the hydraulic press, or to record in the form of a baro- 
meter the minute fluctuations of atmospheric pressure. 


The principle of the hisfrument was discovered by 
accident, aijd-.the account of this had best be given in 
the inventors own wbfds, taken from the paper .reaid by 
him before the Institution of Civil Engineers, printed in 
the Proceedings I.C.E., vol. xi., p. 14, 1851 : — • 

The author had occasion to construct a worm-pipe for 
a still, by bending a cylindrical tube into a spiral or 
helical form. The workman performed the operation 
awkwardly, and partially flattened a considerable portion 
of the tube. In order to restore its form, one end was 
closed and the other was connected with a force-pump, by 
which water was forced into the tube ; as the flattened 
portion of the tube resumed its cylindrical form, it was 
observed that the spiral uncoiled itself to a certain extent, 
and it was immediately perceived that this action might 
be applied to the construction of a pressure gauge.” 

To construct, then, a Bourdon gauge to register high 
pressures {vtde figure, representing a gauge fitted to an 
indicator, not shown) a steel tube bored out of the solid 
bar to the requisite thickness for strength is taken, and 
purposely flattened, and then bent round into the arc of 
a circle so that the longer axis of a cross-section stands 
at right angles to the plane of the circle : one end of the 



tube is screwed to a pipe which communicates with the 
liquid whose pressure is to be measured, while the other 
end is closed and joined by levers and racks to a shaft 
and a pointer, which traverses a dial on a box in which 
the curved tube is enclosed. 

As the pressure in the tube is increased, the circular 
axis uncoils into a larger circle of smaller curvature, and 
the corresponding indications of the pointer on the dial 
are marked ; and thus the instrument is graduated 
empirically reference to some standard pressure gauge. 
As the pressure is again diminished, the elasticity of the 
tube brings it back to its original form, and the pointer 
retraverses the dial. 

Lord Rayleigh gives an elementary explanation of the 
action of Bourdon’s gauge in the Proc. Royal Society, 
No. 274, December 13, 1888 ; treating the movement of 
the walls of the tube. as one of pure bending, he says: — • 

*' In this instrument there is a tube whose axis lies along 
an arc of a circle and whose section is elliptical, the 
longer axis of the ellipse being perpendicular to the 
general plane of the tube. If we now consider the 
curvature at points which lie upon the axial section, 
we learn from Gauss’s theorem (that in the bend- 
ing without stretching*^ of an inextensible surface, the ’ 
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product of the principal radii of curvature of the 
surface at any point remains constant) that a dimit^shed 
curvature along the axis will be accompanied by a nearer 
approach to a circular section, and reciprocally. Since a 
circular form has the largest area for a given perimeter, 
internal pressure tends to diminish the eccentricity of the 
elliptic section, and with it the general curvature of the 
tube. Thus, if one end be Bxed, a pointer connected with 
the free end may be made to indicate the internal pres- 
sure.” Lord Ra>leigh tylds, “ It appears, however, that 
the bending of a curved tube of elliptical action cannot 
be pure {i.e. unaccompanied by stretching), since the 
parts of the walls which lie furthest from the circular 
axis are necessarily stretched. The difficulty thus 
arising may be obviated by replacing the two halves 
of the ellipse, which lie on either side of the major axis, 
by two symmetrical curves which meet on the major axis 
at a angle." 

Ip fact some Bourdon gauges, notably those required 
for low pressures only, and requiring great sensibility 
but not much strength, are constructed in this manner, 
and the difficulty of manufacture is thereby considerably 
reduced. Barometers are constructeci in this way, and 
give good results ; the tube is partially exhausted of 
air, and closed at both ends ; and now an increase of 
external atmospheric pressure tends to flatten, and thws 
curl up the tube. 

In constructing any theory, we are then immediately 
brought up by the great difficulty at present engaging the 
attention of our mathematiral elasticians, such as Ray- 
leigh, Basset, Pearson, and Love ; who are not agreed as 
to how far \t is legitimate to theorize on the equilibrium 
of elastic shells, by treating separately the beniJlng and 
the stretching as independent of each other, and con- ' 
sidering the first— the bending — of the most importance. 

If we take a piece of thin sheet metal in our hands, we 
find we can bend it with comparative ease, but any 
stretching we can produce is quite insensible ; and it is 
thence argued that bending only Is likely to take place, | 
as so easily produced ; and apparently reversing the ; 
ordinary mathematical procedure, the large stresses due 
to any stretching are neglected, as not likely to be in 
existence. These difficulties confront us in any attempt 
at a rigorous theory of the instrument, which would give 
quantitative results, enabling us to graduate the instru- 
ment from a formula. 

The Rev. E. Hill has given in the Messenger of Mathe- 
matics, vol. i., 1872, an explanation of the Bourdon 
metallic barometer, treating the question as one of pure 
bending, and giving a quantitative formula for the change 
of curvature a of the total curvature d in terms of the 
change .r in the semi-minor axis h, viz. «/d = x/fi. But 
the determination of x/h for a given change of pressure 
is as yet an intractable mathematical problem, even for 
the simplification of supposing the tube a straight elliptic 
cylinder. 

When we attempt to determine mathematically the 
pure bending produced in an elliptic cylinder by an 
increase of internal pressure and consequent tendency of 
the cross-section to the circular form, we jre baffled by 
the analytical difficulties of determining the change in 
the length of the axes of the section, subject to the con- 
dition of keeping the perimeter unchanged in length, 
this length being expressed by a complete elliptic integral 
of the second kind, of which the modulus is the eccen- 
tricity of the ellipse. This problem was mentioned by 
Sir W. Thomson at the British Association in 1888 ; but 
we have not yet seen any development of it published by 
him. 

Mr. Worthington, on the other hand, treats the ques- 
tion from the point of view of pure stretching ; and now, 
with rectangular cross-section of the tube, as he supposes, 
a thrust in the inner wall due to the internal pressure will 
cause this wall to contract, while the pull in the outer 


wall will cause this wall to elongate ; And thus-ah increase 
of internal pressure would cause the tube to curl up, the 
opposite effect to what happens w*hen the bending effect 
due to the outward bulging of the fiat walls is consideredi 
the lending phenomenon. 

Even with a circular cross-section the stretching 
hypothesis would prove that the tube curls up under- 
internal pressure ; but this effect would be so small 
as to be imperceptible, because of the enormously 
greater stresses required for stretching than for bending 
in a thin tube ; and this is found to be practically the 
case, inasmuch as the circular cross-section of the tube 
destroys all indications ; and further, that the indications 
of the tube are reversed in direction when the axes of the 
elliptical cross-section are interchanged so that the minor 
axis is perpendicular to the plane of the circular axis of 
the tube. 

The action of Bourdon’s gauge is a differential effect ; 
the bending of the surface changes the curvature one 
way, and the stretching produced by the same pressure 
the other way ; but the bending effect is so much greater 
than that of stretching, that the latter may be left out of 
account 

In Gunnery we have, in a similar manner, two ant- 
agonistic causes producing a tendency for an elongated 
rifled projectile to deviate from a vertical plane of motion. 
If fired from a gun rifled with a right-handed screw, the 
vortex set up in the air by the spinning of the projectile 
causes difterences of pressure, tending to deviate the 
projectile to the left, and this effect is sometimes very 
noticeable with golf or tennis balls ; but, in addition, the 
forces set up by the tendency of the projectile to fly with 
its axis in the tangent of the trajectory urge the projectile 
to the right, and these latter forces are found to prepon- 
derate in practice. 

A mathematician might be tempted to apply to the 
problem of Bourdon’s gauge the formulas on the equi- 
librium of elastic plates and their change of curvature, 
anticlastic and synclastic, which are given in Thomson 
and Tail’s “ Natural Philosophy” (§§ 71 1-720), but these 
formulas apply only to a plate originally plane; and, 
besides, the applied pressures of the liquid complicate 
the analysis of the question to an extent which has not 
yet been overcome by elasticians. 

The final conclusion would thus appear to be, that any 
quantitative formula cannot be hoped for yet, for a long 
time ; but that Lord Rayleigh’s reasoning, quoted above, 
gives a clear and concise descriptive explanation of the 
action. 

The analogous practical problem of the resistance of 
flues to collapse stUl stands in need of a rational theory, 
when the supporting influence of the ends or of collapse 
rings is taken into account. When this question has 
received satisfactory treatment at the hands of theorists, 
we may hope to pass on to the far more difficult quanti- 
tative theory of Bourdon’s gauge. 

A. G. GrI'XNHIll. 


NOTES. 

The half-yearly general meeting of the Scottish Meteoro- 
logical Society was held in the hall of the Royal Scottish 
Society of Arts, Edinburgh, on Monday afternoon, 'fhe follow- 
ing papers were read : — Influenza and weather, with special 
reference to the recent epidemic, by Sir Arthur Mitchell and 
Dr. Buchan ; the temperature of the high and low-level Ob- 
servatories of Ben Nevis, by T. Omond, Superintendent ; 
thunderstorms at the Ben Nevis Observatory, by K. C. 
Mossmann. In the last Report presented by the Council, refer- 
ence was made to a proposed sjrstematic observation of the 
numbers of dust-partides in the atmosphere with the instrument 
recently invented by Mr. John AUken, and an opinion was 
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•expressed that, for many reasons, Ben Nevis Observatory was 
the place where such observations could be most saii-factorily 
conducted. From the Report presented on Monday, we learn 
"that a grant of been obtained from the Government 

Research Fund for commencing tliis novel and important in- 
vestigation. Two instruments, constructed by Mr, White, 01 
•tjlasgow, under the direction of Mr. Aitken, have been obtained 
— one to be placed jwmanently within the Observatory itself, 
^nd the other, a portable instrument, for outdoor observation. 
Both instruments are now at the Observatory, and the regular 
work of observation has begun. The Report also states that 
the delay in completing the buildings of the low-Icvel Ob- 
servatory at Fort William turned out to be more serious than 
w’as contemplated. This has arisen from various causes, chiefly 
from the great drought in the West Highlands last summer 
rendering it necessary that the ships conveying the stones for 
the building from Elgin be sent round the north and west coast 
instead of through the Caledonian Canal, which for the time | 
was closed for through trafiic ; and also from the wet, broken ' 
weather of the past winter. In about three weeks the Ob-erva- 
lory will be completed, and immediately thereafter the xMeteoro- 
logical Council will erect the self- registering instruments which 
were originally at Armagh, and otherwise supply a complete 
outfit of instruments fof a first-class Meteorological Observatory. 
An additional observer has been engaged, and the staff of the 
(wo Observatories now consists of Mr. Omond, superintendent, 
and three assistants. By arrangement with the Post Office, direct 
communication will be opened between the two Observatories. 
The regular work of recording the continuous observations will 
bo begun in May. The Directors of the Ben Nevis Observatory 
will thus soon be in a position to put scientific men in possession 
of iw^o sets of hourly observations of the completest description, 
one at the top and the other at the foot of the mountain. With 
these observations, the changes of the conditions of the weather 
may be followed hour by hour ; particularly those great changes, 
so vital and essential to the advancement of our knowledge of 
storms, which lake place in the lowermost stratum of the atmo- 
sphere between the two Observatories. It is within this aerial 
stratum, of a vertical height of 4406 feet, that the gradual 
development of many weather changes from hour to hour may 
be satisfactorily investigated. 

The Chemical Society held its first anniversary dinner at the | 
Hotel Metropole on Thursday evening last. Among those* 
present were the Presidents of the Royal Society, the Institute 
of Civil Engineers, the Society of Chemical Industry, the 
Institute of Chemistry, the Pharmaceutical and the Physical 
Societies, Sir F. Abel, Sir Henry Roscoe, Sir F. Hramwell, 
Mr, l^hiseltoii-Dyer, Prof. J. Dewar, Dr. J. H. Gladstone, and 
Mr. W. Crookes. Dr. W. J, Russell, the President, in pro- 
posing posperily to the Chemical Society, sketched briefly the 
history of its rise and development. Sir Frederick Abel gave 
the toast of “Kindred Societies and Institutions, referring to 
the far-reaching character of the science of chemistry. There 
was not, he said, a single society or institution which was not 
dependent up )n chemists for, at any rate, some amount of the 
usefiflness which it exercised. The Royal Society was the great 1 
parent of them all ; and the Royal Institution demanded special 1 
homage on account of the splendid discoveries made under its 
auspices, so many of which were specially interesting to chemists. 
Sir G. Stokes, in response, said that though specialism had been 
gaining ground very widely of late years, and though each 
branch of science had its own particular exponents enrolled in 
•their own association, yet the old society, with which he had the 
honour to be closely connected, was not altogether effete. lie 
thought that chemistry had as much need of cognate societies as 
• any other branch of scientific research. Sir Lowthian Bell also 
replied. Prof, M. Foster, secretary to the Royal Society, 


proposed “The Visitors,** and the toast was responded to by 
Sir F 0 Bramwell and by Mr. Thisdton Dyer. The health of 
the chairman was proposed by Sir II. Roscoe. 

On Friday evening last the learned societies of Newcastle 
held their second annual gathering at the Durham College of 
Science. Among the societies represented were the following : 
the Durham College of Science, Engineering Students’ Club, 
Foremen Engineers and Draughtsmen, Geographical Society, 
Institute of Mining and Mechanical Engineers, Literary and 
Philosophical Society, Medical Society, Microscopical Society, 
Natural History Society, N.E.C. Institution of Engineers and 
,ShipbuiIders, Pharmaceutical Association, Photographic Associa- 
tion, Society of Antiquaries, and Society of Chemical Industry. 
The Newcaitle D.iily Journal says that the professors of the 
Durham College of Science “ worked hard for the success of 
the gathering,” and that “the exhi uts which they expl^ned in 
I the chemical, physical, geographical, botanical, and other 
! departments in the building, afforded a vast amount of pleasure.” 

By permission of the trustees of the British Museum, the 
•ronversdzwnc of the ,Society of Arts wdll be held this year at 
the Natural History Museum, South Kensington. 

aMR. Wragge, Government Meteorologist, (Queensland, has 
been dangerously ill with fever caught some time since in his 
tours of inspection. He has now gone to the Darling Downs 
to recruit his heath, which has been scri )udy undermined. 

The following lectures on scientific subjects will probably be 
lelivered at the Friday evening meetings at the Royal Institu- 
tion after Easier : — Friday, April 18, Sir Frederick Bramwell, 
F. R.S., welding by electricity; Friday, April 25, Sir John 
Lubbock, Bart., M.P., F.R.S., the shapes of leaves and 
cotyledons ; Friday, May 9, Mr. R. Brudenell Carter, colour- 
vision and colour-blindness ; Friday, May 16, Prof. Raphael 
Meldola, F.R.S., the photographic image; Friday, May 23, 
Prof. A. C. lladdon, manners and customs of the Torres 
Straits islanders; Friday, May 30, A. A. Common, F.R.S., 
astronomical telescopes; Friday, June 6, Prof. W. Boyd 
Dawkins, F.R.S., the search for coal in the South of England. 

At the twenty-first annual meeting of the Norfolk and 
Norwich Naturalists’ Society, held at the Norvyich Museum on 
March 25, Mr. Henry Seebohm was elected president for the 
ensuing year. The treasurer’s report showed that the financial 
condition of the Society was very satisfactory, and that during 
the past year there had been an increase of several members. 
The retiring president, IV. Taylor, after briefly reviewing the 
work of the Society during the past year, delivered an address 
on “Microbes.” 

The London Geological Field Class, under the direction of 
Pn)f. H. G. Seeley, K.R.S., has made arrangements for a num- 
.>er of excursions, in which many students might find it pleasant 
and profitable to take part. One set of excursions is specially 
arranged for the practical study of geography. Others arc 
planned for th<^ illustration of the geological structure of the 
lx)ndon district. 

A VIOLENT earthquake shock was felt at Trieste on March 26 
at 20 minutes past 9 p.m. 

At the last meeting of the Scientific Committee of the Royal 
lorticultural Society, Mr, Morris alluded to the peculiar 
vegetation of St. Helena, now confined, for the moat part, to a 
•mall area in the central and higher part of the island. Many 
of the trees formerly native to the island are now all but, or 
quite, extinct. Among them is a species of Trochetia, or 
Melhaida. The trunks of this tree are embedded in the cliffs 
of the island, and are dug out by the inhabitants for the sake of 
manufacturing ornaments, Ijhe following qugtation from Melliss’s 
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exhaustive work on St. Helena refers to this plant: — 

Native Ebony of St. Helena. — This plant I believe to now 
extinct. It formerly grew on the outer portions of the island^ 
near the coasts at altitudes of 2 to 4, where the weather- 
beaten ^sterns are still found deeply embedded in the surface- 
soil. The last plant I saw was a small one growing in the 
garden at Oakbank, about twenty-five years ago, but it is not 
there now, and I have searched the whole island over for 
another, but in vain. Th|i leaves were dark green, and the 
flowers white ; the* wood is very hard, heavy, black in colour, 
and extremely brittle. It is still collected and turned into 
ornaments, which are much prized on account of its rarity. 
That this tree once formed a considerable portion of the vegeta- 
tion clothing the island on those parts that are now quite 
barren, is strongly evidenced by the many references to it in 
the loc|il records. PI. 29. It is the Domheya erythroxylon of 
Andr., Dot, J^epos.^ vi., t. 389, not of Willdenow." It is 
interesting to know that the plant is still in existence under 
cultivation at Kew (and perhaps elsewhere), under the name of 
Dombeya erythroxylon. At the present time the plant, which 
was obtained from the gardens at Ilerrhausen, is in flower at 
Kew. Mr. McLachlan called attention to the interesting 
remark on the rare plants of St. Helena, contained in Mr. 
Wollaston’s book on the Colcoptera of the Atlantic islands. 

Capt. Delporte, Professor of Topography, Astronomy, and 
Geodesy, at the Military School of Brussels, has just started 
for the River Congo, for the purpose of making geodetic 
researches. 

The Geographical Society of Berlin has presented the 
sum of 1000 marks (/"So), to Dr. Ilettner for a journey of 
research in the southern provinces of Brazil. 

SOM E prehistoric German tombs were recently excavated on 
the road leading from Apolda to Jena. About 20 skeletons 
were found (two being without skulls), and a number of 
ornaments and weapons. 

In the course of some excavations lately made at Ludwigs- 
hafen, on the Rhine, the tibia and two teeth of a mammoth, 
and the jaw of a stag, were found. The skeleton of another 
“ antediluvian ’* animal was discovered in the limestone near 
Oberhildesheim, The researches are being continued. 

The Zoologist for 1884 announced a proposed supplement to 
Thompson’s “Natural History of Ireland,” and contributions 
of information were invited from persons interested in the sub- 
ject. A considerable amount of fresh material has been accu- 
mulated, but as it relates chiefly to birds, it is now intended that 
the supplement shall deal only with ornithology. The new 
work will be published by Messrs. Gurney and Jackson, and 
an appeal for additional facts has been issued to students who 
may be able and willing to supply notes. Anyone who is in a 
position to respond to this appeal is requested to communicate 
with Mr. R. J. Usher, Cappah, Lismore, Ireland. 

Mr. Elliot Stock has issued the seventh edition of “ Days 
and Hours in a Garden,” by E. V. B. The volume is prettily 
printed and bound, and lovers of the country will find much to 
interest them in the writer’s bright and pleasant descriptions. 

The Royal University of Ireland has issued its Calendar for 
the year 1890, and a supplement consisting of the examination 
papers of 1889. 

The first ^edition of the life of the Rev. J. G. Wood, by his 
son, the Rev. Theodore Wood, has been already exhausted ; 
and a second edition is about to be issued. 

A FACT noted by Mr. T. H. Hall in the new number of the 
Entomologist's Monthly Magazine indicates the extraordinary 
variety of C^hdi lions in which beetles may thrive. The men 


employed in breaking up an old disused gasometer at Home 
Park Mills, King’s I.ang1ey, spoke to him of some “very curious 
beetles,” which were living in the rusty water at the bottom of 
the hole left when the iron casing had been removed. Both 
the water and mud were strongly impregnated with gas. The 
beetles proved to be of the D. marginalis species, and were 
there in some numbers. Many were carried away when the 
water was pumped off, but Mr. Hall secured specimens from the 
mud and shallow water left. He says : — “ They carry with them 
a strong odour of gas, even after two or thrv.v. . esh- water baths, 
and the grooves in the elytra of the females are filled with a 
ferruginous mud which is difficult to remove. In other respects 
they appear to be quite normal in form and colour. I think 
this old gas-holder must have been their home for a long period 
of beetle life, judging from the time of year when they were 
found, a fortnight ago, and from the number of both sexes seen. 
The water was partly enclosed and quite stagnant, being 
unconnected with any other water. Were they there by choice ? 
If not, why did they not emigrate? Most likely they came 
there by chance, as they are plentiful in the canal not far away, 
and lacking the inclination to depart, * made themselves at home. ' 
Had the water been disagreeable to them, we may presumt' 
they would not have done so ; they were quite active when 
disturbed.” * 

According to a French journal, the number of foreign 
students now studying in Paris is about 1000, of whom 729 
(107 of them women) are studying medicine, and 182 law. 
Literature has 66 (including 9 women), science 60, and pharmacy 
23. It is remarkable that Russia furnishes the largest contingent 
of the foreign medical students, viz. 150, America coming next 
with 139. We find no mention of England. The foreign 
element is, on the above estimate, about one-tenth of the 
whole. 

The Punjab Forest Administration Report for 1888-89 was 
recently published. During the year, nine thousand acres were 
added to the area of gazetted forests in the Multan district. 
This area was taken up in pursuance of the policy of establishing 
irrigated plantations in connection with several new canals con- 
structed in what are known as the “ Bar ” tracts — that is, the dry 
upland deserts of the Punjab. The number of forest fires in- 
creased during the year, and 17,617 acres were burnt as against 
10,324 during 1888. The financial results are satisfactory. The 
net revenue amounted to Rs, 4,52,846, or nearly half a lakh in 
excess of the net revenue of the preceding year. The Conservator 
complains that the Working Plans Branch cannot get on with 
their work on account of the undermanning of the Department. 
As a consequence, working plans are only in force over 364 
square miles, out of a total of two thousand square miles gazetted 
and six thousand controlled by the Forest Department. Experi- 
ments with exotics were made, but the result was not encourag- 
ing. European fruit-trees have been introduced in many places 
with great success. 

The first Report published by the Marine B’isheries Society of 
Great Grimsby is a modest record of work done and investiga- 
tions decided on by an institution which, by employing scientific 
methods, will probably amass information of great value to the 
biologist, and improve our fisheries in their commercial aspects. 
The Society was incorporated in June 1888. It has already 
established an aquarium and hatchery which is 37 feet by 21 
feet, and a small museum and library. The building has a 
frontage of 50 feet, and is situated at Cleethorpes, facing the 
Promenade, two miles distant from Grimsby. The tanks are set 
^ on concrete walls ; they were purchased from the National Fish- 
Culture Association, and originally formed the aquarium at the 
Fisheries Exhibition at South Kensington. They form a reser- 
voir storing 4000 gallons of sea-water, from which the water is 
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pumped into a wooden tank 10 feet above the hatchery, holding 
1200 gallons. Thus a constant circulation of the water in the 
tanks is maintained. The water is pumped from the sea at high 
water, and left to settle some days in a storage reservoir l>erore 
use ; each hatching tank has room for twelve wooden trays, 
measuring 16 inches by 10 inches, by 9 inches in depth, with a 
canvas strainer at the bottom to prevent the eggs escaping. The 
Society aims at recording observations respecting marine life, 
and the improvement of the fisheries of the United Kingdom, 
by the artificial propagation of marine fishes and Crustacea, by 
the pursuit of scientific observations and investigations respecting 
the natural history, habitat, migration, spawning food, and the 
effect of weather, temperature, and conditions of the water, cur- 
rents, tide.^ light, and darkness upon the fauna of the sea ; by the 
protection of young fish, and the introduction of practical appli- 
ances for the capture of mature fish ; by endeavouring to ascer- 
tain the best methods of transporting fish in a fresh condition, 
and economically preserving them. By admitting fishermen 
into the Society, at a nominal subscription, they hope to get 
numerous observers and collectors from amongst those who 
spend their life reaping the harvest of the sea. 

At the last meeting of the Socicte Chimique de Paris a paper 
l)y M. Meslans was presented by M. Moissan, announcing the 
isolation of fluoroform, CIIF.,, the fluorine analogue of chloro- 
form, CHCI3. A brief abstract of this preliminary communica- 
tion will be found in the Chemiker Zcilitftg for March 26. 
During the course of the work recently published concerning 
propyl and isopropyl fluorides, M. Meslans had occasion to study 
the action of silver fluoride upon iodoform. The result of this 
action was found to vary according to the conditions of experi- 
ment, liquid products being obtained under certain conditions, 
and gaseous products under others. The end result, however, | 
was always the production of a gas, which turns out to be 
fluoroform. Chloroform, as is well known, is readily attacked 
by a warm alcoholic solution of potash, potassium chloride and 
potassium formate being produced ; CHCli -H 4KOII — 
II. COOK + 3KCI + 2HaO. It is interesting to learn that 
fluoroform behaves in precisely the same manner, for the gas is 
decomposed by cither aqueous or alcoholic potash with formation 
of fluoride and formate of potassium. On being heated to 
redness in a glass tube fluoroform is also decomposed, with 
production of gaseous silicon tetrafluoride and a deposit of 
carbon. The gas is only very slightly absorbed by water, but 
it dissolves readily in chloroform or alcohol. Fluoroform has 
also been prepared by substituting chloroform or bromoform 
for the iodoform used in the first experiments. 

At the same meeting M. Chabrie reported that he also had 
obtained a gas by heating silver fluoride with chloroform in a 
sealed lube, w hich jielded potassium formate with potash, and 
was evidently identical with the fluoroform described by M. 
Meslans. The density of the gas w'as determined, and found to 
be 2‘4f4. Fluoroform possesses the density 2*43, so there can 
be no doubt as to the identity of the gas. Although so readily 
attacked by warm potash, it was found that a cold alcoholic 
solutk>n of potash was almost incapable of acting upon it. 

M. Moissan also presented another interesting paper in the 
names of MM. Guenez and Meslans, describing the isolation of 
fluoral, CFj.CIIO, the analogue of chloral, CCI3.CHO, the 
tri-chlor derivative of common aldehyde, CH.,. CHO, and the 
hydrate of which has recently become so famous as a drug. 
Fluoral, like fluoroform, is a gas, and has been obtained by 
heating silver fluoride with anhydrous chloral. The gas dissolves 
to only a very slight extent in water, but is absorbed by aqueous 
or alcoholic potash with formation of formate and fluoride of 
potassium, thus again resembling its chlorine analogue. To 
complete the proof of its identity, the density of the gas was 


determined and found to agree very closely with the calculated 
density^of anhydrous fluoral. 

The additions to the Zoological Society’s Gardens during the- 
past week include two King-necked Pheasants {Ph&siantn 
lorquatus 6 9 ), British, presented by H. R. I I. the Prince of Wale?,. 
K.G. ; a Chacma Baboon {Cynoaphalus porcarius 9 ) from 
South Africa, two Indian Pythons {Python molurus) from 
India, five Common Boas {Boa constrictor) from South America 
deposited ; three Red- footed Ground Squirrels 
from West Africa, two Himalayan Monauls {Lophophorus 
I impeyanus 9 9) from the Himalayas, two Diuca Finches 
{Dinca grisea\ a Black-chinned Siskin {Chrysomitris barbata) 
two Field Saffron Finches {Sycaiis arzfensis), an Alaudine Finch. 
{Phrygi/iis alaudinus) from Chili, purchased; a Hog Deer 
{Cervns porcinus 6 ), born in the Gardens. 
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(3) 58 Leonis 

4-5 ! 

Whiiishyellow. | 

i 54 54 

+ 4 13 

(4) i Leonis... ... .. 

(5) T45 Schj 

(6) S Corona: ... ... 

3 

While. 1 

1 11 8 30 

-HiS 2 

8 1 

Red. 

i 12 19 36 

•f I 23 

Var. 1 

Reddish-yellow. 

f 15 16 55 

1 

+31 46 


Remarks* 

(1) This is the well-known nebula 97 M, near ^ Ursce 

Majoris. In the General Catalogue it is described as “a 
planetary nebula, very bright, very large, round ; at first very 
gradually, then very suddenly brighter in the middle to a 
planetary disk ; 19'os. in diameter.’' Lord Rosse’s draw- 

ing of the nebula indicates a very complex structure. I 
examined the nebula recently with Prof. Lockycr’s 30-inch 
reflector at Westgate-on-Sea, but was unable to see all the 
details shown in Lord Rosse's drawing. The nebula appeared- 
to be a large disk, ill-defined at the e<lges, and equally illumin- 
ated, with the exception of two darker disks situated diametric- 
ally opposite to each other, each being about half a radius in 
diameter. Dr. Huggins observed the spectrum in 1866, and 
found it to consist of bright lines. The two lines near AA 500* 
and 495, and possibly a little continuous spectrum were re- 
corded. On the occasion above referred to I saw the three 
usual nebula lines and the hydrogen line at G, but was unable 
to continue the observations on account of clouds. In further 
observations, additional lines ought to be looked for, and the 
character of the chief line near A 500 pat ticularly noted, as in 
the case of the nebula G.C. 2102, given last week. 

(2) A star of Group II. Duncr states that the bands 2-8 are 
well seen, but that they are not strongly marked. It is im- 
portant to secure further observations of stars like this, as there 
may very well be other differences besides the weakening of the 
bands as compar|d with those in which the banded spectrum is 
more fully developed. 

(3) This has a fine spectrum of the solar type (Vogel). The 
usual differential observations are required. 

(4) The spectrum of this star is a typical one of Group ly. 
(Vogel). The hydrogen lines are probably therefore very thick, 
and the metallic lines very thin, if vUiblc at all. The thicker 
the hydrogen line the hotter the star, and the higher therefore its. 
place on the ‘‘temperature curve.” 

(5) Vogel and Duncr agree in describing the spectwum of this 

star as a very fine one of Group VI. The three carbon bands are 
stated to be visible, but the intensity of the band near A 564 re- 
latively to the others is not given. This point should therefore 
receive attention. The secondary bands 4 and 5, and possibly 
2 and 3 are visible. It is interesting to note that this star shows- 
considerably more detail than several brighter ones of the same 
group. ; 
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(6) This i^dahle will reach a maximum about April 9. Its 
period is about 360 days, and the magnitudes at maximum and 
'•ninimum are 6'i-7*8 and Ii*9-i2’5 respectively (Gore). The 
spectrum is a very fine one of Group IL, and the great range of 
variation makes it extremely probably that bright lines will 
appear at maximum or soon after, as already observed by Mr. 
f!]spin in variables with similar spectra. Variations in the 
intensities of the bright carboti fiutings should also be noted. 

A. Fowler. 

The Great Comet oii 18S2. — The BitlUtin Astronomique 
for Febroarv 1890 reproduces with some additions a paper pre- 
sented by M. F. Tisserand to the Academy of Sciences on 
February 3. It will be remembered that the segmentation of 
the nucleus of this comet was observed on September 30, 1882 
— that is, thirteen days after perihelion passage, and that Mr, 
Common in January 1883 saw five nuclei in a line. From an 
elaborate investigation into the conditions necessary for the 
development of these secondary nuclei, M. Tisserand concludes 
that lh% cause existed in the comet itself, and was not the result 
.)f external influence. The minimum relative vatiation required 
for the disaggregation of the nucleus is vjffvrffxrjr of ihe perihelion 
velocity. And it is suggested that thU variation may be pro- 
duced by interior actions, collisions, mutual attractions, or ex- 
plosions, because of an excessive increase of temperature or the 
rotation of the head. 

Melbourne Star Catalogue.— In 1874 the First Mel- 
i)ourne General Catalogue of 1227 stars for the epoch 1870 was 
issued. The Second General Catalogue has just been received, 
and contains I 2 ri stars for the epoch 1880, deduced from 
<:>bservations made at the Melbourne Observatory under the 
lirection of Mr. Ellery from 1871*0 to 1884*7. The separate 
results and the details of the observations from which this Cata- 
'logue has been compiled are contained in vols. v., vi., and vii., 
-of the A/eihonrpte Obsei^vafiom^ and in the present Catalogue 
•explanations are given of the processes used in forming the stars’ 
f )laces and the corrections applied. The whole of the observa* 
lions were reduced and prepared for publication by Mr. E. J. 
White, the First Assistant Astronomer. 

Comet a 1890. —The first comet of thU year was discovered 
(list before sunrise on March 19 by Mr. Brooks, of Geneva, U.S. 
dts exact place was found to be — 

C.^mbridge Mean Tim«. R.A. Decl. 

h. m. Ii. m, 

21 March ... 16 57*5 ... 2C 9 34*07 ... 6 25 30 N. 

The daily movement in right ascension is 1- i6s., and in 
•declination -P 25'. 

Discovery of Asteroids.— O n March 20, Dr. Palisa, at 
Vienna, disovered another minor planet, and the telegram 
- announcing his discovery was received at the Astronjmische 
Vachrichten office at midday on March 21. This c amet is of 
^interest, for, from its rapid movement, viz. - 25' in K. A, and 
h 10' in N.P.D., it appears to be near to the earth. 

M. Chariots, of Nice Observatory, discovered a minor planet 
on March lo, and re-observed it on .March 20. This brings the 
4]umber of asteroids up to 290. 

The asteroid di-scovcrcd l>y Prof. Luther on February 
-24 ha.s received the name of Glauke. 

SoL\R Activity in 1889.— The record of the past year as 
to solar phenomena presents several noteworthy features, (i) 
The number of days on which the sun appeared to he free from 
cither spots or faculnr; ; the days without spots I eing 21 1 as com- 
pared with 158 in 1888 ; and the days when neither spots nor 
i iculre W’jre seen l>cing more than twice as numerous last year 
as in the year previous. (2) T he di.stinct but temporary revival 
<»f spot activity during the months of June, July, August, and 
.September. (3) The appearance of .spots in high latitudes ; and 
I isily, the remarkable falling off in chromospheric phenomena, 
particularly dunng the last months of the year. It is, therefore, 
^lill difficult to be certain whether we have yet reached the actual 
minimum (fr no ; the revival of the spots during last summer, 
jonnected as it was with so remarkable an increase in their 
mean distance from the equator, seemed to point to the minimum 
Slaving been passed ; but the season of almost perfect quiet which 
•followed it, together with the decrease in the number and size of 
che prominences, favour the opposite conclusi »n. The mean 
•<laily spoiled area for 1889 was Ic.ss than that for 1888, but only 
4 )y about one-seventli. c 


The three moat remarkable groups of 18S9 were those first 
seen on June 16, June 29, and August 2 respectively. The first- 
named was the largest group of ihe year ; it formed and dis- 
appeared on the further side of the sun, and was seen during 
three rotations. The third was also seen during three rotations, 
but formed and died out in the visible hemisphere. Jt was the 
second group as to dimensions, and lay in S. lat. ao*’, whilst the 
spot of June 16 was in S. lat. 6®. The spot of June 29 was only 
a very small one, and la.sted but a couple of days, but was 
noticeable from its high latitude, 40° S. A fourth group, that 
first seen on August 9, though not attaining so large a mean 
area ns the spot of June 16, exceeded it on one pairticular day, 
August 15. 

The following table gives the monthly numbers for spots and 
faculiB as supplied by Prof. Tacchini in the Comptes retfdiis^ vol. 
cviii. No. 21, vol. cix. No. 4, and vol. cx. No. 5, and may be 
compared with those given in Nature for 1889 March 7, and 
in previous volumes : — 


1889. 

Proportion 
of days 
without 

Relative 

Son-spots. 

Relative 

Mean daily 

K.lalive 

!S{)OtS. 

frequence. 

size. 

number of 

si/e. 

January 

I *00 

.. 0*00 . 

.. 0*00 .. 

groups. 
0*00 . 

. 6'OQ 

KeVjriiary . 

. 0*50 

.. 3 26 . 

.. 8*12 .. 

0 56 . 

. 156 

March 

. 0 62 

.. 1*69 

.. 3*64 •• 

0 50 . 

. 6 81 

April 

0*60 

.. 0 65 . 

•• 4 ‘ 3 S •• 

0*40 

. 

May 

. 096 

0‘04 

065 .. 

004 . 

■ 5 :>-J 

June 

. 0 56 

.. 1-97 • 

.. 25 22 .. 

0*45 • 

• 963 

July 

• 039 

• 27s • 

.. i 6'97 .. 

0 87 . 

• 14-35 

August 

. o‘i9 

• • 697 

.. 20 03 .. 

I *26 . 

• 17 77 

September . 

. 048 

.. 118 . 

... 8-22 .. 

o*6i . 

. 28*48 

October 

• 073 

064 , 

.. 1*55 •• 

0 27 . 

. I8*i8 

November ., 

1 00 

000 

.. 000 .. 

0*00 

. 0*62 

December .. 

o‘6i 

.. 1-68 . 

.. 409 •• 

0*65 

• 29*55 


The table shows that as in 1888 the faculre did not vary quite 
in accordance with the spots, .September and December bring 
heavy months for the former, their relative area then exceeding 
that for any month since July 1886. The prominences on the 
other hand showed a very marked falling off towards the end of 
the year ; February and March, light months for spots and 
faculce, being much the most prolific as to the flames. The 
following are the mean numbers for the prominences resulting 
from Prof. T.acchini’.s monthly reports. It must be borne in 
mind that the difference in the atmospheric conditions of Eng- 
land and Italy renders it impossible to compare Prof. Tacebini’s 
results with those formerly given by the late Rev. .S. J. Perry, 
and which have been incorporated in former annual summaries 
in Nature. 



Oay* of 

Mean 

Prominences. 

Mean 

Me.an 


observation. 

daily 

heii:ht. 

extent. 

1887 

... 214 ... 

number. 

8*26 

// 

... 45*2 ... 

>7 

1888 

227 ... 

7 94 

... 45*9 ... 

IS 

1889 

... 247 ... 

3*20 

... 347 ... 

I'l 


The variations in the magnetic elements accorded in their 
more general features, though not in details, with those of the 
sunspots, as the following table given by Dr. K. Wolf in the 
Comptes trnt/us, vol, cx. No. 3, sulficiently shows : — 


1839. 

Wolf s relative 
numbers (Zuricfi). 

Variation in n.annetic 
declination (iVlilan). 

January ... 

r 

1*0 ... 

-12*0 

r 

1-75 • 

Ar 

-1*28 

February ... 

7*9 

•f 6*9 

3 '99 • 

+ 0*97 

March 

63 ... 

4- 0*0 

6*17 . 

- 0 94 

April 

4*9 ... 

-f’ 1*0 

885 . 

+ 0*58 

May ' 

24 ... 

- 8*4 ... 

8*19 

-0*29 

June 

‘ 7*0 

4 - 0*5 

8*86 . 

--0*41 

j«>y 

80 ... 

-h 6*1 ... 

8*25 . 

-0*32 

August ... 

20*6 ... 

+ 187 

8*99 . 

--0I8 

September 

6*3 ... 

- 1*5 ... 

6-84 . 

- 0*47 

October ... 

0*0 ... 

- 20 

6*10 

- 0 22 

Novemlwr 

OD ... 

-12*9 ... 

a '55 • 

+ o ‘37 

December 

57 •• 

- 4*2 

1*96 

+ 0*20 

Mean ... 

5-8 ... 

- 0*9 

6*04 . 

-0*17 


Dr. WolTs formula for Milan, v =: 5' 62 -f 0*045 r, with 
r = 5*8, would give v = 5' *88, a much closer accord than for 
the two preceding years. 
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NATURE 


• THE GLOW OF PHOSPHO/iUS.' 

'T'lIE vford originally applied to any substance, 

solid or liquid, which had the property of shining in the 
dark, Jhas gradually lost its generic sense, and is nowadays 
practically restricted, as a designation* to the wax-like inflam- 
mable substance which plays such an important part in the con)- 
position of an ordinary lucifer match. Phosphorus, in<Ieed, is one 
of the most remarkable of the many remarkable substances 
known to the chemist. The curious method of its discovery, 
the universality of its distribution,, its intimate connection with 
the phenomena of animal and vegetable life, its extraordinary 
physical properties and chemical activity, its abnormal mole- 
cular constitution, the Protean ease of its allotropic trans- 
formations — all combine to make up a history which abundantly 
justifies its old appellation of phosphorus mirabiUs, Godfrey 
IJankcwit/ more than 150 years ago wrote : “ This phosphorus 
is a subject that occupies much the thoughts and fancies of some 
alchymists who work on microcosmical substances, and out of it 
they promise themselves golden mountains.” Certainly no man 
of his lime made more in the way of gold out of phosphorus 
than Mr. Hankewitz, for at his little shop in the Strand he en- 
joyed for many years the monopoly of its sale, guarding his 
Arcana with all the jealousy of a modern manufacturer of the 
element. 

Phosphorus, or, as it was then called, the ncdiluca^ was first | 
seen in this country in 1677. It was sho\^n to Robert Hoyle, ' 
who had already worked on phosphorescence in general, and w'ho | 
seems to have been specially struck with the leniarKable pecu- ; 
liarily of a factitious body which could he made “to shine in 
the dark without having been befo c illumined by any lucid : 


and by Homberg in France, and seems subsequently to have lecP 
BerzeUus, and after him Marchand, to the conclusion that (he- 
luminosity of phosphorus was altogether independent of the air 
the oxygen) but was solely due to the volatility of the body. 
Many facts, however, combine to show that the air (oxjjgen) is- 
necessary to the phenomenon. Lampadius found that phos- 
phorus would not glow in the Torricellian vacuum j and Lavoisier^ 
in 1777, showed that it would not inflame under the same con- 
ditions ; and the subsequent experiments of Schi otter, Meissner, 
and Muller are dteisive on the point that the glow is the con- 
comitant of a chemical process dependent upon the presence of 
oxygen. It is, however, remarkable that phosphorus will not 
glow in oxygen at the ordinary atmospheric piessure and tem- 
perature, but that if the oxygen be rarefied the glow at once begins, 
but ceases again immediately the oxygen is compressed. Indeed^, 
phosphoius wdll not glow in compressed air, and the flame of 
feebly burning phosphorus may be extinguished by suddenly in- 
creasing the pressure of the gas. Phosphorus, however, can be 
made to glow in oxygen at the ordinary pressure or in compressed 
air if the gases be gently warmed. In the case of oxygei> the 
glow begins at 25*’ and becomes very bright at 36°. In cbm- 
I pressed air the temperature at which the glow is initiated depends 
j upon the tension. If the oxygen be absolutely deprived of 
I moisture the phosphorus refuses to glow under any conditions. 

I This fact, strange as it may seem, is not without analogy ; the pre- 
sence of traces of moisture appears to be necessary for the 
initiation or continuance of chemical combination in a number 
oftinsianccs. 

It was observed by Boyle that a minute quantity of the vapour 
of a number of essential oils extingui lied the glow of phosphorus. 
The late Prof. Graham confirmed and extended these observa- 


substance and without being hot as to sense.” In these respects 
the substance differed from all the phosphori\i\\A\^\io known. 
The conditions which determine its glow were the subject of the 
earliest oliservations on phosphorus, and Boyle has left us a 
minute account of his work on the point. In the first place, he 
noticed that the substance w^as only luminous in jiresence of air. 
lie accurately describes the nature of the light, and noticed that 
the water in whjch the phosphorus was partially immersed ac- 
quired “a strong and penetrant ta^te, . . . and relished 
a little like vitriol,” On evaporation it would not “ shoot into 
crystals, . . . hut coagulated into a substance like a Geliy, or 
the Whites of Eggs which would be easily melted by hear,” On 
heating this “(idly ” it gave off “ flashes of fire and light,” and 
had a “garlick smell.” He also found that the noctiiuca was 
soluble in certain oils, and he particularly mentions oil of cloves 
as a convenient means of showing the luminosity, as it is 
“rendered more acceptable to the 'slanders- by by its grateful 
smell.” “In Oyl of Mace it did not appear luminous nor in Oyl of 
Aniseeds,” l^oyle describes a number of experiments showing 
how small a quantity of the phosphorus is required to produce a 
luminous effect. “A grain of the noctiiuca dissolved in' 
Alkohol of Wine and shaken in Water ; it render’d 4CO,oco times 
its weight luminous throughout. And at another Tryal 1 found 
that it impregnated 500,000 times its weight; which was more 
than one part of Cochineel could communicate its colour to.” 
“And one thing further observable was that when it had been a 
long lime expK)sed to the air it emitted strong and odorous Exhala- 
tions distinct from the visible Fumes.” The strong and odorous 
exh.alations w e now know to be ozoq^. 

The earlier volumes of the Philosophical Transactions contain 
several papers on the luminosity of phosphorus, and one by Dr, 
Frederic Slare is noteworthy as giving one of the earliest, if not 
.actually the earliest account of what is one of the most para- 
doxical phenomena connected with the luminosity of phoepborus, 
namely its increase on rarefying the air. “ It being now geuer- 
ally agreed that the fire and flame [of phosphorus] have their 
pabulum out of the air, I was willing to try this matter in zacuo. 
To eflect this, I placed a considerable lump of tjiiss matter (phos- 
phorus) under a glass which 1 fixed to an engine for exhausting 
the air ; then presently working the engine, I found it grow 
lighter [Le. more luminous] though a charcoal that was well 
kindled would be Quite extinguished at the first exhaustion ; and 
upon the third or fourth draught which very well exhausted the 
glass, it much increased its light, and continued so to shyine with 
Its increased light for a long time ; on re-admitting tl^ air, it 
returns again to its foimcr dulness.” This observation was 
repeated and its result confirn^ed by Hawksbee in this country 

• * Lecture delivered on Friday rtvinlEg.’^March 14, at the Fc^al Institu- 

tion, by Prof, 'i horpe, F.R.S. 


j tions ; he showed that relatively small quantities of olefiant gas^ 
anti of the vapours of ether, naphtha, and oil of turpentine 
entirely prevented the glow' ; and sub>ec|uent observers have 
i found that many essential oily, such as those of peppermint and 
I lemon and the vapours of canip>hor and asafoctida, even when 
present in very small quantity, slop the absorption of oxygen nnd* 
the slow combustion of phosphorus in air, 
j It has been established that whenever phosphorus glows in 
air or in rarefied oxygen, ozone *nnd h}drogen peroxide are- 
formed, but it is not definitely known whether the formation of 
these substances is the cause or the effect of the chemical pro- 
cess of which the glow is the visible sign. That there is some 
intimate connection between the luminosity of the phosphorus, 
and the production of these bodies is highly probable. Schiin- 
bein, as far back as 1848, sought to demonstrate that the glowr 
depends on the presence of ozone. It is certainly true that 
many of the substances, such as the essential oils, which prevent 
the glow of phosphorus, also destroy ozone. At a low tem- 
perature, phosphorus produces no ozone in contact with air, 
neither clues it glow. It has been found, in fact, that, with air, 
ozone is produced in largest quantity at 25‘\ at which tempera- 
ture phosphorus glows brightly. On the assumption that the 
oxidation of the phosphorus consists in the immediate formation 
of the highest oxide, the production of the ozone and the 
hydrogen peroxide has been represented by the following, 
equations ; — 

Pa F 3O3 = P./3a -k O. 

O O2 = Ojj. 

O b H.p = IlgOj. 

Both these reactions may, of course, go on simultaneously 

ozone and hydrogen peroxide are not mutually incompatible; the 
synthesis of hydrogen peroxide by the direct oxidation of water 
seems to occur in a number of processes. But siich symbolic 
expressions can at most be only very partial representations oi 
what actually occurs. It is highly probable that the combina- 
tion which gives rise to the glow only occurs between the vapour 
of phosphorus and the oxygen. Phosphorus is sensibly volatile at 
ordinary temperatures, and by rarefying the atmosphere in which 
it is placed its volatilisation is increased, w'hich serves to account 
for the increased glow when the pressure of the gas is diminished. 
When phosphorus is placed in an atmosphere of hydrogen, 
nitrogen, or carbonic acid, these gases, when brought into con- 
tact with oxygen, become luminous from the oxidation of the 
vapour of phosphorus diffused through them. The rapidity oF 
volatilization varies with the particular gas ; it is greatest in the 
case of hydiogen, and least in that of carbonic acid. Indeed,, 
a stream of hydrogen gas at ordinary temperatures carries away 
comparatively large ^luantities of phosphorus, which may be? 
collected by appropriate solvents. No ozone and no glow is. 
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E reduced in oxygen gas at ordinary temperatures and pressures, 
ut on warming the oxygen, both the ozone and the glow are 
formed On passing ozone into oxygen at temperatfares at 
which phosphorus refuses to glow, the phosphorus at once 
becomes luminous, oxygen is absorlied, and the characteristic 
cloud of oxide is produced, and the effect continues so long as 
the supply of ozone is maintained. A drop of ether at once 
^extinguishes the glow* The ether is in all probability converted 
into vinyl alcohol with simultaneous formation of hydrogen per- 
oxide by the reaction indicated by Poleck and Thiimmel : — 


CHgCHaX 

CHjCH.,/ 


0 + 0^ 


CHXflOH ^ \lO\ 
CIIXHOH HO/- 


A. \V. Wright has shown that formic, acetic, and oxalic acids 
are also formed by the action of ozonized oxygen on ether. 

Phosphorus combines with oxygen in several proportions, and 
the study of the mode of formation and properties of these 
oxides is calculated to throw light upon the nature of the che- 
micalj^rocess which attends the glow of phosphorus. Certain 
of these oxides have recently been the subject of a considerable 
amount of study in the chemical laboratories of the Normal 
School of Science. When phosphorus is slowly burned in air, 
there is produced a considerable <]uantity of a volatile substance, 
having a characteristic garlicdike smell, which solidifies, when 
cooled, in beautiful arborescent masses of white crystals. It melts 
at about 23% and boils at l73^ In a sealed tube kept in the dark, 
It may be preserved unchanged, but on exposure to light, and 
especially to bright sunshine, it rapidly becomes deep red. It 
•slowly absorbs oxygen at the ordinary temperature and pressure, 
but from the mode in which the solid product of the reaction 
XPjOs) is deposited, it is evident that the union only takes place 
between the of the oxide and the oxygm gas. Under 

diminished pressure the act of combination is attended with a 
^low which increasei in brilliancy if ozone be present. On 
compressing the oxygen, the glow ceases. No ozone is formed 
during the act of oxidation. The degree of rarefaction needed 


BEFORE AND AFTER DARWINS 


^N Tuesday, March 25, Prof. G. J. Romanes, F.R.S., con- 
^ eluded his course of iJctwecn thirty and forty lectures, which, 
under the above title, he has been delivering at the Royal 
Institution during the last three years. At the close of the 
lecture he announced his intention of publishing the whole 
course in November next, and distributed among the audience 
printed slips, conveying in the form of twelve propositions the 
general conclusions ^^to which his lectures for the present year 
have led. The following is a copy of this printed slip : — 

(]) ** Natural selection has been the main, but not the ex- 


clusive means of modification,” both as regards species and ail 
the hi^er taxonomic divisions. 

(2) Of the other factors of organic evolution it is not improb- 
able that we are still to a la^e extent ignorant. Whether, or to 
what extent, sexual selection and the l amarckian principles 
have co-operated, is a matter with which I am not specially 
concerned ; but I think there is abundant evidence to establish 


the high importance in this connection of amixia, or independent 
variability, — at all events as regards the evolution of species. 

{3) Natural selection is primarily a theory of the cumulative 
development of adaptations wherever these occur, and therefore 
is only incidentally, or likewise, a theory of the o igin of species 
in cases where allied species differ from one another in respect 
of peculiar characters, which are also adaptive characters. 

(4) Hence it does not follow from the theory of natur.d 
selection that all species — much less all specific characters- - 
must necessarily have owed their origin to natural selection, 
since it cannot he proved deductively from the theory that no 
‘‘means of modification ” other than natural selection is com- 


petent to produce such slight degrees of modification as go to 
constitute diagnostic distinctions between closely-allied species ; 
while, on the other hand, there is an overwhelming mass of 
evidence to prove the origin of “a large proportional number of 
specific characters” in causes of modification other than natural 
selection. 


to initiate the glow depends upon the temperature of the oxide 
— the warmer the oxide the less is the diminution of pres.sure 
required. By gradually warming the oxide, the luminosity 
steadily increases both in area and intensity, until at a certain 
temperature the mass ignites. The change from glow to actual 
flame is perfectly regular and gradual, and is unattended with 
any sudden increase in brilliancy. In this respect the process 
of oxidation is analogous to the slow and barely visible burning 
of fire-damp which is sometimes seen to occur in the Davy 
lamp, or to the slow combustion of ether and other vapours, 
which has been specially studied by Dr. Perkin. Other in- 
stances of what may be called degraded combustion are known 
to chemists. Thrown into warm oxygen, the substance bursts 
into flame at once and bums brilliantly, and it also takes fire in 
-contact with chlorine. Alcohol also ignites it, and when it is 
warmed with a solution of potash or with water it evolves spon- 
taneously inflammable phosphorclted hydrogen. In contact with 
cold water it suffers only a very gradual change, and many days 
may elapse before even a comparatively small quantity is dissolved. 
This substance has long been known ; it was discovered, in fact, 
by the French chemist Sage, but its true nature has only now been 
determined. Its chemical formula is found to be P40,j ; hence j 
its composition is similar to that of its chemical analogue, 
arsenious oxide. 

The study of the properties of this remarkable substance 
•enables us to gain a clearer insight into the nature of the chc- 
mical proce.«;s attending the glow of phosphorus. When phos- 
phorus is placed in oxygen, or in an atmosphere containing 
oxygen, under such conditions that it volatilizes, the phosphorus 
oxidizes, partly into phosphoric oxide and partly into phosphor- 
ous oxide. Ozone is formed, possibly by the reaction already 
indicated, and this reacts upon the residual phosphorus vapour 
and the phosphorous oxide with (he production of the luminous 
effect to which the element owes its name. The glow itself is 
nothing but a slowlv-burning flame having an extremely low 
temperature, caused by the chemical union of oxygen with the 
vapours o{ phosphorus and phosphorous oxide. By suitable 
means this glow can be gradually augmented, until it passes by 
regular gradation into the active vigorous combustion which we 
ordmarily associate with flame. Many substances, in fact, may 
be caused to phosphoresce in a similar way. Arsenic, when 
^ gently heated, glows in oxygen, and sulphur may also he Ob- 
1, sewed to become luminous in that gas at a temperature of about 
200®. 


(5) Kven if it were true that all species and all specific characters 
must necessarily owe their origin to natural selection, it \\ ould 
still remain illogical to define the theory of natural selection as 
indifferently a theory of species or a theory of adaptations ; for, 
even upon this erroneous supposition, specific characters and 
adaptive characters would remain very far indeed from being 
conterminous — by far the larger number of adaptations which 
occur in organic nature being the common property of many 
species. 

(6) In no case can natural selection have been the cause of 
mutual infertility between qllicd or any other species. 

(7) Without isolation, in the >ense of either separate or 
segregate breeding, organic evolution is in no case possible ; 
and hence, heredity and variability being given, the whole 
theory of organic evolution may be regarded as a theory of the 

I causes and conditions which have led to isolation, or the mating 
of similar variations to the exclusion of dissimilar. 

I ^8) Natural feleciion is one among sundry distinct kinds of 
isolation, and presents in this relation the following peculiari- 

I ties ; {a) the isolation is with reference to superiority of fitne-s ; 

(b) is effected by destruction of the excluded individuals ; and 

(c) unless assisted by some other kind of isolation, can only 
effect monotypic as distinguished from polytypic evolution. 

(9) It is a general law of organic evolution that the number 
of possible directions in which divergence may occur can never 
be more than equal to the number of cases of efficient isolation ; 
but, excepting natural selection, any one kind of isolation need 
not necessarily require the co-operation of another kind in order 
to create an additional case of isolation, or to cause polytypic as 
distinguished from monotypic evolution. 

(10) Where common areas are concerned, the most general 
and most efficient kind of isolation has been the physiological — 
and this whether the mutual infertility has been the antecedent 
or the consequent of morphological changes on the part of 
the types concerned, and whether or not these changes are of an 
adaptive character. 

(11) This form of isolation — which in regard to incipient 
species I have called physiological selection — may act either 
alone, or in conjunction with other kinds of isolation on 
common areas : in the former case its agency is of most im- 
portance among plants and the lower classes of animals ; in the 
latter case its importance consists in its greatly intensifying the 
segregating power of whatever other kind of i^clation it may be 
with which it is associated. 
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(12) Although physiological selection must in all cases refer 
primarily tb first crosses, its activity as a cause of segregation is 
intensified in cases where it extends also to second ctosses. 


SCIENTIFIC SERIALS. 

American Journal of Mathematics^ voh xii., No. 3 (Haiti- 
more, March 1890.) — A memoir “ Sur les equations auxdcrivees 
partielles de la physique mathematique,^’ by that brilliant 
mathematician, M. Poincare, occupies pp. 21 1-294. Some idea 
of the writer’s aim will be gained from the following passages : — 
‘H^)uand on envisage les divers prubltmes de calcul integral cjui 
se posent naturellement lorsqu’on veut approfondir les parties 
les plus differenles de la physique, il est impossible de n’etre pas 
frappe des^ analogies que tons ces problemes presentent entre 
eux. ’ “ Cette revue rapide des diverses parties de la physique 

mathematique nous aconvaincus que tous ces problemes, malgre 
Textreme variate des conditions aux limites, et meme des equa- 
tions differentielles, ont, pour ainsi dir^, un certain air de faraille 
qu’il est impossible de meconnaitrc. On doit done s’attendre a 
leur trouver un tres grand nombre de propricies communes.” 
The concluding sentence is ; “ Je pourrai dire alors que les con- 
clusions sent demontrees d’une fay on rigoureuse au point de vue 
physique* Pent etre meme est-iJ permis d’esperer ({ue, par unc 
sortc de passage a la limite, on pourra fonder sur ces principes 
line demonstration rigoureuse meme au point de vuc analytique.” 
- -The remaining article of the number is one on singular 
solutions of ordinary differential equations, by H. B. Fine (pp. 
295-322). Following the lead of Briotand Bouquet, this memoir 
bases the theory of singular solutions on the differential eciua- 
lion, and avoids all lue, direct or indirect, of the notion of the 
complete primitive. 

In JUiUetin No. 2 of the Biussels Academy of Science, 
M. E. Ronkar criticizes a paper by M. J. Liagre, on the mutual 
impulse of the earth’s surface and centre because of interior 
friction. The paper in question dealt with the interior structure 
of the earth, and the conclusions drawn have some bearing on 
diurnal nutation. — In a paper on the venous pulse, M. Leon 
Fredericq gives his investigations into the form of various pulses 
— ^jugular, venous, and carotid ; traces the identity of the pulse of 
the jugular vein and that of the right auricle ; and discusses 
generally the phenomena of circulation and respiration. The 
same author adds a note on the preservation of oxyhxmoglobin. 

-M. A. F. Renard has examined phillipsite crystals from the 
deposits obtained from the centre of the Pacific Ocean, 'fhese 
microscopical crystals were discovered by Mr. Murray, and a 
brief description of them published by him in conjunction with 
the author in 1884 (Royal Society of Edinburgh). A more y.>ar- 
ticular description and determination of the character of these 
zeolites, and the deposits in which they occur, is now given. A 
plate containing four drawings of the crystals accompanies the 
paper. — M. G. van der Mensbrugghe, in a paper on the con- 
densation of water-vapour in capillary spaces, reviews the 
principal facts owing their origin to such condensation, and 
shows that they are in confirmation of the theory propounded 
by Sir William Thomson in 1874, in a paper on the equilibrium 
of vapour at a curved surface of liquid. The experimental 
verification of the formula there given will form the subject of 
a second communication. 

SOCIETIES AND ACADEMIES. 

London. 

Ro^al Society, February 20. — •‘Some Stages in the Deve- 
lopment of the Brain of Clupca harengus.^' By Ernest W. 
L. Holt, Marine Laboratory, St. Andrews. Communicated by 
I*rof. McIntosh, F.R.S. 

The stages described are (i) newly-hatched or early larval; 
(ii) early post-larval ; (iii) i inch long ; (iv) J inch long. 

The development of the pineal region is treated separately, 
and in this a nftb stage — irV long— is introduced. 

In the early larval stage the downward flexure of the fore part 
of the brain is very noticeable. It appears due to the general 
conformation of the head at this stage. A diverticulum of the 
3rd ventricle extends downwards and backwards, its distal ex- 
tremity underlying the optic commissure. The broad ventral 


commissure of the infundibulum, noticed by McIntosh and 
Prince in Anarrhicas^ is well marked. A commissure shuts ofl 
the lumgn of the infundibulum from the hind part of the 3rd 
ventricle immediately in front of the splitting off of the infundi» 
bulum. The valvula appears in transverse .section as a pair of 
ridges externally to the tori, before it shuts off the aquemet of 
Sylvius. The cerebellar fold is very short. 

In the earlv post- larval stage “an apparent rectification of the 
cranial axis’’ has taken place, by the upward rotation of the 
cerebrum on its posterior end, doubtless owing to the rapid 
development of the oral and trabecular cartilages, and con- 
sequent forward rotation of the mouth. The same causes have 
also operated so as to withdraw the diverticulum of the 3rd ven-^ 
tricle from its position below the optic commissure. The infundi- 
bulum has undergone vertical flattening. The future lobi inferiores 
are indicated as lateral expansions, behind which the 3rd oculo- 
motor nerves pass outwards from the centre of the ventral surface 
of the cerebral mass. The infundibulum extends some way back 
above the notochord as a thin-walled sac. Its walls are little 
plicated compared with those in some other forms, KhcHubus^ 
Anarrhicas, 

In the ^ inch stage the olfactory lobes appear as bulbous masses 
projecting from the front end of the cerebrum. A pale median 
septum appears between the anterior extremities of the lateral 
optic ventricles, its base resting on the fibrous tract over the hind 
part of the 3rd ventricle. The tip of the valvula now appears 
in transverse section before its connection with the cerebral mass 
can be made out, having thus grown forward. The cerebellum 
has^reatly increased in size ; instead of terminating as before on 
the surface of the brain, it is now continued into a thick fold 
bent sharply down on the anterior portion ; its posterior end 
passes at once into the thin roof of the 4th ventricle. Two 
fibrous bands cross over the aqueduct c f Sylvius in the substance 
of the cerebellum ; their lateral extremities are fused. The lobi 
inferiores are better marked than in earlier stages. Longitudinal 
bands of fibres pass back from the roots of the oculomotor nerves 
through the medulla oblongata. Groups of large ganglionic eel's 
appear on either side of these bands, and are connected by a fine 
commissure passing through both bands. At the origin of the 
8th auditory nerves, this commissure is replaced by a St. 
Andrew’s cross of fibres, the dorsal limbs of the cross passing to 
the nerve roots, and the ventral to the ganglionic areas. 

In the J-inch stage the olfactory lobes are more elongated. 
The olfactory nerves pass outwards from their anterior extremi- 
ties. The septum behind the pineal body, after losing its ventral 
connection with the fibrous tract over the 3rd ventricle, persists 
for some way back as a cellular leaf-like appendage of the thin 
median roof of the optic ventricle ; a few fibres pass back into 
this appendage. 

Large ganglionic cells appear in the tori semicirculares about 
the region of the splitting off of the infundibulum. 

From behind the region of the auditory nerves a ganglionic 
area on either side persists backwards through the medulla 
oblongata. 

Pineal Region. 

The roof of the thalamencephalon in the early stages is a 
single layer of large columnar cells passing forward from the 
front wall of the pineal stalk. It passes into the roof of the 
cerebrum, the cells diminishing greatly in size. The superior 
commissure of Osborn is present from the early post-larval stage ; 
it it also present in the larval and post-larval Zoarces viviparuy^ 
where it is distinctly double. The first signs of the infrapineal 
recess of Hoffman are seen in the J-inch stage. It is thus much 
later in developing than in Salmo, "and the fold forming its front 
wall never exten^ backwards to the same degree as in that form 
and in Anarrhicas. This fold, in the post-larval Zoarces^ is 
thickened in its apex, and lodges a fine commissure. As pointed 
out by Balfour in Elasmobranchs the fold is due to the upward 
rotation of the cerebrum. < 

The fibrous tract over the 3rd ventricle in the herring is welt 
marked in the j-inch stage. It is seen to consist of fibres passing 
upwards and inwards from the optic thalami to the middle line- 
above the 3rd ventricle, and then running forward to the stalk of 
the pineal bodv. The tract has a double nature, a» is readily 
seen in vertical longitudinal sections of a herring inch long« 
It is seen here to be a backwardly directed fold pf the brain roof, 
continuous ventrally with the back wall of the pineal stalk, and 
dorsally with the roof of the optic ventricle, the apex of the fold 
being the posterior commissure. Its length in this form is due 
to the flattening of the brain, the tract being very sLort in 



526 


NA TURE 


\April 3 ; 1890 


.Zoarces, where the brain is not Rattened. In Zoarces^ also, from 
the same cause, the limbs of the fold are less closely applied to 
each other and much thicker. 

^The pineal body is roundish and solid in the early larval stage 
in the herring. It is vertically flattened in the early ppst-larval 
stage. , In the ^-inch sta^e it is much larger and contains a 
lumen; it shows signs of constriction into proximal and distal 
•elements, and the lumen contains a coagulabfe albuminoid fluid, 
as in Pdromyzon. In the IfV-inch stage the constriction is still 
visible, and the walls are generally crenated. The tissues 4^f the 
pineal wall are now divided into tnree layers, and are of varying 
thickness. The cartilage ofrthe tegunien cranii overlies the body 
at, this stage. The constriction of the body appears to be. an 
exaggeration of the crenaiion of the pineal wall met with in 
Sahno ; it has not, probably, the morphological value of the 
•constriction of the body in Ptiromyzon, 

March 27.— “ On the Stability of a Rotating .Spheroid of 
Perfect Liquid.'^ By G. H. Hryan. Communicated by Prof. 
G. IL Darwin. 

The investigations of Riemann, Basset, and others have 
proyed that Maclaurin’s spheroid, when composed of friciionless 
•liquid, ceases to be stable for an “ ellipsoidal ** type of disturb- 
ance when its eccentricity attains the value 0‘952886'’. The 
object of the present paper is to discuss the conditions of 
stability with reference to disturl)ances of a general type 
expressible in terms of spheroidal harmonics, with the view of 
examining whether Rieniann’s condition is sufficient to ensure 
stability for displacements other tlian ellipsoidal. 

Taking the criteria of stability determined in a previous 
eommunication (Phil. Trans., A., 1889), the author shows 
by numerical calculation that the form which is critical for 
•an ellipsoidal disturbance Is stable for disturbances detrrmined 
by several of the lower harmonics. The.se results are then 
extended by. a perfectly general investigation to all other types 
•of displacement. 

The c inclusion is that Riemann’s and Basset's condition 
of stability is sufficient to ensure the absolute stability of 
Maclaurin’s rotating spheroid for every possible displacement. 
Also that, unless the liquid is subject to hypothetical constraints, 
we. cannot initially obtain any form other than ellipsoidal from 
the instability of the spheroidal form. In the case considered of 
perfect liquid this ellipsoid docs not rotate as if rigid, but its 
principal axes rotate with half the angular velocity of the liquid. 

Physical Society, March 7. —Prof. W. E. Ayrton, F. R..S., 
President, in the chair. — Dr. S. P. Thompson described Ber- 
trand's refraclometer, and exhibited the capabilities of the 
instrument before the Society. Its action depends on total 
reflection. The refractometer consists of a hemisphere of glass, 
about 8 mm. diameter, set at the end of a tube, the plane face 
being outwards and inclined at about 30** with the axis. One 
side of the convex surface of the hemisphere is illuminated 
through a piece of ground glass set about perpendicular to the 
plane face. The hemisphere is viewed through an eye-piece 
focussed on a scale divided to tenths of millimetres placed within 
the tube. The instrument is particularly useful for mtnera- 
logical specimens and liquids. The procedure in the latter case 
4 s to smear a film of the liquid over the plane face of the hemi- 
sphere, and by looking through the eye- piece determine the scale 
reading of the line which separates the light and darker portions 
of the field. A reference to a calibration table gives the refrac- 
tive index. In experimenting with solids a thin film of a very 
dense liquid (supplied with the instrument) is placed between the 
specimen and the glass, and the procedure is inen as above. The 
refractive index of opaque solids can be determined in this way. 
In using the instrument for minerals great car® must be taken 
not to scratch the glass. The handiness of the refracto- 
meter and its perfect portability (its dimensions being, about 5 
•centimetres long by xj cm. diameter) are great rccommenda- 
<tions. Mr. Blakesley asked to what accuracy the scale could be 
read, and whether the sensitiveness of the instrument was at 
all comparable with that of other methods. Prof. Dunstan 
inquired if it could be used with volatile liquids. In reply Dr. 
Thompson said that with nan-homogeneous light the scale coiild 
be read to '1 division, but with a sodium flame dOe-tenth of a 
>divi ion could be' estimated. For volatile liquids, a drop may 
be used instead of a film, or the evaporation of a thick film may 
be retarded by a cover-glass. — Mr. H. Tomlinson's paper, on 
the Villari critical point in nickel, was postponed.— ^Frof. 
Dunstan described an apparatus for distilling mercury iu a 


vacuum, devised by himself and W. Dymond, and showed the 
working of the arrangement. It consists of a 3 mm. *sort glass 
tulie rather more than, a metre long, having an oblate spheroidal 
bulb blown at the upper end. The bulb is placed over a ring 
burner. At the top of the bulb, a tube of i *5 mm. diameter is 
attached, and this passes outside the bulb, and descends close to 
the larger tul>e. The part of the smaller or fall tube just below 
the bulb is enlarged, so as to. form a condensation chamber, and 
the lower part serves as a Spr^ngjer lube. A conical reservoir 
containing the mercury to be distilled is in flexible connection 
with the lower end pf the large tube as in Clark’s well-known 
apparatus. The advantages claimed for the new apparatus .are, 
its relative shortness and portability, the sniall quantity remain- 
ing undistilled, and its non-liability to damage or derangement if 
left unsupplied with mercury. To ensure satisfactory working a 
constant* pressure of gas is necessary, and this is obtained by 
inserling a Sugg’s dry governor in the supply pipe. During 
distillation, peculiar green flashes are seen within the condensa- 
tion chamber, and these are intensified by bringing it near an 
electric machine in dciion. The apparatus also serves well to 
show the character of an electric discharge through mercury 
I vapour, for the mercury in the two tubes may be used as elec- 
! trodes. Prof. Thompson said he devised a simf^e form of 
distilling apparatus some lime ago which answered fairly well, 
and could be made by any amateur glass-worker. It cons’sted 
of a double barometer, one leg of which was of sniall bore, so 
as to act as a Sprengel tube. The rising part of the bend at the 
top of the larger tube was expanded and served as the evaporat 
ing chamber, below which a burner was placed. The President 
asked why Clark’s apparatus is made so lengthy. In reply to 
this question Mr. Boys said that as the fall tube goes down 
within the rising one, the mercury near the top of the latter is 
heated by the condensing mercury (thus ‘economising gas) and 
hence condensation does not take place until the vapour has 
passed a considerable distance down the fall tube. — Prof. S. U. 
Pickering read a paper on the theory of osmotic pressure 
and its bearing on the nature of solution. The author said 
that considerable doubt exists as to the accuracy of the premises 
on which the theory is based, and if the theory is to be regarded 
as true and not merely a rough working hypothesis, the to I low- 
ing conditions must be fulfilled by weak solutions — (i) 'fhe 
molecular depression of the freezing-point must he independent 
of the nature of the dissolved substance. (2) Any deviations 
from (i) must be in the direction indicated by the theory. (3) 
the depression must be independent of the nature of solvent. 
(4) The depression must be independent of the amount of 
solvent (all solutions being weak). (5) The deviations with 
strong solutions should be in the theoretical direction. (6) 
They should be regular. Prof. Pickering proceeded to show 
that experiment, instead of confirming the above statements, 
disproves them all. As regards (i), without counting abnormally 
low (half) values, Raoult’s results show variations of 60, 40, 30; 
*&c., per cent, in diflerent cases, and the author quoted other 
values where the variations were 500, 260, 230, &c., per cent. 
These variations, he considered, were too great to be explained 
by the fact of the solutions used being 3 or 4 times too strong. 
Referring to (2), he said that low values are reasonably ex- 
plained by the polymerization of the dissolved molecules, liigh 
values by their dissociation into ions. He then argued that 
there are no abnormally high values, for' the view that such 
exist, and that they are explainable by dissociation involves the 
following conclusions : {a) that the more stable a^ subtstance is, 
the more easily is it dissociated ; {b) that solution dissociates 
molecules which we know can exist undissociated as gases ; (r) 
that water must consist of and the atomic theory is 

wrong ; (</)tbat energy can be created, and. therefore the theory 
of its conservation is untenable. With respect to (3), it was 
pointed out that in many instances the same dissolved subsinnce 
gives the full draression with one solvent and half depression 
with another. Cases were quoted where the depression pro- 
duced by the same dissolved body in different solvents showed 
variations of 36,000, 2l»ooo, and 28,000 per cent. In discussing 
(4), the author that even with solutions weaker than that 
corresponding to a the law is not fulfilled. Taking the 
case of sulphuric acid (thO only one at present fully investi- 
gated), the variations amount to 40 pm cent., or about 28 
tildes the experimental error. With reference to (5), it was stated 
that with strong solutions the. molecular • depression should 
Income smaller, but in every known case (9 were qu ited) 
it becomes larger, the increase in one instance being 3,200 per , 
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cent. As regards (6), all experimental data available, especially 
th^e relating to sulphuric acid, show that the deviations are 
neither regular nor always in the same direction. Mr. T. IL 
Blakesley said he wae greatly interested with Prof. Pickering’s 
paper, for some time ago he was induced to make experiments 
on the volume of salts in solution by reading Joule’s papers on 
that subject. Some of the veeulls confirnnsd, but others did 
not agree with, joule's theory that the molecular volume in solu- 
tion was a whole number. If this theory was true, then (be 
said) it would be passible to predetermine the density of solu- 
tions, and from the measured density of any known solution we 
could determine the water of orystatluation of the salt from the 
formula 


2V 

„ 


(h.p 0’ 


where W and re/ are the masses of the water and salt respectively, 
D the density of the solution relative to water at the same 
temperature, A the molecular weight of the dehydrated portion 
of tlie salt, X the number of molecules of water, and n the 
molecular volume of the salt in solution, the two latter being 
whole numbers. 

Chemical Society, March 6. — Dr. *W. J. Russell, President 
in the chair . — The President announced that the senior 
Secretary would attend the meeting to be held in Beilin on 
March ii to celebrate the 25th ai>niversary of the promulgation 
of Prof. Kekule’s benzene theory, and would present a con- 
gratulatory address from the Society. — The following papers 
were read ; — Some crystalline substances obtained from the fruits 
of various species of Cilrus^ by Prof. W, A. Tilden, F. R.S., 
and Mr. C. R. Beck. The authors have examined the solid 
matters which are deposited from freshly extracted oils of limes, 
lemons, and bergamot made by hand. The substance, limettin, 
obtained from oil of limes (C. limetta) has the composition 
and crystallizes in tufts of needles melting at 121^-132^. 
It is neither an acid nor a glucoside, is not acted upon by acetic 
chloride or phenylhydrazine, and yields phloroglucol, and acetic 
and formic acids on fusion with potash. Kssence of lemons 
yields a substance, very similar to limettin in appear- 

ance, though the crystals arc more lustrous and melt at Il6^ 
Bergamot yields a compound which crystallizes in colourless 
prisms and ’melts at ayo^’-a 7 1®.— Reduction of a-dikelones, by 
Prof. F. K. Japp, F R.S., and Dr. F. Klingemaan. Uenzil, 
when reduced by boiling with fuming hydriodic acid for a few 
minutes, gives an excellent yield of deoxybenzoin. Phenanthra- 
quinone, unrfer like conditions, gives so-called phenanthrone, ; 
which, contrary to Lachowicz’s view, is not the deoxybenzoin of 
phenanthraquinone, but a mono-hydroxyphenanthrene.— Studies 
on isomeric change, No. IV; halogen derivatives of quinone, 
by Mr. A. R. Ling. The experimeats of Hantzsch and of 
Nietzki have proved, in opposition to those of Levy, that the 
“anilfc” acids are paradinydroxy-dcrivalivcs of quinone, and 
Hantzsch and .Sebniter have shpwa that an isomeric change 
occurs when paradichloroquinone is brominated, the product 
being metadichlorometadibromoquinoae. The author has in- 
vestigated the action of bromine on paradichloroquinone and 
diacetylparadichloroquinol, and the action of chlorine on para- 
dibromoqiiiuone, ^and has obtaiued results which confirm 
Hantzsch and Schniter’s conclusion, since all attempts to 

.CBr.CCk 

prepare paradichloroparadibromoquinonc, CO<f /CO, 

^CCl.CBr/ 

have been unsuccessful, the product in every case con- 
sisting of the isomeric -metadichlorometadibromoquinone, 

/CCl.CBr. 

CO(; * ^CO. — Note on a phenylic salt of phenylthio- 

^CCl.CBr/ 

carbamic acid, by Prof. A. E. Dixon.— ^Contributions to the 
chemistry of thiocarbamid^ ; interaction of benzyl chloride and 
of allyl bromide with ihipcarbamide, phmyl- and diphenyl- 
thiocaebamides, by Mr. E« A« Weyner. 

Geological Society, March la.— Mr. J. W. Hulke, F.R.S., 
Vice-President, in chiur. — The fipl^wing poinmunicaTions. 

were read : — ( )h a deep channel of drift in the valley of the CaiPt 
Essex, 'by W, Whiialccr. * In\ScoUahd itnd in Northern Eng- 
land long and deep channels filled with. drift have been noticedi 


but not in Southern England. For some years cne deep well- 
section has been known which showed a most luitxpecteci thick-^ 
ness of Glacial drift in the higher part of the valley of tJhe Cam,, 
where t^at drift occurs mostly on the higher grounds and is o(- 
no very great thickness. Lately, further evidence has come to 
band, showing that the occurtence in question is not confined to- 
one spot, but extends for some miles. The beds found fire for 
ibe most part loamy or clayey. At the head of the valley 
various wells at Quendon and Ricklipg show irregularities in the 
thickness of the drift, the chalk coming to or near the surface ir> 
some places, whilst it is nearly 100 feet heloyf it sometimes. 

! Further north, at Newport, we have the greatest thickness of 
! drift hitherto recorded in the South of England, and then wilh- 
! out reaching the base. At one spot a wtll reached chalk at 75 
j feet; whil.t about 1 50 feet off that rock crops out, showing a 
slope of the chalk surface of i in 2. In the moat interesting 
all the wells, after boring to the depth of jio feet, the. work was 
abandoned without reaching the chalk, the drift in this case 
reaching to a depth of about 140 feet below the level of the 
.sex, though the place is far inland. The chalk crops out about 
1000 feet eastward, and at but little lower level, so that tiiere is 
a fall of about I in 3 over a long distance. At and near Wenden 
the abrupt way in which drift comes on against chalk has been* 
seen in open sections. Two wells have shown a thickness of 
210 and 296 feet of drift respectively ; and as the chalk comes 
to the surface, at a level certainly not lower, only 140 yards fron^ 
the latter, the chalk surface must have a slope of i in le&s thai> 
1^, and this surface must rise again on the other side* as the 
chalk again crops out. The drift here reaches to a depth of 60 
or feet below the sea level. At Litllebury, in the centre of 
the village, a boring 218 feet deep has not pierced through the 
drift, which reaches to 60 feet below the sea-level. As in a 
well only 60 yards west and slightly higher, the chalk was 
touched at 6 feet, there must here be a fall of the chalk surface 
of about 1*2 in i. Eastward, too, nn the other side of the 
valley, the chalk rises to the surface. The places that have been 
mentioned range over a distance of 6 miles. How much further 
the drift-channel may go is not known, neither can we say tO' 
what steepmehs the slope of the underground chalk surface may 
I each ; the slopes given in each case are the lowest possible. 
The author thinks that the channel has been formed by erosioiv 
rather than by disturbance or dissolution of the chalk. After 
the reading of the paper there was a discussion, in which Dr. 
Evans, Mr. Clement Reid, Mr. TopJey, Mr. J. Allen Brown, 
Dr. G. J. Hinde, and the author took part. — On the 
Monian and basal Cambrian rocks of Shropshire, by Prof, 
j. F, Blake. — On a crocodilian jaw from the Oxford Clay oP 
Peterborough, by R. Lydekker. — On two new species of Laby- 
rinthodonts, by R. Lydekker. 

Linnean Society, March 20. — Mr. W. Carruthers, F.R.S,*. 
President, in the chair. -^After reading the minutes of the last 
meeting, the following resolution, moved from the chair, was> 
unanimously adopted On the occasion of a giftt from Mr. 
Crisp, of a handsome oaken table for the meeting-room, the 
Society desires to record its deep sense of the valuable services^ 
rendered by that gentleman, not only as Treasurer, but by 
numerous acts which are not generally appreciated because 
they are practically unknown to the Fellow#.’^ — Prof. P. Martin^ 
Duncan, K.R.S., exhibited several specimens of 
crUtagalli obtained from an electric cable at a depth of 550 
fathoms. Though showing great variation in the shape and 
nature of the wall, the specific characters of the septa were main- 
tained. The core, extending as a thin lamina far beyond the 
peduncle, had no connection with the septa. A section of 
Caryophyl'ia rtavus showed theca between the septa, and a 
section of LophoMia prolffera exhibited a true theca extending^ 
beyond the septa. — Mr. E. B. Poulton, F. R.S., exhibited some 
Lepidopterous larvx showing the variation in colour induced by 
natural surroundings ; and some lizards, in spirit, from the 
West Indies, showing the pineal eye very distinctly.— In con- 
tinuation of a former paper on the external morphology of the 
Lepidopterous pupa, Mr. Poulton gave a detailed and interest*^ 
iog account of the sexual differences observed in the develop- 
ment of the antennse and wings. — Prof. G. B. Howes read a 
paper on the intestinal canal of the Ichthyopsida, with especial 
re^rence to its arterial supply. He described certain arteries- 
hitherto unrecorded, an^ some variations he had found in them 
in the Prog and 3 <tlamander. The artery known in the Elasino- 
branchii as' the inferior mesenteric, wits shown to belong to 



NA TURE 


{April 3 , 1890 


ihe superior mesenteric series. Discussing the morphology of the 
intestine and its derivates, the author dehned the large intestine 
of the Pisces more precisely than had hitherto been done, and 
showed that the appendix digitiformis of the Elasmobranchs 
must be regarded as homologous with the appendix vermiformis 
of nu^mmals, and that a short crecum coli is present at any rate 
in the Batoidei. The anatomical relationships of the appendix 
■digitiformis were described in certain Elasmobranchs for the 
first time, and some notes were added upon the caecum and 
large intestine among Teleosteans. — An interesting paper was 
then read by Mr. R. A. Grimshaw, on heredity and sex in the i 
honey-bee. , 

Paris. 

Academy of Sciences, March 24. — M. Hermite in the 
chair. — M. Mascart presented a note on a direct-reading trans- j 
mission dynamometer with a photographic registering arrange- 1 
ment, and also one on the Observatory at Tananarivo, setting j 
forth some of the meteorological work to be undertaken in this | 
new Observatory. — M. Berthelot, in a paper on the condensa- j 
tion of carbonic oxide, and on the penetrability of glass by ' 
water, says that he has been unable to obtain evidence of the I 
transmission of water through glass under the influence of the j 
silent discharge, and finds th It the carbonic oxide is truly con- j 
densed into a body which rapidly takes up moisture from the ! 
air. — Under agricultural chemistry, M. Ih. Schloesing makes some j 
remarks relative to the subject of M. Berthelot’s observations on 
the reactions between soils and atmospheric ammonia, and 
discusses the differences of opinion existing between them.' — 
M. L. Ranvier, in microscopical observations of the contraction 
of living muscular fibres striated and unstriated, has contrived 
method by which muscles may be excited whilst being viewed | 
under a microscope, and from comparative observations of mus- ! 
cular elements in repose and contracted, finds that the homo- , 
geneous period and the inversion imagined by Merckel does ! 
not exist. — On the regulation of the motion of governors by an | 
auxiliary dynamo, by M. A. Ledieu. —On the Cretaceous Echino- 
dermata of Mexico, l)y M. Cotteau. Descriptions are given of 
six specimens received from Mexico. The specimens are inter- 
esting both from a zoological and geological point of view, since 
they determine the age of the strata in which they were found. — 

In studies on the capture theory of periodic comets, M. O. 
Callandreau extends the elaborate work done by M. Tisserand 
on the same subject. — On the discovery of a remarkable trans- 
cendental function, by M. Fredholm. — On the invariants of 
a class of equations of the first order, by M. Z. Elliot. — 
Relation between the volume, the pressure, and the temperature 
of different vapours, by M. Ch. Antoine. — Comparative study 
of specific inductive power, and of the conduclibility of spaces 
filled with rarefied air, by M, Jamjs Moser. From the study of 
these properties with spaces containing air in three states of | 
rarefaction — namely, (i) at a pressure of 10 mm. of mercury, (2) at j ] 
I mm. pressure, (3) with an extreme vacuum — the author deduces ‘ 
that while the conduct ibility varies the specific inductive power ! 
remains constant. — Electrolysis of a mixture of two salts in | 
aqueous solution, note by M. L. Boullevigne. Using a mixture ; 

01 Zn and Cu salts, it is found that the co.nposition of the brass 
deposited varies rapidly with the intensity of the current em- 
ployed, contrary to Buffs law. Considering the variation to 
be due to the chemical action of the sulphate of copper upon the : 
zinc in the alloy deposited, and that the amount of this action 
is proportional to the time, an expression is found which allows 
the composition of the alloy obtained with any given intensity 
to be calculated with a fair degree of accuracy as tested by 1 
experimental results. — A new method of preparxtion of 1 
betaines, by M. E. Duvillier. The author uses a reaction 
similar to that by means of which M. Schiitzenberger I 

obtained the leucines synthetically ; an ethereal iodide is ( 
caused to act upon the zinc salt of an amide acid in the 
presence of zinc oxide. — Titration of acetone by the iodoform 
reaction, by M. G. Arachequesne. — On callose, a new funda- 
mental substance existing in ceil membranes, by M. Louis Mangin. 

— The estimation of fattv matter in milk, by M. Lez^. 100 parts 
of milk are heated in a flask with a graduated neck till the mix- 
ture becomes brown, ammonia is added till the whole becomes 1 
clear, the fatty matter rising to the top and its volume being 
read off on the graduated neck. — On new forixis of ciystallized 
silica, note by MM. Michel-L^vy and Munier-Chalmas. — The 
solubility of some substances in sea- water, by M* J. Thoulet*^ 8 
On the development of siliceous sponges and the conformation 8 


of leaflets among the sponges, by M. Yves Delage.— On the 
physiolo^cal mechanism of hatching, sloughing, and meta- 
morphosis among Orthopterous insects of the Acridean family, 
by M. J. Kunckel d’Herculais.— On the great sand dunes of the 
Sahara, note by M. G. RoIIand. — On the gypseous formations 
of the Paris basin, and on the siliceous deposits which have 
replaced the gypsum, by M. Munier-Chatmas.— On the physio- 
logical action ot arsenietted hydrogen, by MM. F. Toly and B. 
de Nabias.— On the diarrhoeic action of cholera cultures, by M. 
N. Gamaleia. — On the vibration of the earth at Chung-IIai and 
I the movements of the compass at Zi-Ka-Wei during this vibra- 
tion, by M. Chevalier. It is remarked from observations that 
the vibrations of the earth are unaccompanied by magnetic 
disturbances. 

Berlin. 

Physiological Society, March 14. — Prof, dii Bois-Reymond, 
President, in the chair. — Dr. Heymans spoke on myelin, giving 
a concise account of the numerous chemical and scanty micro- 
scopical investigations of what Virchow had designated as myelin- 
formations in peripheral nerves. From a chemical point of view 
the controversy had turned chiefly upon the existence or non- 
existence of Liebreich’s protagon. The speaker had made in- 
vestigations on frogs' nerves, from which he concluded that both 
protagon and lecithin are present in them, and that myelin- 
formations are due to imbibition, with simultaneous production 
of an external membrane. — Dr. Goldscheider gave an account of 
his rc.searches on the sensitiveness of the articular surfaces of 
joints, based upon experiments on the tibial and metatarsal joints 
in rabbits. It appeared that the sensitiveness was dependent not 
soTOUch upon the irritability of the surfaces of the joints, as of that 
of the epiphyses. The greatest effect was produced by direct 
stimulation of the marrow of the respective bones, while stimula- 
tion of the compact bone-substance showed that this was quite 
insensitive. 
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NEW LIGHT FROM SOLAR ECLIPSES. 

New Light from Solar Eclipses; or Chronology corrected 
by the Rectification of Errors in the received Astro- 
nomical Tables. By William M. Page. With an Intro- 
duction by the Rev. J. Brookes, D.D. (St. Louis : Barns 
Publishing Co., 1890.) 

T H I S is a book with a considerable portion of which 
we can have no concern, for it treats largely of 
theological matters of a disputed kind. It is the produc- 
tion, no doubt, of a devout and pious mind, but of one not 
Scientifically trained. Indeed, we are informed, in an in- 
troduction by a St. Louis divine, that it is “ written by 
a brother actively engaged in the ordinary pursuits of 
life,” and an attempt is made to enlist our sympathies 
with the author on that account. This appeal would have 
been more effectual if the scientific conclusions at which 
the author has arrived, and for which he hopes to gain 
attention, were put forward either with more modesty on 
his own part, or with greater respect for recognized 
authorities. 

But the contrary is the case. Our prejudices are not 
respected, and while the crudest statements are made on 
the smallest possible evidence, the work so bristles with 
errors that it is dilificult to present typical examples. We 
should have been tempted to leave this volume to the 
obscurity it merits from a scientific point of view, but' for 
two circumstances. One is, that this book will probably 
circulate largely among readers not qualified to Judge of 
the rashness of statement and inaccuracy of detail that 
characterize its astronomical portion, and that con- 
sequently a very erroneous and exaggerated opinion may 
be formed of the character and amount of the errprs that 
still exist in one of the most exact of sciences. The second 
inducement to look a little closely into its pages is this ; 
that another and more instructed class of readers may* 
imagine that on matters of chronology astronomy speaks 
with an uncertain sound, and consequently be led to 
undervalue the very substantial advantages that history 
has derived from astronomical sources. 

The main object of the book is the arrangement of a 
system that shall bring the narrative contained in the 
Gospels into the chronological order conceived by the 
author as correct, and to render consistent, the facts re- 
' corded in sacred and secular history, with this system. 
How far this method and system will satisfy competent 
theological critics it is, as we have said, not our duty to 
inquhre ; we can only hope that the service rendered to 
religion is greater than that to science, for from the latter 
point of view we have no hesitation in saying that his 
theory is erroneous in its conception and unwarranted in 
its application. 

The 4neans/employed to produce this chronological 
.^^^irmony is baMd on the assumption that the places of 
the sun and' ntoon' cannot be correctly computed for 
distant dates from' the .existing.. taWes, and that con- 
sequently additio^ teitns, empirically determined* must 
he introduced. This new theory had best be described 
VoL. XLi.--Na 1067. 


in the author's own words, for fear we should not do it 
Justice ; — 

** Our present lunation is too long by a fraction of a 
second, amounting in the course of a century, to* about 
six minutes of time. In the same length of time, the 
sun's anomaly is too long by about seven minutes ten 
seconds of space, the moon's anomaly too long by eight 
minutes twenty seconds of space, and the sun's mean 
distance from the node is too short by about eight 
minutes thirty-five seconds of s^ace.” 

After ap attentive perusal we have not been able to 
discover any additional explanation or reason for the in- 
troduction of these terms. Neither have we discovered 
to what assumed values of the mean longitude, the mean 
anomaly, and the argument of latitude these corrections 
are to be applied. The only references to authorities are 
apparently those of Baily's “ Tables " and Fergusson's “-As- 
tronomy,'' and the author does not appear to have had ac- 
cess or thought it worth while to examine more modern and 
trustworthy sources. We cannot be quite sure that we 
have described correctly the elements of the lunar and 
solar orbits to which these corrections are to be made, but 
it^s asserted that, when introduced into the tables, all 
the eclipses recorded by the ancients can be represented 
correctly within a few minutes of time. It is muph to bq 
regretted that no rigorous comparison between the 
observed and computed times of all the ancient eclipses 
has been attempted, in order that a correct judgment 
might be formed of the value of this assertion. This was 
the more necessary as the few cases selected are, we think, 
very infelicitous, and the incapacity of modern tables to 
represent these eclipses is unjustifiably, but no doubt unin- 
tentionally, exaggerated. 

It is curious to notice that the author does not recognize 
any other criterion of accuracy than the possibility of 
satisfying these ancient eclipses, the records of which are 
so imperfect, and the interpretation so doubtful, that they 
are gradually being discarded in the discussion of the one 
question for which they at one time seemed peculiarly 
fitted — namely, the determination of the amount of the 
secular acceleration of the moon's mean motion. The 
whole mass of moderA observation is ignored. The care- 
ful records of eclipses made at Bagdad and Cairo in the 
ninth and tenth centuries share the same fate. It would 
seem that any observation made after the first half of the 
first century does not appear to the author to possess any 
value. 

It will scarcely be believed that this is a correct descrip- 
tion of the author's method. No one will imagine that 
any sane man would attempt to construct a lunar theory 
from ancient eclipses alone, and expect that the results at 
which he has derived will be generally admitted, because, 
forsooth, he is able to represent a few facts by the intro- 
duction of nearly as many variables. It is true that the 
tables founded on this vicious reasoning do not appear in 
their integrity, and probably do not exist ; but .there are 
given many pages of computation, which are well calcu- 
lated to misled the uninstructqd, and to give an air of 
accuracy to the results, to which they are not entitled. 
We can imagine nothing better adapted to bring 
astronomy into disrepute with thoughtful, but not mathe- 
matically trained minds, than the unwarranted conclusions 
presented in the slovenly manner in which they appear 
here. 


A A 
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Some grounds must be given for the severe stricture 
here passed, and the only difiliculty is to select Ul& most 
fitting examples from so much worthless matter. On 
p. 18 the author says ; “ It is considered sufficiently near 
to the truth, if our calculations came within a few hours 
of the time and near enough to the quantity of the eclipse 
to identify it as being in all probability the obscuration 
mentioned by the historian in connection with a certain 
event.’' The italics are our own, and the statement to which 


of detail, employing his “ new and corrected tables.” • F6r> 
these two eclipses, - 382, Dec., and - 200, Sept, he gives . 
the London mean times of the true full moon i5h. 56m. 
and 3h. 16.11. respectively. There is no attempt to deter- 
mine the exact phase obse rved, and it may be remarked 
that the longitude given for Babylon is grievously in 
error. These two eclipses have been selected with the 
particular purpose of demonstrating that no secular 
acceleration of the moon’s motion exists. This selection, 


they call attention is absolutely a misrepresentation. It with this view, is unhappy. With regard to the earlier 
is scarcely necessary to say in these columns that no eclipse, it is very doubtful if it was really seen at 
astronomer of repute .would be satisfied with a dis- Babylon. The account given in the “Almagest” 
crepancy of anything like this amount between history (“ Halma,” p. 275) rather suggests that Athens, or one 
and computation In any case in which the phenomenon of the Ionic colonies, was the place of observation, since 
is clesurly indicated and accurately described. In the the description of the date is by means of the Greek 
anhexed table is given the comparison of the computa- calendar ; and Hipparchus says that this eclipse with the 
tions of various astronomers of the times of historic two immediately following are added to the catalogue of 
eclipses with the recorded times. To keep the table to the Babylonian eclipses as though they had been observed 
a moderate length it is confined to those dates between in that place (wr «« TtTqprujums yfyovtpai). This sugges- 
which the examples have been worked out by the writer, tion that the record of the eclipse was made elsewhere 
In estimating the accuracy of representation, there are than at Babylon is strengthened by the addition of the 
two circumstances to be taken into account. One' is note that “the moon set eclipsed.” In an eclipse which 
that an eclipse, being a phenomenon the exact time of j commenced only half an hour before the setting of the 
whose occurrence could not be accurately predicted by 1 moon, these words would have little meaning, but if the 
the observer or recorder, must have been ia progress | note was added by the observer at Athens, its purpose is 
some time before detection, or, all observations of the first I intelligible, for the eclipse would be more than half over 
geometrical contact, the phase computed from the tables, j before the moon touched the horizon. It is very possible,, 
would be observed too late ; and though the error from this therefore, that some allowance for longitude was made by 
cause would not be so large in the observation of the end * Hipparchus, but with such a doubt overhanging the re- 
of the total phase, it is probable that this phenomenon ' corded time of observation, the selection of this eclipse 
would be recorded too soon. The other circumstance is from the long catalogue collected by Ptolemy gives a very 
that we cannot regard Ptolemy, from who.se work the • doubtful support to any hypothesis. The second eclipse 
times here given have been taken, as a totally unpre- quoted was doubtless observed at Alexandria, but if 
judiced witness. He was anxious to establish a theory, ‘ Hipparchus is correctly rendered by Ptolemy, he is made 
and it is probable that he selected those instances which to say that the eclipse began half an hour before the 
most nearly fitted his preconceived system. In other ' moon rose. The record, therefore, refers to a calculated, 
words he may have — what is not unknown in these days ^ *t>d not an observed, phenomenon, and on that ground 
— rejected a discordant observation. alone should not have been selected. 

But it is in solar eclipses, the total phase being confineef 
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to a comparatively narrow zone of country, that the 
feebleness of the author’s method is most conspicuously 
exhibited. The eclipse known as that of Xerxes will: 
serve for an example. To adequately explain the cir- 
cumstances as recorded by Herodotus and Aristides has 
exercised the ingenuity, but baffled Che efforts, of many 
experts. It offers no difficulties to Mr. Page, though we- 
cannot think that his rendering will be generally appre- 
ciated. Herodotus’s description runs, “ The army having 
come out of their winter-quarters in the opening of spring.”’ 
In the latitude of Sardis the opening of spring couldi 
hardly be put as late as April 18, but this is the date 
selected by Mr. Page, because on that day -480 there 
was undoubtedly a total edipse of the sun. The writer 
does not meatimi/what is equally the)fact,tfaat theMiadow 
of the moon fitst toudied the earth in ^e Indian Ocean, 
passed over the Himalayan - peninsida, through China,, 
and disappeared hi the Pacific. Such a path; is totally 
inadeqwtte to>«i|daiRiHke/ufthelpdess|ipiion of HeroitotuS;. 


It Is needless to point out there are no discrepancies 
of a few hours between the tabular and observed fJtcts, 
and that the grave charge of the lack of accuracy is un* 
sustained. The circumstances of two of these eclipses 
have been worked out by the author with some pretence 


that “night came on iiiiiead of iday.'” 

A ■Mill greatassdMVrdhy is Intsodpecd .when the author ’ 
wishes topMvolimt tlM- 4 ^^ tOftAiqipistos hbppenod in 
the year 13, by means' of seter -ewpse which is said to- 
have occurred just btfafSe^ death of that £mperor. -He 
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<iDds that there was a . solar eclipse on 13, April 2S, and an 
attractive woodcut is given showing the track of the shadow 
passing oyer Ronie. As a. matter of fact, this eclipse 
began in the Pacific, touched the continent of America 
-about Vancouver, and passed over Canada to the Atlantic : 
the whole of its path is confined to -‘regions Cajsar never 
knew,” But the list of false deductions is too long and 
too uninteresting to pursue any further : exact astronomy 
can lend no support to the chronological systenn here 
developed. William E. Plummer. 


THE EVOLUTION OF SEX. 

The Evolution of Sex. By, Prof. Patrick Geddes and J. 

Arthur Thomson. VV’^ith J04 Illustrations. (London: 

Walter Scott, 1889.) 

'T^HIS book, say the authors in the preface, has “the 

A difficult task of inviting the criticism of the biologi- 
cal student, although primarily addressing itself to the 
general reader or beginner.” In attempting to meet these 
two interests the authors have aimed high : they have 
aimed at producing a classic. They have brought to the 
task — as indeed their names guarantee. — ^a wealth of know- 
ledge, a lucid, and attractive method of treatment, and 
a rich vein of picturesque language. The illustrations are 
pertinent, and sometimes very good. The index and table 
•of contents are copious, and the summaries and references 
to literature at the end of each chapter are most useful. 
In matters of history they are especially good, and 
advanced biological students will find the abstracts of the 
views of Eimer, Weismann, Brooks, Hertwig, Haeckel, 
Wallace, Spencer, Geddes, and many others exceedingly 
useful. But as writers for the general public the authors 
have serious if not prohibitive disadvantages. 

General readers demand, with right, that those who 
-speak to them with the voice of authority shall give 
them the authoritative views. Controversial matter 
they arc pnly remotely interested in, and when it 
cannot be avoided they must have it carefully distin- 
guished from matter beyond controversy. These authors 
are controversialists from the first page of their book to 
the last : they are partisan controversialists offering their 
wares and their wisdom as accredited doctrine and 
•determined result. This is no quarrel with the views of 
the authors. Prof. Geddes and Mr. Thomson are workers 
well able to command the. attention of biologists for their 
contributions to any controversy. It is a quarrel with the 
■offering of personal views, generaliscations, and theories as 
<iaal, in a series “designed to bring within the reach. of 
■^e Englishrspeaking public the best that is known and 
thought in all departments of modem scientific research.” 

As is the fashion with neo-Lamarckians, the authom 
delight in obtruding their misconceptions of Darwin, 
Take, for instance, the following statements ■ 

. . bad, effects. of.close-breeding among 

higher animals, .Darwin and others have called attention 
/*Vthe numerous contrivances afnong plants which are said 
^to render self-fertilMon impossi&e. Tt must again be 
said that this survival a very old way eff explaining, facts 
— in terms of their final ^vantsger-^is net really a. causal 
explanation at all " (p. 74). 


Or, again, on p. 27 

“ At a special case pf natural selection Darwin’s minor 
theory {i,e. sexual selection) is open to the objection of 
being tefeological, «>. of accounting for structures ill terms 
of a final advantage. It if quite open to the logical critic 
to urge, as a few have done, that the structures to be ex- 
plained have to be accounted for before, as well as after, 
the stage when they vvere developed enough to be useful. 
The origin,. or in other words, tjte fundamental physio- 
logical import, of the structures, must be explained before 
we have a complete or adequate theory of organic 
evolution.” 

Now there can- be no doubt of the question here et issue. 
Readers of Nature may rementber that some time ago 
(Nature, December 12, 1889, p. 129) Prof. Ray Lankester 
it propos of Cope's supposed contribution to the theory of 
natural selection,^ asked : “ How can Mr. Cope presume 
to tell us this ? Who has ignored it ? When ? and where ? ” 
It is clear that Prof. Geddes and Mr. Thomson imagine 
that Darwin has ignored this, and that he has done so in. 
his theory of se.xual selection, and in his accounts of 
contrivances in plants to prevent self-fertilization. In a 
sebof works the definite and reiterated purpom of which 
is to show (i) that variations do occur, (2) that from these, 
by selection, varieties, species, organs are elaborated 
and adapted, it is fortunately easy to find chapter and 
verse conclusive against the view that Darwin could have 
imagined that selection teleologically causes the variations 
that give it scope. Will Prof. Geddes and Mr. Thomson 
refer to the “Descent of Man” (the writer has the second 
edition before him) ? On p. 240 it is written i — 

“ Not only are the laws of inheritance extremely com- 
plex, but so are the causes which induce and govern 
variability. The variations thus induced are preserved 
and accumulated by sexual selection.” 

Will Prof. Geddes and Mr. Thomson refer to the 
“Fertilization of Orchids” (also second edition)? On 
p. 284 it is written ; — 

“Thus throughout nature almost every part of each 
living being has probably served in a slightly modified 
condition for diverse purposes, and has acted in the living 
.machinery of many ancient and distinct specific forms,” 

Or, again, on the same page : 

“ This change ” (labellum assuming its normal position) 
‘it is obvious might be^ simply effected by the continual 
selection of varieties which had their ovaries less and less 
twisted ; but if the plant only afforded varieties with the 
ovarium more twisted, the same end could be attained by 
the selection of such variations until the flower was turned 
completely round on its axis.” 

Can there be the faintest suspicion that the man who 
wrote these senysnees did not distinguish between the 
material for selection and the causes producing that 
material ? One more quotation from the authors to 
show how they misunderstand Darwin's spirit and 
writings 

“ The first of these is the still curiously prevalent opinion 
that, when you have explained the utility or the advantage 
of a fact, you have accounted for the fact, anmopinion 
which the theory 0/ ncctural selection hoe Mme more to 
fpster^ them to rebuff. Darwin was indeed hifttse/f charr 
aeterisHcaily sileni in regard to the origii) of sex as 
well' as of many other * big lifts ’ in the organic series ” 
(p. 126). 

' The k«y>n9ie of Cope** imagined contribution wm, “Selwtibn cannot 
ejtplauitbotmRteofnajrtiiiiui.'' • • 
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What do the authors mean? Their erudite and care- 
ful statements of the position of many foreign waters 
emphasize their failure to represent the positron of the 
author of the “ Origin of Species.” 

The authors think that the problems and questions re- 
lating to sex» laxrblems and questions carefully and in- 
geniously analyzed by them, “are in final synthesis all 
answerable in a sentences” Morphological questions are 
at base, they say, physiological ; and physiological ques- 
tions are ultimately referable to the metabolism of proto- 
plasm, as Prof. Burdon-Sanderson pointed out last autumn. 
This metabolism is double : it consists on the one hand of 
anabolic, constructive, elaborntive processes — processes 
attended with the storage of energy ; and on the other 
hand ot' katabolic, destructive, disintegrating processes — 
processes attended with the liberation of energy. These 
processes are complementary ; in living protoplasm they 
seem for the most part coincident. Losing sight of the 
coincidence the authors have seized on the antithesis ; the 
idea has grown upon them till they see a rhythm of 
anabolism and katabolism swinging through orgaijic 
nature and producing — well, producing nearly everything. 

Take, for instance, secondar}' sexual characters. Males 
are frequently lithe, active, aggressive, gorgeously coloured 
and decorated. Females are often sluggish, vegetative, 
passive, and soberly coloured. These characters, according 
to Ceddes and Thomson, occur because males have a male 
or katabolic diathesis, because females have a female or 
anabolic diathesis. 

“ Brilliancy of colour, exuberance of hair and feathers, 
activity of scent glands, and even the development of 
weapons, are not and cannot be (except teleologically) ex- 
plained by sexual selection, but in origin and continued 
development are outcrops of a male as opposed to a 
female constitution ” (p. 22). 

It is impossible to follow in detail and state the in- 
numerable objections to this explanation. Do the authors 
suppose a male diathesis explains the ascending series of 
horn and antler development ? Can it in any way account 
for “ interference ” colours, which play so large a part in 
the adorning of males ? Are women less female when they 
have mdiant complexions and abundant tresses ? What 
physiological reason is there for believing that skeletal 
weapons and scent glands, or the crystals in anthers, are 
due to the katabolism of “exuberant maleness,” while 
menstruatiofi and lactation are means of getting rid of 
" anabolic'surplus ? ” 

Parthenogenesis occurs in groups of animals where the 
anabolic rhythm is dominant. Sex itself appears when 
katabolic conditions preponderate. And this is why 
flowers so often are situated at the end of the vegetative 
axis ; this is furthest from the source of nutrition ; the 
flower . occupies a katabolic position, and is often the 
plant’s dying effort (p. 226). Alternation of generations 
is a special example of the rhythm. Thus, but the authors 
do not cite this example in this connection, the tiny sexless 
and spore-bearing stalk parasitic on the moss-plant is the 
.anabolic vegetative generation, while the conspicuous 
moss-plant is the sexual or katabolic generation — the 
generation peculiarly connected with starvation ! It is 
obvious that the authors are nothing if not original. But 
the real value of the book must not be lost sight of in 
quotations from it. The chapters on the “ Determination 


of Sex,” on “ Sex Elements,” and on “ Growth and Re- 
production,” are very suggestive. But indeed, to biolo- 
gists the greater part of the book and its theories must be 
useful and suggestive. It is only the general public that 
must be warned off. 

It is very much to be regretted that the authors have 
included a discussion of certain social and ethical 
problems absolutely unconnected with the title of their 
book. If such matters are to be discussed comm poputOf 
it is only fair that explicit information should appear on 
the title-page. P. C. M. 


THE QUICKSILVER DEPOSITS OF THE 
PACIFIC SLOPE. 

Geology of the Quicksilver Deposits of the Pacific Slope. 
By G. F. Becker. Pp. 486, and Atlas of xiv. folio 
Plates. (Washington : Government Printing Office, 
1888.) 

A mong the numerous mineral treasures of California 
none are of more interest than the deposits of 
mercury ore which occur at intervals along the greater 
part of the Coast Range from the Mexican boundary to 
Clear Lake, in lat. 39^ N., a distance of more than 200 
miles. This region, together with the district of Steam- 
boat Springs in Nevada, has been carefully examined by 
the division of the United States Geological Survey under 
the charge of Mr. (7. F. Becker, and the results are now 
presented in another of the handsome qu arto series of 
monographs published by Major Powell, the head of the 
Survey. 

The discovery of mercury in California preceded that 
of gold ; the most productive locality. New Almaden, near 
San Josd, at the south end of the Bay of San Francisco, 
having been known for about 65 years, while the actual 
mining was commenced under a grant from the Mexican 
Government shortly before the cession of the country to 
the United States. In its earlier years the mine was 
extremely profitable, and the long judicial controversy 
that ensued before the title was satisfactorily established 
occupies a prominent place among the records of 
American mining litigation. The maximum production 
of 47,194 flasks of 76) pounds each was realized in 1865, 
but in 1886 it was reduced to 18,000 flasks, the total for 
the period 1850-86 being 853,259 flasks, or about two- 
thirds of the produce of the Spanish Almaden. The 
total produce of the Californian mines, which was about 
80,000 flasks in 1877, declined to 30,000 in 1886. 

The second mine in point of importance, known as 
New Idria, is about 70 miles in a south-easterly direction 
from New Almaden, the ore, cinnabar, occurring under ^ 
conditions similar to those in the latter mine — namely, in 
very irregular groups of fissures in metamorphic strata, 
which pass' into others containing Neocomian fossils of 
the genus Aucellts. These were succeeded by other Cre- 
taceous and Tertiary formations up to the Miocene, the 
close of the latter period being marked by an upheaval 
and the commencelnent of volcanic activity. The ore 
deposits are closely rdated to the latter, and are probably 
nearly all, if not entirely, of post^Pliocene origin. 

In the Clear Lake region, ia '^lat. 39'’ N., which ad- 
joins the group of eolcatric cones known as Mount 
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Konocte (or Uncle Sam) hot springs and solfataras are 
abundant in a small area of basalt of comparatively 
recent origin. The most important of these, known as 
the Sulphur Bank, was at first worked for sulphur, but, 
on getting below the surface, cinnabar was found in the 
decomposed basalt, and for some years it produced large 
quantities of mercury, up to 11,152 flasks in 1881 ; but 
latterly the yield has fallen oflr,being only 1449 flasksin 1886. 

The Redington Mine, adjoining Knoxville, about 25 
miles south-east of Clear Lake, was discovered in making 
a cutting for a road, and has been worked since 1862, and 
has produced nearly 100,000 flasks of mercury, a quantity 
which has only been exceeded by the mines of New 
Almaden and New Idria. In 1886 the yield had fallen 
to 409 flasks, the i mmense irregular body of ore at the 
surface having changed in depth to some narrow veins 
following fissures in the metamorphic Neocomian strata. 
These are to a large extent converted into serpentine ; and 
a black opal, known as quicksilver rock, accompanied the 
ore, which was remarkable as consisting largely, in the 
upper workings at least, of amorphous black sulphide of 
mercury, or meta-cinnabar, a mineral that was there 
recognized in quantity for the first time. This deposit is 
considered to be the result of the action of hot springs 
in connection with an adjacent mass of basalt— springs 
which are now dormant except in so far that sulphur gases 
are given off and sulphur crystals are deposited in the old 
workings, where a comparatively high temperature, ex- 
ceeding 100'’ F., prevails. 

The Steamboat Springs in Nevada, near the Comstock 
lode, have been also studied by the author. These, 
although presenting no deposits of commercial value, 
are interesting from the light they cast upon the pheno- 
mena of the formation of mineral veins, and have there- 
fore been carefully investigated by several observers, 
including the late Mr. J. A. Phillips, F.R.S., and M. 
Laur, of the ^cole des Mines. The author considers 
that the main source of the ore in the Comstock lode is 
the diabase forming the hanging wall, and that the mine- 
ral contents were extracted from this pre-Tertiary erup- 
tive mass by intensely heated waters charged with alkalitfb 
carbonates and sulphides rising from great depths, and 
that a similar origin may properly be attributed to all the 
cinnabar, pyrites, and gold found in the mercury-mines of 
the Pacific slope, having been brought in as solutions 
as double sulphides of metal and alkalies. The original 
source must have been either the fundamental granite of 
the country, or some z>/,A%z-granitic mass, it being ex- 
tremely improbable that they were extracted from any 
volcanic rock at or near t}ie surface. In connection with 
this subject, the author has made a series of interesting 
experiments on the relations of the sulphide of mercury 
to *that of sodium, which show that mercuric sulphide 
is freely soluble in aqueous solutions of sodium sulphide, 
although the contrary has repeatedly been asserted. 
Mercuric sulphide may be precipitated from sulpho-salt 
solutions in many ways, particularly by excess of sul- 
phuretted hydrogen, by borax and other mineral salts ; 
by cooling, especially in the presence of ammonia, and 
by dilution. In the latter case, a certain quantity of 
metallic mercury Separates as well as the sulphide, in- 
dicating one of the methods by which the native metal 
has been produced in Nature. 


In addition to the mines specially described, the author 
has extended his study of tibe subject to a consideration 
of th^ principal mercury-mines other than those of Ame* 
rica, partly from persoital investigation in Spain and 
Italy, and partly with the help of other observers and 
published accounts. He expresses a very decided opinion 
against the supposed substitution origin of the Almaden 
deposits, considering them to be essentially of a vein-like 
character, the cinnabar being ^deposited in fissures or 
interstitial cavities in sandstone previously existing. This 
latter conclusion is substantially similar to that arrived 
at by the late Mr. J. A. Phillips and the present writer, in 
a microscopic study of the Almaden ores made some 
years since. The details of the foreign deposits have 
been very carefully collected, the comparatively new dis- 
coveries of Avala in Servia, and Uakmuth in Southern 
European Russia, being included. The latter mine, 
which, at the time the book was completed, was not at 
work, has since become of considerable importance. The 
ore, cinnabar, occurs as an impregnation of a bed of car- 
boniferous sandstone from 14 to 17 feet thick, with an 
%verage yield of 1 54 pounds per ton — about 7 per cent. — 
and the reduction works have a productive capacity of 
about 10,000 flasks annually. 

In conclusion, it is scarcely necessary to state that the 
whole of the details illustrating the subject have been 
worked out with the care and fulness which have charac- 
terized the author’s former monograph on the Comstock 
lode. Whether mercury-mining in California may be in 
a declining state, or destined to a revival of its former 
prosperity at a future time, there can be no question of 
the high value of the record of the results hitherto 
obtained, which is contained in the volume it has been 
our pleasant task ‘to notice. H. B. 


OC/J? BOOK SHELF. 

Illustrations of some of the Grasses of the Southern Pun- 
jab, being Photo-lithographs of some of the Principal 
Grasses found at IHssar. By William Coldstream, 
B.A., Bengal Civil Service. With 38 Plates and 8 pages 
of 1 ntroduction. (London : Thacker and Co. Calcutta: 
Thacker and Spink. 1889.) 

This work contains a series of thirty-eight photo-litho- 
graphs of the grasses used for agricultural purposes in the 
southern portion of the Punjab. The tract of country to 
which it relates lies to the west of Delhi, between the 
Jumna on the east and the Sutlej on the west. It con- 
stituted till recently the civil district of Hissar, which has 
now been broken up. It has an area of 8^500 square 
miles, and a population of a million and a half. Except 
along the streams and canals the soil is sterile and sandy, 
and the cro^ depend upon the periodical rains. The 
staple cereals are Sorgnum vulgare and Penicillaria 
spicata. In its centre is situated the great Government 
cattle- farm of Hissar, where for many years cattle of the 
finest Indian breeds have been reared by Government, 
principally for the supply of the ordnance and transport de- 
partments, but also to some extent for distribution through 
the country, with the aim of improving the conunoner 
indigenous kinds. The Bir, or grass-lands, of this g^'eat 
farm are of very wide extent, and in the rainy season a 
large number, of grasses, of more or less value as fodder, 
grow luxuriantly over its vast parks. The farm hats alto- 
gether an area of above sixty square ' miles, and it is 
mainly from this 'that the species figured by Mr. Cold- 
stream are taken. 
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The book is modelled upon the “ Fodder-grasses of 
India,” published not long ago, in two volumes, Ijy Mr. 
Duthie, the director of the botanical department of 
Northern India, and to Mr. Duthie the author is indebted 
for tht: botanical determination of the species. He.gives 
the native name of each plant, and a short account of 
the extent and manner in which it is used, and as most 
of them have a wide dispersion, this will be found 
useful in other dry sub>tropicaI regions. Out of thirty- 
seven species, the two gseat tropical tribes are represented, 
Panicece by twelve species, and Andropof^onea by ten, and 
only three species fall under Festuccee, the tribe to which 
most of oiir North European pasture grasses belong. The 
plates are lithographed from photographs, and do not 
contain any dissections. Plate III., called Panicum 
Crusgalii^ is clearly not that species, but a form of P. 
(oionum, another variety of which is figured on Plate II. 
Mr. Coldstream also has got entirely wrong with his 
two species of CyPerus, figured on p. 38. The left-hand 
figure, called Cyperits species, is evidently Cyperus /via, 
Linn., a common weed throughout India in rice-fields. 
The left-hand figure, labelled CyPerus Tria, is not in 
flower. There is no such plant known to botany ; Tria 
is doubtless a mistake for h>ia. The figure is quite 
unrecognizable, but from the native name appended, 
“ Motha,” it is most likely Cvperus roiuttdus. 

J. G. U. 

Elementary Dynamics of Particles and Solids. By W. M. 

Hicics, M.A., F.R.S. (London : Macmillan and Co., 

1890.) 

In this excellent treatise, extending over nearly 400 pages, 
the author introduces to the student the principles of 
dynamics. Although the book is issued under the latter 
title, it will be found to differ considerably in its treat- 
ment from the majority of text-books on the same subject. 
For instance, the two subjects of statics and kinetics have 
been considered together, the former being regarded as a 
special case of the latter. Again, the discussion of force 
is reserved until an attempt has been made to give an 
idea of mass and its measurement ; thus a preliminary 
study of momentum finds an early place. 

Although the mathematical acquirements of the stu- 
dent of these pages may be limited to a knowledge of the 
elements of algebra and geometry, he will be able to 
readily follow the methods adopted in establishing the 
various results. This the author has kept in view through- 
out his work, except in a few cases where, in the hope of 
rendering it useful to a larger circle of readers, he has 
had recourse to the trigonometrical ratios for examples 
which he has worked out. 

The volume is divided into three portions (i) recti- 
linear motion of a particle ; (2) forces in one plane ; 
(3) plane motion of a rigid body. 

One cannot read the first few chapters without observing 
the care taken by the writer in trying to impart to the 
student a correct and precise idea of the fundamental 
units. That this is a very important matter all will agree 
who have had any experience in teaching or testing 
students. The most deplorable state of igliorance some- 
times exhibited by them, in giving their results in all 
manner of absurd units, should encourage both teacher 
and author to make a special effort when dealing with the 
question of units, fundamental or otherwise. 

As the subject of statics is included, an opportunity has 
been taken of introducing the method of drawing stress 
diagrams for loaded framework ; this will be valuable to 
engineering students. 

Notwithstanding that the writer has forbidden himself 
the use of the integral calculus, he has been able to 
establish (in some cases very neatly) many useful results 
in the two chapters on centre of gravity and moment of 
inertia, which should be read with care. 

Neatness in method characterhes the book throughout 


and an unusually large number of examples will be foundl 
at the end of each chapter. 

The work is based on a series of -lectures delivered by 
the author at the Firth College, Sheffield, and many 
details for which time can generally .be found at thp- 
lecture table have in this case found their way into the 
book. 

These will help to lessen the individual dlfiicul|iies of 
students, and their views of the subject will be .-enlarged 
thereby. There can be little doubt that the text^book 
will have a deservedly favourable reception. 

G. A, B. 

Catalogue of the Fossil Reptilia and Amphibia in the- 
British Museum (Natural History'). ' PaTt HI., con- 
taining the Order Chelonia. By.Richkrd Lydekker, 
B.A., F.G.S., &c. (London: Printed by Order of the 
Trustees, 1889.) 

Mr. Lvdekker is to be congratulated on having added 
one more to the valuable series of catalogues of the 
palaeontological collections in the British Museum which 
he has compiled during the last few years. Like his 
previous catalogues, the present work indicates an enor- 
mous amount of careful and accurate work, which, how- 
ever, is of such a special kind that it cannot easily be 
summarized in a short review. 

The extreme difficulty of correlating the fossil forms 
of Chelonia with the recent, on account of the frag- 
mentary character of many of the remains, is indicated 
by the fact that, out of the 52 genera and 131 species 
or varieties described, the author has only been able to 
place with certainty 18 genera and 10 species amongst 
existing forms. The classification adopted is to a great 
extent that, followed by Mr. Boulenger in his catalogue 
of recent Chelonian-s. The work is illustrated by 53, 
woodcuts, and abundant references to the bibliography 
of the group are given. It must be added, as stated in 
the preface, that “ the collection which .forms the subject 
of this Catalogue is particularly rich in Chelonians fron> 
the Purbeck Beds of Swanage, the Cretaceous of England 
and Holland, the Eocene Tertiaries of Warwick, Sheppey, 
Hampshire, the Isle of Wight, and the older Pliocene of 
the Siwaliks of India.” The last-named beds have yielded 
the largest tortoise known ( Testudo [Colossochetys"] atlas 
of Falconer), the carapace of which measures about six 
feet in length. 


LETTERS TO THE EDITOR. 

\The Editor does not hold himself remmsible for opimons ex- 
pressed by his eorrespondemts. Neither eon he undertake 
to rettsm, or to correspond with the writers ri, rejected 
manuscripts intended for this or any riher part of Nature, 
No notice is taken of anonymous communications.} 

Systems of '* Russian Transliteration.*' 

As one who takes an interest in the Russian tongue, quite apart 
from the value of the scientific papers published in that language, 

I may perhaps be allowed to express my regret that the author 
of “A Uniform System of Russian Transliteration,” published 
in your issue of February 27 (p. 397), has departed in almost 
every point where it is possible to dn so from the system of 
transliteration which has been in use in England for about a 
century, and which has, moreover, the advantage of being almost 
identical with that current in France. 

A system of transliteration may be founded on one of two 
bases— namely, the empirical, in which little or no account is 
taken of the sound of the letters in the foreign language, and the 
rational ; in the latter the letters of the foreign language are, 
where possible, repnssented by letters or groups of letters which 
have as nearly . as may be ..the seme sound as the original. For 
instance, B in Rnse^ ^ould be represented by in English, 
these two having, the same sonnd. ' It seems to me that the Tatter . 
is the most convenient system, and the one which ought to-be 
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-generally adopted; the author of this new uniform system/* 
however, has chosen the other course. 

If the author of the ** uniform system ’* had been contented 
with tabulating the system of transliteration which has been so 
•long in use, he would have earned the gratitude of those devoted 
to literature, as well as of those who cultivate science. As it is, 
I am afraid he has merely given the world of art and letters an 
opportunity for gibes at what they are sometimes pleased to call 
the narrowmindedness and pedantry of scientihc men. 

I may, perhaps, be permitted to give a few examples of the 
<lefects of the new system ; r in Russian has three sounds, one 
nearly resembling the English another very like //, and a third 
guttural sound, to which there is nothing analogous in our 
tongue. The author proposes to get over this by transliterating 
r By ^A// The eminent chemist Hemilian thus becomes 
masked as Ghemilian, whilst Giistavson appears as Ghustavson, 
and a well-known political character, Gortchakod', is altered to 
Ghorchakov*. For comparison, I give these names, and a few 
•others, as transliterated in accordance with the two systems : — 


Pressnt system, 


New system. 

Hemilian 


... Ghemilian. 

Gustavson 

... 

... Ghustavson*. 

Gortchakoff ... 


... Ghorchakov* 

Alexeeff 

. . • 

.... Aleksyecv*. 

Gregoreff 


... Ghrighoriev'. 

Ogloblin 


... Oghloblin. 

Mendelecflf 


Mendelyeev'. 

ChroushtchofF ... 


... Khrushchov". 

Michael 


... Mikhail. 

Joukovsky 

... 

... Zhukovskiy*. 


Geographical names are even more weird ; for example, it 
(jecomes somewhat difticult to recognize under the disguise of 
Nizhnii Novghorod and Volgha, the town of Nijni Novgorod and 
the River Volga. Such words as ^‘Journar* and “Chemie," 
when occurring in titles can be at once recognized ; this can 
scarcely be said of them if the new system of transliteration is 
used, as they become “zhurnal and “ Khimii** respectively. 

It is much to be regretted that the Royal Society, the Linnean 
Society, and the Geological Society should have pledged them- 
selves to adopt this novel “system of transliteration,’* instead 
of adhering to the one which has been so long in use. As a 
Fellow of the Royal Society, I feel very great regret that the 
Council are going to adopt this system in their publications, as 
it will seriously detract from the value of their supplementary 
“ Catalogue of Scientific Papers” now in the press, at all events 
as far as Russian literature is concerned. 

No protest of mine, however, can be half so forcible .is the 
^mconscious sarcasm of the author himself, in his paper, where 
he says that “an expression of grateful thanks is due” to two 
Russians “ who have assisted in the arrangement of the system.” 
The names of ilie Russians are then given, and if my readers* 
will take the trouble lo study them by the light of the table for 
transliteration by the new system, he will see how they express 
their appreciation of the author’s labours hy carefully avoidift^ 
•every one of the novelties he has introduced. 

Chari.es E. Groves, 

Editor of the yoitrnal of the Chemical Society. 

Burlington House, March 17. 


Having in view; the increasing importance of Russian to 
literary and scientific men, it becomes very desirable to have a 
uniform system of transliteration, such as that recently proposed 
in your columns. 

But, in order to be useful, everyone must agree to conform to 
if, no^ should any such system be adopted off-hand without full 
discussion of any points which may seem susceptible of 
Improvement. 

It seems to me objectionable to indicate the semivowels (i> and 
fi) by a simple *, and to omit them altogether at the end of a word. 
They really correspond, to a certain extent, to our e (mute) ; 
and I would suggest that it would be better to indicate them by 
a full letter — perhaps c for one and t for the other. 

March ii. W. F, Kirby. 


One or two points in the criticisms on this subject call for 
some notice bel^ the publication of a more detailed account of 
. the system. 


As regards Mr. Kirby’s suggestion, the transliteration of the 
semi-vowels was discussed, but it was not thought advisable to 
exaggerate their importance by using two letters for th^, 
especially as their use is becoming discontinued in Russia. 

When recommending a uniform system, we did not imagin'e 
that Mr. Groves or anyone else would infer that thU was 
intended to limit the right of Russians who d^^ell in England 
or who write in English to spell their names as they please ; 
we have not asked Messrs. Kelly to apply it to all Russian 
names in the Post Office Directory or the Court Guide ; we 
should never think of altering such names in ordinaiY corre* 
spondence. Even in catalogues and records, for which this 
system is intended, the familiar form should of course be quoted 
with a cross reference, as recommended by us in the clause 
dealing with proper names. 

Mr. firoves asks why we have not tabulated “ the system which 
has been in use in England for about a century.” Our efforts began 
with an attempt to discover such a system, and resulted in the 
tabulation of a large number of systems, including th^t employed 
by Mr. Groves in the Journal of the Chemical Society ; since, 
however, no two authors agree in the English symbols infiended 
to represent either the sounds or letters of Russian word^, we 
endeavoured to frame a system combining as far as possible the 
features of those already in use in England and America. 

We are much obliged to Mr. Groves for supplying further 
illustrations of the desirability of using forT ; the letter has, 
of course, more than the three sounds to which he limits it. 

The uniformity of “the system which has been so long in 
use ” may be illustrated by the following examples, in which we 
confine ourselves to the names of chemists, and to the words 
quoted by Mr. Groves : — 

Consulting the “ Imperial Gazetteer,” Lippincott’s ‘•Gazet- 
teer,” and Keith Johnston’s “ Atlas ” alone, we find Nijni, Nijnei, 
Nishnii, Nizhnee, Nijnii, and Nischnii-Novgorod. 

One journal is given in Bolton’s “Catalogue of Chemical 
Journals” as 

Zhuntal ntsskova khimicheskova i fizicheskova ; 
in the Geological Record as 

Jurnal rosskoi chimilcheskago i phhitcheskago ; 
and in Scudder’s “ Catalogue of Serials ” as 

Zhurnal ; russkoye khimitcheskoye i fizitekeskoye. 

Hence it is difficult to see why Nizhnii and Zhurnal should be 
unintelligible. 

In the Royal Society Catalogue, the Geological Record^ pud. 
Chemical Society’s Journal, the same name is spelt jeremejew, 
JeremeJeff, Jeremeeff. Which of these words represents the 
pronunciation ? 

In the Chemical Society’s Journal, Wroblewski and Flawitzky 
correspond to the Wroblevsky and Flavitzsky of Armstrong and 
Groves’ “ Org.anic Chemistry.” 

The same journal frequently quotes the name Markowntkoff 
where the same Russian letter (and sound) is denoted both by 70 
and^ while in the examples of Mr. Groves it is also repre- 
sented by V ; here, of course, and in similar cases, the name 
comes through a German channel. 

Mr. Groves transliterates a few names ; since, however, in 
his “ rational ” system one Russian letter has more than one 
English equivalent and one English letter (e) has more 

than one Russian equivalent, while the sound is not conrectly 
represented {o, /), it is obvious that this is neither “rational ” 
nor a system (it docs not profess to be “empirical”; perhaps 
Mr. Groves will now call it the “ graphic method”). 

Since, moreolfer, the system recommended by Mr. Groves is 
not used by him in the Chemical Society’s Journal, we hope 
that he may yet see his way to adopting the one which has now 
been accepted by so many of the leading English Societies. 

H. A, MT. 

j. w, g: 


'• Like to Like ” — a Fundamental Principle in Bionomics; 

The following letter has been intrusted to me^for seeing 
;hrough the press, and therefore 1 deem it desirable to state that 
t does not constitute the writer’s reply to Mr. Wallace’s criticism 
of his paper on “Divergent Evolution.” This reply, as pre- 
viously st.ated (NatVre, vol. xl. p. 645), will be published by 
him on some future occasion. 
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I cannot allow the present communication to appear in these 
columns without again recording my c mviction that the writer 
is the most profound of living thinkei*s upon Darwinian topics 
and that the generalizations which have been reached by his 
twenty years of thought are of more importance to the theory of 
evolutioh than any that have been published during the post- 
Darwinian period. George J. Romanes. 

London, March lo. 

1 FOLLOW Prof. Lankester in the use of bionomics to d^ignate 
the science treating of the relations of species to species. If 
the theory of evolution is true, bionomics should treat of the 
origin, not only of species, but of genera, and the higher groups 
in which the oiganic world now exists. 

In his very suggestive review of “ Darwinism,*’ by Mr. A. R. 
Wallace, in Nai ure of October 10, 1889 (p. 566), Prof. Lankester 
refers to ** his <Mr. Wallace’s) theory of the importance of the 
principle of Mike to like’ in the segregation of varieties, and the 
coDseouent development of new species.” Prof. Lankester has 
here alluded to a principle which I consider more fundamental 
than, natural selection, in that it not only explains whatever 
influence natural selection has in the formation of new species, 
but also indicates edn^inations of causes that may produce 
new species without the aid of divers^ity of natural selection. 
The form of like to like which Mr. Wallace discusses is ** the 
constant preference of animals for their like, even in the case of 
slightly diflerent varieties of the same species,” which is coiv 
sidered notas an independent cause of divergence, but as j^ro- 
ducing isolation which facilitates the action of natural selectiofl. 
If he had recognized this principle, which he calls selective 
association, as capable of producing in one phase of its action 
sexual and social segregation, and in another phase sexual and 
social selection, he would {^rhaps have seen that its power to 
produce divergence does not depend on its being aided by 
natural selection. 

Mr. Wallace’s view is very clearly expressed in the following 
passages, though I find other passages which lead me to think 
that the chief reason he does not recognize segregation as the 
fundamental principle in divergence is that he has not observed 
its relations to the principle of like to like. He says : — ** A great 
body of facts on the one hand, and some weighty arguments on the 
other, alike prove that specific characters have been, and could 
only have been, develop^ and fixed by natural selection because 
of their utility ” Darwinism,” p. 142). ‘‘ Most writers on the 
subject consider the isolation of a portion of a species a very 
im^rtant factor in the formation of new species, while others 
maintain it to be absolutely essential. This latter view has 
arisen from an exaggerated opinion as to the power of inter- 
crossing to keep down any variety or incipient species, and 
merge it in the parent stock ” (“ Darwinism,” p. 144). 

I think we shall reach a more consistent and complete ap- 
prehension of the subject by starting with the fundamental laws 
of heredity, and refusing to admit any assumption that is opposed 
to these principles, till sufficient reasons have been given. Laws 
which have been established by thousands of years of experiment 
in domesticating plants and animals, should be, it seems to me, 
consistently applied to the general theory of evolution. For 
example, if in the case of domesticated animals, “it is only by 
isolation and pure breeding that any specially desired qualities 
can be increased by selection” (see “Darwinism,” p. 99), why is 
not the same condition equally essential in the formation of natural 
varieties and species ? If in our experiments we find that careful 
selection of divergent variations of one stock docs not result in 
increasingly divergent varieties unless free crossing be ween the 
varieties is prevented^ why should it be considered an exaggeration 
to bold that in wild species “ the power of intertfrossing to keep 
down any variety or incipient species, and merge it in the parent 
stock,’’ is the same. Experience shows that segregation^ which is 
the bringing of like to like in groups that are prevented from 
crossings is the fundamental principle in the divergence of the 
various forms of a given stock, rather than selection^ which is like 
to like through the prevention of certain forms from propagating; 
and I think we introduce confusion, perplexity, and a network 
of inconsistegeies into our exposition of the subject, whenever we 
assume that the latter is the fundamental factor, and especially 
when we assume that it can produce divergence without the co- 
operation of any cause of dividing the forms that propa- 

gate into two or more groups of similars, or when we assume that 
segrj^ation and divergence cannot be produced without the aid 
of diverse forms of selection in the diflerent groups. The theory 


of divergence through segregation states the principle through 
which natural selection becomes a factor promoting sometimes 
the stability and sometimes the transformation of types, but never 
producing divergent transformation except as it co-operates with 
some form of isolation in producing segregation ; and it main- 
tains that, whenever variations wjiose ancestors have freely inter- 
generated are from any combination of causes subjected to 
persbtent and cumulative forms of segregation, divergence more 
or less pronounced must be the result. The laws of heredity on 
which tnis principle rests may be given in the three following 
statements ; — 

(1) Unlike to unlike, or the removal of segregating influences, 
is a principle that results either in extinction through failure to 
propagate, or in the breaking down of divergences through free 
crossing. 

(2) Like to like, when the individuals of each intergenerating 
group represent the average character of the group, is a principle 
through which the stability of existing types is promoted. 

(3) Like to like, when the individuals of each group represent 
other than the average character of the group, is a principle 
through which the transformation of types is effected. 

In my paper on “Divergent Evolution’’ (Linn. Soc. Journ., 
Zoology, vol. XX. pp. 189-274), I pointed out that sexual and 
social instincts often conspire together to bring like to like in 
groups that do not cross, and that in such cases there will be 
divei^ence even when there is no diversity of natural selection in 
the different groups, as, for example, when the different groups 
occupy the same area, and are guided by the same habits in 
their use of the environment. There U reason to believe that 
under such circumstances divergence often arises somewhat in 
the following way. Local segregation of a partial nature results 
in some diversity of colour or in some peculiar development of 
accessory plumes, and through the principle of social segregation, 
which leads animals to prefer to associate with those whose 
appearance has become familiar to them, the variation is pre- 
vented from being submerged by intercrossing. There next 
ari es a double process of sexual and social selection, whereby 
both the peculiar external character and the internal instinct 
that leads those thus characterized to associate together are 
intensified. The instinct is intensified, because any member of 
the community that is deficient in the desire to keep with com- 
panions of that kind will stray away and fail of breeding with the 
rest. This process I call social selection, llie peculiarity of 
colour or plumage is preserved and accumulated, because any 
individual deficient in tne characteristic is less likely to succeed 
in pairing and leaving progeny. This latter process is sexual 
selection. It can hardly be questioned that both these principles 
are operative in producing permanent varieties and initial 
species ; and in the circumstances I have supposed, I do not see 
how the proce.<^s can be attributed to natural selection. Varieties 
thus segregated may often develop divergent habits in their use 
of the environment, resulting in diveigent forms of natural 
selection, and producing additional changes; but so long as 
their habits of using the environment remain unchanged, their 
divergencies cannot oe due to natural selection. 

Mr. Wallace’s very interesting section on “Colour as a 
Means of Recognition,” taken in connection with the section 
on “ Selective Association,” already referred to, and another 
on “ Sexual Characters due to Natural Selection,” offers an 
explanation of “the curious fact that p omment differences of 
colour often distinguish species otherwise very closely allied to 
each other” (p. 226). Ilis exposition differs from mine in that 
be denies the influence of sexual selection, and attributes the 
whole process to natural selection, on the ground that “ means 
of easy recognition must be of vital importance” (p. 217). The 
reasoning, however, seems to me to be defective, because the 
general necessity for means of easy recognition is taken as 
equivalent to the necessity for a specialization of recognition 
marks that shall enable the different varieties to Avoid crossing. 

In the cases I am considering, there U, however, no advantage 
in the separate breeding of the different varieties, and even m 
coses where there is such an advaiilage (as there Would be if the 
variety had habits enabling it to escape from con^etition with 
the parent stock, but, only partially preventing it from crossing 
with the same), it doea not appear how this advantage can pre- 
irent the individual that is defective in the special colouring from 
following and associaling with tbciee tfiat are more clearly marked. 
The sigmficantpart if fhA pfpoesp in thode^Iopment of recogni- 
tion marks mutt liNs of mahrldiials to secure 
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commuiiity to tolerate the compaDV of such, which might be 
called social selection. 

It is often assumed by writers on evolution that permanent 
differences in the methods in .which a life^preserving tunction is 
performed are necessarily useful differences. That this is not so 
may be shown by an illustration drawn from the methods of 
language. The general usefulness of language is most apparent^ 
and it is certain that some of the laws of linguistic development 
are determined by a principle which may be called ‘^the survival 
of the fittest ; ” but it is equally certain that all the diveigences 
which separate languages are not useful diveigences. That one 
race of men should count by tens and another by twenties is not 
determined by differences in the environments of the races, or by 
any advant^e derived from the difference in the methods. So 
easy recognition of other members of the species is of the highest 
importance for every species; but difference in recognition 
marks ” in portions of a species separated in different districts of 
the same environment is no advantage. Under the same condi- 
tions, habits of feeding may become divergent ; but, 5 >ince any 
new habit that may be found advantageous in one district would 
beofegual advantage in the other district, the divergence must 
be attributed to some initial difference in the two portions of the 
species. 

I have recently observed that, of two closely allied species of 
flat-fish found on the coasts of Japan, one always has its eyes 
on the right side, and the other always on the left. As either 
arrangement would be equally useful in the environment of either 
species, the divergence cannot be considered advantageous. 

Osaka, Japan. John T. Gulick, 


Self-Colonization of the Coco-nut Palm. 

The question whether the coco-nut palm is capable of 
establishing itself on oceanic islands, or other shores for the 
matter of that, from seed cast ashore, was long doubted ; and if 
the recent evidence collected by Prof. Moseley, Mr. H. O. 
Forbes, and Dr. Guppy, together with the general distribution of 
the palm, be not sufficient to convince the most sceptical person 
on this point, there is now absolutely incontrovertible evidence 
that it is capable of doing so, even under apparently very 
unfavourable conditions. 

In the current volume of Na i ure (p. 276) Captain Wharton 
<lescribes the newly-raised Falcon Island in the I’acific ; and in 
the last part of the Proceedings of the Royal Geographical 
Society, Mr. J. J. Lister gives an account of the natural history of 
the island. From this interesting contribution to the sources of 
insular floras we learn that he found two young coco-nut palms, 
not in a very flourishing condition, it is true ; but they were 
there, and had evidently obtained a footing unaided by man. 
There were also a grass, a leguminous plant, and a young 
candle-nut (Aleurites), on this new volcanic island — a very 
good start under the circumstances, and suggestive of whaP 
might happen in the course of centuries. 

W. Hotting Hemsley. 


On Certain Devonian Plants from Scotland. 

I AM indebted to Mr. James Reid, of Allan House, Blair- 
gowrie, Scotland, for the opportunity to examine a collection of 
fossil plants obtained b^ him from the Old Red Sandstone of 
Murthly and Blairgowrie in Perthshire, some of which have 
been noticed by Dr. Geikie in his Text- book of Geology.” 

The collection is remarkable for the striking resemblance of 
the matrix and the contained vegetable debris to those of the 
lower part of the Gasp6 sandstones of Logan, and the species of 
plants are, so far as can be determined, the same.^ 

Psilophyton prinaps largely predominates, as in Gasp^, and 
is represented bv a profnsion of fragments of stems and branches, 
and more rarefy by specimens of the rhizoma and of the 
sporocarps. P. robustius is represented by fragments of stems, 
but is less abundant, and ArthrosUgma graciU by some portions 
of stems. On the whole the assemblage is exactly those of the 
sandstone beds of the lower division of the Gasp^ sandstones. 
There is nothing distinctively Upper Devonian in the collection. 

The collecdon also contains two slabs of dark-coloured 
aandstone from Caithness, one of which contains what appears 
•to be a fern stljMt siihi)hr to those of the genus RhmUa. Another 
ahows a remarkable plant having appareptfy u short stem giving 

iMMitji by the author/ Jouroat Oeoh gobiety, Ixmdoa, 1859, and 
Psfcc€ 4 li 3 r M Sorieiy^ . 


origin to a quantity of crowded leaves which are long, narrow, 
and parallel-sided, and show only a very faint linear striation. 
This (flant is identical both in the form and arrangement of the 
leaves with tnat found in the Devonian of Canada, and which I 
have named Cardaitis angtistifolia. I have, however, giready 
stated in my Reports on the Flora of the Erian of Canada 
(Geological Survey of Canada, 1871 and 188a), that I do not 
consider this plant as closely related to the true Cordaites, and 
that I have not changed the generic name merely because I am 
still in doubt as to the actual affinities of the plant. Mr. Reid’s 
specimens would rather tend to the belief that it was, as I have 
already suggested in the reports above cited, a ^tera-like 
plant growing in tufts at the bottom of water. 

Some of the sandstone slabs from Murthly contain specimens 
of rounded objects referable to Fachyiheca (Hooker), a genus 
of uncertain affinities but characteristic of Silurian and Lower 
Devonian beds on both sides of the Atlantic. One of these b 
perfectly spherical with a shining surface, and 275 mm. in dia- 
meter, the others have been broken so as to show a central 
cavity or nucleus about 1 m n. in diameter, and with a thick 
carbonaceous wall partly pyritbed and showing obscure radiating 
fibres. Prof. Penhallow, of McGill University, has kindly ex- 
amined these, and has compared them with slices of Pacbytheca 
from the Wenlock limestone, kindly communicated by Mr. 
Barber, of Cambridge, and with specimens presented by Prof. 
Hicks h-om the Silurian of Cor wen and with specimens in the 
author’s collection from the Silurian of Cape Bon Ami ; and 
alio with the excellent figures in Mr. Barber’s paper in the 
Anna/s of Botany, He has not been able, however, to arrive at 
any conclusions beyond the probable general similarity in struc- 
ture of the various forms, which may, however, as Mr. Barber 
suggests, have diflered in their nature and origin. The only 
thing certain at present seems to be that these puzzling 
organisms had a thicker outer coat of radiating fibres, and of so 
great density that it was less liable to compression than the 
other vegetable tissues with which it is associated. 

A few small specimens sent more recently by Mr. Reid con- 
tain some curious but not very intelligible objects from the same 
beds. One is a stem coiled at the end very closely in a circinate 
manner. In form it resembles the circinate vernation of 
Psilophyton princeps^ but is much larger. It may belong to Z’. 
robustius^ or possibly to a fern, but is too obscure for certain 
determination. Several others appear to represent flattened 
fruits or sporangia cf obovate form and of large size. One has 
a stalk attached with what seems a rudiment of a bract, and 
another shows obscure indications of having contained round or 
disk-shaped bodies about 2 mm. in diameter. All show minute 
longitudinal striation. 1 have not previously met with bodies of 
this kind in the Devonian, and can only suggest that they may 
represent the fructification of some unknown plant, possibly that 
to which Pachytheca belonged. J. Wm. Dawson. 

Montreal, March 5. 


Exact Thermometry. 

I AM glad to observe that Prof. Sydney Young and myself 
are now in substantial agreement as regards the tension theory 
of the ascent of the zero in thermometers, and approximately 
in agreement as regards the actual cause of the ascent in the 
neighbourhood of the ordinary temperature. 

Some time ago, in connection ith an investigation of melting- 
point, I devoted three years to an examination of the properties 
of the mercurial thermometer. Among other conclusions which 
then seemed to me probable, the application of the known 
plasticity of gloss tinder pressure to account for the enormous 
ascent (in lead-glass) of the zero at high temperatures 
appeared of some value. I have never advanced it as a mature 
theory, and am perfectly open to correction on the subject ; but 
neither Prof. Crafts (with whom I at that time discussed the 
matter), nor any subsequent experimenter, has submitted the 
suggestion to a crucial examination. 

Prof. Young’s experiments (Nature, March 27, p. 489) are very 
interesting as far as they go ; but the kind of glass of which his 
thermometers are constructed is not that whim bribgs out the 
peculiarities of the material in. their most striking develop- 
ment. This, indeed, has long been known. It may well be that, 
in German soda-gloss, the pmsticity is masked by a preponderat- 
ing tendency of the harder or more crystalline silicates of the 
bmb to Much could be done towards settling the question 
08 to plasticity, if three therjnometers of lead-glass^one vacuous, ^ 
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one open to the air, and one with air sealed in — were heated 
together and successively to lOO® C., 120®, 150®, 200®, 2iSO% 270% 
and 3co^ and the zeros observed. Even then, there still would 
rcmntn to be explained the strange depression which I noticed 
in several sealed thermometers of lead-glass in the neighbourhood 
of 270°. ^ At present, I regard the suggestion as neither proved 
nor disproved. 

We are, in fact, only beginning to learn what silica and 
Mlicates are. I have quite lately, for example, found a critical 
point in the action of heat upon fire-clays, similar to the 270^ 
point in the zeros (before referred to) of my lead-glass 
thermometers; and a similar point is known to exist in the 
relation of the refractive index of quartz to temperature. 
Results of this kind show clearly that thermometry is by no 
means an easjf subject. Indeed, I might define it as a naixture 
of very complicated chemistry with very complicated physics. 

Glasgow, March 28. Edmund J. Mills. 


The Shuckburgh Scale and Kater Pendulum. 

By^ permission of Prof. T. C. Mendenhall, Superintendent 
of the United States Coast and Geodetic Survey, and of 
Weights and Measures, I enclose to you for publication, if 
deemed suitable, a note relating to an abstract of a pa]>er by 
General J. T. Walker, R. E., F. R. S. , published in Nature 
of February 20 (p. 381). 

As the subject-matter refers to U.S.C. and G.S. Bulletin 
No. 9, I take the liberty of enclosing ii also. 

‘ O. H. Tittmann. • 

United States Coast and Geodetic Survey, Office of Weights 
and Measures, Washington, D.C., March 13. 

Last summer the United States Coast and Ge^^etic Survey 
published an investigation, Bulletin No. 9, on the relation of 
the yard to the metre. 

As the result of this investigation, values were deduced for 
the length of certain historic standards in England which 
differed very materially from the values previously assigned to 
them in metric measures. 

Thus the length of the Royal Saciety's platinum metre, 
certified by Arago to be 17*59/4 too short, was found to be only 
7 fjL t'“»o short. 

riiis metre was compared by Captain Kater with a certain 
space (0-39*4 inches) on the Shuckburgh scale, and this space 
was in turn compared with his pendulum. It is therefore of 
interest to know whether the value deduced in the investigation 
referred to is accurate. It is the object of this note to call 
attention to a surprising verification of the deductions contained 
in Bulletin No. 9, Using the equation for the platinum metre 
found in that paper, namely — 

Platinum Metre = i m. - 7 /4 f 9*126/4, / C% 

we find 

at I5*' 98C., P.M. = 1 + 138*8/4; 

but at this temperature Captain Kater found the space on the 
Shuckburgh scale 

(0-39 *4 inches) = P.M. -♦ 0*02400 inch, or 0*6096 mm., 
whence the space in question of the Shuckburgh scale 
= 1*007484 m., and using for the coefficient expansion 
i8‘85 X lo** for i® C., we have at 16**67 

the space = 1*0007614 m. 

Nature of February 20 (p. 381) publishes an abstract of a 
paper by General J. T. Walker, K,E., F.R.S., •‘On the Unit 
of Length of a Standard Scale by Sir George Shuckburgh, 
appertaining to the Royal Society,” in which he states that 
the Shuckburgh scale was taken to Paris and compared with 
one of the standard bars of the International Bureau of 
Weights and Measures, by Commandant De^orges. The result 
of this comparison reduced to C., and as given by 

General Walker is 

the apace 1 *0007619 m. 

This agreement is perfect, more so, in fact, than the circuoi* 
stances allow one to expect* 

The agreement implies the correctness of the new values 
deduced in Bulletin. No. 9 for the Ordnance metre and the 
platinum metre of the Royal Society, and gives the value of the 
metre as equal to 39*3699 inenes as therein computed from 
Baity 's and SheepshanK*s comparisons, which established the 
relation between the Imperial yard and the space' on the 
Shuckburgh scale. 

to be noted that General Walker, ignorinjg Bail/I and' 
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Sheepshank’s comparisons, and adhering to the Clarke value 
39*3704 + inches, deduces the (the writer of this thinks) erroneous 
conclusion, that the space on the Shuckburgh scale equals 
39*400428 inches, the value according to their comparting 
i^tng 39*399896 inches. If to this value be added 0*040^ inch, 
the amount by which the distance between the knife-edges of 
the Kater pendulum exceeds the space 0-39 *4 inches, the resulting 
length of the Kater pendulum at 16^*67 C. is 39*44080 inches, 
a value practically identical with that published by Kater, which 
is 39*44085 inches. 


The Green Flash at Sunset. 

The explanation of the bluish (?) green ffash of light some* 
times seen at sunset given in your note last week (p. 495) does not 
seem to me to be a sufficient explanation of all the observations. 
If the phenomenon were due simply to refraction it would last 
for only a fraction of a second, and the colour would be much 
more blue than green. But, so far as my own observations go, 
the colour may last for several seconds, and is a bright pea- 
green, exactly similar to that shown by the sun many degrees 
above the horizon in South India in Se Uember 1883. To 
produce that green, as I have shown elsewhere, all that is 
required is the absorption due to a great thickness of vapour, 
combined with a certain amount of dust — water dust or other. 

I saw a very pretty example of this last July when off* the 
coast of Vancouver, B.C. The air was very moist and the rain- 
band correspondingly strong, while fine dust was supplied by 
the land breeze carrying wirh it particles from the burning 
forests inland. The sky was cloudless but the haze wis thick 
enough to allow one to look at the sun while it was still some 
degrees above the horizon, and the disk appeared of a brilliant 
golden-red, gradually changing to yellow, and, finally, while 
part was still above the horizon, it became a bright pea-green. 
The spectrum was similar to that figured in my paper on the 
green sun (R.S.E. Trans., xxxii. 389). 

A few days later I had a view of the sunset from the Selkirks, 
where the air was very dry, the rain- band slight, hut the haze 
I considerable. The colours of the sun’» disk were much less 
I brilliant, and never passed beyond the stage of a reddish-copper 
tint. C. MtcHiE Smith. 

73 George Street, Edinburgh, March 31. 


Foreign Substances attached to Crabs. 

I MUST of course accept Prof. McIntosh’s interpretation of 
his own statement, and admit that he has found Molgttla arenosa 
frequently in the stomachs of Cod and Haddoiik. This Ascidian 
differs from the majority of its class in having allocryptic habits, 
but I have not yet made a sufficient number of experiments to 
be satisfied as to its edibility. It has also been a considerable 
difficulty to me that the extensive investigations of Brook and 
Ramsay Smith lend no support at all to the opinion that this 
Ascidian fortus an article of food for ground-feeding fish. In 
any case the matter, though of much interest, is not one for 
discussion here, since Molgttla arenosa is never one of the "foreign 
substances attached to crabs." 

The statement made by Mr. Holt that ** Actinia mesembry- 
anthemum is a favourite food of the Cod,” was so inconsistent 
with our knowledge of the habits and distribution of the two 
species that, as I expected, the grounds for his assertion prove 
to be entirely fallacious. My statement with regard tO the 
offensiveness of Actinians to fishes was made after prolonged 
observation of the habits of the living animals and after ex- 
periment, while Mr. Holt bases his objection' on the gnnnld that 
the St. Andrews fishermen find A. mesembry anthemum to bO a 
successful bait for Cod. One might as well argue that because 
bits of red flannel or of tobacco-pipe are highly successful bolts 
in whiffing for Mackerel, therefore these substances foriO a 
"favourite food" of this fish. A moment’^ reflection also 
would have shown Mr. Holt that an Anemone impaled upon a fish^ 
hook is a much less dangerous creature than one under liatund 
conditions and. with tentacles expanded. 

During the past week an interesting observation pi Eisig’shas 
come under my notice which corroDorates the vtew that'thji 
association between Crabs and Anemones is of ptfarnar^ import- 
ance for the protection of the Crabs, Eisig ohserv^ed (see Jounii 
K.M.S., iii., 1883, p; 49^ that an in its attacks* upon a 

Hermit Crab woOtd u^n bt^ng touched 'hy the 

stinging organs ofi the Actinian associated with it. 

nymoutb, AprB ^ 1?t^At.rEa OAitraaita^ 
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THE THAMES ESTUARY. 

JK LTHOUGH it is not practicable to say precisely 
wbere the river ends and the estuary commences, 
it will be sufficient for general purposes if the westward, 
or inner, boundary of the Thames estuary is assumed to 
be a line from Southend to Sheemess, the northern 
boundary as the coast of Essex, and the southern the 
coast of KeUt ; and it may be said to extend eastward to 
the meridian of the Kentish Knock light-vessel. The 
area inclosed between these lines is upwards of 800 
square nautical miles, and the whole of the space is en< 
cumbered with banks, between which are the several 
channels leading to the river. 

As the shores of Essex and Kent are low, and have no 
natural features by which they may be distinguished at a 
distance, and as a great part of the estuary is out of sight 
of land, even in the clear weather so rare in this country, 
it is evident that artificial marks in considerable number 
are required to make navigation at all practicable between 
the banks. In early times, when vessels were small and 
of light draught, few marks were necessary, but with in- 
creasing trade, necessitating vessels of heavy draught, 
new channels have to be marked farther from shore, and 
the demand for additional security to navigation has espe- 
cially increased of late years, so that now there are no 
less than 3 lighthouses, 1 1 light-vessels, 8 gas buoys, 10 
beacons, and 117 ordinary buoys marking the channels 
at present in use ; and the demand for additional marks 
is likely to increase rather than diminish, for the deepest 
channels through the estuary have not yet been buoyed, 
and the changes in progress seem to favour the opinion 
that before many years some of them will have to be 
opened up to facilitate traffic. 

In endeavouring to give an account of the changes in 
the channels of the estuary, it is difficult to obtain any 
authentic records earlier than the commencement of the 
present century. If such records exist, they are not at 
the Admiralty or Trinity House, the earliest surveys 
worthy of notice being those of Mackenrie, Graeme 
Spence, and Thomas, between 1790 and 1810; but no 
thorough investigation appears to have been taken up 
until Sir Francis lleaufort was Hydrographer, when, under 
his instructions. Captain Bollock surveyed the whole estu- 
ary between 1 835 and 1 845. Since then, Calver re-surveyed 
the whole of the southern part in 1862-63, and examined 
the northern banks in 1864, and lately the Triton has re- 
surveyed all the important channels and delineated the 
banks, and from these several surveys some idea can be 
obtained of the condition of the estuary at different 
epochs, and of the changes that are taking place. 

These changes seem to be of two kinds ; viz. permanent 
changes ano periodic changes. 

Before, however, describing the changes in progress, it 
will be well to give a general description of the estuary ; , 
and, to render the description more intelligible, three plans 
have been constructed, the first showing the whole estuary 
on a small scale with the tracks followed by vessels ; the 
second being a diagram showing the state of an obstruc- 
tion in a channel at different epochs, a characteristic 
permanent change ; whilst the third plan shows the state 
of the Duke of Edinburgh Channel, irem the time of its 
first opening out to the present date, to illustrate what 
seems to be a channel opening and closing periodically. 

itis uxsTthy-Of nctice-that 'all thef banks of the estuary 
are of sand' intennixed with shells'; even the foreshore 
consists mostly of sand, 'between ' high and low water 
marks ; in two places only is it of shingle (viz. offTVhit- 
atable and >at Garrison Point, Sheemess) ; and in a few 
■ places, near the entrance of ihe rivers discharging into 
lhe«a(uatyj there is a little mudj Whilst in the vicinity of 
Maisate there are' some ledges of chalk. The sand is 


Mai:gate there are > some ledges chalk, 
very fine, and although,' when dry, it possessesya tolend}ly 
hara surface, ^directlylt beginsto be oove^lt .is aU alive. 


When beacons are erected on any of the banks, or .a ship* 
gets on shore, the tidal streams scour out the sknd in the ' 
imnfediate neighbourhood, and cause the wrecks to sink 
and finally disappear. Although without actual boring it 
is not possible to give the exact depth of these sands, it 
is probable that they are upwards of 60 feet thick, for 
channels of that deptn have opened out across the sands 
and again closed up, so that the bank has been dry at 
low water where 60 feet formerly existed ; and the Good- 
win Sands, in the Downs, which have been bored, proved 
to be 80 feet in thickness. All tlie banks, and the channels 
between them, trend in a north-east and south-west direc- 
tion : this is doubtless due to the fact that the stream 
outside the estuary is running to the northward whilst 
the tide is ebbing from the river, and, consequently, the 
ebb stream in the estuary is deflected to the north-east- 
ward. 

The channels into the estuary, therefore, must bg classed 
under two headings : (rr) those which follow the main line 
of the flood and ebb streams, and {b) those which do not 
follow the general stream of the tide. 

In the former category are the Warp, West Swin^ 
Middle Deep, East S win, Barrow Deep, Oaze Deep, and 
Black Deep ; in the latter are the Middle Swin, Queen’s 
Channel, Prince’s Channel, Alexandra Channel, Duke of 
Cdinburgh Channel, Gore Channel, &c., which are all 
more or less of the nature of swatchways across the main 
line of the sand-banks of the estuary. In the Black and 
Barrow Deeps, which are the deepest and straightest 
channels through the estuary, the ebb stream runs 7 hours 
and the flood 5 hours, and the ebb is much stronger than 
the flood, the stream setting fairly through. In the Duke 
of Edinburgh Channel, the deepest swatchway of the 
estuary, the streams at the north and south ends are of 
a rotatory character, revolving with the bands of the 
clock. 

I would here explain that in a large space like the 
Thames estuary the difficulty of buoying the various 
channels increases very considerably with their distance 
from the shore. With permanent marks erected on the 
shore, it is easy to place buoys in selected positions, not 
far from land, in fairly clear weather. But when the dis- 
tance from the shore has increased so that the marks 
erected on the land cannot be seen, we have either ta 
erect other marks on the sand-banks and carry out a tri- 
angulation, or we are dependent on floating bodies (fixed 
by land objects) to fix other floating bodies farther off. 
That this is an eminently unsatisfactory method will be 
evident when it is stated that each time the Kentish 
Knock light-vessel has been satisfactorily fixed, the posi- 
tion has been very different from that supposed. When 
fixed by Calver in 1864, she was found' to be one mile 
N.E. i N. of her charted position ; and when fixed by the 
Triton last year, she was found to be one mile and a half 
S.E. by E. of her supposed position. 

The errors probably creep in somewhat in the following 
way. Something goes wrong with the light- vessel after she 
has been satisfactorily fixed : a collision takes place, the 
fog-siren gets out of order, or one of the many things hap- 
pens which necessitates the vessel being taken into port. A 
temporary light-vessel is substituted, and she is anchored 
in almost precisely the same position as the other, but 
probably before her mushroom bites the ground it has 
dragged somewhat. By the time the other vessel is 
repaired aiid brought -out,- the temporary one may be a 
cable or so away from the original position. As the 
weather is usually thick, the permanent vessel has to be ^ 
anchored as nearly as practit able in the position of the 
temporal craft, and her mushroom may drag somewhat 
before biting the ground, .&c. Thus a series of errors 
creep in tvithput Umre being adequate means of checking 
tilie position of the light-vessel, and within the last few 
'years tiie Triton has found the Leman and Ower light- 
vcssiH ene snile away, from her charted position, the , 



540 


NATURE 


[April lo, 1890 


«*• 


Dudgeon light-vessel alx>ut one mile from her supposed 
position, and the Outer t}^ning light-vessel nearly two 
miles from the charted position. ^ 

All these light-vessels.aee either out of si^t of land, or 
can only be seen from an elevated position on the shore 
on rai^ occasions. 

It is ther^ore naturally the object of the Elder Brethren 
of the Trinity House to utilize the channels closest to 
the shore, and, as these channels are also the nrost direct 
into the Thames, tiie northern channel following the , 

r 

O tf . 

Soale^JOi 


general trend of the Essex coast, and the southern that 
of the Kentish coast, no. other .channels' would require 
marking if the depth in these was sufficient for the traffic. 
Hitherto the one northern channel has been enough, but 
this is steadily shoaling, as will be described further on ; 
but the southern channels are mostly sImmU, and one after 
another'has had to be opened up as the sfre of the vessels 
and their draught of water increased, until there are now 
five buoyed channels oft the Kentish cbast, two of which 
are lit ; but only one can be termed a deep-water channel. 



PLAN I.— Thames Estuary. (Depths in Fathoms.) 


and this would seem to be the very channel which opens 
and closes periodically, as will be shown subsequently. 
Should this prove to be the case, there will be intervals 
during which there will be no deepwater channel into the 
river on the south side of the estuary. 

By a reference to Plan I., showing, on a small scale, the 
whole estuary, it will be seen that the northernmost 
channel, viz. that close to the coast of Essex, is named the 
Wallet, and that this is separated bv a series of banks, 
termed Buxey and Gunfleet, from the channel next It. 


These banks, which are collectively 18 miles long, are dry 
for the most part at low water ; there are, however, two 
narrow passages across them, one separating the Buxey 
from the Gunfleet, ealled the Smtwa^, and the other 
separating the Buxey from the Dengie flat (extending 
from the Essex coast)i The Spitway, which, when 
sounded in 1800^ bad a depth of nine feet, has remained 
at that depth until recently, but nOw has only a depth of 
5 feet at low wi^l the ^uuuiel between the Buxey 
sand and Dengie flat has ab^t 12 feet, and is merely, an 
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' outlet for the River Crouch. It will therefore be seen that 
the Wallet is really only a channel to the Rivers Colne, 
Blackwater, and Crouch, and is of no importance as a 
channel towards the Thames. It was last surveyed by 
Staff-Captain Parsons in 1877, and as its features have 
not materially changed since 1800, it will probably not be 
■surveyed again for many years, unless the swatchways 
across the Gundeet should deepen or others open up of 
sufficient importance to render the Wallet useful as a 
traffic channel. There were formerly other swatchways 
across the Gunfleet, but these are now closed. 

The channel next the Wallet is named the King’s 
Channel, -or Swin ; the eastern part is named East 
Swin ; the central part Middle Swin, and the inner 
part West Swin. This is the channel through which 
all the traffic between London and the northern ports 
of the Kingdom passes, and it is almost always 
crowded with shipping. The East Swin is bounded at 
Arst by the Gunfleet sand to the north-westward and the 
:Sunk sand to the south-eastward, and is 3 miles wide ; 
but 8 miles within its entrance two other banks com- 
mence— -one, the Barrow, being very extensive, upwards 
of 13 miles in length and 2 in breadth ; and the other, 
the Middle or Hook sand, a narrow ridge about 6 miles 
long, extending along the north-west face of the Barrow 
sand, and leaving a channel nowhere less, than ii of a mile 
wide between them. It will thus be seen that 8 miles 
■within the entrance of the East Swin it is split up into 
.3 channels ; the northernmost retaining the same name, 
the channel between the Middle, or Hook sand, and the 
Barrow being known as the Middle Deep, whilst the 
channel between the Barrow and Sunk sands is known 
as the Barrow Deep. The Middle Deep rejoins the Middle 
Swin, but the Barrow Deep and West Swin both run into 
what is known as the Warp. The Swin is well buoyed 
and lighted throughout, but the Middle and Barrow Deeps 
ihave not yet been buoyed. In fact, it has hitherto not 
bebn necessary to do so, as the least water in the main 
channel of the Swin has, up to recently, been ample for 
all that has been required ; but a steady shoaling has 
been taking place in a critical part of this channel since 
!I.'8oo, and it now seems to be only a question of time 
‘before the Middle Deep will have to be marked. 

To illustrate the changes in progress here. Plan II. has 
been constructed, showing the condition of the critical 
part of the navigation in the Swin each time it has been 
thoroughly surveyed. By this diagram it will, be seen 
that in '1800 the ruling depth in the channel between 
'Foulness sand and the Middle or Hook sand was 35 feet at 
low water. Forty-three years later, a bar, on which the 
depth at low water was 28 feet, had formed between the 
Foulness sand and the Middle. In 1S64 the depth had 
decreased to 24 feet, and, in 1889, to 21 feet, showing a 
■steady decrease since 1800 of about one foot in every six 
years. The deposit is of sand, shells, and mud. This is 
the only shallow part of the Swin ; and as it is evident 
that, so far as our knowledge extends, we may expect it 
to continue to decrease in depth, and as even now, with 
strong south-west winds prevailing in the North Sea, it is 
by no mieans rare for the tide to fali 3 feet below the level 
-of low water ordinary springs, so that the depth would be 
reduced to 18 feet, it is clear that vessels of heavy draught 
will either have to wait for tide or use another channel. 
.Already our -small armoured vessels of war have to time 
themselves to reach this obstruction by half-tide. For- 
•tunately, the Middle Deep is an alternative channel with 
.ample depth in it, which only requires to be buoyed, and 
this can readily be done. This Deep seems to be in a 
better condition now than it has been for 50 years, for, 
'When surveyed by Bullock, in 1843, there was a, bar of 
25 feet at its east end. This had disappeared when it 
•was surveyed byCalver in 1864,. and there was then a 
•channel of two cables in width between the ettees of the 

feet contour lines of soundings surrounding die Middle 


saiid and Barrow. There is now a channel four cables in 
width between those contour lines in the narrowest part 
of fhe Deep. 

The Barrow Deep, referred to as the third '^channel 
branching away from the East Swin, is deep thioaghout, 
and without obstruction. It varies somewhat, as ^bwn 
by the diflerent surveys, but is an excellent h^hway, 
which only requires buoying to be available fmr traffi^c. At 
present the London County Council are allowed to empty 
rubbish in this Deep, which s^ms rather a pity, as there 
is no knowing what may be the result eventually, more 
especially as we have at present no observations to show 
to what depth the tidal scour is of service. Any inter- 
ference with the channels, likely to cause an obstruction, 
should be avoided. 

The Sunk sand, which is the south-eastern boundary 
of the Barrow Deep and the north-western boundary of 
the Black Deep, has undergone great alteratimis since 
originally surveyed in 1800. In that year it is shown as 
a long sand which really extended from the present north- 
east end in one continuous line of shallow water to the 
inner end of the Oaze sand, a distance of 26 miles. On 
it were many dry patches, named Great Sunk, Little 
Sunk, Middle Sunk, Knock John, &c., and the only pas- 
sage across was a three-fathoms channel at low water at 
•the eastern end of the Oaze. When surveyed by Bullock, 
1835-45, this chain of sands had altered very consider- 
ably, and had several channels or swatchways across it 
— a swatchway of 22 feet at low water between the Great 
and Little Sunk sands : a swatchway of 66 feet at low 
water between the South-West Sunk and the Knock John 
sands ; a 35-feet channel mile wide between the Knock 
John and North Knob sands; and a swatchway of 26 
feet between the North Knob and the Oaze. When 
surveyed by Catver, 1862-64, this series of banks had 
again altered : the swatch way between the Great and 
Little Sunk sands had only 12 feet in it at Ibw water; 
the swatchway between the South-West Sunk and the 
Knock John had shoaled to 40 feet ; but the channel be- 
tween the Knock John and North Knob had deepened 
to 45 feet, and a narrow channel of 40 feet at low water 
had opened out between' the Oaze da^^orth Knob. 

In 1888-89, when surveyed by W^^Uon^ the swatch- 
way between the Great and Little Sunk sands had en- 
tirely disappeared; the swatchway between the South- 
West Sunk and the Knock John sands bad narrowed and 
shoaled to 29 feet ; the channel between the Knock John 
and North Knob shoals had decreased to 24 feet, whilst 
the channel between the North Knob and the Oaze had 
increased its width to one mile, with ■ about the same 
depth (viz. 40 feet) at low water. In fact, the chain of 
sands known as the Sunk, Knock John, Knob, and O^e, 
which were, in 1800, one continuous bank, after breaking 
up into separate patches, again show signs of resuming 
the form they possessed when originally surveyed, the 
only deep channel across them now being between the 
Oaze and North Knob. 

The Black Deep is the channel bounded to the north- 
westward by the chain of sands just described, and to 
the south-eastward by another chain of sands nanied 
Long Sand : Shingles, Girdler, and the flats extending 
from the Kentish shore. It is a deep-water channel, the 
inner paurt of which has been buoyed since 1882, and lighted 
since December last, as it communicates by a deepwater 
swatchway, named the Duke of Edinburgh Channel, 
with the deep water off the North Foreland, and so forms 
a convenient outlet for the heavy-draught vessels bound 
southward from the Thames. There seems^to be some 
tendency to shoal in the north-east end of the Black 
Deep, but it has oiily once been sounded — viz. by Bollock, 
in 1843 ; and we have hot yet quite completed oiir exmina- 
tion of it throughOQt, so that no thorough comparison is 
yet practicAbl^s 

The chain of sands .which bound the south-east side of. 
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the Black Deep formerly extended in one continuous line 
from the Kentish coast to the Long Sand Head, a distance 
of over 30 miles. Across this chain of sands there Have 
always been shallow swatchways which communicated 
by soine.vhat circuitous channels with the deep water of 
the estuary. These are now 5 in number : (1) the Gore 
Channel, which passes close to Margate and then across 
the Kentish flats ; (3) the Queen’s Channel, which, passing 
between the Margate sand and Tongue sand, also leads 
across the Kentish flats ; the Prince’s Channel, which 
leads between the Tongue sand on the south side, and 
the Shingles and Girdler sands on the north side, into 
the Black Deep ; (4) the Alexandra Channel, which leads 
from the Prince’s Channel to the Black Deep ; and ( 5) 
the Duke of Edinburgh Channel, which leads from the 
deep water of the North Sea into the Black Deep. All 
these channels are buoyed. In the (iore Channel (some- 
times cabled the South Channel), which has been in use 
from .early times, the depth at low water is 10 feet. The 
shallow grounds shift backwards and forwards, but there 
seems to have been always as little as 10 feet at low 
water in some parts of this channel. In the Queen’s 
Channel, which was buoyed in the last century, the least 
depth in passing over the Kentish flats is 13 to 14 feet at 
low water. In Prince’s Channel, which was buoyed in 
1 846, and lighted in 1848, the least depth is 20 feet atv 
low water, but theie is a patch of 17 feet at its western 
end in the centre of the channel which seems to be 
always in this channel though not always in the same 
position. It is shown by Bullock in 1839, by Caiver 
in 1862, and by the Triton in 1880. The Alexandra 
Channel, which is a swatch way between the Shingles and 
Girdler sands, had no existence in 1800, the Girdler and 
Shingles forming with the Long Sand a continuous chain 
at that date. In Bullock's survey of 1839, the Alexandra 
is shown as a blind inlet on the north side of the Prince’s 
Channel, which was cut off from the Black Deep by a 
ridge over which the depth was 7 feet at low water. 
When surveyed by Caiver in 1862, the least depth in the 
channel was 20 feet ; and when surveyed by the Triton in 
1888, the least depth was 33 feet. It is, however, much 
narrower now than in 1862, and if it continues to decrease 
in width will not be available for traffic, as there is not 
now much more than room for two large vessels to pass 
each other, and bad steerage might cause an accident. 

Of the Duke of Edinburgh Channel, which is a broad 
swatchway at present dividing the Long Sand from the 
Shingles Sand, we have a tolerably complete history ; and 
as this would seem to be a channel which opens and 
closes periodically, Plan HI. has I>een constructed to show 
its condition each time it has been surveyed. The first 
record we have of it is on an old chart of 1794, when it is 
shown as a 9-feet swatchway, and is named Smugglers’ 
swatch.” When surveyed by Thomas, in 1810, it was 
named “ Thomas’s New Channel,” and there was then a 
narrow passage carrying 30 feet at low water between the 
Long Sand and Shingles. In 1839, when surveyed by 
Bullock, and named “ Bullock Channel,” this 30-feet 
swatchway of Thomas’s was obstructed by a bank in the 
middle, which dried at its north end, leaving'a passage of 
15 feet on its east side, and a very narrow gat of 25 feet 
on its west side, but one mile farther west a new channel 
was opening out, the shoalest water in which was 16 feet. 
This appears as an inlet into the sand-bank on Thomas’s 
chart. 

The next time it was surveyed was by Caiver, in 1862, at 
which date Thomas’s Channel had closed completely, but 
the channel #rest of it had opened out and become a wide 
deep-water swatchway, the least depth in which was 42 
feet at low water. Early in 1882 it was thought advisable 
to buoy this channel, and the Triton was ordered to ex- 
amine it, when a 50-feet patch was discovered near its 
centre. In the autumn of 1887, this patch was reported 
to have shoaled ; and in 1888, when examined again by the 


Triton, it was found to be upwards of a mile in length 
with 22 feet on it. In October 1889, the channel was 
again examined, when the least depth on the central 
patch was found to be 21 feet, and it had a tendency 
to shallow to the eastward. The channel was buoyed in 
the summer of 1882, and re-named by the Elder Brethren 
of the Trinity House “ Duke of Edinburgh,” after the 
Master of the Trinity House. It was lighted in December 

The various surveys seem to show that the estuary 
has a tendency for the most part to return to the con- 
dition it was in about 1800. In that year there were 
no deep-water swatchways across the banks, and the 
channels that opened up subsequently seem now to be 
all closing again. At any rate, those in use as ship 
channels evidently will require constant watching. 

Should the Duke of Edinburgh Channel close, and none 
other open out, it will materially interfere with the heavy 
traffic into the estuary from the southward, for it will 
necessitate either waiting for high water or passing round 
outside into the Black or Barrow Deeps, which will have to 
be buoyed and lighted to make them readily accessible. 

There is one other shoal, the *’ Kentish Knock,” which 
may be said to belong to the estuary. This is a sand- 
bank about 6 miles in length and 2 in breadth, on the 
south-east side of the outer part of the Long Sand. Its 
shape and area, within the contour-line of five fathoms, 
would appear to be fairly constant ; but it had a swatch- 
way across the north end, when surveyed by Caiver in 
1 864, which has now entirely disappeared. Between the 
Kentish Knock and Long Sands is a channel, two miles 
wide, named the Knock Deep. At the north end of this 
channel the soundings are much shoaler than when 
surveyed by Bullock. In some cases the difference is as 
much as 12 feet. 

Although the general tendency of the banks in thc- 
estuary seems to be to revert to the condition they were 
in about the year 1800, it is not possible to predict that 
this will certainly be the cjse. If, as seems probable, tbe- 
condition of the estuary is due to the action of the sea 
in casting up banks, and of the tidal flow in cutting 
channels through the banks thus formed, it is evident that 
much will depend on prevailing types of gales. There- 
can, however, hardly be a doubt that any diminution of 
the volume of the water running into and out of the- 
cstuary would diminish its power of making deep-water- 
channels, so that any action tending to decrease the flow 
into and out of the various rivers should be avoided if 
possible ; as although it is conceivable that a given type, 
of strong winds, extending over a lengthened period, 
might have the effect of closing the various swatchways. 
across the banks, it does not follow that a cessation of 
these winds would cause the channels to be again opened 
out if the volume of the tidal flow was seriously 
diminished. T. ,H. Tizaku. 


NOTES. 

The respect in which science is held in France was once more- 
exhibited in a very striking way at Saint Sulpice, Paris, on Tues- 
day, in connection with the funeral service of M. Hubert, Professor 
of Geology, member of the Institute, and honorary deytn of the 
Faculty of Sciences. Deputations from the Institute and Faculty 
of Sciences were present, and the Paris correspondent of the 
7 %mes says that all the great scientific and literary institutions 
of Paris were represMtad. At the cemetery of Montparnasse,, 
where the interment took place, (Speeches were delivered by M. 
Gaudry, in the name of the Institute ; M. Darbonx, in the name- 
of the FScnlty of Scienoes ; M. Marcel Bertrand, i» the name- 
of the Geological .Society t M. in the name of tho 

Normal School : and M* Boiferdn, in the naaie of ftie old 
pupils of M. Hubert. 



April lo, 1890] 


NATURE 


545 


German papers announce the death of Dr. Karl Jacob Loewig, 
Professor of Chemistry at the University of Breslau^ Director of 
the Chemical Laboratory, and author of many eminent works on 
chemistry. He was born at Kreusnach on March 17, 1803, and 
died at Breslau on March 27, 

The “ Inspectors’ Instructions” relating to the Code of 1890 
have been issued this year with remarkable promptitude. The 
document is one of great importance, and it is satisfactory that all 
w*ho are interested in popular education will have ample time to 
study it before the various questions connected with the new 
Code are discussed in Parliament. 

This week the National Union of Teachers has been holding 
its 21st Annual Conference at the Merchant Taylors’ School, 
London. The meetings began on Monday, when the President, 
Mr. H. J. Walter, delivered his inaugural address. Speaking 
of the new Code, Mr. Walter said the teachers of the country 
would accept and welcome it ; and although they reserved their 
right to criticize the details freely, and unhesitatingly to state 
that in many points the Code was capable of improvement, 
“they would work loyally with the Education Department in 
the endeavour to show such an improvement in the education of 
the country that the public would be ready to listen with atten- 
tion and respect when teachers made suggestions for further 
changes and advance in the same direction.” 

M. Gaston Bonnier has been elected President of the 
Botanical Society of France for the year 1890, and MM. £. 
Roze, A. Michel, J. Poisson, and J. Vallot, Vice-Presidents. 

The International Exhibition of Geographical, Commercial, 
and Industrial Botany, proposed to be held at Antwerp, has 
been postponed till next year. 

An International Exhibition of Horticulture, which will be 
largely of a scientific character, will be held in Berlin from 
April 25 to May 5. 

An Electro- technical Exhibition is to beheld at Frankfort-on- 
the-Main next year. It will be divided into twelve sections. 

Some exhibits in the Science Department (under the direction 
of the Rev. Dr. West and Mr. C. Carus- Wilson) of the Bourne- 
mouth Industrial and Loan Exhibition, opened on the 7th 
insi., are worthy of special notice. Among these are a collec- 
tion of British and foreign oysters lent by the Poole Oyster - 
fishing Company, and a collection of birds’ eggs, for which Mr. 

R. G. H. Gray has received a special prize. The first prize ha^ 
been awarded to Mr. £. H. V. Davies, who exhibits an inter- 
esting collection of recent and fossil local shells. The various 
Stages in the process of developing photographs are illustrated 
in a series exhibited by Mr. Jones. In the Geological Section, 
large specimens of fluor-spar have been lent by Dr. West, who 
also contributes a collection of Eocene fossils from the London, 
Hampshire, and Paris basins. Mr. C. Carus-Wilson shows a 
case of remarkably well-preserved fossils of various geological 
ages, including a gigantic shark’s tooth {Carcharodon) from Rio ; 
also, garnets in quartz, and samples of musical sands. Leaves 
from the Bournemouth Beds are well represented by Mr. Ben- 
nett’s collection. In the Entomological Section, Mr. McRae’s 
collection of British Lepidoptera attracts much attention ; the 
Rhopalocera and Macro-Heterocera are nearly all represented 
a large number having been bred by Mr. McRae from larvre 
obtained in or near Bournemouth, A special prize has been 
awarded to Mr. Harding for a large astronomical telescope con- 
structed entirely by himself. The Exhibition will close on the 
^ 2tst inst., when the prizes will be distributed by the Duchess of 
Albany. 

The Royal Microscopical Society will bold its first evening 
soiree in its new rooms, 20 Hanover Square, on Wednesday, 
*April 30, at 8 p.m. 


M. Leclerc DU Sablon has been appointed to a Professor- 
ship of Botany at Toulouse, and is succeeded in his post of 
assistant naturalist to the chair of Organography and Vegetable 
Physiology at the Museum of Natural History at Paris, by M. 
Morot. 

Dr. Ludwig Klein has been appointed Professor of Botany 
in the University of Freiburg-in-Breisgau. 

M. Paul Maury has been attached to the Geographical Ex- 
ploring Commission of the Mexican^’Republic in the capacity of* 
botanist, and is about to depart for Mexico on a botanical 
expedition. 

The plans of. the Danish expedition to the east coast of* 
Greenland are now complete, Lieut. Ryder will command a 
party of nine, and during next summer, as soon as the ice per- 
mits, they will go by steamer to the east coast, and then devote* 
two years to the investigation of the district between lat. N. 
66® and 73®. At the end of that lime they will be fetched by- 
the steamer from Denmark. 

The French Society “Scientia” informs its membei*$ that its 
next dinner, on April 30, will be presided over by M. C. 
Richet and by M. de Lacaze-Duthiers, in whose honour the 
dinner is to be given. The last dinner was given in honour of 
Francis Darwin. 

At the general monthly meeting of the Royal Institution, 
on April 7, the special thanks of the members were returned for 
the following donations to the fund for the promotion of experi- 
mental research; Mr. Ludwig Mond, £1001 Mr. Lachlan M. 
Rale, ;^so. 

At the Royal Institution the Hon. George C. Brodrick will' 
begin a course of three lectures, on the place of Oxford Uni- 
versity in English history, on Tuesday (April 15); Prof. C. V. 
Boys will begin a course of three lectures, on the heat of the 
moon and stars, on Thursday (April 17); and Captain Abney 
will begin a course of three lectures, on colour and its chemical, 
action, on Saturday (April 19). The evening meetings will be 
resumed on Friday (April 18), when Sir Frederick BramwelP 
will give a discourse on welding by electricity. 

The Marlborough College Natural History Society, according 
to its latest Report, is in a most flourishing condition. The 
year 1889 was for the Society “one of continued prosperity and 
progress.” On April 9, 1889, the Society completed its 
twenty-fifth year, and the members afterwards commemorated 
the occasion by an excursion to Stonehenge. 

Dr. von Danckelman has contributed to MitUieilungcn aus 
dm deutschen Schutzgebietin^ vol. iii., an important paper on the 
climate of German Togoland, and of the neighbouring districts 
of the Gold and Slave Coasts. The observations are drawn from 
all available sources, from those first made by Dr. Isert at the 
then Danish settlements in 1783-85, down to the most recent 
observations by English, French, and German observers. A 
good deal of information exists, comparatively speaking, from- 
this part of West Africa, and among the best of the observa- 
tions are thsse made in 1888*89 by the German oflicials at 
Bismarckburg (lat. 8® 12’ N., long, o® 34’ E.), at an altitude of 
about 2330 feet above the sea. A comparison of the tables 
given for the various colonies shows that the highest air pressure 
occurs in July and August, and the lowest in February and^ 
March. The monthly range is small, amounting to less than 
0*2 inch. Temperature varies considerably with the position 
relatively to the coast. While at Akassa, on the coast, the- 
mean daily range is only about 10®, at Bismarckbuig it is double 
that amount. And during the hot season the range is double 
what it is in the cool season. Rainfall also varies with position 
relatively to the coast. Tbf rainy seasons are March to June, . 
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and September to November. Dr. von Danckelinan gives vala- 
able statistics about the harmattan, which is generally under- 
stood to be a cold wind. He shows, however, that duringHhe 
periods of this wind the temperature both in the morning and • 
• evening is’ warmer than on other days, and that the mean daily ; 
temperature is nearly 2® warmer. The air on these occadons j 
is so dry that the hygrometric tables are nit low enough for j 
the reduction of the observations. On one occasion the 
relative humidity was only 9 per cent., with a temperature of \ 

•94^ I 

We have received from Mr. D. Dewar his “Weather and | 
Tidal Forecasts for 1890.” The author has previously published | 
similar forecasts for past years, and they are said to be mainly 
'based upon the simple idea that the prevailing westerly move- 
ment of the air in the two great belts in the north and south 
‘ temperaltf'zones is due to the continued westerly (west to east) 1 
movement of the sun and the moon, and it is claimed that the 
probable weather, while referring generally to the northern 
• hemisphere, is chiefly applicable to the British Isles and neigh- 
bourhood. We have made a rough comparison of the forecasts 
with the actual weather experienced in the British Isles during 
the first three months of this year. The weather predicted by 
Mr. Dewar for January largely emsists of cold and anticyclones^i 
whilst the actual weather experienced was conspicuous for the * 
absence of cold, with the exception of the first two or three days, 
and its mildness probably exceeded that of any January during the 
last half-century. At Greenwich the thermometer did not once 
fall below the freezing-point after tlic 3rd. Considering Feb- 
ruary as a whole, the forecasts were ra thcr more successful. In 
March, the early part of the month was lo have been mild, 
except in the north. The first few chays were colder than in any 
March during the last half-century, except in the north, where 
milder weather was experienced. I'he weather predicted for the 
remainder of the month consists almost wholly of cold and snow, 
whereas the weather was exceptionally mild, and the Greenwich 
temperature on the zSth has only twice been exceeded in March . 
during the Last fifty years. j 

i 

lx the current number of the Zooh:fisi it is stated that a ■ 
wealthy Berlin manufacturer has a shooting near Luckenwald, ' 
where the Wapiti, Cervits canadensis^ has been acclimatised. ' 
Between January 20, 1889, and January 20, 1890, seven of these ! 
animals were shot there, one of them having a head of fourteen ! 
points. 

i 

Dr. W. King, Director of the Geological Survey of India, i 
lias commenced, in the current number of the Records of ! 
the Survey, the publication of the provincial index of the j 
minerals of India, which is intended as a help towards the | 
compilation of an annual statement showing the quantities and 
value of mineral products in British India, for the publication | 
of the mining and mineral statistics of the Empire. Dr. King's 
•classification is of a broad and popular nature. The provinces | 
or Presidencies and Native .States are taken in alphabetical i 
order, and the mineral products of each are set down with notes 
ns to the quantity, quality, and output. The mineral products , 
themselves arc divided into “ Important Minerals," “ Mis- I 
cellaneous Minerals," “Gem Stones,” and “Quarry Stones." j 
Under the first head are included only coal, iron ores, gold, 
petroleum, and salt. Under the second head come metallic ores, 
borax, gypsum, asbestos, soapstone, sulphur, and the like. 
“Gems” irfclude amber, beryl, diamond, garnet, jade and 
jadeite ; while clays, limestones, marbles, kunkar, slate, &c., 
are grouped as quarry stones. The first instalment of the list 
•ends with the Centra) Provinces. This index may help to dispel 
I the common idea that India is rich in minerals. The greater 
jpart bf^the entries arejmero,. indications of the' reported existence 


of ores, while those which note a regular production of any 
commercial importance are few and far between. 

Is one of the Bombay Natural History Socict/s papers, Mr. 
G. Carstensen, Superintendent of the Victoria Gaidens, Bombay, 
makes a bold suggestion for facilitating tlie study of botany in 
India. His experience, he says, has taught him that the study 
of botany is far more popular in the northern countries of the 
European Continent than in British possessions, and be cannot 
help thinking that this fact may be clearly attributed to the 
difference in the botanical terminology. While the terms used 
in English works on botany are too frequently quite unintelligible 
for the layman, because they are in most cases Anglicized Latin 
words, the terms used by German and Danish authors are 
generally easily comprehended, because they are translated into 
the mother language, refer to objects of daily life, or are derived 
from the language itself. He therefore proposes that the 
Botanical Committee of ihe Bombay Society be requested to 
revise the existing terminology, and to substitute English and in- 
telligible terms for the more unintelligible ones. He gives a few 
examples of the English substitutes he proposes. The natural 
arrangement of plants consists of two large divisions, Phanero- 
gams, or “ flower-plants,” and Cryptogamoiis plants, or “ spore- 
plants.” “ Flower-plants” are again divided into Dicotyledons, 
or “two-seed-leaved.” The “ two-sced-Ieaved " in the 
way are divided into Angiosperms, or “ seed -vessel* plants," and 
Gymnosperms, or “ naked-seeded plants,” and so on. For the 
“natural orders " he would substitute existing or new English 
names, and for “genera ” he would substitute “forms." In a 
complete flower the calyx would become the “ cup,” the sepals 
“cup-leaves,” the corolla the “crown,” the petals “crown 
leaves ; ” the cup and crown together, now known as the 
perianth, would be the “floral cover,” and so on through the 
andraeciuin and gynaecium, and the whole anatomy of the plant. 
The adoption of this method would, Mr. Carstensen thinks, 
“vastly increase the number of students of botany, and in the 
end would materially further the progress of this unfortunately 
neglected science.” 

The subject of dreams seems to demand more thorough study 
than it has yet received from science. An American, Dr. Julius 
Nelson, of New York, has lately publi*»hed the results of an 
examination he made of some 4000 of his dreams. He finds 
that the dreams of evening generally follow great physical or 
n\ental fatigue, and are associated with the events of the day. 
The same applies to night dreams, which, however, have more 
of a terrifying clement in them. The most remarkable and 
pleasant are the morning dreams, occurring after complete rest 
of the brain. Fancy then appears to have its widest range and 
activity, working marvellous transformations, and giving clear 
vision of the past and the future. Dr, Nelson further finds* 
that the vividness of his dreams is subject to regular fluctuations 
of 28 days, and that they aho vary with the seasons, so that 
they are very vivid in December, and least vivid in March and 
April. An old popular superstition attaches special importance 
to dreams in the twelve nights from Christmas to January 6, and 
it is suggested that this is perhaps because dreams at that time 
have, been Lund very vivid and distinct. 

The skin of Arctic voyagenr, after the long night of winter, 
often appears pale, with a tinge of yellowish-green, on return of 
sunlight. The nature of this phenomenon, was, at the instance 
of Prof. HolmgreOy studied by Dr. Gyllehcrentz, in the ex- 
pedition of i 882 *-S 3 , results are given In a German 

physiological joamat. Holmgren poinled out that the phe- 
nomenon might be subjeclive, due to a change in colour-sense 
through the long darkness ; or objective, due to changes in 
pigment of the blood ; or both«. j^n examiUldon of the colour- 
sense of the men before and after the polar night revealed no 
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change in this. The blood was examined by measnriog the 
position of absorption bands of hemoglobin with a given thick- 
ness of lAyer, gnd estimating their darkness. No change in the 
({uality of hemoglobin was detected, but the quantity, in some 
individuals, judging by changes in the width and darkness of 
the bands, was lessened towards the end of winter. Holmgren 
suggested, as an exferimeniHm cruets ^Xb regard to the question 
of a subjective or objective cause, that someone should exclude 
himself from sunlight a month longer than the others ; and to 
this infliction the engineer Andrie submitted. When he left his 
prison, his skin had a greyish*yellow tint. The conclusion 
arrived at is that the change of skin is due to an anaemic- 
chlorotic condition, possibly that of incipient scurvy. 

We have received Tylar’s “Photographic Calendar” for the 
year 1890. It comprises, among other advantages, practical hints 
selected from the best contributors, and various reproductions of 
several of the pictures that gained prizes in the competition 
held last year. There is also an extended list of the author’s 
specialities, as well as those of other dealers ; and throughout 
there is a variety of useful information handy for reference. 
The prize list is more varied and comprehensive than that given 
last year. 

Thk “Photographers’ Diary and Desk-book” for the year 
1890, u hich is issued by the proprielors of the Camera, is a very 
handy and useful volume. Developing and other formulae are 
printed in large type, capable of being read in the dim light of 
the dark room. A series of dark room procedures has been 
added, including the work of developing the negative, silver 
printing and toning, platiAotype printing (cold, hot, and sepia 
processes), Blanchard’s platinum black process, and bromide 
printing. A selection of the most inriportant and useful of the 
recent improvements in photographic appa»*atus is given, with 
several illustrations, preceded by some particulars of the objects 
of the Photographic Convention of Great Britain, with a list 
of its officers. The diary portion, interleaved throughout with 
blotting-paper, gives ample space for the daily record of 
photographic work. 

The Royal Horticultural Society has issued the first part of 
vol. i. of its Journal. This part includes reports of the 
Vegetable Conference held at Chiswick on September 24, 25, 
and 26, 1889, and of the Chrysanthemum Conference held at 
Chiswick on November 5 and 6, 1889. ^ 

The Transactions of the Congris Colonial and the Congres 
d’ Hygiene et dc Demographic, held in Paris last summer, have 
been issued. The Transactions of the latter Congress cover over 
1200 octavo pages, and include many really useful papers. 

Michel Troja was one of the first surgeons who experi- 
mented (177s) on the regeneration of bone. His book, “De 
Ossium Regencrationc,” has just been published, for the first 
time, in French. 

The last Annual Report of the Dutch Colonies in the East 
Indies contains references to several subjects of scientific 
interest. The military surveys were carried out on the west 
coast of Sumatra and in Dutch Borneo. In the former a large 
area%as mapped on a scale of 1 : 20,000, and in Borneo a 
Hying survey of l ; aoo,ooa was made over a considerable district. 
Triangulation and cartographical work were continued in 
Sumatra ; various maps were finUhed in Batavia ; and the parts 
of the great map of Netherlands India, including the Residencies 
of Madura and Pksuruan, were put in hand at the Hague. The 
tpembers of the Hydrographic Department were busy on the 
coasts of Java and Madura ; an astronomical station was estab* 
lished on the Sunda Islands ; and the study of the languages of 
the archipelago was continued by ti^entlemen appointed for the 
purpose-^-Baiin, Javanese, Old Javanese, Macassar, Bugin, &c. 
There are 182 meteorolngical stations in working order, 100 in 


Java and Madura, 34 in Sumatra, 6 in Billiton and Banka, 9riia 
Borneo, 17 in Celebes, 2 in Bali, and the remainder at other 
points in the archipelago. Of scientific expeditions of various • 
kinds a long list is given. These include geological investiga* 
tions in Sumatra and Flores, botanical on Key Islands, ethno* 
logical in the Balta region of Sumatra, ethnological, botanical, 
and zoological, on the east coast of Borneo. An arrangement 
has been made, by which in each year one student from home 
will be able to spend some months in the famous Buitenzorg, 
Botanical Gardens. 


Another paper by Drs. Curtius^nd Jay upon hydrazine,. 
NjH 4, describing a new- and very simple method of obtaining . 
this recently isolated base from the ammonia addition compound 

of aldehyde, CH^. Cc OH , is communicated to the latest num* 

e 

her of the Berichie. The first step consists in acting, with 
sodium nitrite upon a cold slightly acidified aqueous solution of 
aldehyde-ammonia, by which a nitroso-compound of the com- 
/H 

position C5 H|iO,. C >^ is formed. The reaction probably 

vN.NO 

completes itself on the lines of the following equation — 
• H y^H 

3CH, . C(^OH + NO . OH ^ C5H,,0„ . Cl + iHjO + 

\NHj * ^N— NO . - ^ 

zNHg. About 300 grams of aldehyde ammonia are dissolved in • 
a little ice-cold water, and neutralized with cold dilute sulphuric 
acid. About 40 c.c. more of the dilute acid are then added, 
and afterwards a concentrated solution of 70 grams sodium * 
nitrite in iced water. The liquid at once becomes turbid owing 
to separation of minute yellow globules of the nitroso-compound, 
termed nitroso-paraldimine, on account of its derivation from 
paraldehyde, the triple polymer of common aldehyde. This 
nitroso-paraldimine is a lemon-yellow liquid possessing an in- 
tense camphor-like odour. Its molecular weight has been 
determined by Hofmann’s density method, and found to cor* 
respond with the formula above quoted. It decomposes at its 
boiling-point, but may be readily distilled in steam or in vacuO’ 
without suffering change. The imine itself, corresponding to- 
the nitroso-compound, has also been isolated. The hydro- 
/H 

chloride, CftHjiiOj . , is obtained when moist 

^NH. HCl 

hydrochloric acid gas is passed through an ethereal solu- 
tion of nitroso-paraldimine, in the form of a mass of white- 
needles. From this hydrochloride the free base, paraldimine, 

/n 

CgHnOj.C^^ , may be obtained by treating its ether 


solution with silver oxide. Paraldimine is a clear colourless, 
liquid of a sharp odour resembling that of paraldehyde. It 
solidifies to while crystals [ in a freezing mixture. It boils, 
almost without change at 140* C., but polymerizes to a white 
solid on standing in a sealed tube for some weeks. Water 
or alcohol decompose it into paraldehyde and ammonia. Its 
hydrochloride, which is readily formed from the base with 
great evolution of heat by leading dry hydrochloric acid 
gas over the pure liquid, may be converted into the nitroso- 
compound by treating with a strong solution of sodium nitrite. 
The nitroso-compound itself, on reduction with zinc dust and 
dilute sulphuric acid, at once yields hydrazine sulphate^ 
N2H4 . HaS04. The course of the reaction is •better seen 
when the gentler reducing mixture, zinc dust and glacial 
acetic acid, is allowed to act upon an ethereal solution of' 
nitroso- paraldimine. An amide termed amidoparaldimine». 

/H 

CsHnO-. /is then first formed, and may be-, 

. NH. 



548 


NATURE 


[^April lo, 1890 


isolated as a strongly basic volatile liquid, which yields a very 
hjrgroscopic hydrochloride with hydrochloric acid. On boiling 
this hydrochloride with dilute sulphuric acid, it is decomposed, 
with assimilation of the elements of water, into paraldehyde and 
hydrazine — 

/H /H 

+ HjO = C^HnOa . + NjH^. 

The hydrate of hydraaine is readily obtained from the sulphate 
by simple distillation with alkalies. 

The additions to the Zoological Society’s Gardens during the 
past week include an Egyptian Cat {Felis chaus) from North 
Africa^ presented by Mrs. Florence J. Waghorn ; a Stoat (Mm- 
tela erminea S ), British, presented by Mr. Cuthbert Johnson ; 
two Mantchurian Cranes (Grus viridirostris) from Corea, pre- 
sented by Mr. Campbell ; three Long-cared Owls {Asia otus\ 
British^ presented by Mr. W. Geoffrey N. Powell ; a Black faced 
Weaver-Bird {Hyphantornis sp. inc.), from South Africa, pre- 
sented by Commander W. M. Latham, R.N., F.Z.S. ; a Three- 
»toed Sand Skink {Seps truiactylu 5 \ European, presented by Mr. 
J. C. Warburg ; two Hybrid Deer (between Cervus elaphus 6 
and Cervus sika 9 ), deposited ; a Diana Monkey {CercopUhecus 
diana 9 ) from West Africa, eight Undulated Grass Parrakeets 
{MelopsiUacm unduiatus) from Australia, purchased ; a Rhe*'us 
Monkey {Macacus rhesus)^ born in the Gardens. 

OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal- Time at Greenwich at 10 p.m. on April 10 
iih. 16m. i8s. 


Name. 

Ma*.| 

Colour. 

1 ]R. Au X 890. 

Deck 1890. 

(1) G.C. 3386 

1 


; h. m. s. 

1 »S 47 

• t 

-f 3 50 

(3) 73 Leonts 

5 1 

Yellowish-red. 

; II 9 33 

-f 23 43 

(3) V Leonis 

4 1 

Yellowish-white. 

; XI 31 18 

- 0 13 

-fat 8 

(4) ^ l^onis.M ... 

^ i 

White. 

j 1C 8 x8 

(5) X5S Schj 

5 1 

Red. 

1 la 39 58 

4*46 3 

(6) K Hydrse ... ... 

Var. 

Very red. 

*3 23 43 

-33 43 


Remarks. 

(1) The General Catalo;?ue description of this nebula is as 

follows : Bright, pretty large, round, pretty suddenly much 

brighter in the middle.” In 1869, Prof. Wtniock observed the 
spectrum at Harvard College Observatory, and stated that it 
was continuous, with a possible bright line near X 525. The 
nebula does not appear to have been spectroscopically examined 
by any other observer, so that further observations are required 
to confirm this result. If there really be a bright line as re- 
corded, others may certainly be expected. Comparisons with 
the carbon flutings in the Bunsen or spirit-lamp flame spectrum 
should be made. It seems highly probable that many of the 
so-called continuous” spectra of nebulae really consist of 
bright lines or flutings superposed upon a continuous spectrum, 
as Dr. Huggins has stated that brighter parts have been sus- 
l^cted in some cases, and I myself have often noted irregulari- 
ties, notably in the Great Nebula of Andromeda. In 1866 Dr. 
Huggins was careful to point out that his use of the term 
^‘continuous” was not to be understood to mean more than 
that, when the slit was made as narrow as the feeble light 

^ permitted, the spectrum was not resolved into bright lines. 

(2) This star has a very fine spectrum of Group II. Accord- 
ing to Duner, the bands 2-8 are wide and dark, especially those 
in the red. This indicates, as I have pointed out on previous 
occasions, that the star is probably considerably advanced 
towards Group III., in which the tends will be replaced by 
lines. It Y^ill be interesting to know if anv lines exist in the 
spectrum of the star at present, and, if so, what lines thw are. 

(3) A star of the solar type (Konkoly). The usual diflerential 
ob^rvations are required# 

(4) A star of Group IV. (Gothard). . Usual observations 
required. 

* v5) It is generally vreed th^t 152 Schj. is one of the finest 
examples of stars of Group VI. It shows the usual bands of 


carbon ve^^ strongly marked, and all of the secondary bands^ 
are well visible. We have certainly still a great deal to learn 
about stars of this group, and the present favourable position of 
a topical example may therefore be taken advantage of for 
further inquiry. 

(6) At the last maximum of this in^resting variable, Mr. 
Espin found that the F line was bright in its spectrum, the 
general spectrum being a very fine one of Group II. Mr. Espin 
also noted that the bright bands (probably the bright flutings of 
carbon) were relatively brighter as the star was on the increase, 
and weaker when its luminosity was decreasing. It is very im- 
portant that a recurrence of these phenomena at the approaching 
maximum of April ii should not escape observation,^ even 
though the star is not one which rises early in the evening at 
this time of the year. The period of the variable is about 434 
days, but is apparently decreasing. In 1708 it was about 500 
days. It varies from magnitude 4-5 at maximum to about 10 at 
minimum. A. Fowler. 

The Apex of the Sun’s Way,— -A determination of the 
amount and direction of solar motion is given by Mr. Lewis 
Boss in AstrotwmiccU Journal No. 213. This determination is 
an important one, because of the fact that, out of the 253 steL 
lar motions used, only 49 are known to have been previously 
employed in a similar research, and it is by means of new mate- 
rial and variations of arrangements in its use that any general 
facts or laws are likely to be discovered. The stars whose 
proper motions have been utilized were given in No. 200 of the 
above journal, and are all contained in the Albany zone, which 
is 4** 20" in breadth, and at a mean declination of 3"* north of 
the celestial equator. 

The method employed is substantially that proposed by Airy, 
and in the first solution five stars having proper motion greater 
than 100" in a century were excluded, with the following 
results : — 



Mean magnitude. 

Proper motion per 
century. 

Maximum angular 
k’alue of the solar 
motion for loo years 
as viewed from the 
unit of distance. 

R.A. of the apex of 
solar motion. 

Deck of the apex of 
solar motion. 

First scries \ 
(135 stars) I 

6’6 

tt 

21-9^ 

4t 

1239 

0 

28 o ‘4 

0 

+ 42'8 

Second series ( 
(144 stars) j 

8-6 

20*9 

t 373 

2857 

+ 45 •! 

Both series Y 
combined ) 

7*6 

2 r 4 

1309 

283 *3 

+ 44'i 

Probable errors 

— 

— 

±1*00 

± 6'9 

H- 

hi 


. When stars are excluded whose proper motions per century 
amounted to 40" or more, the following are the resulting 
values : — 


Probable error. — — ± o*6o ± 7’a ± 3 "2 

The values of the several elements of solar motion, as deter- 
mine by Struve and Bischof, are as follows ; — 

Struve 6-0 8w 27^3 + *7°3 

Bischof 7'5 47'58 33’67 *90’8 + 43‘5 

t, (using Argdander’s method) — 285’7 + 48‘5 

By using the present declinations of the American ephemeris, 
Mr. Boss finds tnat the value given by Struve for the declination 
of the sun’s way requires a correction of + io°‘4, thus making 
it -I- 37**7> which is more in accordance with the other values 
given above. 

The most probable co-ordinates of solar motion might there- 
fore be assumed to be — 

R.A. « 280*; Ded. » + 40* 

Stability of thk Rikcs of Satwfn. — T he BulUiin Astro- 
nomiquit for February l 8 p 6 d>ntai^ an interestiiw paper by M. 
O. Callandreatt, on the jwedatfoni of the line CHerk-Miu well, 
relative to the movement of a tigid ring, aronnd Saturn. It is 
well known that Lapface feutid it iniiMsaible for a homogeneous 
and uniform ring surroundiittA^anet to be in a state of stable 
equilibrium, and remarked thal irtegularities must exist in - the 
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form of the ring, ^hich, in combination with a slight eccentricity, 
secured Us stability. Maxwell found that the irregularities of a 
ring possessing a piermnneht nioveinelbt otight to be very sensible, 
and that the appearance of the rings of Saturn was incompatible 
with that required by his demonstration. He considered the 
case of a planet occupying the centra of the ring, whereas 
Laplace*s hypothesis required a slight eccentricity. This ques* 
tion was not, however, treated separately, and M. Callandreau 
has subjected it to matheinatic il analysis. First, taking the case 
of a symmetrical ring when the centre of gravity will be on a 
symmetrical axis, and then the case required by Laplace, viz. that 
the centre of gravity is not exactly coincident with the geometrical 
centre, the author shows that the conditions stated by Laplace 
arc not sufficient to ensure stability. 

lJROOKS*s Comet. (iT 1890). — This comet was observed at 
Paris on March 28 and 30.- It wa&seen as a round nebulosity, 
about 40'' or 50'' in diameter, with a very ])ronoiinced central 
condensation, and was about the tenth magnitude.* 

Bright Lines in Stellar Spectra.— The Rev. J. K. 
Kspin reports the discovery of bright lines in the spectrum of 
as well as in that of Orionis, and possibly in that of S 
Coronre as well. 


ON THE DEFORMATION OF AN ELASTIC 

SHELL} 

IS palmer treats of the deformation of an elastic shell who^e 
radii of curvature are everywhere great in conijiarUon with 
the thickness, which is supposed uniform. The subject has been 
dealt with in a very able manner by Mr. A. E. il. Love in a 
recent paper (Phil. Trans., 1885), but it seemed desirable, on 
various grounds, that it should be attacked from an independent 
point of view. The method here followed is that explained in 
a former communication, “On the Flexure of an Elastic Plate 
(December 1889). The results, as regards the general theory, 
are closely analogous with those of Mr. Love, and a comparison 
of the two investigations gives a physical interpretation to the 
various groups of terms which enter into his eciuations. There 
are some differences of detail, arising from a slight difference in 
the quantities chosen to express the flexural strains, but they 
arc not practically important. 

'I'he great difficulty of the present subject, as contrasted with 
the theory for a plane plate, is, that we cannot draw an absolute 
line of demarcation between the deformations in which the 
cardinal feature is the extension of the middle surface, and those 
which involve flexure with little or no extension. This appears 
lo arise mainly from the fact pointed out by Mr. Love, that it 
is in general impossible 4 o satisfy the boundary conditions by a 
deformation in which this middle surface is absolutely unextended. 
But, this being admitted, the (luestion remains in any specific 
problem, as to the amount and distribution of the extensiqp, 
and, in particular, whether there are any modes of deformation 
(or of free vibration) in which, after all, it plays only a sub- 
ordinate part. Mr. Love answers this question in the negative, 
in opposition to the views advocate by Lord Rayleigh in two 
weILknown papers. In the [present communication Mr. Love’s 
argument is examined, and it is pointed out that cases may occur 
in which the extensions (though comparable with the flexural 
strains) may be confined to so small a region of the shell (near 
the edges) that their contribution to the total energy of deforma- 
tion is insignificant. 

In order to bring the matter to an issue in a definite instance, 
1 have chosen the case of a cylindrical plate (such as a boiler- 
])late) bent by a proper application of force over its straight 
edges, so that the strained form remains a surface of revolution, 
the circular edges being free. The analytical work in this case 
IS very simple, and the physical meaning of the various terms 
which occur is easily recognized. In the interpretation of the 
result it appears that a good deal turns upon the ratio which the 
breadth of the plate (in the direction of the generating lines) 
bears to a mean proportional between the radius and the thick- 
ness. If this ratio is large, the bending forces may be prac- 
tically replaced by two equal and opposite couples uniformly 
distributed 6ver the straight edges, and having these edges as 
axes* The strained fpim is almost accurately cylindrical ; near 
the circular edges we have extensions of the same order as the 
flexural strains, but these rapidly die out (at the same time 

' Abstract of a Paper by Ihpof. Horace Lamb, F.R,S«, before the 
• M athematical Society on J anuary 9. 


.fluctuating in sign) as we press inwards, and the anticipatioD 
that their total energy woula be small compared with that due 
to flea^re is confirmed. In such a case, then, the approximate 
methods used by Lord Rayleigh, in which no account is taken 
of the conditions at a free edge, arc fully justified. But if, 
keeping the radius and the thickness constant, we diminfsh the 
breadth of the plate until it is comparable with the mean pro- 
portional aforesaid, we get a sort of transition case between a 
plate and a bar, which cannot be satisfactorily treated except on 
the basis of the general equations. Finally, when the breadth 
becomes small in comparison with the mean proportional, the 
plate behaves like a curved bar, and* an approximate treatment 
IS again applicable. 

In an appendix I have worked out, from the general ec^uations 
of elasticity, the uniform flexure of an infinitely long cylindrical 
plate ; this being, at present, the only case of flexure in which 
it appears easy to carry out the solution (on these lines) to a full 
interpretation. 


SCIENTIFIC SERIALS. 

Timehri^ being the Journal of the Royal Agricultural and 
Commercial Society of British Guiana (printed at the Atgosy 
Press, Demerara, vol. iii., part ii., hew series). — This in- 
teresting brochure contains matter of general interest, as well as 
information which might be expected in an agricultural and 
<^mmercial journal. Specialization cannot be pushed to its 
extreme limits in a colony, and a Society of this nature naturally 
admits matter into its Journal which are not strictly either 
agricultural or commercial. Thus the papers on primitive games 
and on the f wild flowers of Georgetown muit be regarded, 
respectively, as of ethnological and purely b.^tanical interest, hut, 
nevertheless, occupy a great part of the number, especially if we 
leave out of consideration the reports of meetings and other 
official matter connected with the working of the Society. Fruit- 
growing in the Gulf States of America, Caracas as a place of 
resort, and a short paper on some scale insects inimical to vegeta- 
tion are the principal topics of a distinctly economic value. 
The paper entitled tne “ Letters of Aristodemus and Sincerus*' 
is a review of an old book published in 1785-88 in twelve volumes, 
dealing with the colonies of Demerara and Essequibo, and are 
therefore of great interest lo the present population. In 1785 
the colonies had just been given over by the French, who held 
them on behalf of the Dutch for about three years. No town 
existed up to that date in Demerara, but during the French 
occupation a little village had grown up in the neighbourhood of 
Brandwagt, which they called /a notivclie viilcs or Longchamps. 
The fort on the east rank of the Demerara River (now called 
Fort William Frederick) was also built at the time, and named 
Le Dauphin, while another on the opposite side was called La 
Raine. From such historical, social, scientific, and economic 
materials a most interesting although somewhat diffusive number 
has been produced, showing evidence of mental activity and 
high culture, pleasant to see far away from the main centres of 
civilization. The style of the writing, the printing, and the 
illustrations are all of a high class. How far the . London 
publisher, Mr. E. Stanford, of Cockspur Street, is responsible 
for the excellent “get up of the volume we are unable to even 
conjecture ; but we trust we may be pern^itted to say, without 
offence, that the number of Timehri before us is highly creditable 
to the literary talent and tastes of British Guiana. 

Quarterly y onrnal of Microscopical Science^ February. — On the 
anatomy of the Madreporia ; V., by Dr. G. Herbert Fowler (plate 
XX viii.). Givef an account of the anatomy of Duncania barbadtnHs^ 
Galaxea esperi^ Heieropsammia muitilobaiat and BcUhyaclis 
sywmetrka^ and gives a figure of the typical structure of the 
genus Madrepora. — Contributions to the anatomy of earthworms, 
with descripuons of some new species, by Frank E. Beddard 
(plates xxix. and xxx.). This paper gives an account of the 
structure of three new species of Acanthodrilus, with remarks 
on other species of the genus. The new species are A. antarc- 
ticus, A. fosa^ and A. dalti. Further remarks on the repi^uctive < 
organs of Eudrilus, with special reference to the continuity of 
ovary and oviduct. — On the certain points in the anatomy of 
Perichseta, with description of Perichai^ intermedia^ n.sp.— On 
the phagocytes of the alimentary canal, by Armand Rufler 
(plate xxxL). Concludes that the wandering cells of the lymphoid 
tittues of iho alimentsry canal have the power of proceeding to 
the free suifaces of suen^ tissues, and of taking into their interior 




550 


NA TORE 1^90 


lower micro-organism « and foreign matter (charcoal. Sic.): there 
nre both macro- and microphages ; these are stages, the larger can 
swallow the smaller wd digest them.— Notes on the hydroid 
phase of LimnoeoJium sowtrfyi^ by Dr. G. Herbert Fowler (<^late 
xxxii.), records observations made during May i88i ; neither 
medusoid or hydroid appeared in 1889 ; two h)rdroid8 and a 
buddinglnedusoid are fijptred.— Note on certain terminal organs 
resembling touch cbrmsoles or end bulbs in intraiimscular 
connective tissue of the skate, by Dr. G. C. Parvis (plate xxxiii.). 
— Note on the transA^rmatioa of ciliated into stratified squamous 
■epithelium as the resiUt of the application of friction, by Drs. J. B. 
Haycroft and E. W. Carlier (plate xxxiii.). — On the development 
■of the ear and accessory organs in the common frog, by Francis 
Villy (plates xxxiv. and xxxv.).— On Thelaeeros rkisophara, 
si.g. et sp., an Actinion from Celebes, by P. C. Mitchell (plate 
•xxxvLX The Actinion here described was obtained by Dr. 
Hickson in a mangrove swamp in Celebes, by the side of one of 
vthe roots of a Rhizocdiora ; the tentacles have compound hollow 
protuberances round the maigins of the oral surface, with 
iTtumerous small simple or compound hollow protuberances 
■ (rudimenlUry accessoiy tentacles) in radial lines on the oral disk. 
— Notes on the genus Monstrilla, Dana, by Gilbert C. Bourne 
<plate xxxvii.). Gives details of all the known species of this 
■aberrant genus of Copepods. — On the maturation of the ovum, 
and the early stages in the development of AUopora, by Dr. 
Sydney J. Hickson (plate xxxviii.). Gives a general summary of 
•events; the formation and fate of the trophodisc, the changes 
■of the germinal vesicle, the formation of the embryonic ectoderm 
ithe history of the yolk, and general considerations. 


SOCIETIES AND ACADEMIES 

London. 

Royal Society, March 27. — “ The Variability of the Tem- 
^(teratare of the British Isles, 1859 -83 inclusive.” By Robert H. 
Scott, F.K.S. 

The material discussed has been the daily mean temperature 
-<Ierived from twenty-four hourly measurements of the thermo- 
grams at the seven British observatories during the period of 
(heir continuance, 1869-83. 

The diderences between the successive daily means have 
l>een extracted, irreapective of sign, and these values averaged 
■monthly. 

To the figures for the 7 observatories certain values have been 
.added from Or. Hannas paper in the Sitcungsb^richte of 
<rhe Vienna Academy for 1875 for Makerstoun and Oxford, 
the only British stations in Hann’s list, and for Vienna, St. 
Petersburg, and Barnaul, as instances of Continental climates, 
■as well as for Geoigetown, Deoierara, as an instance for a ^ 
tropical station. 

The figures for the 7 stations are much lower than those for ; 
Makerstoun and Oxford, probably owing to the fact that the ’ 
means used in the two latter cases were not twenty-four hourly, 1 
nor for as many as fifteen years. I 

The highest variability on the mean of the year is at Kew j 
•<2’7). Then follow Armagh, Glasgow, and Stonyhurst (2’’5), I 
Aberdeen <2**4), and Falmouth and Valencia (i’'9). The 
greatest absolute monthly value is 5**4 for Gla^ow, November 
1880 ; the least, o° 7 « for Valencia, July 1879. 

The mean values for each month are given. 

The question of whether great changes are more frequently 
positive or ne»tive has been investigate Mr. Blanforo states 
'<** Climate of India”) that in India (Calcutta and Lahore) 
sudden fails of temperature arc more frequent and<. greater than 
•sudden rises. 

A preliminary inquiry showed that it was not interesting to 
investigate all changes, as the numbers showing -i- and - signs 
respectively were nearly eqyial. 

The changes above 5^ In the twenty-four hours were all 
examined, and the resnlt showed that in tbqse islands sudden 
rises of large amonnt are more frequent and more extensive in 
amount than sudden Cslls— the reveive to what obtains in India. 

One instance of a rise of 23**8 at Aberdeen, .December. 16, 
1882, was the greatest recorded, and this disturbance was con- 
fined to the east of Scotland. 

The figures were then examined for freqqency. The 
•waluea were turrai^ed, irrespective of sign, according to their 
anagnitttde, in six subdivisions *9, iia>4**9, 5*o-9?‘9, 


10*0-14**9, i5*o-i9*'9, 20*o-34°*9, and ll>e tqtitU divided by 15. 
The first two intervals taken together are equal to one of the 
others, but, as by far the greater number of the changes fell 
below 5*’o, it seemed well to see bow inany fell below 1**0. 

The range of changes is least at Falmouth and Valencia. 
In all cases the mean number of. chapges between 'i”*o and 4**9 
exceeds half the number of days in the month. 

The daily mean values have- also al) betfn examijned; with the 
view of discovering their distribuSon oh thn thermometer scalO. 

Seven columns were taken, covering the space from 10° to 8o^ 
of 10* each, excepting that the spnee from 20* to 40* was not 
divided equally. 

In 1881, Stonyhurst had four days in January with a mean 
below 20* and nineteen days in which toe mean temperature 
was below 32*. At Aberdeen and Glasgdw the .cold , was not so 
intense. Neitberat Falmouth nor Valencia did the mean tem- 
perature ever fall below. 20*. The hottest station is Kew. In 
the fifteen years it &hows in all thirty*five days with a menu 
above 70". 

The figures were then divided by 15, to obtain frequency, as 
before, and the results shown. They are also shown graphically 
in a plate, but there all the curves do not appear. Those for 
Valencia and Falmouth agree almost exactly, except in July and 
August. Those for Armagh, Glasgow, and Stonyhurst are so 
close to each other, that one' curve is taken to represent all. 

Royal Microscopical Society, March 19.— Prof. Urban 
Pritchard, Vice-President, in* the chair. — A letter from the 
President, regretting his inability, to attend in consequence of a 
fall, was read. — Mr. J. MaysH, Jun., read a letter from Prof. 

E. Abbe, of Jena, announcing the donation of one of Zeiss’s new 
apochromatic objeaivea of ' l *6 N.A. He also- sent a 
condenser of i *6 N. A,, and a flint glass slide containing mixed 
diatoms mounted by Dr. H. van Heurck, of Antwerp, tegether 
with a supply of flint glass, slips and cover-glasses for use in 
mounting objects for examination with the new objective. It 
was of course understor^ that in order to exhibit the full power 
of the increased aperture it was necessary to employ a condenser 
of corresponding aperture, and the objecu to be viewed must be 
mounted on slips with covers, and mounting and immersion 
fluids of correspondingly high refractive power. In order to 
further test this lens, a committee has been appointed. Mr. 
Mayall called attention to and described two microsco|>e8 by 
MM. Nachet and PelUn, of Parts, which were exhibited by .Mr. 
Crisp. — Mr. Kousseiet exhibited a number of Rotifers to show 
their abundance at this season of the year.— A specimen sent by 
Colond O'Hara, supposed to be some kind of entozoon which 
had been passed in urine, was exhibited. — Prof. Bell gave a 
risumi of Mr. A. D. Michael's paper on the variations of the 
female reproductive organs, especially the vestibule, in 
different stfocies. of Urupoda^ the author being unavoidably 
absent through illness.— Mr. C. H. Wright exhibited and 
de;;cribed specimens of a new British Hymenoiieben, Cyconema 
inUrruptum, — Mr. £. M. Nelson read a short note on the 
images of external objects pcoduced from the markings- of 

formosum , — A note was read from. Dr.. H. van Heurck 
correcting an error in his recent communication to the Society 
relating to the structure of diatoms. — Mr. Mayall read a 
translation of an article by Prof. E. Abbe on the use of 
fluorite for optical purposes, in which it. appeared that the 
special qualities of the new apochromatic lenses were due 
to the employment of this mineral in their construction. — 
.Mr. C. 11 . Gill read a paper on some methods of preparing 
diatoms so as to exhibit dearly the nature of the workings, 
which was illustrated by numerous photomicrographi,— Mr, P. 
Brabam exhibited and described a new form of oxyhydrogen 
lamp, adapted for mierpsoopioat purposes, the lamp being so- 
mounted as to be used in any position above or below, the 
object. Its application to photomicrography was demonstrated 
in the room. — Mr. Clarkson alto exhibitea one of the same 
lamps separate from the photomicrographie arrangement. — 
The next conversuzione was announced to take place on 
April 3p. 

Zoological Society, Mlurch 18.— Prof. W. H. Flower, 

F. R.S., Prerident, in tM OMia— The Secretary exhibited (oa 
behalf the Kev. Q. H. R. Klsk).a.s|^m«a of a White fiat, 
obtained at Somerial Weet» mar Ct^%>wn, believed to be an 
albino variety- of Fifr/icrm A^m/a^—^Trataih Percy Armitage 
exhibited and made remarits on two'.tieius of the Panolia Deer 
{Cenw obtained on . the. SitUing Jiilver, Burmah. .One of 
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these was of an abnormal form. — Mr. Sclater exhibited (on 1 )ehair 
of Mr. Robert B. White) examples of four species of Mammals, 
obtained in the Uppar Magdalena Valley, in the department of 
Tolima, U.S. of Columbia. — Dr. Mivart, F.R.S., read a paper on 
the South- American Canidce. The author called attention to the 
dilTiculties in the way of the correct discrimination of these 
animals, and to what appeared to him to l)e the unsatisfactory 
character of some of Buimeister’s determinations and de- 
scriptions. Forms to which the names fnivifies, j^risms^ 
patagonicus^ entnriaiws, gfjciiis^ vetnlus^ and fuh)icaudus had 
been assigned were declared to be quite insufficiently discrimin- 
ated from Canis astavtc. On the other hand, two very marked 
varieties, or possibly species, were noted and distinguished 
under* tte ‘appellations Canis fatvit/etis and Cafns urostictus^ the 
type of each of which was in the British Museum, both the 
skin and the skull extracted from it in each case. — Mr. R. I. 
I'ocock read a revision of the genera of Scorpions of the family 
Jiuthidie^ and gave descriptions of some new South African 
species of this family. — Mr. F. K. Beddard read a paper on 
some points in the anatomy of the Condor {Sarcorhamphus 
gryphusY — A communication was read from Prof. K. Collett, 
containing the description of a new Monkey from North East 
Sumatra, proposed to be called Semnoptthccus thoviasi. 

Geological Society, March 26. — J. W. Ilulke, F. R.S., 
Vice-President, in the chair. — The following communications 
were read : — On a new species of Cyphaspis from the Car- 
boniferous rocks of Yorkshire, by Miss Coignoii, Cambridge. 
Communicated by Prof. T. McK. Hughes, F.R.S. —On com- 
posite spherulites in obsidian from hot springs, near Little Lake 
California, by Frank Rutllefy, Lecturer on Mineralogy in the 
Royal School of Mines. The spherulites which form the subject 
of the present communication have been previously noticed, 
and it was then suggested that a smaller spherulitic structure was 
stt up in the large spherules after their formation. In the present 
paper evidence was adduced in favour of a different mode of 
origin. It was argued that the small spherulitic bodies (primitive 
spherulites) were developed in the obsidian before it a.ssumed a 
condition of rigidity, and that they (loatcd towards certain 
points in the still viscid lava, and segregated in more or less 
spherical groups, though there is no evidence to show what 
determined their muvemenls; furthermore, that from a point or 
points situated at or near the centre of each group, crystallization 
was set up, giving rise to a radiating fibrous structure, which 
gradually developed zone after zone of divergent fibres until 
the entire mass of primitive spherulites was permeated by this 
secondary structure — a structure engendering a molecular re- 
arrangement of the mass, such as would obliterate any trace of 
structure which the primitive spherulites might have originally 
possessed. In a supplementary note the views of Mr. J. P. 
Iddings with reference to the spherulites in question were given. 
Mr. Iddings considers that the .structures here described as 
primary are of secondary origin. The author slated in defeil 
his reasons for adhering to the conclusions given in this paper. 
The Chairman .said that the sequence of the different portions 
brought forward aith so much care by the author is one which 
admits of much discussion. Rev. E. Hill said (hat the explana- 
tion of the divergence of these crystallizations was extremely 
interesting. As to which structure came first, it is difficult to 
determine. In the section exhibited under the microscope he 
agreed with Mr. Rutley as to the sequence. The question of 
molecular motion after consolidation in igneous rocks is a subject 
of great importance. — A monograph of the Bryozoa (Polyzoa) of 
the • Hunstanton Red Chalk, by George Robert Vine. Com- 
municated by Prof. P. Martin Duncan, F.R.S.— Evidence 
furnished by the Quaternary glacial-epoch morainic deposits of 
Pennsylvania, U.S. A., for a similar mode of formation of the 
Peamian breccias of Leicestershire and South Derbyshire, by 
William S. Gresley. 

Paris. 

Academy of Sciencee, March 31^ — M. Hermite in the 
^hair. — M. de Jonquieres, having presented a memoir containing 
the complete text and review of n. posthumous work of Des- 
cartes, ** De Solidorum Elementis, with a tiaQslation and 
commentary of the work, addreseed a note giving some brief 
explanations of the^ matter contained in it. In communications 
made on. February 10 and 17, the author Endeavoured to show 
that Descartes knew and, applied the relation between the faces, 
apices, and edges of a po^hedron, known as Euler’s formula, 
and expressed as F + S » A -f- 2, The present communication 


seems to put the maUer beyond doubt. — M. P. Schutzenberger,. 
in reply to criticisms of M. Berlhelot, adduces experiments^ 
pointing to the conclusion that the condensation of csi^bonicr 
oxide by the silent discharge cannot be effected without the 
presence of water.— Some further remaiks on the preceding 
communication, and on the desiccation of gases, by M. Berthe- 
lot. The author still holds the opinion that the water shown by 
M. Schutzenberger to be present in his condensed carbonic oxide 
may have passed through the glass tube tinder the action of the 
electric discharge. — A new method for the microscopical study 
of warm-blooded animals at their pfiysiological temperatures has. 
been devised by M. L. Ranvier, and consists of placing /the 
microscope and the preparation under examination in a bath-of 
warm water (jd"* C. to 39° C.). — Defoimities of the feet 
and toes following phlebitis of inferior members ; phlebhic 
club-feet, by M. Verneuil. — Observations of Brooks’s new 

I comet (a 1890), made at the Paris Observatory, by M. G. 

: Bigourdan.— Observations of the same comet, mode with the- 
great equatorial of Bordeaux, by MM. Kayet and L. Picart,* — 

: Observations and elements of the new minor planeP dis- 

I covered at the Nice Observatory on March 10, by M. Clmrlois. 

I — On the position of the sun-.^pot of March 4, by M. Spoyrer. — 
On the graphic statics of elastic arcs, by M. Bertrand de Fontvio- 
lant. — Theoretical and expeiimental researches on Ruhmkorfi’s- 
coil, by M. R. Colley. The author has investigated the current 
which results from the superposition of two currents — one non- 
periodic, diminishing according to the law of an exponential^ 

|4urve; the other periodic, and with progTc.ssivcly decreasing 
amplitude. — On the conductivities of the phenols and of oxy 
benzoic acids, by M. Daniel Berlhelot. In this important paper 
the author gives the results of an examination of the three oxy*^ 
benzoic acids by means of their electrical conductivities, and a 
research into the way they behave in the presence of one, two, 
or three molecules 01 soda. These acids having both phenol and 
acid funciionK, the conductivities of alkaline phenates were first 
dcleimined, — 'Ihe laws of annealing, and their consequei ces 
from the point of view of the mechanical properties of metals, by 
M. Andre Le Chatelier. These laws have been studied by heat- 
ing metallic wires, hardened by a .series of passages through a 
draw plate, to different temperatures and during different j^eriuds- 
of time. — On the indices cf refraction of salt-solutions, by M. B. 
Walter. — Action of hyposulphite of soda on silver salts, by M. J. 
Fogh. 'rhe amount of heat disengaged during the action of 
hyposulphite of silver upon various silver salts has been investi- 
gated. — M. V. Marcano, from his anthropological researches at 
Venezuela, gives evidence of the existence of metallurgy in Souil> 
America previous to Columbus.— Influence of the chemicaj con- 
stitution of cotnpounds of carbon upon the sense and variation- 
of their rotary power, by M. Philippe A. Guye. — On the 
preparation and some of the properties of fluorolorm, by M. 
Meslans. The density of the gas obtained is 2*44, and it is found 
to liquefy at 20® under a pressure of 40 atmospheres. — On some 
thiophenols derived from ordinary camphor, by M. P. Caze- 
neuve. — On the stranding of a whale on the island of Rhc.. 
by MM. Georges Pouchet and Beauregard. — On the blood and 
the lymphatic gland of the Aphysia (sea-hare), by M. L. Cuenot. 
— On the method of union of sexual cells Jn the act of fecunda- 
tion, by M. Leon Guignard. — On a new and dangerous parasite* 
of the vine, by M. G. de Lagerheim. The description of the 
parasite is here given: — Credo ViaUt : Sorts nypophylli 
solitariis majoribus vel dense j^egariis minimis, solitariis in 
pagina superiore foliorum macmas parvas formantibus ; uredo- 
sporis pyriformibus vel ovoideis 20;u-27Ai longis, 15/1-18/4 latis,. 
membrana hvalina tenui aculeata et contentu aureo praeditis,. 
paraphysibus^cyltndrieis curValis incolorihus circumdaiis.^ Hab 
in foliis vivis Ki/iV sp. parasitica in insula Jamaica, inter Kingston 
et Rockfort, Octob. 1889.” — On the series of eruptions of 
MEzenc and Meygal (Velay) ; also a note on the existence of 
segyrine in the phonolites of Velay, by M. P. Termier.— Com- 
position of some rocks from the north of France, by M. Henri 
tfouraault.— General results of a study of the ciu*boniferoiis earths, 
of the central plateau of France, by M. A. Julien. ^ 

Berlin. 

Phyaieol Society, March 21.— Prof, da Bois-Reymom?,. 
President, hi the chiMr. — Dr. Brodhun described a new contrast- 
photometer, based on the principle of one he and Dr. Lummer 
had previously constructea (see Nature, voI. xxxix. p. 336), 
and intended to epnipare by contrast the intensity of any 
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illumination with that of the standard light. E:^periinent had 
ishown that the sensitiven^s of the instrument is greatest when 
the difference of the contmted illuminations is 3 per cen^, and 
amounts then to i per cent. He further gnve an account of 
expcriqients which he and Dr. Lummer nad made on the 
utilization of glow-lamps as standards of comparison. When fed 
by accumulators these lamps yield a light which only varies by 1 
per cent, during a period of 200 hours provided the E. M.F. of the 
accumulators is kept constant. The authors are now busy with 
the endeavour to construct a standard glow-lamp for comparison 
with unknown sources of light. Dr. Lummer demonstrated 
Abbfs apparatus for testing transparent films with plane- 
parallel surfaces. After briefly describing the interference 
phenomena produced by thick plane-parallel glass plates» he 
explained how Tizeau’s bands and Newton’s rings are employed 
for testing the plates, using monochromatic sodium-light. The 
light passes through a reflecting prism and through a lens, and 
then tails on the plate, from w'hich it is reflected and passes back 
by the same path to the eye, being now passed through a second 
lens bySneans of which the bands or rings may be seen. The 
occurrence of interference-bands is entirely dependent upon the 
thickness of the plate : if this is absolutely uniformly thick 
throughout, the interference p'henomena show no change if the 
plate is moved from side to side in its own plane, and by so 
•doing the parallelism of its sides may be rapidly tested. * 

Amsterdam. 

Royal Academy of Sciences, February 22.— Prof, van Ae 
Sande Bakhuysen, in the chair. — Prof. Behrens added a number 
of reagents for microscopical analysis to those already known 
from former publications by himself and MM, Streng and 
Haushofer : — 

For K and Na : sulphate of bismuth. ' 

Ba, Sr, Ca : chloride of tin and oxalic acid. 

Ba, Sr : bichromate of ammonium. I 

Sr, Ca, .Mg : tartrate of sodium and potassium. I 

A1 : fluoride of ammonium and sulphate of thallium. | 

Be : chloride of mercury and oxalic acid. j 

Ce, La, Di : oxalic acid, ferrocyamide of potassium. | 

Zn, Ca : acetate of aluminium and oxalic acid* 1 

Zn, Cn, Co : sulphocyanide of mercury and ammonium. ' 
Co, Ni : nitrite of potassium and acetate of lead. ! 

Pb, Bi, Fe : bichromate of potassium and potash. 

Bi, Sb, Sn : oxalic acid, chloride of rubidium. | 

Sb, Sn, Ti : chloride of barium and oxalic acid. ; 

Details will soon be published, when the necessary finish has ; 
been given to the methods for separation, hitherto somewhat 1 
neglected, — M. Martin read a paper on the geology of the Kei | 
Islands, and, in connection therewith, on the Australian- Asiatic 
boundary line. In accordance with the fact that in Great Kei 
we meet with nothing but a Tertiary formation, and that the 
nature of the rocks of Great Kei agrees with that of the coast of 
New Guinea, M. Martin inferred that this boundary line must 
be drawn gec^nostically, to the west of Great Kei and to the j 
north-west of Timor. — Dr. Beyerinck treated of the luminous j 
food and the plastic food of phosphorescent Bacteria. Of the 
six species of phosphorescent Bacteria hitherto known, four — viz. 
the alimeotal gelatine non-melting Bacierium fihosphpresctns and 
B. PJtugeri of luminous fish, and the Baltic phosphorescent 
Bacteria, B. Fischeri and B. balticum^ require, brides peptone, 
a .second carbonic combination, as glycerine, glucose, or aspa- 
ragine, for their complete nourishment, t.r. to phosphoresce” 
and ^row. They may be called peptone-carbon^hacteria. The 
gelatine quick-melting phosphorescent bacteria from the West 
Indian Sea and the J^^rth Sea, B^ indicum and B. lumimsum^ 
can phosphoresce and grow on peptone alone. They are, there- 
fore, peptone-bacteria. Again, other bacteria can derive . their 
nitrogen either from amids, the amid-bacteria, or from ammoniac, 
the ammoniac-bacteria. Also moulds, yeasts, and some 
Protozoa may be classed in this svstera. The Bacterium PJlugeri 
does emit light with peptone and glucose, but not With peptone 
and maltose while the Bacterium phospkorescens emits light 
both with glucose and maltose. Now if we mix some starch in 
a phosphorescens-peptooe-gelatine, obtained by mixing this 
gelatine with a very great number of /T. phospharescens^ and 

f dace upon this some pttallne, pancreas-diastase, or urindiastase 
nefrozymase), fields of lii^ niake their appearance ; if, however, 
we pla^ th^ same sorts of diastase on a Pflilgen-peptone- 
starch-gelaUne, then no fields of I^ht would appear, which 


proves that in this instance no glucose whatever is formed, as 
was lately believed to be the case. The development of 
luminosity is constantljf accompanied bv the transition of pep- 
tones into organized, living matter, under the influence of free 
oxygen, with or without the concurrence of another carbonic 
conibinatioti. 
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THE GROWTH OF CAPITAL. 

The Growth of Capital. By Robert Giffen. (London : 

G. Bell and Sons, 1889.) 

' I ■'HE popular conception of what statistics are is 
-L happily caricatured by a contemporary novelist, 
who describes an adept in that science stationing himself 
early in the morning at the entrance to a bridge, 
and, after scrutinizing the passengers for several hours, 
triumphantly reporting that exactly 2371 widows have 
crossed during the day. This arithmetic of the street is 
not the type of Mr. Giffen’s calculations. His purpose is 
more philosophical, his method more elaborate. 

The object which he seeks to measure is nothing less 
than the whole property, the accumulated exchangeable 
wealth, of the United Kindom. In this problem, to appre- 
hend even the question requires an effort of intelligence. 
“ Imagination shrinks from the task of framing a cata- 
logue or inventory of a nation’s property, as a valuator 
would make it.” Reason points out that the grand total 
is- not so much the value of the whole, which in its 
entirety cannot be considered saleable, as the sum of 
the values of all the parts, any one of which may be sold 
by its proprietor. The attribute of accumulation, as well 
as that of exchange, requires careful definition. Mr. 
Giffen, differing from some of his predecessors and con- 
temporaries, does not regard the labourer himself as a 
species of capital. He does not, with Petty, attempt to 
determine the “value of the people,” nor, with De Foville, 
to effect “the evaluation of human capital.” However, 
some items which are of an incorporeal nature seem to 
enter into his account. Presumably, that part of the 
national capital which he reckons by capitalizing the 
income of public companies — multiplying it by a certain 
number of years’ purchase — represents the value, not only 
of land and plant, but also of an immaterial something, 
which, in a broad sense, may be described as “ custom ” 
or “ good will.” Mr. Giffen doubts whether public debf 
should be admitted as an item of capital. He is certain 
that tenant-right should be excluded. 

The uses of such a valuation are manifold. Mr. Giffen 
devotes a chapter to their enumeration. In the first 
place, it is desirable to compare our resources with our 
liabilities. It is satisfactory to find that the national 
debt compared with the national fortune is but a “ baga- 
telle.” The amount of a country’s accumulations, and 
the rate of their increase, afford some measure of its 
capacity to endure the burdens of taxation, and, we may 
add, other kinds of pecuniary strain. It is observed by 
Newfnarch, one of Mr. GifTen’s predecessors in this 
department of statistics, that the investment in railways, 
which produced such convulsions in 1847-48, would have 
been iil 1863 almost unfelt and insignificant in com- 
parison with the yearly savings which were being made 
at the later epoch. 

One use to which Mr. Giffen gives prominence may be 
thus described. The comparative growth of capital at 
different epochs serves at' a sort of barometer of national 
prosperity. Of course thoee who use a barometer must 
remember that its indicatton of fidr weather are but 
You XLi.— No. 1068. , 


indirect and inferentiaL He who trusts the rising of the 
merqury when the north-east wind is blowing niay get a 
wetting. So also with the metaphorical weather-glass. 
“ The property test is useful as far as it goes, but it is not 
the only test,” says Mr. Giffen. Elsewhere, in his address 
to the British Association, he has acted the part of a 
Fitzroy in considering together and interpreting in their 
connection the various tests and signs which economic 
meteorology affords. His object here is rather to perfect 
one particular instrument. 

This barometrical use of capital may involve the ne- 
cessity of correcting the estimates so as to take account 
of changes in the value of money. It may happen, it has 
happened, that in the last decade, as compared with the 
preceding period, the growth of capital estin^ted in 
money shows a falling off, while the increase of money’s 
worth, of things, has not declined proportionately. To 
complete our measurement we must correct the measur- 
ing-rod. This is no easy or straightforward task. In 
the case of a real barometer we can mark the inches by 
reference to the standard 'yard measure, which is kept in 
the Tower. But a similarly perfect measure of v^ue is, 
in the phrase of an eminent living economist, “ unthink- 
able.” The present generation finds itself, with respect 
to the variations in the value of money, in the sort of 
difficulty which must have occurred to the primaeval man 
when f rst he may have noticed that a perfect measure of 
time was not afforded by the length of day and night, 
and before there had been constructed a more scientif c 
chronometer. Even Mr. Giffen has to content himself 
with such rough and rather arbitrary corrections as the 
present state of monetary science affords. 

As the object sought, the measure of accumulation, is 
somewhat hazy and difficult to envisage, so the method 
by which it is approached is indirect and slippery. 
The business man must not suppose that the estimates 
of a nation’s capital can be totted up with the precision 
of a commercial account. The physicist is better pre- 
pared to appreciate the character of the computation, 
conversant as he is with observations which individually 
are liable to a certain error, while, put together, they 
afford certainty. But even physical observations, liable 
to a considerable yet calculable extent of error, hardly 
parallel the fallibility of these economic or, if we might 
coin a required word, metastatistical computations. In 
estimating that fallibility, we may usefully employ the 
analogy suggested by the theory of errors ; but we must 
bear in mind the criticism to which this theory, even in 
its application to physics, was subjected by a witty mathe- 
matician : “ After having calculated the probable error, 
it is necessa^ to calculate the probability that your 
calculation is erroneous.” 

The characteristic to which we draw attention is fully 
recognized by Mr. Giffen. Again and again he dwells on 
the rough and approximative character of his method, 
“the wide margin of error,” and the “limit of informa- 
tion available.” His cautions against reasoning too finely 
might have seemed superflous in their iteration, but that 
he doubtless anticipated the irrelevant criticism which 
each departmental statistician might direct against details 
— ^like the specialist in sculpture who, according to Horace, 
represents with peculimr accuracy the hair or nails, but 
mseii compttnert toHm. \ 

B B 



554 


NA TUHE 


\April 17, 1890 


The futility of a penny-wise precision, and even of that 
criticism which sticks at a few thousand pounds where 
millions or tens of millions are the units of the scale, Vill 
be apparent when we consider the construction of the 
colossal account. The starting-point of the computation 
is afforded by the income-tax returns. The income under 
each head thus evidenced is multiplied by a certain num* 
ber of years* purchase to form the corresponding item of 
capital. Thus, in the vahiation of 1885 there is, under 
the head of “Houses,” the income ^128,459,000, which, 
being multiplied by 15, the number of years’ purchase, 
gives 1,926,885,000 as the corresponding entry of capi- 
tal. Again, under “ Farmers’ Profits,” the income is 
;^65, 233,000, w'hich, being capitalized at 8 years* purchase, 
makes ^521,864,000 capital. Now, of course, neither 
arc the income-tax returns perfectly accurate, nor can the 
number of years* purchase proper to each category be 
assigned with precision. A further clement of uncertainty 
is introduced when, in the case of “ Trades and Profes- 
sions,” we reduce the income-tax return by a somewhat 
arbitrary factor, one-fifth, in order to take account only of 
that income which results from accumulated property as. 
distinguished from personal e.xertion. Where the in- 
come-tax is no longer available for our guidance, the 
procedure becomes even more precarious. Thus “Movable 
Property not yielding Income,” such as furniture of houses 
and works of art, is estimated as amounting to half the 
value of “ Houses,” that is, ^960,000,000. Even the 
most faithful follower of Mr. Giffen may be staggered 
when with reference to such entries he reads — 

“ The estimates of the income of non-income-tax 
paying classes derived from capital of movable property 
not yielding income, and of Government and local pro- 
perty, are put in almost pro formii and to round off the 
estimates, and not with any idea that any very exact 
figures can be stated.” 

But whoever carefully considers the principles on which 
Mr. Giffen has assumed the different coefficients entering 
into his computation — principles set forth more fully in 
a former essay — will be satisfied that he has in no case 
run a risk of overrating. We may therefore accept his 
estimate of the national capital in 1885 as a figure 
round indeed, but not exaggerated. That figure is 
£ 1 0,000,000,000. . 

Greater precision may be attainable where there is 
required, not the absolute amount of capital in 1885, but 
the ratio of that amount to the corresponding estimate 
for 1875, order to compare the growth of the national 
resources during that decade with the growth at a pre- 
vious period. We shall now be assisted by the important 
principle which Mr. Giffen thus notices : — ^ 

“According to well-known statistical experience, the 
comparison of the growth or increment may be reason- 
ably successful, if the same method is followed on each 
occasion in working out the data for the comparison, 
although these data themselves may be unavoidably in- 
complete.” 

Let us put our qucesHnm in the form of a fraction, 
thus : — 

Lands in 1885 Houses in 1885 -{- &c. 

Lands in 1875 + Houses in 1875 + &ci 

(using lands, &c., as ihoit for value of lands, &c.). It is 
evident that any source <X inacc^acy which exaggerates 


or diminishes both the numerator and denominator in 
the same proportion is not operative on the result. If 
all the data were based on income-tax returns, and the 
same proportion of property escaped the net of the 
collectors at each epoch, the result would be undisturbed. 

But all the data are not based on the income-tax ; nor, 
even if there were no increased stringency in the collection 
of the tax as a whole, or any other general derangement, 
could it be supposed that the defalcations under each 
head observed an exactly uniform proportion. To esti- 
mate the effects of this unequal distortion, it will be 
convenient to alter our statement by putting in the 
numerator, instead of lands in 1885, the expression — 


Lands in 1875 X 

Lands in 1875 


with corresponding changes for the other entries. 
Thus the queesitum may be considered as a sort 
of mean — a weighted mean — of the ratios between 
the several items for the two years. In this ex- 
pression the influence which the two elements, the 
absolute quantities used 9.% weights the ratios, exer- 
cise upon the error of the result is different. The influ- 
ence of error in the absolute quantities would be 
comparatively small, if those quantities were tolerably 
equal and the ratios not more unequal than they are. 
But, unfortunately, the absolute quantities are extremely 
unequal. Out of the twenty-six items, “ Lands ” and 
“ Houses ” together make up more than a third of the 
sum-total. By a formula adapted to the case, it may be 
calculated that, if each of the twenty-six quantities be 
liable to an assigned error per cent, (exclusive of such 
mistakes as, affecting the numerator and denominator of 
the result in an equal proportion, disappear in the division), 
then the percentage of error incident to the total result is 
not likely to be less than jths of the error affecting each 
of the parts. That is, abstracting the inaccuracy of the 
ratios, which are of the form — 


Lands in 1885 -i- Lands in 1875. 


Now any error in the ratios is more directly operative on 
the result than the same degree of error in the absolute 
quantities. But, on the other hand, it may be that the error 
actually affecting the ratios is particularly small, owing to 
the favourable operation of that general principle which 
we have just now cited from Mr. Giffen’s pages. The esti- 
mate of inaccuracy must, however, be increased to some 
extent by the error of the ratios. Altogether it would 
seem that the whole chain or coil is not so much stronger 
than the particular links or strands as is usual in the cal- 
culation of probabilities. It would be a moderate esti- 
mate that the percentage error of the compound ratio is 
not less than a half of the error on an average affecting 
each of the components — lands, houses, &c. — in either 
year. 

What degree of error, then, shsdl we attribute to each 
of these items? A precise determination of this co- 
efficient is, as we have already observed, impossible. It 
would be interesting to collect the estimates of competent 
authorities. As a there cwajectisre, for the sake of illus- 
tration, let «s eptettaw tibte that the error (the 

effective emtr in the tenae afd^ .explained) of any one 
item is as likely is not to .ke tik ifuitsh is 5 per cent., aod 
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may just possibly be 20 per cent. Then we should 
ascribe half this degree of inaccuracy to the figure i’i7S, 
which, according to Mr. Gifien’s computation, is the ratio 
of the total capital in 1885 to the total capital in 1875. It 
would be conceivable that the real increase, as measured 
by some superior being, is not tyi per cent., but as little 
' as 7, or as much as 27, per cent. Perhaps the defect is 
a little more likely than the excess, if there exist any 
constant cause making for depression such as the in- 
creased stringency of the tax-collectors in later years. 

The growth of 17 per cent, in the decade under con- 
sideration may appear surprisingly small compared with 
the 40 per cent, recorded for the preceding decade. The 
general accuracy of the contrast is, however, confirmed 
by a comparison of the growths in each item for the two 
decades. Mr. Gififen points out that in the former decade, 
unlike the latter, there are no growths downwards. Also 
the percentages which measure increase run mostly at a 
higher level for the earlier period. His detailed examina- 
tion of the figures leaves nothing to desire. For a sum- 
mary contrast between the two sets of percentages we 
might submit that a proper course would be to compare 
the medians of the respective sets of figures (the arith. 
nietic means would not be suitable owing to the very 
unequal importance of the figures relating to such miscel- 
laneous items). Operating in the manner suggested, we 
find as the median of the first set of percentage growths 
50, and of the second" 25, thus confirming Mr. Gififen’s 
conclusion that the former movement is about double the 
latter. 

The conclusion that in the last decade our progress has 
been only half what it was in the preceding decade is at 
first sight disappointing. But we must remember that as 
yet we have accomplished only part of our calculation. 
"We have still to make a correction for the change in the 
value of money which may have occurred between the 
two periods. This is a problem familiar to Mr. Giffen. 
In his classical computations of the changes in the volume 
of our foreign trade he encountered and surmounted a 
similar difficulty. In that case he ascertained the change 
in the level of prices at which exports and imports ranged 
in different years without going beyond the statistics of 
foreign trade, and by operating solely on the prices and 
quantities of exports and imports. It might be expected, 
perhaps, that he would pursue an analogous course in 
constructing a measure for the change of prices affecting 
the volume of capital. He would thus have been led to 
adopt the very ingenious method of measuring changes 
in the value of money which has been proposed by Prof. 
J. S. Nicholson. But, however cognate that original idea 
onay be to the theory of the subject, it will be found in 
l^ractice not easy to apply to the present computation. 
‘ At any^ate, Mr. Giffen has taken his coefficients for the 
correction in question, not, as before, from the subject 
itself, but ab extra, from Mr. Sauerbeck, Mr. Soetbecr, 
and the Economist. Averaging their results, he finds that 
money has appreciated to the extent of 17 per cent, 
during the interval under consideration. This correction 
j}eing made, the growth of capital in the perickl 1875-85 
^lIMves to be about the same as^the growth in 1865-75. 

The soundness of this conclusion is confirmed by some 
• reflections which at ^rst sight might appear open to 
criticism. After using the fisll of prices to prove the 


increase of capital, Mr. Giffen turns round and seems 
to reason from the increase of capital to the fall of 
prices. • 

“ If two periods are compared in which the increase 
of population is known to be at much the same rate 
throughout, and the increase of productive capacity may 
be assumed to be at the same rate, or not less, in one of 
the periods than in the other, then, if the apparent accu- 
mulation of capital in the one period proved to be less 
than in the other, it must be ascribed to some change in 
I the money values.” 

This reasoning may appear circular to the formal logi- 
cian. But, in the logic of induction, we submit that it is 
very proper for two arguments archwise to suppo^} each 
other. The consilience of different lines of proof, is 
indeed an essential feature of the logic of fact, as formu- 
lated by J. S. Mill. We venture to interpret Mr. Giffen’s 
double line of proof by the following parable. Has it 
never occurred to you, reader, on looking at your watch» 
and finding the hour earlier than you expected, to suspect 
thj|t the instrument has played you false ? "Vou review 
what you have been doing ; recollect, perhaps, that you 
began work or got up earlier than usual; and, on reflec- 
tion, see no reason to distrust your watch. "You test the 
watch by the time, and you measure the time by the 
watch. Similarly, Mr. Giffen is quite consistent when 
he measures the extent of the growth of capital by the 
extent of the fall in prices ; and confirms the fact of a 
fall in prices by the independently inferred fact of a 
considerable growth of capital. 

In connection with the fall of prices we should notice 
an important contribution which Mr. Giffen makes to 
monetary science by defining the ambiguous term “ appre- 
ciation.” The readers of Naturk who may be more 
familiar with physical than social science will smile when 
they understand that there has been in economical circles 
a stiff controversy on the following question : Whether, 
if there is not now in circulation a sufficient amount of 
money — in proportion to the quantity of commodities 
circulated — to keep up prices to a former level, the cause 
of the fall is the scarcity of gold or the abundance of 
goods. It is as if, when the shoe pinched, people should 
dispute whether the shoe is too small, or the boot too 
large. The mirth of the physicist seems for the most 
part justified. However, as Coleridge or somebody said, 
before we can be certain that a controversy is altogether 
about words, there is needed a considerable knowledge of 
things. The better class of controversialists in the matter 
before us have doubtless had a meaning, but a latent 
and undeveloped which it required our author, 

like another Socrates, to bring to birth. The issue 
appears unmeaning, as long as you consider the question 
in Mr. Giffen's phrase statically,” without reference to 
the ratfe at which the quantity of goods and gold are 
growing. But “ dynamically,” if goods and gold cease to 
move abreast, it is intelligible to attribute the separation 
between the two to the operation of one rather than the 
other. As we understand the matter, using our own 
illustration, let us liken the constant growth of goods to 
the uniform velocity of a boat carried onward by a steady 
stream ; and the partdiel increase of money ^ the move- 
ment of a p^estrian on the bank. If the pedestrian, 
after keeping abreast witlr the boat for kome time, is at 
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length found to be behind it, it is reasonable to attribute the 
change to the man, and not the stream. But all tums<upon 
the assumed steadiness of the stream’s onward move- 
ment. Looking back on past experience, Mr. GilTen 
entertains the hypothesis of a constant or normal” 
growth of property. But with respect to recent years» 
it would be possible to cite, from other high authorities, 
expressions of a contrary opinion. But, if the steady 
motion of goods is not accepted, presumably the issue 
between “ scarcity of gold ” and the opposed theory of 
appreciation will turn upon a comparison of the rates at 
which -the rate of increase varies for money and com- 
modies respectively — an investigation of second differ- 
entials which we could not regard as serious. 

Thef difficulties of monetary theory do not attend some 
of the uses to which the estimate of national capital may 
be applied. It is not necessary to make a correction for 
the variation of money when we compare our own with a 
foreign country in respect of absolute quantity, and even 
growth, of accumulation. Our colossal capital compares 
not unfavourably with the capital of the United States, 
perhaps equal in amount, but much less per head. 'Ine 

10,000,000,000 of the United Kingdom compares favour- 
ably with the ;^7, 200, 000, 000 of France weighted by a 
heavy debt, and the surprisingly small 1,920,000,000 of 
Italy. 

The comparison of provinces, as well as nations, is 
also instructive. Mr. Giffen finds that Ireland has less 
than a twentieth of the property belonging to the United 
Kingdom. The property per head in Ireland is less than 
a third of what it is in England, and not much more than 
a third of what it is for Scotland. Upon these facts Mr. 
Gififen remarks : — 

“ Reckoning by wealth, England should have 86 per 
cent, of the representation of the United Kingdom, or 576 
members out of 670 ; Scotland, by the same rule, should 
have about 64 only ; and I reland no more than 30. . . . 
There should be a representation of forces in Parliament, 
if we had perfectly just arrangements, and not merely a 
counting of heads. Nothing can be more absurd to the 
mind of any student of politics, who knows how forces 
rule in the long run, than the system now established, as 
between the metropolitan community of England and its 
companions in sovereignty, by which one of the com- 
panion communities, and that the least entitled to privi- 
lege, obtains most disproportionate power.” 

One of the most legitimate uses to which estimates of 
national capital can be put, is to ascertain the progress of 
wealth from age to age. In an historical retrospect, Mr. 
Giffen reviews the work of his predecessors, rescuing 
from an undeserved neglect more than one writer who 
had the courage and sagacity to employ what Colquhoun 
calls “ approximating facts.” The succession of estimates, 
from the age of Petty to the present time, appears to 
justify the hypothesis of a constant increase of property — 
a five-fold multiplication per century. Contemplating 
the long series of records, Englishmen may reflect with 
pride that the increased estimates are matched by an 
ncreasing power of handling them, that the growth of 
material prosperity has not been attended by a decline 
in statistical genius, and that the work of Petty is con- 
tinued by one who is worthy to be compared with the 
founder of Political Arithmetic F. Y. £. 


MERGUI. 

Contributions to the Fauna of Mergui audits Archipelago. 
2 Vols. (London: Taylor and Francis, 1889.) 

T he materials which have been brought together in 
these volumes are now made accessible to those 
specially interested in the fauna of this group of islands 
in a connected form. The collections were made in 1881- 
82 by Dr. John Anderson, F.R.S., till recently Director of 
the Indian Museum at Calcutta, who brought the speci- 
mens to England with him, and placed the diflerent 
groups in the hands of specialists for their proper identi- 
fication and description. The result has been the publica- 
tion of a number of faunistic papers in the Journal of the 
Linnean Society and elsewhere, and these papers are 
now published in the form of two volumes, well illus- 
trated with plates, and containing altogether nearly two 
dozen distinct memoirs by recognized authorities in the 
diflerent departments. 

In the first volume Prof. P. Martin Duncan writes on 
the Madrepores, and in his concluding remarks calls atten- 
tion to the remarkable distinctness of the existing as 
compared with the Miocene corals of the same area. 
Prof. F. Jeffrey Bell’s paper on the Holuthuria comes 
next in order, and is followed by Mr. F. Moore’s paper 
on the Lepidoptera, the collection in the last order con- 
taining 208 species of butterflies, and 64 species of moths. 
The Sponges are described by Mr. H. J. Carter, F,R.S., 
and the Ophiuridae by Prof. Martin Duncan, who contri- 
butes also a special paper on] the anatomy of Ophiothrix 
variabilis and Ophiocamfsis pellicula. The Polyzoa and 
Hydroida are taken in hand by the Rev. Thomas Hincks. 
The Coleoptera have come off badly, if Mr. Bate’s de- 
scription of one new species {Brachyonychus andersoni) 
represents the whole of the material collected in this 
order. We suspect, however, that more will be heard 
about the Mergui beetles at some future period. 

Dr. Anderson himself contributes the list of birds, 
which he regards “merely as a small supplementary 
contribution” to Messrs. Hume and Davison’s labours in 
the same field. The list chiefly records the distribution 
in the outer islands of the archipelago of a few of the 
species recorded by these last authors. Dr. Hoek, of 
Leyden, writes on a Cirriped {f)ichelaspis pellucida), 
which does not appear to have been observed since 
Darwin published his original description in his mono- 
graph. The shells — marine, estuarine, freshwater, and 
terrestrial — form the subject of a paper by Prof. E. v. 
Martens, of Berlin. Mr. Stuart Ridley has been en- 
trusted with the Alcyonaria, and Prof. A. C. Haddon 
describes two species of Actiniae. The Annelids are • 
treated of by Mr. Frank E. Beddard, who includes in his 
paper an important section on the structure of the eyes 
in one of the species described. The Pennatulida are 
treated of by Prof. Milnes Marshall and Dr. G. H. 
Fowler, and the Myriopoda by Mr. R. I. Pocock, this 
being the first list of species recorded from the archi- 
pelago. The Comatulse are described by Dr. P. Herbert 
Carpenter, the Echinoidea by Prof. P. Martin Duncan 
and Mr. W. P. Sladen> and the Asteroidea by this last<^ 
author. These organisms, when referable to known 
species, ** show variations siibich are stifficient to impart 
a character to the collection as a whole, and to indicate 



Aprtt 17, 1890J 


NA TURE 


557 


the existence of local conditions whose action upon types 
of a more plastic nature than that of the series of forms 
so far collected would probably result in new morpho- 
logical developments.” Mr. Sladen further throws out 
the suggestion that the Mergui area “may be looked 
upon as a moulding ground wherein Malayan types 
assume a modified form.” A description of the physical 
conditions .prevailing in the localities where the Asteroidea 
were collected is contributed by Dr. Anderson, and adds 
much to the value of this paper. The paper on the 
Mammals, Reptiles, and Batrachians is. by Dr. Anderson, 
the three classes being represented by 23, 53, and 12 
species respectively. The whole of the second volume, 
containing over 300 pages and 19 plates, is devoted to 
the Crustacea, the author entrusted with this order 
being Dr. J. G. de Man, of Middleburg, Netherlands. 
It should be added that this part of the work relates 
only to the stalk-eyed Crustacea. 

The names of the different specialists who stand re- 
sponsible for their respective contributions are sufficient 
guarantee that Dr. Anderson and the Calcutta Museum 
have been the means, aided largely by the Linnean 
Society, of giving to the public a substantial and trust- 
worthy contribution to the natural history of a much- 
neglected group of islands. The proximity of the archi- 
pelago to the main land of course precludes the possibility 
of expecting much in the way of insular forms. There is 
one paper, however, contributed by Dr. Anderson, and 
forming the second part of the first volume, which will be 
read with interest by anthropologists, as it contains a de- 
scription of a peculiar race of sea gipsies called “ Selungs,” 
who frequent the archipelago and inhabit many of its 
islands. These people appear to be sufficiently distinct 
from those of the main land to warrant their being re- 
garded as an insular race, probably having Malayan 
affinities. At any rate, all that we know about them at 
the present time is contained in the paper referred to, 
which is accompanied by two photographic groups of the 
people, a photograph of their boats, and a lithographed 
plate of their weapons and utensils. There is also a 
vocabulary of their language, which, according to Genersrt 
Browne, bears not the slightest affinity to Burmese, but 
which Dr. Rost reports to be distinctly Malayan. 

R. M. 

HO W TO KNO IV GLASSES B V THEIR LEA VES. 
How to know Grasses by their Leaves. By A. N. M’Alpine. 
(Edinburgh : David Douglas, 1890.) 

T his little book will be a valuable aid to agriculturists 
and agricultural students. It is small, and adapted 
for carrying in a side pocket. It comes out seasonably, 
as tire time is fast approfiching in which its teaching may 
be verified in the held. It fills a gap in our know- 
ledge of grasses, as botanists usually decide species by 
the inflorescence, rather than by the leaves. Colour, habit 
of growth, and form of leaf, are, we know, somewhat 
variable characters, and cannot always be relied upon ; 
^apd in questions relating to the absolute identification of 
"species, no doubt, inflorescence is of first importance. 
There is, however, a practical knowledge which derives 
immense benefit from the kind of information contained 
in. Mr. M’Alpine^s work, and after . having determined 


approximately the component parts of a. pasture in the 
young state, it is open to the observer to wait for further 
prodf in the spike or panicle, which will in due time appear. 
A grass-field contains a larger number of species, yot only 
of grasses but of clovers, other leguminous plants, .and 
miscellaneous herbage, belonging to the Compositce, 
Umbelliferce, Rosaceay and other natural orders. This 
book treats solely of the grasses, and clearly, and with the 
help of 200 figures, shows how lany person may identify 
grasses in the leafy stage. “ The difficulties connected 
with the identification of grasses in the flowerless con- 
dition,” says Mr. M’Alpine, “ are not at all so great as 
usually supposed.” This is good news from the botanist 
of the Highland and Agricultural Society of Scotland, 
Professorof Botany in the New Veterinary College, Edin- 
burgh,and translator of Stebler’s “ Best Forage Plaifts.” The 
great and varied knowledge of Mr. M’Alpine, is in its'elf a 
guarantee that the distinctions he has traced between the 
blades and stems of grasses are not of a hasty or flimsy 
character. Many of them are new to us, but others we have 
noticed ourselves, and know them to be correct. Any one 
^rnished with a copy of this little book, and a small 
magnifier, will find that an additional interest will be com- 
municated to walks in the fields, and the question as to 
the nature of the growing herbage of pastures may be 
satisfactorily answered. An eye trained to observation 
will be able to detect slight differences better than the eye 
which sees not, but we feel confidence that a careful 
examination of the plates and the letterpress of this little 
book will, if used in the field, be in itself a training in 
habits of observation. The book should be in the hands 
of every agricultural student, as it in due time will become 
the basis of questions at examinations. The facts that 
Mr. M’Alpine is himself a teacher, and that Prof. Wallace, 
of Edinburgh University, has written the preface, point to 
this conclusion. 

The price for so small a book (3.r. (id.) certainly appears 
very heavy ; but if it is called for in sufficient numbers, 
we shall doubtless soon hear of a cheaper edition. The 
demand for books of this class is small, as most farmers 
do not read more than is good for them, and the subject 
is not of great interest to the general reading public. 

The classification adopted by Mr. M’Alpine is not 
that of genera and species. For example, rye-grasses 
{Lolium) and meadow fescue {Festuca) are grouped to- 
gether, as having red bases to their stems ; crested 
dog’s-tail grass is peculiar for a yellow stem base ; meadow 
fox-tail, for a dark or almost black stem base ; Yorkshire 
fog, for having a white sheath, with red veins. These 
colours at the base of the stem, taken together with 
other characters, are used to identify the species, and the 
grasses which are known by the colours just enumerated 
form a group described as “characteristically coloured 
grasses.” Group II. includes variegated grasses, whose 
leaf-blades are composed of alternate strips of white and 
green tissue. Group III. includes bulbous grasses, with 
low, flat ribs, such as Timothy grass and false oat grass. 
Group IV., cord-rooted grasses in hill pastuces, such as 
mat grass and purple Molinia. Group V., acute sheathed 
grasses, so named on account of their sharp edges. The 
shoots are . quite flat on the sides and the edges acute 
— such are, cocksfoot and rough-stalked meadow grass. 
Group VII., bitter tas^d grasses. Group VIII., bristle-' . 
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bladed grasses. Group X., hairy grasses. Group XII., 
ribless bladed grasses. Groups V'l., IX., and XI. are 
separately dealt with, but those above-mentioned will 
sufficiently show the principle upon which the classification 
is made. 

The figures (diagrams), showing the tapering, obtuse, 
fiat, involute, or imbricate character of the herbage, are 
exceedingly plain and characteristic, and will be of great 
assistance to the observer in the field. The leaf-blades, 
stems, ligules, sheaths^ &c., are well shown in cross- 
sections, and at length. John Wrightson. 

OUR BOOK SHELF, 

Facsitnile Atlas to the Early History of Cartography^ with 
Reproductions of the most important Idaps printed 
ih the Fifteenth and Sixteenth Centuries. By A. E. 
Nordenskibld. Translated from the Swedish original 
by J. A. Ekeldf and Clements R. Markham. (Stock- 
holm, 1889.) 

In this handsome volume there are 142 pages of letter- 
press in imperial folio, and 51 plates in double folio. It 
contains reproductions of about 160 of the rarest and 
most important maps printed before the year i6qp. 
Among these are the 27 maps of Ptolemy, edited by 
Schweinheim-Buckinck in Rome, 1478 and 1490 ; maps 
from Berlinghieri’s “Geographia,” Firenze, c. 1478 ; Aesch- 
lePs and Obelin’s “Ptolemy” of 1513: Reiscb Marga- 
rita Philosophica, of 1503 and 1515'; Lafreri’s “ Atlas," 
Rom;e, c. 1570; Richard Hakluyt’s “Petrus Martyr,” 
Paris, 1587, and “ Principal Navigations,” London, 1599 ; 
maps of the world, by Ruysch, 1508, Bernardus Sylvaiius, 
1511, Hobmicza, 1512, Apianus, 1520, Laurentius Frisius, 
1522, Robert Tome, 1527, Orontius Finacus, 1531, Gry- 
naeus, 1532, Mercator, 1530, Girava, 1556, de Judfeis, 1593. 
We find also the first modem printed maps of the northern 
regions, of the Holy Land, of Central Europe (by Nicolas 
a Cusa), of France, of Spain, of England, of Russia ; the 
first charts for the use of mariners published in print ; 82 
general maps, or maps referring to the New World ; the 
first modem printed maps of Africa ; the first map illus- 
trating the distribution of religious creeds, &c. 

As regards the text, chapters i.-iii. contain researches 
relating to the influence of Ptolemy on modern carto- 
graphy, his merits and defects, and the different editions 
of his geography. Of the editions enumerated in 
bibliographical works, 27 spurious ones are neglected. In 
chapter iv. a review is given of ancient maps other than 
Ptolemaic, of the portolanos and their influence on 
modem geo^aphy. Chapter v, treats of the extension of 
Ptolemy's Oikumene towards the north and north-west, 
the pre-Columbian maps of Scandinavia and Greenland, 
the most remarkable of which is one discovered by 
Nordehskibld himself in a library at Warsaw (reproduced 
on Tab. xxx.) Chapter vi. deals with the first maps of the 
New World, and the then recently discovered parts of 
Africa and Asia. Here the author draws attention to the 
hitherto neglected fact that maps from Vas^o de Gama's 
second voyage were printed as early as 1513 (reproduced 
in the letterpress. Figs. 8-10). Chapter vii. gives an 
account of early terrestrial globes, and in chapter viii. — 
on map projection — the author corrects several errors 
generally adopted in the history of this part of carto- 
graphy. In chapter ix. he deals with the end of the early 
period of carto^aphy, and in chapter x. with the 
transition to, and the beginning of, the modem period. 
He brings out the importance of the work of Jacopo 
Gastaldi, Philip Apianus, Abraham Ortelius, and Gerhard 
Mercator, in the development of cartography. He also 
gives, besides a catalogue of the maps in Lafreri's “ Atlas,” 
a critical review of Ortelius’s celebrated “ Catalogue AuC- 
toru|n tabularum geographicanim.” 


The 'work is based on Baron Nordenskiold's private 
collection of ancient printed maps. This collection he 
began to make many years ago, and it is now rich in 
documents from the periods reviewed in the present 
“Atlas.” 

The maps have been excellently copied and printed, 
and the ^eat care taken by the librarian, Mr. W. E. 
Dahlgren, has secured the correctness of the citations. 
All geographers who have a right to an opinion on the 
subject will agree that the work is indispensable to 
every library in which there is a department devoted to 
geography. 

' Light and Heat. By the Rev. F. W. Aveling, M.A., B.Sc. 

. Second Edition. (London : Relfe Bros., 1890.) 

This is a new edition of a text-book intended to prepare 
candidates for one of the science subjects of the London 
matriculation. It has been much improved since its 
first appearance, but it still treats the subject in a very 
superficial way. Although no one could seriously study 
the subject with this as a guide, it is certainly a useful 
summary of the main facts, and will probably be found 
serviceable by intending candidates. The coloured plate 
of spectra has been corrected, but surely this is supemous 
in a book which does not even describe ah ordinary 
student's spectroscope. The author has fallen into the 
very common error of stating that the electric arc gives 
a continuous spectrum, and he also states that the lines 
in the spectra of the fixed stars are different from those 
which characterize sunlight ; whereas in a great many 
cases they are practically identical. 

There are numerous diagrams, but they are barely of 
a quality equal to those which would be produced by a 
student at an examination. The large collection of 
questions and answers will be very useful. 

Warren’s Table and Formula Book. By the Rev. Isaac 

Warren. (London : Longmans, Green, and Co., 1889.) 

We have in this small work a compact and trustworthy 
set of tables, facts, and formulae which come within the 
scope of an ordinary education. As a reference book, it 
should prove most useful, the information it conveys 
being concise and to the point. In addition to the usual 
tables of weights and measures, &c., we have an account 
of the physical and electrical units now in use, followed 
by the most important formulae used in algebra, mensura- 
tion and trigonometry, and tables of exchange, principal 
units of value throughout the world, and comparative 
average values of some important coins, the last of which 
will doubtless be found useful to those travelling abroad. 
Some of the most important business forms, such as 
“ Form of a Joint Promissory Note,” “Form of Foreign 
Bill of Exchange,” &c., are printed in full ; and the work 
concludes with postal and telegraph rates. On the back 
of the cover are printed diagrams of a square decimetre 
and centimetre and a square inch, together with scales of 
centimetres and inches. 


LETTERS TO THE EDITOR. 

[The Editor dots not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
ttumttscrips intessded for this or emy other part ef Natvbe, 
No ttoHce is taken of emonymous eommunicedions,] 

' Panmixia.’ 

The somewhat strained argumentation which Mr. Romanes 
has devoted in your issue of April 3 (p. 511) to my defence 
of Mr. Darwin’s position in regard to '^cessation of selec- 
tion” and "economy of growth” does not convince me of the 
justice of the former’s Claim to haveorteinated new princmles " un- 
fortunately” (to usejusownexpresidbn) too late for Mr. Darwin to 
have the advantage of correcting himself by their aid. In his 
letter of March 13 . (p< 437) Mr. lRo.m«nes lays great stress in 
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criticizing Weismann upon what he calls ** reversal of selection/’ 
which he now tells us is the same principle 'as “economy of 

S owth/' Yet in the earlier letter he entirely omits to credit Mr. 

arwin with the recognition of that principle, and after carefully 
asserting that Mr. Darwin had overlooked the principle of 
“ panmixia/’ he gives in an historical form what he (Mr. Romanes) 
had argued some years ago, and what his views were — including 
herein the principle of economy of growth, or more generally, 
reversed selection. Now that the oversight has been pointed 
out to him Mr. Romanes allows that “it is a matter of familiar 
knowledge that Mr. Darwin at all times, and through all his 
worksi laid considerable stress upon the economy of growth (or 
more generally, reversed selection)/’ 

Mr. Romanes makes an unreal separation between “ cessa- 
tion of selection ” and “reversal of selection ; at the same 
time, for the mere purpose of badUmge^ he affects to suppose 
that I do not perceive any diflFerence between them — a suppo* 
sition which cannot be sincere in view of the statements in my 
letter of March 27. Cessation of selection is not a “ principle ** 
at all. It is a condition which alone cannot produce any im- 
portant result. At the same time, what Mr. Romanes mislead- 
ingly calls “reversal of selection,” viz. “economy of growth,” 
cannot become operative in causing the dwindling of an organ 
until the condition of “ cessation of selection ” exists. The fact 
is — as Mr. Romanes insisted before it was pointed out in these 
pages that it was no new principle of his own discovery, and 
when he wished to lay claim to an improvement upon Weis- 
mann’s exposition of “panmixia” — cessation of selection must 
be supplemented by economy of growth in order to produce the 
results attributed to “ panmixia.” And inasmuch as economy 
of growth as a cause of degeneration involves the condition of 
cessation of selection, Mr. Darwin, in recognizing the one 
recognized the other. 

By the use of ihe term “ the principle of the cessation of 
selection ” Mr. Romanes has created an unnecessary obscurity. 
To say that a part has become “useless,” or “has ceased 
to be useful to its possessor” as Mr. Darwin does, is clearly the 
same thing as to say that it “ has ceased to be selected ” — selec- 
tion and use being inseparable. Mr. Darwin states that such 

K arts “ may well be variable, for their variations can no longer 
e checked by natural selection.” That is panmixia. It is 
true that Mr. Darwin did not recognize that such unrestricted 
variation must lead to a diminution in size of the varying part 
without the operation of the principle of “economy of 
growth.” This was no strange oversight : he would have been 
in error had he done so. On the other hand, he did recognize 
that, given the operation\ of that principle, the result would 
amount to the dwindling and degeneration of parts which are 
referred to as rudimentary. 

“ Panmixia ” as a term clearly refers to the unrestricted inter- 
breeding of all varieties which may arise, when selection in 
regard to a given part or organ is no longer operative. The 
term, like its correlative “cessation of selection,” does nflt 
indicate a principle but a natural condition ; it does not involve 
the inference that a dwindling in the size of the organ must 
result from the inter-breeding ; but simply points to a precedent 
condition. 

I am by no means prepared to admit that pinmixia alone 
(f\e. without economy of growth or other such factors) can be 
relied upon, as it is by Mr. Romanes, to explain the reduction in 
size of the disused organs of domesticated animals. I observe 
that in his letter on this subject to Nature of April 9, 1874, 
Mr. Romanes does not attempt to attribute a dwindling action 
to “ panmixia ” alone, but assumes a limitation by economy of 
growth to any increase beyond the initial size of the organ which 
has become useless. Given this limitation and the condition of 
panmixia, the dwindling follows ; but it is absurd to attribute 
the xesult, or any proportion of it, to the panmixia or cessation 
of selection alone. On the other hand, when we consider sha|^ 
and structure, and not merely size, it is clear that panmixia 
without economy of growth would lead to a complete loss of that 
complex adjustment of parts which many organs exhibit, and 
consequently to degeneration without loss of bulk. That the 
principle of economy of growth is ever totally inoperative has 
not been demonstrated. E. Ray I.ankester. 

- April 9. 


Heredity, end the Effects of Use and Disuse. 

All biologists will, I am sure, agree as to the desirability of a 
thorough testing of the hypotheses relative to the inheritance of 


the effects of use and disuse. As Mr. Spencer says, in the {We* 
face to “The Factors of Organic Evolution” : — “consideriog 
width and depth of the effects which acceptance of one or oth^er 
of tUhse hypotheses must have on our views of Life, Mind, 
Morals, and Politics, the question — Which of thern is true? de- 
mands, beyond all other questions whatever, the' atteAtion of 
scientific men.” 

As experiments suggested by those who believe in the in« 
heritance of the effects of use and disuse would hardly carry the 
weight to those who do not believe in this inheritance which ex-* 
periments proposed by themselves would, I write to suggest 
the desirability of undertaking arf investigation which. Prof. 
Weismann thinks, would prove one or other hypothesis. He 
stales it in the following words on p. 91 of the English edition 
of his “ Essays ” : — 

“If it is desired to prove that use and disuse produce 
hereditary effects without the assistance of natural selection, it 
will be necessary to domesticate wild animals (for example the 
wild duck) and preserve all their descendants, thus excluding 
the operation of natural selection. If then all individuals of 
the second, third, fourth, an4 later generations of these tame 
ducks possess identical variations, which increase from generation 
to generation, and if the nature of these changes proves that 
they must have been due to the effects of use and disuse, then 
perhaps the transmission of such effects may be admitted ; but 
it must always be remembered that domestication itself in- 
fluences the organism, — not only directly, but also indirectly, by 
the increase of variability as a result of the suspension of natural 
Election. Such experiments have not yet been carried out in 
sufficient detail.” 

If Profs. Weismann, Romanes, and I^ankester, would agree 
to some such experiment as the above as definitely proving the 
point in question (I say “definitely,” for the sentence which 
reads “ if the nature of these changes proves that they must have 
been due to the effects of use and disuse/’ seems rather to beg the 
whole question, even if the experiment were carefully carried 
out), there are two ways in which it might be effected. One is, 
that the British Association, which by devoting time to the dis- 
cussion of the hypothesis has shown an appreciation of its worth, 
should at its next meeting appoint a committee, with a small 
grant for necessary expenses, to carry out the investigation. The 
other is, that fit should be undertaken independently by the 
foremost of those on both sides who are interested in this ques- 
tion, and who would no doubt subscribe among themselves 
enough for the purpose in view — at least, speaking for myself, 

I should not object to contribute to the expenses of a properly 
planned investigation. 

Regarding the place where the “wild ducks,” or possibly 
some animal with a more frequent recurrence of broods, should 
be located for observation, I would suggest that the Zbological 
Society should be asked to afford space in their Gardens at 
Regent’s Park. F. Howard Collins. 

Churchfield, Edgbaston. 


Galls. 

The diffiailty raised by Mr. Wetterhan (Nature, Februaiy 
27» p. 394) appears at first sight a serious one, but I think it 
vanishes on examination. Supposing the attacks of the insects 
to be constant, trees in their evolution would have to adapt 
themselves to these circumstances, just as they have adapted 
themselves to the environment of soil, air, light, wind, and so 
forth. But the fallacy (as it seems to me) of Mr. Wetterhan’s 
argument lies in the supposition that the life of an oak-tree as 
such, and the life of an insect, may rightly be compared. A tree 
is really a scyt of socialistic community of plants,^ which 
continually die and are supplanted by fresh. Bud-variation is 
a well-known thing, and in oaks A. de Candolle found many 
variations on the same tree. Now is it unreasonable to suppose 
that internal-feeding insects might take advantage of such 
variation — or rather, be obliged to take advantage of it, if it 
were in a direction to benefit the tree? 1 will give two 
purely hypothetical instances, to illustrate the points involved. 
Imagine two oak-trees, each with three branches, and each 
attacked by three internal-feeding insec: The insects infesting 

one tree are borers ; those on the other tree are gall-makers. 
The borers bore into the branches, which they kill while 
undergoing their transformations : the tree po-sibly does not 
die that year^ but next year the progeny of the three, being 
more numerous while the tree is weaker, effect its destruction, 
and finally the insects perish for want of food. On the other 
tree, the gall-makers do appreciable damage, and (he tree is 
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able to support them and their progeny without great diflScuIty. 
Now a little consideration will show that the longer the life and 
the slower the reproduction of the trees^ the greater will be 
the contrast. If the plant infested by the borers had becSi an 
annual herb, it might have contrived to perfect its seeds, and 
the death of the old stem would be but a natural and inevitable 
process, and fresh plants might have been produced in suffi* 
cient numbers to continue the species in spite of all insect- 
attacks. But in the case of trees— oak-trees especially, the rate 
of growth and reproduction is such that, unless the insect-borers 
can live in galls, they will destroy the plants entirely, and 
themselves in consequence. •Indeed, I have no doubt, that if 
all the gall-makers now existing could suddenly be transformed 
into stem-borers, the genera Quercus^ Rosa^ and Salix^ now so 
dominant, would shortly disappear from off the face of the earth. 
The other hypothesis — here assuming that the production of 
galls is due more to the tree than the insect — is this. Suppose 
an oak-tree with four branches, all attacked by internal-feeding 
insects. Two of the branches produce swellings in which the 
insects live, while the other two produce none, and the insects 
have to aevour the vital parts. Now the two branches which 
rodifced no swellings would quickly be killed by the insects, 
ut those which produced galls would live, and the more 
perfect the galls, the greater the insect-population they would be 
able to support. Hence the tree would finally, by the survival 
of its gall-producing branches, become purely gall-producing, 
and we may assume that its progeny would inherit the pecu- 
liarity. 

I am aware that the above arguments will sound a little likL 
those of the Irishman, who said he ought not to be hanged, be- 
cause, *Mn the first place, he did not kill the man; in the 
second place, he killed him by accident ; and thirdly, he killed 
him in self-defence,” — but I do not represent either of the 
above hypotheses as the precise truth of the matter, and I think 
they sufficiently illustrate the principles involved. 

T. D. A. COCKERELU 

West Cliff, Custer Co., Colorado, March 16. 

On the Use of the Edison Phonograph in the Preserva* 
tion of the Languages of the American Indians. 

The present state of perfection of the Edison phonograph led 
me to attempt some experiments with it on our New England 
Indians, as a means of preserving languages which are rapidly 
becoming extinct. I accordingly made a visit to Calais, Maine, 
and was able, through (he kindness of Mrs. W. Wallace Brown, 
to take upon the phonograph a collection of records illustrating 
the language, folk-lore, songs, and counting-out rhymes of the 
Passamaquoddy Indians. My experiments met with complete 
success, and I was able not only to take the records, but also to 
take them so well that the Indians themselves recognized the 
voices of other members of the tribe who had spoken the day 
before. 

One of the most interesting records which was made was the 
song of the snake dance, sung by Noel Josephs, who is recog- 
nized by the Passamaquoddies as the best acquainted of all with 
this song old time.” He is always the leader in the dance, 
and sang it in the same way as at its last celebration. 

I also took upon the same wax cylinder on which the im- 
pressions are made his account of the dance, including the 
invitation which precedes the ceremony. 

In addition to the song of the snake dance I obtained on the 
phonograph an interesting trade song,” and a ** Mohawk war 
song” which is very old. Several other songs were recorded. 
Many very interesting old folk-tales were also taken. In some 
of these there occur ancient songs with archaic w ords, imitation 
of the voices of animals, old and young. An ordinary conversa- 
tion between two Indians, and a counting-out rhyme, are among 
the records made. 

I found the schedules of the United States Bureau of Ethno- 
logy of great value in my work, and adopted the method of 
giving Passamaquoddy and English words consecutively on the 
cylinders. 

The records were all numbered, and the announcement of the 
subject made on each in English. Some of the stories filled 
several cylinders, but there was little difficulty in making the 
changes necessary to pass from one to the other, and the Indians, 
after some practice, were able to ^^make good records” in the 
instrument. Thirty-six cylinders were taken in all. One apiece 
is sufficient for most of the songs and for many of the short 
. The longest story taken was a folk-tale, which occupies 


nine cylinders, about ** Podump ” and ** Pook-jin-Squiss,” the 
** Black Cat and the Toad Woman,” which has never been 
published. In a detailed report of my work with the phono- 
graph in preservii^ the Passamaquoddy language, I hope to give 
a translation of this interesting story. 

Boston, U.S.A., March 20. J. Walter Fewxes. 

, Solar Halos and Parhelia. 

A MAGNIFICENT display of solar halos and parhelia was 
witnessed here this afternoon, exceeding in beauty and brilliancy 
that observed on January 29, 1890, and described in Nature, 
February 6, p. 330. 

The phenomenon was similar to the one of January 29, 
except that the mock suns were distinctly outside the first circle 
or halo, at a distance of 5"" or 6% and were when first seen 
at 3 p.m. the level of the true sun ; a handkerchief stretched 
at arm’s length from one to the other gave the blurred image of 
the sun several degrees lower. 

At 3.49 the patch of white light appeared about 90^ from the 
right mock sun and connected to it with a curved band of white 
light, concave side upwards. The right mock sun must then 
have been below the level of the sun, as the band appeared to 
pass upwards through it to the sun. This band only remained 
a few minutes ; the right sun and zenith arc at the time were 
most intensely brilliant, with the colours exceptionally clear and 
vivid. The zenith arc, and the patch of white light, were the 
last to disappear at 4. 22. 

The cirro-stratus cloud daring and alter the display was 
rapidly advancing from the north. 

Driffield, April 9. J. Lovell. 

Cambridge Anthropometry. 

I HAVE read with much interest, in Nature of March 13 
(p. 450), Mr. Venn's very interesting article on anthropometry 
at Cambridge. 

. There is in his tables one rather peculiar feature, of which I 
find no notice taken in the text. It will be seen on reference to 
the tables that, while the other physical characteristics increase 
from A to B, and from B to C (weight and height being irregular, 
however), the breath is highest in A, less in B, and least in C ; 
thus falling with the intellectual fall. 

It is true that the difference in this as in most of the other 
characteristics is so slight as to be — as Mr. Venn says — 
practically negligible ; but still the fact that this should steadily 
fall instead of rising with the other physical characteristics 
strikes me as peculiar. 1 should be glad therefore to hear if 
Mr. Venn has any comment to make on this phenomenon, or 
any explanation thereof to suggest. F. H. P. C. 

April 4. 


A Remarkable Meteor. 

f 

On Thursday, April lo, at 10.40 p.m., I observed a meteor 
of extraordinary brilliancy shoot from a point just east of /3 
Leonis. It travelled over about lo” in a north>westerl]r direction, 
and was visible for fully two seconds. Its apparent diameter, as 
nearly as I can judge, was about a quarter of that of the full 
moon ; its colour, a very vivid pale ^reen. J. Dunn. 

Much Marcle, Herefordshire, Apnl 11. 


Earthworms from Pennsylvania. 

Nkarly twenty years ago, a very aberrant earthworm was 
described by a French naturalist, who obtained it from Pennsyl* 
vania. I should be greatly indebted to any nataraHsts or travel- 
lers who may find themselves in that part of the United States, 
if they would collect some of these worms and send them to me. 
The most convenient mode of transmission would be to -pack 
the living worms in moist earth with moss or grass, in a tin box 
perforated at one end : this should be inclosed in a wooden box. 
Both small and laige worms should be collected : some might be 
preserved in strong spirit, bnt living specimens would be the 
most useful. W. Blaxlano Bbnham. 

University College, London, April 10. 

Ciyntnte of Lime. 

Smez the aiqiearance of my letter on this subject (p. 515) I 
have found riint aimilar crystals h>ve been recently observed by 
Mr. J.' Joly, maid weie desoibed by hpi^ in the Proceedings of 
the Rojw DttUin Society, voL id. p. 355. | 1 . A. Miuts. 
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SAMPLES OF CURRENT ELECTRICAL 
LITERATURES 

'T'HESE four books are samples of the different classes 
_ ^of text-books of the present day. The first, as its 
title implies, is intended for workmen actually engaged 
in the electrical industries, and is therefore of the non- 
, mathematical technical order. The second, on the other 
* hand, is intended for the practical man who is not afraid 
of a differential equation, and is a very suitable book for 
a student of one of the higher technical colleges. The 
third is a mathematical treatise of the University type ; 
while the fourth is intended for the general public unac- 
quainted with mathematical or scientific principles, but 
anxious to learn something about this electricity and its 
distribution, which are now constantly being referred to 
even in the daily newspapers. 

Of the four books, the second, on “ Absolute Measure- 
ments in Electricity and Magnetism,” is the most valu- 
able, because the information it contains is correct, and 
much of it is not to be found in other books. On opening 
the first book, “ Short Lectures to Electrical Artisans,” 
we anticipated seeing how Dr. Fleming had struck out 
an entirely new line ; but we must confess our disappoint- 
ment at finding that the author has such a veneration for 
the authority of antiquity that he felt compelled to com- 
mence this book with a description of the loadstone. 
These lectures, we are told in the preface to the first 
edition, are on subjects connected with the principles 
underlying modern electrical engineering,” and were 
delivered to the pupils and workmen associated with ” 
Mr. Crompton’s firm at Chelmsford. We presume, then, 
that the lectures were intended to enable workmen to 
make better dynamo machines, electromotors, &c., but 
as we never yet met with a piece of loadstone in any 
electrical factory in England or the Continent, we fail to 
' see how the purpose of the lectures was served by their 
starting with an account of the “ native oxide of iron ” 
called the loadstone. Neither the loadstone nor the 
classical lump of amber, so dear to the hearts of the 
writers of electrical text-books, are workshop tools. The 
latter a workman may perhaps come into contact with 
as a mouthpiece to his pipe, but a piece of loadstone he 
will probably never even see out of the lecturer’s hand. 
Apart from this academic start. Lecture I. is decidedly 
good ; the author, for example, not merely mentions that 
an alloy of steel with 12 per cent, of manganese is nearly 
non-magnetic, but he gives the name and address of the 
firm from whom manganese steel can be obtained, and* 
he follows the same wise course when explaining how 
ferro-prussiate photographic paper may be used for 
obtaining permanent records of magnetic lines of force. 

But why give Rowland’s curve connecting permeability 
and magnetic induction, since later experiments have 
shown that this curve is quite wrong for large magnetic 
inductions? The same mistake is made in Lecture III., 
where it is assumed that for a certain magnetizing force 
iron becomes saturated, so that no greater induction can 
be produced, no matter how much the magnetic force is 
increased. 

Lectures 11 . and III. have many blemishes. The ex- 
pression 50 amperes of current, on p. 24, is misleading ; 
you cdhnot have 50 amperes of anything else but current. 
An ampere is the English name for a unit of current ; 
why, then, put a grave accent over the name ? One might 
as well in speaking of so many metres give this last word 
its French pronunciation? Injustice, however, to Dr. 

^ ** Short Lectures to Electrical Artisans/^ and Edition. By J* A. 
Fleming. (London : £. and F. N. Spon. 1888.) 

Absolute Measurements in EleotricUy ana Magnetism.” and Edition. 
/Bevised and greatly Enlarged. By Andrew Gray. (London : Macmillan 
and Co.. T889.) 

**The Theory and Practice of Absolute Measurements in Electricity and 
Magnetism." By Andreef Gray. (London : Macmillan and Co., 1888 ) 
**^lectrictty in Modorn LiCt.” By G. W. de Tunzelmann. (London : 
Walter Scott, 1889.) 


Fleming, we should mention that the use .of the grave 
accent over the word ampere^ when used in English, is 
not peculiar to him. We wish, however, that he Ii^ 
been bold enough to Anglicize this word. In describing 
the construction of a simple mirror galvanometer, the 
technical reader ought to have been warned that, unless, 
in sticking the three mamiets on the back of the mirror 
with shellac varnish, the shellac be put just at the 
middle only of each magnet, the mirror will be distorted 
and rendered useless. To say, when speaking of the in- 
duction of a current in a secondary coil by the starting or 
stopping of a current in the primary, that the interposition 
of “ a plate of iron prevents it altogether,” shows that 
the author has never tried the experiment. 

On p. 30 is given a picture of the apparatus the 
author employs for ascertaining the laws of the pro- 
duction of a current in a coil by the insertion or 
withdrawal of a magnet. The magnet that is^being 
moved has, judging from the figure, at least looo times 
the mass of the needle of the galvanometer, which is 
attached by two very short wires to the coil in which the 
current is induced. If an electrical artisan were to per- 
form this experiment with the apparatus placed as in Fig. 
17 of Dr. Fleming’s book, he would probably ascertain 
the laws of magneto-electric induction with the same 
amount of accuracy as we once saw obtained at a lecture 
where the decisive, and applause-producing, swings of 
the galvanometer needle, on suddenly bringing up the 
magnet to the coil and removing it again, were certainly 
produced by the direct action of the magnet on the 
galvanometer needle, since it was observed at the close of 
the lecture that one of the wires going from the coil to the 
galvanometer had never been connected with the galvano- 
meter terminal. And the same sort of criticism applies 
to Fig. 28, p. 57, representing the arrangement or ap- 
paratus for measuring the magnetization of the iron core 
of an electro magnet by a current passing round its coil. 
The reader is told that the magnetometer, which is, of 
course, to be directly affected by the magnetism of the 
iron bar, is, for some reason unexplained in the book, to 
be put at a considerable distance from the bar, but he is 
not warned that the meter used for measuring the current 
passing round the electro-magnet (and which, of course, 
ought not to be directly affected by the magnetism of the 
bar) must on no account be placed, as in this figure, 
close to the powerful magnet. 

On p. 32 the author says that a core of soft iron ** acts 
like a lens, and concentrates or focusses more lines of 
force from the magpiet on the primary coil through the' 
aperture of the secondary.” But this simile with a lens 
is but a repetition of an old error ; a lens simply bends 
rays of light, and, so far from adding to the total amount 
of light, actually slightijr diminishes this amount by^ ab- 
sorption. A lens for light is like a funnel for a fluid, it 
directs the stream along a narrow channel, so that while 
the flow is on the whole diminished by friction the flow 
along a certain cross-section is much increased. But the 
insertion of an iron core into a coil traversed by a current 
vastly increases the total number of lines of force. The 
solenoid withoist the iron core is like a cistern with water 
in it which is being emptied with a pipe full of dirt, 
through which the water can only trickle ; and the inser- 
tion of the iron core into the solenoid is like the cleaning 
out of the pipe, so that the stream of water now becomes 
vigorous and rapid. Even Dr. Fleming knocks his 
own simile on the head, for he states 27 pages 
further on, “ The joint effect of the” (iron) “ bar and coils 
is the sum of the effects of each separately.” Fgncy any- 
one saying that the joint effect of a lens and a candle was 
the sum of the effects of each separatel]^. 

We consider it archtuc for Dr. Fleming to define the 
volt for practical men {M the E.M.F. generated in one 
centimetre of wire moving with a velocity of one centimetre 
per second in a magnetic field of unit force. As well 

^ • 
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might a kilogramme be deBncd for a French butcher as 
the weight of a cubic decimetre of distilled water at 4“ C., 
and the butcher’s business be absolutely stopped b^ause 
he did not possess any distilled water and because the 
temperature of his shop was 20'^ and not 4° C. In fact. 
Lectures II. and III., although containing a lai^ge amount 
of valuable information, aie professorial rather than 
practical. 

On p. 74 a Ruhmkorff induction coil is correctly 
described, but in Fig. 36 on the same page the primary 
coil, with the vibrating interrupter and four cells in its 
circuit, is shown as consisting of many convolutions of 
fine wire, and the secondary of a few turns of thick wire. 
On p. 83 one centimetre is given as equal to 0*0328087 of 
afoot — that \s,corttcXXosixsigniJicaHt figures — while even 
in the second edition, “ the call ” for which “ has afforded 
the opportunity to erase several typographical errors and 
to reyfiove some other blemishes which had escaped 
notice and correction in the first edition,” the previous 
statement is immediately followed by the announcement 
that one inch equals 2*500 centimetres, an equation which 
is only correct to two significant figures^ the number ex- 
press^ correctly to six significant figures being 2*53995. 
But why not use 2*5400, the value commonly adopted, and 
which is correct to four places of decimals ? Asa further 
example of the want of precision which runs through 
this Imolc, it may be mentioned that on p. 9 a falling body 
acquires per second a velocity of 981 centimetres per 
second. Throughout the whole of p. 85, where the number 
is frequently mentioned, the body, .as if a little tired, 
cannot get up a velocity of more than 980 centimetres a 
second. Proceeding, however, to the next page, the body, 
like the reader, turns over a new leaf, and hurries up its 
speed, for it acquires per second a velocity of 981 centi- 
metres per second all through this page. Further on, 
however, in the book, the poor falling body gets tired 
again, for on p. 97 it cannot do more than the 980. On 
p. 87 we find the statement, ** Hence one foot-pound 
■* * 356 joules^ or one joule = 7373 foot-pound,” whereas 
a simple division shows that if the first part of the state- 
ment be correct, the second is not. 

To say that " the work is numerically measured by the 
product of the displacement and the mean stress estimated 
in the direction of the displacement” is learned and 
academical, but mi^ht not the poor electrical artisan mix 
this up with the displacement of the factory hands that 
usually occurs when there is no stress of work ? 

On p. 99 it is stated that the “E.M.F. of Clark’s cell 
= 1*435 tcuc volt,” but, as no indication has been given in 
this book that there is more than one volt, we are left in 
ignorance of the reason why the volts used to measure 
the E.M.F. of a Clark’s cell have to be so 'especially true^ 
and why 10^ C.G.S. units, which is the volt that has been 
previously used, is not good enough for this sort of measure- 
ment. On looking in the index for the definition of the 

Ohm British Asssociation,” we find ourselves referred to 
p. 1 36, and the reader is left to wonder what is a ** B.A.U.” 
of resistance used some forty pages previous to this. 
Similarly the “ Legal Ohm ” is spoken of and its value 
given in terms of a B. A.U.” thirty-seven K^ges befcu'e the 
reader is told what a Legal Ohm ” is. For this the 
arrangement of the book and not the index is, of course, 
to blame. And while on this subject we should like to 
point out that the indexes of scientific books appear to 
mmish a conclusive proof of the inherent modesty of 
scientific writers. Take up some large and important 
treatise, and turn to the index. There you are told that 
the book contains almost nothing. Qn the title-page the 
publisher may. have indiscreetly added after the author’s 
name line after line of small print enumerating the various 
scientific and unscientific societies to which the author 
belongs, but in the index all pretension to such n wide 
acquaintance with science is disclaimed. You may have 
a distinct recol lection of reading in this very book many 


pages on some special subject, but rack your brains as 
you will to discover under what heading in the index this 
subject may have been entered, not a reference to it can 
you find. Accumulators, storage cells. transf<M*mers, the 
volt, voltmeters, &c., seemed likely subjects to be treated 
on in “ Short Lectures to Electrical Artisans,” but the 
index says no ; and it is only by carefully reading 
through the book that you discover that it contains much 
valuable information on these very points. We would 
suggest to the writers of scientific treatises, and also to 
those who communicate scientific papers to learned 
societies, that the practical man of to-day cannot possibly 
afford the time to read through ninety-nine things that 
he docs not want to know about, before be can light 
on the one thing regarding which he is searching for 
information. 


In speaking of Messrs. Crompton andKapp’s meter, on 
p. 115, Dr. Fleming says ; — 

“ The only difficulty which arises in connection with 
such an instrument as this, is the tendency of a long thin 
iron wire of this kind to retain strongly residual 
magnetism and fail to de-magnetize itself, but this effect 
would only prevent the return of the indicating needle to 
zero when the current was stopped, but would not prevent 
the instrument from giving a definite and fixed deflection 
corresponding to a definite and fixed current passing 
through the coils.” It was no doubt a somewhat delicate 
task for Dr. Fleming when lecturing to Mr. Crompton’s 
staff to fully criticize Mr. Crompton’s meters, but since 
actual published experiments on some of these meters 
show that, for the low readings, the apparent value of a 
given current differs by as much as 10 per cent., depend- 
ing on whether the current is ascending or descending, 
we fail to see how the scientific knowledge of any artisans 
can be improved by their being told that no such error exists. 

Fig. 50, p. 122, showing the level of the columns of 
water in stand-pipes attached to a horizontal tube through 
which water is flowing, was never drawn from an 
actual apparatus. The author has forgotten that the 
water has not merely to flow through the horizontal tube 
Art, but through the much longer vertical tube CA, and 
therefore, there is a much greater difference of level 
between the height of the water in the cistern and in the 
first stand-pipe, aa\ than there is between the level in 
this stand-pipe and in the next, bH. If Fig. 50 were 
correct, it would follow that when a battery of even large 
internal resistance was sending a considerable current 
the difference of potentials at its terminals was equal to 
the E.M.F. of the battery. Not merely, then, is this 
opportunity lost' of explaining to the readers that the 
difference of potentials at the terminals of a battery may 
be very much less than the E.M.F., but the information 
conveyed by the diagram is actually contrary to fact. 

The statement that “ Storage cells for lighting purposes 
cease to give a useful discharge -when the electromotive 
force falls below two volts” is hardly consistent with the 
fact that, when storage cells are discharged at the current 
that is considered quite safe by the Electrical Storage 
Power Company, the E.M.F. for* nine-tenths of the 
period of the discharge is slightly below two volts. 

We have said enough to sh^ that, although the book 
called **Short Lectures to Electrical Artisans" is written by 
one who, from his University and factory experienSfe, has 
a large amount of valuable information at his command, 
the second edition reads far too much like an uncorrected 
proof of the fint edition ; and instead of the statements it 
contains possouing weight because they are made in the 
book, there is an uneasy feeling when reading its pages 
that any statement may be wrong, and requires to be 
Checked. We trust, hosrever^ that the sale of this, the 
second edititm^ may be large and rapid, so that the 
authtw may have an enportimity of shortly bringing out 
as a third edkion a bocm more worthy of his acknowledged 
power. 
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Absolute Measurements in Electricity and Magnetism,” 
by Prof. A. Gray, is a most interesting book to read. 
It opens with a detailed description of Gauss’s methods for 
determining the horizontal intensity of the earth’s mag- 
netism, and with an account of the results of the measure- 
ment of the variation, produced by a unit field, on the 
magnetic moments of steel magnets of different sizes 
tempered to different degrees of hardness. If it be 
desired to determine the magnetic moment of a bar- 
magnet as well as the horizontal intensity of the earth’s 
magnetism, which is of course necessary when variations 
of the magnetic moment of a bar are in question. Gauss’s 
methods are admirable. But if the value of H is all that 
is needed, then the simpler method of employing an 
earth inductor with a ballistic galvanometer, which is 
described on pp. 317-21, might well be employed. It 
would, therefore, have been well to give a reference to 
this method in the first two chapters, which are mainly 
devoted to the determination of H. 

Next follows a concise statement of the various ways 
of defining the absolute current, and a fairly complete 
chapter on standard galvanometers. In Chapters IV. 
and V., and in Chapter XI., to which reference is made, 
there is given the ablest description of the dimensions of 
the electric and magnetic units that we have ever read. 
It is both correct and comprehensible, which is saying a 
very great deal for an exposition of a subject which, as 
usually explained, generally leaves even a thoughtful 
student semi-dazed as to whether the dimensions are the 
dimensions of the unit, or the dimensions of a quantity 
measured in the unit. Indeed, the early reports of the 
Electrical Standards Committee of the British Associa- 
tion were actually wrong on the very subject of dimen- 
sions, so that “ v ” was regularly defined as the ratio of 
the electrostatic to the electromagnetic unit of quantity 
instead of as the reciprocal of that expression. 

The volt, ohm, ampere, coulomb, watt, and joule are 
also explained and defined in Chapter V., and Prof. Gray 
gives Sir W. Thomson’s expression “activity” for the 
rate of doing work. He does not mention, however, that 
the equally short word “ power ” is regularly employed 
with this signification. 

Chapter VI. is devoted to the laws of the currents sent 
by galvanic cells through single and parallel circuits, and 
through any branch of a network like that of the Wheat- 
stone’s bridge. A neat proof is given of the arrangement 
of a given number of cells that sends the greatest current I 
through a fixed resistance, and the reader is very properly^ 
warned against confusing the arrangement which develops 
maximum power with the most economical arrangement. 

In Chapter VII. we have a complete description of Sir 
William Thomson’s meters, but, as the book is a scientific 
treatise (in fact, a very good scientific treatise) and not an 
instrument-maker’s catalogue, we think that the author 
would have done himself more justice had he described, 
in addition, some of the other many forms of electric 
meters in common use at the present day for carrying out 
the same measurements. Further, in view of the large 
experience that the author of this book has probably had 
with Sir W. Thomson’s meters, it would have been well 
had there been a description not merely of the advantages 
of thefe instruments, but also of their disadvantages, a 
subject no one would be more willing to discuss than the 
inventor himself. On pp. I 33 - 3 S is given a very simple 
proof of the ordinary formula for the quadrant electro- 
meter, but the reader is not here warned that the formula 
may give an answer many per cent, wrong in practice. 
On p. 302 it is stated that this formula may be 
^lightly wrong if the aluminium needle of the electrometer 
be not accurately adjusted rclativelv to the quadrants, but 
this, we fear, is rather misleading, since it is further stated 
that “ if the needle hangs at its proper level, and is other- 
wise properly adjusted, and the quadrants ere close, the 
equation may be taken as accurate enough for practice 


purposes,” a conclusion regarding which we und^tiflnid 
there is grave doubt In this chapter the very iihportani 
subje'et of calibrating instruments by the use of the silver 
or the copper voltameters is fully entered into. Tb# large 
amount 01 valuable work done on this subject by the 
author’s brother. Prof. T. Gray, of which a description is 
given, endows this chapter with an authoritative character. 

Chapter VIII. commences with the construction eusd 
use of the various forms of Wheatstone’s bridges, the 
description of the modes of using them, and hints as to 
the care of a resistance box. The methods for calibrating 
relatively and absolutely the wire of a bridge devised by 
Matthiessen and Hockin, Foster, T. Gray, and D. M. 
Lewis are discussed at length, and specimens given of 
the actual results obtained at University College, North 
Wales, by the use of these methods. The ingenious bridges, 
which have been arranged by Sir W. Thomson, Matthies- 
sen and Hockin, Tait and T. Gray, for measuring v#iy low 
resistances, are fully entered into, and the construction of 
standard coils, the measurement of high resistances, and 
of the resistance of a battery finish a chapter of especial 
interest. The method of measuring the resistance of a 
battery, proposed several years ago by Sir Henry Mance, 
is condemned by Prof. Gray as being “ so troublesome as 
to be practically useless^” on account of “ the variation of 
the effective electromotive force of the cell produced by 
alteration of the current through the cell which takes 
place when the key is depressed.” We think that it should 
have been stated that this is not a defect especially of 
Mance’s method, but of a// methods for measuring the 
resistance of a battery based on the alteration of a steady 
current by the alteration of the resistance in the battery 
circuit. Would it not also here have been well to 
describe and discuss the condenser method of measuring 
a battery resistance, as it is the one to which the fewest 
objections can be raised ? 

Good as are all the chapters in this book, the next one. 
Chapter IX., on “ The Measurement of Energy in Electric 
Circuits,” is so good that it takes the palm. It com- 
mences with the practical methods of measuring the 
power and eflficiency of motors and secondary ba,tterie$ ; 
the construction and employment of activity meters (watt- 
meters) ; and then discusses very fully the laws of alternate 
currents, the mathematical theory of alternate current 
generators singly, or coupled in parallel or in series ; the 
theory of the action of an alternate current generator 
supplying current to an alternate current motor ; the true 
method of measuring the power given to any circuit by 
an alternate current ; and the error produced when an 
ordinary watt-meter is employed. The work of Joubert, 
Hopkinson, Potier, Ayrton and Perry, and Mordey on this 
subject is summed up in a masterly fashion. Chapter 
IX. is, in fact, the most complete exposition of many 
problems connected with the all-important subject — the 
electrical transmission of energy by alternate currents — 
that is to be found in any existing text-book, and espe- 
cially in a small octavo text-book, that can be easily 
carried in one’s coat pocket. 

In Chapter X. the measurement of intense magnetic 
fields is dealt with, and a description is given of ingenious 
methods proposed by Sir W. Thomson for measuring the 
force on a conductor conveying a known current placed 
in the magnetic field, and so determining the strength of 
the field. The ordinary method of ascertaining the 
strength of a magnetic field by suddenly withdrawing a 
coil, of known area and number of convolutions, attached 
to a ballistic galvanometer, is described. But in order to 
ascertain the constant .of the ballistic galvanonfeter, the 
author only gives the old method of observing the swing 
of the needle when a large coil is turned in the earth’s 
field, a method which necessarily requires for its employ- 
ment a previous knowledge of the strength of the earth’s 
field at the place. A far simpler method of ascertaining 
the constant of a ballisti<v galvanometer js to charge a 
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condenser of known capacity with one or more Chrk's 
cells, of which the E.M.F. at any ordinary temperature 
is now well known, and discharge the condenser tlfrough 
the Ijallistic galvanometer ; or, if a sufficiently delicate 
ampere-meter be available, the ballistic galvanometer 
may be very accurately calibrated for steady currents, and 
then its constant for a sudden discharge is at once known 
by simply measuring, in addition, the periodic time of 
vibration of the needle and its logarithmic decrement. 

The book concludes "with an appendix giving the de- 
cisions arrived at in 1886 by the Electrical Standards 
Committee of the British Association, and the further 
resolutions which were passed at the meeting of the 
Electrical Congress in Paris last year, and subsequently 
agreed to by the British Association Committee. Then 
follow twelve sets of useful tables. 

Although we have made a few suggestions that the 
authdl’ may perhaps like to adopt in publishing the third 
edition of his Absolute Measurements in Electricity 
and Magnetism," we desire to emphasize our warm 
appreciation of this the second edition. On every page 
may be seen evidences of the firm grip of the subject so 
characteristic of the author’s teacher — the teacher, in fact, 
of us all — Sir William Thomson ; and did we know of 
higher praise than this we would give it. 

“ The Theory and Practice of Absolute Measurements 
in Electricity and Magnetism, Vol. I.,” also by Prof. 
A. Gray, is a mathematical expansion of the elec- 
trical portion of his book on “ Absolute Measure- 
ments, &c.,” the mathematical treatment of the mag- 
netic portion being reserved for Vol. II. of the larger 
work. As many of the remarks that we have 
already made regarding the smaller work apply equally 
well to the larger, it is unnecessary to criticize the 
larger book at any considerable length. The two 
books may be read quite independently of one another, 
since much of the descriptive matter is the same in bot^ 
If there be a fault in the larger work, we think that it 
arises from the author forgetting that a book intended 
initially for the University student can also be made 
of great value to the more practical electrician if first 
the subject-matter be arranged in propositions, or with 
distinct headings to the paragraphs, so that it is easy 
to find the proof of any particular fact ; and, secondly, 
if complete proofs be given of important practical 
problems, instead of simply deducing them as special 
cases of more general problems. For example, a prac- 
tical electrician may desire to see how the logarithmic 
formula for the capacity of a cable is arrived at. Now, 
there is no difficulty in giving a fairly short complete 
proof of this ; but, on turning to Prof. Gray’s ** Theory 
and Practice, &c.,” the electrician finds that he must first 
master the theory of charged ellipsoids ; he sees several 
double integrals and several lines of long mathematical 
formula in small print, and he probably decides that he 
had b^ter pasp by that subject for the present. We hold 
that, since the pure science of electricity owes so much 
to its practical development, it is but fair that the pure 
mathematician should endeavour to ref&y this debt by 
stating his results and methods of proof in such a form 
that they can 1 m most easily grasped by anyone who 
desires to use them, and not merely to get up the subject 
for examination purposes. The general mathematical 
investigations are also, of course, of great value, and we 
are therefore glad to see in this book a fairly complete 
mathematical treatpent of Green’s theorem, inverse 
problems, electric images, problems of steady flow in 
non-linear conductor, and variable linear flow, with its 
application to tlie spped of signalling in submarine 
conductors. 

Very interestil^ information is given regarding the 
strength and torsional rigidity of the fine silk fibres used 
in suspending galvanometer peedles, followed by the 


mathematical theory of oscillations, the description ' of 
the practical methods of measuring periodic times of 
oscillation and moments of inertia, and concluding with a 
comparison of unifilar and bifilar suspensions. The suc- 
ceeding chapters on electrometers, the general measure- 
ment of resistance, the calibration of the wire of a metre 
bridge, the measurement of very low resistances, the 
measurement of very high resistances, the determination 
of specific resistance, contain what is given on these 
subjects in the smaller book amplified. 

The last chapter. No. VIII., in this larger treatise, on 
capacity, is very complete. It gives a description of the 
most important investigations that have been made on the 
specific inductive capacity of solids, liquids, and gases, 
together with the mathematical theory of each experiment. 

Although we cannot but feel that the smaller of the two 
books published by Prof. A. Gray is the more unique, the 
larger is a very creditable production, and will be valu- 
able as a book of reference for those who desire to con- 
sult a shorter book on mathematical electricity than that 
of Messrs. Mascart and Joubert. 

We now come now to -the fourth book, “ Electricity in 
Modern Life,” by Mr. de Tunzelmann, which is written 
on an excellent basis, and contains a great deal of useful 
popular information, but it unfortunately also contains 
many unnecessary errors. For example, the statement 
on p. II, that “ a single cell of this kind,” potash bichro- 
mate, holding about a quart of solution, is capable of 
maintaining the light of a small incandescent lamp for 
some three or four hours,” would rather disappoint a 
purchaser of a quart, or any size, bichromate cell, as he 
would find it mbst difficult to purchase an incandescent 
lamp that would glow with so small a difference of poten- 
tial as one cell could produce. Again, to say in Chapter 
II., on “What we Know about Magnetism,” “Weber’s 
theory of magnetism may now be considered as raised 
from the rank of an hypothesis to that of an established 
fact,” gives a totally wrong idea as regards our knowledge, 
or, rather, as regards our ignorance, of the mechanism 
of magnetism. “The face of the magnet that before 
pointed to the north,’ &c., is not exactly wrong ; but can 
a face point towards anything ? “ If a current goes 

round the glenoid in the direction of the hands of a 
watch with its face directed towards the end from which 
the current flows, the end of the steel bar within the end 
of the solenoid at which the current leaves will be found 
to be a north pole and the other end a south pole,” would 
lead the reader to imagine that the polarity of the core 
of an electromagnet depended partly on the direction in 
which the current flows parallel to the core, instead of 
depending, as is the fact, wholly on the way it flows 
round the core. 

Chapter IV., on “Force, Work, and Power,” is good, 
and the careful distinction drawn between work and 
power is forcible and apt. But why does the author 
limit the definition of a horse-power, 33,000 pounds 
raised 1 foot per minute, to the “ indicated horse-power " 
of a steam-engine. 

Chapter V. deals with the “ Sources of Electricity.” 
In describing the chemical action of a galvanic cell 
formed “ of a plate of zinc and a plate of coppeP partly 
immersed in sulphuric acid,” it is an obvious mistake to 
speak of the action as a simple liberation of hydrogen at 
the copper plate, and oxygen at the zinc, ard to omit all 
reference to tbe formation of zinc sulf^ate. The first 
part of the following statement has been experimentally 
aisjjroved some fifteen jrears ago : — “ If either the copper 
er zinc is immersed aJtme indilute sulphuric acid, a differ- 
ence of potential will be yuredueed between the metal and 
the liquid; but if the twoynetals are immersed side by ' 
side into the liquid, thljhi ho electrification can be de- 
tected.” A galvanic battery is defined by the author as 
“a series of galvanic cells so arranged that the zinc of 
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each cell is connected with the copper of the next cell.” 
•What, then, is a collection of galvanic cells arranged in 
parallel, in which the zinc of every cell is connected with 
the zinc and not with the copper of the next ? Excluding 
these mistakes, this chapter is fairly good ; the matter, 
however, is rather too condensed to be intelligible to a 
reader not previously acquainted with the subject. 

Chapter VI. deals with *‘ Magnetic K'ields,”and in order 
to lead up to the mapping out of a magnetic held, the 
mapping out of the gravitation held of force in which a 
comet moves is hrst explained. But it appears to us 
that, since the magnetic held can be easily mapped out 
with iron hlings in the well-known way, while the con- 
ception of a gravitation held of force is a less simple 
matter to grasp, Mr.de Tunzelmann has in this case 
explained the easy by means of (he difficult. 

The next chapter, on “ Electrical Measurement,” is 
quite correct, but, in view of the great difficulty that is 
always experienced by a beginner in grasping the idea of 
measuring so intangible a thing as electricity, would not 
this subject have been made clearer if not merely the 
scientihc dehnitions of the electrical units had been given, 
but in addition an illustrated description of the meters 
used to measure amperes, volts, &c. ? 

Chapter VII., on Magneto and Dynamo Electric 
Machines,” gives a short comprehensive description of 
the principles of these machines, but, in order that the 
reader might understand what a real dynamo was like, 
we think it would have been better if the author had 
given in this chapter at least someone of the illustrations 
representing real dynamos which appear in other parts 
of this book. The symbolical figures that are given are, 
as the author mentions, taken from Dr. Thompson’s 
book on dynamo machinery, and are very clear, with one 
exception, that while in each case the direction of the 
current in the wires attached to the brushes is indicated 
by arrows, the direction in which the wire is coiled on the 
armature is omitted, hence such statements as “the 
arrows show the current in the circuit when the armature 
revolves as indicated by the position of the brushes," are 
just as likely to be wrong as right, and tell the reader 
nothing. When comparing the series dynamo with the 
shunt dynamo, the author says that the former “ will not 
begin to excite itself until a certain speed has been 
obtained depending oh the resistance of the circuit.” 
From this the reader might easily be misled into thinking 
that the shunt machine did not possess a similar defect. 
Further, he states, as “ the principal objection to shunt- 
wound machines,” that the self-induction of the field- 
magnet coils leads to the result that “ any variation in 
the speed produces its effect upon the lamps before the 
current in the existing circuit has had time to undergo a 
sensible change.” But, as a matter of fact, the self- 
induction of the field-magnet coils of a shunt machine is 
an advantage i not a disadvantage j for suppose that the 
speed increases, then the E.M.F. increases, this causes 
the difference of potentials between the lamp-mains to 
increase, which not only sends a larger current through 
the lamps, but also through the shunt coils. This 
strengthening of the field causes an additional rise in the 
E.M.F. of the machine, and therefore in the terminal 
difference of potentials. Consequently the second ob- 
jectionable rise is hindered, and not accelerated, by the 
self-induction of the shunt coils ; hence self-induction of 
the field-maraet .coils of s shunt machine makes the 
difference of potentials between, the lamp-mains less 
quickly, and not more quickly, affected by a change in 
the speed of driving. . In speaking of alternate-current 
dynamos, it is stated that “ in some machines the arma^ 
ture remains at rest, and the field-magnets are made 
CO rotate ; and. in this case no sliding contact is required, 
the terminals of the main circuit being attached per-; 
roanently to the armature.” . But the statement is mi,s- 
, leading, since at leaf t one sliding contact must always 


be used ; only when the armature is fixed it is to leiiid the 
exciting current into and out of the rotating fidd«inag- 
nets that one, and in some cases two sliding contsbcts are. 
employed. 

Chapters IX., X., and 'XI., on “The Story of the Tele- 
graph,’? “Overland Telegraphs,” and on “Submarine 
Telegraphs,” are excellent, we may almost say exciting, 
and they lead the reader on like the pages of a well- 
written novel. It is not right, however, on p. H2 to 
say, when speaking of telegraphing with sounders, “ The 
dots are formed by giving a shSrp stroke to the key ; the 
dashes by depressinjg it more slowly,” since a dash is 
formed not by depressing the key slowly, but by holding 
it down for a time when depressed. Whether a key be 
depressed slowly or quickly makes no difference in the 
signal received ; what the receiver listens for is the in- 
terval between the commencement of the current pro- 
duced when the key is fully depressed and its termination 
when the key is caused to begin to rise again. *We pre- 
sume that when the author says, on p. 129, “ The cups ” 
of insulators “ are made of such a form as to expose the 
upper portions freely to the cleansing action of the. rain 
while the lower portions are shielded from the rain so as 
to keep them fairly dry,” he means by “ upper portions ” 
the outside of the cup of the insulator, and by the “ lower 
•portions” the inside j but if so, he has a curious way of 
expressing himself. The “ speaking galvanometer ” used 
in receiving the message sent through a submarine cable 
is not, as the author describes it on p. 150, an astatic 
galvanometer ; and even if two magnets were employed so 
as to form an astatic combination, it would be quite 
wrong to say. “each of them is attached to the back of 
a small mirror,” since, unnecessary as it would be to use 
two suspended magnets in a speaking galvanometer, it 
would be still more useless to employ two suspended 
mirrors. But these are not very serious errors in chapters 
that are so good. 

Chapters XII. and XIII., on “The Telephone ” and 
“The Telephone Exchange System,” appear to us to be too 
much of the newspaper special correspondent order, the de- 
scriptions in several cases being very meagre, su^estive 
rather than descriptive, in consequence of the author 
having attempted to touch on too many different things. 
For instance, if the photophone had to be described at 
all, it required more than one page and a- quarter, in- 
clusive of the illustration, to make it intelligible ; in fact, 
unless the frameWork of the telephones and the gentle- 
man’s head which is between them in Fig. 53 are all 
composed of electrically conducting material, we fail to 
see how the instrument, as there depicted, works at all. 
Some very interesting information is given on the subject 
of telephone exchanges, and we should have liked to have 
had much more information on this electrical subject ; for 
example, greater details regarding the switches, the reasons 
of the babble of many, conversations that everyone hears 
who tries to use the telephone in London, &c. ; space, if 
necessary, being economized b^ the omission of the de- 
scription of the non-electrical instruments, the grapho- 
phone and phonograph. 

Chapter sXlV., on the “Distribution and Storage of 
Electrical Energy,” is very good and forcible. We fail, 
however, to see how the use of the three-wire system 
leads to the result stated on p. 199, that “a variation 
of 5 percent, in the E.M.F. in the mains would produce 
a variation of only ai per cent, at the lamp terminals.” 

The next chapter, X'V’., on “ Electric Lighting,” is also 
very good; “Hashing” the filament of an incandescent 
lamp, however, does not mean sending a current through 
the filament while the lamp is attached to* the Sprengel 

S , but sending a jSrrent through the filament and 
ig the filafoent ^candescent when in a hydro- 
carbon atmosphere before it . is planted inside the glass 
bulb of the lamp. Is it a fact dtht “ the Shaftesbury 
theatre ” is “ nOw lighted by incandescent electric lamps ?.” 
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The chapter on “ Electro- Motors and their Uses” is 
good considering how much tpay be said on this subject 
and how short a space is 14 pages to say it in. By what 
means, however, Messrs. Immisch have succeeded in 
making* the dogcart for the Sultan of Turkey go ‘*ten 
miles an hour for about five hours ” by means of “ twenty- 
four small accumulators which weigh about seven 
hundredweight ” we are at a loss to conceive, since the 
weight of accumulators, according to our calculation, must 
be much greater than this in order that they may have 
anything like a reasonably long life. 

Chapter XVII., on“ Electro-Metallurgj’,” is interesting 
although very brief, but the descriptions of the electrical 
circuit-closers for torpedoes in the next chapter, on 
“Electricity in Warfare,” we find too short to be in- 
telligible. A chapter of 5 pages then follows on 
“ Medical Electricity,” and another chapter of the same 
length on “ Miscellaneous Applications of Electricity,” in 
which a ^ery interesting account is given of the electrical 
method employed in America for protecting furnished 
dwelling-houses that have been left locked up during the 
absence of the tenants. 

On closing this book one certainly cannot deny that one 
has had ones money’s worth, even if the entertainment 
has been of the “ variety order ” so characteristic of the 
amusements of the present da\-. If a member of the* 
general public will read the book right through, as we 
have done, he may perhaps feel with exultation that he 
has mastered the whole subject of electrical engineering ; 
indeed, even a well-trained electrician can learn from it 
many things that he did not know before, concerning 
those branches of the subject to which he has not given 
special attention. But wc fear that, if even a general 
reader were to turn up any particular subject to study in 
detail, he would probably wish he had been told a good 
deal more about what was most important, and not so 
much about everything electrical whether important or 
not. The best features of “Electricity in Modern Life” 
are the many interesting scientific narratives, in the 
writing of which Mr. dc Tunzelmann appears to excel ; 
the worst are the mistakes in the science, which more 
knowledge, or more care, ought to have eliminated. 

ON THE TENSION OF RECENTL Y FORMED 
LIQUID SURFACES} 

T T has long been a mystery why^ a few liquids, such as 
^ solutions of soap and saponine, should stand so far 
in advance of others in regard to their capability of 
extension into large and tolerably durable laminae. The 
subject was specially considered by Plateau in his valuable 
researches^ but with results which cannot be regarded as 
wholly satisfactory. In his view the question is one of 
the ratio between capillary tension and superficial viscosity. 
Some of the facts adduced certainly favour a connection 
between the phenomena attributed to the latter property 
and capability of extension ; but the “ superficial viscosity ” 
is not clearly defined, and itself stands in need of 
explanation. 

It appears to me that there is much to be sacd in favour 
of the suggestion of Marangoni (“ Nuovo Cimento,” vols. 
v.-vi., 1871, p. 239), to the effect that both capability of 
extension and so-called superficial viscosity are due to 
the presence upon the body of the liquid of a coating or 
pellicle composed of matter whose inherent capillary 
force is less than that of the mass. By means of varia- 
tions in this coating, Marangoni exf^ains the indisputable 
fact that in vertical soap films the effective tension is 
different at various levels. Were the tension rigorously 
constant, as it is s>pmetimes inadvertently stated to be, 
gravity would inevitably assert itself, and the central 
parts would fall 16 feet in the first second of time. 

Iw by Lord Rayleigh, Ssc.R.S., befo.-e the Royal Society, 

on!March 6. 


By a self-acting adjustment the coating will everywhere 
assume such thickness as to afford the necesss^ tension, 
and thus any part of the film, considered without dis- 
tinction of its various layers, is in equilibrium. There is 
nothing, however, to prevent the interior layers of a 
moderately thick film from draining down. But this 
motion, taking place as it were between two fixed walls, 
is comparatively dow, being much impeded by ordinary 
fluid viscosity. 

In the case of soap, the formation of the pellicle is 
attributed bv Marangoni to the action of atmospheric 
carbonic acid, liberating the fatty acid from its combina- 
tion with alkali. On the other hand, Sondhauss {Pofigen- 
dorff^s Anna/en, Erganzungsband viii., 1878, p. 266) found 
that the properties of the liouid, and the films themselves, 
are better conserved when the atmosphere is excluded by 
hydrogen ; and I have myself observed a rapid deteriora- 
tion of verv dilute solutions of oleate of soda when 
exposed to the air. In this case a remedy may be found 
in the addition of caustic potash. It is to be observed, 
moreover, that, as has long been known, the capillary 
forces are themselves quite capable of overcoming weak 
chemical affinities, and will operate in the direction 
required. 

A strong argument in favour of Marangoni’s theory is 
afforded by his observation,^ that within very wide limits 
the superficial tension of soap solutions, as determined 
by capillary tubes, is almost independent of the strength. 
My purpose in this note is to put forward some new 
facts tending strongly to the same conclusion. 

It occurred to me that, if the low tension of soap 
solutions as compared with pure water was due to a 
coating, the formation of this coating would be a matter 
of time, and that a test might be found in the examination 
of the properties of the liquid surface immediately after 
its formation. The experimental problem here suggested 
may seem difficult or impossible ; but it was, in fact, 
solved some years ago in the course of researches upon 
the capillary phenomena of jets (Roy. Soc. Proc., May 15, 

1 879). A jet of liquid issuing under moderate pressure from 
an elongated, e.g. elliptical, aperture perforated in a thin 
plate, assumes a chain-like appearance, the complete 
period, X, corresponding to two links of the chain, being 
the distance travelled over by a given part of the liquid in 
the time occupied by a complete transverse vibration of 
the column about its cylindrical configuration of equi- 
librium. Since the phase of vibration depends upon the 
time elapsed, it is always the same at the same point in 
space, and thus the motion is steady in the hydrodynamica) 
sense, and the boundary of the jet is a fixed surface. 
Measurements of X under a given head, or velocity, 
determine the time of vibration, and from tnis, when the 
density of the liquid and the diameter of the column are 
known, follows in its turn the value of the csmillary 
tension (T) to which the vibrations are due. Cateris 
paril>uSfTcc\~^ • 9 XiA\.h\% relation, which is very easily 
proved, is all that is needed for our purpose. If we wish 
to see whether a moderate addition of soap alters the 
capillary tension of water, we have only to compare the 
wave-lengths X in the two cases, using the same aperture 
and head. By this method the liquid surface may be 
tested before it is xhf second old. ** 

Since it was necessary to be able to work with moderate 
quantities of liquid, the elliptical aperture had to be 
rather fine, about 2 mm. by 1 mm. The reservoir was 
an ordinary flask, 8 cm. in diameter, to which was sealed 
below as a prolongation a (1 cm.) tube bent at right 
angles (Figs, i, 2). The aperture was perforated in thin 
sheet brass, attached to the tube by cement. It was 
about 15 cm. below the nuuk, near the middle of the 
flask, wttich defined the position of the free surface at the 
time of observation. 

* Pyeg*»derjf'$ AmuiltH, vol. cxBii.; X871, |7< 34a. Hie original ^mphlct 
dates fFsim ^ 



Nj 4 TURE 


April 17, 1890] 


567 


T^e arrangement for bringing the apparatus to a 
fixed position, designed upon the principles laid down 
by Sir W. Thomson, was simple and effective. The 
body of the flask rested ont hree protuberances from the 
nng of a retort stand, while the neck was held by an 
india-rubber band into a attached to an upper 

ring. This provided five contacts. The necessary sixth 
contact was effected by rotating the apparatus about its 
vertical axis until the delivery tube bore against a stop 
situated] near its free end. The flask could thus be 



Figs, r and 2. 


removed for cleaning without interfering with the com- 
parability of various experiments. 

The measurements, which usually embrace two com- 
plete periods, could be taken pretty accurately by a pair 
of compasses with the assistance of a magnifying glass. 
But the double period was somewhat small (lo mm.), and 
the little latituae admissible in respect to the time of 
observation was rather embarrassing. It was thus a 
great improvement to take magnified photographs of the 
Jet, upon which measurements could afterwards be made at 
leisure. In some preliminary experiments the image upon 


the ground glass of the camera was utilized without actual 
photography. Even thus a decided advantage Was 
realized in comparison with the direct measurements. 

Sufficient illumination was afforded by a candle flame 
situated a few inches behind the jet. This was^diffused 
. by the interposition of a piece of ground glass. The lens 
I was a rapia portrait lens of large aperture, and the ten 
j seconds needed to produce a suitable impression upon the 
j gelatine plate was not so long as to entail any important 
change in the condition of the jet. Otherwise, it would 
have been easy to reduce the exposure by the introduction 
of a condenser. In all cases the sharpness of the result- 
ing photographs is evidence that the sixth contact was 
properly made, and thus that the 'scale of magnification 
was strictly preserved. Fig. 3 is a reproduction on the 
original scale of a photograph of a water-jet taken upon 
November 9. The distance recorded as 2X is between 
the points marked A and B, and was of course measured 
upon the original negative. On each occasion when 
various liquids were under investigation, the photography 
of the water-jet was repeated, and the results agreed 
well. 

After these explanations it will suffice to summarise the 
actual measurements upon oleate of soda in tabular form. 
The standard solution contained i part of oleate in 40 
' parts of water, and was diluted as occasion required.^ 
i*.A.ll lengths are given in millimetres. 



Water. 

Oleate 

Oleate 

Oleate 

Oleate 



x/ 40 . 

1/80. 

1/403. 

1/4CXX3. 

2A... 

... 400 ... 

45*5 • 

.. 44*0 . 

39*0 

... 39*0 

//... 

... 31*5 

ri’o . 

.. rro 

no 

. 230 



In the second row h is the rise of the liquid in a 
capillary tube, carefully cleaned before each trial with 
strong sulphuric acid and copious washing. In the last 
case, relating to oleate solution the motion was 

sluggish and the capillary height but ill-defined. It will 
be seen that even when the capillary height is not much 
more than one-third of that of water, the wave-lengths 
differ but little, indicating, that, at any rate, the greater 

{ lart of the lowering of tension due to oleate requires time 
or its development. According to the law given above, 
the ratio of tensions of the newly-formed surfaces for 
water and oleate (jftj) would be merely as 6 : 5.® 

Whether the slight differences still apparent in the case 
of the stronger solutions are due to the formation of a 
sensible coating in less than second, cannot be 
absolutely decided ; but the probability appears to lie in 
the negative. No distinct differences could be detected 
between the first and second wave-lengths; but this 
observation is, perhaps, not accurate enough to settle the 
question. It is possible that a coating may be formed on 
the surface of the glass and metal, and that this is after- 
wards carried forward. * 

^ AhSough I can find no nsta of the fact, I thinX I am risht in saying 
that huge bubbles could bo blown with the weakest of thesoiuuons expert- 
mented upon. .... * 

"Curiously enough, I find itnlrendy recorded m my note 'book of 1870, 
that A is not infiuenced by the addition to water of s jap sufficient to render 
Impossible the rebound ofcollidlng ]ets. 
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As a check upon the method, I thought it desirable to 

apply it to the comparison of pure water and dilute 

alcohol, choosing for the latter a mixture of 10 parts by 

volume of strong (not methylated) alcohol with 90 ^rts 

water. The results were as follows : — 

•• 

2 \ (water) = 38*5, 2\ (alcohol) = 46*5, 

h (water) = 30*0, h (alcohol) = 22*0 ; 

but it may be observed that they are not quite comparable 
with the preceding for various reasons, such as displace- 
ments of apparatus and changes of temperature. It is 
scarcely worth while to attempt an elaborate reduction of 
these numbers, taking into account the differences of 
specific gravity in the two cases ; for, as was shown in the 
former paper, the observed values of X are complicated 
by the departure of the vibrations from isochronism, 
when, as in the present experiments, the deviation from 
the circular section is moderately great. We have — 

{46-S/38’S)* =*‘46. 30/22=1 ‘36; 

and these numbers prove, at any rate, that the method of 
wave-lengths is fully competent to show a change in 
tension, provided that the change really occurs at the 
first moment of the formation of the free surface. 

In view of the great extensibility of saponine films i? 
seemed important to make experiments upon this material 
also. The liquid employed was an infusion of horse 
chestnuts of specific gravity i '02, and, doubtless, contained 
other ingredients as well as saponine. It was capable 
of giving large bubbles, even when considerably diluted 
(6 times) with water. Photographs taken on November 
23 gave the following results : — 

2X (water) = 39*2, 2A (saponine) = 39’S, 

h (water) = 30'5, h (saponine) = 207. 

Thus, although the capillary heights differ considerably, 
the tensions at the first moment are almost equal. In 
this case then, as in that of soap, there is strong evidence 
that the lowered tension is the result of the formation of 
a pellicle. 

Though not immediately connected with the principal 
subject of this communication, it may be well here to 
record that I find saponine to have no effect inimical to 
the rebound after mutual collision of jets containing it. 
The jsame may be said of gelatine, whose solutions froth 
strongly. On the other band, a very little soap or oleate 
usually renders such rebound impossible, but this effect 
appears to depend upon undissolved greasy matter. At 
least the drops from a nearly vertical fountain of clear 
solution of soap were found not to scatter (Roy. Soc. Proc., 
June IS, 1882). The rebound of jets is, however, a far 
more delicate test than that of drops. A fountain of 
strong saponine differs in appearance from one of water ; 
but this effect is due rather to the superficial viscosity, 
which retards, or altogether prevents, the resolution into 
drops. 

The failure of rebound when jets or drops containing 
milk or undissolved soap come into collision has not been 
fully explained ; but it is probably connected with the 
disturbance which must arise when a particle of grease 
from the interior reaches the surface of one of the liquid 
masses. 

P.S. — I have lately found that the high tension of 
recently formed surfaces of soapy water was deduced by 
A. Duprd (“ Thdorie Mdcanique de la Chaleur,” Paris, 
1869), as long ago as 1869, from some experiments upran the 
vertical rise of fine jets. Although this method is less 
direct than that of the present paper, M. Duprd must be 
considered, I think, to have made out his case. It is 
remarkable that so interesting an observation should not 
have attracted more attention. 


NOTES. 

It is stated that the committee to be appointed to inquire into 
colour>bIindness in seamen, railway guards, and others, will not 
be exclusively confined to members of the Royal Society. Some 
gentlemen who, like Dr. Farquharson, M.P., and Mr. Bickerton, 
of Liverpool, have taken special interest in the question will, it 
is said, be asked to join the committee. A further question on 
the subject will, in the course of a few days, be put to the 
President of the Board of Trade. 

Wb regret to have to record the death of Sir John Henry 
Lefroy, F. R. S. He died on Friday evening last at his residence, 
Lewame, a few miles from Liskeard. He was seventy-three 
years of age. He entered the Royal Artillery in 1834, and was 
Director of the Magnetical and Meteorological Observatory at 
St. Helena from 1840 to 1841, whence he moved to a similar 
position at Toronto in 1842. During the next year he made a 
magnetic survey of the interior of North America from Montreal 
to the Arctic Circle. From 1854 to 1855 he was scientific 
adviser to the Duke of Newcastle at the War Office on subjects of 
artillery and inventions, and in 1855 he was sent, as lieutenant- 
colonel, on a special mission to the seat of war. Afterwards he 
held several high military appointments. In 1882 he was made 
a general, and retired. He had been elected a Fellow of the 
Royal Society in 1848. 

Mr. Thomas Johnson, Demonstrator in Botany at the 
Normal School of Science and Royal School of Mines, has 
been appointed to succeed the late Prof. McNab, as Professor of 
Botany at the Royal College of Science, Dublin. Prof. Johnson 
begins lecturing this term. 

An International Medical Congress was opened at Vienna on 
Tuesday, and will continue its sittings until to-morrow (Friday ). 
Many physicians from the principal Europe an countries are taking 
part in the proceedings. 

At the next meeting of the Anthropological Institute, on 
Tuesday, April 22, M. Jacques Bertillon will give a lecture, 

I with demonstrations, on the method now practised in France 
of identifying criminals by comparing their measures with those 
of convicted persons in the prison rasters. The registers con- 
tain the measures of many tens of thousands of persons, with 
their photographs; yet M. Bertillon’s method enables the 
reference to be rapidly effected. It is thought, therefore, that 
thd* authorities in England who are concerned with the police, or 
with the identification of deserters from the army or the navy, 
may be glad of the opportunity of hearing M. Bertillon’s 
exposition. 

The Meteorological Office has adopted a new way of spread- 
ing* information as to the condition of the weather on our coasts. 
On Monday it began to exhibit, at 63 Victoria Street, West- 
minster, outside the building, a series of boards, showing the 
state of the wind, weather, and sea at Y armouth, Dover, the 
Needles, Scilly, Valentia (Irelaqd), and Holyhead. The in- 
formation given is for 8 o’clock in the morning and 2 o’clock in 
the afternoon, and the notices are posted up at about 9.30 a.m. 
and 3 p.m. respectively. The words are printed in clear type, 
and can be read by those having ordinarily good sight from the 
pavement or roadway. i:- 

At the meeting of the Institution of Civil Engineers on. 
Tuesday evening, Sir Frederick Bramwell read a paper on. 
the application of electricity to welding, -stamping, and other 
cognate purposes. 

There has been some talk lately about a scheme for the con- 
struction of a bridge across the Bosphorus. The Turkish news- 
paper ffaiikat gives some particulars of the project d propos of' 
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an offer by a French syndicate to build a bridge of 800 metrei 
in length and 70 metres high between Roumeli and Anatol. 
Hissar. The bridge would consist of one span, and this would 
exceed in length by one-half the longest span of the Forth Bridge. 
The Anatolian railway, it is thought, will make the construction 
of such a bridge a necessary and feasible undertaking before 
many years. 

f Madame Rosa Kirschbaum, who has taken the degree of 
Doctor of Medicine at a Swiss University, has been authorized 
by a special imperial decree to conduct a hospital for eye diseases 
at Salzburg. The Vienna Correspondent of the Times sa3rs 
this is the first case of a lady physician being admitted to medical 
practice in Austria. 

The new number of the Kew Bulletin begins with a section 
on canaigre, the root of which seems likely to take an important 
place as a tanning material. This is followed by sections on 
pistachio cultivation in Cyprus, Indian sugar, and mites on 
sugar-cane. The section on Indian sugar consists chiefly of a 
selection from a file of documents sent to Kew from the India 
Office, containing much valuable information as to the production 
of cane sugar in India. 

At the meeting of the Scientific Committee of the Royal 
Horticultural Society on April 8, Mr. Wilson exhibited a plant 
of a primrose, a seedling from Scott Wilson, showing a 
greater advance to a deep blue colour thanh as yet' been made. 
A series of intermediate forms were also shown. 

The Prefect of Savoy has recently prohibited the gathering of 
the Cyclamen in the woods of his department. Notwithstanding 
its abundance in the locality, this beautiful plant had been 
threatened with total extinction, from the enormous numbers 
gathered each year for sale in the markets of Chambcry and 
Aix-les- Bains. 

A SINGULAR fact is related by M. Lagatu in the Feuille des 
yeunes Naturalistes, In the year 1884 a large number of cattle 
died after having browsed in a particular pasture in the depart- 
ment of rOise. M. E. Prillieux found the cause of death to be 
poisoning by ergotized LoHum ; and he attributes it to the fact 
that the cattle were sent to the pasture about lo days later than 
usual. M. Prillieux frequently found ergot on tufts of grass 
refused by the cattle, which marked the spots where dejecta had 
been left without being scattered. 

Dr. G. B. De Toni has retired from the editorship of the 
Italian bi-monthly journal Natarisia, devoted to cryptogamic 
botany, which will in future be conducted by Dr. David Levi 
Morenos. 

At the last meeting of the Natural History Society of Kiel, 
Major' Reinhold read a paper on the botanical condition of 
the German Ocean. According to researches recently made, 
the eastern part is almost wholly bare of vegetation. This is 
believed to be owing to the strong tidal currents, which so dis- 
turb the sea bottom as to prevent the germs and spores of marine 
plants from settling. 

A ZOOLOGICAL floating station Is now in working order at 
Isefiord on the Danish coast,* under the direction of Dr. 
Petersen. 

THit Proceedings of the International Congress of Zoology, 
held last August in Paris, were issued a few days ago. Among 
the contributors are Messrs. Bogdanow, Bowdler Sharpe, 
D’Arcy Thompson, E. P. Wright, C. V. Riley, V. Wagner, 
Ray Lankester, A. S. Packard, Trimen, Riitimeyer, Retzius, 
Hubrecht, de Selys-Longchamps, Agassiz, Blanford, L. Netto, 
yW. A. Conklin, A. Fritsdi, and McLachlan. This list of 
; ' names suffices to show that the meeting was really of an 
international character. 

A SHOCK of earthquake was felt in M U.S.A., on 
. April It. 


Reports of an earthquake felt on March 26, between 9.15 and 
9.20 p.m., have been received from Innsbruck, the Ziller Vidley, 
Sterzing, Bozen, Meran, the Poster Valley, Salum, Arco, 
Amp^o, and the Weiten Valley. The direction of the shocks 
was from north to south. • 

Two papers on “ The Cradle of the Semites,” read before the 
Philadelphia Oriental Club, have just been published. The first 
is by Dr. Daniel G. Brinton, who contends that the Semitic 
stock came originally from '* those picturesque valleys of the 
Atlas which look forth toward the Great Ocean and the setting 
sun.” Prof. Jastrow, the author of the second paper, agrees 
generally as to the probability of a Semitic migration from Africa 
into Asia, but thinks that Dr. Brinton goes farther than the 
evidence warrants when he tries to indicate the particular region 
of Africa from which the migration started. 

During the summer and autumn of 1888, and the fallowing 
winter, Mr. Albert Koebele carri^ on researches in Austyalia 
for the purpose of determining whether it would not be possible 
to introduce into California the most efficient of the Australian 
natural enemies of the fluted scale (Icerya purchasi, Maskell). A 
report on his investigations has just been issued by the U.S. 
Department of Agriculture; and from this it seems that the 
r^ults achieved by him are highly satisfactory. Prof. Riley, 
who contributes an introduction to the report, says that one of 
the insects imported, the Cardinal Vedalia ( Vedalta eardinaltSf 
Mulsant), has multiplied and increased to such an extent as 
to rid many of the orange-groves of Icerya, and to promise 
immunity in the near future for the entire State of California. 

Some interesting notes on the archaeology and ethnology of 
E.aster Island, by Mr. Walter Hough, appear in the new number 
of the American Naturalist. One of the last acts of the late 
Prof. Spencer F. Baird was to induce the American Navy 
Department to send a vessel to explore the island and bring back 
representative specimens. The U.S.S. Mohican, then at Tahiti, 
was detailed, and the fruits of the successful twelve days’ explora- 
tion are now to be seen in the north and west halls of the 
American National Museum. They consist of several stone 
images, carved stones, painted slabs, and a fine collection of 
smaller objects obtained by Paymaster W. J. Thomson, U. S.N. 
In his article Mr. Hough makes good use of the materials thus 
brought together, and of information placed at the disposal of 
the National Museum by Mr. Thomson, and by Surgeon G. H. 
Cooke, U.S.N. 

Two interesting papers on primitive architecture, by Mr. 
Barr Ferree, have been reprinted together, one from the 
American Naturalist, the other from the American Anthro^- 
logist. In the first article the author deals with sociological 
influences, in the second with climatic influences. 

From the reports, for the past official year, of the Directors of 
Public Instruction and their subordinates in various Indian 
districts, on vernacular literature, it appears that, on the whole, 
but very little ^ientific work of an original character is being 
performed by natives of India, and that the taste for scientific 
iterature, original or translated, can scarcely be said to exist. In 
Bengal, the Director says that, “ while physiology keeps in old 
grooves, medicine seems to be trying lo return to them.” 
n Madras scientific works appear to have been confined to the. 
:ransIation of an old Sanskrit work on medicine, unless indeed 

a collection of a thousand stanzas In Tamil verse, treating of the 
Yoga philosophy, can be called scientific.” In the North-West 
Provinces eleven works on medicine were registered during the 
I year, some of them being translations, while others are described 
as ori^nal works of some merit. The ^eat mass of Indian 
* Hteratute appears to be composed of. fiction, poetry, and the 
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drama, and, in Bengal especially, is described as for the most 
part worthless and immoral. 

It is well known that a connection has been observed (in 
Munich and other towns) between ground-water and typhus ; 
the disease gaining force as the water goes down, and declining 
as the water rises. (It is thought that certain decompositions 
are favoured by air taking the place of water in the ground.) 
While in former years Hamburg has exemplified this effect, the 
last typhus epidemic there, according to Prof. Bruckner, was 
quite in discordance with the variations of ground- water. From 
1838, it is stated, the typhus mortality in Hamburg steadily fell 
from 19 to 2 or 3 per 1000 ; but from 1885 it rose again to 9 ; 
and whereas before 1885 the epidemic was a summer one, with 
its maximum in August, it now became a winter one, with 
maximum in December. The curve of ground-water continued 
to have the same course as before. Prof. Bruckner points out 
that thic epidemic of 1884-87 corresponded in time with certain 
harbour works being carried out at Hamburg, and he attributes 
it to the upturning of enormous masses of earth, the abode of 
numberless bacteria, whose diffusion among the inhabitants was 
thus facilitated. 

The volume of Results of the Magnetical and Meteoro- 
logical Observations made at the Royal Observatory, Green- 
wich, in the year 18S7, contains an appendix of considerable 
importance to meteorologists, viz. the hourly reduction of the 
photographic records of the barometer for 1874-76, and of the 
'dry and wet bulb thermometers for 1869-76. This appendix, 
which is also published separately, continues the results for the 
twenty years published in 1878. The tables now given complete 
the reduction of the photographic records nearly to the present 
time, commencing with the year 1854 for the barometer, and 
with the year 1849 for the thermometers. The means for the 
two periods are given separately, but their value would be further 
enhanced if the results for the whole period were also given in 
a combined form, 

WiTFi the month of January, the Monthly Weather Review 
of the United States Signal Service entered upon its eighteenth 
year of publication. The Review is based upon reports from 
1934 observers, a large majority of whoni belong to the State 
Weather Services. This number is exclusive of the reports which 
are usually supplied by the Central Pacific Railway Company, but 
whichcouldnot be forwarded for January, owingto snowblockades 
and floods. One hundred and twenty miles of the railroad 
crossing the Sierra Nevada range of mountains was blockaded 
by snow, being the heaviest blockade ever known there, and it 
H estimated that fully 50 per cent, of the live stock was lost 
from exposure and starvation. The paths of twelve depressions 
that appeared over the North Atlantic Ocean are plotted on a 
chart. Of the nine depressions that moved eastwards from the 
American continent, four were traced to the British Isles. Three 
storms first appeared over the ocean, and two of these were alsi 
traced to the British Isles. Among the ** Notes and Extracts is 
.an article on the recent comparison of anemometers, by Prof. 
Marvin. The results obtained show that of the anemometers 
exposed to the same wind, those with short arms gave a lower 
velocity than those with long arms. No experiments were made 
beyond 32 miles per hour, and although various formulae were 
given for the reduction of wind velocities, Prof. Marvin states 
that they cannot be depended on for velocities beyond the 
experimental values, so that much more information has yet to 
be gained, as to the action of anemometers with high velocities, 
from careful experiments with whirling machines. We take this 
•opportunity of pointing out that a general subject-index to the 
Monthly Weather Reviews and the Annual Reports of the Chief 
Signal Officer, to 1887, has been published, and affords easy 
.refiif'rence to the valuable information contained in these 
'l^publications. 


A RECENT writer in the North Chiua Herald of Shanghai 
says that the climate of Asia is becoming colder than it formerly 
was, and its tropical animals and plants are retreating southwards 
at a slow rate. This is true of China, and it is also the case in 
Western Asia. The elephant in a wild state was hunted in 
the eighth century b.c. by Tiglath Pileser, the King of Assyria, 
near Carchemish, which lay near the Euphrates in Syria. Four 
or five centuries before this Tholhmfcs III., King of Egypt, 
hunted the same animal near Aleppo. In high antiquity the 
elephant and rhinoceros were known to the Chinese, they had 
names for them, and their tusks and horns were valued. South 
China has a very warm climate which melts insensibly into that 
of Cochin-China, so that the animals of the Indo-Chinese 
peninsula would, if there were a secular cooling of climate, 
retreat gradually to the south. This is just what seems to have 
taken place. In the time of Confucius elephants were in use for 
the army on the Yangtze River. A hundred and fifty years after 
this, Mencius speaks of the tiger, the leopard, the rhinoceros, and 
the elephant, as having been, in many parts of the empire, driven 
away from the neighbourhood of the Chinese inhabitants by the 
founders of the Chou dynasty. Tigers and leopards are not yet 
by any means extinct in China. The elephant and rhinocero*; 
are again spoken of in the fiist century of our era. If to these 
particulars regarding elephants be added the retreat from the 
rivers of South China of the ferocious alligators that formerly 
infested them, the change in the fauna of China certainly seems 
to show that the climate is much less favourable for tropical 
animals than it formerly was. In fact it appears to have become 
drier and colder. The water buffalo still lives, and is an extremely 
useful domestic animal, all along the Yangtze and south ii, but 
is not seen north of the old Yellow River in the province of 
Ktangsu. The Chinese alligator is still found in the Yangtze, 
but so rare is its appearance that foreign residents in China knew 
nothing about it till it was described by M. Fauvel. The flora 
is also affected by the increasing coldne.ss of the climate in China. 
The bamboo is still grown in Peking with the aid of good shelter, 
moisture, and favourable soil, but it is not found naturally grow- 
ing into forest in North China, as was its habit two thousand 
years ago. It grows now in that part of the empire as a sort o 
garden plant only. It is in Szechuan province that the southern 
flora reaches farthest to the northward. 

Some interesting experiments on the physiology of sponges 
have been recently made by Dr. Lendenfeld, of Innsbruck 
{.Humboldt). He operated with eighteen different species, 
putting carmine, starch, or milk, in the water of the aquarium, 
and also trying the effect of various -poisons — morphine, strych- 
nine, &c. The following are some of his results : Absorption 
of food does not take place at the outer surface, but in the 
interior ; only foreign substances used for building up the skeleton 
enter the sponge without passing into the canal-system. Grains 
of carmine and other matters often adhere to the flat cells of 
the canals, but true absorption only takes place in the ciliated 
cylindrical cells of the ciliated chamber. These get quite fliled 
with carmine grains or milk spherules, but starch grains prove 
too large for them. Remaining in these cells a few days, the 
carmine cells are then ejected; while milk particles ar^;. partly 
digested, and then passed on to the migratory cells of the inter- 
mediate layer. Any carmine particles found in these latter cells 
have entered accidentally through external lesions. The sponge 
contracts its pores* when poisonil are put in the water ; and the 
action is very like that of poisons on muscles of the higher 
animals. Espectalljr remarkabisl is the cramp of sponges under 
strychnine ; and the lethargy (toother stimuli) of sponges treated 
with coeain. As these (K>isons^ in the higher animals, act in- 
directly on the muscles through the nerves, it seems not without 
warrant to suppose that sponges also have nerve-cells which 
cause muscular contraction. 
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The additions to the Zoological Society’s Gardens during the 
past week include a Black-eared Marmoset (Ilapale penicillcUa) 
from South-east Brazil, presented by Mr. J. A. Watson, F.Z.S 
a Lesser White-nosed Monkey (Cercopithecus peiaurista 9 ) from 
West Africa, presented by Mr. E. B. Parfitt ; a Macaque 
Monkey [Macacus cynomoigus <f) from India, presented by 
Mrs. II. F. Batt ; a Sambur Deer {Cervus aristotelis <J ) from 
India, presented by Capt. George James ; a Common Badger 
{MeUs iaxus^ white variety), British, presented by the Hon. 
Morton North ; a Jackdaw (Carvus momJu/a), British, pre- 
sented by Mrs. Bowden ; a Blessbok (Alcelaphus albifrons ^ ) 
from South Africa, four Undulated Grass Parrakects {Melo- 
psittacus undulatus 2 d 2 9 ) from Australia, deposited ; an 
Australian Crane (prus australasiana\ two Chestnut-eared 
Finches {Amadtna casianolis) from Australia, three European 
Flamingoes (Phanicopterus antiquorum\ four Great Bustards 
{Otis tarda\ European, purchased. 


OUR ASTRONOMICAL COLUMN 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on April 17 » 
iih. 43m. S5s. 


Name. Ma^. j Colour. R.A. 189a Ded. 1890. 

1 h. m. s. , , 

iJG.C. 28^1 — ; White. 12 13 33 +47 55 

2) 137 Schj j 6 I YellowUh-red. 10 54 5 -i5 53 

3) Leonts ! 4 ! YellowUh-white. it it 6 - 3 3 

4) ^LeoniH 2 ( White. 11 43 30 | -f-15 ii 

(5) 155^ Schj 7 Hed. 12 52 6 4-66 35 

(6) U Virginis ... Var. 1 Reddish. 12 45 31 , - 6 9 

; 

Remarks. 

( 1 ) This large white nebula is situated in the constellation of 
Ursa Major, and is thus described in the General Catalogue : — 
“ Very bright, very large, suddenly brighter in the middle to a 
nucleus.” According to Smyth, it is oval in shape, the lateral 
edges being better defined than the ends. Lord Rosse’s tele- 
scope s’ owed it to be much mottled. In 1866 Dr. Huggins 
described its spectrum as continuous, with “ a suspicion of 
unusual brightness about the middle part.” No observations of 
the spectrum appear to have been made since then, but it is im- 
portant that it should be re-examined. The spectra of the white 
nebulce are usually ahnost entirely wanting in red light, and it is 
therefore quite possible that the brightening in the middle i% 
nothing more than the green carbon fluting near A517. Direct 
comparisons with the spectrum of a spirit-lamp flame would 
soon decide this point. In any case, if there be one or more 
brightenings, some attempt should be made to determine their 
positions. 

(2) The spectrum of this star has not yet been completely 
described. Secchi stated that it was of the type of a Orionis, 
and Dunc^r states that it is most probably a star of Group II., 
but very feebly developed. As I have previously pointed out, it 
is these feebly developed” stars of Group II. which require 
further examination rather than those which are described os 
** fully developed,” as they are pr4Dbably transition stages between 
Groups I. and II., or Groups II. and III. 

(3) According to Konkoly, this star has a well-developed 
spectrism of the solar type. Differential observations as to 
whether the star belongs to Group III. or to Group V. are 
required. (For criteria so far determined, see p. 20.) 

(4) The spectrum of this star is a very fine one of Group IV, 
The usual observations are required. 

(5) D’Arrest and Dun^r both describe the spectrum of this 
star as a magnificent one of Group VI. According to Dun<^, 

.iht principal bands are very dark, and the subsidiary bands 
' 4 and 5 are well visible, while the bands 1, 2, 3 are very weak. 
He also states that the spectrum is rendered unique by the fact 
that the least refrangible part of the sub^sooe in the yellow is 
considerably weaker than the other. Further observations, as 
previously suggested for similar stars, should be made. 

(6) This star affords another opportunity of searching for , 


bright lines in the spectrum of a variable of Group II. niliar 
maximum. Vogel states that the spectrum is a nne one of 
Group IL, but we have as yet no detailed description of the 
bands present. The period of the variable is about 207 days, 
and it ranges in magnitude from 77-8*1 at maximum to- 
12*2-12’8 at minimum. The maximum will occuron April 2f, 
but as Mr. Espin has noticed that the bright lines sometimes do- 
not appear until after the maximum, it will be desirable to con- 
tinue the observations for some days after. The variations of 
the bright carbon flutings should also receive attention.. 

• A. Fowler. 

Comet Brooks {a 1890). — The following elements have been 
computed by Dr. Bidschof, of the Imperial Observatory, Vienna, 
from observations at Cambridge, U.S., March 21 ; Vienna^. 
March 4 and 28 (Astr. Nach,^ No. 2962): — 

T = 1890 June 3*6399 Berlin mean time. 

" = 7 * 7*5 ) 

Q, = 320 44*9 > Mean Eq. 1890*0. % 

I = 121 17 2 ] 

log q = 0*27189 


Ephifneris for Berlin Midnight. 


1890. R.A. 

Decl. 

1 1890. R.A. 

Deck 

h. m. 8. 

0 ! 

h. m. s. 

0, * 

April 16. ..21 9 21.. 

. + I 9 - 2 I *0 

April 26. ..21 4 5... 

+26 15T 

17... 9 0.. 

• »9 59 2 

27... 3 18... 

27 o’ 9 ' 

s 18... 8 37.. 

. 20 38-0 

28... 2 27... 

27 47 6 

19... 8 13.. 

21 17*5 

29... I 33 - 

28 35*0 

20 .. 7 47.. 

21 577 

30,.. 0 34... 

29 33*3 

21... 7 iS.. 

22 38‘6 

May I. ..20 59 31... 

30 12*4 

22... 6 46.. 

23 20*3 

2... 58 23... 

31 2*3 

23... 6 10.. 

. 24 2’8 

3-.. 57 10... 

31 52-9. 

24.. . 5 32- 

25.. . 4 50.. 

24 46*1 
. 25 30'2 

4... 55 5 * -. 

3244*3^ 

Brightness, that at discovery being unity — 


18 April = 

1*81. 

30 April = 2'39. 


22 „ = 

26 „ = 

1 * 99 . 

2*18. 

4 May s 2*62. 



New Variable in CiBLUM.— Prof. Pickering, in a com- 
munication to Astr. Nach.^ No. 2962, notes that an examination 
of a plate taken bv Mr. S. J. Bailey at the Closica station in* 
Peru, shows that the G and h lines of hydrogen are bright in . 
the spectrum of a star whose position for 1875 4h. 

36*2m., Deck - 38® 29'. An inspection of photographic chart’ 
plates indicates that the star is variable, and its spectrum seems- 
to place it in the same class as 0 Ceti, R Hydrae, R Leonis^ 
and other long-period variables. The date on which the plate 
was taken is not given, but it is observed that the spectrum is as 
bright photographically as that of Cordoba Catalogue No. 1077, 
which is of the magnitude 7^, and since the former is a red star, . 
it was probably much brighter visually. Eye observations at 
Cambridge, U.S., on February 20 and 21 of this year show that* 
the star was then about maraitude 10*5. It seems, therefore, 
that the bright lines of hydrogen were photographed in the 
spectrum of this object when it was near a maximum. 


GEOGRAPHICAL NOTES. 

The Council of the Royal Geographical Society met on- 
Monday, and finally decided upon the awards of the honours 
for the year. One of the Royal Medals has been awarded to 
Emin Pasha, in^ecognition or the services rendered by him to 
geography and the allied sciences by his explorations and 
researches in the countries east, west, and south of the Upper 
Nile during his administration of the Equatorial Province of 
Egypt. The other Koyal Medal has been awarded to Lieut. F. 
E. Younghusband, for his journey across Central Asia in 1886- 
87, from Manchuria and Pekin vid Hami and Kashgar, and 
over the Mushtagh to Cashmere and India, n distance of 7000 - 
miles. The Cutnbert Peek grant has been awarded to Mr. E. 
C. Hare for his observations on the physical g^graphy of 
Tanganyika made during his many years’ residence on that lake. 
The Murchison grant has been awarded to Signor Vittoria Sella, 
in consideration of his recent journey in the Caucasus, and the 
advance made in our knowledge of the physical characteristics 
and the topography of the chain by means of his series of 
panoramic photograidii taken above the snow leveh The G ilti 
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memorial has been given to Mr. C. M. Woodford, for his three 
expeditions to the Solomon Islands, and the additions made by 
him to our topographical kno^vledge and the natural history of 
ihe islands. The new honorary corresponding members are 
Prof. Davidson, of San Francisco ; Dr. Junker, the friend of 
Emin Pasha, and Central African explorer ; and Senhor Santa 
Anna Neiy, of Rio Janeiro. 

At the evening meeting of the Royal Geographical Society on 
Monday, Sir M. E. Grant Duff in the chair. Dr. Hans Meyer 
read a paper on his jouniey to the summit of Kilima-Njaro. 
After giving a short account of his expedition in 1887, and the 
discouragements to which he had been subjected on two sub- 
sequent efforts to carry out his programme, Dr. Meyer proceeded 
to say that, while the main portion of the caravan encamf^d in 
Marangu, he ascended with Herr Purtscheller and eight picked 
men through the primaeval forest to a stream beyond, where he had 
encamped in the year 1887, at an altitude of 9200 feet. There 
their large tent was pitched, straw huts were built for the men, 
and fir^ood collected. Accompanied by four men they travelled 
for two more dajrs up the broad, grassy, southern slopes of 
Kilima-Njaro to the fields of rapilli on the plateau between 
Kibo and Mawenzi, and found there to the south-east of Kibo, 
under the protection fforded by some blocks of lava, a spot, at 
an altitude of 14,270 feet, well suited for the erection of their 
small tent. As soon as the instruments and apparatas bad been 
placed under cover, three of the men returned to the camp on 
the edge of the forest, and only one, a Pangani negro, Mw‘ni 
Amani by name, remained to share, uncomplainingly, their 
sixteen days* sojourn on the cold and barren heights. With 
regard to their maintenance, it had been arranged that every 
third day four men should come up with provisions from the 
lower camp in Marangu to the central station on the edge of the 
forest, and that two of the men stationed there should thence 
convey the necessary food to them in the upper camp, returning 
immediately afterwards to their respective starting-places. And 
this accordingly was done. Firewood was supplied by the roots of 
the low bushes still growing there in a few localities, and their negro 
fetched a daily supply of water from a spring rising below the camp. 
In that manner they were enabled, as if from an Alpine Club hut, 
to carry out a settled programme in the ascent and surveying of the 
upper heights of Kilima-Njaro. The ice-crowned Kibo towered 
up steeply another 5000 feet to the west of their camp, itself at 
an altitude of 14,300 feet. On October 3 they undertook their 
first ascent. The previous day they had resolved to make the 
first attempt, not in the direction chosen by him in 1887, but 
up a large rib of lava which jutted out to the south-east, and 
formed the southern boundary of the deepest of the eroded 
ravines on that sjlde of the mountain. Their simple plan of 
operations, which thev succeeded in carrying out, was to climb 
up this lava-ridge to the snow-line, to begin from its uppermost 
tongue the scramble over the mantle of ice, and endeavour to 
reach by the shortest way I he peak to the south of the mountain, 
which appeared to be the highest point. It was not til 1 half- 
past 7 o*ciock that they reached the crown of that rib of lava 
which had been their goal from the very first, and, panting for 
breath, they began to pick their way oyer the boulders and dibris 
covering the steep incline of the ridge. Every ten minutes they 
had to pause for a few moments to give their lungs and beating 
hearts a short breathing space, for they had now for some time 
been above the height of Mont Blanc, and the increasing rare- 
faction of the atmosphere was making itself gradually felt. At 
an altitude of 17,220 feet they rested for half an hour ; appar- 
ently they had attained an elevation superior to the hignest 
pointy of Mawenzi, which the rays of the mcYning sun were 
painting a ruddy brown. Below them, like so many mole- 
heaps, lay the hillocks rising from the middle of the saddle. A 
few roseate cumulus clouds floated far over the plain, reflecting 
the reddish-brown laterite soil of the steppe ; the lowlands, 
however, were but dimly visible through the haze of rising 
vapour. The ice-cap of Kibo was gleaimng above their heads, 
appearing to be almost within reach. Shortly before 10 o'clock 
they stood at its base, at an elevation of 18,270 feet above sea- 
level. At that point the face of the ice did not ascend, but 
almost immediately afterwards it rose at an angle of 35^ so that, 
without ice-axes, it wofuld have been absolutely impracticable. 
The toilsome work of catting steps in the ice began about half- 
past 10 ; slowly they progressed by the aid of the Alpine rope, 
thi^A brittle and slippery ice necessitating every precaution. 
«Th^ made their way across the crevices of one of the glaciers 


that projected downwards into the valley which they bad tra- 
versed in the early morning, and took a rest under the shadow 
of an extremely steep protuberance of the ice-wall at an altitude 
of 19.000 feet. On recommencing the ascent the difficulty of 
breathing became so pronounced that every fifty paces they had 
to halt for a few seconds, bending their bodies forward and 
gasping for breath. The oxygen of the air amounted there, at 
an elevation of 19,000 feet, to only 40 per cent., and the 
humidity to 15 per cent, of what it was at sea level. No wonder 
that their lungs had such hard work to do. The surface of the 
ice became increasingly corroded ; more and more it took the 
form which Gussfeldt, speaking of Aconcagua, in Chili, called 
nieve penitente. Honeycombed to a depth of over 6 feet, in the 
form of rills, teeth, fissures, and pinnacles, the ice-field presented 
the foot of the mountaineer with difficulties akin to that of a 
“ Karrenfeld.** They frequently broke through as far as their 
breasts, causing their strength to diminish with alarming rapidity. 
And still the highest ridge of ice appeared to be as distant as 
ever. At last, about 2 o'clock, after eleven hours' climb, they 
drew near the summit of the ridge. A few more hasty steps in 
the most eager anticipation, and then the secret of Kibo lay un- 
veiled before them. Taking in the whole of Upper Kibo, the 
precipitous walls of a gigantic crater yawned beneath them. The 
first glance told that the most lofty elevation of Kibo lay to their 
left, on the southern brim of the crater, and consisted of three 
pinnacles of rock rising a few feet above the southern slopes of 
the mantle of ice. They first reached the summit on October 6, 
after passing the night below the limits of the icc, in a spot 
sheltered by overhanging rocks, at an altitude of 15,160 feet, an 
elevation corresponding to that of the summit of Monte Rosa. 
Wrapped up in their skin bags, they sustained with tolerable 
comfort even the minimum temperature of 12® F., experienced 
during the night, and were enabled, about 3 o’clock in the morn- 
ing of October 6, to start with fresh energy on their difficult 
enterprise of climbing the summit } and this time Njaro, the 
spirit of the ice-crowned mountain, was gracious to them — they 
reached their goal. At a quarter to 9 they were already standing 
on the upper edge of the crater, at the spot from which they had 
retraced their steps on October 3. Their further progress, from 
this point to the southern brim of the crater, although not easy, 
did not present any extraordinary difficulty. An hour and a 
half’s further ascent brought them to the foot of the three highest 
pinnacles, which they calmly and systematically climbed one 
after another. Although the state of the atmosphere and the 
physical strain of exertion remained the same as on the previous 
ascent, yet this time they felt far less exhausted, because their 
condition morally was so much more favourable. The central 
pinnacle reached a height of about 19,700 feet, overtopping the 
others by 50 to 60 feet. He was the first to tread, at half- 
past 10 in the morning, the culminating peak. He planted a 
small German flag, which he had brought with him in his knap- 
sack, upon the rugged lava summit, and christened tliat — the 
loftiest spot in Africa — Kaiser Wilhelm’s Peak. After having 
completed the necessary measurements, they were free to devote 
their attention to the crater of Kibo, of which an especially fine 
view was obtainable from Kaiser Wilhelm’s Peak. The diameter 
of the crater measured about 6500 feet, and it sank down some 
600 feet in depth. In the southern portion the walls of lava 
were cither of an ash-grey or reddish-brown colour, and were 
entirely free from ice, descending almost perpendicularly to the 
base of the crater ; and in its northern half the ice slop^ down- 
wards from the upper brim of the crater in terraces, forming blue 
and white galleries of varying steepness. A rounded cone of 
eruption, composed of brown ashes and lava, rose in the northern 
portion of the crater to a height of about 500 feet, which was partly 
covered by the more than usually thick sheet of ice extending 
from the northern brim of the crater.^ The large crater^opened 
westwards in a wide cleft, through which the melting water r^n 
off, and the ice lying upon the western part of the crater and the 
inner walls issued in tne form of a glacier. What a wonderful 
contrast between this icy stream and the former fiery incandes- 
cence of its bed ! And above all this there reif(ned the absolute 
silence of insnimate nature, forming in its majestic simplicity a 
scene of the most impressive grandeur. An indelible impression 
was created in the mind of the traveller to whom it had once been 

G ranted to gase upon a scene like that, and all the more when no 
uman eye had previously b^ld It. And certainly as they sat 
that evening in their little tent# Uditch they finally reached at 
nightfall, after a most arduous return march through the driving 
mist, and carried their thoughts back to the expeditions of 1887 
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and 1888, they would indeed have changed places with no one. 
After giving further details of the expedition, the lecturer said 
that on October 30 they sorrowfully bade farewell to Kilima- 
Njaro, the most beautiful and interesting, as well as the grandest, 
region in the dark continent. At the conclusion of the paper a 
series of photographs illustrative of some features of the expedition 
was exhibited bv lime-light, and explained by Mr. Ravenstein. 
A vote of thanks to Dr. Meyer was proposed by Mr. Joseph 
Thomson, seconded by Mr. Douglas Freshfield, and heartily 
accorded. 


A NEW GREEN VEGETABLE COLOURING 

MATTER.^ 

'T'lIE seeds of the Irichosanthes palmata are inclosed in a 
^ rounded scarlet fruit and embedded in a green bitter pulp. 
The bitter principle has been shown by Mr. D. Hooper to be a 
glucoside differing from colocynthin, and he has named it tricho- 
santhin. The green colouring matter, when freed from the 
trichosanthin and fatty matter, yields a solution closely resem- 
bling a solution of cholorophyll. It is green in thin and red in 
thick layers, and has a red fluorescence. The spectrum, how- 
ever, is very different. Taking the thickness and strength 
yielding the most characteristic, spectrum, it may be described 
thus: — The first band begins (penumbra) at W.L. 654 and 
ends about W.L. 615 ; from this there is a small amount of 
absorption till the second band begins at W.L. 593*4, and con- 
tinues to W.L. 566 '8, with the maximum absorption near the 
less refrangible end ; from this there is no perceptible absorption 
till the third band, which extends from W.L. 548*4 to S34‘8 ; 
there is a fourth band, very faint, with its centre about W.L. 
510*6, and a fifth extending from about W.L. 485 to W.L. 
473*4, Comparing this with the chlorophyll spectrum, it will be 
seen that the first band has its centre almost midway between 
the two chief chlorophyll bands, but that bands III., IV., and 
V. are probably coincident with chlorophyll bands. When the 
trichosanthes colouring matter is treated with ammonia sulphide 
the spectrum is completely changed. The first and most pro- 
minent band slowly decreases in strength and finally disappears, 
two new bands appear in the space between bands I. and II. of 
the original spectrum ; band II. is apparently displaced towards 
the violet end and intensified ; and band IV. is greatly widened. 
Chlorophyll under the same treatment behaves in a totally 
diflerent manner, and the two spectra become almost comple- 
mentary. When, however, the trichosanthes colouring matter 
and chlorophyll are both treated with hydrochloric acid the 
result is very different, for the two spectra have now three bands 
in common. The first band in the trichosanthes spectrum has 
disappeared, and the spectrum is practically reduced to one 
of three bands corresponding in position with bands IT., IIL, 
and IV. of the altered chlorophyll spectrum. Band 1 . of tfie 
chlorophyll spectrum has no representative in the trichosanthes 
spectrum. The conclusions to be derived from a study of these 
spectra seem to be that we have in the trichosanthes colouring 
matter a substance in which the blue chlorophyll ” of Sorby 
or the “green chlorophyll'' of Stokes is replaced by some other 
substance easily decomposed by reducing agents and acids. 
Farther, if we assume with Schunck that the product obtained 
by acting on chlorophyll with hydrochloric acid is the same as 
Fremy's phyllocyanin, this, too, must be a mixture, one con- 
stituent of which is obtained by acting on the trichosanthes 
colouring matter with acid, while the other is, apparently, 
the unaltered substance yielding band I. in the chlorophyll 
spectrum. 


SOCIETIES AND ACADEMIES 

London, 

Royal Society, March 13. — “On the Organization of the 
Fos.dl Plants of the Coal-measures. Part XVII." By William 
Crawford Williamson, LL.D.| F.R.S., Professor of Botany in 
the Owens College, Manchester. 

In 1873 the author described in the Phil. Trans, an inter- 
esting stem of a plant from the Lower Carboniferous beds of 

' Abstracted from a papSr W C* Michle Smith, “On the Absorption 
Spectra of Certain VeeetaMe Colouring Matteri," read before the Royal 
Society of Edinburgh, Match S7t 1890, and communicated by permission of 
the Council. 


Lancashire, under the name of Ly^nodendran OldhamUmi^ 
He also called attention to some petioles of ferns, more fully 
described in 1874, under the name of Rachiopteris aspera^ The 
former of these plants possessed a highly organized, exogenously 
developed xylem zone, whilst the Rachiopteris was only supplied 
with wnat looked like closed bundles. Since the dates Ibferred 
to, a large amount of additional information has been obtained 
respecting both these plants. Structures, either not seen« or at 
Icfast ill- preserved, have now been discovered, throwing f^resh 
light on their affinities ; but most important of all is the proof 
that the Rachiopttris aspera is now completely identified as the 
foliar rachis or petiole of the Lyginddendf on ; hence there is no 
longer room for doubting that, notwithstanding its indisputable 
posseibston of an exogenous vascular zone, the bundles of which 
exhibit both xylem and phloem elements along with medullary 
and phloem rays, it has been a true Fern. Though such 
exogenous developments have now been long known to exist 
amongst the Calamitean and Ly copod iaceous stems, as well an 
in other plants of the Carboniferous strata, we have had no 
evidence until now that the same mode of growth ever occurred 
amongst the Ferns. Now, however, this Cryptogamic family is 
shown to be no longer an exceptional one in this respect. * All 
the three great divisions of the Vascular Cryptogams — the 
Equisetacese, the Lycopodiacese, and the Homoaporous Filices 
of" the primaeval world — exhibited the mode of growth which is 
confined, at the present day, to the Angiospermous plants. A 
further interesting feature of the life of this Ly^inodendron is 

f pen in the history of the development of its conspicuous medulla, 
n several of his previous memoirs, notably in his Part IV., the 
author has demonstrated a peculiarity in the origin of the medulla^ 
of the Sigillarian and Lepidodendroid plants. Instead of being* 
a conspicuous structure in the youngest state of the stems and 
branches of these plants, as it is in the recent Ferns, and as in 
most of the living Angiosperms, few or no traces of it are ob- 
servable in these fossil Lycopodiaceae. In them it develops itself 
in the interior of an apparently solid bundle of tracheae (within 
which doubtless some obscure cellular germs must be hidden), 
but ultimately it becomes a large and conspicuous organ. The 
author has now ascertained that a similar medulla is developed, 
in precisely the same way, within a large vascular bundle 
occupying the centre of the very young twigs of the Lp^ginoden* 
dron. But in this latter plant other phenomena associated with 
this development make its history even yet more clear and 
indisputable than in the case of the Lycopods. The entire 
history of these anomalous developments adds a new chapter to 
our records of the physiology of the vegetable kingdom. 

Further light is also thrown upon the structure of the Heler-- 
angium Grievii^ originally described in the author's memoir, 
Part IV. This plant presents many features in its structure 
suggesting that it too will ultimately prove to be a Fern. The 
specimens described in the above memoir, published in 1873, all 
possessed a' more or less developed exogenous xylem zone. But 
the author has now obtained other, apparently younger examples 
in which no such zone exists. 

He has discovered the stem of a genus of plants {Bcwmanites\ 
hitherto known only by some ftiiits, the detailed organization of 
which was originally described , by him in the Transactions of 
the Literary and Philosophical Society of Manchester, in 1871. 
The structure of this new stem corresponds closely with what is. 
seen in Sphenophyilum and in. some forms of AsUrophylliies 
(Memoir V., Phil. Tran's., 1874, p. 41^0/ soq.). This discovery 
makes an addition to our knowledge of the great Calamarian 
family, to which the |>1ant obviously belongs. 

Further demonstrations are also given by the author, illus- 
trating some^ features in the history of the true Calaimtes. 
Attention is called to the lact that, whilst the large, longitudin- 
ally-grooved and furrowed inorganic casts of the central medullary 
cavities of these plants are extremely common, we never find 
similar casts of the smaller branches. The cause of this is 
demonstrated in the memoir. In these younc; twigs th^ centre 
of the branch is at first occupied by a parenchymatous medulla. 
The centre of this medulla becomes absorbed at a very early age, 
leaving the beginnings of a small fistular cavity In its place ; 
but, if any plastic mud or sand entered this cavity when the 
plant was submerged, the surface of such a cast Would exhibit 
no longitudinal groovings tecause there would be nothing in 
the remaining medullary cells surrounding the cast to produce 
such an effect. It wus only when the /ttrti|er growth of the 
branch was accompanied, by a more complete absorption of the 
remainbg medullaiy cells, causing the cavity thus produced to 
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1}C boun iecl by the inner wedge-shaped angles of the longitudinal 
•vascular bundles constituting the xylem zone, that such an eflfect 
•could be produced. After that change any inorganic substance 
•finding its way into the interior of this cavity had its surface so 
moulded by the wedges as to produce the superficial ridges and 
furrows 80 characteristic of these inorganic casts. 

March 27. — “The Rupture of Steel by Longitudinal Stress.” 
By Chas. A. Carus-Wilson. Communicated by Prof. G. H* 
Darwin, F.R.S. 

This paper gives an account of experiments made with a view 
' to determining the nature of Jthc resistance that has to be over- 
come in order to produce rupture in a steel bar by longitudinal 
stress. 

The stress required to produce rupture is in every case com- 
uted by dividing the load on the specimen at the moment of 
reaking by the contracted area at the fracture measured after 
rupture ; this stress is called the “ true tensile strength ” of the 
material. 

It is well known that any want of uniformity in the distribu- 
tion of tfce stress over the ruptured section causes the bar to 
break .at a lower stress than it would if the stress was uniformly 
distributed. Hence anything that causes want of uniformity is 
prejudicial ; for instance, a groove turned in a cylindrical steel 
bar will prepuce want of uniformity, and will consequently be 
prejudicial, the stress at rupture being lower according as the 
angle of the groove is more acute. The most favourable con- 
dition of test might appear to be that in which a bar of uniform 
section throughout its length was allowed to draw out freely beforet< 
breaking, since in this case the stress must be most uniformly 
•distributed. 

Experiment, however, shows that the plain bar is not always 
the strongest. So long as the want of uniformity of stress is 
•considerable, owing to the groove being cut with a very sharp 
angle, the plain bar is stronger than the grooved bar ; but, if 
the groove be semicircular instead of angular, the grooved bar 
is considerably stronger than the plain, in spite of the fact that 
the stress is more uniformly distributed in the latter. 

It would seem, then, that we can strengthen a bar over any 
given section by adding material above and below it, the change 
in section being gradual ; but such an addition of material 
•cannot strengthen the bar if rupture is caused by a certain in- 
tensity of tensile stress over the ruptured section ; the added 
material cannot increase the resistance of the ruptured section to 
•direct tensile stress, but it can increase the resistance to the 
shearing stress. 

The resistance of a given section of a steel bar do2s not, then, 
depend on its section at right angles to the axis, but on its section 
at 45*^ to the axis, for in that direction the shearing stress is a 
maximum. From this it would seem that the resistance over- 
come at rupture is the resistance of the steel to shear. 

Experiments were made to see whether the resistance of steel 
to direct shearing bore to its resistance to direct tension the ratio 
required by the above theory ; since the greatest shearing stress 
is equal to one-half the longitudinal stress, wc should expect to 
find the resistance to direct shearing equal to one half of the 
resistance to direct tension. 

A series of experiments were made, with the result that the 
ultimate resistance to direct shearing was within, on the average, 

3 per cent, of the half of that to direct tension. 

The appearance of the fracture of steel bars is next discussed. 
It would appear that when the stress is uniformly disturbed in 
the neighbourhood of the ruptured section, the fracture is at 45'' 
to the axis, the bar having sheared along that plane which is a 
plane of least resistance to shear. The tendency to rupture 
along a plane of shear may be masked by a non^niform dis- 
tribution of stress. 

Two plates of photographs are added, showing examples of 
steel bars broken by shearing under longitudinal stress. 

Physical Society, March 21. — Prof. W. E. Aryton, F.R.S., 
President, in the chair.^The following communications were 
read : — The Villari critical points in nickel and iron, by Herbert 
Tomlinson, F.R.S. Villari has shown that the fiermeability of 
iron is increased by longitudinal traction provided the mamet- 
izing force do^ not exceed a certain limit, but beyond this limit 
traction produces a decrease of permeability. The value of the 
force for which traction produces no change in the permea^Uty 
is known as the Villari critical point. As far as the author is 
aware, no previous observer has found a similar critical point for 
nickel, but by confining his attention temporary magnetization 


he has detected such a point with comparative ease. He has 
also examined the variation of the Villari critical points in iron 
and nickel with change of load, and has investigated the 
influence of permanent strain on these poinb. The experiments 
were made by the ballistic method, uslngv wires atiout 400 
diameters long. In each set of observatfons the permeability 
was obtained with various loads, the magnetizing force being 
kept the same, and with each load the circuit was closed and 
opened until the swings on make and break were equal ; this 
swing was taken as a measure of the induction under the given 
load. Several diagrams accompany the paper, in which load 
and percentage change of permeability are plotted, regard being 
had to sign. The author finds that for annealed unstrained iron 
the critical value of the force decreases as the load increases, 
and that the Villari point is much tower for temporary than for 
total magnetization. With a load of 47 kilos oh a 1 mm. wire, 
j the value of the force giving the temporary point was 2*8 C.G.S. 
units. He also found that for a given ms^netizing force there 
are generally two loads which have no effect on the temporary 
magnetization. With unstrained nickel the critical value of the 
force is much greater than in iron, being about 114 C.G.S. units 
for a load of 10 kilos on a wire 0*8 mm. diameter, and 67 for a 
load of. 6 6 kilos. For a force of 21 units no critical point 
exists. Experiments on a permanently strained iron wire show 
that for magnetizing forces ranging from 0*03 to 0*3 there is no 
critical point, and all the resulting curves are identical. There 
is, however, considerable difference in the observations taken 
during loading and those taken on unloading. For greater 
magnetizing forces the curves cease to be identical, and the 
maximum increase of permeability becomes less and less until 
for a certain force the curves begin to cut the load line. As 
the force increases beyond this value the point of cutting ap- 

f >roaches the origin, and the curves begin to cut the load 
inc in two points. Furthei* increase of force to 3 C.G.S. 
units causes the first point to disappear, and the second 
point recedes from the origin. Finally, with sufficiently high 
magnetizing forces the second point cannot be reached before the 
wire breaks, and the curve lies entirely below the load line. 
With nickel the curves for very minute forces, like those of 
iron, are exactly the same for different values of the force, but 
they lie below the load line, i,e. the permeability is diminished 
by loading ; there is no- difference, however, in the loading 
and unloading curves. Beyond a certain value of the force 
the identity of the curves ceases, and that part of the curve 
near the origin Imlges towards the load line. For a force 
a little over 21 C.G.S. units the permeability begins to increase 
with load, and the curve cuts the line in one point, which point re- 
cedes from the origin as the force increases. Mr, Shelford Bidwell 
said that Prof. J. J. Thomson, reasoning from the change of 
length by magnetization, had predicted a Villari point in cobalt 
when compressed, and this was verified experimentally. On 
ap{)|ying similar reasoning to nickel he, (the speaker) did not 
expect to find a Villari point, and both Sir William Thomson 
and Prof. Ewing had searched in vain for one. In some experi- 
ments, not yet completed, he had examined the behaviour of 
nickel, both loaded and unloaded, when subjected to various 
magnetizing forces. These show that the metal always con- 
tracts when magnetized. For no load the contraction at first 
increased with the magnetizing force, but attains a maximum. 
With a moderate load the contraction is less for small forces, but 
for larger forces becomes equal and then exceeds the contrac- 
tion of the unloaded wire. For greater loads the contraction is 
less than when unloaded for all values of the force. — On 
Bertrand's Idiocyclophanous prism by Prof. S. P. Thompson. 
This hitherto undescribed pri.sm is a total refleciion one made 
of calc-spar, which shows to the naked eye the rings and 
crosses such as are seen when a slice of spar is examined^by 
convement light in a polatiscope. The spar is^ cut so that the 
light after the first reflection passes along the optic axis, and after 
a second reflection emerges parallel to the incident light. 'I'he 
rings and brushes are present in pairs, but two pairs may be 
seen by tilting the prism to one side or the other. This was 
demonstrated before the Society. Prof. Thompson also exhibited 
a similar prism cut from quartz. Owing to the feeble double - 
refracting of the subatancet no eonspicuous rings could be seen, 
but when cxamined.by the tr^es of such rings were 

visible. — On the shape of the movisbie coils used in electrical 
measuring instruvbentsi ^ Mr. T, Mather. The object of this 
note is to determine the best shape of the horizontal secrion of 
swinging cotb such as are used -in D'Arsonvat galvanometers. 
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electi^-dynamometers, wattmeters, &c. Assuming constan£ 
l^enod and constant moment of inertia about the axis of rotation, 
it IS shown that for zero instruments, the best shape of the section 
is two circles tangential to the direction of the deflecting field at 
the point about whiqh the coil turns. A table accompanies the 
paper, in which various forms of section are given, together with 
their relative deflecting moments per unit moment of inertia ; 
the coils being taken of equal lengths and the current density 
constant. From this table it appears that ordinary D’Arsonval 
coils only give about 45 per cent, of the maximum deflecting 
moment, and ordinary Siemens’ dynamometers from 40 to 53 
per cent. The various assumptions made in the paper are shown 
to be justifiable in commercial instruments, and the modifications 
necessary in special cases are pointed out. Mr. C. V. Boys 
said he had, when working at his radio-micrometer, arrived at a 
shape similar to that recommended in the paper. lie also 
noticed a peculiar relation true for all shapes where the length 
parallel to the axis of rotation is great compared with the breadth. 
Suppose a coil of any dimensions, then another coil of half the 
breadth and double the length and cross-section will be 
dynamically, electrically, and magnetically the same as the 
original ; for the moment of inertia, the electric resistance, and 
the enclosed magnetic field arc equal. The above relation is 
also true when the breadth is not small, if the cross pieces be 
thickened near the axis so as to make their moment of inertia 
proportional to their length. lie inquired whether the author 
had considered the subject of grading movable coils ; he himself 
was of opinion that, unlike fixed galvanometer coils, the wire 
near the axis should be thicker than that further away. The 
President remarked that in 1881 Prof. Perry and himself ex- 
hibited a wattmeter at the Society of Arts, whose movable coil 
somewhat resembled one of those in the paper, which gave a 
deflecting moment of 95 per cent, of the maximum. In design- 
ing the instrument they had felt that the ordinary method of 
using a comparatively large swinging coil was not the best, and 
this led them to the shape adopted. 

Entomological Society, April 2. — Mr. Frederick DuCane 
I Godman, F.R.S., Vice-President, in the chair. — Mr. Godman 
* announced the death of Dr. J, S. Baly, of Warwick, the well- 
known Coleoplerist, who had been a member of the Society for 
the last forty years. — Dr. Sharp exhibite.d and made remarks 
on a female specimen of Teinuochila quadricoUis^ Reitt., which 
was the subject of a very unusual malformation of the nature 
termed ectromt^lie ” by Lacordaire. — Mr. R. W. Lloyd ex- 
hibited three specimens of ElaUr fomonce^ taken at Brockenhurst 
about the middle of March last. — Colonel Swinhoe exhibited, 
and read notes on, a number of butterflies of the genus EtUhaHa, 
He pointed out that the specimens described as a species by the 
name of Etilhalia sedei'a were only the females of E. halarama, 
— Mr. T. R. Billups exhibited male and female specimens of 
Cecidomyia salicis-siiiqtta^ Walsh, which had just emerged from* 
galls received from Mr. Cockerell, who had collected them on a 
species of sallow in Colorado. He also exhibited three species 
of Ichneumonidse new to Britain, viz. Ichneumon haglundi^ 
Holmgr. ; Phygadeuon rufo-niger^ Bridg. ; and Phygadeuon 
sodalis^ Tasch. — Mr. C. G. Barrett exhibited specimens of 
Pryotropha ohscurclla, Hein, ^xA Doryphora elongclla^ Hein, two 
species of Mic'^o Lepidoptera new to Britain. — Dr. ITiallwitz, 
of Dresden, contributed a paper entitled Notes on some 
species of the genus Hilipus. These notes had reference to a 
paper on the genus Hilipus^ by Mr. F. P. Pascoe, published in 
the Transactions of the Society for 1889. — Mr. E. Meyrick 
read a paper entitled The Classification of the Pyralidina of 
the European Fauna.*’ — Prof. Westwood communicated a paper 
entitled Notes on certain species of Cetoniidfie.** — Mynheer 
P. C. T. Snellen, of Rotterdam, contributed a paper entitled 

A Catalogue of the Pyralidm of Sikkim collected by H. J. 
Elwes and the late-Oito Moller,** and Captain Elwes read notes 
on the foregoing paper as an appendix. Mr. W. L. Distant, 
Colonel Swinhoe, Mr. McLachlan, and Mr. Jacoby took part in 
the discussion which ensued. 

Zoological Society, April i.~Dr. A. Giinther, F.R.S., 
Vice-Presidenr, in the chair.-— The Secretary read a report on 
the additions that had been made to the Society’s Menagerie 
durii^ the month of March 1890 ; and called special attention 
to a mie example of a rare Passerine Bird Utypocolius ampHnm) 
from Karachi, presented to the Society by Mr. W. D. Gumming, 
.Curator of the Museum, Karachi; and to two Mantchurian 


J Cranes (Grus viridirostri$\ presented to the Society by 
' Mr. C. W. Campbell, of H.B. M.’s Consular Service, Corea. 
— Mr. J. H. Gurney, Jun., exhibited and made remarks on a 
hybrid between the Tree-Sparrow (Passer montanus) and the 
House-Sorrow (P. domesHcus^i bred in captivity at Norwich. — 
Mr. W. j3. Tegetmeier, exhibited a specimen of a Greek Par- 
tridge, shot in the Rhone Valley, and of an abnormal Viper.— 
Mr. A. Smith- Woodward exhibited and made remarks on a 
specimen of a Mesozoic Palmoniscid Fish from New South Wales, 
and pointed out that the structure of its pelvic fins seemed to 
confirm the recent opinion that the Palaeoniscidse are related to 
the Acipenseridse and not to the Lepiaosteidoe. The author be- 
lieved the specimen exhibited to be the only one of the kind in 
existence. — Mr. C. M. Woodford made some remarks on the 
fauna of the Solomon Islands ; and exhibited a large number of 
photographs in illustration of his remarks and of his recent ex- 
plorations in these islands. — A communication was read from 
Dr. R. W. Shufeldt, entitled ** Contributions to the Study of 
Heloderma suspectum^^' containing a complete account of the 
osteology and anatomy of this venomous Lizard. A list ^f the 
literature on the subject was added.— Dr. A. Giinther, F.R.g,, 
read the descriptions of new species of Deep-sea Fish from the 
Cape (Lophotes fiski)^ based on a specimen sent to the British 
Museum by the Rev. G. H. R. Fisk. — Mr. Edgar A. Smith, 
read a report on the Marine Molluscan Fauna of the Island of 
St. Helena, based principally on a large series of specimens 
collected by Captain Turton, R.E., and presented to the British 
Mi^eum. — A second paper by Mr. Edgar A. Smith contained 
a report on the Marine Mollusca of Ascension Island. 

Mathematical Society, April 3.— J. J. Walker, F. R.S., 
President, in the chair. — The following communications were 
made : — On the properties of some circles connected with a 
triangle formed by circular arcs, by Mr. Lachlan. — Some pro- 
perties of numbers, by Mr. Christie. — The modular equations 
for// =17, 29, by Mr. R. Russell. Communicated by ProL 
Greenhill, F.R.S. 

Edinburgh. 

Royal Society, March 17. — Sir W. Thomson, President, in 
the chair. — The President read a paper on an accidental illustra- 
tion of the eflective ohmic resistance to a transient electric 
current through an iron bar. — Prof. C. Michie Smith read a 
paper on the absorption spectra of certain vegetable colouring 
matters, the most interesting of which was a green colouring 
matter extracted from the pulp surrounding the seeds tricosanihes 
palmata. This substance is not chlorophyll, but is allied to it. 
— Prof. Smith also described a method of determining surface 
tensions by measurement of ripples. Ripples are set up on the 
surface of the liquid by means of a tuning-fork and the surface 
is then photographed along w*ith a suitable scale. The lengths 
of the ripples can thus be obtained by micrometric measurements 
of the negative. The results obtained for mercury were very 
concordant, and agreed with the mean value obtained by Quincke. 
Strong electrification of the surface was found to reduce the 
value of the surface tension by more than 20 per cent. A few 
measurements of the surface tension of water also gave very fair 
results. — The Hon. Lord M’Laren read a paper on the solution of 
the three-term numerical equation of the «th degree. — The Presi- 
dent read a paper, illustrated by a model, on a mechanism for 
the constitution of ether. 

PA.irs. 

Academy Sciences, April 8.— M. puchartre in the 
chair. — M. Maunce Livy, in a note on ihMries of electricity, 
shows that the formula given in his communication on March 17, 
representing the action between two moving electric particles, 
includes all the theories of electricity yet proposed, and that the 
values of an arbitrary constant required to satisfy each of the 
known theories are none of them competent to explain the move- 
ment of the perihelion of Mercury, whereas the latter is com- 
pletely in accordance with the formula when another suitable 
value is chosen for the constant.— M. R. Lepine, in |t note on 
the normal presence in chyle of a ferment destroying sugar, 
suggests that in the mdority of cases of diabetes the disease ia 
probably due to a dwet In the production of this necessary 
Dody. — Observations of Brooks’s comet (a 1896), made with the 
great equatorial of Bordeaux Observatory, by MM. Rayet, Picart, 
and Courty. Hie comei waa observed on March 30 and 31, and 
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April 2 and 3.— 'Elements and ephemeris of Brooks's comet, by 
M. E. Viennet. Elements have been computed from observa- 
tions at Cambridge, U.S., March 21 ; Kremsmunster, Margh a6 ; 
and Parts, March 3i.-~Ob8ervations of Brooks’s comet, made at 
Paris (Observatory, by Mdlle. D. Klumpke. — Fundamental 
common propertjr of the two kinds of spectra, lines and bands ; 
distinct characteristics of each of the classes ; periodic variations 
to three parameters, by M. H. Deslandres. The facts relating 
to the periodic recnrrence of doubles and triplets in spectra were 
previously given by M. Rydberg, and reduced to some siniple 
laws {Comtes rmtttts, Febpiai^ 24). It was noted that the lines 
corresponding to doubles and triplets are represented by a function 

of whole numbers of the form N = A — , — v --., ; where N is 

the number of waves ; A, a, two constants ; fi a constant less 
than onep and m a whole number. This function has for a limit 

the more simple one N = A — which, when A and a have 

///- 

proper values, represents exactly, as was shown by Balmer, the 
unxcpie series of the simple lines of hydrogen. The author states 
that the distribution of bands is in general more complex, the 
complete series of groups being represented by a function of 
three variable parameters, ///, — N x + 

<^(^) ; where w, and /, are whole numbers ; B, a constant ; ’ 
f and ^ some simple functions the study of which is not com- 
pleted, N is a function of three parameters, but in certain 
spectra it is reduced to two or even one. This distribution 6 b- 
pending on three parameters is a distinct characteristic of a band 
spectrum. — On the suppression of halos in photographic plates, 
by MM. Paul and Pros|^r Henry. A propos of a communication 
by M. Cornu (CompUs rendus, March 17^ the authors note 
that in order to get rid of halos which <^ur around bright 1 
stars on an ordinary photographic plate they cover the > 
backs of plates with collodion containing a small quantity 
of chrysoidine in solution.— Discharge of the two elec- 
tricities by the action of ultra-violet light, by M. Edouard 
Branly. The author has obtained new results hy using the in- 
duction spark as his source of light in place of the electric arc 
wed by previous observers. — On phosphotriroetatungstic acid 
and its derived salts, note by M. E. Pechard. — On a nitroso- 
platinichlonde, by M, M. Vezes. By the action of an excess of 
hydrochloric acid on a concentrated solution of potassium plati* 
nonitrite, a body is obtained of the composition PtC]|(NO},2KCl, 
analogous to but much less stable than the nitrosoruthenichloride, 
RuCl9(NO),2KCl, de^ribed by M. Joly {Comptes rendus^ t. 
evil p. 994). It is distinguished from the platinichloride under 
the microscope by its form and by its action on polarized light. — 
Glycollic nitnle and the direct synthesis of glycollic acid, by M. 
Louis Henry, The nitrile Is formed by the addition of formic 
aldehyde to hydrocyanic acid, HCOH + HCN = CN — CHaOH, 
The glycollic nitrile obtained is a very mobile, odourless, colour- 
less liquid; its density at 12'’ is I’loo, it boils at 759 mm. 

? >ressure at 183* with partial decomposition. By hydrolysis with 
liming hvdrochloric acid, it yields glycollic acid, which may be 
separatea as the calcium salt. This, in the opinion of the 
author, is the best method for the preparation of glycollic acid. 

Stockholm. 

Royal Academy of Sciences, March 13.— On the Inter- ' 
national Zoological Congress in Paris in 1889, by Prof F. A. 
Smitt — A continuation of the Report of the Ornithological Com- 
mittee, by Prof F. A. Smitt — On the results of ti'e recent winter 
expedition for hydrographic researches in Skager Rack, by Prof S. 

O. Pettersson. — Analytical deduction of the equations of the sur- 
flees and lines which are invariants to the generalized sul^tution 
of Poinear^, and some geometrical properties of such invariant 
surfaces and lines, Iw F. de Brun. — On a qiecial class of singular 
surfaces, by T. Fredholm.— On the solution of a system of linear 
resemblances between an infinite number of unknown quantities, 
byH. von Koch.— On a paper by H. Weber, entiUed “Ein 
Beitrag su, Poincare’s Theorie der Fuchs’sehen Functionen,” 
by G. CasseL— On the conform representation of a plane on a 
prism with some correlated problems, fay the same. — Researches 
on mustard-<Hl-aoetic add and on tmohydaotoin, hf Prof 
Klason.— Derivates of 1 1 |dlddomaphtliaIui, by Prof Cleve.— 
On the <7dic system of Ribanoonr, hf Prof Bieklond.— Contri- 
bution to the knowledge of the Asconyoetm of Sureden, fay C. 


StarlMck. — Determination of the optical rotation of some 
resinous derivates, by A. W. Svensson. — Studies on the influence 
of the irritation of the spinal cb<»d and the Jiervas splancbnicus 
on the pressure of the blood with, indnotions of difierent 
frequency and intensity, by J. E. Jobanssbii. 
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THURSDAY, April 24. 1890. 


THE REVISED INSTRUCTIONS TO 
INSPECTORS. 

L ast year it was a matter of considerable complaint 
against the Education Department that the Draft 
Code was presented to Parliament unaccompanied by 
the new instructions to inspectors, without which it 
could neither be satisfactorily interpreted nor adequately 
discussed. No such complaint can be made this year. 
The issue of the new Code, which promises to place 
elementary schools under what is practically a new system 
of regulations, has been followed within a few days by 
a revised edition of the instructions to inspectors, in 
which the changes are correspondingly large. Indeed, 
more than half of the document consists of new matter. 

On the whole, the approbation which has greeted’ Mr. 
Kekewich’s Code may be extended to the instructions 
by which it is explained. So far as we can see, there 
is no shuffling, no attempt to minimise or to alter the 
practical effect of the reforms which arc conceded on 
paper in the Code. 

The main alterations occur in those parts of the instruc- 
tions which are to guide the inspector in awarding the 
Parliamentary grant under the new rlgime. It will be 
remembered that the system of payment on the results 
of individual examination disappears almost completely, 
and is replaced by a grant made up of three parts — a 
** principal grant” of t2s. 6d. or 14s., a grant of ix, 6 </. or 
2s. for discipline and organization, and a payment as 
before on results of examination in the so-called ‘‘ addi- 
tional subjects.” The mode of examination to be adopted 
in future in the elementary subjects on which the “ prin- 
cipal grant ” depends is substantially that already in use 
for “class subjects.” That is to say, there will be a 
collective examination by sample, a certain proportion 
of children out of each class being chosen at random 
for examination by the inspector, the teacher being | 
always invited to add a few of his most forward scholars, i 
so that the school may not be injured by any accident in I 
the selection. Several alternative modes of selection | 
are suggested, and the inspector is expressly asked to 
vary his method from time to time, rather than to adopt 
any uniform plan. Teachers and managers may hear 
the oral examination and see the papers, but they are to j 
be warned that “ it is not by studying past questions, nor j 
by trying to forecast the kind of questions likely to be 
set hereafter, but by teaching the subject with good sense 
and thoroughness that the retirements of the Depart- 
ment will be best fulfilled, and the truest educational 
success achieved.” 

The higher “ principal g^nt ” is not to be awarded unless { 
a high standard of proficiency is reached in all three ele- 
mentary subjects. If the scholars do not reach the 
standard required for the lower “principal grant,” the 
managers are to be warned that next year the grant may 
be discontinued ; and, in all cases where the higher 
grant is not awarded, the points in which the school is 
deficient are to be clearly indicated tp idle managers. 

These regulations, if wisely carried oat, must be a 
great improvement on those under addeh the grant is at 
VoL. XLi.— No. 1069. 


present assessed. The ^d barbarous system, of bleeding 
a bad school to death by diminishing its grant below the 
minimum required for its efficient maintenance will.be 
discontinued. In place of this a school, so long^ as it 
receives anything, will receive enough to enable it to be 
efficient if the teachers and managers are up to their 
work. If such a school fails to reach the required 
standard, though supplied with public aid on as liberal a 
scale as that on which multitudes pf schools do contrive to 
be efficient, it will simply be removed from the list of grant- 
earning schools. This is the rational coarse, if carried out 
i in practice, but very much will depend on the inspector. 

I It is sincerely to-be hoped that the instructions will be 
I carried out in such a way as to ensure that the “ liberal 
! grant now offered to comparatively humble schools shall 
; serve as an aid and stimulus to improvement, and^ot as 
' a pretext for remaining content with a low standard* of 
duty.” 

With the disappearance of payment on individual re- 
sults in the elementary subjects, the necessity for many 
of the minute regulations as to the exact meaning of 
a “pass” in each subject disappears also. But the 
necessity still remains for the inspector to keep in mind 
the standard of an individual pass for such purposes as 
that of the scholar requiring a “ labour pass ” either for 
half-time or whole-time exemption. 

A few modifications are made in the instructions re- 
specting the three elementary subjects. The justice of the 
oft-repeated complaints which have been made of the 
excessive time devoted to English -grammar is recognized, 
not only in the altered regulations for English, but in 
a great reduction in the “ spelling ” requirements. As 
regards reading, it is suggested that a class of older 
scholars should be set to read a passage to themselves 
while another class is being examined, and then be 
questioned as to its matter. Writing will be partly 
tested by examination of school copy-books, not merely 
by a piece of writing executed during the anxious and 
nervous hours of the inspector’s visit. 

But the most important changes bearing on the school 
curriculum — indeed, perhaps, on the whole, the most 
important changes in the whole document — are those 
passages in which an attempt is made to link the in- 
struction of the school to the life of the home. On the 
one hand, the co-operation of the parents is to be expressly 
invited ; on the other hand, their special wants are to be 
more directly consulted. For example, it is pointed out 
that “ in some good schools the aid of the parents has 
been successfully enlisted, and they have been urged to 
hear their children read aloud from a newspaper or from 
a book for a feoominutes at home in every day. The 
amount of oral practice which any one child can obtain 
in a large class is obviously insufficient ; and a little 
home exercise in reading aloud is often found to have an 
excellent effect” On the other hand, the elder girls are 
to be allowed to bring |^m home garments that want 
mending, and,to repair thorn in school under, the teachers’ 
supervision — ^an arrangement which will “connect the 
school-work usefully with the every-day life of the 
scholars.” There are hflits to a similar effect, as in 
the concluding paran^raplia of the instructions, which 
enumerate the waiys itt whitdi, .besides, to the 

requirements of the Code^ a school may seek “ to render 

• * c c 
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service to the children who attend it and to their parents.” 
Taken one by one, the suggestions may seem unimportant ; 
collectively, however, they indicate a policy of ta^ng the 
parents frankly into confidence, and so, if possible, of 
establishing a new link of interest between the parent 
and the school, besides the mere “ cash-nexus ” of the 
school pence, which are destined so soon to disappear. 

Under the head of ** class subjects ” an explanation is 
given of the object of the great changes in Schedule II., 
which, we learn, have been introduced in order to allow 
of greater freedom to teachers of different tastes and 
capacities, and to localities of different industries and 
requirements. “ One good teacher of geog^phy may 
attach special value to physical facts and phenomena ; 
another who lives in a manufacturing or maritime town 
prefers to make commercial and industrial geography and 
the interchange of productions the leading features of 
his lessons.” The same standard is, so far as possible, 
to be kept in view, in estimating the teaching of all the 
various alternative courses ; but, subject to this one con- 
sideration, complete freedom of choice and treatment is 
to be given to teachers and managers. ** In sanctioning 
any modification of the printed schemes it will be 
necessary to have regard to the experience and qualifica- I 
tions of the teacher, and to any special opportunities , 
afforded in the town or district for instruction by a skilled 
demonstrator, who visits several schools in succession, ^ 
or who gives collective lessons at suitable centres.” 

The instructions further confirm the view we expressed i 
when commenting on the Code, that* the policy of the De- j 
partment will be to encourage class teaching at the expense j 
of specific subjects. Those managers and teachers who | 
desire to continue the object-lessons of the infant school 
in due order through all the lower standards, and so to 
lead up to the regular study of natural history or physics 
in the higher, will probably think it better to treat science 
as a class subject than to postpone specific instruction 
until the fifth standard.” 

The recognition of continuity, and the idea of the school 
course as a connected whole, strikes us as a new and 
valuable feature in the instructions. From the infant 
school the child is to be led on through a series of | 
object-lessons to the scientific class-teaching of the upper ^ 
school, and thence in some cases to specific instruction 1 
in the higher standards. But all this is but the beginning. 

** Teachers should not be satisfied unless the instruction 
in specific subjects awakens in the scholar a desire for 
further knowledge, and makes him willing to avail himself 
of such opportunities as are afforded locally by a Science 
Class, a Polytechnic Institute, a course of University Ex- ' 
tension Lectures, a Free Library, or a* Home-Reading 
Circle.” All this is a truism, it may be said ; but it is un- : 
usual language for an official document, and carries us 
forward in imagination to the time, which must come 
sooner or later, when such fragmentary and scattered in- 
stitutions as are here enumerated will take their proper 
place as parts of a great scheme of national education. | 

We fear that the realization of the aims of the Depart- ; 
ment may. be materially impeded if a literal construction | 
is to be placed on the clause providing that the same | 
subject may not be taken both as a ‘'class” and as a 
“specific” subject. Does this restriction merely mean 
that no child is to be present^ in the same subject under 


both heads — an obviously reasonable stipulation — or that 
no children in a school may take as a specific subject any 
branch of study which is taken as a class subject by any 
other children in the school } If the lattet is the case, we 
are informed that, in some cases at least, managers will 
find themselves seriously hampered. 

Provision is made for the assistance of experts in the 
examination of scholars, in cases where the managers 
choose an “additional” subject with which neither the 
inspector nor his assistants are fully conversant. But un- 
fortunately this assistance, which will be given by a 
colleague, on application to the chief inspector, will be 
I confined to the framing of suitable questions, and marking 
I the answers, and hence will be inapplicable to the case of 
' oral examination, in which it is most wanted. 

Those interested in manual instruction will turn with 
interest to the thirty-fifth section, which lays down the 
duties of inspectors with respect to this newly recognized 
branch of instruction. It explains that the difficulty 
which has hitherto prevented the recognition of manual 
instruction as part of the ordinaiy- course of instruction in 
a public elementary school has been removed by the 
alteration in the terms of Art. 12 (/), though how such a 
change in Departmental regulations can alter the sense of 
an Act of Parliament we arc left to conjecture. The in- 
structions suggest such exercises as “modelling, the 
cutting, fixing, and inventing of paper patterns, the form- 
ing of geometrical solids in cardboard, and the use of 
tools and instruments,” which are in use in some foreign 
schools, and are found to be “ not without a useful reflex 
influence on all the ordinary school studies.” The inspector 
is to report on the working of any system of manual in- 
struction which may be adopted, though “ no special 
grant is made ^ ^/lis Department” The words we have 
italicized clearly tend to confirm our impression as to the 
intention of the Science and Art Department to include 
manual instruction in their next Directory. 

It is rather strange that under the head of “ drawing ” no 
reference is made to the change by which in future draw- 
ing will be made compulsory in boys’ schools and optional 
in infant departments. It is true that drawing in ordinary 
schools will, as now, be paid for by the Science and Art 
Department, but power is given by the ne\v Code to Her 
Majesty’s Inspector to exempt schools from the necessity 
of taking the subject where the means of teaching it can- 
not be procured. We should like to know what standard 
the inspector will adopt in using this dispensing power. 
Will the standard be the same in all districts ? 

This is the question to which we return again and again 
after examini n g in detail the various changes in the Code 
and the instructions. Al^wiIl depend on the inspectors. 
What will their action be ? We agree on the whole in 
the praise accorded in the instructions to the “ ability, 
discretion, and fairness with which Her Majesty’s In- 
spectors discharge their arduous duties,” but nevertheless, 
in particular cases, complaints of their action have not been 
wanting. The inspectors have hitherto been burdened with 
an amount of routine work which has to some extent 
hindered them from forming a really intelligent estimate 
of the value of the school work which they have to assess. 
This burden is now lightened, more visits may be paid 
without notice, and thus more intimate knowledge may 
be acquired of the real work of the school. “ It will be 
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largely owing,” we read, “ to your influence if all who are 
concerned with the management of schools habitually 
regard the officers of this Department not merely as 
critics and examiners, but as advisers and helpers, in the 
performance of an important public work.” That is the 
ideal to aim at, though there is a good deal of lee>way to 
make up before it is realized. 


ORANGES IN INDIA. 

The Cultivated Oranges and Lemons of India and Ceylon, 
By E. Bonavia, M.D. Pp. 384, with an Atlas of 259 
Plates 7 inches long by 9 inches broad. (London : 
W. H. Allen, 1890.) 

F or twenty years past Dr. Bonavia has been distin- 
guished in India as a horticulturist. He has been in 
charge of the Horticultural Gardens at Lucknow, where 
he has conducted many valuable experiments. Of late years 
he has tried oranges, and he has also collected information 
concerning oranges from various parts of India. India, 
taken as a whole, is very poorly supplied with fruit ; really 
good mangoes and litchis are nearly everywhere dear, 
and remain in season but a short time. Oranges in 
several parts of India are cheap and excellent ; improve- 
ment in their cultivation and extension in their circulation 
are matters of importance. The book of Dr. Bonavia 
contains his own experiences and notes, which are 
valuable. His second-hand information, which he has 
collected in the fashion of an Indian Secretary to Govern- 
ment or Minister of Agriculture, is of very small value, 
but is certainly superior to many secretarial compilations 
about hemp, jute, cotton, &c. 

The first ninety pages treat of the various groups of 
oranges, lemons, limes, citrons, &c., with their sub- 
varieties ; the next fifty pages treat of their cultivation in 
India ; fifteen pages treat of their uses ; eleven of the 
orange trade in India ; twenty-one of the morphology of 
Citru.s ; forty of the origin of the Citrus and the derivation 
of its Indian names. Then follow 120 pages of appendix, 
containing a miscellaneous collection of “cuttings” 
relating in some way to the subjects in the book, with a 
translation of the chapters relating to Citrus in Rumphius’s 
“ Herbarium Amboinense.” The greater part of this 
appendix appears of small importance ; while Dr. Bonavia 
has by no means exhausted what first-rate authorities 
have written regarding oranges. The atlas of plates 
gives hardly anything but outline drawings of oranges 
and their leaves ; a very small selection of these would 
have served every useful purpose^ 

Dr. Bonavia has summed up for us the conclusions 
of his book under seven heads (p. 245} : — 

, (a) The^pummelo {Citrus decumana, Willd.), is not 
' specifically separable from the orange (C. Aurantium, 
Linn.}. — This is a point of no possible importance, when 
naturalists know no line between a well-marked variety 
and a dubious “ species” j but Lowe (“ FI.‘ Madeira,” p. 73) 
agrees with Dr. Bonavia. 

{b) The sweet orange of Europe (C*. Aurantium, Linn.) 
is a distinct race from the Mandarin orange (C. nobilis, 
Lour.).— -This is correct, and well brought out by Dr. 
Bonavia ; but it is klso done very dearly by Lowe (“ Fh 
Madeira” [1857], pp. 73, 74). 


{c) The India name “ suntara,” for C. nobilis, is not a 
corrupUon merely of Cintra. 

(</) The European words “ lime,” “ lemon,” are prob- 
ably derived from Malay words. 

; (<») Huge forms of Citrus fruit may have risen from a 

fusion of two ovaries [p. 187, “ My view would require 
that the Citrus fruit should have originated in two whorls 
of carpels, the outer or rind-wltqyl and the inner or 
pulp'whorl’^. 

{/ ) The true lime (C acida, Roxb.) has more probably 
descended from C. hystrix, Kurz, than from C. tnedica, 
Linn. 

(^) The juice-vesicles of the Citrus pulp are probably 
homologous with the oil-cells of the rind and leaves, and 
perhaps with the ovules. * 

It will be best to reverently draw a veil over the con- 
clusions (e) and (g) and over the whole chapter on morpho- 
logy. And the other five “ conclusions,” except (b), do 
not conclude anything. The foregoing is Dr. Bonavia’s 
own summary of what he has proved, but he has done 
more than he claims ; his account of his own horticultural 
obsA-vations is of value, and his deductions very generally 
correct. Of these only a few can be given here. 

(i) The Khatta or Kama orange of Upper India pro- 
duces two kinds of fruit on the same tree and on the same 
branch, viz. (i) the regular crop, of smooth oranges, ripe 
at the end of the dry season, and (2) the after crop, of 
grossly-warted oranges, ripe at the beginning of the 
! rains. 

j (2) The European orange (C. Aurantium) is only 
. known in India as a cultivated foreign orange, and is not 
common. It has been probably introduced into India in 
modern times — possibly from the West. 

(3) The C. nobilis is the sweet orange of India ; it has 
! been in India from ancient times, and is possibly in- 
digenous on the north-east frontier. It has only been 
brought to Europe in modern times. The Tangerine 
orange is a small form of it. (This C. nobilis is a more 
slender tree than C. Aurantium/ its oranges are de- 
pressed at the poles ; the rind is very full of large oil- 
glands, and separates easily from the pulp, which lies 
more or less loosely in the rind as in a bag.) 

(4) The pummelo (/.e. Pompel-moes) of India and 
Ceylon is in flavour, structure of carpels, colour of 
pulp, &c., very distinct from the Syrian shaddock, i.e. the 
shaddock of English fruit-shops. 

(5) In the plains of Upper India (Delhi, Lucknow, &c.) 
the Indian orange (C. nobilis) can be successfully culti- 
vated, but reqpires irrigation (well-water being better 
than canal- water);^budding, trenching, shade, special pre- 
paration of the soil by lime or manure, &c. 

Every page of Dr. Bonavia’s book offers opportunity 
of comment: the remaining space here available is 
devoted to the practical subject of the Indian sweet 
orange, C. fwbilis, which we shall call the “ Mandarin,” 
and, for shortness, state first our own beliefs concern- 
ing it. , 

There are (according to Dr. Bonavia) three great 
centres of cultivation of the ** suntara ” in India, viz. (1) 
Sylhet,!'./. South Khasia ;(2) Central India ; (3) Delhi and 
Oudh. From Khasia {Jide Bonavia) about 4000 tons, 
worth a ton, arei ei^rted to Bengal, mainly to 
Calcutta. From Central, ^hdia about 800 tbns go by rail 
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to Bombay. The export, from Delhi is small. Besides 
this many stations have a few orange orchards foi( local 
consijmption — “ a mere nothing.” 

It is evident from this that Khasia is the most im- 
portant orange centce, and unfortunately Dr. Bonavia has 
had to treat this part of the subject second-hand. He 
hardly says anything about the Central Indian cultivation, 
except the remark (p. 127), “ I do not know what the 
composition is of the black soil of the Central Provinces.” 
This soil, which produces such excellent Mandarins, 
everybody knows to be disintegrated trap, i.e. the same 
soil which alone produces them in Khasia. 

Dr. Bonavia spends much space in attempting to show 
that the suntara orange is not a Mandarin ; he maintains 
that the suntara and Mandarin are nearly allied, and 
together form the distinct race (or species) C. nobilis. 
He admits that people in Ceylon and elsewhere will call 
the suntara the Mandarin, but he strongly denies that the 
Mandarin is a suntara ; he may as strongly deny that the ! 
greengage is a plum. The best Khasi oranges run very j 
close on the true Mandarin. The C nobilis now grows 
as if wild from the hills of Southern China, probabl^r to 
Assam (Khasia); it is also scattered along the outer 
Himalaya of Sikkim and Nepal. The centre of this area 
is almost certainly its “ origin.” Dr. Bonavia speaks of 
the Butwal (south of Nepal) orange as the sweetest 
orange in India : he has not tasted from the tree the 
Khasi orange at the end of January, which is considered 
too sweet by many Europeans. The Khasi orange is in 
fact larger than the Butwal ; and for a sweet orange there | 
is no finer in India or elsewhere. | 

Dr. Bonavia lays stress on the fact that the true 
Mandarin is when dead ripe a ** varnished green,” while 
the suntara is “ from orange-yellow to lobster-red ” ; he 
found that the green oranges of Ceylon in travelling to 
Etawah (21 days’ Journey) had turned or were turning 
yellow ; and he decides triumphantly that ” the green 
orange has no locus standi” The fact is otherwise : the 
best Khasi oranges when dead ripe on the tree are an 
intense “varnished green.” Picked somewhat unripe, 
and carried in a native boat (21-30 days) to Calcutta," 
they arrive a dull yellow or turning yellow. And perhaps 
Dr. Bonavia could prove by prolonging the journey that 
their true colour is black. The withered, unripe-picked, j 
dull yellow, mawkish, Calcutta orange is a very different 
thing from the orange ripe on the tree above Chela. 

The Mandarin grows best in steaming valleys just within 
the hills (and above all on disintegrated trap) at an 
elevation of 250-2000 feet : here it grows from seed 
without any trouble. In the plains, the^fruit is worse the 
farther you recede from the hills, and great pains must be 
taken with the culture. Dr. Bonavia was unfortunate in 
having to experiment with the orange at Lucknow ; free- 
trade principles would suggest that the most promising 
plan would be to improve the communications between 
the orange districts and the great centres of consumption. 
It was not the fault, however, of Dr. Bonavia that he had 
to try *to grow oranges where they naturally will not grow. 
But Dr. Bonavia does not seem, with all the extensive 
cuttings in his appendix, to have got from the literature 
the help in his task that he should have got. He 
hazards, for example, a speculation (p. 1 16) that “ the stock 
on Which the Mandarin i^ grafted may have some 


influence ” ; apparently unaware that the regular practice 
is to graft the Tangerine on the common orange, as it 
then becomes a larger tree giving a more certain crop of 
larger fruit. 

Quite apart from the question of oranges, it is well 
worth while to examine in some detail the method of Dr. 
Bonavia in obtaining information about the Khasi orange 
and its results, because it throws a flood of light on 
Indian reports in general. Dr. Bonavia appears to have 
tried three sources of information, viz. (a) a description of 
the orange-groves by Mr. Brownlow, (^) the answers to 
his questions returned by the Deputy- Commissioner of 
Sylhet, (y) similar answers from the Rev. Jerman Jones. 
Dr. Bonavia does not refer to the “ Himalayan Journals ” of 
Sir J. D. Hooker, vol. ii ; nor to Medlicott in Mem. Geol. 
Survey Ind., vol. vii. Art. 3. From these two latter 
sources, a very fair idea of the circumstances of the orange- 
groves of Khasia can be gained. Dr. Bonavia appears 
not to have the wildest notion of the country, climate, or 
soil. 

Turning to Medlicott’s map, we see that there are 
three large valleys (Chela, Umwai, and Sobhar), at the 
south extremity of the Khasi Hills, which are occupied 
by the “ Sylhet trap.” This trap extends in the Chela 
valley from the debouchement of the river at Chela up 
to 2800 feet at the head below Mamloo. This trap 
decomposes into a reddish earth, and there occur soft 
ashy beds very like forms of the Deccan trap. All three 
valleys are excessively steep, the undecomposed trap 
standing in huge masses. The rain-fall varies from 300 
to 500 inches per annum. These valleys are thus rough 
and broken, and full of precipices inaccessible but by 
ladders and ropes. Intensely hot and steamy, and pro- 
tected from winds, they exhibited a richer vegetation to 
Sir Joseph Hooker than he had seen in the Himalaya. 

In the Chela valley, at the present time, the Mandarin 
orange occupies the whole area of the trap. I'he two 
other valleys are less completely occupied. There is also 
an orange-grove on a small trap area a few miles east, 
behind Jynteapore. 

The Khasi cultivation is simple. The pips of the orange 
are raised without difficulty in a damp seed-bed, often in 
a nook shaded by a boulder of trap. A piece of the jungle 
is half cleared {f.e. most of the larger . trees, some o^ the 
smaller) ; and the young orange-trees, 3-5 feet high, are 
stuck out promiscuously in the partial shade left ; the root 
of each is pushed if possible under the heel of a block of 
trap. When the young trees have got hold enough to 
bear the sun, the other half of the jungle is roughly cut. 
The trees require no further labour. The orange-gp’oves 
in the cold weather form a monkeys’ paradise, and it is 
necessary to destroy these. Sometimes two or three 
villages unite, enclose the memkeys, and d»’ive them 
down to an angle of the main stream, where they are 
slaughtered pitilessly. The sight of a single monkey is 
always sufficient to^ exasperate a Tynia man to fury. 

The crop is enomous ; the river at Chela flows some- 
times covered apparently with orafiges. Before the season 
is half over, the pigs.are so surfeited that their oranges 
have to. be peeled for them. The valley has enormously 
increased in vusltli in the last half-century. It is a Khasi 
saying that a in;m here may work for three days and eat ^ 
for a month. 
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Now let us see what Dr. Bonavia says. He has the speci- 
men soil collected by Mr. Brownlow analyzed by a trust- 
worthy chemist, who finds no lime in it. Dr. Bonavia 
argues (p. 94) ** that either Mr. Brownlow took his sample 
from one particular spot, or did not reach the calcareous 
soil.” “ Orange wood requires considerable lime. In 
Chela oranges grow very well ; therefore the soil of Chela 
contains lime. Moreover, it is incredible as the district 
exports lime that no lime detritus is ever washed down 
by the floods which flood the orange-groves of Chela to 
the depth of 6 feet.” 

Nothing can be wider of the mark. Mr. Brownlow 
would have had to go very deep into the Sylhet trap, a 
very hard rock, to get any lime. It is true that there is 
limestone at Mamloo, and that the water that comes down 
has some lime in it — but very little. The floods at Chela 
rise sometimes 66 feet (instead of 6), but they cannot in- 
undate even then much of the orange groves which run 
up to 2000 feet. Perhaps tbe most extraordinary state- 
ment in Mr. Brownlow’s description is that (above Chela) 

“ no vacancies arc left in the planting of the orange-trees.” 
The trap boulders are as big as cottages all over the 
valley. 

We turn to the second source of information — the 
Deputy- Commissioner of Sylhet. P'ifty years ago 
“ Khasia ” was attached to Sylhet, and known as North 
Sylhet ; and the oranges are still known as Sylhet 
oranges. Dr. Bonavia applies, therefore, to the Deputy- 
Commissioner not of the Khasi Hills, but of Sylhet. The 
Deputy-Commissioner cannot possibly leave his own 
Sylhet government and his own station ; but, being a very 
amiable man, he sends Juggaish Babu, Deputy-Magistrate 
of Chunamgunj, to collect the information for Dr. 
Bonavia. This gentleman commences his report, “ I met 
with the greatest difficulty in compiling these statistics. 
The Khasis received my inquiries with suspicion, and 
tried to mislead me as much as possible.” The Khasis 
would doubtless be most hostile to a Bengali Babu from 
Sylhet. But a Bengali Babu is not exactly the man to 
collect scientific information anywhere. Juggaish Babu j 
commences, “ The soil must be sandy.” “ The gardens , 
being situated on river-sides, their soil naturally retains 1 
some moisture even in the dry season. Hence, perhaps, . 
artificial irrigation becomes unnecessary.” How the idea . 
of the possibility of artificially irrigating the Chela valley 
can have occurred to the Babu’s mind is marvellous ; 
unless his report is in reply to some leading question by 
Dr. Bonavia. 

" The garden is never hoed or harrowed before receiving 
the orange plants.” It would not be possible to harrow 
such a country at any season. The Babu finally speaks 
of thejand tenure. He does not mention the fact that 
Chela and its 12 associated villages form a republic under 
the protection of the English Government ; their ad- 
ministrative Government consists of 4 councillors elected 
for four years by universal manhood suffrage. This 
constitution was established half a century ago by a 
Bengal civilian, and is unique. 

. We now turn to the third source of information to Dr. 
Bonavia, viz. the Rev. Jerman Jones, a missionary who 
has been in Khasia more than 25 years, and could have 
told much. But he appears only to have been consulted 
about the names of oranges in Khasi, and he replied that 


the name (for the Khasi Mandarin) is U soh niam-tra ; 
whicl^ Dr. Bonavia writes Usoh niamtra ; and states (p. 
228) that Usoh is the generic Khasi name for oranges. 
[In a footnote, backed up by an appendix, No. 4^, Dr. 
Bonavia carefully and amusingly notes that the word he 
got from the Deputy-Commissioner of Sylhet was santra, 
not niamtra. Dr. Bonavia evidently thinks the testimony 
of a missionary doubtful as against that of a Deputy- 
Commissioner. But the excellenf Deputy-Commissioner 
in question has an extremely limited knowledge of Khasi, 
and would certainly not set himself up against Mr. Jerman 
Jones.] 

Dr. Bonavia having got the word usoh for orange in 
Khasi, goes on to connect it with the Amboina words 
aussi and ussi. He proceeds (in tracing the origin of 
the Mandarin), p. 229 : — 

“ We have here, I think, something tangible to go by. 
The community of the generic name usoh, ussi, or usse 
to the Khasi Hills and the Malay Archipelago indicates, 
&c., &c.” 

•In Appendix No. 58, the affinity of usoh is pushed 
further with the aid of Prof. Dr. T. de Lacouperie. 

Now we come to the smash of the whole. Soh means 
“ fruit ” in Khasi, as see Hooker, “Himalayan Journal,” 
vol. ii. p. 268, in note ; in which language every noun 
must have the article prefixed, and soh being masculine, 
takes the masculine article U. Throughout Khasia, usoh 
so far from being the generic term for orange, would be 
understood to be potatoes. It is probable that, at Chela, 
if an Englishman pointed at a basket of oranges and said 
“ usoh” they would guess which fruit he meant ; but it is 
not Khasi. (Not the least curiosity in this book is that 
Mr. Jerman Jones should say that he had never found a 
Khasi who could offer the remotest suggestion as to the 
derivation or meaning of niam-tra. Some Khasis have 
an explanation ; it might be worth Dr. Bonavia’s while 
to ask Mr. Stevens of Chela, or Mr. Roberts of Nongsow- 
lia, about it before publishing the corrected edition.) 

The sum of the matter is that, if Dr. Bonavia had con- 
fined his book to his own observations and his own part 
of the country, with half a dozen plates showing properly 
the main types of Indian oranges, it would have been a 
handy inexpensive book of 200 pages at most. But, un- 
fortunately, in Indian style. Dr. Bonavia’s ambition has 
been to include all India in his book, to put forward his 
own extremely peculiar views of morphology, and to revel 
in linguistic and ethnological speculations, some of which 
are absolutely bad, and many of which can be but of 
little use. On top of the book thus weighted come the 
120 pages of*appendix, with the final result that the 
work bears a painful resemblance to the ordinary Secret- 
arial Report, though it possesses really an amount of 
original observation and experience which such Reports 
often entirely want. 

In one respect, Dr. Bonavia hardly comes up to tl^e 
Secretarial Report; he spells, on one page, Shalla, 
Mhowmlooj Mostock, though those words were correctly 
spelt Chela, Mamloo, Mousto, as long ago as 1854 by 
Sir J. D. Hooker ; or Dr. Bonavia might have referred 
to the fine map of the. district by Godwin- Austen. 
Similarly, Dr. Bonavia , states (p> 3o)« “The Bengalis 
have no v in their langu|ige.” It is true that in vulgar 
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Bengali the v is often degraded into b — a linguistic of cannibalism. So long as they fought with native 
change that runs from Hebrew to Spanish. B^t Dr. weapons, spears and wooden clubs, the destruction of life 
Bonavia might as well maintain there is no h in English | was not very great ; but the traders have armed them all 
becattse a Cockney pine-grower “ eats is ouses by ot ; vrith Snider rifles and steel tomahawks, the result being 
water.” that entire villages and tribes are sometimes massacred ; 

Turning lastly to the question how far Dr. Bonavia’s and this wholesale destruction, aided by infanticide and 
book assists the cultivation of the orange in India, we other causes, is leading to a steady decrease of the 
may doubt, with every admission of his horticultural population. 


skill and assiduity, whether he is on the right tack. The 
Khasi Mandarin can be grown almost without labour, 
and of a quality that is not likely to be approached by 
any horticultural skill and labour on non-volcanic soil in 
the plains. These oranges are now picked unripe, and 
occupy a month (often more) in reaching Calcutta in a 
nativq boat A fruit-steamer would take them down in 
2 or 3 days from Chattuck to the rail at Goalundo. 
Bombay would surely take many more oranges from 
Nagpore if the railway rates were lowered, and the 
“perishable fruit” accelerated in transit. 

Mr. Medlicott made only a hurried march across the 
Khasi Hills when he laid in his three patches of Sylhet 
trap, and he only visited a very narrow strip of countSy. 
More of this trap certainly exists — perhaps at a low level, 
suitable for oranges ; and the Government Geologist at 
Shillong might, in the cold weather, possibly discover 
some more patches. For the present, however, the known 
area of Sylhet trap is by no means nearly covered with 
oranges, except in the Chela valley, where the boundary 
of the orange-groves coincides very closely with the 
outcrop-line of the trap. C. B. Clarke. 

A NATURALIST AMONG THE HEAD- 
HUNTERS. 

A Naturalist among the Head-hunters. Being an 
Account of Three Visits to the Solomon Islands in the 
years 1886, 1887, and 1888. By Charles Morris Wood- 
ford, F.R.G.S., &c. (London : George Philip and Son 
1890.) 

T ill within the last twenty years the Solomon Islands 
were almost unknown to Europeans, and their inhab- 
itants were considered to be exceptionally uncivilized and 
treacherous. Whatever they may have been originally, 
they were not likely to be improved by their first contact 
with civilization, in the form of chance visits of whalers 
and vessels engaged in the “ labour trade ” — which in its 
early days meant kidnapping and slavery, ofcen leading to 
murder or to wholesale massacres. With such experi- 
ences of the resources of civilization we are not surprised 
to hear from Mr. Woodford that they are “ suspicious of 
strangers,” or that they are “ treacherous 'when they see 
their opportunity ” ; yet the fact that he lived among them 
for several months, often quite alone and unprotected, and 
that Mr. Lar^ Nielsen, a trader, lived on good terms with 
them for ten years, leads us to suppose that, under more 
favourable circumstances, their character might have been 
found to compare not unfavourably with that of the 
Fijians. «There is now, however, no chance for them, as 
they are certainly doomed to speedy extinction. The 
numerous distinct tribes found on each of the islands live 
in a state of chronic warfare, incited by the ordinary 
causes of the quarrels of savages, intensified by a general 
mania for head-hunting and in^ some cases by the habit 


The excellent reproductions of photographs with which 
the book is illustrated show that the Solomon islanders are 
typical Papuans, hardly distinguishable physically from 
those of the western and central portions of New Guinea. 
Their state of civilization appears to be about the same. 
They cultivate the ground assiduously, growing chiefly 
yams, taro, and plantains, and they even terrace whole 
hill-sides for the taro, a stream of water being admitted 
at the top, and conducted down from level to level with 
considerable ingenuity. As domestic animals they keep 
dogs, pigs, and fowls, and they had all these animals when 
first visited by the Spaniards in 1568. The dog Mr. 
Woodford believes to be the dingo of Australia ; the pig 
. the Sus papuensis of New Guinea ; while the fowl was 
no doubt derived from the Malays. They build excellent 
canoes, fifty or sixty feet long, of planks hewn out of solid 
trunks, beautifully fitted together and fastened with rattan. 
Their houses are fairly built and comfortable ; and they 
construct baskets, shields, wooden bowls, and various 
weapons and ornaments, with the usual savage ingenuity. 

Mr. Woodford’s chief occupation in the islands was 
the collection of specimens of natural history, and his 
account of the zoology of the group presents several 
points of interest. It is here we find the eastern limit of 
the marsupials, which are represented by a species of 
' Phalanger hardly distinguishable from one inhabiting 
I New Guinea. Bats are numerous, seventeen species 
being described, of which six are peculiar ; and there are 
four species of native rats, one of which is the largest 
species known. About the two large rats, Mus imperator 
and Mus rex, Mr. Oldfield Thomas, who described them, 
^makes the following interesting remarks : — 

“It is, however, in their relation to each other that 
: their chief interest lies, for they seem to be clearly the 
slightly modified descendants of one single species that, 

! once introduced, has been isolated in Guadalcanar for 
some considerable time, while it has apparently died 
' out elsewhere. Of this original species, some individuals 
would have adopted a terrestrial and others an arboreal 
life, and their respective descendants would have been 
modified accordingly. In this way I would explain the 
fact that at the present time we have in Guadalcanar 
two genuine species, agreqjng with each other in their 
essential structure, and yet separated by a considerable 
number of characters, ml having a more or less direct 
relation to a climbing or non-climbing habit of h/e. Of 
these, of course, by far the most striking are the broad 
foot-pads and the Jong rasp-like probably semi-prehensile 
tail cd Mus rex as compared with the smaller pads and 
short smooth tail of Mus imperator." 

This description well illustrates the fact of the import- 
ance of insular faunas as showing us how species may be 
modified under the least corai^ex and therefore most easily 
understood conditions. On a continent the modification 
to an arboreal mode of life would have brought the species 
into competition with a number of other arboreal organ- 
ismsi nnd would have exposed it to the attacks of a distinct 
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set of enemies, requiring numerous modifications of form, 
structure, and habits, the exact purpose of which we should 
have found it difficult to interpret. But here, where both 
competitors and enemies are at a minimum, we are able 
distinctly to see the few and simple modifications which 
have adapted the species to its changed mode of life. 
We have here, too, a case in which the isolation supposed 
to be essential in the production of new species has been 
■efiected solely by a- change, of habits within the same 
limited area, and it is evident that this mode of isolation 
would be equally effective in the case of a continental as 
of an insular species. 

Lizards, snakes, and frogs are tolerably abundant, and 
the proportion of species peculiar to the islands is in the 
order in which they are here named ; and this also 
indicates the increasing difficulty of transmission across 
an ocean barrier. Birds seem to be fairly abundant, 
parrots and pigeons forming the most conspicuous groups, 
while birds of paradise appear to be absent. Although 
insects decrease in number of species as we go eastward 
from New Guinea, yet two of the grandest of butterflies — 
Ornithoptera Urvilleana and O. Victoria — are found in 
the Solomon Islands, and were among the greatest 
treasures of Mr. Woodford’s collections. The latter 
species was only known by a female specimen obtained 
by Macgillivray, the naturalist to the Herald^ in 1854, till 
Mr. Woodford again found it in 1886, and discovered also 
the beautiful green and black male. Many fine Papilios 
are also found, among them a splendid blue and black 
species allied to the well-known P. Ulysses of the 
Moluccas. Here, as elsewhere in the tropics, some 
striking cases of mimicry occur, three species of Euplaea 
being so closely imitated by three species of Diadema, as 
to be undistinguishable on the wing ; and each pair 
appeared to be confined to a separate island. 

The following is an interesting observation on the 
habits of pigeons : — 

“ The small islands on the reefs are much frequented 
by pigeons. They resort to them during the day, but ^ 
mostly towards sunset, when, at some islands that I know* 
of, the pigeons may be seen arriving by twos and threes, 
or in flocks of ten or a dozen each, to roost on the 
islands, until each tree is crowded with birds. The only 
reason that I can assign for this habit is, that on these 
small islands the pigeons are freer from the attacks of i 
the large monitor lizards that abound on all the large 
islands. I do not consider this at all a satisfactory 
reason, but it is the only one I am able to suggest. 
Certain it is that this habit of the pigeons plays an | 
important part in the distribution of seeds from island to j 
island. On any of these small islands the large seeds of ' 
the Canarium nut tree TOAy be found, after being dis- 
gorged by the pigeons, while young trees in different 
stages Q^growth may often be seen.” 

Mr. Woodford’s explanation of the pigeons’ roosting on 
the small islands appears to be a highly probable one, 
and quite irf accordance with other facts relating to 
this tribe of birds. They are exceptionally abundant in 
tropical archipelagoes, and most so in those where, as in 
the Antilles, the Mascarene group, the Moluccas, and the 
Pacific islands, arboreal carnivorous mammals are very 
scarce or altogether wanting. An analogous fact to that 
noted by Mr. Woodford is, that although the beautiful 
Nicobar pigeon has an enormous range, from the Nicobar 


Islands to New Guinea, it is almost unknown in the 
larger* islands, especially in the western half of its area 
where mammals abound, but is more especially confined 
to the smaller islets and reefs, where it is comparatively 
free from enemies.* 

Although the natives of the Solomon Islands are well 
supplied with Bryant and Ma/s wax vestas in metal 
boxes — the only kind of matches that can be kept in the 
damp atmosphere— they still make fire in the native way, 
by friction, on certain ceremonial occasions, or at other 
times when matches are not forthcoming ; and theit 
method of proceeding is well described by Mr. Woodford. 
It consists in rubbing a hard piece of wood in a groove 
formed on a soft dry piece — the method used in the 
Moluccas and Australia — and he tells us that, tho«gh ia, 
native will usually produce fire in less than a minute, die 
has himself rubbed till his elbows and shoulders have 
ached without ever producing more than smoko. 

The following extract gives .a fair idea of the author's 
style : — 

I It is amusing to see a mere child paddle alongside in 
! a crazy trough of a canoe, only just capable of supporting 
its weight. The water splashes into the canoe at every 
stroke of the paddle, and at intervals the small child 
kicks it overboard with its foot — a novel kind of baler. 
Three or four mouldy-looking yams, ostentatiously dis-. 
played, are rolling about in the water at the bottom of 
the canoe. The unsuspecting stranger takes pity on the 
tender years, and apparent anxiety of the small native 
to trade, and gives him probably four times the proper 
price for his rusty yams. The child eagerly seizes the 
coveted stick of tobacco, and immediately stows it for 
safety through a hole in his ear, where at least it will be 
in no danger of getting wet. He next whisks aside a 
dirty-looking piece of matting that has apparently got 
accidentally jammed in one end of the canoe, and 
displays some more yams, of a slightly better quality 
than the last. For the sake of consistency you cannot 
well offer him less than you did before, and another stick 
of tobacco changes hands, and is transferred to the other 
ear. You think now that he must have finished, as there 
is no place in the canoe to hide anything else, but with a 
dexterous jerk that nearly upsets the canoe ' he produces 
a single yam that he has been sitting upon. How it 
managed to escape notice before is a puzzle. For this he 
demands a pipe, but is not satisfied with the first or 
second that is shown him. No ; he must have a piala 
tinoni or have his yam back. The piala tinoni is a pipe 
with a man's face upon the bowl. But again the young 
trader is particular, it must also have a knob at the 
bottom or he will have none of it.” 

The book is well got up, well illustrated, and very 
pleasantly written. It is full of information as regards 
the natives, th^ scenery, and the natural history of thesd 
little-known but very interesting islands, and can therefore 
be confidently recommended to all who care for books 
of travel in little-known countries. 

A. R. W. 


OUR BOOK .SHELF. 

Recherches sur Ics Tremblements de Terre, ©y Jules 
Girard. (Paris: Ernest Leroux, 1890.) 

The scientific study of earthquake phenomena has of 
late years made great progress, and we are glad to 
welcome a book which 4 >rings together the new matter 

* S*e *' The ArchipelaRO,” p.^ 350. 
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which has hitherto been published only in various Journals 
and Transactions of Societies. The book commences with 
a chapter on ancient traditions, giving a chronological 
table of the more important shocks which have occurred 
since 79 A.D. The second chapter briefly discusses the 
connection between earthquakes and volcanoes, a subject 
of which we have appa,rently a good deal still to leauti. 
Then follow descriptions and illustrations of various 
seismometers and seismographs, including the latest forms 
devised by Profs. Gray and Milne. In this chapter 
there are given several interesting comparisons of earth- 
quake curves automatically recorded by the instruments, 
and curves artificially produced by the application of 
forces of known direction and magnitude. The pro- 
pagation of shocks through land and water, and their 
destructive effects, arc also considered, the latter being 
illustrated by sketches of some of the more remarkable 
^ctures and displacements which have been observed. 
The last chapter summarises the suggestions which have 
been made as to possible connections between earth- 
quakes and astronomical and meteorological phenomena. 
In conclusion, M. Girard points out the necessity for 
continued systematic observations, and enumerates the 
chief points on which further information is required. 

To those who know little or nothing of the subject, 
M. Girard’s little book will form an admirable intro- 
duction ; and to the initiated it will be a handy book of 
reference to its latest developments. 

• Photographie h la Lumiere du Magnesium. By Dr. 

J. M. Eder. Translated by Henry Gauthier- Villars. 

(Paris : Gauthier- Villars and Son, 1890.) 

This is a translation of a very interesting little German 
work on the employment of magnesium light for the 
purposes of photography, and will form a useful addition 
to our photographic literature. The author first gives a 
brief account of the earlier stages of the subject, taking us 
tock to the time when Bunsen and Roscoe, in the year 
1 859, indicated the considerable advantages the light of 
magnesium presented for photo-chemical studies and 
lighting. He then shows how Crookes afterwards 
Employed the light fair photographic purposes 

Amongst the very first attempts of artificial lighting, the 
wire of magnesium was used. It was bdrnt in a specially- 
made lamp, and the light thus produced answered fairly 
well for interiors, but was useless for portrait work, being 
too harsh. The next advance was the employment of a 
mixture consisting of the powder of magnesium, chlorate 
of potassium, and a sulphide of antimony ; the light was 
prt^uced by igpiiting the mixture, which flared up instan- 
taneously. The chief drawback to this method was the 
great precaution that had to be taken during the mixing, 
as the slightest blow caused an explosion. Saltpetre in 
place of potassium was sometimes used so as to lessen 
the chances of explosion. 

The methods described in chapters v. and vi. were 
those which gave the best results. They consisted in 
blowing powdered magnesium through a tube and allow- 
ing this powder to come out at the other <>xtremity into a 
gas or candle flame; the light thus produced was ex- 
tremely actinic, and did not present any danger. The 
lamps of Schirm and Loehr, illustrations of which are 
given in thiese chapters, were on this principle, and gave 
great satisfaction for portraiture, being worked b^ 
means of a pneumatic india-rubber ball. Chapter vii. 
treats of the combustion of magnesium in oxygen, and in 
it is described Piffard’s apparatus for the production of 
this light, which was found to be enormously increased 
by the presence of the oxygen. The remaining chapters 
deal with methods of taking groups by this artificial light ; 
and. there is a very interesting illustration of the pupil of 
the human eye, photographed in a dark room by means 
of the flash light, the exposure of which was so short that 
, the pupil had no* time to contract The book concludes 


with some hints on the precaution necessary to insure 
successful development of the negatives taken by these 
processes, and with a short appendix by M. Alexandre. 


LETTERS TO THE EDITOR. 

[TTt* Editor dots no* hold himself responsihle for opinions ex- 
pressed bp his correspondents. Neither can he undtriake 
to return, sr to correspond with the writers rejected 
numuscriptsintemUd for this or any other part cf Natuxb. 
No notice is taken of anonymous communications.} 


Panmixia. 

But for his statement that I “cannot be sincere,” I should 
not have deemed it nece^^ again to answer Prof. Lankester ; 
anyone who is read in the literature of Darwinism must already 
have perceived that a farther reply on my part is needless. An 
accusation of insincerity, however, ought not to pass unnoticed ; 
and therefore I will ask your more general readers to observe 
the ground on which it has been made. 

In my answer to his original criticism I endeavoured to show 
that Prof. Lankester “ fails to distinguish between the cessation 
and the reversal of selection,” or, more particularly, between 
panmixia and the economy of growth ; and this is the point 
with regard to which insincerity is charged. Yet this is just 
the point — and the only point— in dispute. I have always 
represented that the cessation of selection is per se a cause of 
d^eneration, whether or not it be associated with the economy 
of growth. Prof. Lankester, on the other hand, represented 
that the cessation of selection is not per se a cause of degenera- 
tion ; but merely a “state,” which is precedent to, and contem- 
poraneous with, the economy of growth — the latter being the 
cause, while the former is but a condition to the occurrence of 
this cause. Such, at aiw rate, appeared to me the only meaning 
that could be gathered from his paragraph at the top of p. 488 ; 
and it is now over and over again repeated in his last letter. 
For instance : — “Cessation of selection must be supplemented by 
economy of growth in order to produce the results attributed to 
'panmixia.' And inasmuch as economy of growth as a cause 
of degeneration involves the condition of cessation of selection, 
Mr. Darwin in recognising the one recognised the other. . . . 
It is true that Mr. Darwin did not recognize that such unre- 
strict^ variation must lead to a diminution in size of the varying 
part without the operation of the principle of * economy of growth' 
This was no strange oversight : he would have been in error had 
he done so. .. . The term [' panmixia *], like its correlative 
' cessation of selection,’ does not indicate a principle, but a 
natural condition: it does not involve the inference that a 
dwindling in the size of the organ must result from inter-breed- 
•ing; but simply points to a preeidcnt condition" (p. 559* 
italics mine).^ 

Where, then, is the insincerity in saying that Prof. Lankester 
does not perceive the distinction between the cessation of selec- 
tion and the economy of growth as two totally different rausal 
“ principles ” ? Or what remains for me but to repeat, with all 
sincerity, “ he confounds the * idea ’ of panmixia with that of the 
economy of growth,” and “ fails to perceive the ‘ essence of the 
idea’ in the all-important distinction between selection as with- 
drawn and selection as reversed ” ? 

It is true that at the close of bis last letter Prof. Lankester 
admits, “ when we consider shape and structure, and not merely 
size, it is clear that panmixia without economy of growth would 
lead to a complete loss of that complex adjustment of piurts 
which many organs exhibit, and consequently to degeneration 
without loss of bulk.” But how was it possible 4 o sumuse from 
his first letter that he had in his mind such reservations os to 
“shape ” and “structure ? ” Or, indeed, how is it possiUe to 
reconcile such reservations with the passages above quoted from 
his last letter, to the effect that the cessation of selection is “ not 
a principle at all,” but merely “ a condition which alone cannot 
produce any important result”? Are -we -to conclude that in 
Prof. lankesteris opinion neither “ a complete loss of complex 


• I may remark that the tarsa '* cessation of selection ” is not the “ cor- 
relative,*' but the tynonym of the term '* panmixm." And 1 mayfturther 
remark that the term ^revenal of. selection Is not, as Prof. Lankester 
supposes, the synonym of the term *' economy of growth" Economy or 
growth, where useless siractatfS are concerned, may determiqa a reversal or 
selection : but the reversal of ieleedoa may' also be determined by many 
other causes and condkions. wUch arS equally potent-or even very piuch 
more potent— in this respect. 
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adjustment/’ nor any amount of change as to shape/’ deserves 
to be regarded as any important result ” ? Must we not rather 
conclude that when he first wrote upon **the state of panmixia/’ 
he had not sufficiently considered the subject ; and» in now 
endeavouring to trim, ends by contradicting himself? 

The only issue being as to whether panmixia is itself a cause, 
or merely the precedent condition to the occurrence of a totally 
different cause, nothing more remains to be said. As a result 
of his further consideration, Prof. Lankester now admits ** it is 
clear” that, ** without economy of growth,” panmixia is a cause 
of degeneration where ** shape ’’ and structure ” are concerned. 
And, when he considers the matter a little more, he will doubt- 
less perceive the contradiction in saying that, where degeneration 
as to size” is concerned, *Mt is absurd to attribute the result, 
or any proportion of it, to the panmixia or cessation of selection 
alone.” Variations round an average mean occur in ^‘size” or 
“bulk,” just as they do in “shape” and “structure”: there- 
fore, if on this account panmixia is conceded to be a true cause 
of degeneration as regards the latter, it must likewise be so as 
regards the former. The fact that in the former case— as I 
showed in 1874 — it must always be more or less associated with 
the economy of growth, is no proof that it then loses its due 
“proportion” of causal agency; while, with the now single 
exception of Prof. Lankester, everyone who has since written 
upon this “principle” takes the same view as I did— viz. that 
the phenomena of “ dwindling ” in our own domesticated ani- 
mals furnish as good evidence of the operation of panmixia as 
is furnished by the other forms of degeneration to which he now 
alludes. Therefore, if he really believes it is in this case “ absurd 
to attribute the result, or any proportion of it, to the panmixia,” he 
becomes opposed, not only to me, but to Gallon, to Weismann, 
to Poulton, and to everybody else who has ever considered the 
subject. In short, it is now a matter of general recognition 
that what he calls my “ unreal separation between * cessation of 
selection * and * reversal of selection,' ” is a separation so funda- 
mentally real, that it is the means — and the only means— of 
abolishing the evidence of Lamarckian factors where this once 
appeared to be most conclusive ; seeing that “ with highly-fed 
domesticated animals there seems to be no economy of groivtk^ nor 
any tendency to the elimination of superjluons details ^ 

April 19. George J, Romanes. 

In Nature of April 3 (p. 511) Mr. Herbert Spencer suggests 
an interesting subject for discussion on the effects of use and 
disuse of organs, asking for an explanation on the theory of 
panmixia of the well-known tendency of domesticated animals to 
droop the ears. Many of the ruminants in a wild state have their 
ears set on horizontally with an inclination to droop ; for 
instance, the gnu, sable, antelope, zebu, gaur (Central India), 
Cape buffalo, &c. The American bison has completely drooping 
ears;, there is also at the Natural History Museum, Soifth 
Kensington, in Case 57, a specimen of a smooth-haired 
sheep from Turkey in Asia, Ovis aries^ which has dependent 
ears. Pathologically, though as yet not physiologically proved, 
the discussion of the transmission of acquired characters possesses 
a deep interest. 

Evolution seems impossible without variation, and until the 
latter can be explained on other grounds than those of the^ in- 
heritance of accumulated minute changes in character acquired 
through aces of slowly va^ing climate and conditions ot life, 
preserved by natural selection, this transmission would seem a 
reasonable conclusion so lone as the characters acquired were 
of service to the inheritor in the struggle for existence. 

Though Weismann disbelieves most of the evidence Darwin 
collected on heredity, and doubts the possibility of the com- 
munidfltion of external influences by the somatic cells to the | 
germ cell, he suggests no other hypothesis to account for the 
phenomena of change, beyond the vague expression “ predis- 
position of the germ-plasm.” R. liAiG Thomas. 

April 5. 

‘ Darwin, “ Variation. il. p. 289. ''I^eelng the im^rtance of “the 
idea of nanmixia ** in this connection, 1 must still be permitted to r^ard it 
“unfortunate** that it was not present to Mr» Darwin's mind before the 
publication of his last edition of the “Origin of Species.*' But this does 
not mean, as Prof* Lankester ** affects 10 suppose," that I regard the un- 
fortunate nature of such a circumstance as due to the fact that 1 happened 
to be the first who perceived it. One cen only assign so petty a form of 
"fim/fienwr** to the same argumentative level as ** pointing out the ov^« 
sight ** that in my first letter I " omitted to .credit Mr. Darwin with the 
recpgnitiod of the ecoilomy of growth.** Prof. Lankester has committM 
^ut as grave an oversight in nb own letter, by omitting to credit Mr. 
Darwin with the reeognidon of natural selection. 


The Rollers ” of Ascension and St. Helena. 

Yd>u probably know that the United States Scientific Expedi- 
tion under Prof. Todd has had occasion to stop here during the 
past two weeks. I have resided during this time conrinuously 
at the signal station on Cross Hill (altitude 870 feet), studying 
the clouds and winds with many important results. I have had 
an excellent opportunity to observe the “rollers” for which 
Ascension and St. Helena are famous, and I have been able to 
demonstrate convincingly to myself their nature and origin. I 
should be obliged to anyone whq will tell me whether my 
following views have perhaps been arrived at by previous 
observers. 

The south-east trade blows with very various intensities over 
different parts of the South Atlantic, and the regions of light 
trade, no trade, fresh and strong trade, vary from day to day, as 
shown by comparing the logs of vessels. A limited region of 
strong south-east trade is a region whence spreads in all directions 
the corresponding strong south-east swell of the ocean surface — 
very distant stoim winds or very near regions of high ft>uth-east 
winds produce similar results on the ocean swell : the locality of 
these winds will determine whether any point shall be experienc- 
ing a light or heavy swell. What causes the variations in the 
south-east trades, and in what direction the regions of strong 
trade move, are questions for further study. M3r present data 
would show that these latter regions move against the trade 
winds, i.e. from Ascension towards St. Helena, but there need 
dm no uniformity in this respect. 

Now if a south-east swell surrounds such an island as Ascension 
it is not directly felt on the lee side, but the long rectilinear 
swells, that advance faster in deep than in shoal water, are seen 
from my elevated station to assume the new curved shapes that 
result from the retardations on the shoals. So that finally in 
typical cases we have off the lee of the island a series of cross- 
ing and interfering swells producing at one point a quiet spot, at 
the next a double swell and great breakers. 

The rollers are a magnificent example of deflection by shoals, 
and of interference and of composition of waves. Their severity 
at St. Helena and Ascension is apparently due to the proportions 
of the dimensions of the swell to that of the islands, just as^ in 
the interference phenomena of sound and light everything 
depends on the size of obstacle and length of wave. I have a 
number of measures that will, I hope, enable me in the future 
to give more accurate details, but for the present I can only 
inquire as to the bibliography of the subject. The correct 
explanation of the rollers, and of the swell on the W«t African 
coast, will undoubtedly lead us to further steps in marine 
meteorology. Cleveland Abbe. 

U.S.S. Pensacola^ Ascension, April 2. 

Self-Colonization of the Coco-nut Palm. 

With reference to Mr. Hemsley’s note on this subject to 
Nature (p. 537), I regret to have to inform him that the two 
young palms found on Falcon Island were placed there by a 
Tongan chief of Namuka, who, in 1887, had the curiosity^ to 
visit the newly-bom island, and took some coco-nuts with him. 
This information I received from Commander Oldham, who had 
been much interested at finding these sprouting nuts at some 12 
feet above sea-level and well in from the shore of the island, but 
who found out the unexpected facts in time to save me from 
making a speculation somewhat similar to Mr. Hemsley’s, 

W. J. L. Wharton. 

Nesaler'a Ammonia Teat as a Micro-chemical 
Reagent for Tannin. 

In most cases the presence of tannin is immediately shown by 
all the ordinary reagents used by the botanist for its discovery. 
This does not happen sometimes, however ; as, for instance, in 
the tannin-cells found in the epidermis on the dorsal side of the 
leaves of some plants* As a good typical example the common 
primrose may oe cited. Of all the ordinary tests, including 
iron salts, potassium bichromate, Moll’s test (copper acetate and 
iron acetate), ammonium molybdate, and osmic acid in i per 
cent, solution, the latter alone acts immediately upon the 
tannin in the primrose leaf's epidermis. It may hence be worth 
while recording the discoveiy of a second reagent capable of 
acting rapidly and effectively ; and one which is easily made an4, 
will keep for soma time should bc^ especially valuable Such a’ 
reagent is Nessler’s test for ammonia. 
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Nessler’s test is made, as all the world knows, by saturating a 
solution of potassium iodide with mercuric iodide, and adding 
an excess of caustic potash. Ammonia gives with this a rc(Mish 
precipitate ; tannin a brown, and when in considerable quantity 
a deep Clack one ; but if little tannin be present, the brown may 
tend towards purple. It goes without saying that much experiment 
must be undertaken before one can be sure of the substance 
giving the brown precipitate being really tannin. To be con- 
clusive, such experiment should be carried out in four different 
directions : — 

(1) The reaction ought te> be given in all cases when the 
ordinary reagents make their presence immediately felt. 

(2) Cells which will not immediately give the tannin reaction 
with ordinary tests, but which will do so with Nessler's test, 
must also do so underthe former conditions if time be allowed. 

(3) Tissues which will not yield the reaction with Nesslcr^s 
test, must not give it with any other reagent even after the lapse 
of some time. 

(4) Sr^lutions of tannin must give a brown precipitate with 
Ncssler's test. 

Under the first of these headings may be mentioned growing 
shoots of the garden rose. On laying a radial longitudinal or a 
tangential section of this in Nessler’s fluid a copious black-brown 
precipitate is obtained, and the same thing occurs with the 
beautiful tannin-sacs of Afusa sapient tan. In all other instances 
where tannin has betrayed its presence by the use of ordinary 
reagents, the brown colour has been obtained upon treatment 
with Nessler’s test. • 

The primrose leaf may be again cited as an example of the 
time sometimes necessary to show up tannin with the usual 
reageiTts, of which it must heresuflice to particularize ammonium 
molybdate. On laying in the molybdate a small piece of epidermis 
torn off the lower side of the leaf, one first sees a cell here and 
there coloured the characteristic and beautiful yellow given by 
this test ; these coloured cells are usually situated among the 
^elongated more or less rectangular cells overlying the vascular 
bundles. Re-examination after half an hour or so shows 
several more of the cells similarly coloured, but it is usually not 
till after a couple of hours that one can safely declare all 
the tannin-containing cells to have been stained. With variations 
in respect of time, and with the sole exception of osmic acid, all 
the other tests act in precisely the same way ; even Moll’s, pre- 
ferred to all others by some of our Continental confreres, being 
as unsatisfactory as the rest. But sooner or later its charac- 
teristic colour is imparted to these cells by every reagent, thus 
proving tannin to be present. 

For the negative experiment — the absence of the brown colour 
from tissues treated with Nessler’s fluid, and its absence from the 
same tis-^ues when acted upon by ordinary tannin reagents — re- 
course w'as again had to epidermis. The experiment succeeded 
in all cases : among these may be cited Fatsia japonica^ wall- 
flower, box, Stellaria media^ and Pelargonium zonale. In none 
of these did tannin show up, although twenty-four hours were 
allowed to elapse before the preparations were destroyed. 

Lastly, Ne.ssler’s fluid gives a rich brown precipitate with solu- 
tions of tannin. Moreover, with gallic acid a grey-green one is 
thrown down, thus affording an easy means of distinguishing 
between these bodies. 

For these reasons, therefore, viz. the rapidity, certainty, and 
distinctness of its action ; the ease with which it can be made ; 
its permanence when made ; and lastly, the difference in its be- 
haviour towards tannin and towards gallic acid — for these reasons 
I am bold enough to , anticipate the time when, to adapt a 
hackneyed expression, Nessler s fluid will be regarded as a reagent 
which no botanical laboratory should be without.^ 

Spenckr Moore. 


The Moon in London. 

Some years ago a weekly paper represented a young rustic 
asking his mother, ** Be that the same moon they have up to 
Lunnon?” to which question the mother evasively replied, 
“You leaver the moon alone and go to bed.” The boy was 
satisfied hy rcioriing, “I baint a touching on it.” But his 
question is this month bro^ht once more to the front by the 
following passage, which will be found in one of our most im- 
portant monthly magazines. “ But if,” says the writer, “there 
IS an abuse of the deductive method of reasoning, there is 
an abuse of the inductive method. One who refused to believe 
4 hat a new moon wpuld in a month become full, and, disre- 


garding observations accumulated throughout the past, insisted 
on watching the successive phases before he w^as convinced, 
would be considered inductive in an irrational degree.” We 
cannot, of course, presume to dictate to or for the moon “up 
to Lunnon,” but here in the country the new moon becomes full 
in half a month, and we have convinced ourselves by watching 
the successive phases that a new moon will in a month become 
a new moon again. Nevertheless we willingly admit that life is 
far too short and too encumbered to allow of any man’s repeat- 
ing more than a small fraction of the accumulated observations 
on which his scientific beliefs are founded. Yet, on the other 
hand, taking things for granted is probably the source of nine- 
tentbs of the errors that fill our minds, while the men of genius 
seem to be just those who know best what and how to observe 
for themselves, and how much to trust in the observations of 
others. T. R. R. Stebuing. 

Tunbridge Wells. 

Foreign Substances attached to Crabs. 

There is, of course, no analogy between whiffing for 
mackerel with red flannel, and fishing for cod on the bottom 
with any kind of bait. 

If Actinians are offensive to fish, it is a singular fact that, 
when a cod-line is baited with mussels, herring, sand-eels, and 
anemones (viz. 7\ crassirorms and A, mesembryanthemum)y the 
latter prove hy far the most successful baits. 

Impalement on a hook by no means kills an anemone, whose 
powers of offence are, perhaps, little lessened thereby ; and 
under natural conditions the tentacles are not always expanded. 
Though the full-grown cod does not affect the tidal waters of 
the coast, yet the “rock” cod, by no means the youngest of its 
species, ventures close inshore ; and the largest cod abound 
amongst the tidal waters of the Bell Rock. 

The cnidae of an anemone seem very efficient weapons against 
a soft-skinned Cephalopod, but they are not necessarily so 
against a tough-skinned fish. 

Prof. McIntosh, in the work referred to in a previous letter, 
records Tealia and Pcachia from the stomach of the cod, and 
Edwardsia (in swarms) from that of the flounder. He also in- 
forms me that he has found Stomphia in the stomach of the cod. 

I may add that the practice of baiting here with anemones is 
much more recent than the work referred to. 

Of all British Ccelenterates, Cyamra is, perhaps, the most 
deadly ; yet many trustworthy observers have found young cod 
sheltering themselves beneath its umbrella — a fact which seems 
to indicate that they hold its stinging powers in some contempt ; 
and Dr. Collingwood, in “ A Naturalist’s Rambles in the 
China Seas” (p. 150), has recorded the discovery of an immense 
fish-sheltering anemone. Ernest W. L. Holt. 

St. Andrews Marine Laboratory. 

The Relative Prevalence of North-east and South-west 

Winds. 

In a note at p. 470 (Nature, March 20), attention is drawn 
to the statement by Mr. Prince contained in his meteorological 
summary of observations taken at Crow borough, Sussex, in 
1889, concerning the greater prevalence of north-east as com- 
pared with south-west winds which he finds to exist in recent 
years. The writer of the note mentions that this is not borne 
out by the Greenwich observations, but some definite statistics 
as regards Greenwich, and distinct comparison with the Crow- 
borough numbers, may perhaps not be unacceptable to your 
meteorological readers. 

Mr. Prince remarks that in previous years he finds only two 
years in which north-east winds have been in excess of^outh- 
west. In the first, 1864, the days of north-east wind were 104, 
of south-west wind 89; in the second instance, 1870, the days 
of north-east wind were 107, of south-west wind 88. The 
corresponding Greenwich numbers were, in 1864, 43 and 108 ; 
and in 1870, 65 and 96. 

On the average of the years 1859 to 1883 Mr. Prince gives 
north-east wind on 63 days, south-west wind on 99 days. The 
corresponding Greenwich values are 43 and 111 res^ctively. 
For the years 1885 to 1889 he gives the average frequency of 
different winds as follows, to which I have added the values for 
Greenwich. C. indicates Crowborougb, and G. Greenwich. 

N. N.E. E. S.B. S. S.W. W. N.W. Calm. 

C. 41 102 21 22 3ft 72 50 17 — days. 

G. 49 52 35 23 37 100 40 19 10 days. • 
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He further gives the averages for 47 years, to which I have 
added those for Greenwich for 49 years. 

N. N.E. E. S.E. S, &W. W. N W. Calm. 

(47 y.) 33 63 29 27 28 91 59 35 ~ days. 

G. (49 y-) 40 45 27 22 35 »o6 46 22 22 days. 

The Greenwich values are determined from numbers derived 
from the records of the self-registering Osier anemometer of the 
Royal Observatory as given in the annual' Greenwich volumes. 
The preponderance of south-west wind over north-east seems to 
have b^n, throughout, less at Crowborough than at Greenwich. 
But it is only in recent years that the dilTerence has become so 
pronounced, the Crowborough numbers for each year 1885 to 
1889 being largely in excess for north-east wind, whilst the 
Greenwich numbers are greatly in excess for south-west, as in 
former years. At Greenwich during the first 24 years of the 
49 years series, the average number of days of north-east wind 
was 46, of south-west wind 107 ; during the last 25 years, of 
north-east wind 44, of south-west wind l<5». 

It would be very interesting if a similar comparison could be 
made with some other station in the south of England. 

Greenwich, April i6. William Ellis. 

Science at Eton. 

In the Jllust rated London Neivs for March 29 I find an 
account (with iilu.stration) of an astronomical lecture at Eton. 
It appears that the scholars “ were allowed ” to listen the other 
day, in the new lecture-room, to a lecture by Major-General A. 
W. Drayson, R.A., on the .second rotation of the earth and its 
effects. 

General Drayson has written some books on this subject which 
possibly no one has answered, for the simple reason that they 
answer themselves ; but it seems now, that he is permitted, 
under the auspices of their teachers, to urge his paradoxes on 
the students of our largest public school. 

Is Eton without any science teacher? or is the so-called 
teacher incapable of preventing absurdities being put forward 
with authority ? Are the lecture-rooms of Eton College open to 
''Parallax " and the circic-squarers ? J. F. Tennant. 


MODIG/.IANJ’S EXPI.ORATION OF NIAS 
ISLAND. 

OUT two years ago, on his return to Florence, I 
gave a brief account of Dr. Elio Modigliani’s 
very successful and interesting exploration of Pulo Nias 
(Nature, vol. xxxv. p. 342). We nave now before us the 
general results of that exploration, embodied in a por(jy 
volume most elegantly got up, rich in maps and illustra- 
tions, and, what is better, full of interesting facts, care- 
fully collated notices, and well pondered and carefully 
drawn deductions ; in short, one of the best books of its 
kind.^ 

Judging from what he has done. Dr. Modigliani is 
evidently made of the stuff which produces the best ex- 
plorers. Resolute and persevering, moved by what we in 
Italy call /7 fuoco sacro, ever ready to put up with priva- 
tions of all kinds, although accustomed to a very different 
sort of life, a quick and keen observer, he has indeed 
done wonders ; and considering that he has not had the 
advantage of any special training in natural science, he 
has sliown himself to be a good geographer and ethno- 
logist, and a clever naturalist. 

Dr.. Modigliani’s choice of the island of Nias as the 
field of his explorations was a singularly happy one, in 
which he was guided by no less a man than Odoardo 
Beccari. Few indeed of the hundreds of islands oCthat 
wonderland, the Malayan Archipelago, present such an 
accumulation of interesting problems as N ias. Lying off 
the ocean seaboard of Sumatra, and partaking naturally 
of the characteristic features of its big neighbour, it has 
a flora and fauna with a remarkable number of special 

' EUo Modigliani, “ ( 7 n Viaggio a Mfaa.” Illustrato da 19s inciaioni, 
?? «•»*« a parte o 4 carte geograAche. Pp. xv.-raS. (Milano ; 

Frtitelli Trevei, 1890.) 


characteristics, whilst its human inhabitants show strange 
affinities with people of other races and of distant lands. 

f shall now endeavour to give a concise account of Dr. • 
Modigliani's exploration of Nias, and of the results he' 
obtained, as given in his book. Dr. Modigliani left Italy^ 
at the end of 1885 ; he paid a rapid visit to India, crossing 
overland from Bombay to Calcutta, vid Delhi and Agra,, 
and visiting Darjiling ; he touched at Rangoon, and after 
a short stay at Singapore and a lengthened one in Java, 
where at Batavia and Buitenzorg he prepared his local 
equipment, and engaged Javanese hunters and collectors, 
he reached Siboga, Sumatra, early in spring, 1886. Thence 
he started for Gunong Sitoli, the only civilized port of 
Nias, on one of the Dutch Government Kruis boats on 
April 14. Dr. Modigliani spent five months on the 
island, which he left in the middle of September. On his 
way back to Italy he completed the tour of Sumatra, 
touching at Kota Rajah and Olelek (Achcen)J visited 
Singapore again, touched at Colombo, and crossed India 
a second time from Madras to Calicut, visiting the 
Todas and some of the hill tribes of Southern India, 
which had a special interest for him in his researches on 
the origin and affinities of the people of Nias. Dr. 
Modigliani brought back with him from Nias extensive 
nd important collections — ethnological, zoological, and 
otanical — and whilst these were being studied by 
specialists, he actively set to work arranging and 
sorting his notes and the material for his book. Under- 
taking to deal with all the ethnological* part himself, he 
visited the more important ethnographical museums 
of Europe, and even the minor ones where he knew that 
specimens from Nias were to be seen. To complete his 
historical and geographical researches regarding Nias, 
Dr. Modigliani paid a lengthy visit to Holland, working 
in the Libraries and Government Archives at the Hague 
and Leyden. I, who have had many opportunities of 
observing and admiring his untiring energy and activity, 
could hardly feel surprised, on reading his book, to find 
it so full of information and so excellently well done. 

Dr. Modigliani has divided his work on Nias into two 
parts. The first contains three chapters, and is entirely 
introductory and historical ; the second, in twenty-three 
chapters, with appendices and bibliography, contains the 
narrative of his sojourn in Nias, and his own personal 
observations and studies on men and things in that island. 

I have little to say on the first part of Dr. Modigliani’s 
book except that it embodies the results of much erudition 
and careful and patient collation. From the earliest semi- 
fabulous notices of Al-Neyan, El-binan, Neya, Niha, 
Nia, in ancient Arabic and Persian manuscripts, we are 
brought to European intercourse with Tano Niha, as the 
natives call their island, and thence on through the 
modern vicissitudes of Dutch domination, which to this 
day is little more than nominal, except at Gunong Sitoli 
and in the northern portion of the island, where, however, 
German missionaries appear to have done more to spread 
the influence of civilization than the colonial authorities. 

Part 11 . occupies by far the greater portion of 
Modiglt«jii’s« bulky volume. After telling us how he 
travelled to Nias from Siboga — an adventurous crossing 
with a Malayan crew, a bad boat, and dirty weather — 
Dr. Modigliani devotes a chapter to the geography, 
meteorology, and geology of Nias. The island is hilly, 
but can hardly be called mountainous. A notable feature 
is the frequency of earthquakes, easily explained by the 
proximity of the volcanic chain of Sumatra. Rivers and 
watercourses are numerous, but few are of notable size. 
Geologically. Nias is evidently of recent formation ; a 
collection of rock samples brought together by Dr. 
Modigliani might have shed much light on this interesting 
subject, but it was unfortunately lost. Madreporic lime- 
stone and clams {Jl'ridacnd) were noted on the hill-tops; 
true lignite has, however, been found in various parts. 'The - 
Dutch colonial authorities deserve mpeh praise for their 
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widely-spread and efficiently organized service of meteoro- 
logical observations ; even in the less important stations 
these are regularly recorded, and this has been the case 
for a long series of years at Gunong Sitoli. This is at 
present the residence of the Dutch civil and military 
authorities in Nias; the principal magistrate is a Con- 
troleur, who, with the officer in command of the native 
garrison, the medical officer, and the missionaries and 
their wives, form the sum-total of the European residents 
at Nias. Gunong Sitoli is mostly peopled with Malays, 
Klings, and Chinamen, tKe trade of the island being 
chiefly in the hands of the latter. Here, overcoming not 
a few serious difficulties, Modigliani made his prepara- 
tions for visiting the southern parts of Nias, freer from 
external contact, and therefore more interesting ; and 
for this purpose, a Malay \iOA\.—pendald.ng — was char- 
tered. Whilst these preparations were being completed. 
Dr. Modigliani visited a large cave near Hili Sabegno, 
and, Insides other interesting animals, collected speci- 
mens ‘of a bat {Emballonura semicaudaia) previously 
known only from Polynesia. Meanwhile, his hunters were 
not inactive, and, amongst other interesting specimens, 
four new species of birds, a singular new earthworm, and 
several new insects were collected in the neighbourhood 
of Sitoli ; the birds have been recently described by 
Salvador! as Gracula robusta, Calornis altirostris^ Mig- 
lyptes infuscatus, and Syrnium niasense. 

Tobacco is the principal article for barter with the 
wilder inhabitants of Nias, therefore Modigliani provided 
himself with a large stock, mostly Sumatra grown, and 
called mussi ; Javanese tobacco, called ginuy has a greater 
value. He provided himself, besides, with cotton cloth 
of different colours, and brass wire, also much sought by 
the Nias people. 

At last the pencialdng was ready, and Modigliani sailed 
in her to the south end of the island, and anchored in the 
Lukha Vdra Bay. His first sight of the Nias Southerners 
was rather forbidding, and seemed to confirm de- 
cidedly the many stories he had heard qf their in- 
domitable hostility and ferocity. A large number of 
warriors, armed with lances and rattling their big shields 
with a peculiar movement of the hand on the forearm, 
crowded on the beach at his landing, to the no small alarm 
of his followers. With much pluck and presence of 
mind, Modigliani overcame the momentary anxious 
suspense, and in a few minutes he was on his way to the 
village of Bkwo Lowaldni, surrounded and followed by 
the excited warriors. Here he soon made friends with 
Faosi Aro, the chief, the tallest and most crafty of 
Southern Niassers, who appeared with two immense ear- 
rings resting on his right shoulder. A liberal distribution 
of tobacco soon made Modigliani popular all round. 
Bhwo Lowaldni is a good type of a South Nias village, 
placed on a height and defended by a stout stockade ; the 
incessant wars between village and village render such 
precautions necessary. Our traveller passed several days 
here, having taken up his quarters in the house of Faosi 
Aro, built as usual on stout piles ; he was thus able to 
gather much information on the ways and manners of the 
Niassers. His Javaneise collectors, although jnuch afraid 
of the natives, who were constantly armed and on the 
alert, being then at war with two neighbouring villages, 
did some good work, and some new and rare insects and 
a new species of bira (jCittocincla melanura, Salvad.) were 
added to the collections. 

At Bhwo Lowal^ni, Dr. Modigliani received a special 
invitation to visit Hili Dgiono, a village further inland to 
the west. A deputation awaited him outside Bkwo 
LowaUni, not trusting themselves inside ; a live fowl 
packed in a singularly neat manner (see Fig. . i) was 
presented to him, and the knife of the chief of Hilt 
Dgibno— the latter to be returned. Fa&si Aro did all in 
his power to dissuade Modigliani from going, telling him 
he would qertainly be killeo, as the Hili Dgibnans were 


a bad lot ; but our traveller decided to keep his promise, 
and the evening of the next day saw him at Hili Dgiono, 
where he met with a most cordial reception, especially 
from the old chief, Siduho Gh5o. At this place Modigli- 
ani passed pleasant days, was able to take a fine series of 
photographs, and saw more of the natives and learnt 
more of their customs than anywhere else. The women 
alone, as in most parts of Nias, kept aloof, and would not 
be photographed. Here Modigliani saw palpable proofs 
of the well-known head-hunting propensities of the 
Niassers. The big council house, or osali, was adorned 



Fig, J.--H0W a fowl travel;;. 


with numerous skull trophies, hanging under the low roof. 
Heads are taken not only in war, but on many other 
occasions, for reasons amply given in Modigliani’s book, 
most of which are similar to those which send the Dayaks 
of Borneo on their head-hunting expeditions ; neither age 
nor sex are spared. No youngster in Nias is proclaimed a 
man and a warrior until he has cut off a head ; he then 
assumes the prized (Fig. 2 ), a beautiful collar made 

ot thin circular sections cut out of the double nut of the 
Lodoicea scychellarum (which is often cast by the sea on 
the island), neatly strung on a brass wire with a circular 



Fi<;. 2. — A calabtibo. 


brass disk at the Junction. The sections of the nut 
diminish gradually from about an inch in diameter to less 
than half at both ends, where the circular collar is closed 
with the disk ; they are polished so as to present a uni- 
form surface. None of the trophy skulls seen by Dr. 
Modigliani were in any way ornamented, but in his book 
he gives the drawing hf a very singular one with artificial 
hair, beard, and ears, communicated by the late Baron 
von RoseniMrg, who saw it in a house in Nias ; I should 
l.nncy that it represents a European (Dutchman), for the 
beard hardly grows on a Nlalaers chin in such luxuriance 
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{Fig. 3). When old Sidiiho Gh6o heard that Modigliani 
. desired skulls (for his anthropological collection), he of 
course concluded that he wanted to i^et fresh ones as 
trophies, and at once offered to organize an expedition 



Fig. 3. — Ornamented trophy skull. 


with chosen warriors ; he would not give away any of j 
those hung under the osali. 

At Hili Dgi6no, Modigliani was able to add largely to 
his ethnological collections, especially weapons. The 


defensive armour of the Niassers is peculiar. Formerly 
they made singular helmets of rotang and arenga>fibre,' 
with beard and mustachios ; now the chiefs are provided' 
with curious iron helmets, pot-shaped, ornamented i^th a 
large plume or palm-leaf cut in a thin iron lamina, usually 
gilt ; they wear, with this, curious iron spur-like mustachios 
passing under the nose and secured to the ear. The- 
head-dress of the warrior of “old Japan” was a very 
similar contrivance ; to complete the parallel I will add' 
that the ceremonial war-jacket, Qften a regular cuirass 
in buffalo-leather, pangolin-skin, and scales or twisted 
rope tissue of tough Gnetum fibres, usually projects 
widely over each shoulder. It is thus with the war-jacket- 
of some of the Dayak tribes, and was thus with the' 
ceremonial kamiscimo of the Nippon samurai. The 
Nias shield, balUse^ is peculiar, and made in a single 
board of tough light wood ; in the not them parts of the 
island a heavier one, called dagne, more akin to Bornean 
and Celeban shields, is used. The characteristic weapons 
of the Niassers are the spear {tb/to) and sword {balldtu), 
the latter not unlike the Dayak parang. The iron spear- 
heads are generally small and narrow, simple, or more or 
less provided with barbs ; the wood is from the Nibdng 
palm, and usually ornamented with rings of rotang, brass, 
or wire, and often with luftsof hair from an enemy’s head. 
TRe sword is still more characteristic. Its sheath is made 
with two halves neatly fitted and bound together with 
plaited rotang; the big sword {balldtu sebfia, “number' 
one ”) is, especially in the south of Nias, the favourite 
weapon ; much trouble is taken in ornamenting it, and the 
carved handle is often a remarkable specimen of wood- 
carving. Modigliani was fortunate enough to secure 
a series of these swords with carved handles, giving a 
most interesting instance of modification of a figure, in 
this case a boar’s head, in the opposite directions of a 
simplified and a complicated conventionalism (Fig. 4). 
Moreover, the balldtu sebiia of the Southern Niassers is 




Fig.' 4,— Carved sword*handIe8. 


always provided with a singular appendage, Mrith which idols roughly carved and anthropomorphous. All these 
the owner never parts willingly :'‘it » an amulet and idol- are tied together and more or less wrapped up in a bit of 
bearer in the shape of a spherical basket of twisted cotton-cloth ; their spherical hoeldr is securely fastened 
rotang, with various and heterogeneous contents, such as to the scabbard. Dr. Modigliani has given some highly 
teeth, pieces of stone and bone, &;c., always several small interesting details on this subject ; the erb^ or “ medicine 
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man,” of the Niassers possesses a special talismanic sword 
with special idols and charms attached to the scabbard. 
Quite a number of old flint-lock muskets have found their 
way to Nias, but are fortunately often rendered useless 
from want of ammunition. The Niassers are able smiths, 
but they receive the iron and brass they use from Chinese 
and Malay traders. 

On his way back, at Bhwo Lowalfini, Modigliani was 
able to buy from Fabsi Aro eleven human skulls. He 
next sailed to Luhha Qdndre Bay, wishing to visit the 
important village of Hili Sendrechedsi, and possibly to 
proceed thence inland. He was well received by the 
chief and notabilities, who, however, promised much and 
did little. Another new bird was obtained here — Terpsi- 
phone insulariSf Salvad. Meanwhile, the head-man of 
another neighbouring village, Hili Simaetdno, sent mes- 
sengers to invite him to go there, promising that he might 
stay and collect as much he liked. The death of a warrior 
at Sendrcchedsi gave Modigliani an opportunity of wit- 
nessing the funereal ceremonies of the Niassers, on which 
subject he gives much important information. He was 
not able, however, to confirm Piepers’s assertion {Bat. 
Genoot> v, Kuns. en Wettensch.., >887) regarding the 
horrid and singular custom of putting the body upright 
in a hollow tree, tapping this below, inserting a bamboo 
tube, and forcing a slave to drink the putrid liquid whidh 
flowed. The unfortunate man’s head was afterwards cut 
off, and hung to the tree as an offering to him whose body 
was inclosed therein. I may mention that a similar cus- 
tom is attributed to certain Dayak tribes of Borneo bv 
Perelaer, and that it recalls the ancient Javanese sdtra. 
It appears, however, that human lives are still sacrificed 
at the death of a chief. The author has also brought 
together highly interesting information as to “animism,” 
belief in a future state, and ancestor-worship amongst the 
Niassers. 

Although lamed, and suffering from a bad foot, he 
left Lu^ha Gdndre for Hili Simaetdno on June i. 
His reception there was, however, the reverse of what 
he expected : the people were not only diffident, but 
evidently hostile, notwithstanding the invitation sent by 
their chief. Amongst the interesting things seen were 
two elaborately carved stone thrones of honour, used 
by the chief on solemn occasions ; opposite one, on a 
pole, was a human skull. These two differed widely, the 
smaller one in the centre of the village being a sort of 
arm-chair, the back of which represented the bust of a 
warrior with a crocodile climbing up behind him. These 
singular stone seats of honour recall those found in far-off 
Ecuador. After a couple of days’ stay, the hostility of 
the villagers was so evident that Modigliani decided to 
leave ; and if he was not actually attacked, he owed it not 
only to his firmness and forbearance, but probably to the 
fear caused by his repeating- rifle, and to the villagers 
being short of ammunition. Anyway, he was able to get 
safely back to his pencialan^. Wishing, however, to 
penetrate into the interior of the island, he sailed to the 
Ndcco Islands off the opposite coast of Nias, where he 
hoped to get guides and information. Mdra Ali, chief of 
Ndcco, received him well, and after mu*£h palavering 
and a liberal distribution of presents, he was able to 
obtain a guide in the person of Sanabahfli, brother Of the 
local and bearers. His intention was to land on the 
opposite coast of Nias, and penetrate inland to one of 
the higher mountains, known as Matgida, where he hoped 
to make interesting collections. Having landed, after a 
narrow escape from shipwreck, at Cape Scrombd, he 
proceeded boldly inland. There were no roads, and 
his progress was not easy or pleasant ; moreover, his 
guide was hardly up to the office he had undertaken, 
and conducted him by mistake to the village of Iddno 
D6wu. Thence he marched to Mount Burudssi, before 
reaching which most of his bearers had deserted ; small 
^villages were passed, and the sites of bigger ones which 


had been destroyed during the incessant wars. Halam;- 
biiva, a strongly fortified village, was next visited ; here 
he found a singular and grotesque idol, Adu Fangiiru^ 
carved in a cocoa-palm trunk on the occasion of an epi- 
demic which had decimated the village. Crossing next 
the nearly unknown district of Irabno-Una, peopled by 
ferocious head-hunters, he continued on to Hili Lowa- 
Idni : here he came to the conclusion that Mount Mat- 
giua had been purposely missed, or more probably was 
sadly out of place even in the best maps of Nias, and 
decided to return to the north. Travelling on by Hili 
H6ro, he came again to Hili Simaetdno, where he was 
well received this time, and able to buy some skulls. At 
the Lubha Giindre he was rejoined by his — not 
until after long waiting, anxious moments, and the risk 
of starvation, having finished his provisions — and sailed 
back to Gunong Sitoli. This voyage across the south- 
west end of Nias was an adventurous one, but hardly 
equal in results to the trouble it had cost. 

After his return to Sitoli, Modigliani decided to spend 
what time he had left to remain in Nias in some favour- 
able locality in the north, where, amongst quieter people, 
he might better complete his observations and collec- 
tions. He selected the village Ombaldta, or rather the 
neighbouring hill called Hili Zabbbo ; here he passed 
pleasant days and was able to do much. Amongst the 
interesting species collected I may mention : Ptcropus 
nicobartcuSf Chiropodomys gliroides, a rare and singular 
rodent lately collected by Fea in Burma ; Afacropygt<t 
modigliantiy .Salvad., and Carpophaga consobriua Salvad., 
new pigeons ; a rare and beautiful lizard, Gonyoiephalus 
grandts, and the hitherto unknown Aphamotis acuti- 
rostris, Modigl. ; and several new species of Coleoptera 
and ants. It is worth notice that in more than 4000 
specimens of Lepidoptera collected by Dr. Modigliani nO' 
novelties were found, but he secured some fine specimens 
of the rare and peculiar Hebomoia vossi, Maitl. Dr. 
Modigliani purposes publishing complete lists of the 
animals of Nias ; meanwhile he has given in an appendix 
listsof the species hecollectcd.havingdetermined somehim- 
self, whilst others have been studied by several specialists. 
He obtained 15 species of mammals, 62 of birds, 39 of 
reptiles, 8 of batrachians, 71 of fishes, and lists of over 
400 species of insects have already been published. The 
bulk of these zoological collections are in the Civic 
Museum of Genoa. Modigliani was hot able to do as 
much in botany as he wished, but he was able to gratify 
Beccari with some choice specimens of his favourite 
Myrmecodia and Hydnophyium, those strange epiphytal 
ant-harbouring plants first noticed by Jack at Nias. 

The last chapters of Dr. Modigliani’s book are entirely 
devoted to the ethnology of Nias, and great and important 
is the amount of information which he has gathered 
on this interesting subject. I will merely mention one 
or two of the principal items. Discussing the origin 
and affinities of the Niassers, he finds them not only 
different from the ordinary Malay, but partaking of the 
characters of the Mongoloids (in a restricted sense) and 
even of the Arianoid races ; 'and at the same time he notes 
physical differences between the natives of Northern and 
Southern Nias. I confess that I cannot quite fq[Ipw our 
author in this : the Niassers most evidently belong to the 
great Malayan family, and perhaps resemble some of the 
Dayak tribes more than any others. The ancient and con- 
stant contact with Chinese may have slightly mongolized 
them, always in the more restricted sense of that term 
(some ^ of Modigliani’s photographs recalled to my mind 
portraits of Kwei-yings of North Formosa shown to me 
ears ago by my lamented friend Robert Swinhoe). But 
fail to see traces of Arianoid features in any of 
the Niassers photographed hy Dr. Modigliani. At the 
same time, I can quite understand how he found points 
of resemblance between them and natives of Southern 
India, who evidently have' Malayan blood in their veins. 
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Modigliani mentions seeing in South-West Nias natives 
with Arianoid Semitic features and curly or wavy hair, but 
he himself suspects in such cases the influence of Arabo- 
Malay immigrants from Acheen. 

Amongst the many peculiarities of the inhabitants of 
Nias, is the custom of the women going about with a 
long slender stick called sio; it is of Nibong palm wo id, 
has a heavy leaden knob, and is more or less ornamented 
with rings of lead and brass ; it is found only in the pos- 
session of women. Great is the variety of ornaments worn 
by the Niassers, male and female. They often denote dis- 
tinctions of rank and sex. Ear-rings and bracelets are espe- 
cially varied ; singularly beautiful are the bracelets (Fig. 5) 
carved and polished by a long and tedious process out of 
a solid block taken from the stony shell of the giant clam 
{Tridacna), more elegant in shape than the equally 
notable armlets of the same material made by the in- 





habitants of the Solomon Islands. The Niassers also 
carve big solid ear-drops out of the Tridacna shell. Their 
principal articles of dress are still made with the beaten 
and manipulated inner bark of a Ficus or Arctocarpus, a 
kind of tappa or masi, called by them sambb sahhvo. 

Dr. Modigliani did not find or hear of stone or shell 
implements in Nias ; possibly the first men who peopled 
that island were already provided with iron tools. Yet 
one of the commonest amongst these, the axe, has a 
singularly archaic form : the iron blade, very similar to 
the earlier forms of copper and bronze implements of the 
kind, is let into a slot in a short club-shaped wooden 
handle (Fig. 6). A yet more singular fact is that the fato 
of the Niassers is a typical axe, and quite distinct from 
the adze used right across Malesia from the Nicobar 
Islands to New Guinea, being, instead, remarkably like 
the iron axe of some of the wilder tribes of Central Africa. 



I may mention here th-tt the rich and important anthro- 
pological and ethnological dbllections made at Nias by 
Dr. Modigliani have mostly been presented by him to 
the Najit*»al-Anthropological and Ethnological Museum 
in Florence. 

Dr. Modigliani has collected quite a host of interesting 
facts relating to the myths and superstitions of the 
natives of Nias, which all appear to centre in a well- 
developed form of “ ancestor worship.” The ancestors 
more or less remote are spirits good and evil, and as 
mediators between them and the living are numerous 
adii^ or idols (Fig. 7). Amongst the numerous spirits 
more or less divine venerated by the Niassers is San~ 
gardfa, the sea-god, and Modigliani justly calls attention 
to the strange similarity in name and attributes to 
. Tanga-roa^ the sea-god of the Maories and other Poly- 
nesians. The principal good spirit is Lowaldnij the bad 


ones are classified in' two grades as Bhhu and BilUy 
these being, however, generic terms. The add or idols, 
who#e Nias name, by the way, is singularly like the 
equivalent Polynesian term atua, are very numerous ; 
those which represent dead relations or immediate an- 
cestors are called generically Adu zattia. They appear to 
have great affinities with similar carved wooden anthro- 
pomorphic figures common throughout Papuasia and 
Melanesia, and known as karwars in Western New 
Guinea. , 



In one of the last chapters of his book, Modigliani 
gives an account of the spoken language of the Niassers, 
which has many peculiarities ; adding an alphabetically 
arranged collection of words with their Italian equivalents. 

But my task, which has been to endeavour to give an 
idea of the work done by Dr. Modigliani, must now come 
to an end. His book, containing a very complete mono- 
graphic study of one of the most interesting islands of the 
Indian Archipelago and its inhabitants, is, and will long 
remain, one of the standard works on that beautiful 
region Malesia. Henry II. Giglioli. 


NOTES. 

The next general meeting of the Institution of Mechanical 
Engineers will he held on Thur.sday evening. May i, and 
Friday evening, May 2, at 25 Great George Street, West- 
minster. The chair will he taken at half-past seven on each 
evening by the President, Mr. Joseph Tomlinson. On Thursday 
evening the President will deliver his inaugural address, after 
which the following paper will be read and discussed, and the 
discussion will be continued on Friday evening : — Research 
Committee on Marine- Engine Trials : Report upon Trials of 
three Steamers, Fttsi Yama, Colchester, Tartar, by Prof. 
Alexander B. W. Kennedy, F. R.S., Chairman. The anni- 
versary dinner ^^11 take place on Wednesday evening, April 30. 

The first annual meeting of the Museums’ Association will be 
held in Liverpool on June 17, 18, and 19. The business of the 
meeting will consist of (i) the reading of papers on the manage- 
ment, arrangement, and working of Museums •, (2) the discus- 
sion of the objects set forth by the meeting of June 20, 1889, 
with special reference to the following points : the means of 
interchange of duplicates and surplus specimens ; schemes for a 
general supply of labels., illustrations, &c. ; the indexing of the 
general contents of Museums ; concerted action for obtaining 
Government publications, and also specimens on loan or other- 
wise ; and the issue of a journal devoted to the discussion of 
practical topics. At this meeting the scheme for the constitution 
of the Association will be snbmitted. All epgaged or interested 
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in Museum work arc cordially invited to join the Association. 
The conditions of membership are as follows Each Museum 
contributing not less than one guinea a year becomes a member 
of the Association, and can send three representatives to the 
meetings. Individuals interested in scientific work are admitted 
as Associates on payment of lo^. (>tL annually. The following 
are the officers of the Association: — President: Rev. H. H. 
Higgins ; General Secretaries : H. M. Platnauer, Museum, 
York, T. J. Moore, Mifteum, Liverpool ; Local Secretaries : 
R. Paden, Museum, Liverpool, H. A. Tobias, Museum, 
Liverpool. 

The next conversazione of the Royal Microscopical Society 
will be held on Wednesday, the 3olh inst., at eight o’clock. 

Herr O. Jesse sends us from Sleglitz, near Berlin, some very 
beautiful photographs of luminous night clouds. The photographs 
of 'each pair were taken simultaneously at Nanen and Steglitz. 
Steglitz lies 8 kilometres south-west, Nanen 38 kilometres west- 
north-west, of the Berlin Observatory. Herr Jesse would add 
greatly to the value of his work if, the next time he has an 
opportunity of undertaking it, he would photograph the 
spectrum. 

La Nature (April 12, p, 303) notes the following curious and 
interesting phenomena : — Two railways, one the Sceaux line and 
the other the Ccinture, pass within a comparatively short distance 
of the Montsouris Observatory, Paris, the former line being about 
80 metres distant, and the latter but some 60 metres. During the 
passage of trains on the Ceinture line, which is nearest to the 
Observatory, the bifilar magnet is found to be disturbed, and 
its oscillations are registered photographically ; indeed the move- 
ments are so regular that the curve clearly indicates the exact 
time of each train passing the Observatory. This phenomenon is 
due to the fact that as the line crosses the direction of the 
magnetic meridian the wheel- tires of the carriages become 
magnetized by induction, and so produce, in consequence of the 
laws of magnetism, a deviation of the bifilar magnet. The 
trains on the Sceaux line give rise to a phenomenon not less 
curious. Whenever the engine-driver blows off steam, the electro- 
meter is partly discharged, the electrical potential of the air falling 
to about one-half of its original value. These disturbances are 
brought forward by the Director of the Paris Observatory in 
order to oppose the scheme which is now proposed of extending 
the railway from Sceaux to la Place de Mcdicis. 

On Tuesday evening, M. Jacques Bertillon (head of the 
Municipal Bureau of Statistics in Paris) delivered a lecture 
before the Anthropological Institute of Great Britain and Ire- 
land, on the method now practised in France of identifying 
criminals by comparing their measures with those of convicted 
persons in the prison registers. Mr. Bertillon, who spoke in 
French, said that the system which he had come there to ex- j 
plain had for its object the recognition of a person 10, 15, 20, 
or even lOO years after he had been measured, for by that 
method it was possible to recognize a person after death, if 
access could be had to his skeleton. Photography was now 
used only as an aid to identification established by other means. 
The basis of the anthropometic system was to obtain measure- 
ments of those bony parts of the body which underwent little 
or no change after maturity, and could be measured with ex- 
treme accuracy to within so small a figure as to be practically exact. 
These parts were the head, the foot, the middle finger, and the 
extended forearm from the elbow. To clearly illustrate the 
system, let them suppose 90,000 photographs of men to have 
been collected. These would be divided into three groups of 
30,000, according to the height of the men. There would be 
short men, men of medium height, and tall men. That these 
three classes might* be approximately equal, it was evident that 


the limits of the class of men of medium height must be re- 
stricted more than those of the other two classes. Each of 
these primary divisions should again be divided on the same 
principle, without taking any further notice of the height, into 
three classes, according to the length of the head of each in- 
dividual. The three classes of short, medium, and long 
heads would each again be subdivided into three, accord- 
ing to the width of the heads, and would contain narrow, 
medium, and wide heads. Experience had proved that with 
most people the breadth of the head varied independently of 
the length — that was, given that an individual had a certain 
I length of head, it by no means followed that the breadth of his 
head could be determined a priori. The length of the middle 
finger gave a fourth and still more precise indication by which 
to divide again each one of the packets of photographs ; and 
these might be divided again according to the length of the 
foot, the length of the arms outstretched at right angles to the 
body, and also according to the colour of the eyes. Thus by 
these anthropometrical coefficients they would be able to divide 
their collection of 90,000 photographs into very small groups 
of about 15 each, which they could easily and rapidly examine. 
M. Bertillon then proceeded to give a practical demonstration 
of the way in which the measurements were taken. He laid 
stress on the importance of the hand and the ear as marks of 
cogniti on. The hand, because it was the organ in most con- 
stant use in almost every calling and in many trades and pro- 
fessions, became modified according to the particular character 
of the work which it had to do. The ear was the precise 
opposite to this. It changed very slightly, if at all, except 
perhaps in the case of prize-fighters, who developed a pecu- 
liarity of the ear which it was easy to recognize. The ear, 
therefore, was an important oigan to measure, inasmuch as the 
results were not likely to be nullified by a change in its con- 
I formation. 

The following telegram was sent through Reuter’s agency 
from New York on April 21 : — “Despatches from Mexico state 
that observations show that the height of the active volcano of 
Popocatepetl has decreased by 3000 feet since the last measurc- 
I ment was taken.” 

In the new quarterly statement of the Palestine Exploration 
Fund, the Committee announce that they have obtained a firman 
granting permission to excavate at Khurbet ’Ajlan, the Eglon of 
Joshua. It is understood that all objects, except duplicates, 
found in the course of the excavations shall be forwarded to the 
Museum at Constantinople, but that the Committee’s agents 
shall have the right of making squeezes, sketches, models, photo- 
graphs, and copies of all such objects. The Committee have 
been so fortunate as to secure the services of Mr. Flinders 
Petrie, who is now in Syria making arrangements to start the 
excavations. 

The death of Dr. Gottlob Friederich H. Kuchenmeister is 
announced. He was a great authority on Entozoa. 

In the official outline of the principal arrangements at 
the Crystal Palace for the summer of 1890. , reference is 
made to the International Exhibition of Mining and Metal- 
lurgy which is to be held there from July 2 to September 
30. The subjects embraced . within the scope of the Exhi- 
bition comprise machinery in motion and at rest % gold, 
silver, diamond, iron stone, and iron ore mining ; manufacture 
of iron and steel ; lead mining and manufacture ; tin mining 
and smelting ; copper and coal mining ; the petroleum and salt 
industries; mining for precious stones, &c. There is every 
reason to expect, through the co-operation of colonial and foreign 
Governments, many, valuable exhibits from abroad. 

The Engineer and Engineering of last week publish long' 
illustrated accounts of the recent disaster to the City of Paris 
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This accident is without a parallel in the history of steam navi- 
gation ; the circumstances were so remarkable that many con- 
flicting explanations of the cause have been suggested. The 
ship is propelled by twin screws, and the engines are placed side 
by side in separate compartments. When she was off the coast 
of Ireland, at half-past five on the evening of the 25 th ult,, the 
low-pressure cylinder, with the whole of its gear, of the star- 
board engine, went to pieces, and fell to the bottom of the 
engine - room in a confused mass, the dibris of the top 
cylinder cover being apparently at the bottom of the wreck. 
The smashing of the condenser allowed an enormous rush of 
water to flood the starboard engine-room, and the longitudinal 
bulkhead between the engines, being also damaged, allowed the 
port engine-room to become flooded, and of course stopped that 
engine from working. Our contemporaries say that, in the 
opinion of experts in Liverpool, the accident did not originate 
in the engine, but in the tail shaft, as follows : the brass liner 
on the tail shaft burst ; then the lignum-vitie strips were torn 
out, bringing metal to metal. This, naturally, would allow the 
steel shaft to grind itself and the bracket away, and the shaft 
dropped. Then the continual bending of the shaft resulted in its 
fracture. The engines, being relieved of the resistance of the 
screw, raced, with the result shown in the engravings. The 
Engineer at present neither accepts nor rejects this theory of 
the cause of the disaster. 

The Manchester Field Naturalists* Society opened the 
summer excursion session on the 19th inst., by a visit to the well- 
d<nown herbaceous garden of Mr. Wm. Brockbank, Withington, 
near Manchester. The grounds, of about six acres in extent, 
are laid out in woodland, shrubbery, rockeries, and fernery, with 
a patch of wilderness, and are entirely devoted to the growth of 
the native flowers, and the horticulturists’ modifications, so far 
as they will thrive. The special feature, at the time of the 
visit, was the display of daflbdils, over a hundred varieties being 
included in the gardens, several of them locally raised. Mr. 
Brockbank explained that the double variety of the daffodil is 
not obtained by the absorption of the essential organs, as gener- 
ally supposed ; the pistils and stamens remain, and specimens 
were shown, in vigorous health, obtained from their seeds. 

It has been suggested that the epidemic of influenza was in 
the last resort due to floods in China. The fertile land in the 
valley of the Yellow River, it has been said, was covered with a 
deposit of alluvial mud, and in this mud countless numbers of | 
organic spores were developed from the refuse of a dense popula- 
tion. These germs were carried by merchandise to Russia, 
whence they spread to Europe generally. Dealing with this 
theory, Shanghai Mercury points out (i) that there has been 
no epidemic of influenza in China. (2) There is no valley what- 
ever of the Yellow River, the peculiarity of that stream being 
that it flows on the surface of the ground, which actually slopes 
down on both sides from the river bed, so that in case of a 
breach of either embankment the river is free to flow (o the sea 
almost anywhere between Tientsin in the north, and Shanghai 
in the The plain of the Yellow River is by no means 

fertile, and is rapidly deteriorating. (4) So far from the deposit 
left after a breach being alluvial mud, it is unmitigated sand, and 
for years refuses to grow any crops whatever ; and it is only after 
an exposure of some fifteen or twenty yean that th(B phosphates 
which enter sparingly into its composition begin to break up, 
and the land is restored to cultivation. (5) There are no exports 
of any sort from the plain of the lower Yellow River. Almost 
the only product exported to Europe from districts anywhere 
near the river is straw braid, which is shipped not to Russia but 
to England and the United States ; and this not from the plain, 
but from the highlands of Shantung, far removed from any 
communication with the river. 


The Ballarat School of Mines, in the University of Mel- 
bourne, presented its annual report at a meeting of governors 
an(f subscribers on Monday, January 20. The general efiSciency 
and usefulness of the school have been greatly promot Jd by ex- 
tensive additions to the buildings and plant, and the numerous 
improvements effected in connection with the mining and 
metallurgical departments. That the institution now affords 
a superior training in scientific and mining subjects is shown 
by the attendance of a more advanced class of students, and by 
the better results obtained at the examinations. It attracts to 
its classes students from all the neighbouring colonies, including 
Queensland, New South Wales, South Australia, and Tas- 
mania, as well as from distant places within Victoria. The 
total number of enrolments in the various classes held during 
the year was 982, and of individual pupils who attended the 
elementary science lectiHres delivered in the State schools, 723. 
The mean average number of students in attendance at the 
school classes for the whole year was 526, whilst during the 
same period 286 lectures on elementary chemistry were de- 
livered in nine of the State schools in the city and town, with an 
average attendance of 53 at each lecture. 

Mr. a. J. Campbell has returned to Melbourne after a three 
%nonths' trip in Western Australia. The Victorian Naturalist 
says he has been very successful in his observations and col- 
lections. He obtained about 80 different species of eggs, 13 of 
which it will be necessary to describe as new. The number of 
eggs obtained altogether was about 400. About loo skins 
of birds were collected, though Mr. Campbell made no special 
effort to secure them. With regard to geographical range of 
birds he was particularly successful in his observations. No less 
than 17 species will be recorded as new for Western Australia. 
Possibly one or two may be deemed new varieties, while others 
will be restored, having been omitted from a lately issued tabular 
list. Baron von Mueller has examined the plants, and finds that 
two ferns, Asplcnium marinum and A, trichomanes (both 
British species, by the way) are recorded for the first time from 
the western colony. Of 30 lichens collected, the Rev. F. R. M. 
Wilson has identified 20 as new for the same colony. Specimens, 
of characteristic lizards and frogs {e.g., Heleioporus albo-punctatus) 
were secured. About three dozen photographs turned out fairly 
well, those of the remarkable flights of sea-birds being of great 
interest. Mr. Campbell considers that he brought nearly 1000 
natural history specimens back to Melbourne. 

In the latest of his series of instances — printed in the American 
Naturalist — of the effect of musical sounds upon animals, Mr. R, 

E. C. Stearns mentions the case of a canary who is particularly 
I fond of music.” This interesting bird belongs to the Rev. Mr.. 
James, who writes as follows: — “Immediately I begin to play 
upon the flute she chirps about as if enjoying the music. If I 
open the cage-door and leave her, she will come as near to me 
as possible, but not attempt to fly to the music ; but if I put her 
upon my desk, and lay the flute down, she will perch upon the 
end, and alloMu me to raise the instrument and play. I often* 
take her into the church and play there upon the organ, and she 
will perch upon my fingers, notwithstanding the inconvenience 
of the motion of the hands, and chirp in evident delight at the 
sweet sounds.” 

Last week Prof. Strieker submitted to the International 
Medical Congress at Vienna a new electrical lantern which will, 
it is expected, be of great service to lecturers and medical 
students. According to the Vienna correspondent \)f the Times^ 
Prof. Strieker, by an ingenious combination of lenses, contrives 
to project the magnified images of objects on a white screen in 
their natural colours, so that, for instance, a small pimple on a 
patient can be shown in its real appearance to an audience ot. 
many hundred students. 
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A r the seventh Congress of the American Ornithologists’ 
Union, Dr. R. W. Shufeldt read a report on progress in avian 
anatomy for the years 1888-89. Towards the end of this repbrt, 
which now been reprinted separately, Dr. Shufeldt said he 
had greatly felt the need of a good hand-book to the muscles of 
birds. In looking about him, he soon found that there was no 
such manual in the English language ; at least, there was not the 
kind of work that the thorough dissector required. To meet 
this want he undertook the preparation of a volume devoted to 
the subject. A thoroughly cosmopolitan form, or rather a form 
well representing a cosmopolitan group of birds, the raven, was 
selected. He carefully dissected out on many specimens every 
muscle of this type, and figured them in a careful series of 
drawings. These he supplemented by a series of drawings of 
the skeleton of the same form, and on the bones indicated the 
origin and insertion of all the muscles. Full descriptions were 
written o&t, and the groups of muscles classified ; and finally 
some comparative work was added. Both the drawings of the 
muscular system, as well as the skeleton, were life-size, which 
made the parts very clear and convenient for use. ‘‘To my 
surprise,” says Dr. Shufeldt, “when it was all comjdeted, the 
manuscripts for a small volume were on my hands.” The work is 
'Tiow in the press, and will be published shortly by Messrs. 
Macmillan and Co. 

Two volumes of the IittrruationaJcs Archiv fiir Ethnographie 
have now been completed. With the current number, just 
issued, the third volume begins. In a prefatory note, the editor, 
Dr. Schmeltz, refers with satisfaction to the help he has received 
from eminent contributors ; and he is able to promise that the 
periodical shall be not less instructive and interesting in the 
future than it has been in the past. In the present number 
there are several valuable papers. One of them, by Dr. Franz 
Boas, deals with the use of masks and head-ornaments on the 
north-west coast of America. Herr Strcbel, of Hamburg, con- 
tributes the first of a series of “studies” on a peculiar kind 
of stone implements found in Mexico and Central America, 
Hitherto it has been generally supposed that these implements 
were put on the necks of human victims destined for sacrifice. 
The author undertakes to show that this view is mistaken. 

Thk Journal of the Anthropological Institute (vol. xix. No. 3) 
contains an elaborate and most interesting paper, by Prof. A. C. 
Haddon, on the ethnography of the western tribe of Torres 
Strait. 'File other contributors to this number are Dr. Beddoe, 
who writes on the natural colour of the skin in certain t)riental 
races ; and the Rev. James Macdonald, who has a paper 
6n the manners, customs, superstitions, and religions of South 
African tribes. 

The Photographic Quarterly ^ of which three numbers have been 
published, meets a need which must often have been felt by 
those who specially devote themselves to photography. It in- 
cludes among its contributors many eminent students, and deals 
freely with all important questions in which photographers are 
interested. The third number opens with an article on photo- 
graphy of the sky at night, by Captain W. de W. Abney. 
Among the other contents are papers on the limits and possi- 
bilities of art photography, by George Davison ; photogravure 
and heliogravure, by P. G. Hamerton ; the optical lantern as an 
aid in teaching, by C. H. Bothamley ; and a phase of naturalistic 
focussing, by H. Dennis Taylor. 

A ( OMPLETE index of the papers printed in the Proceedings 
of the London Mathematical Society has been issued. It will 
be of great service to all who have occasion to refer to the series, 
which now includes twenty volumes. 

A CATAroGHE of the books in the library of the Indian 
Museum has been issued by the trustees. It has been compiled 
'by Mr. R. .Leonard Chapman. The jiumber of separate works 


in the library is about 3500, and every facility is given to students 
consulting them. In a prefatory note Mr. J. Wood-Mason, 
superintendent of the Indian Museum, says that most of the 
books are on zoology and kindred subjects, and he has no doubt 
that “ the gradual spread of scientific education in India will 
largely extend the field of usefulness of the Museum library in 
the future.” 
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naphthene and its homologues of the generic formula CnH2n, 
has been isolatetl by Dr. Ossian Aschan, of the University of 
Helsingfors, from the natural oil of Baku (Berichte^ 1890, No. 
6, p. 867). The acid may be considered as a saturated hexa- 
hydride of benzoic acid ; it is a very stable liquid substance of 
-Strongly acid properties, readily decomposing calcium chlorMc 
with evolution of hydrochloric acid and formation of a calcium 
salt. The raw mixture of acids obtained by treating the oil 
with alkali, and subsequent decomposition of the sodium salts 
by dilute sulphuric acid, was first distilled and the lower h filing 
portion specially examined. Upon partially saturating this 
fraction with caustic soda solution, and again decomposing with 
sulphuric acid, a colourless oil separated. In order to separate 
the various acids contained in this oil, they were converted into 
methyl esters by the action of methyl alcohol and strong 
sulphuric acid. These e.sters were then submitted to fractional 
distillation, when a large quantity of an ester boiling* constantly 
at i65'’*5-i 67'"’5 C. was eventually isolated, possessing the com 
position CgHii-COOCHa. This was, in fact, the methyl ester 
of the new acid, the first member of the series, of which other 
higher members have previously been obtained by Markovnikoff 
and others. The methyl ester ii a highly refractive colourless 
oil of pleasant fruit-like odour. By saponification with alcoholic 
pcAash, crystals of the potassium salt of the acid itself were ob- 
tained. On acidification of the aqueous solution of these 
crystals, the free acid separates as an oil, which after rectification 
boils constantly at 2I5°~2I7®. It is a colourless thick liquid 
of unpleasant and very persistent odour, and does not solidify at 
— 10®. Its strength as an acid has already been allud#*d to as 
evidenced by the turning out of hydrochloric acid from chlorides 
of the alkaline earths ; moreover, the calcium and barium salts 
are not decomposed by carbonic acid. Strong sulphuric acid 
readily dissolves it, with decomposition upon heating. Its specific 
gravity at i8''*4 is 0*95025. This acid is isomeric with the methyl 
pentamethylenic acid synthesized by Messrs. 'W. H. Perkin, 
Jun., and Colman, the latter boiling a little higher, 9*^*5 

and possessing a higher specific gravity, 1*02054 at 15®. The 
potassium salt QHiiCOOK is a soft soap-Hke substance, which 
may sometimes be obtained in distinct ciystals. It is readily 
soluble in water and alcohol and is strongly hygroscopic. The 
sodium .«alt much resembles its potassium analogue, and may be 
obtained crystallized in fiat prisms from alcohol* It likewise 
deliquesces very rapidly in the air* The ’calcium salt dissolves 
readily in alcohol, but is more difiicuhly soluble in water. If an 
aqueous solution is allowed to evaporate over oil of vitriol, the 
salt, (C0HiiCOO)2Ca 4- 4H2O, is obtained in long needles. Ifa 
solution saturated at the ordinary temperature is heated to boil- 
ing, it becomes turbid and viscous drops begin to separate ; these 
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again dissolve on cooling. This behaviour is very character 
istic of the acid, the barium salt showing the phenomenon 
also in a striking manner. It is due to the different amounts of 
water of crystallization in the salts separating at different tem- 
peratures. The chloride of the acid radical, the amide, and the 
anilide of the acid have also been prepared, and found to resemble 
the corresponding derivatives of the fatty acids. 

The additions to the Zoological Society*s Gardens during the 
past week include two Indranee Owls {^Syrnium indrance) from 
Ceylon, presented by Mr. A. R. Lewis ; two Lataste’s Frogs 
{Rana latasti) from Italy, presented by Mr. G. A. lloulengen 
h.Z. S, ; a Common Moorhen {Caliinula chloro/us), British, 
two Moorish Toads {Bufo mauritanica) from North Africa, 
presented by Mr. Cuthbert Johnson ; an Indian White Crane 
(Grus teuiogcranos)^ two Black-gorgeted Jay Thrushes {Garrulax 
pecloraHs)^ an Indian Munljac {Cervuhis muntjac d) from 
India, deposited; a Pacific Fruit Pigeon {Carpophaga pacifua) 
from the Solomon Islands, four Madagascar Weaver Birds 
{Foiidia madagascariensis, 2 , 6 2 9) from Madagascar, six 
Common Cormorants {Phalacrocorax carho)^ European, two 
Adelaide Parrakeets {Piatycercus adelaidu ) from South Australia, 
purchased ; a Puma coftcolor), born in the Gardens. 


0 (/R ASTRONOMICAL COLUMN 
Objects for the Spectroscope. 


Sidereal Time 
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at Greenwich at 10 

p. m. 
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Colour. 
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1 
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h. 
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(1)0.0.2838 ... 
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•i-iS 7 

(2)(;.C. 3035 ... 


— 

12 

^5 15 

59 
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..1 — 

— 

: 12 

29 so 

- 3 11 

(4) 3 Canuiii Venat. 

.. C 

Yellowish-red. 

12 

M 23 

+ 49 35 

(s) 0 Virginis 

-1 4 

Yellow. 

II 

5; 3^’ 

' + g 29 

(6) r) Virginis 

•• ' 3 
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, 12 

14 18 

- 0 3 

(7) LI.D. -f i^-2r)94 

8 

Red. 

12 

19 7 

4 1 27 

(8) S Ursa: Majoris 

.. Var. 

Strong red -yellow 

.12 

39 7 

+61 42 


Remarks^ 

(i, 2, 3) Although the constellation Virgo is so exceptionally 
rich in nebuhe, comparatively few of them have been submitted 
to spectroscopic examination. Smyth remarks that “the sitya- 
lion of the extraordinary conglomerate of nebulae and com- 
pressed spherical clusters which crowd the Virgin's left wing 
and shoulder is pretty well pointed out to the practised naked 
eye by e, y, tj, and p Virginis, forming a semicircle to the 
east, whilst, clue north of the last-menti Jiicd star, P Leonis 
marks the north-west boundary.” As it is not possible to give 
anything like a complete list, three of the brighter ones which 
have not yet been spectroscopically observed have been selected. 
No. I is the remarkable spiral nebula 99 M Virginis, and is 
thus described in the General Catalogue A very remark- 
able object ; bright ; large ; round ; gradually brighter in the 
middle; three-branched spiral.” No. 2 is 87 M Virginis, and 
is described as “ Very bright ; very large ; round ; much 
brighter in the middle.” No. 3 is described as “ Very bright ; 
considejjilil^^^ge ; pretty much elongated in a direction about 
63'' ; very suddenly much brighter in the middle to a nucleus.” 
It is a remarkable fact that all the nebulae in Virgo, which have 
so far been examined, exhibit so-called “ continuous ” spectra. 
D'Arrest observed the nebulae G.C. 2930 (84 M Virginis), 2961 
(86 M), 3021 (49 M), and Lieutenant Herschel observed G.C. 
3021, 3132, 3227, 2229, and 3397. Some of these may be 
re-examined for bright maxima in the continuous spectra. 

(4) The spectrum of this (Group II.) star is thus described by 
Duner: — “The bands 2-8 are well marke.d by strong lines 
which terminate them on the violet sides. But, with the excep- 
tion of 2 and 3, they are rather narrow, and the spectrum ap- 
proaches to the type of Aldebaran.” The star is obviously at a 
transition stage between Groups 11. and III., and a special 
detailed study of the lines and bands should be made. 


1 

I (5, 6) The spectra of these two stars have been observed by 
\'ogeI, who states that the first has a spectrum of the solar 
type, whilst the second is one of Group IV. The usual further 
observations are required in each case. > 

(7^ Notwithstanding the small magnitude of this star, it has, 

1 according to Vogel, a magnificent spectrum of Group VI. The 
j star is not included in Duner's Catalogue, and Vogel gives no 
j particulars as to the number and character of the bands present. 

Further detailed observations are obviously required. The 
I intensity of the carbon band near A564, as compared with the 
I other bands, should be particularly noted. 

I (8) This variable will reach a maximum about April 27. Ira 
period is about 225 days, and it varies from 7 •2-8*2 at maximunii 
' to 10*2-12 *8 at minimum. According to Duner, the spectrum 
is one of Group II., but very feebly developed. As no details of 
the spectrum are given, it seems probable that the observation 
was made near minimum, and the present maximum may afford 
an opportunity of securing further observations. As in similar 
variables, bright lines may also be looked for. 

A. Fowler. 

Mathematical Study of the Solar Corona. - -The 
Smithsonian Institution, Washington, has published a paper by 
Prof. Frank H. Bigelow in which the solar corona is discussed 
by spherical harmonics. The subject is treated by this theory 
on the supposition that the phenomenon seen is similar to that 
of free eleectricity, the rays being lines of force and the corona) 

I matter being discharged from the body of the sun, or arranged 
and controlled by these forces. In order to give the solution 
a general foundation the important parts of the theory of har- 
monics specially relating to the case are recapitulated, and the 
corresponding geometrical solution given in a notation adapted 
to the sun. An analysis of the lines of force demonstrates the 
applicability of the formulae of statical electricity to the coronal 
structure, lienee some repulsive force must exist on the surface 
of the sun which acts upon the corona according to the laws of 
electric potential. It is shown how the concentration of potential 
at each pole throws vertical lines of force at the polar region, 
which gradually bend each side, and finally close on the equator at 
a certain distance from the centre. Similarly other lines arc traced 
which leave the sphere at various angles to the vertical axis and 
have diminished potentials ; these therefore close on the equator 
at a less distance from the centre than the high potential vertical 
lines thrown out at the polar region. 

Applying these electrical principles to the solar corona, the 
author thinks that the straight polar rays of high tension carry 
the lightest substances, such as hydrogen, meteoritic matter, 
debris of comets and other coronal material away from the sun, 
and they soon become invisible by dispersion. '^The strong quadri- 
lateral rays which form the appendages conspicuously seen at 
periods of great solar activity are produced by four lines of 
force having potential 0*9, 0*8, 0*7, and 0 6, of the potential at 
each pole, and the explanation of the long equatorial wings, with 
absence of well-marked quadrilaterals, seen at periods of mini- 
mum, is that they are due to the closing of the lines of force 
about the equator. The theory is tested by applying it to two 
photographs taken by Messrs. Barnard and Pickering on January i, 
1889, and Prof. Langley submits it to astronomers and physicists 
as a possible clue to the explanation of the corona and as sug- 
gesting the direction to be taken in future observations and 
investigations. 

Solar Observations.— The following is the of solar 
observations made at Rome, by Prof. Tacchini, during the first 
three months gf this year : — 
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Astronomical Society of France. — The following officers 
have been elected for the session 1890-91 : — President, M. 
H. Faye, Member of the Institute. Vice-Presidents : MM. 
Bouquet; de la Grye, Member of the Institute ; Camille Flam- 
marion, Laussedat, and Trouvelot, of Meudon Observatory. 
Secretaries : MM. Ph. Gerigny, Armelin, and Bertaux. 

The Society meets at the Hotel des Societes Savants, 28 Rue 
Serpente, Paris, and there is an Observatory and a Library open 
to the members. 

D’Arrest’s Comet. — The following ephemeris for the 
search for this periodic com^et on its return this year is given 
by M. G. Leveau in Astr. Nach., No. 2959 : — 

Ephemeris for Paris Mean Time, 


1890. 

R.A. 

N.P 

.D. 

1890. 
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INFLUENZA AND WEATHER, WITH SPECIAL 
REFERENCE TO THE RECENT EPIDEMICS 

T N this inquiry the authors deal only with deaths recorded by 
^ the Registrar-General as due to, or caused by, influenza in 
London between the years 1845-90. The statistics for London 
are selected because there is there a vast population in a small 
area, all subject to the same climatic conditions, and because 
there is als) there a weekly record of deaths and their causes 
for a long period, which they discussed with some fulness of detail 
some years ago. 

After making allowance for certain errors to which such an 
inquiry is liable, arising chiefly from the methods of registration, 
it is found that the figures recorded disclose certain phenomena 
with such emphasis that the lessons taught by the phenomena 
stand altogether unaffected. Thus, as regards the distribution of 
deaths over the year, during the 45 years, the results show a 
strongly marked winter maximum and an equally marked 
summer minimum ; along with which there is also a small 
secondary maximum in the second half of March and first half 
of April. Thus, broadly considered, the distribution of deaths 
from influenza is inversely as the temperature, being at the 
maximum during the winter months when temperature is lowest, 
and at the minimum in the summer months when temperature is 
highest. Hence the curve showing the distribution of deaths 
from influenza is closely congruent with the curve for diseases of 
the respiratory organs, with the addition of a slight rise in spring, 
thus suggesting a connection between influenza and diseases of 
the brain and the nervous system. 

During the l^t 45 years, 4690 deaths are registered as having 
occurred from influenza, or 104 per annum. There is no year 
in which there has not been some deaths recorded as due to 
influenza; but during the 12 years ending with 1889, the 
registered deaths have been decidedly fewer than during the 
preceding 33 years, the mean number for these I2 years being 
only 6J, falling in some of the years as low as 3. There have 
been five periods during these years in which the figures point 
to the prevalence of an epidemic of influenza, the exact periods 
of which, with the numl^r of deaths registered as due to in* 
fluenza, are these : — 


December 1847 to April 1848 

Deaths. 
... 1631 

March to May 1851 

258 

January to March 1855 

130 

November 1857 to January 1858 

123 

January to March 1890 

• 

545 

Total 

2687 


Thus the five epidemics yielded 2687 of the 46^0 deaths 
(registered, or about 57 per cent. From a discussion of the 

* Ahstmet of a Paper, by .Sir Arthur Mitchell and Dr. Buchan, read at the 

•Iialf-yearly llpeetina of the Scottish Meteorological Society, March 31, 1890. 


details of each epidemic and the weather which prevailed during 
each of them, it was shown that in each case the rise to the 
maximum was strikingly rapid after the disease was recognized 
as existing. It was further concluded that the epidemics of 
influenza in this country were not, though they occurred during 
the winter, connected with exceptionally cold weather, especially 
at their commencement, but on the contrary rather with ex- 
ceptionally warm weather, which manifested itself generally 
both before and during the epidemic. In no case that has 
occurred was any exceptionally cold weather intercalated in the 
period of the epidemic, accompanied with an increase of deaths 
from influenza, or even with an arresting of the downward 
course of the curve of mortality, if the cold occurred at the time 
the epidemic was on the wane. This fact presents influenza 
under widely different relations to temperature as compared with 
all diseases of the respiratory organs. 

During the first four weeks of 1890, when the mortality from 
influenza was at the maximum, the total mortality from all causes 
was 2258 above the average of these weeks, and of this number 
influenza only accounted for 303, thus leaving 1955 deaths due 
to other causes ; and it is here to be noted that during the time 
there were no weather conditions, such as excessively low 
temperature or dense persistent fogs, which could account for 
this very large increase of the death-rate. It thus became a 
point of interest to ascertain what the diseases were which had 
an exceptionally high mortality during the period, and on the 
other hand whether there had been any diseases with a mortality 
for the lime much under the average. 

The statistics from the various diseases were minutely ex- 
amined, from which it was shown that those which yielded an 
exceptionally high death-rate during the influenza epidemic were 
diseases of the respiratory organs, phthisis, diseases of the 
circulatory system, rheumatism, and diseases of the nervous 
system. These diseases, particularly those of the respiratory 
orgtins, produced a very large excess above their averages, in 
spite of the fact that on the whole temperature had been par- 
ticularly high, and dense fogs absent, which, being contrary to 
all rule, plainly indicated that during the period something of 
an exceptional character had been operating to increase the 
deaths from diseases of the respiratory organs. The strong 
manifestation of nervous symptoms in the severe headaches and 
prostration which attended the attacks of influenza, make the 
increase of deaths from diseases of the nervous system and of 
phthisis deeply interesting, as suggestive of a relation to the 
secondary spring maximum. So, also, the increased number 
of deaths from rheumatism is interesting in connection with 
the muscular pains which were .so constant a symptom of 
influenza. 

The diseases which yielded a mortality under the average 
during the prevalence of the epidemic were diarrhoea and 
dysentery, liver disease, measles, scarlet fever, typhoid fever, 
artd erysipelas. It is, however, necessary to remark that the 
figures refer only to London, and that in other places where 
epidemics of measles and scarlet fever prevailed at the time 
these epidemics might show a mortality above the average. 

On the question of age, the point of interest centred in the 
fact that the death-rate of all persons above the age of 20 
rose considerably above the average during the four or five 
weeks immediately preceding the commencement of the regis- 
tration of deaths due to the epidemic. Thus, though deaths 
from influenza were not registered in November and December, 
there appeared to have been something then present, apart from 
weather, which increased the mortality of all persons above the 
age of 20 much above the mean. At ages under 20 years, 
the death-rate rose above the mean only in the first three weeks 
of the year. 

From a list of twenty-three recorded epidemics 6t ^nfluenza 
since the year 1510, it appeared that spring epidemics were more 
frequent and better marked than they would be if the figures for 
the past forty-five years were accepted ^ as revealing the whole 
truth ; and it also appeared that the epidemic of influenza has 
occurred, in early summef and conlfnued to the end of July. 
Facts, however, are too scanty to show whether the increased 
mortality during this early sumiuer epidemic extended to the 
classes of diseases which have their annual maximum mortality in 
early summer, ini a manner basilar to the greatly increased 
mortality from diseases of the respirato^ organs or of the 
nervous system according as the epidemic falls during the winter 
or the spring months. 

In conclusion it was remarked that in discussions regarding 
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the spread of the germs of disei^s from one country to another 
by the intervention of winds^ it had been perhaps universally 
assumed that it is only the winds blowing over or near the surface 
of the earth which were concerned in the dissemination of these 
germs. Generally it has been concluded that, if the surface 
winds do not account for the successive appearances of the 
epidemic at different points, the germs have not been transported 
by the winds. This, however, is only a mode of looking at 
the subject which ignores the recent developments of meteoro- 
logy and its teachings regarding atmospheric circulation through 
cyclones and anticyclones. As is now virtually proved, the winds 
in a cyclone are drawn inwards towards its centre, and thence 
ascend in a vast aerial column to the upper regions of the atmo- 
sphere, whence again they flow as an upper current towards any 
anticyclone or anticyclones that may be in the surrounding region. 
Thereafter they slowly descend down the centre of the anti- 
cyclone to the earth^s surface, over which they are carried in 
every direction. Thus, for example, from a cyclone in Russia, a 
vast column of air rises from the surface, carrying with it particles 
of dust, germs, and other light impurities. These are then 
conveyed by the upper current to the anticyclone that may at the 
time overspread Western Europe, and thereafter descend to the 
surface, and are then distributed over Western and Central 
Europe by winds from all points of the compass. Owing to the 
rapidity of these aerial movements, two or at most three days aie 
amply sufficient for this distribution. 


MATHEMATICAL TEACHING AT THE 
SOEBONNE, 1809-1889. 

HE following brief sketch of the illustrious Professors who 
have during the last eighty years occupied the mathe- 
matical chairs at the Sorbonne is founded upon an interest- 
ing address by the veteran mathematician, M. Ch. Ilermiie.^ 

The occupants, in 1809, of the respective chairs, weretLacroix 
(Differential and Integral Calculus), Poisson (Mechanics), Biot 
(Astronomy), Franca!ur (the Higher Algebra), and Hachette 
(Descriptive Geometry). P'ach, in his respective department, 
has left traces of his power which are still in evidence. “Nous 
evoquons le souvenir de ccs homines ominents qui ont honore 
la Faculte des Sciences a son origine ; nous voulons rendre 
riiommage qui est du a leur memoire, ct dans cette circonstance 
rappeler leurs titres a la reconnaissance du pays.** M. Hermite 
then proceeds to analyze in turn the work of the above Pro- 
fessors. 

(1) Of I.acroix, he says: “La constante preoccupation de 
Pauteur a ete d*etablir entre tant de theories qu*il expose, Mir 
des maticres si diverses, une succession naiurelle, un enchatne- 
ment qui en facilite Tetude et contiibue a Pintelligencc generale 
de Tanalyse.** lie was w’ell followed by Lefebure de Fourcy. 

(2) Francoeur occupied his chair down to 1847 ; he wag the 
author of a long list of works. “La concision que s*est imposee 
Pauteur pour reunir tant de maticres dans un court cspace ne 
porte jamais atteinte a la clarte.“ A sketch of the “ Urano- 
graphie ** is furnished by M. Tisserand. 

(3) Biot was also a long occupant of his chair, “dont il est 
resie titulaire jusqu*en 1846.” M. Wolf furnishes , a note (pp. 
36-40) which gives a full account of the “ Traite Elcmentaire 
d* Astronomic physique.** “Biot eiait un crudit et un ecrivain,'* 
in M Hermitc*s judgment. 

{4) Poisson is a Colossus ; — “ H figure parmi eux h cote de 
Laplace, de Lagrange, et de FourieV. C'est surtout de l*auteur 
de la ‘ Mecanique Celeste* qu*il se rapproche par la nature de 
ses trayaux, son genie analytique, sa puissance pour mettre en 
oeuvre toutes les res^^ources du calcul. Lagrange, h qui Pon doit 
la * Analytique,’ et de grandes decouvertes dans la 

theorie du son et la mecanique cdleste, avait consacr^ une part 
importante de ses efforts aux math^matiques abstraites ; apris 
avoir fondc^ le calcul des variations, il a laisse la trace de son 

f ^nie dans Palgibre et la th^rie des nombres. Pour Laplace et 
‘oisson, Panalyse pure n*est point le but, mais Pinstrument ; les 
applications aux phenomines physiques sent leur objet essentiel, 
et Fourier, en annon9ant it P Academic des Sciences les travaux 
de Jacobi, a exprim^ le sentiment qui dominait h son epoque, 
dans ces termes que nous reproduisons : * Les questions de la 

* ** DtRcourt prononc^ dsvaut le President de la Republique, le 5 Aoflt, k 
Pinaug^imt'on de la nouvelle Sorboane, par jd- Ch. HermUe. ProfeRseurk 
la Faculid des Sciences, Membre de rinstitut,*' BulUiin des Sciences 

Math 4 maiiqnes^]exxcMr!f 1890 (pp. S-36). (Paris : Gauthier- Villars.) 


philosophie naturelle qui ont pour but Pcftude math^matique de 
tous les grands ph^nom^nes sont aussi un digne et principal 
objet des meditations des g^ometres. On doit desirer que les 
perSonnes les plus propres a perfectionner la science du calcul 
dirigent leur travaux vers ces hautts applications, si necessaires 
aux progr6i de Pintelligence humaine.* Mais, en ayant^n autre 
but, Poisson et Fourier contribuent au dcveloppement de Tana- 
lyse, qu’ils enrichissent de methodes, de resultats nouveaux, de 
notions fondamentelles. Nous allons essayer de montrer Tim- 
porlancc des decouvertes de Poisson dans la domaine de la 
physique mathematique, en jetant un coup d’oeil rapide 8ur 
quelques-uns de ses m^moires.” , 

(5) Poisson was succeeded by Sturm, whose reputation is 
founded upon his well-known theorem in the theory of equa- 
tions. M. Hermite alludes to Prof. Sylvester’s discovery in 
this branch. 

(6) In 1838, a Chair of Mticanique Physique et Exp^ri- 
mentale was founded, of which the first occupant was the illus- 
trious Poncelet. Commencing with an account of the “Traite 
des Proprietes Projectives des Figures,” the writer goes on to 
describe the other contributions of this eminent mathematician, 
who w^as succeeded (7) in 1851 by Delaunay. Here, .again, 
M. Tisserand comes to the help of his colleague with an account 
of Delaunay's astronomical work. 

(8) A short and highly appreciative account follows of Le 
Verrier. “ 11 a ete donne a Tillustre auteur de ne point laisser 
son oeuvre inachevee ; Le Verrier a corrig <5 sur son lit de mort 
les dernieres feuilles de la theorie de Neptune, leguant i Tas- 
tronomic un monument imperissable qui sera I’honneur de son 
nom ct de la science de notre pays.** 

(9) The various works of Lame come next under review. 

“ Lame est un des plus beaux genies mathematiques de notre 
temps. Des decouvertes capitalcs qui ont ouvert de nouvelles 
voies dans la theorie de la chaleur, la theorie de I’elasticite, 
I’analyse generale, le placent au nombre des grands geometres 
dont la trace reste a jamais dans la science.** 

(10) Liouville ; (ii) Serret ; and (12) Duhamel are rapidly 
examined, the notice of this last being contributed by M. 
Bertrand. 

(13) “ Chasles est l*une des plus grandes illustrations de la 
Faculte ; ses decouvertes en geometrie, les ouvrages qu*il a 
publics sur cette science Pont place au premier rang parmi les 
savants de l*Europe, et rendu son nom i jamais cel^bre. De 
grandes et belles decouvertes en mecanique se sont ajoutees a 
son (cuvre principale, ainsi que des recherches d'erudilion sur les 
mathematiques et Tastronomie des Indians et des Arabes ; nous 
indiquerons succinctement ces travaux qui ont jete tant d*eclat, 
et sont presents i toutes les memoires.* The notice closes with 
the following touching sentence : “ il nous reste i dire que ses 
amis et tous ceux qui ont connu notre cher et vcncrc collegue 
gardent Tinalterable souvenir de la bonte qui, chez le grand 
geometre, etait la compagne du genie. ” 

(14) Cauchy is also treated at some length. “La vie du 
grand geometre, remplie par des decouvertes immortelles qui 
sont I’honneur de la science fran9aise, Ta et^ aussi par les 
oeuvres de la charite chretienne et une inepuisable bien- 
faisance. ** 

(15) , (16), and ( 1 7). In a few words are summed up the principal 
results obtained by other colleagues : “ Nos collegues Puiseux, 
Briot, et Bouquet, morts il y a peu d’annees, et dont nous gardons 
si affectueusement le souvenir, se sont inspires de son genie, et ont 
consacre des travaux de premier ordre k poursuivre dans le 
domaine de I’analyse les consequences de ses decouvertes.’* 

The speaker bad a grand theme, and perhaps does not exalt 
too highly tl^e very distinguished mathematicians who have pre- 
ceded, or been associated with, him in his labours at the Sorbonne. 
One can pardon an occasional high-flown expression of his 
admiration for them and for their achievements : to ourselves 
the perusal of his discourse has furnished much pleasure, and 
we trust there will be as distinguished a roll of Professors to be 
celebrated when the work of the new Sorbonne has^ to be 
narrated by M. Hermite’s successor. We conclude with the 
closing words of the address 

“Nousvenons d*evoquer le souvenir de nos pr^d^cesseurs, 
nous avons voulu rendre hommage ^ leur memoirt, rappeler leurs 
travaux, leurs decouvertes, les grands exemples qu’ils nous ont 
laisses. Notre mission est de continuer leur oeuvre, et d’ajouter 
k leur glorieux heritage ; ce devoir nous est rendu plus sacre par 
le don magnifique que nous tenons du pays, par sa genereuse 
assistance pour notre eoseignement et nos travaux. Tous, maltrcs 
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-de conferences et professeurs, nous y consacrerons notre denoue- 
ment, nos efforts : nous avons la confiance que, pour I’honneur 
•de la Science et de la France, nous saurons fidelement le 
remplir/' < 

SCIENTIFIC SERIALS. 

The American lournal of Scien^c^ April 1890. — On the 
^olian sandstones of Fernando de Noronha, by John C. Ih an- 
ner. These sandstones He upon the eastern or south-eastern 
sides of the island, at an elevation of 70 feet on llha do Meio, 90 
feet on Sao Jose, and about 100 feet on the llha Rapt«i, and at 
the base of Atalaia Grande. The author has closely investigated 
the formation, and finds that the material was originally de- 
posited in the form of sand dunes blown up by winds from 
the south or south-east. Analyses of several specimens of the 
rock are given. — A mountain study of the spectrum of aqueous 
vapour, by Charles S. Cook. The author has devised a means 
of produciAg an artificial line whose intensity can be varied at 
will alongside the line whose intensity is required. The varia- 
tions in the blackness of the artificial line are effected by the use 
of a micrometer screw, the readings of which constitute an 
arbitrary value of intensities. It is found, (i) that the spectro- 
scope studies vapour height primarily, and humidity only 
secondarily ; (2) during stormy weather vapour ascends to alti- 
tudes greater than is usually supposed ; (3) the great absorption 
of storm clouds is due to their great thickness, or to extensive 
strata of damp air associated with them, more than to any 
peculiar behaviour as clouds. — On the occurrence of basalt dykes 
in the Upper Palaeozoic series in Central Appalachian Virginia, 
by Nelson H. Darton ; with notes on the petrography, by J. 
S. Diller. — Additional notes on the tryolite from Utah, by W. 
F. Hillebrand and E. S. Dana. 'Hie composition and crystal- 
line form of this mineral are considered, — W. S. Bayley, on the 
origin of the soda-granite and quartz-keratophyre of Pigeon 
Point, Minnesota. These rocks have been previously described 
by the author {Amer. Journ.^ January 1889). In the present 
note the reasons are pointed out which lead to the conclusion 
that the red rock is of contact origin, and produced by the action 
of the gabbro upon the slate and quartzites. — Frank Waldo, in 
recent contributions to dynamical meteorology, gives a general 
idea of the nature of each of fourteen papers on meteorology ; 
most of the papers being by German physicists. The attitude of 
the writers towards meteorology is also indicated by reference to 
other work done in the same direction, — Two methods for the 
direct determination of chlorine in mixtures of alkaline chlorides 
and iodides, by F. A. Gooch and F. W. Mar. - -On the occurrence 
of polycrase, or of an allied species, in both North and South 
Carolina, by W. E. Hidden and J, R. Mackintosh, The 
analyses, so far as they go, show that a mineral previously 
noi\ced{Amcr, yonrn.^ November 1888) is very closely allie<l to, 
if not identical with, the polycrase from Hitteroe, Norway, 
analyzed by Rammelsberg. — Origin of some topographic features 
of Central Texas, by Ralph S. Tarr,--^On the formation of 
silver silicate, by J. Dawson Hawkins. A simple method for 
the preparation of this compound is described. The reaction 
made use of is Na^SiOg + 2AgN03 ~ AgjjSiOg f zNaXOg. 

SOCIETIES AND ACADEMIES 

London. 

Royal Society, April 17. — “Preliminary Note on Sup- 
plementary Magnetic Surveys of Special Districts in the British 
Isles.” By A. W. Rucker, M.A., F. R.S., and T. E. Thorpe, 
Ph.D., B.Sc. (Viet.), F.R.S. 

During the summer of 1889 we carried out additional mag- 
netic surveys of the Western Isles and the West Coast of Scot- 
laml, and of a tract of country in Yorkshire and Lincolnshire. 

Both districts were selected with special objects in view. Wc 
had found that powerful horizontal disturbing forces acted west- 
wards from the-vSound of Islay, from Iona, and from Tirce, and 
we had deduced a similar direction for the disturbing force at 
Glenmorvcn from Mr. Welsh’s survey of Scotland in 1857-58. 
The whole district presents peculiar difficulties, partly from the 
fact that local disturbance is likely to mask tne effects of the 
regional forces, i)ari]y because the normal value? of the elements 


must be especially uncertain at stations on the edge of the area 
of our survey. 

If, then, the general westward tendency of the horizontal 
disturbing forces was due to some source of error, stations in the 
extreme south of the Hebrides would in all probability be simi- 
larly affected. If the directions of the forces were due to a 
physical cause, such as a ce.ntre of attraction out at sea to the 
west of Tiree, then the disturbing forces in the Southern 
Hebrides would almost certainly be directed southwards 
towards it 

The observations made last summer prove (i) that the direc- 
tion of the disturbing horizontal force at Bernera, which is the 
southernmost island of the Hebridean group, due south ; and 

(2) that, as this point is approached from the north, the down- 
ward vertical disturbing attraction on the north pole of the 
needle regularly increases, which exactly agrees with the sup- 
position that a centre of attraction is being approached. 

There is, therefore, now no doubt that there is a centre of 
attraction on the north pole of the needle to the south of the 
Hebrides and to the west of Tiree. 

(2) In one of the maps communicated to the Society last year 
we drew two lines, bounding a district about 150 miles long 
and 40 miles broad, in Yorkshire and Lincolnshire, and gave 
reasons for the belief that a ridge line or locus of attraction lay 
between them. 

This conclusion has now been tested by means of thirty -five 
additional stations, with the following results ; — 

(i) At all stations (with one exception) on or near the two 
lines, the horizontal disturbing forces tend towards the centre 
of the district they bound. 

{2) The downward vertical disturbing forces arc greater in 
the centre of the district than at its bounrlaries. In particular, 
there are two well-marked regions of very high vertical force. 

(3) The greatest vertical force disturbances occur at Market 
Weighton, where the older sedimentary rocks are known to 
approach the surface, and at Harrogate, which is oti the apex of 
an anticlinal. 

(4) The central ridge line runs from the Wash parallel to the 
line of the Wolds to Brigg. Thence it appears to turn west, 
and reaches Market Weighton vid Butterwick and Howden. 
One or two additional stations are, however, re(|uired to deter- 
mine whether this bend is real, or whether the line runs direct 
from Brigg to Market Weighton. From the latter town it 
passes to the limestone district of Yorkshire and traverses its 
centre. It has not yet been traced west of the line of the Mid- 
land Railway between Settle and Hawes, but there is ground for 
believing that it continues to the Lake District. 

Although, therefore, one or two points of detail remain for 
further investigation, the existence of a line of attraction 150 
miles long is proved beyond the possibility of doubt, and for 
about 90 miles its position is known to within 5 miles. 

There are, then, even in those parts of England where the 
superficial strata are not magnetic, regions of high vertical force 
comparable in size with small counties, and ridge lines or loci of 
attraction as long and almost as clear] v defined as the rivers. 
Their course is closely connected with the geology of the 
districts through which they run. 

Royal Meterological Society, April 16. — Mr. Baldwin 
Latham, President, in the chair. — The fallowing papers were 
read : — The cold period at the beginning of March 1890, by Mr. 
C. Harding. At the commencement of the month a rather 
heavy fall 01 snow was experienced in many parts of England, 
and very cold weather set in over the midland, eastern, and 
southern districts, the temperature on the 3rd and 4th falling 
to a lower point than at any time in the previous winter. The 
lowest authentic thermometer readings, in approved screens, 
were 5^ at Beddington, 6^* at Kcnicy in Surrey and^fmiii.gton 
in Norfolk, y"* at Chelmsford and Beckenham, S^’at Addiscombe, 
9^ at Reigate and Brockham, and 10^ in many parts of Kent an(i 
Surrey. At Greenwich Observatory the thermometer registered 
13**, which has only once been equalled in March during the last 
icx^ years, the same reading having occurred on March 14, 1845. 
During the last half century the temperature in March has only 
previously fallen below 20** in three years, whilst during the 
whole winter so low a temperature has only occurred in eight 
years. — Note on the whirlwind which occurred at Fulford, near 
York, March 8, 1890, by Mr. J. £. Clark. A sharp and heavy 
thunderstorm occurred at Y<wk about a.JO p.m. At the same time, 
or shortly afterwards, a whirlwind passed a little to the south ' of 
the city, from Bilhopthorpe to Heslington, a distance of about 
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4 mileSi its width varying from 3 or 4 to 250 yards. The author 
made a careful survey of the track of the whirlwind, and de- 
scribed the damage done by it to trees, buildings, &c. — On the 
possibility of forecasting the weather by means of monthly 
averages, by. Mr. A. E. Watsgn. The author is of opinion that 
the average values of meteorological phenomena are constant 
quantities, and that any variation from them is sure to be* met by 
a compensating variation in the opposite direction. 

Zoological Society, April 15. — Mr. G. A. Boulcnger, in 
the chair. — Mr. A. Smith- Wood ward, read a paper on some new 
fishes from the English Wealden and Purbeck Beds, referable to 
the genera Oligopleurtis^ Strobilodus^ and Mesodon, Detailed 
descriptions of several fossils of these genera, now in the British 
Museum, were given. OligopUurus was stated to be represented 
bv a single species in the Wealden of the Isle of Wight, occurring 
also in the Purbeck of Dorsetshire ; and the latter formation had 
yielded at least one species both of Strobilodiu and Mtsodon. 
Previous researches had already indicated a close connection 
between the fish-fauna of the English Purbeck Beds and that of 
the Upper Jurassic Lithographic Stones of France, Bavaria, and 
Wlirtemberg ; and the new forms now described tended to demon- 
strate that alliance even more clearly. — Mr. G. A. Boulcnger 
read the second of a series of reports on the additions to the 
Batrachian Collection in the Natural History Museum. Since 
1886, when the first report was made on this subject, examples 
of 74 additional species of Batrachians had been acquired. 
Amongst these was a remarkable new form allied to the family 
Engystomatidoc, proposed to be called Genyophryne ihomsoui^ 
based on a single specimen obtained by Mr. Basil Thomson on 
Sudest Island, near South-East New Guinea. The form was 
stated to be unicpie in having teeth in the lower, but none in the 
upper jaw. — Mr. Frank E. Beddard read a paper on the structure 
of Psophia^ and on its relations to other birds. The author was 
inclined to consider Psopkia most nearly allied to Cariama and 
Chiuii^a^ and more distantly to Khinochetus^ but entitled to stand 
as a distinct family in the group of Cranes and their allies. — Mr. 
Henry Seebohm gave an account of a collection of birds from the 
northern part of the province of Fokien, South-Eastern China. 
Several interesting species were represented in the series, 
amongst which was a new Ilemixos^ proposed to be called //. 
canipennis, 

Linnean Society, April 3. — Mr. Carruthers, F.R.wS., Presi- 
dent, in the chair. — Prof. P. Martin Duncan exhibited a trans- 
verse section of a coral, Caryophyiliaciavns, shoeing septa and 
irregular theca between them. — Mr. B. D. Jackson exhibited 
some seeds of Mystacidium filiconm^ an epiphytic Orchid for- 
warded from South Africa by Mr. Henry Hutton, of Kimberly. — 
A paper by Prof. W. H. Parker, on the morphology of the 
Gallinacece^ in the unavoidable absence of the author was read 
by Mr. W. P. Sladen ; and a discussion followed, in which Dr. 
St. George Mivart, Prof. Duncan, and Mr. J. K. Harting took 
part. 

Paris. 

Academy of Sciences, April 14. — M. llcrmite, President, 
in the chair. — On the theory of the optical system formed by a 
telescope Jind a plane mirror movable about an axis, by MM. 
L(.t*wy and Puiseux. One of the problems studied is to deter- 
mine the exact co-ordinates of a star with a telescope and a 
plane mirror placed in front of the object-glass. — On the elements 
of peritoneal serum, by M. L. Ranvier. The humour was 
obtained from the domestic rabbit, decumanus\ and 

the cat. Microscopical examination of the preparations showed 
the presence of red globules of blood (hsematics) whatever pre- 
cautions were taken. It is therefore considered as a normal 
element, physiological, not accidental, of peritoneal serum. 
Colourle^^JuiWical lymphatic cells, having dimensions from 20/i 
to loo^u; are also described; the volume, structure, and re- 
actions of I hese cells from the three animals, however, is found 
to vary.— On’ the artificial production of silk, by M. Emile Blan- 
chard. — A'AwW of solar observations made at the Royal Obser- 
vatory of the College of Rome during the first three months of 
the year 1890, by M. P. Tacchini. — Observations of sun-sp >ts 
made in 1889 at ine Lyons Observatory, by M. Em, Marchand. 
The first three months of this year are also included in the list 
Tables are given showing the number of days without spots, the 
duration anil latitude of ^ts, and their mean total surface (umbra 
and penum*hra) expressed in millionths of the sun*s visible surface, 
— Approximate rectification of an arc of a curve, by M* A. E, 
Pellet --^Construction for the radius of curvature of symmetrical 


triangular curves, of plane anharmonic curves, and of asymptotic 
lines of Steiner’s surface, by M. G. Fouret. — A paper by M, A. 
Ditte, on the action of nitric acid on aluminium, shows that this 
acic^acts upon aluminium in much the same way as sulphuric 
acid. The slowness of the reaction is due to the formation 
of a protecting covering of gas. As in the case if zinc, 
when weak nitric acid is employed the gases produced consist of 
nitric oxide and nitrogen, together with some ammonia 
with 3 per cent, acid in presence of a little platinum chloride, 
ammonia is almost the sole product. Just as with the sulphate, 
the nitrate forms with aluminium in presence of water a basic 
nitrate with liberation of hydrogen. — On the preparation of 
hydrobromic acid, by M. A. Recoura. The author passes a 
stream of H^S through bromine, and washes the gaseous HBr 
produced by passing it through a solution of HBr containing a 
little red phosphorus in suspension. The method admits of the 
production of gaseous HBr at any desired rate, and without the 
necessity of the continual watching required by the methods 
formerly employed. — On the oxidation of hypophosphorous acid 
by hydrogenized palladium in the absence of oxygen, by M. R. 
Engel. In the precipitation of palladium by hypophosphorous 
acid according to the method followed by Wurtz and Graham,, 
the author finds that the product, contrary to the state- 
ments of those investigators, contains hydrogen. The spongy 
palladium produced decomposes an unlimited quantity of phos- 
phorous acid, hydrogen being evolved. — M. P. Cazeneuve 
contributes a paper on the oxidizing and decolorizing proper- 
ties of charcoal. — M. E. Jungfleisch, in a note on camphoric 
^cids, shows that the separation of several acids is possible 
when advantage is taken of their differing solubilities. — A 
note on the acid malonate, the quadromalonate, and the 
quadroxalate of potassium, by M. G, Massol, gives the thermal 
properties of these salts, and an analysis of the quadro- 
malonate. — M. L, Lindet describes a method for the extraction 
ofraffinose from molasses, and for the separation of raffinose 
from saccharose, the separation depending upon the greater 
solubility of raffinose in absolute methyl alcohol, and its much 
inferior solubility in 80 per cent, ethyl alcohol, as compared with 
the solubility in each medium of saccharose. — On a pseudo- 
typhoid bacillus found in river water by M. Cassecleiat. The 
author has found in Marseilles drinking-water a bacillus having 
a great resemblance to that of typhoid fever. The investigations, 
so far as they have gone, seem to fully establish the identity of 
the two bacilli. — On the microbes of hiemoglobinuria of the 
bull, by M. V. Babes. An examination of the character of this 
organism shows that it has no well-established place in the classi- 
fication of microbes, and that the conditions of culture are not 
yet well determined. Nevertheless, its special reactions, its 
localization in the red globules, and its transmissibility to 
animals, leave no room for doubt as to its pathological sig- 
nificance. — Nutrition in hysteria, by MM. Gilles de la Tourette 
and H. Cathelineau. It is noted that in hysteria, notwithstand- 
ing nervous pathological manifestations other than permanent 
af^ctions, nutrition is effected normally. — On operation for 
strabismus without tenotomy, by M. H. Parinaud.— On the 
function of air in the physiological mechanism of hatching, 
sloughing, and metamorphosis among Orthopterous insects of 
the family Acridides, by M. J. Kunckel d’Herculais.— On anew 
Lycopodium of the Coal-measures {Lycopodiopsis Derbyi)^ by M. 

B. Renault. — Pebble impressions, by M. Ch. Contejean. The 
paper refers to Tertiary pudding-stones found near Montbeliard. 

Berlin. 

Physiological Society*, March 28. — Prof, dii Bois-Reymond, 
President, in the chair.— Prof. Salkowski spoke on fermentative 
processes whiSh occur in animal tissues, employing chloroform- 
water to discriminate between the action of ferments (organized) 
and enzymes (unorganized). He had thus found that a fermentation 
(zymoly sis) occurs in yeast-cells, by which their cellulose is partly 
converted into a laevo rotatory sugar and the nuclein into sub 
stances of the xanthin series. He had further isolated from 
yeast-cells, apart from their cellulose, two other carbohydrates, 
one belonging to the gum series and one resembling glycogen ; 
either of these might have been the source of the above- 
mentioned sugar. In a similar way be had . studied the 
fermentative changes which take place in liver and muscle, and 
found them to vield a series of distinct products which could be 
determined both qualitatively and quantitativeljr. He concluded 
frum his researches that fermentative (zymolylic) processes are 
continually taking place in living tissues, and play a most 
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important part in the chemUtry of their metabolism. — Dr. 
Rosenberg demonstrated a nt5w reaction of uric acid. When 
urine is made faintly alkaline, it yields a dark blue colouration 
on the addition of phosphotungstic acid, which he had satisfied 
himself^was due to the presence of uric acid alone among the 
other constituents of the excretion. — Dr. Goldscheider gave an 
account of some experiments which he had made some five years 
ago, to show that the principle of specific nerve energy ” nolds 
good for the sense of taste. By isolated stimulation of separate 
taste-papillm he succeeded in showing that there exist, in all, four 
kinds or qualities of taste — sour, sweet, bitter, and salt ; and that 
specific end*organs exist fore each kind of taste. By electrical 
stimulation there arises at the anode not only the sensation 
of sour, but also of bitter and sweet ; at the kathode purely 
sensory impulses are aroused in addition to the gustatory, and 
to the fusion of these two is due the “ alkaline taste of which 
some authors speak. It appeared from his researches that the 
hard palate contained end-organs chiefly for the perception of 
sweet tastes. — Dr. I. Munk spoke on muscular work and 
nitrogenems metabolism. He criticized the recent work of 
Argutinsky, according to which the work done in climbing a 
mountain, and the heat produced, are the outcome of a breaking 
down of nitrogenous material. Having recalculated Argutinsky's 
results, he came to the conclusion that (i) his body was not in 
nitrogenous equilibrium even during rest ; (2) the amount of 
carbohydrate which he took was insufficient to account for the 
heat-production during rest. As is well known, both these 
factors lead to an increased nitrogenous metabolism when extra 
work is done, the energy required for the excess of work being 
obtained from the breaking down of proteids ; hence no con- 
clusions as to what normally takes place can be drawn from 
Argutinsky 's experiments. He further pointed out that 
Oppenheim’s experiments have shown that dyspnoea leads to 
increased nitrogenous metabolism, and that hence dyspnoea may 
very probably have played some part during the exertion of 
excessive climbing. While not doubting the accuracy of the 
experiments, he did not feel that the conclusions which 
Argutinsky had drawn from them were iustifiable. 

Gottingen. 

Royal Society of Sciences, Oct. 15, 1889.— On thegranular 
pigments occurring in man, by Dr, F. Maas. Two chemically 
distinct groups of pigments occur : (i) melanin, (2) the granu- 
lar colouring matters here referred to. The latter are found at 
all periods of life, but increase in quantity and in the size of the 
granules with age. They are liormal products, not morbid. 
They are not only transformed but produced by the corpuscle- 
carrying cells. They are not wholly derived from the blood : 
the pigment found in the heart is derived from a fatty body. The 
several pigments can be distinguished by their reactions with 
hydrochloric and acetic acids, and with caustic potash. — On the 
analogue of Kummer’s surface for p ~ 3, by W. Wirtinger. 
The author investigates the continuum obtained by taking, as 
the eight homogeneous point-co-ordinates of a 7-dimension 
space, eight linearly independent squares of theta-functions of 
three variables. It appears that this possesses collineaiions 
analogo^ to the system for Kummeris surface, as also the cor- 
responding system of reciprocal transformations into itself. 

October 23, 1889. — Determination of the elastic constants of 
Iceland spar, by W. Voigt. The author uses the refraction 
observations of G. Baumgarten, and gives elaborate tables of his 
own measurements. I He discusses the property of spar by 
which the crystal can be forced by shearing into its twin form, 
and gives diagrams illustrating the changes in the traction and 
torsion coefficients. — Determination of the elastic constants of 
certain dense minerals, by W. Voigt and P. Drude. The 
minerals are dense fluor spar, Solenhofen stone, and dense 
barytes. 

December 3, 1889. — On thermo-electric currents in crystals, by 
Th. Liebisch. The author confirms some of Backstrbm’s results, 
and finds that, in a rectangular parallelepiped of homogeneous 
conducting crystal of the triclinic system, embedded in homo- 
geneous isotropic ** normal metal, the thermo-electric force 
in the direction of the steepest temperature gradient is repre- 
sented by thef squared reciprocal of the parallel radius vector of 
a certain ellipsoid E.*^~On contrast-phenomena resulting from 
suspended attention, by Dr. F. Schumann. Psycht^^ysical 
experiments on the estimation of short periods of time, Ike. 

December 25, 1889. — On the fertilization of the ovaof Agelastica 
alnif L., by Dr, II, Ilenking. In this insect it is observed that 


in ova taken from the oviducts a number of spermatozoa pene- 
trate deeply among the yolk-masses as far as the level of the 
female pronucleus. Peculiar karyokinetic appearances are 
described. — Contribution to the theoij of the even Abelian 
sigma-function of three arraments, by Ernst Pascal. This is a 
continuation of the authors previous work on the odd sigma- 
function. The terms of the developments are combinants of a 
net of quaternary quadratic forms. — On a hyperelliptic multi- 
plication equation, by H. Burkhardt. This equation for hyper- 
elliptic functions (/ = 2) is the generalisation of Jacobi's 
equation for elliptic functions. 

Amsterdam. 

Royal Academy of Sciences, March 29.— Prof, van der 
Waals, Vice-President, in the chair. — M. H. A. Lorentz dealt 
with the molecular theory of diluted solutions. He showed how 
the known formula for the vapour-pressure of such solutions may 
be derived from considerations on molecular motion and attrac- 
tion, and how a similar theory applies to a conceivable mechanism 
of osmotic pressure. — M. Baehr gave some observations on the 
herpolhodie of Poinsot, and explained that this cannot have any 
points of inflexion, unless the ellipsoid be not a central one. — M. 
Pekelharing spoke of ‘^the destruction of anthrax spores by 
rabbits' blood. " 

Stockholm. 

Royal Academy of Sciences, April 9.— On the researches 
in zoology made at the Zoological Station of the Academy during 
1889, by Prof. S. Loven. — On the possibility of the triangulation 
of Spitzbergen, by Prof. Rosen.— An analysis of the liquid 
inclosures in topaz, or the so-called Brewsterlinite, by Otto 
Nordenskidld. — On the use of invariants and seminvariants for 
the solution of common algebraic equations of the four lowest 
degrees, by Dr. A. Bergen.— On the structure of the fruit-wall 
in the Labiatae, by Miss A. Olbers. — Some researches on acci- 
dental double refraction of gelatinous substances, by l^r. G. 
Bjerken. — On the action of iodohydric acid on 1-5 nitronaph- 
thalin-sulphon-acid-amid, by A. Ekbom. 
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THE APPLICATION OF THE MICROSCOPE 
TO PHYSICAL AND CHEMICAL INVESTI- \ 
CATIONS. 

Molekularphysik, mil besonderer Beriicksichtigung inikro^ 
skofischer Untersuchungen und Anleitung su Solchen, 
sowie einen Anhang iiber mikrochemische Analyse. 
Von Dr. O. Lehmann, Professor der Electrotechnik am 
kgl. Polytechnikum zu Dresden. 2 Volumes, pp. 852, 
697, with 624 Woodcuts and 10 Plates. (Leipzig : W. 
Engelmann, 1888-89.} 

V ERY soon after the first invention of the microscope, 
attempts were made to apply the new instrument 
to solve some of the remarkable problems of crystallo- 
genesis. The early volumes of the Royal Society Trans- 
actions contain in the papers of Boyle, Hooke, and Leeu- 
wenhoek, published between the years 1663 and 1709, many 
records of attempts of this kind ; and the works of Henry 
Baker, which appeared between 1744 and 1764, are «lso 
largely concerned with the study of the process of crystal- 
lization under the microscope. 

In Germany, Ledermuller in 1764 and Gerhardt in 1780 
showed the value of the microscope in studying the in- 
ternal structure of crystals ; while in France a long 
succession of enthusiastic investigators, Daubenton, 
Dolomien, Fleurian de Bellevue, Cordier, and others, were 
busily engaged iii laying the foundations of the science of 
microscopical petrographjjT. 

Early in the present century, we find the English 
investigators pnee more taking a leading part in apply- 
ing the microscope to the study of crystallized bodies. 
Between the years 1806 and 1862, Brewster published a 
long series of memoirs, dealing with the microscopical 
characters of natural and artificial crystals, and the in- 
clusions which they contain. About the year 1850, too, 
Mr. Sorby commenced his important investigations on 
the subject, availing himself of the method of- preparing 
transparent sections of rocks and minerals which had 
been, shortly before this time, devised by WiMiam Nicol. 
Mr. Sorby’s epoch-making memoir" On the Microscopical 
. VOL. XLII.--N0. 1070. 


Structure of Crystals, indicating the Structure of Minerals 
and Rocks” made its appearance in 1858. 

While one group of investigators, following the lines of 
the early work of Brewster and Sorby, have sought to 
make the microscope an efficient instrument for the de- 
termination of minerals, even when present in rocks as 
the minutest crystals or fragments ; others have no less 
diligently pursued the methods which the same pioneers 
in this branch of research have initiated for solving 
physical and chemical problems connected with the for- 
mation of crystallized bodies. 

In the hands of Des Cloizeaux, Tschermak, Zirkel, 
Von Lasaulx, Fouqud and Michel-Ldvy, Rosenbusch, and 
other workers, the microscope has gradually been de- 
veloped into a splendid instrument of mineralogical 
research ; and the determination of the minutest particles 
of a mineral is now becoming no less easy and certain 
than that of the largest hand-specimens. 

But, at the same time, Brewster and Sorby’s early 
attempts to solve physical and chemical problems by the 
aid of the microscope have not failed to exercise an 
important influence on subsequent workers in these 
branches of science. Link, Frankenheim, Klocke, Hart- 
ing, and especially Vogelsang (whose early death was a 
very severe loss to this branch of science), have done 
much towards establishing the science of crystallogenesis 
upon a firm basis of accurate observation ; and their 
labours have been continued in more recent times by H. 
Behrens and Dr. Otto Lehmann, the author of the work 
before us. 

As the well-known treatises of Rosenbusch, and of 
Fouqud, M 4 chel-Ldvy, and Lacroix, give us an admirable 
risumi of the present state of determinative mineralogy, 
as improved by the application of the microscope, so 
does the work before us contain a perfect summary of 
the contributions of the microscopist to the sciences of 
physics and chemistry. 

It will only be possible, within the limits* of an article 
like the present, to indicate briefly the plan of the very 
comprehensive, and, indeed, almost exhausfive work, in 
which Dr. Lehmann has j^ipbodied the observations of 
himself and his predecessors in this field of inquiry. 

The first division of the book deals with the construe- • 
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tion and use of the microscope ; especial attention being 
given to forms of the instrument, like those devised by 
'^Nach'fet and by the author of this work, for the special 
purpose bf studying crystallization and other physical and 
chemical processes. I 

The second division of the book treats of those phy- | 
sical properties of matter which are presented by all 
bodies, whether in the solid, liquid, or gaseous state. ; 
Such questions as the polarization and absorption of . 
light, the conduction of heat, and the electric and mag- 
netic relations of various substances are here dealt with 
by the author. 

The next division relates to the peculiar properties . 
presented by solids. Elasticity and plasticity are con- 
sidered, a^d, under the latter head, the remarkable phe- 
nomenon of the production of twinned structures in 
crystals by mechanical means is fully discussed. Under 
the head of cleavage we find a treatment of such pheno- 
mena as the production of mathematical figures in certain 
crystals by pressure, percussion, &c. ; while under the 
heads of “ Enantiotropic ” and “ Monotropie ” are classi- 
fied the consequences which follow from heteromorphism 
among crystalline substances, and the tendency of the 
lieteromorphous forms to pass one into the other. 

The division dealing with liquids and their peculiar 
properties contains discussions on fluidity, surface- 
tension, diffusion, capillarity, and crystal-growth, with 
the origin of structural anomalies. The problems of 
solution and precipitation, with those of solidification 
and fusion, are also treated of in this part of the treatise. 

The second volume of the work commences with the 
discussion of the properties of gases and their relations | 
to solids and liquids. This division of the subject, which ' 
is very exhaustively treated, extends to 335 pages. 1 

The work concludes with critical remarks upon dif- j 
ferent molecular theories. The chapters dealing with the i 
theories of crj-stal structure, of allotropy, of heteromorph- j 
ism, and of isomerism, with several others, in the same 
division of the book, are full of interest and suggestive- : 
ness. 

A supplement of about 1 50 pages is devoted to what 
the author calls “ crystal-analysis,” or what is generally i 
known to geologists and mineralogists as ** microchemical i 
analysis’.” Very minute particles of an unknown sub- i 
stance may often be determined by being treated with 
appropriate reagents and studied under the microscope ; i 
in this way they are made to yield crystals of various : 
compounds which can be recognized by their charac- 
teristic forms and habit. An admirable summary is given 
by the author of the work of Bdridky, Streng, Behrens, 
Haushofer, and others, who have gradually perfected this 
branch of research, and made the method one which is 
of the very greatest service to the students of micro- 
scopical mineralogy and petrography. 


the numerous observations of the author on crystallo- 
genesis that are described in memoirs in Grotk's Zeit- 
schrift included in the work before us, but many others 
that have never before been published find a place in these 
volumes. The work is very fully illustrated both with 
woodcuts and coloured plates, and constitutes a complete 
synopsis of all that is known on a number of questions 
of great importance and interest to workers in many 
different branches of science. 


BERTRAND ON ELECTRICITY. 

Lemons sur la Thi'orie Mathimatique de IlAlectricitky 
professies ati College de France. Par J, Bertrand. 
(Paris : Gauthier-Villars.) 

T his book contains lectures on electricity given by 
M. Bertrand at the College de France. In his 
preface the author states that he has confined himself to 
the mathematical principles of the subject ; but this hardly 
expresses the limitation he has imposed upon himself, 
for a great many results which English students of elec- 
< tricity are accustomed to find in text-books on this sub- 
ject are omitted from this work. A brief description of 
the contents of the book will suffice to show this. The 
first chapter contains an investigation of the attractions 
of spheres and spherical surfaces when the law of attrac- 
tion is inversely as the square of the distance ; the second 
and third are devoted to the properties of the potential ; 
the fourth contains an investigation of the conditions under 
which the method of lines of force can be used ; the fifth, 
which has the comprehensive title “ 6 lectricit <5 Statique,” 
contains a short discussion of the electrical distribution 
on two spheres which mutually influence each other, the 
reciprocal theorems, and a discussion of the properties of 
the Leyden jar so far as they can be discussed without 
introducing the idea of specific inductive capacity ; the 
sixth chapter contains some remarks upon magnets ; the 
seventh treats of Ohm’s law, and contains Kirchhoff’s 
equations for the distribution of currents amongst a net- 
work of conductors, without, however, any applications 
eveh to such an important case as that of Wheatstone’s 
bridge; the eighth, ninth, and tenth chapters contain, 
respectively, investigations of the magnetic forces pro- 
duced by linear currents, the laws according to which 
such currents act on each other, and simple applications 
of these laws ; the eleventh chapter contains some ac- 
count of the induction of currents, and, amongst other 
things, some well-founded reasons for not deducing the 
laws of induction from the principle of the conservation 
I of energy alone, but no hint is given of the possibility of 
regarding a system of currents as a dynamical system, 
though the introduction of this idea by Maxwell has 
thrown new light over the whole subject and enabled 
many of the properties of currents to be recognized at 


While the physicist and chemist will find in this work 
a perfect mine of interesting and ingenious experiments 
(many of which are suited to class-demonstrations by 
projection methods), the mineralogist and geologist will 
hail the appearance of the book as one that completes 
and supplements the well-known treatise of Vogelsang — 
a work that has exercised the most important influence 
on the development of petrological theory. 

In conclusion, it may be pointed out that, not only are 


once as those belonging to any dynamical systems ; the 
twelfth chapter contains some account of the application 
of the results of the previous chapters to dynamo-electric 
machines ; and the thirteenth and last chapter discusses 
units. 

There are two views which have been taken as to the 
relation between the mathematics and the physics, which 
ought to exist in a text-book on mathematical physics : 
the one is, that it is the province of physics to supply the 
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laws of action between particles charged with electricity, 
elements of current, and the like ; then its function 
ceases, and the rest is a mere matter of mathematical 
symbols ; by this method the physics and the mathe- 
matics are sharply divided — the physics occurs in the first 
few lines of the chapter, the rest of which is mathematics. 
In the other method the physics and mathematics are 
kept as closely connected as possible, so that by knowing 
from physics the kind of results we may expect errors 
in the mathematical investigations may be detected 
while, on the other hand, our. physical conceptions may ■ 
be extended, and perhaps even the point of view changed, 
by the results of mathematical transformations. Thus, 1 
as Maxwell points out, the two sides of the equation 
which expresses Green’s theorem might have suggested ' 
the two ways of regarding electrical phenomena— the one : 
when we confine our attention to the electrified bodies ; ; 
the other when we look upon the dielectric as the seat of : 
the phenomena. In the department of physics in which ; 
mathematical analysis has won perhaps its greatest tri- | 
umphs, that of gravitational attraction, the first method 
is perhaps the most natural ; but in an intricate subject^ 
like electricity, where so much remains to be discovered, 
and which it is so important to regard from as many points 
of view as possible, the second method seems infinitely 
the more likely to lead to an extension of our knowlc'dge. 

M. Bertrand’s work is a most favourable example of 
the first method : it is clearly and gracefully written, and 
the mathematical part often extremely elegant ; yet, in 
spite of all this, we must confess to a feeling of dis- 
appointment on reading the book. We had thought from 
the publication of Mascart and Joubert’s “Lemons sur 
I’Electricitd ct le Magn^tisme,” and the excellent transla- 
tion of Maxwell’s “ Electricity and Magnetism ” by MM. 
Seligman-Lui, and Cornu, that the ideas introduced by 
Maxwell, von Helmholtz, and others, were spreading in 
France ; yet here we have a work written by one of the 
first scientific men of that country, in which the subject is 
treated in fundamentally precisely the same way as that 
in vogue twenty or thirty years ago ; and in fact, with the 
exception of some results due to M. Marcel Deprez, in the 
chapter on electro-magnetic machines, there is no reference 
to any investigation made within the last twenty years. 
The names of Maxwell and von Helmholtz are not even 
mentioned in the book itself — though, to be quite accurate, 
that of Maxwell occurs in the table of contents in con- 
nection with a particular case of Green’s theorem. 

M. Bertrand seems to exact more from the science of 
electricity, before he deems it worthy to be discussed 
mathematically, than is exacted from any other science ; 
thus, for example, he omits all consideration of the effect 
of the dielectric because there is no satisfactory molecular 
theory of specific inductive capacity, such as Mossotti 
attempted by supposing the dielectric to contain conduct- 
ing spheres, the specific inductive capacity depending on 
the ratio of the volume of the spheres to that of the rest 
of the dielectric. It seems to us that if M. Bertrand were 
to write a book about optics, he would, if he were con- 
sistent, leave out everything connected with either refrac- 
tion, or reflection, since no complete molecular theory of 
these phenomena have been given. The way in which 
t^ dielectric affects the lines of force is as definite and 
simple as the way in which a refracting medium affects 


the rays of light,, and the one is quite as capable of re- 
ceiving mathematical treatment as the other. . 

• Again, M. Bertrand, in treating of magnetisnt^^ints* 
out that on the theory of magnetic fluids the Uehaviour 
of a magnetized body will depend upon the shape of the 
molecules, and as this is not known he refuses to in- 
vestigate the magnetic properties of bodies ; he never 
mentions magnetic permeability, the idea of which, by 
introducing a new property of bodies, enables us to in- 
vestigate mathematically their magnetic properties, and 
express the results of the investigation in terms of quan- 
tities which can be measured in a physical laboratory. 

In spite of the clearness and elegance of this book, we 
arc afraid that a student who learnt his electricity from it 
would think, if he read any modern memoirs tm the sub- 
ject, that they dealt with some new and unknown science ; 
for the mode of regarding the phenomena would probably 
be entirely different, and many quantities would be intro- 
duced of whose existence M. Bertrand had given him no 
hint. 

OUR BOOK SHELF. 

SundevalPs Tentamen [Meihodi naturalis axnum dispo- 
nendaruvt tentamin\. Translated into English, with 
Notes, by Francis Nicholson, F.Z.S., &c. (London : 
R. H. Porter, 1889.) 

The practice of translating into English memoirs by 
leading foreign naturalists that may be considered clas- 
sical is to be highly commended. English ornithologists 
who are not conversant with German may thus study 
such important works in their branch of science as 
Nitzsch’s “ Pterylographie” and Johannes Muller’s “Voice 
Organs of Passeres,” of both of which excellent English 
translations exist. 

It is, however, a question whether Sundevall’s “ Ten- 
tamen” comes into the category of classical memoirs, or 
is worth translating if it does. In our opinion it might 
have been allowed to drop peacefully into oblivion in the 
obscurity of the original Latin. No particular object is 
gained by helping to perpetuate a scheme of bird-classi- 
fication like that of Sundevall, with the details of which 
no one nowadays can agree. Even the translator has 
nothing to say for it, except the very general statement 
that “ every serious scheme of classification contains 
some items of progressive knowledge towards the attain- 
ment of a complete natural arrangement of the class of 
birds.’’ It would be very difficult, however, to say what 
these items are, and the translator gives us no help In 
I the matter. On the other hand, if ornithologists believe 
! that this, the last work of Sundevall, is really important, 
then it can be certainly said that Mr. Nicholson’s trans- 
lation is good and accurate. 

The introduction, which occupies the first twenty-five 
pages, is interesting, and so are the notes interspersed 
through the volume ; but it is clear that the book must 
be entirely^ udged by the merits or demerits of the scheme 
of classification. Prof. Newton (article “ Ornithology,” in 
Encyc. Brit.,” ninth edition) has subjected Sundevall to 
a searching criticism, which seems to us to be perfectly 
justified. Some of the worst features of the classification — 
in addition to those mentioned by Prof. Newton — are to as- 
sociate Serpentarius with any other birds of prey, to place 
the American vultures near the American kites (an error 
which is constantly cropping up in spite of the obvious 
anatomical diffetences), Glareoia among the* goatsuckers, 
&c. Prof. Sundevall’s classification is, in fact, most re- 
actionary in every particular ; it is difficult to believe 
that it was published in the year 1872 — after the appear- 
ance of so many important papers upon bird classification * 
and structure, such as those of Profs. Huxley and Parker. 
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Mr. Nicholson very justly remarks in a footnote to p. 
43,. that since the publication of the “ Tentamen,” much 
has'iiften done in the way of improvement in the clasti- 
hcatiorr of birds. In order to assist the Student a few 
references are added to recent publications. 

These do not seem to be very well chosen ; for ex- 
ample, it is probably much better to arrange the Tur- 
didsc in two sub-families, as has been suggested later, 
than to retain Sundevall’s arrangement. But this seems 
a very trifling matter in j:omparison with such serious 
errors as we have referred to, about which there can be 
no question, and which are left altogether unnoticed by 
tire translator. F. E. B. 

The Flowering PI int: as illustrating the First Principles 

of Botany. By J. R. Ainsworth Davis, B. A. (London : 

Charles Griflin and Co., 1890.) 

Different opinions may be held as to what constitutes 
an elementary science text-book dealing with first prin- 
ciples, and we are inclined to think that Mr. Davis has 
given the work before us too modest a title. This little 
book, of 160 pages, contains enough facts and **hard 
words ” to fill a small Encyclopaedia, although ** no pre- 
vious knowledge is assumed ” ; and we fear that any 
beginner who limited his studies to this work would run 
more danger of developing into a kind of living abridged 
botanical dictionary than of mastering the first principles 
of the science. 

The introduction, which deals with the scope and 
subdivisions of the sulnect,*’ “differences between plants 
and animals,” and “ differences between living and non- 
living matter,” is condensed into 5^ pages. The fol- 
lowing 137 pages are devoted to morphological and 
physiological botany ; these are succeeded by an ap- 
pendix on practical work, in which directions for the 
description of flowering plants, a summary of the various 
classes and orders, and directions for the studjr of 
anatomy, histology, and physiology, are condensed into 
1 5 pages. One cannot help being struck by the author’s 
power of pr/cis-writing. 

We cannot, therefore, recommend Mr. Davis’s book to 
beginners, for whom a judicious selection of facts from 
which main principles may be deduced is, in our opinion, 
necessary. It is no easy task to write a book on “ first 
principles,” and this can hardly be accomplished by any- 
one who has not devoted much time to actual observation 
in the subject in question. 

In his preface the author states that “ no attempt has 
been made to * write up ’ (or ‘ down ’) to any syllabus ; ” 
but the title-page informs us that the book is “ especially 
adapted for the London Matriculation, South Kensing- 
ton, and University Local Examinations in Elementary 
Botany.” This, we take it, explains the real object of 
the work, which is also indicated by an appendix, con- 
sisting of 153 questions selected from South Kensington 
and London Upiversity examination papers. The appear- 
ance of the present work is, in fact, a natural result of 
our present system of examinations. 

Looked upon as a set of condensed notes, reca, 
what has been learnt in lectures which (as dobbtfess many 
at the present time have to be) are “ specially adapted for 
the requirements ” of various examinations, the book may 
certainly prove useful to many, and from this point of 
view much might be said in its favour. Moreover, as no 
specific types are taken, it will probably (for examining 
bodies do fortunately change their “types” occasion- 
ally) have a longer life than the author’s “ Text-book of 
Biology.” 

It is imjiossible here to criticize the wotk in detail, and 
we will only call attention to the insufficient account of 
growth contained in the introduction ; such condensation 
cannot but result in inaccuracy. 

' Sixty figures are included in the text, most of which 
are very wdl known ; some half-dozen are original, but 
most of these might have been omitted with advantage. 


Cycles of Drought and Good Seasons in South Africa. By 
D. E. Hutchins, Conservator of Forests, Knysna. With 
Cyclical Diagrams. Pp. 137. (London: William Wesley 
and Son, 1889.) 

Mr. Hutchins’s little book consists of two lectures (subse- 
quently amplified) which were delivered at King William’s 
Town and Grahamstown in 1886 and 1 887. Their subject- 
matter is fairly indicated in the title, and the author’s 
views are succinctly set forth in the opening words of his 
second lecture : — “ We know that the climate of South 
Africa varies in cycles, that the climates of other countries 
similarly placed, such as Australia, South America, and 
India, also vary in cycles. This cyclical variation is 
probably due to more causes than one.” 

Of these cycles, one only, that of the sun-spot period, is 
already familiar to meteorologists. The others are — a 
cycle of 9 or 10 years, or, more accurately, 9*43 years as a 
mean, which Mr. Hutchins terms the “ storm cycle,” and 
appears to have been suggested to him by the rainfall 
re^ster of Cape Town Observatory, extending over 48 
years ; and one of 12 or 13 years, which be terms the 
“cyclical mitigation” of the droughts which otherwise 
prevail in the intervals of the maxima of the two previous 
cycles. The physical cause of this last is not indicated. 
Allowing for an occasional delay of a year in the occur- 
rence of the sun-spot rainfall maximum, the vicissitudes of 
the Cape Town Observatory rainfall are thus fairly reduced 
to rule. For other stations some modifications are found 
necessary, and it appears that at certain inland stations 
and on the east coast a wet year occurs two or three 
years after that of maximum sun-spots, which Mr. Hutchins 
terms the “lag rain ” of sun-spot maximum. In the register 
of the Karoo rainfall we also notice a year of “ irregular 
mitigation,” and anotheryear of high rainfall not reducible 
to any cycle, but which is not so annotated. 

Perhaps, indeed, we are wrong in assuming that some 
of the above cycles are new and unfamiliar, since Mr. H. 
C. Russell, in a paper communicated to the Royal Society 
of Sydney in 1876, tells us that cycles of 2, 3, 5 or 6, 6 
or 7, 9, 10, 1 1, 12, 13, 17, 19, 30, and 56 years, have been 
advocated as regulating the rainfall of different places, 
and we might, of our own knowledge, add others to the 
list. But with the exception of the sun-spot cycle, all of 
them seem to be evolved from the rainfall statistics dealt 
with in each case, and to have no other physical meaning. 

It does not seem to have, occurred to Mr. Hutchins 
th^t, however ingenious as an arithmetical exercise, such 
analyses of a series of statistics have no more claim to rank 
as physical inquiry than the solving of acrostic fiuzzles. 
He has evidently no misgiving on this head, and is cer- 
tainly not open to the reproof conveyed in Montrose’s 
well-known lines. He does not fear the fate of his system 
too much to put it to the touch of a definite and detailed 
forecast ,* and under its guidance he has constructed tables 
showing year by year the occurrence of drought or of 
average or excessive rain, in some cases for the next half- 
century. Those therefore who may live to the year 1938 
will be in a position to form a definitive judgment on the 
merits of the system. ^ H. F. B. 

Science in Plain Language. By Wkliam Durham, 
F.R.S.E. (Edinburgh : A. and C. Black, 1890.) 

Mr. Durham thinks that there are many intelligent 
persons who have not time, and may not have the in- 
clination, to read regular scientific works, but who would 
be glad to know the general results of scientific investiga- 
tion if these results could be set forth in plain language 
without too much detail. For this class he has written 
the present volume, which consists of articles that were 
originally printed in the Scotsman. The subjects are 
divided into four groups— natural selection, protoplasm, 
colour, and movement, ynder “Natural Selection” 
there are essays on the origin of species, evolution, (he 
evolution of man, the origin of man’s higher nature, the 
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antiauity of man, primaeval man, and ancient lake- 
dwellings. The section on Protoplasm includes papers 
on the origin of life, the basis of life, bacteria, disease 
germs, and fermentation. Under Colour " we find articles 
on the colour of flowers, the colour of animals, and warning 
colours and mimicry. Movement " takes in essays on 
movements in plants, the sleep of plants, climbing plants, 
and carnivorous plants. Discussing so many subjects, 
the writer is, of course, obliged to content himself with 
the statement of very wide views ; but his expositions 
are so clear and fresh that the book ought to be of 
considerable service to the readers to whom he specially 
appeals. It will give them at least a general conception 
of the nature and direction of some of the lines of 
modern research, and may induce them to seek elsewhere 
for fuller knowledge. 

LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications J\ 

Panmixia. 

I R£(;R£T that I was led to doubt the sincerity of Mr. Romanes 
when he professed to have formed the conclusion that my words 
meant the reverse of their plain significance. I had not sup- 
posed that there was any one capable of making such a mistake. 

I should be glad to terminate this discussion by a brief state- 
ment of the divergence of view between Mr. Romanes and myself 
as to the original matter in question, from which Mr. Romanes 
has led the correspondence by raising a variety of collateral 
issues. At the same time I should like to take the opportunity 
of saying what I believe Mr. Romanes would reciprocate, viz. 
that there is no ill-feeling but only a divergence of opinion 
between us. 

Mr. Romanes definitely states that when an organ has become 
useless it will decrease in successive generations as a result of 

cessation of selection ” to about half its original size, without 
the co-operation of any such cause as economy of growth. He 
has repeated in effect this statement in his last letter. The result 
attributed by him to mere cessation of selection is, it must be 
noted (because he shows a tendency to waver and to substitute 
** degeneration ** for “decrease in size*'), ^decrease of size : a 
mere failure in the exact adjustment of the parts of a complex 
organ is n »/ the result in question. Of this I have a few words 
more to say below. 

Mr. Romanes not only attributes the decrease in size a 
useless organ to the cessation of selection pure and simple, but 
he calls that condition “ a causal principle,” and claims to have 
discovered it.^ He has also stated that, whilst (to use his own 
words) “inherited decrease” of an organ must be due to this 
principle, it is “ remarkably strange ” that Mr. Darwin had 
overlooked it, and that it was unfortunate that he (Mr. Romanes) 
only gained the idea of ihis novel principle just after the appear- 
ance of the last edition of the “Origin of Species.” 

On the other hand, I consider that Mr. Romanes, by these 
contentions, obscures the theory of organic evolution, and that 
he presumes to censure Mr. Darwin without cause. There is 
nothing unfortunate in the datp of Mr. Romanes’s idea, because 
the idea is entirely erroneous ; and it was no strange oversight of 
Mr. Darwin not to attribute the decrease of useless parts to ** the 
principle of cessaftion of selection,” or, in other words, to their 
uselessness alone — for the simple reason that he would have 
made a blunder had he done so. It is this blunder which Mr. 
Romanes places before us as his own contribution to the theory 
of panmixia : it is this blunder which Mr. Darwin not only did 
not make, but rendered almost impossible for others by his 
discussion of the matter (“ Origin of Species,” p. 401). 

It is an incontrovertible mathematical fact that the only efiect of 
promiscuous breeding or panmixia (considered apart from afi other 
influences) upon an organ or part which presents variations round 

' The erection of a negative condition— a cessation— into the position of a 
causal principle in an artifice whicH is very likely to obscure the view of the 
related facts. The ** causal principle of non-existence*' and **the reversal 
of being/* would be worthy of the author of the artifice who professes also 
to have extracted an essence from an idea— the Idea of promiscuous 'oreeding, 
oi*panmixia ! 


an average mean will beta increase the number of inditnJuals near 
the average mean^ in proportion to the number of generation^in 
whjch the panmixia is operative. • The notion that th^^mp- 
hazard interbreeding of “variations about a mean,” Biust by 
itself lead to a shifting of the mean in the direction of diminished 
size — without the assistance of any special cause favouring 
reduction in size — is, to put it plainly, absurd. 

It is, I believe, a mi take on the part of Mr. Romanes to say 
that Gallon, Weismann, and Poulton agree with him in this 
astonishing fancy. But, were this the case, the mathematical 
fact would remain as it • 

Given a race of organisms in which a part has become useless, 
it is only (as Mr. Darwin pointed out) when some cause (such as 
economy of growth) favouring diminished size is opeiative, that 
the average mean of the size of the part will in successive gene- 
rations shift in the direction of decrease. Mr. Darwin saw this, 
and explained it. Mr. Romanes not only failed to appreciate 
the considerations advanced by Darwin, but actually now 
charges him with oversight for not having made lh% blunder 
which he carefully avoided. 

In conclusion, I have a few w'ords to say in regard to the 
possibility of an organ consisting of several nicely adjusted parts 
losing that adjustment in a state of panmixia without the co- 
operation of economy of growth. Mr. Romanes erroneously 
declares that if we admit this we must also admit that decrease 
in size must similarly result. I am not surprised to find that he 
thinks so, and do not doubt his sincerity. But really the two 
[•cases present very different problems.* Suppose the organ in 
question to be represented by fifty independent variables ; then 
we have to consider not the probability of the average mean 
of each kind of variable being maintained but the probability 
of the production of the necessary combinations of fifty of them 
with the specific initial proportions of each of the fifty elements. 
Whether it is or is not probable that the complex adjustment 
and interaction of parts would be maintained in the absence of 
all interfering causes in a state of panmixia is a difficult question. 
It is one which is hardly worth further discussion, since it is im- 
possible that the results of panmixia without such interfering 
causes should ever present themselves in organic nature. 

It is, moreover, quite certain that any conclusion we may 
adopt in regard to that matter will not alter the matheitiatical 
fact that, given a numerous race and a long series of generations, 
the average mean round which the variations in size of a useless 
organ are distributed will not ultimately shift in the smallest 
degree either towards increase or decrease of size, as the result 
o( the promiscuous interbreeding of the variations. 

April 26. E. Ray Lankestkr. 


The Inheritance of Acquired Charaicters. 

It surprises me to find that anyone who has looked into the 
evidence can doubt that acquired characters, as distinct from 
congenital ones, may, like congenital characters, become heredi- 
tary, and produce physiological effects. The instance men- 
tioned in Herbert Spencer^ letter in Nature (vol. xli. p. 
511), of domestic varieties of animals losing the power of erect- 
ing the ears, appears as nearly conclusive on the subject as such 
an instance can be. 

On the habits or instincts of domesticated varieties, Darwin 
says: — “It may be doubted whether anyone w-ould have 
thought of training a dog to point, had not some one dog 
naturally shown a tendency in this line. • . . When the first 
tendency to point was once displayed, methodical selection and 
the inherited effects of compulsory training in each successive 
generation ^uld soon complete the work” (“Origin of 
Species,” 4th edition, p. 256). 

I quote another instance from Carpenter’s “Comparative 
Physiology” (p. 987): — “Sir C. Lyell mentions that some 
Englishmen, engaged in conducting the operations of the Real 
del Monte Company in Mexico, carried out with them some 
greyhounds of the best breed to hunt the hares which abound 
ui that country. It was found that the greyhounds could not 
support the fatigues of a long chase in this attenuated atmo- 
sphere, and before they could come up with their prev they lay 
down gasping for breath ; . but these same animiu have pro- 
duced whelps which have grown up, and are not in the least 
d^ree incommoded by the want of density in the air, but run 
down the hares with as much ease as do the fleetest of their 
race in this country.” 

. Mr. GuHck’s letter in Nature (vol. xli. p. 536), in- 
sisting that the first and pnly absolutely^essential factor in the 
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production of new varieties or species is the isolation of a por- 
iiQn of the race, appears very luminous. On this sabject» let 
le fc^ain quote from Darwin ; 

“ v'O'i^att gives an excellent illustration of the effects of' a 
course of selection, which may be considered as unconsciously 
followed, in so far that the breeders could never have expected, 
nor even have wished, to produce the result which ensued — 
namely, the produc ion of two distinct strains. The two flocks 
of Leicester sheep kept by Mr. Buckley and Mr. Burgess, as 
Mr. Youatt remark.s, ‘have been purely bred from the original 
stock of Mr. Bakewell for upwards of fifty years. There is not 
a suspicion existing in the mind of anyone at all acquainted 
with the subject that the owner of either of them has deviated 
in any pne instance from the pure blood of Mr. Bakewell’s flock, 
and yet the difference between the sheep possessed by these two 
gentlemen is so great that they have the appearance of being 
quite different vaiieties*’* (“Origin of Species,” 4»h edition, 
l>p# 37, 38;. Joseph John Murphy. 

Bejfast^ April 24. 


The fifth caudal vertebra of a tortoiseshell cat at the Sussex 
County Hospital is dislocated and attached at right angles to the 
long axis of the fourth . The sixth and last vertebra is also affixed 
at right angles to the fifth. The cal is able to wag the terminal 
phalanx of the tail, and th? distortion has ahvays been considered 
to be due to an accident when the animal was a kitten. Within 
the last week the cat has had a litter of several kittens, two 
of which were born almost tailless, one possessing (as far as I 
could ascertain bv external manipulation) two caudal and the 
other three caudal vertebrae only. Whether the original distor- 
tion is due to accident or not, 1 think these facts may interest 
some readers of Nature. W, Ainslie Hollis. 

Brighton, April 28. 

P.S. — Since writing the above note I have had an opportunity 
of examining the two remaining kittens of the litter, and I find 
that only one of these has a normal tail. The other is docked 
of one or two of the terminal vertebrae, and the tail has a slight 
twist on itself towards the end. W. A. II. 

April 30. 


Variation in the Nesting-habits of Birds. 

In considering the interesting question of instinct, one 
naturally turns to the nesting habits of birds as affording an ap- 
parently good instance of habit acquired and perpetuated so as 
to become fixed, and, as we say, instinctive. It would be in- 
teresting, how'ever, to find exactly how far the art of nest- 
building is really inherited, and how much uniformity exists 
among the nests of birds of identical specific characters. 

The “blackbird” of this region, ^coUcophagns cyanoccphalns^ 
is rather notewwthy in ihis connection. Go.^s, in his “ Birds of 
Kansas,” says this bird breeds in trees and bushes, from three to 
thirty feet from the ground. In Colorado, as observed by Mr. 
Morrison and myself, it breeds sometimes on the ground, and 
sometimes in low trees or bushes. In Custer County, Colorado, 
I find it breeding on the ground, sometimes at the very edge of 
creeks, in places where arboreal nests might have been made, 
and also better concealed ones. Captain C. E. Bendire, who 
inclines to the opinion that this bird breeds diversely in nil parts 
of its range, where opportunities offer, writes (i« Hit!) : — “ I have 
found them nesting abundantly both on the ground and in bushes 
in the same locality and close together in Oregon. One thing 
struck me as peculiar ; the nests when placed on the ground 
were almost always to be found on the extreme edy^e of a creek 
bank, when they could have selected far more suitable places, 
better concealed ones at any rate, a few feet away from the 
bank.” This selection of creek banks, noticed both in Colorado 
and in Oregon, is remarkable. It had occurred to me that in 
Colorado the habit might have been formed to lessen the risk of 
being trampled upon by the herds of buffalo which used to in- 
habit this region, but Captain Bendire tells me the habit is 
observed also in regions where there never were aiy buffalo, 
which throws doubt up.)n my explanation. 

Captain Bendire, who has so excellent a knowledge of the 
nesting-habits of American birds, kindly gives me a few notes on 
the |ubject, which it may be permissible to ^uote. 

”%irds in the selection of their nesting-sices will adapt them- 
selves to circumstances, as is well known, but as in the case just 
mebtioned [Scoiecophagus] it is hard to arrive at an entirely 
satisfactory conclusion.^ It is, for instance, easy to account for, 


why the Archibuteo ferrugineus should breed on the ground In 
Dakota, in many cases at any rate, and why Falco peregrinm 
anatum in trees in Kansas, but there are a number of other such 
departures from the old established rules, which cannot be so 
easily accounted for” (C. E. Bendire, in litt.^ January 21, 1890). 

Captain Bendire also cites Buteo swainsoni and Archibuteo 
ferrugineus as birds which sometimes nest on the ground in 
places where there is plenty of suitable timber, which one might 
have expected them to make use of. 

These variations in habit are certainly puzzling : probably the 
important factors in deciding the terrestrial or arboreal nesting- 
habits of a bird are four : — 

(i) Ability to build arboreal nests, — If this varied in a locality 
where arboreal nests were not greatly preferable to terrestrial 
ones, we can see how a minority of clever birds might build in 
trees, and a majority of duffers on the ground. The slight dis- 
advantage to the ground-builders might be counterbalanced by 
their numbers. 

{2) Danger of falling, -In regions where the trees are not 
suitable for holding nests, or where very high winds prevail, a 
terrestrial nest might be preferable ; though the same species in 
another part of its range might do well to build arboreally. 

(3) Dangers of nesting on the ground, — Such dangers would 
arise from terrestrial enemies, floods, &c., and would vary greatly 
no doubt in different regions. Where things were otherwise 
fairly balanced, a slight difference in this respect might decide 
the nesting of a bird. 

(4) Means of defence, — Some birds, with special means of 
defence or of escaping observation, might build on the ground 
where others would lake to trees. T. D. A. Cockerell. 

West Cliff, Custer Co., Colorado. 


Russian Transliteration, 


I AM afraid the authors of the “new system” of translitera- 
tion have misunderstood my letter in yours of April 10 (p. S34)» 
advocating “ the tabulation of the system of transliteration which 
has been so long in use in this country ” in preference to the adop- 
tion of the unnecessary novelties they propose to introduce. By the 
“system in use” I meant that for transliteration from Russian 
into English^ and certainly did not include the transliterations 
from Russian into German which have been copied from books 
or memoirs in that language into English catalogues or journals. 
As practically all the examples the authors adduce in defence of 
their “ new system,” including bolli the aliases and the works 
with which they associate my name, are of this kind - merely 
copies of transliterations from Russian into German — I fail to 
see what bearing they have on the question of transliteration 
into English, however useful they might be in constructing a 
system for transliteration from Russian into German. 

Another misapprehension is, they seem to imagine that I 
ha\^ propounded a system of transliteration of my own. I sin- 
cerely hope I shall never be guilty of doing anything so rash. 
1 merely offered some friendly criticisms on the new system 
which the authors had devised, and I may supplement my 
remarks by here giving in tabular form the principal points in 
which this system differs from that which I conceive to be the 


English use 


B 

KnglUh Use. 

V 

New System. 
... V 

Vh 

ff 

V 

V 

... h before e or 7, 


Hi 

otherwise g 

... j % 

zh 

KC 

... X 

Jts 

y 

ou 

... , U 

X 

... ch 

hh 

H 

... tch 

... ch 

III 

... shtch 

, , . shell 

U 

i 

yc 

Hi 

y 

tl 

H) 

... u 

yu 


I have already given a few examples of names which look 
uncouth when transliterated according to the new system, and 1 
here add one more- It is 


SKRZHlPSKlt. 


When I wrote it down and obsjRved its hieroglyphic appear- 
ance, there arose somehow in roy mind a vision of a new system 
of chemical nomenclature devised many years ago by Laurent,. 
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and his proposal to give to the name atolan-telmin- 

^JaJin-tveso. Charles E. Groves. 

Chemical Society, April 14. 

P*S. — I need scarcely say how cordially T concur with Mr. 
W. F. Kirby’s exceedingly apposite remark that no system of 
transliteration should be adopted offhand without full dis- 
cussion. 


With reference to the scheme of Russian transliteration 
propounded on p. 397 of Nature (vol. xli.), I should be 
obliged if the editor of Nature would allow me the opportunity of 
suggesting that different principles of respelling foreign languages 
in English might possibly be adopted with advantage for different 
purposes. The scheme referred to is one of strict transliteration ; 
in other word«, the aim is to represent the letters of a foreign 
alphabet uniformly by the same letters or combinations of letters 
in the English alphabet. For the purpose of drawing up lists 
of titles of books and papers in a foreign language — the purpose 
obviously kept in view by the propounders of the new Russian 
scheme — this principle is no doubt the best. It is the only one 
that makes it easy to consult a Russian dictionary. But it does 
not follow that the principle of strict transliteration is the best to 
adopt for foreign proper names occurring in a language different | 
from that to which they belong. The third of the rules adopted I 
by the Council of the Royal Geographical Society for geographical | 
orthography is as follows: “The true sound of the word as ! 
locally pronounced will be taken as the basis of the spelling ** 4 
(Proc. Roy. Geog. Soc., 1885, p. 535). This rule is inconsistent i 
with any scheme of strict transliteration. I can imagine that ! 
two views may be held as to its propriety. Unquestionably 
there are difhculties in applying it, but surely for the purpose for | 
which the rule was adopted it is at least defensible and worthy 
of serious discu.ssion. 

Even if it should be recognized, however, that it is desirable 
that one principle of conversion into a foreign alphabet should \ 
be adopted for one purpose, another for another, it will, I think, | 
be generally admitted to be a matter of the greatest importance 
that -an agreement should be come to among all concerned in 
such conversions as to those points which might be held in 
common on either system of conversion. All schemes of trans- 
literation in the strict sense of the term arc based on phonetic 
rules. The aim in all i.s to render the letters of one alphabet by 
the letters and .signs most appropriately representing their normal 
sounds in another. It is the departures from the normal sounds 
that are disregarded. Now a uniform system of representing 
sounds, so far as it is at all desirable to represent foreign sounds 
in English, if devised with sufficiently wide regard to the require- 
ments of different languages, would be of great use as a system to 
be followed for every word or name on the principle of phonetic 
respelling and to be adopted as the basis of every scheme of 
transliteration. Geo. G. Chisuol^i. 

April 22, 

On some Decomposed Flints from Southbourne-on-Sca. 

The curiously decomposed flint-pebbles which occur in the 
cliffs between Boscombe and Southbournc-on-Sea have not, so 
far as I have been able to ascertain, yet received the attention 
they deserve, and, with a view of obtaining other opinions 
before the completion of a paper on the subject, I venture briefly 
to offer mine. 

I will not now deal generally with all the pebbles in the 1 
horizon alluded to, but specifically with some of unusual interest I 
which occur at a certain point in the cliff, as these represent an ! 
extreme type of decomposition to which most of the less-altered j 
pebbles may be found gradating. These type-pebbles occur in 
the cliff a short distance to the east of the pier at Southbourne- 
on-Sea, and present all the characteristic features of a littoral 
deposit. 

A section of the cliff at this point shows : — 

Blown sand 8 feet. 

Brown loam, passing down into lighter-coloured 
sandy gravel containing angular and sub-angular 
yellow and brown flints without any definite mode 
of deposition 14 feet. 

At the base of this, and resting on pure quartzose sand, free 
from flints, is a definite and more or less horizontal layer of 
rounded and decomposed flint-pebbles of about one pebble in 


thickness, partially embedded in the white sand on which they 
rest, and covered by the clastic matter of the bed above. ^ 

While some of these pebbles are apparently unaffectedyihost « 
oT them are eroded in a remarkable manner, having por- 
tions of their substance removed ; anrl others, though retaining 
their original form, are completely changed throughout their 
mass into a soft, white substance (crystalline silica) macroscopi- 
cally like chalk, and as easily cut or sawn through. The largest 
wholly-decom posed specimen I have been able to procure 
measures 14 inches around its greatest circumference. 

It is remarkalde that these flint-wrecks preserve their original 
form and detail to such a degree of perfection that in most cases 
the soft surfaces retain the crescentic markings (mastoid) of 
i incipient conchoidal fracture which resulted originally from the 
I percassion due to wave-action. 

As far as I am at present able to judge, the silica originally 
composing these pebbles was of two distinct kinds — a bluish- 
black, or more stable form (superior crystalline development), 

! and a light-coloured, or less stjible form (inferior crystalline de- 
I velopment) ; for, in the specimens I have procured, tlie bluish- 
j black variety does not appear to be abnormally affected^ while 
i the lighter- coloured variety is nearly always partially or com- 
I plctely decomposed. The wholly-decomposed pebbles would, 

I therefore, have been formed of the unstable variety, while those 
eroded only wouhl have been formed of a combination of the 
I two, the stable portion now remaining. 

My supposition seems to be strengthened by the evidence 
^ obtained from the banded flints, which are very plentiful here. 
These banded flints are formed of alternating zones of the two 
varieties, and in many cases the unstable form has been so de- 
composed as to leave only successive zones of the more stable 
form fitting loosely one into the other like a nest of boxe^*, and as 
easily separable. Notwithstanding this fact these unstable zones 
— before decomposition — are apparently as well able to with- 
stand mechanical erosion as the stable zones, a conclusion 
arrived at through having some of these banded flints subjected 
to the action of the sand* blast for 15 minutes without any 
' ridging ” taking place. 

That the dccompo.sition of these particular flint-pebbles must 
have taken place prior to the deposition of the superincumbent 
bed of clastic material is proved, I think, by the fact that none 
of the flints composing this bed appear to be decomposed, even 
the smallest chips being comparatively unaffected. 

From this and other facts observed, I gather that the de- 
composition of these pebbles must have taken place when they 
were exposed to the air, but I do not think atmospheric in- 
fluences alone would be sufficient to account for the evident 
rapidity and effectiveness of the process ; we must seek a special 
cause for an unusual effect. 

I venture to suggest that the solvent which has in this case 
removed the colloidal silica was derived from decaying sea-w’eed, 
and other oi^anic matter, cast up from time to time by the 
waves upon this (then) pebbly beach. Large masses of sca-weed 
cast up by storm- waves take a considerable time to decompose, 
and during such period is it not possible that they might produce 
alkaline solutions, or — as has been suggested to me by Dr. 
Irving — combinations of ammonia and organic acids ? Either 
of these is a well-known solvent of colloidal silica. The action 
of such solvents might have been accelerated by the mechanical 
process through which most of these pebbles passed prior to 
their final state of rest, viz. the action of the sea-waves in pro- 
ducing the mastoid structure already alluded to, this molecular 
disruption no doubt facilitating the penetration of the solvent to 
the very heart of the pebble. It is worthy of note, too, that in 
some of the Aoded specimens procured, the remaining unaffected 

f >arts are almost entirely free from these incipient fractures, a 
act which — if we ignore the supposed variation in the stability 
of the silica — suggests the necessity for a combination of the 
chemical and mechanical causes to produce the effects observed. 

I have dealt here with a special case only, in the hope that 
my suggestions may be found applicable to the many in which 
we see abnormal decomposition occurring in the fl int-pebbles of 
littoral deposits, and which appears to be distinct from the 
“ weathering so frequently seen occurring to considerable 
depths in the exposed flints of deposits other than fittoral. 
Bournemouth, April i6. Cecil Carus-Wilson. 


Dopplet’s Principle. 

As a student I should be much obliged to any reader for an 
explanation of the followij^g difficulty. In considering Doppler’s 
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principle as applied in acousticst we find four cases: (i) 
f appi^ch of observer, source and medium being at rest ; (2) re- 
cession'\>Jf observer, source and medium at rest ; (3) approach Uf 
source, observer and medium at rest ; (4) recession of source, 
observer and medium at rest. 

I have consulted all the standard authorities which have 
occurred to me, and find they all agree in the ist and 2nd cases. 
In (3), Doppler, Lord Rayleigh, Prof. Everett (ist method in 

Deschanel ")> Jamin, and Ganot have the same result as in (1). 
Lord Rayleigh in his ••Theory of Sound,** vol. ii. p. 142, says, 

‘‘ In the case of a periodic disturbance a velocity of approach v 
is equivalent to an increase of frequency in the ratio a : a + a 
being the velocity of sound. In another place the same author 
says that it is the relative velocity of source and observer alone 
that is important. The above-mentioned authorities appear to 
hold the same views. 

But Prof. Everett has a more rigorous demonstration than the 
ribove, wWch leads to the result — old pitch : new pitch :: a -via. 
This result is the same as that given by Mach, ‘‘Ton u. 
Farberiinderung durch Bewegung ** (1874), and as that used by 
Balfour Stewart, ‘‘Treatise on Heat.’* 

In the 4th case the first- mentioned authors again agree, 
giving as a result — new pitch : old pitch ii a : a-v. Prof. 
Everett's and £. Mach’s results agree in giving : a as the 

ratio. 

It will be readily admitted that the first two cases are simpler 
problems to attack than the last two. The results of the . 
minority for the cases (3) and ^4) seem to me to come from 
looking at the change in wave-length first, those of the 
majority from taking into account the number of waves met bv 
the observer. In any case the disagreement among suen 
authorities is naturally beyond me to explain. The motion of 
the medium does not appear to offer any special difficulty. 

G. H. Wyatt. 


The Relative Prevalence of North-east and South-west 

Winds. 

The direction of the wind has been noted twice daily at 
this Observatory (9 a.m. and 9 p.ra,) during the past 6 years, 
with the following mean results : — 

N. N.E. E. S.E. S. S.W. W. N.W. Calm. 

56 48 30 25 23 65 45 60 13 

The period under consideration is not sufficiently long to 
make the series of observations of any great value, but as Mr. 
Ellis asks for comparison-, 1 am happy to give them for what 
they are worth. C. E. Peek. 

Kousdon Observatory, Lyme Regis, April 26. 


The London Mathematical Society’s List of Papers. 

In Nature (vol. xli. p. 594) it is stated that “a complete 
index of the papers printed in the Proceedings of the London 
Mathematical Society has been issued.” It will be in the 
recollection of some that a previous issue of the Index to the 
papers contained in the first 17 volumes was announced in 
Nature (vol. xxxvi. p. 42) : it is a re-issue of this list com- 
pleted for the first 20 volumes that is now noted. The 
former edition of 3000 copies was soon dispersed, and resulted 
in warm expressions of thanks from mathematicians, and also in 
an increased sale of the Proceedings. If other Sq<cieties would, 
in like manner, issue list^ of the titles of papers printed in their 
Proceedings, they would no doubt meet with a like reward. 
All mathematicians, and others who are interested in mathe- 
matical research, can have a copy on application to the Secre- 
taries (22 Albemarle Street, W. ), or to the publisher (Francis 
Hodgson, 89 Farringdon Street, E.C.). 

April 26. ^ R. Tucker, Hon. Sec. 


THt UNITED STATES SCIENTIFIC 
EXPEDITION TO WEST AFRICA, 1889. 

the work of the Expedition approaches conclusion, 
1 venture to hope that a brief partial recital of re- 
sults may worth notice in Nature, particularly as, 
in many of the ports we have \iisited, English courtesy 


and English hospitality have contributed in large measure 
to the facilities for prosecuting our work, not to say also 
very greatly to the delight of doing it. 

I find it a trifle difficult to say just where to begin, but 
Dr. David Gill, H.M. Astronomer at the Cape, comes 
first to mind, and surely no one could have devoted him- 
self more unsparingly to the interests of the Expedition 
than he did during our stay of a fortnight and more at 
Cape Town : and through his liberal provision for every 
requirement of the observers, it became possible to swing 
the pendulums in the Royal Observatory buildings, the 
same spot occupied in previous gravity-research at the 
Cape. Had it been expedient to delay the Pensacola 
longer, Dr. Gill’s suggestion would gladly have been 
acted upon, and an additional gravity-determination 
made at the Kimberley diamond fields, 650 miles in the 
interior, at an elevation of about 4000 feet ; but there 
was time only for members of the Expedition not engaged 
in exact measures to proceed as far inland as that ; and 
the movements and operations of the naturalists and 
others who desired to visit the Cape Colony country as 
far as Kimberley became feasible through the kind oners 
of Mr. Difford, the Secretary of the Colonial Government 
Railways. 

Not only at Cape Town had we much occasion to 
thank His Excellency Sir H. B. Lock, the Governor of 
the Colony, but two months later, at Ascension Island, 
through his courteous intervention, and the obliging 
civilities of Admiral Wells, R.N., all possible preparation 
had been made ; while, on our arrival. Captain Napier, 
R.N., in charge of Ascension, most thoughtfully smoothed 
the way by arranging to our entire satisfaction all matters 
which could in any way facilitate the work we had planned 
for that interesting island. 

Nor am I forgetting the multitude of courtesies at the 
hands of Governor Antrobus of St. Helena, where all 
desired assistance was afforded, and where work similar 
to that at Ascension was undertaken and completed. 

In this connection, I must not omit mention of the 
American Navy, for neither the Expedition in its present 
form nor its work could have become an accomplished 
fact but for the enlightened policy of Secretary Tracy, 
who assigned a man-of-war for its transport to Africa and 
home again ; of Admiral Walker, and later, Commodore 
Dewey, Chiefs of Naval Bureaux, who devoted their 
energies ungrudgingly to the regulation of all matters 
oiigeial affecting the welfare of the Expedition ; and of 
Captain Yates, the commander of the U.S.S. Pensacola, 
who has done everything in his power to forward the 
prosecution of the scientific work. 

The Pensacola left M ew York on October 16 last ; called 
at the ports of Horta, Fayal, Azores, November 2-3 ; San 
Vicenti, Cape Verdes, November 10-12 ; St. George’s 
Parish, .Sierra Leone, November 18-20 ; Elmina, Gold 
Coast, November 26-28 ; Sao Paolo di Loanda, December 
6-7 ; Eclipse Bay, Cape Ledo, December 8-27 ; again at 
Loanda, December 28-January 6 ; Cape Town, January 
17-^February 6; St. Helena, February 20-Marcn 10; and 
arrived at Ascension six days* later, which port she will 
probably le.ive about April 10, 

Now to some of the results. • 

At all these stations except Cape Ledo, the magnetic 
elements have been carefully investigated by Mr. Preston, 
of the U.S. Coast and Geodetic Survey. Also he had an 
additional magnetic station at Cabiri, about 45 miles 
interior from Loanda, whitber he went for the immediate 
eclipse period. 

The short time available before the eclipse mnde it im- 
practical^e to begin the gravity-determinations until 
Loanda ; there Mr. Preston swung the Peirce pendulums, 
and again at the Royal Observatory, Cape Town. At 
St. Helena two complete swings were obtained, the one 
at a sea-level station near tHTe Castle, Jamestown, and 
the other at Longwood, elevation 1750 ieet. It was not 
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thought practicable to re-occupy Foster’s station at 
Lemon Valiev. Here at Ascension the sea-level station 
at Garrison is already complete ; and, as I write, Mr. 
Preston and Prof. Bigelow are taking quarters near the 
summit of Green Mountain for the second station, near 
the spot occupied by Foster sixty years ago, elevation 
between two and three thousand feet. Auxiliary magnetic 
work is undertaken at both these upper-level island 
stations. Between Ascension and New York but one 


prolonged stop is at present contemplated— at Bridge- 
town, Barbados— where magnetics will be done, a^ 
gravity-work, if practicable. Also, Bermudas maj^^ 
included, but that is perhaps unlikely. In addition<to the 
bearing of this work on terrestrial physics and geologic 
theories, it is worthy of note, in passing, that all these 
stations, including Washington, where swings are made 
both before the departure of the Expedition and after its 
return, lie within a narrow great-circle belt, which can at 



Control- sheet of the PneiimRtic Commutator between the lofith and xaoth seconds of Totality. 


any time be continued on through the United States and 
Canadas and Alaska, forming an extraordinary stretch of 
gravimetric survey. 

Regarding the eclipse and the stay of the astronomers 
at Cape Ledo, it has to be said, to our great regret, that 
the direct photo-heliograph of 40 feet focal length wis the 
only instrument with which eclipse-records could be 
secured. These were photogmpihs of the partial phases, 
over 100 in number, obtained between clouds. The in- 
strument was built under tKe immediate supervision of 


Prof Bigelow, and has, among other peculiarities, a 
skeleton tripod-mounting which will be fully figured in the 
definitive report of the Expedition. It has been proven 
practicable to dispense with the heiiostat mirror, always 
the we^ point in the horizontal photo-heliograph ; and 
to manipulate^ readily a camera long enough to produce a 
4i-inch solar image direct : and this, too, by means of a 
mounting easy to^ transport and to set in position. The 
photographs were taken in groups of ten, on circular 
plates of 22 inches diameter. The apparatus auxiliary 
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to these rotating plates made the whole automatic, the 
driving power being compressed air under electric control. 
/vV^m of sand-clock was found most efficient for counter- 
acting the diurnal motion. * 

For the total phase our preparations were even more 
elaborate. What I attempted was nothing short of the 
complete automatic operation of all the photographic 
instruments, whetherphotometers, spectroscopes, cameras, 
or polariscopes. Over a score of these instruments were 
securely adjusted upon an immense polar axis, split, and 
mounted on the English ^lan. Powerful clock*work with 
a Repsold governor carried the whole with great accuracy. 
All such mechanical movements were specialty invent^ 
and constructed as were necessary to work the exposing- 
shutters, to change exposed plates for fresh ones, and to 
perform all other operations, as rotating Nicols, varying 
apertures of objectives, trailing plates, and the like. Each 
movenoent, of whatever sort, took place as a result of the 
thrust of a small, collapsible, pneumatic bellows. The 
precise instants of collapse of these bellows were controlled 
through the intervention of the Gaily pneumatic valve, a 
most ingenious device whereby any required number of 
very small air-currents (exhaust) are made to control the 
motion of an equal number of large air-currents (also 
exhaust). This principle has been very successfully em- 
ployed in the automatic playing of musical instruments^* 
and anyone familiar with the modern forms of these, in 
which a perforated paper sheet takes the place of the 
music, will readily comprehend how the whole thing was 
done. In the pneumatic commutator actually used at the 
African station forty-eight half-inch currents were under 
absolute control of a small paper sheet, about nine inches 
wide, suitably perforated, and unwinding at an invariable 
rate from a chronograph barrel. Thence it passed over 
the series of minute apertures through which flowed 
the lesser exhaust-currents, each of which controlled the 
action of its own valve, and consequently of its appropriate 
large exhaust-current, through suitable pipes leading to 
the individual pneumatic bellows. A portion of the 
commutator-sheet is represented in the illustration. 

I do not need to specify here the detail of astronomical 
apparatus which this pneumatic commutator operated ; but 
in the collection of totality-instruments were two 8-inch 
silver-on-glass mirrors, four spectroscopes, and a variety 
of objectives for a variety of purposes, ranging all the way 
from a |-inch aperture in one of the polariscopes to the 
Harvard 8-inch doublet of 13 feet focal length. The 
whole number of plates, or separate exposures, was in 
excess of 300, totality being 190 seconds in duration ; 
and when once started, the whole affair looked out for 
itself absolutely, so long as the necessary power was 
supplied at the main exhaust-bellows. 

But totality was completely clouded under ; and instead 
of a fine accumulation of photographic data, I have only 
the gratification of having shown it to be practicable in 
the future for one eclipse observer to operate an indefinite 
amount of photographic apparatus quite as readily as, 
and with greater certainty than, he would have attended 
to only two or three cameras by hand heretofore. In con- 
verging all this apparatus toward readineftis for eclipse- 
day, I had of course much valued assistance, which will 
be fully acknowledged elsewhere ; and I need only 
mention here Prof. Bigelow, Mr. Davis, and Mr. Van 
Guysling, who were specially helpful in devising required 
movements and practically constructing them. 

The totality-area in West Africa appears to have been 
unusually overcast Auxiliary observers at Cabiri had 
clouds ; at Cunga, clouds ; at Dondo, clouds ; while at 
-Cazengo, Oeiras, Muxima, Kakulu, and Bom-Jesus it was 
cloudy too. Also, about 1 5 miles out at sea, in the path 
-of central eclipse, whither the Pensacola had gone in the 
-hope of additional results, the sky-conditions were per- 
haps slightly better, but still so bad that it is doubtful 
■whether the true corona was seen at all. 


Lest I weary anyone who may be reading this with too 
long a statement of our work, I omit here all account of 
the natural history of the Expedition, only saying for 
the present that Messrs. Brown, sent out by the U.S. 
National Museum, have been actively engaged in collect- 
ing at all the ports made by the Pensacola, and their 
materials will, I dare say, be competently discussed on 
the return of the ‘Expedition. More about this later. 
At Ascension, opportunity for trawling is now for the 
first time available, and so far with fair success. While 
the- main eclipse party -was -established at Cape Ledo, 
naturalists and anthropologists were in the interior about 
three weeks, at-Gunga and at Dondo, His Excellency the 
Governor of Lo.anda, and the Directors of the Caminho 
de Ferro Trans-Africano, having courteously afforded 
them every facility for the prosecution of their work 
there. Physical measurements were taken among the 
Umbundus, Cabindas, Bailundas, Quissatnas, and others ; 
collections of folk-lore, fetishes, and mind-products made ; 
and general information gathered concerning a variety of 
subjects indicated in the manual of the Anthropological 
Society of Great Britain. On reaching the Cape, both 
naturalist and anthropologist found the outlook so pro- 
mising that they applied for discharge from the Expe- 
dition there, in order to continue their work in the Cape 
peninsula. The opportunities were indeed rare : a great 
exploring Expedition was about organizing, under the 
auspices of the English Syndicate, to which the King of 
the Matabcle has granted unusual privileges and conces- 
sions, in a region for the most part untravelled by white 
men, and represented as very rich in material for natural 
history and other research. The Expedition is particu- 
larly indebted to the Rev. G. H. R. Fisk, of Cape Town, 
for a very valuable collection of tortoises, embracing 
Testudo partialis, T. angulata, 7 *. trimeni, and T. ten- 
toria; Homopus areolatus, H. femoralis, and //. signatus, 
the representatives of these latter forming a perfect scries 
of the South African Homopus. 

The progress of M. Heli Chatelain’s researches in the 
West African tongues is gratifying, and bids fair to con- 
stitute a valuable section of the work of the Expedition. 
He remains in Angola for some months yet, to gather 
linguistic material for various works he has in hand — 
among them his “ Grundziige des Ki-mbundu,” in which 
the elements of this language are compared with those of 
Kixi-kongo, Luba, Lunda, N-mbundu, Oshi-ndonga, and 
Otyi-herero. The results will enable one to form an 
idea of the mutual relations of the languages of Central 
West Africa. 

I may say here that Prof. Bigelow, in addition to assist- 
ing in the pendulum-work at St. Helena and Ascension, 
has been diligently engaged upon theoretic researches on 
the corona and terrestrial magnetism, the beginnings of 
which are outlined in his paper already published by the 
Smithsonian Institution. As yet he inclines to speak of 
this work with much reserve ; but if the key to the solu- 
tion of these complex phenomena has not actually been 
found, it surely looks strongly that way. By Dr. Gill’s 
kindness, the resources of (he excellent library of the 
Cape Observatory were freely and gladly drawn upon in 
this work. » 

Of the Bulletins, or preliminary puolications of the 
Expedition, thirteen are already issued — one each relating 
to general matters^ to terrestrial physics, to philology, and 
to localities of scientific interest in St. Helena ; two to 
meteorology and to natural history ; and five to the total 
eclipse. 

1 reserve for another occasion all account of the im- 
portant researches which Prof. Cleveland Abbe, Meteoro- 
logist of !the Expedition, has been sedulously prosecuting 
for the past five months and over, with improved means, 
and under rare conditions at eea and on land. 

David P. Todd. 

U.S.S. Pensacola, Ascension, March 27. 



NA TURE 


No. 1070, VoL. 42 J 


It 


V 


THE EXTERMINATION OF THE AMERICAN 

BISON} 

T N the whole course of the history of man’s relations 
with the lower animrJs, no sadder chapter will ever 
be written than that which tells of the practical extinc- 


enormous range would also in course of time haa^e. 
probably given rise to local races, of which there is 
actual example in the so-called “ wood-” or “ mountai^. 


bufll^lo ’’ ; and in the opinion of the author it is prob4ine> 
if things had been left to themselves, that, while the- 
bisons in the neighbourhood of the Great Slave Lake^ 


tion of the bison, which, only a short twenty years 
since, wandered in countless thousands over the vast 
prairies of the northern half of the American con- 
tinent. This mournful story — mournful alike to the 
naturalist, to the sportsman, and to the trader — the 
author of this memoir recounts in such a full and lucid 
manner as to have practically exhausted the subject. 


I would have developed an extra amount of hair, and thus: 
I tended to resemble the musk-ox of the Arctic regions,. 

I those in the warm regions of the south would tend to lose* 
I their hair, and attain a condition resembling that of the ' 
I Cape buffalo and the Indian gaeur. The appearance of 
I the white man on the scene soon, however, put a stop to 
Nature’s processes. 


Indeed, this memoir, in conjunction with Mr. 


J. A. Allen’s monograph of the recent and extinct 
American bisons, does all that can be done in 
the way of literature to atone for the loss of the 
animal itself as a feature of the North Americ.an 
continent. 

The memoir before us- -which, we should say, 
is issued as a separate volume — is divided into 
three parts. The first of these deals with the 
life-history of the bison, the second with its ex- 
termination, while the third gives the history of 
the Expedition despatched by the Smithsonian 
Institution, in 1886, to procure specimens for the 
National Museum before it became too late. Of 
this Expedition the author was a prominent 
member, and the results of his labours are now 
exhibited in the magnificent case of stuffed 
specirhens set up by his own hands in the Na- 
tional Museum at Washington. An e.xcellent 
illustration of this group is given in the frontis- 
piece to the volume. 

After briefly alluding to the earliest records of 
a knowledge of the existence of the American 
bison by Europeans, Mr. llornaday proceeds to 
notice its geographical distribution. In illustra- 
tion of this important part of the subject a map 
is given, showing not only the original distribu- 
tional area, but also the division by the Union 
Pacific Railway into the great northern and 
southern herds, and the gradual contraction and 
isolation of their areas, finally ending in the few 
spots where scattered individuals still linger on. 
F or the benefit of our readers we give a reduced 
reproduction of that portion of this map com- 
prising the bison area. Our author states that 
the bison originally ranged over about one-third 



of the entire North American continent. Thus, 
“ Starting almost at tide-water on the Atlantic 
coast, it extended westward through a vast tract 
of dense forest, across the Alleghany Mountain 
system to the prairies along the Mississippi, and 
southward to the delta of that great system. 
Although the great plain country of the West 
was the natural home of the species, where it 
flourished most abundantly, it also wandered 
south across Texas to the* burning plains of 
North-Eastern Mexico, westward across the 


/ Approximate boundary between the area of desultory extin^ation (a) and 

\ that of systematic destruction .for robes and hides (b). 

Range of the two great herds in 1870. 


Range of the herds in 1880. 

...... / Range of the scattered survivors of the southern herd in 1875, after the. 

X great slaughter of 1870-73. 

Range of the neffthern herd in 1884, after the great slaughter of 1880-83. 


Rocky Mountains into New Mexico, Utah, and 
Idaho, and northward across a vast treeless waste to 
the bleak and inhospitable shores of the Great Slave 
Lake itself.** 

About a century and a half ago, when the greater part 
of North America was still an unknown region to the 
white races, it would appear that the bison had about 
attained its maximum development ; and the author 
suggests that if it had been left undisturbed it would 
probably have crossed th^ Sierra Nevada and the Coast 
Rknge' to reach the fertile plains of the Pacific slope, lliis 

’ **The Exieimination of the’Amcnicftii BIsoHi** By W. T. Homday. 
From the Report of the U.S. National Mustumfor 1886-87. Pp* 369-5461 
Pl«. j.-xxii. (Washington: Governin^tit PfiAtiitg Office^ 1889.) 


The third section of the first part is devoted to the 
consideration of the former numerical abundance of the 
bison. Here the author considers that the current 
accounts of the extraordinary number of these animals 
are not in the least exaggerated. Thus he observes that 
“ it would have been as easy to count or to estimate the 
number of leaves in a forest as to calculate the number 
of buffaloes [the author frequently employs thiss^merican' 
misnomer for the bison] living at any given time during^ 
the history of the species previous to 1870. Even in 
South Central AfHcav which has been exceedingly prolific 
in fi^eat herds of game, it is probable that all its quadru- 
peds taken together on an equal area would never have 
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more than equalled the total number of buffalo in this 
country forty years ago.” As an instance of these 
^karmous numbers, it appears that, in the early part of 
the^iF Colonel R. I. Dodge, when passing through 
the great herd on the Arkansas, and reckoning that there 
were some fifteen or twenty individuals to the acre, states 
from his own observations that it was not less than 25 
miles wide and. 50 miles deep. This, hoyrever, was the 
last of the great herds ; and Mr. Hornaday estimates that 
the number of individuab comprising it could not be 
reckoned as less than feur millions. Many writers^ at 
and about the date mentioned speak of the plains being 
absolutely black with bison as far as the eye could reach ; 
and Mr. W. Blackmore tells of passing through a herd for 
a distance of upwards of 120 miles right on end, in travel- 
ling on the Kansas Pacific Railroad. Frequently, indeed, 
trains on that line were derailed in attempting to pass 
through herds of bison, until the drivers learned that it 
was advisable to bring their engines to a standstill when 
they found the line blocked in this manner. Plate III- 
gives a graphic illustration of a train halted as it reaches 
the border of a herd of bison. 

In the fourth section of the part under notice, 
we have a full description of the general characters 
of the American bison, and the points by which 
it is distinguished from its European congener, th^ 
Lithuanian aurochs. In this connection we reproduce. 



Bull Bison in the National Museum at Washington. 


on a smaller scale, the author’s figure of the bull bison 
mounted in the United States National Museum, since he 
tells us that many of the figures to be met with do not 
give b^ any means a fair idea of the grand proportions of 
the animal, being taken either from domesticated or from 
badly-mounted specimens. The height of this bull is 
upwards of 5 feet 8 inches at the withers. The author 
remarks, however, that the specimens obtained by the 
Smithsonian Expedition were above the average height, 
since they were the fleetest and strongest examples of the 
race, which had escaped from the slaughter of the great 
herds by their endurance and speed. It is lIso remarked 
that these bison were of extreme muscular development, 
and showed no traces of the large amount of fat so cha- 
racteristic of the members of the great herds when they 
were comparatively undisturbed upon the open plains. 

The_ following sections treat of the habits, food, and 
disposition' of the bison — subjects into which we need not 
enter on this occasion. In the eighth section we have a 
full discussion as to the economic value of the bison, in 
the course of which it is shown what a severe financial 
loss the States have sustained in permitting its extermina- 
tion. Some very interesting observations then follow as 
to the number of herds or individuals of Uson — either 
pure or half-bred — now existing in captivity in various 
parts of the States, and in other countries. From this 


it appears that on January i, 1889, there were 256 pure- 
bred specimens known to be kept in captivity ; while 
the herd of wild ones, protected by the United States 
Government in the Yellowstone National Park, numbered 
about 200. 

With the secbnd and most interesting part we come to 
the proper subject of the memoir — the actual extermina- 
tion of the bison. The primary cause which has led to 
this sad result is, of course, the spread of civilization — 
and more especially railways — over the area formerly 
sacred to the bison and a few Indians. But as secondary 
causes the author mentions the utterly wanton and reck- 
less way in which the unfortunate animals were shot 
down for the sake merely of their hides or tongues ; the 
want of protective legislation on the part of the Govern- 
ment ; the preference for the fiesh ana skin of cows ; the 
marvellous stupidity and indifference to man of the 
animals themselves ; and the perfection of modern fire- 
arms. 

Amon'j^ the methods of slaughter the so-called “ still- 
hunt,” where the hunter creeps up to a herd and 
shoots one after another of its members, appears to 
be one of the -most deadly, owing to the crass stu- 
pidity of the animals themselves. The plan adopted 
was first to shoot the leader, when the remainder would 
come and stupidly smell round the body, till another 
animal assumed the post of leader, and was shot down 
when it was about to make a move ; the same process 
being repeated almost without end. Riding down, sur- 
rounding, impounding, or hunting in snow-shoes, were, 
however, other equally effective methods of destruction. 

It is staled that, in spite of the merciless war which had 
been in a desultory manner incessantly waged against the 
bison, both by whites and Indians, for over a century, and 
the consequent gradual restriction of its area, it is certain 
that there were several million head alive as late as 1870. 
The period of desultory destruction may be roughly 
reckoned as extending from 1730 to 1830. During that 
time the bison had been completely driven away from the 
Eastern United States, and also from the districts lying 
to the west of the Rockies (where it had never been very 
numerous) ; and the area had thus become practically 
restricted to that inclosed by the broken line on the map. 

From 1830 to 1888 is reckoned as the period of or- 
ganized and systematic slaughter for the sake of the 
skin and fiesh ; and the author does not measure the 
terms he employs with reference to the supineness of 
the Government during this period. He gives a detailed 
account of the various expeditions which were steadily 
playing upon the great herd occupying the area indicated 
on the map ; and the gradually increasing demand for 
“buffalo-robes.” The real beginning of the end was, 
however, the completion in 1869 of the Union Pacific 
Railway, which completely cut the bison area in twain, 
and divided the great herd into a southern and a northern 
moiety. 

The history of the southern herd is very short. Its 
central point was somewhere about the site of the present 
Garden City in Kansas ; and although its area was much 
less than that occupied by the northern herd, it probably 
contained twice as many animals, the e^stimated number 
of individuals, in 1871 being not less than three millions, 
and probably nearer four. The completion of the Kansas 
branch of the Union Pacific in I071, which ran right 
through the head-quarters of the southern herd, was the 
immediate cause of its destruction ; and we are told that 
the chief slaughter, which began in 1871, attained its 
height in 1873. So wanton and wasteful, indeed, was the 
destruction during this period that it is said that every 
single hide sent to market represented four individuals 
slam ; and the description given by the author on p. 4r^ 
of the condition of tne country owing to this frightml 
slaughter is^most sickening. Tjie author observes that 
“it IS making a safe estimate to say that probably no 
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fewer than 50,000 buffaloes have been killed for their 
tongues alone, and the most of these are undoubtedly 
■chaigeable against white men, who ought to have known 
better.” Over three and a half million individuals are 
•estimated to have been slaughtered in the southern herd be* 
tween 1 872 and 1 874. In the latter year the hunters became 
alarmed at the great diminution in the number of the 
bison, and b]^ the end of 1875 the great southern herd had 
ceased to exist as a body. The main body of the sur- 
vivors, some 10,000 strong, fled into the wilder parts of 
Texas, where they have been gradually shot down, till a 
few years ago some two or three score remained as the 
sole survivors of the three or four millions of the great 
southern herd. Bison-hunting as a business definitely 
ceased in the south-west in 1880. 

Almost equally brief, and equally decisive, is the 
history of the great northern herd. The estimated 
number in this herd in 1870 is roughly put at a 
million and a half, ranging over a much wider area 
than the southern herd. The portions of the herd in 
British North America appear to have been extermin- 
ated first. Previously to 1880, the Sioux Indians had 
made an enormous impression on the numbers of this 
herd in the States of Dakota and Wyoming ; but the 
beginning of the final destruction of the herd may be said 
to date from that year, which was signalized by the open- 
ing of the Northern Pacific Railway, running right through 
their area. In that year the herd was hemmed in on three 
sides by Indians armed with breechloaders, who enor- 
mously reduced its numbers. A rising market for buffalo- 
robes,'* in 1881, stimulated a rush on this herd, till “the 
hunting-season which began in October 1882 and ended 
in February 1883 finished the annihilation of the great 
northern herd, and left but a few small bands of stragglers, 
numbering only a very few thousand individuals all told.** 
It was long thought that a large section of the herd was 
still surviving, and had escaped into British territory, but 
this proved to be a mistake. 

“South of the Northern Pacific Railway, a band of 
about three hundred settled permanently in and around 
the Yellowstone National Park, but in a very short time 
every animal outside of the protected limits of the Park 
was killed ; and whenever any of the Park buffaloes 
strayed beyond the boundary, they too were promptly 
killed for their heads and hides. At present the number 
remaining in the Park is believed by Captain Harris, the 
Superintendent, to be about two hundred, about one-third 
of which is due to the breeding in protected territory.** • 

It is curious to notice that even the bison hunters them- 
selves were unaware of the extinction of the northern 
herd in the spring of 1883 ; and costly expeditions were 
actually fitted out in the autumn of that year to arrive at 
the bison country and find that the “happy hunting- 
grounds ** existed no longer. 

Such very briefly is the mournful history of the exter- 
mination of the two great herds of American bison. 
Scattered individuals or small droves still exist here and 
there in the more secluded parts of the country, in addi- | 
tion to those preserved in th^ Yellowstone. The pursuit i 
of them is, however, unremitting, and the author considers j 
that the flnal disappearance of every unprotected indi- | 
vidual is but a question of time. In 1889 some twenty bison | 
were seen grazing in the Red Desert of Wyoming, which 
narrowly escaped destruction. We have already men- 
tioned the survivors of the southern herd still lingering 
in Texas ; but there is strong evidence of the exist- 
ence in the British district of Athabasca of a herd of 
“ wood-buffalo,” estimated at upwards of 550 in number. 
Exclusive of those in the Yellowstone, the number of 
wild bison existing in the United States on January i, 
1889, is given as 85. Finally, the whole census of living 
examples of the American bison — both wHd.and tune— 
at the date mentioned, gives only 1091 individuals. 

That the Government of the United States will do all 


they can to increase and preserve the herd in the Yellow- 
stone Park goes without saying ; but the warning of the 
author that without gp'eat care, and unless (if thisj^ 
poslible) crossed, they will gradually deteriorate iq Size, 
should not be overlooked. 

The account of the Smithsonian Expedition into 
Montana, which forms the concluding portion of the ' 
volume, although well told, is not of sufficient general 
interest to need further notice here. 

In conclusion, we have to congratulate the author on 
having brought together such* a number of facts in 
relation to the extermination of the bison, which, if they 
had not been recorded while they were fresh in men*s 
memories, would probably have been entirely lost. 

R. L. 


DICE FOR STATISTICAL EXPERIMENTS. 

• 

E very statistician wants now and then to test the 
practical value of some theoretical process, it may 
be of smoothing, or of interpolation, or of obtaining a 
measure of variability, or of making some particular 
deduction or inference. It happened not long ago, 
while both a friend and myself were trying to find appro- 
priate series for one of the above purposes, that the same 
^eek brought me letters from two eminent statisticians 
asking if I knew of any such series suitable for their own 
respective and separate needs. The assurance of a real 
demand for such things induced me to work out a method 
for supplying it, which I have already used frequently, and 
finding it to be perfectly effective, take this opportunity 
of putting it on record. 

The desideratum is a set of values taken at random out 
of a series that is known to conforpi strictly to the law 
of frequency of error, the probable error of any single 
value in the series being also accurately known. We 
have (i) to procure such a series, and (2) to take random 
values out of it in an expeditious way. 

Suppose the axis of the curve of distribution (whose 
ordinates at 100 equidistant divisions are given in my 
“ Natural Inheritance,*’ p. 205) to be divided into n equal 
parts, and that a column is erected on each of these, of a 
4* or a — height as the case may be, equal to the height 
of the ordinate at the middle 'of each part. Then the 
values of these heights will form a series that is strictly 
conformable to the law of frequency when n is infinite, 
and closely conformable when n is fairly large. Moreover 
the probable error of any one of these values irrespectively 
of its sign, is i. 

As an instrument for selecting at random, I have 
found nothing superior to dice. It is most tedious 
to shuffle cards thoroughly between each successive 
draw, and the method of mixing and stirring up 
marked balls in a bag is more tedious still. A tee- 
totum or some form of roulette is preferable to these, 
but dice are better than all. When they are shaken and 
tossed in a basket, they hurtle so variously against one 
another and against the ribs of the basket-work that they 
tumble wildly about, and their positions at the outset 
afford no perdeptible clue to what they will be after even 
a single good shake and toss. The chances afforded by 
a die are more various than are commonly supposed f 
there are 24 equal possibilities, and not only 6, because 
each face has tour edges that may be utilized, as I shall 
show. 

I use cubes of wood inch in the side, for the dice. 
A carpenter first planed a bar of mahogany squarely and 
then sawed it into the cubes. Thin white paper is pasted 
over them to receive the writing. I use three sorts of 
dice, I., IL, and III., whose faces are inscribed with the 
figures given in the corresponding tables. Each face 
contains the 4 entries in the same line of the table. The 
diagram shows the appearance of one face of each of the 
3 sorts of dice ; II. is aistinguished from I. by an asterisk 
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in the middle; III. is unmistakable. It must, however, 
be understood, that <)lthough the values are given to the 
s'vcond place of decimals both in the tables and in this 
di^g'am, I do not enter more than one decimal on ihe | 
dice. ‘ The use of the second decimal is to make multi- 
plication more accurate, when a series is wanted in which 
each term has a larger probable error than i . 


I. 


II. 


III. 


^ 0 . 1 j 

1 

r- 

LL.z j 

1 

+ 


) 

cy 


M j 

4- 


+ 

b| 

10 


1 


4- 

1 



1 


+ 

0-03 1 


2 29 1 


4- + + 4^ 



In calculating Table I., n was taken as 48. This gives 
24 positive and 24 negative values in pairs, but I do not 
enter the signs on the dice, only the 24 values^ leaving 
the signs to be afterwards determined by a throw of die 
III. It will be observed that the difference between the 
adjacent values in Table I. is small at first, and does not 
exceed o'2 until the last three entries are reached. These, 
which are included in brackets, differ so widely as to 
require exceptional treatment. I therefore calculated 
Table II. on the principle of dividing that portion of the 
curve of distribution to which those entries apply, into 
24 equal parts and entering the value of the ordinate at 
the middle of each of those parts in that table. More- 
over, instead of entering the three bracketed values on 
die I. I leave blanks. Then whenever die I. is tossed 
and a blank is turned up, 1 know that I have to toss die 
II., and to enter the value shown by it. 

The precise process I follow is to put 2 or 3 of dice I. 
into a small waste-paper basket, to toss and shake them, 
to take them out and arrange them on a table side by side 
in a row, squarely in front of me, but by the sense of 
touch alone. Then for the first time looking at them, to 
write down the values that front the eye. If, however, 
one of the blank spaces fronts me, I leave a blank space 
in the entries. Having obtained as many values as I want 
from die I., I fill up the blank spaces by the help of die II. 

Lastly, the signs have to be added. Now as 24 =» 16 - 1 - 8 
= 2^ + 2®, it follows that 16 of the edges of die III. may 
be inscribed with sequences of 4 signs in every possible 
combination, and the remaining 8 with sequences of 3 
signs. Then when die III. is thrown, the several entries 
along its front edge, which arc 4 or 3 in number as the 
case may be, are inserted in an equal number of successive 
lines, so as to stand before the values already obtained 
from the other dice. 

The most effective equipment seems to be 3 of die I., 
2 of die II., I of die III., making 6 dice in all. 

Values for Die /. 
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THE ROYAL SOCIETY SELECTED 
CANDIDA TES. 

T he following fifteen candidates were selected on- 
Thursday last (April 24) by the Council of the 
Royal Society to be recommended for election into the 
Society. The ballot will take place on June 5, at 4 p.m. 
We print with the name of each candidate the statement 
of his qualifications. 

Sir Benjamin Baker, Mem Inst. C.E,, 

Hon. Mem. of the American Society of Mechanical Engineers,, 
and of the Society of Engineers. Hon. Mem. of the Manchester 
Lit. and I’hil. .Soc. Has been engaged as an Engineer during 
the last twenty-five years, in the design and construction of many 
imf)ortant works at home and abroad, including the Forth 
Bridge, and has carried out numerous investigations relating to- 
the strength of materials and of engineering structures generally, 
and has contributed papers thereon to various Scientific Societies, 
viz,, Proc. Inst. Civil Eng., Trans. Amer. Soc. Mech. Eng., 
Brit. Assoc. Reports, &c. Author of “ A Theoretical Investi- 
gation into the Most Advantageous System of Constructing 
Bridges of Great Span,” upon which plan the Forth Bridge and 
six of the largest bridges in the world have been built. 

Robert Hoi-ford Macdowai.l Bosanquet, M.A., 

Fellow of St. John’s College, Oxford. Barrister. Long and 
successful devotion to scientific inquiry, as shown by the following 
list of papers, and the printed copies sent herew ith for the use of 
the Council : — “ On an Experimental Determination of the 
Relation between the Energy and Apparent Intensity of Sounds 
of Different Pitch” (Phil. Afag., xliv., 381-387) ; ‘‘ On Just 
Intonation in Music ; with a Description of a New Instrument 
for the Easy Control of all Systems of Tuning other than the 
Ordinary Equal Temperament ’’(Roy. Soc. Proc., xxi., 131-132); 
“Note on the Measure of Intensity on the Theories of Light 
and Sound” [Phil. xlv., 215-218) ; “The Theory of the 

Division of the Octave, and the Practical Treatment of the 
Musical Systems thus obtained” (Roy. Soc. Proc., xxiii., 
390-408) ; On the Polarization of the Light of the Sky ” [Phil. 
Mag., I., 497-520) ; “On a New P'orm of Polariscope and its 
Application to the Oiiservation of the Sky” (/%»'/. Alag., ii., 
20-28); “On the Hindoo Division of the Octave, with some 
Additions to the Theory of Systems of the Higher Orders” 
(Roy. Soc. Proc., xxv., 540-541, xxvi., 372-384) ; “On the 
Relation between the Notes of Open and Stopped Pipes” 
[Phil, Mag., vi., 63-66); “On the Present State of Experi- 
mental Acoustics” (fWrt'., viii., 290-305) ; “ Notes on Practical 
Electricity” xiv., 241-258); “On a Uniform Rotation 

Machine, and on the Theory of Electromagnetic Tuning Forks” 
(Roy. Soc. Proc., xxxiv., 445-447); “On Magneto-motive 
Force” [Phil. Afag., xv., 205-217); “On Permanent Mag- 
netism” (r^rV/., 257-259, 309-316); “On Self-regulating Dynanno- 
electric Machines” [ibid., 275-296) ; “ On a Standard Tension 
Galvanometer ” (t^ir/., xvii., 27-30); “On a Determination of 
the Horizontal Component of the Earth’s Magnetism at Oxford ” 
(t^tif., 438-447) ; “ On Electro-Magnets,” No. I. (ibid., 531 - 536 ) ; 
No. II., “On the Magnetic Permeabilitjr of Iron and Steel, 
with a new Theory of Magnetism” [ibtd., xix., 73 - 94 ) i.Now 
HI., “Iron and Steel: a New Theory of Magnetism” [ibid., 
333-340) ; No. IV., “Cast Iron, Charcoal Iron, and Malleable 
Cast Iron” [ibid., xx., 318-323)*; “Permanent Magnets,” No. 
I. [ibid., xviii., 142-153), No. II., “On Magnetic Decay ’(r^/Vf., 
xix., 57-59) ; “On the Supposed Repulsion diet ween Magnetic 
Lines of Force ” [ibid., 494-495). With a further list of twenty- 
seven papers. 

Samuel Hawkeslev Burburv, M.A., 

Barrister-at-Law. Formerly Fellow of St. John’s College, Cam- 
bridge. Second Classic, and Chancellor's Medallist, and fifteenth 
Wrangler in the year 1854. Has done much work in Mathe* 
matical Physics, espeially in the theories of Electricity and 
Magnetism and the Kinetic Theory of Gases. ^ Joint author of 
Watson and Burbury’s “Generalized Co-ordinates”; also of 
Watson and Burbury’s “Electricity: Part 1 . Electrostatics.” 
Author of sundry papers on physical science ; for example, the 
following : Paper in RAil. Mag., January 1876, “ On the Seepnd 





No. 1070, VoL. 42] 


NATURE 


15 


Law of Thermodynamics in Connection with the Kinetic Theory 
of Gases'' ; 1877, ‘‘On Action at a Distance in Dielec- 

trics iWf/. , 1881 (joint author), ** On the Law of Force be- 
tween Electric Currents*'; ibid,^ 1882, “A Theorem on the 
Dissipation of Energy" ; ibid.^ 1886, Remarks on Prof. Tail's 
Paper ‘On the Kinetic Theory of Gases*'* ; “ Encycl. Brit.** 
(joint author) Article, “Molecule/' Attached to Science, and 
anxious to promote its progress. 

Walter Gardiner, M.A. (Cantab.), 

F.L.S., Fellow of Clare College, Cambridge. University Lec- 
turer in Botany. Rolleston Prize, 1888. Author of numerous 
papers containing original observations and discoveries in 
Vegetable Physiology, of which the following are the more 
important: — “The 13 evelopment of the Water-glands in the 
Leaf of Saxi/ra^a crustata^^ {Quart, yourn. Micros. Sci.^ 
i88i); “On the Continuity of Protoplasm through the Walls 
of Vegetable Cells** (Phil. Trans., 1883, and Sachs, Arbeit, d. 
Bot, Inst, in IV/irzburTt Bd. iii. ) ; “ On the General Occurrence 
of Tannin in the Vegetable Cell, and a possible View of its 
Physiological Significance" (Camb. Phil. Soc. Proc., 1883); 
“ On the Changes in the (Jland-cells of Dioiuva viuscipnla 
during Secretion *' (Roy. Soc. Proc., 1883); “On the Pheno- 
mena accompanying Stimulation in the Gland cells of Diopura 
dic/io/oma (ibid,, 1886); “On the Power of Contractibility ex- 
hibited by the Protoplasm of certain Plant-cells'* {ibid,^ 1887); 
“ On the Structure of the Mucilage Secreting Cells of BlecJmum 
occidentalc and Ostnupida p'egatis** {A pm. of Bot,y 1887). 

John Kerr, LL.D., 

Mathematical Lecturer in the Free Church Training College, 
(tlasgow. Disc )verer of the optical effects of Electrostatic 
Stress in transparent solids and liquids ; and of the optical 
effects of magnetism on light reflected from iron. 

Arthur Sheridan Lea, D.Sc. (Cantab.), 

Fellow, Lecturer in Physiologv, and Assistant Tutor of Gonville 
and Caius College, Assistant Lecturer of Trinity College. Uni- 
versity Lecturer in Physiology. Author of the following 
papers : — “ Ueber die Absonderung des Pancreas" (Heidelberg, 
1876); “Some Notes on the Urea Ferment" {Journ. of 
Physiol,^ vol. iv., 1883) ; “On a Rennet P'erment contained in 
the Seeds of Witkxpiia coaTulapis*' (Proc. Roy. Soc., 1883); 

“ On the Comparison of the Concentration of Solutions of 
Different Strengths of the same Absorbing Substance " [yourn, 
of Physiol,^ vol. v., 1884) ; “ Some Notes on the Isolation of a 
Soluble Urea Ferment from the Toriila Ureae;" “On the 
Digestion of Carbohydrates" (Physiol. Soc., May, i886, fourpt. 
of Physiol,^ vol. vi., 1885). Author of the Appendix to Fosters 
“ Physiology." Is distinguished for his acquaintance with 
Physiology. Is attached to Science, and anxiou.s to promote its 
progress. 

Percy Alexander Mac Mahon, Major, R.A., 

As author of numerous papers in the Quart, yourn. McUh.^ 
vols. xix.-xxi., Proc. I.»ond. Math. Soc., vols. xv.-xix., Amer. 
yotrnpt. Math.^ vols. vi,-xi., on various subjects in Pure Mathe- 
matics, connected with Invariants, Seraivariants, Perpetuants, 
Reciprocants, Partitions, Distributions, and Symmetric Func- 
tions. Associate Member of the Ordnance Committee. In- 
structor in Mathematics at the Royal Military Academy, 
Woolwich, 1882-8^. 

Alfred Merle Norman, M.A. (Oxon.), 

Hon. Canon of Durham, D.C.L. (Durh.), F.L.S. Eminently 
distinguished for his researches in Marine Invertebrate Biology, 
carried on continuously for thirty-seven years. In 1880, Dr. 
Norman, by the special invitation of the French Government, 
took part in the deep-sea exploration in the Bay of Biscay, on 
board Le Travailleur^ and for his services received# in 1884,, 
the commemoration medal of the Institute of France. He 
edited, with additions, vol. iv. of “ Monograph of British 
Spongiadee," by the late J. S. Bowerbank, for the Ray Society. 
Author, along with T. R. Stebbing, of Crustacean Isopoda of 
the Lightnings Porcupines and Iraloroms, expeditions in the 


Zool. Soc. Trans., 1886; along with G. S. Brady, F.R.S., 
“ Monograph of the Marine and Frcsh-W.iter Ostracoda of the 
North Atlantic and North-West Europe," Roy. Dubl. 
Trans., 1889 ; “ Report on the Crustacea of the Faroe Chmiitiel 
— II.M.S. Knight Errant " (1880). Author of over forty other 
reports published in the Brit, Assoc. Reports, Ann. and Afag. 
Not. Hist.s yourn. Conchol.s youp-n Micros, Sci.s &c., &c. 
Chairman of the Jury on Natural History at the Fisheries 
Exhibition, 1883. Possessor of Collections of the Invertebrate 
Fauna of the North Atlantic and Arctic Oceans, which are 
probably unequalled, and are always at the disposal of authors, 
as may be seen in every work published in Britain on the subject 
for the last twenty years. 

William Henry Perkin, Jim., Ph.D., 

F.I.C., F.C.S. Professor of Chemistry in the Heriot Watt 
C<dlege, Edinburgh. Formerly Privatdocent and Assistant in 
the Chemical Research Laboratory of the University of Munich. 
Distinguished as an Investigator, especially in devising new 
synthetic methods for the preparation of organic compounds con- 
taining closed carbon chains and in studying the properties of 
this important class of substances. This work has attracted 
great attention, both in this country and on the Continent. 
Author, and joint author, of upwards of fifty papers, published 
partly in the Journal of the Chemical Society, and partly in the 
Bcrichte of the German Chemical Society. Amongst others — 
“Condensation Products of Oenanthol," “Condensation Pro- 
ducts of Isobutylaldehyde," “ Benzoylacetic Acid and some of its 
Derivatives," “ Synthetical Formation of Closed Carbon 
Chjiins,'* “Action of Trimethylene Bromide on Ethylic Aceto- 
acetate. Benzoyl-acetate and Malonate,*' “Action of Ethylene 
Bromide on Ethylic Aceto-acetate and Benzoyl-acetate," “ Ac- 
tion of Ethylene Bromide on Ethylic Malonate," “Trimethylene 
Derivatives," “Some Derivatives of Tetramethylene," “ Penta- 
methylene Dicarboxylic Acid,*’ “ Some Derivatives of Ilexa- 
methylene," “Derivatives of Hydrindonaphthene," “New 
Synthesis of Naphthalene Derivatives," “ Dehydracetic Acid," 
Phenylenediacrylic Acid," Paranitro-benzoylacetic Acid,*' 
Ethylic Diacetyladipate," “On Kamala,** and “On Ber- 
berine." As a teacher he has been especially successful in sug- 
gesting and directing research work, as evinced by the number 
of papers he has published in conjunction with his students. 

Spencer Umfreville Pickering, M.A., 

F.C.S. Professor of Chemistry at Bedford College. Distin- 
guished as as investigator of the thermal changes attending dis- 
solution of salts. Author of papers on “ The Action of Sulphuric 
Acid on Copper,** “ The Action of Hydrochloric Acid on Man- 
ganese Dioxide," “Sodium Thiosulphate and Iodine," “Basic 
Sulphates of Iron,*' “ Sulphides of Copper," “The Constitution 
of Molecular Compounds,^* “ Modifications of Sodium Sulphate," 
“ Heat of Dissolution of Potassium and Lithium Sulphates," 
“Calorimetry of Magnesium Sulphates," “Modifications of 
Double Sulphates,*' “ Multiple Sulphates," “ Influence of Tem- 
perature on the Heat of Chemical Combination," “ Water of 
Crystalli^fiation," “ Heat of Hydration of Salts," and others, in 
all about forty, published in the Journ. Chem. Soc., the Phil. 
Mag.s and the Chcpu. News. 

Isaac Roberts, F.R.A.S., 

P.G.S., V.-P. of the Literary and Phil. Soc. of Liverpool. 
Discovery and publication, by aid of photographic methods, of 
Nebulae in Aildromeda, Orion, the Pleiades, and Vulpecula. 
Charting by photography a considerable portion of the stars of 
the northern hemisphere. Rediscovery of a minor planet by 
photography. Improvements in the apparatus and methods for 
giving long exposures in stellar photography. Invention of a 
machine for accurately charting the stars in a permanent manner 
by engraving them upon metal plates directly from the photo- 
graphic negatives. The machine is also adapted fyr measuring 
the positions and magnitudes of the stars {Mmthly Noticess 
Roy. Astron. Soc,). Determination of the Vertical and Lateral 
Pressures of Granular Substances (Proc, Roy. Sdfc., 1884) ; 
Investigation of the Movements of Underground Waters in 
Porous Rocks, Various papers on astronomical and geological 
subjects (see “Cat. of Set. Papers, Roy. Soc."). Often finding 
opportunities of rendering valuable aid to those^ engaged in 
scientific research. 
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David Sharp, M.B., C.M. (Edin.), 

jfresident of the Entomological Society of London. Hon. 

Inst. New Zealand, &c. Distinguished as an Ent^mo- 
lo^st/ especially for his knowledge of the order Coleoptera, 
many of the more intricate groups of which he has studied with 
reference to their structure, classification, geographical distribu* 
tion, &c. ; is attached to Science, and anxious to promote its 
progress. Author of the following memoirs 2 — ** On Aquatic 
Carnivorous Coleoptera or Dytiscida,” forming Vol. II. (Ser. 2) 
oftheScient. Trans. Roy. Dubl. Soc., 1879-82; Memoirs on 
the Coleoptera of New Zealand” (ibid.^ 1886); and, with the 
Rev. T. Blackburn, ** Memoirs on the Coleoptera of the 
Hawaiian Islands” {ibid.^ 1885); besides upwards of one 
hundred minor contributions to the Transactions of various 
Societies in England and on the Continent. Has also just 
completed a memoir on the Dytiscidx, Staphilinidm, &c., of 
Mexico and Central America, being Coleoptera, Vol. I., Part 2, 
of Messrs. Godman and Salvin’s “ Biologia Centrali-Ameri- 
cana”4pp. 824, pis. 19), and is now engaged in studying the 
Clavicornia and Rhynchophora for the same work. Since 1885 
he has written the whole of the Insecta (except the Neuropteia) 
for the Zoological Record. 

J. J. Harris Teall, M.A., 

F.G.S. Has taken a leading place among the petrographical 
geologists of this country, having enriched the literature of the 
science with important original contributions. Among these, 
special mention may be made of the following 2 — ** The Patton 
and Wicken Phosphatic Deposit ” (Sedgwick Prize Essav, 1875) ; 
“ Petrological Notes on some North of England Dykes ** (Quart, 
yourn. GeoL Soc., 1884, p. 209); “On the Chemical and 
Microscopical Characters of the Whin Sill” (op. cit., p. 640) ; 
“The Metamorphism of Dolerife into Hornblende-schist ” 
cU., 1885, p. 133) ; “The Lizard Gabbros” (Geol. Mag., l 
p. 481) ; “On the Origin of certain Banded Gneisses” (op. cii., 
1887, p. 484). In 1888 he published a valuable treatise on 
“ British Petrography,” containing the results of much original 
research, and presenting for the first time a general review of 
the microscopic characters of all known British rocks. In the 
same year he was appointed to the Geological Survey, where he 
is specially charged with the investigation of the petrography of 
the crystalline schists. 

Richard Thorne Thorne, M.B. (Lond.), 

F.R.C.P. Assistant Medical Officer to H.M. Local Govern- 
ment Board. lias made numerous original observations in 
regard to the spread of disease, and especially on an epidemic 
of typhoid fever, and its dissemination by water at Caterham 
and Redhill. Author of “ The Use and Influence of Hospitals 
for Infectious Diseases ” (Proc. of the Intemat. Sanit. Confer- 
ence at Rome) ; and of a large number of Reports on Public 
Health to the Privy Council and Local Government Board. 
He was appointed along with Sir W. G. Hunter to represent 
Great Britain at the International Sanita^ Conference of Rome, 
1885, Is distinguished for his acquaintance with* Sanitary 
Science, as shown by his being President of the Epidemiological 
Society, Lecturer on Public Health at St. Bartholomew’s Hos- 
pital, Examiner in Public Health to the University of Oxford, 
the University of London, and the English Conjoined Board. 

^ Walter Frank Raphael Weldon, M.A., 

Fellow of St. John’s College, Cambridge. University Lecturer 
on the Advanced Morphology of Invertebrates in the University 
of Cambridge. Author of : (in the Quart, yourn. Micros. Sci,, 
1883-88) “Note on the Early Development of Lacerta muralis*^ ; 
“ On the Head kidney of ; “On the Supra-renal 

Bodies of Vertebrata”; DinopAilus gigas*’ ; Haplodiscus 
piger'* ; (in the Proc. Zool. Soc., 1884) “On some Points in 
the Anatomy of Pheenicopterus and its Allies ” ; “ Note on the 
Placentation of Tetraceros quadricornis** ; “Notes on Callithrix 
gigoP* \ (in the Proc. Roy. Soc.) “Note on the Development 
01 the Supra' renal Bodies of Vertebrates ” ; “ Preliminary Note 
on a Balanoglossus Larva from the Bahamas”; Note on the 
last paper ; and a Report of Investigations into the Crustacean 
Fauna of Plymouth Sound, carried on in the laboratory of the 
Hj^arine Biol. Assoc., in accordance with instructions from a 
Committee appointed by the Royal Society. 


NOTES. 

M. Eugene Peligot, the eminent French chemist, died at 
Paris on April 15. He was born on March 24, 1811. In 1832 
he was admitted to the laboratory of J. B. Dumas, and three 
years afterwards he became Professor of Chemistry at the £cole 
Centrale. In 1846 he succeeded Clement Desormes at the Con- 
servatoire des Arts et Metiers ; and here, until recently, he con- 
tinued to deliver courses of lectures on general chemistry. He 
also lectured at the National Agricultural Institute on analytical 
chemistry applied to agriculture. For more than 40 years he 
was connected with the French Mint, and at the H6tel des 
Monnaies he lived and died. M. Peligot was elected a member 
of the Paris Academy of Sciences in 1852, and in 1885 he 
received the dignity of a Grand Oflicer of the Legion of 
Honour. 

The death of Dr. F. Soltwedel, Director of the Botanical 
Station at Semarang, in Java, is announced. He was a very 
energetic botanist, especially in the direction of applied botany. 

We learn from the Botanisches Centralblatt that Mr. Thomas 
Hanbury, of Mortola, near Mentone, has offered to defray the 
expense of the erection of a building in the Botanic Garden at 
Genoa, to provide a laboratory, lecture-rooms, and space for 
botanical collections. The building is to become the property 
of the University of Genoa, and will be erected under the direc- 
tion of Prof. Penzig, the Director of the Botanic Garden ; and 
I it is hoped that it will be completed by the lime of the Inter- 
national Botanical and Geographical Congress to be held in 
Genoa at the time of the great Columbus Festival in 1892. It 
is intended that the new Institute shall bear the name of the 
“Hanbury Botanical Institute.” 

During his visit to the Canaries, in 1889, made for the pur- 
pose of taking observations on the atmospheric absorption of 
the solar spectrum, Prof. O. Simony, of Vienna, landed upon 
the lonely rock of Zalmo, near the Island of Ferro, and dis- 
covered a very curious lizard, which was subsequently -described 
by Prof. Steindachner (Anz. k. Ak. IViss. IVien, 1889, p. 260) 
as Lacerta simonyi. At the request of Lord Lilford, Canon 
Tristram has also recently visited the same spot, and obtained 
some examples of this lizard, which Lord Lilford has presented 
to the Zoological Society’s collection. Simony’s Lizard is a fine 
lUrge species, very dark in colour, but obviously allied to the 
well-known Lacerta ocellata of Southern Europe. 

The fifth of the series of photographic exhibitions at the 
Camera Club, will be open for private and press view on 
Monday, May 5, at 8 p.m., and on and after Tuesday, May 6, 
it will be open to visitors on presentation of card. It will con- 
I sist of photographs by the late Mrs. Julia Cameron. 

THElFrench Exhibition, which is about to be opened at 
Earl’s I Court, will illustrate the arts, inventions, products, 
and resources of France and her colonies, and will, it is said, 
include many of the best objects shown at the Paris Exhibition 
of last year. 

An archaeological museum has been established in connection 
with the University of Pennsylvania. Science says it contains — 
in addition to the American specimens— a fine collection of 
flints, Ibronze implements, and pottery from Europe, as well as 
objects from Asia, Africa, and the South Sea Islands. At the 
same University a museum of economic botany is about to be 
formed. It will consist of all kinds of woods, vegetable fibres, 
grains and drugs, arranged so as to illustrate the processes of 
manufacture from the raw product, and the various uses to 
which each material may be put. 
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I The Marine Biological Laboratory at Wood’s Holl, Massa- uprises of older rocks. Further to the west they knew nothing 
chusetts, will hold its third session during the approaching by actual borings, and in no other way could anything like a niap^% 
summer. The Institution has been so successful that a library, of the fubterranean geology be obtained. It might be surmised^ 

a lecture-room, and six private laboratories have lately been with some probability that, between Bristol and the areas w^ere 


added to it. 

The following are the arrangements for the Science lectures 
to be given at the Royal Victoria Hall during May : — May 6, 
birth and death of mountains, W. W. Watts; May 13. 
London water supply, Prof. Bonney ; May 20, how a 
photograph is taken, Dr. J. A. Fleming. 

Dr. H. Ross has been appointed Lecturer on Botany at the 
University of Palermo, and Dr. G. B. De Toni Lecturer on 
Botany at the University of Padua. 

Morot’s Journal de Botanique for March i contains an 
interesting biographical sketch of the late M. E. Cosson, 
together with a bibliography of his numerous contributions to 
botanical literature. 

At the last meeting of the Scientific Committee of the Royal 
Horticultural Society, the Rev. C. Wollcy Dod’gave an account 
of several diseases of plants in his garden, and commented on 
the di/Ticulty of finding curative means, or of hearing of other 
suggestions than burning. He first alluded to a species of smut 
(Ustllago) on Primula fariuosa^ which ^appeared to be indi- 
genous, as the plants were collected in Lancashire ; and although 
it was grown with P, denficulata, the smut was confined to the 
former species. Aicidiutn Jicarue had attacked his hellebores. 
In this case, a drier soil was suggested as likely to prove effective 
in ridding the plants of the fungus. The Lily spot,’' due to 
Polyactis cana^ usually appearing late in summer, had been seen 
in April upon tulips, and apparently the same species on daffo- 
dils. It was suggested that a mixture of sulphate of copper and 
quicklime would prove effective, as in the case of vines. Puc^ 
cinia Schrateri had occurred on daffodils from Portugal, and also 
upon the common double sorts. 

At the meeting of the Society of Arts on April 23, Mr. W. 
Whitaker read a paper on ‘‘ Coal in the South-East of England." 
Afterwards some remarks were offered by Mr. Topley, Prof. 
Riicker, Prof, McKenny Hughes, Dr. Archibald Geikie, who 
presided, and the author of the paper. Dr. Geikie said he 
thought everyone present must share his feeling of surprise and 
pleasure at finding that a number of geologists could come to-* 
gether and discuss a question like this with so little difference of 
opinion, and it might be taken as strong evidence that on this 
particular question there was nothing to fight about. He knew 
of no recent instance where a true scientific induction had been 
followed with such brilliant success as the one now brought 
forward. It had been discussed more or less academically by 
geologists for some sixty years, bit by bit evidence had accumu- 
lated as they went further and farther below the surface, and at 
last it had been definitely proved that coal existed in the south-east 
of England, An ordinary observer would have found it almost 
impossible to imagine, when standing on a sunny day in the 
south of Kent, that coal was to be found there hundreds of miles 
from the great coal-fields, and it would be difficult to make such 
i a person understand why geologists should pitch upon such a spot 
as a likely place for a colliery. Mr. Whitaker had gone over the 
evidence, and everyone must have realized bow the conclusion 
had been arrived at, and how admirably the inference had been 
proved by experiment. But, as Prof. Hughes had said, they were 
» very far from having reached a complete picture of the geography 
of the rocks that underlie the Secondary rocks of the south-east 
of England. They were groping their way by degrees, and in 
the process coal had been discovered. He did not imagine there 
icould be any large continuous coal-field there ; it could only exist 
I |i detached basins (even allowing fjr overthrusts), separated by j 


borings had been made, there might be more extensive coal- 
fields than were at all likely to be found in the extreme 
south-east. They had heard of the wonderful plication of the 
Carboniferous strata in the west of France, but it must be re- 
membered that not only had the Coal Measures undergone these 
movements, but the secondary rocks which overlay them had 
also been crushed, folded, and pushed over each other in the 
manner which any one might see on the south coast of Dorset- 
shire ; and this process must have considerably thickened the 
Secondary rocks, 'the consequence of which was that you might 
bore through the same stratum sometimes a very long way. It 
was absolutely necessary that, in the prosecution of this natter, 
the practical man should go hand in hand with the man of 
science, otherwise a great deal of time, money, and labour would 
be wasted. 

The Norwegian Government has laid before the Storthing a 
proposal to the effect that two-thirds of the cost of the Norwegian 
Polar Expedition under the command of Dr. Frithjof Nansen 
shflil be defrayed by the State : the conditions being — that the 
expenses do not exceed 200,000 kroner (about ;^io,ooo) ; that if 
the expedition proves successful the vessels and scientific instru- 
ments used during the voyage shall become the property of 
the State ; and that the Christiania University shall receive 
such specimens from the scientific collections as the senate shall 
select. 

The Director of the Observatory at Tusa, in Sicily, noted two 
short but severe shocks of earthquake at noon on April 15. No 
damage w^as caused. 

A SHOCK of earthquake was felt at Lisbon on the morning of 
April 28. 

' M. E. Leyst, Superintendent of the Observatory of Pawlowsk, 
near St. Petersburg, has contributed to vol. xiii. of the Repertorium 
fiir Meteorologie an important investigation upon the influence 
of the times of reading the maximum and minimum thermo- 
meters upon the results deduced from them. 

The Administration Report of the Meteorological Depart- 
ment of the Government of India for the year 1888-89 gives an 
account of some important changes in the working of the service 
since January i, 1889. The change of the hour of morning 
observations from 10 a. m. to 8 a.m. has accelerated the publica- 
tion of the Daily Weather Reports, and this result is much 
appreciated in Calcutta and Bombay. A uniform system of 
rainfall observations throughout India, and the telegraphing of 
rainfall information to Simla, enable the Department to pre- 
pare comprehensive rainfall charts and tabular statements for 
each week during the monsoon season. A local Daily Weather 
Report and Chart is now prepared at Bombay, in order to give 
early informatioff to the commercial 'community, in a form 
similar to the Reports published at Calcutta, The Bombay 
Chamber of Commerce has contributed liberally towards the 
expenses of this service. The collection of information from 
ships in the Arabian Sea and Bay of Bengal is to be extended. 
I'his is essential for the investigation of the causes of the origin 
of storms ; and, if sufficient material be collected, charts will be 
prepared for each day for two or three years. The charts 
must necessarily appear about three months after date. The 
work of observation with r^ard to storms is acknwledged to 
have been hitherto very defective. A small payment will be 
made in future for this service, and several valuable series of 
observations during dust-storms, &c., have already been re- 
ceived. The staff in India being insufficient to discuss the mass 
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of material which has accumulated during the last 13 years, 
i^^^the Government has wisely given a grant for the discussions of 
more important series to be carried out by distinguished 
meteorologists in Europe. Several important investigations by 
the Indian staff are in a more or less advanced state of prepara- 
tion, including an account of the cyclonic storms of August 1888, 
and of September 13-20, 1888 ; a paper on the relation of sun- 
spots to weather, as shown by meteorological observations in the 
Bay of Bengal from 1855-78 ; and an account of the storm in the 
Arabian Sea in June 1887. At the commencement of the year 
under report, there were 161 observatories contributing regular 
observations. 

M. P. Lafourcade, in a paper on the great bustard {Revue 
des Sciences Naturellcs AppliquScs)^ says that this bird is becom- 
ing very scarce in France, as it can flourish only in laige un- 
cultivated spaces. In Champagne and Provence it is never 

Some observations on the brain- weight of new-born infants 
are given by Herr Mies in a Vienna medical paper. From 203 
weighings he found the brains of male children to weigh on the 
average 339’3 grammes (say 11*9 oz.), and those of females 330 
grms. (say 1 1 6 oz,). 1 he lightest was 170 grms., and the heaviest 
482 grms. The brain-weight of the new born infant is to the body- I 
M eight as i : 7 to 8*5. Only children living at the time of 1 
birth were considered. 

At the meeting of the Royal Society of Queensland on 
February 17, Mr. W. Saville-Kent presented some interesting 
notes on the embryology of the Australian rock oyster {Ostrea 
glomerata). He mentioned that in connection with the investiga- 
tion of this subject he had been carrying on a series of experiments 
with the view of accurately determining the influence upon the em- I 
bryonic brood that is exercised by the advent of fresh-water floods 
or other sudden changes in the salinity of the water. Some im- 
portant results had been obtained. From a series of oysters 
recently purchased in the market a fully matured male and female 
were selected for experiment. Portions of milt and ova from 
these two individuals were abstracted and commingled under 
precisely the same conditions, and placed respectively in water ' 
of three different degrees of salinity. The first admitted was 
placed in sea- water of the full ordinary strength. In the second 
there were equal proportions of salt and fresh water, and in the 
third one part of salt water to three of fresh. As a re>ult, the 
ova placed in the equal admixture of salt and fresh water ex- 
hibited active vitality, and were quickly speeding in their develop- 
mental career. Of the ova placed in pure sea-water, but few 
were fructified, and these developed very slowly. Those, finally, 
placed in the w'ater containing only a one-fourth proportion of 
sea-water were entirely deprived of life, and soon began to 
disintegrate. To this last circumstance Mr, Saville-Kent called 
special attention. It indicated, he said, the pernicious effect 
upon breeding oysters that might be exercised by heavy floods, 
and opened out a wide field for further inquiry. 

A PAPER on the fossil butterflies of Florissant, Colorado, by 
Mr. Samuel H. Scudder, isjncluded in the eighth Annual Report 
of the Director of the United States Geological Survey, and has 
now been reprinted separately. The specimens were found 
“ in presumably Oligocene beds.'" There arc altogether seven 
species, and they all belong to extinct genera. Their genera^ 
aspect is ** distinctly sub-tropical and American, while the 
Tertiary butterfly fauna of Europe is derived in the first place 
rom the East Indies, in the second from sub- tropical America, 
and in the third from home.’’ With regard to one interesting 
point Mr. Scudder writes as follows : — ** In living butterflies, as 
ascend'the scale of families we find an increasing atrophy of 
. he front legs. In the two lower families, Hesperida and 


Papilionidce^ they are similar in structure to the other pairs, being , 
normally developed. In the Lycanida (including in this the 
sub-families Lemoniincs and Lyctcnime) they are atrophied in the 
male to a greater or less extent, with the loss of the terminal 
armature, while still perfect in the female. In the highest 
family, Nymphalidcc^ with the single exception of the little group 
Libytkeina^ which agrees with the Lycanida^ they are aborted 
in both sexes, often to an excessive extent. Now, in Prolihythea 
we have the forelegs of the female preserved, and in Nymphalites 
Ihe foreleg of the male ; in both cases they agree in all essential 
points with what we should expect to find in living forms 
belonging to the same groups, showing that at the earliest epoch 
at which butterflies are yet known these peculiar differences, 
marking the upward progression of forms, were already in 
existence. We must therefore look for the proofs eiiherof great 
acceleration in development when butterflies first appeared, or 
of the existence of butterflies at a far earlier period than we yet 

In the yearly report of the East Siberian branch of the Russian 
Geographical Society, it is shown that the Miocene deposits in 
the middle parts of the provinces of Tomsk and Yeniseisk a*e 
much greater in extent and thickness than has hitherto been 
supposed. They contain, besides thin layers of coal, a rich 
flora, samples of which have been secured by M. Klementz. 
Leaves and needles of Accr^ Betnla^ Finns f.opatini^ Segtisia^ 
Siet'nbcrgi^ Glyphostrobnsy AfagnoUa^ Uimus^ Fipu/ns, and so 
on, are found in great quantities, and it seems probjible that * 
the Miocene flora of Siberia will prove as abundant and as * 
suggestive of changes of climate as that of Switzerland. 

An interesting and successful experiment in technical educa- 
tion is described in a resolution of the Indian Education Depart- 
ment, granting an increase of over 16,000 rupees in expenditure 
on schools in Sind. Appended to the resolution is an extract 
from a letter of Mr. Jacob, Inspector of Schools, in which he 
gives some details of the practical system of technical education 
which has been instituted in the Naushahro schools by Khan 
Bahadur Kadirdad Khan. The industries taught embrace Sind 
embroidery, tailoring, joining, and cabinet work, smith’s work 
in iron and brass, electro plating, mason’s work, pottery, &c., 
and the attendance at all the classics is continually increasing. 

The boys in the workshops are divided into ** gangs,*' each headed 
by a senior boy who has displayed exceptional skill. The 
schools are in close touch with the market ; and, as orders 
come in, they are distributed among the gangs, and the profits 
of the work are divided among the members of the gang 
in proportions fixed by the teacher, and regulated by the degree 
of skill possessed by each individual. The industrial school for 
girls is most popular, and suggests new possibilities in the 
extension of female education ; for it is found that the oppor- 
tunity of earning money keeps the girls at school up to a later 
age than has hitherto been usual. Mr. Jacob says that the 
schools have created an extraordinary interest among the 
industrial classes, both Mahomedan and llindu. 

In a paper on the aborigines of Australia, printed in the 
current number of the Journal and Proceedings of the Royal 
Society of New South Wales, Mr. W. T, Wyndham speaks of , 
the skill with which the natives use stone implements. ** They 
turn out work,” he says, ** that you would hardly believe possible 
with such rough implements. They show great ingenuity, par- 
ticularly in making their harpoon heads for spearing dugongand 
fish ; instead of shaving the wood up and down with the grain as "" 
a European workman would do, they turn the piece of wood for 
a spear-head round and round, and chip it off across the grain, 
working it* as wooden boxes are turned on a lathe. I have often 
sat and watched them doing this,” ' I 
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^ According to an official estimate, there are 170,000 wolves 
in Russia ; and the loss caused by the destruction of sheep and 
swine by wolves is so great that it cannot be even approximately 
estimated. The reward paid for each wolf killed is 10 roubles. 
The number killed in 1889 in the single government of Wologda 
was 49,000, and in the government of Kasan 31,000. The 
number of human beings killed by wolves during the year was 
203. 

Mrj John Murray has issued an abridged and popular 
^ edition of Mr. Paul du Chaillu's ^‘Adventures in the Great 
Forest of Equatorial Africa and the Country of the Dwarfs.” 
While recognizing the work that has been done by later travel- 
lers in the regions with which his name is associated, Mr. du 
Chaillu says, in his new preface, that, so far as he is aware, no 
white man has been able since his time “to penetrate to the 
liaunts of the gorilla and bring home specimens killed by 
himself.” 

Part 19 of Cassell’s “New Popular Educator” has been 
issued. 

Wk have received “The Medical Register” and *‘The 
Dentists’ Register” for 1890. Both works are printed and 
published under the direction of the General Council of Medical 
Education and Registration of the United Kingdom. 

The seventh annual issue of the “ Year-book of the Scientific 
and Learned Societies of Great Britain and Ireland” (C. Griffin 
and Co.) has been published. It comprises lists of the papers 
read during 1889 before Societies engaged in fourteen depart- 
ments of research, with the names of their authors. The work 
has been compiled from official sources. 

'J'he following note on the words “ cold-.short ” and “red- 
short ” appears in Eughiecfing of the 25lh ult. Some of our 
readers may perhaps be able to throw light on the subject: — 
The words “ cold-.short ” and “ red-short ” are so expressive that 
their etymology would seem at first sight to be entiiely free from 
difficulty, but such is not the case. The earliest form of “cold- 
short ” occurs in Philemon Holland’s translation of Pliny’s 
“Natural History” {1601) where it appears as “colsar.” 
Vernatt and Whitmore, in their patent for the manufacture of 
iron granted in 163^ speak of “colshire ” and “ coleshire ” iron, 
whilst Dud Dudley, in his famous tract “Metallum Martis ’ 
(1665), calls it' “coldshare” iron. A still further variation 
appears in the Philosophical Transactions for 1693, 
course of a curious paper, written in 1674, giving an account of 
the hematite ores of Lancashire, where the writer speaks of 
“coldshirc” and “ redshire ” iron. Andrew Yarranlon, in his 
“England’s Improvement by Land and Sea” (1677), uses the 
word “ coldshore,” and in Moxon’s “ Mechanick Exercises,” 
published in the same year, red-short iron is described as “ red- 
sear.” The earliest known instance of “ cold-short ” and “ red- I 
short” is in a rare folio tract of 4 pages bearing the title 
“Beware of Bubbles,” which, though undated, must, from 
internal evidence, have been issued in 1730, It forms one of a 
number of broadsides circulating ift>out the lime referring to a 
patent for the manuftjpture of iron taken out by Francis Wood, 
the well-known manufacturer of “ Wood’s halfpence,” so un- 
mercifully satirized ; by Swift in the “Drapicr Letters.” The 
words “ cold short ” and “ red-short ” are at the present moment 
occupying the attention of the editor of the “ New English Dic- 
tionary on Historical Principles,” now in course of publication 
by the Clarendon Press, and if any of our readers arc able to 
throw light upon the etymology of “cold-short” and “red- 
short ” their suggestions will be gladly welcomed by the editor, 
Dr. Murray, Banbury Road, Oxford. 

A NEW colouring matter from pyrogallol, CeHg(OH)3, and 
benzotrichloride, CeHfi.CCIs, is described in the current num- 
ber of •Liebigs AnhaUn^ by Drs. Doebner and Foerstcr, of the | 


University of Halle. When pyrogallol and benzotrichloride are 
heated to 160** C. in the proportion of two molecules of the^ 
former^to one of the latter until no more hydrochloric acid is^ 
evolved, a fused mas? is obtained which dissolves in alkalies witlv 
the production of a fine blue colour. The powdered product of 
the fusion is of a dark brown colour with a greenish metallic 
lustre. It may be obtained pure from solution in hot glacial 
acetic acid in the form of dark green crystals, which under the 
microscope appear as bright red transparent plates by transmitted 
light. The substance is almost insoluble in water, benzene, or 
carbon bisulphide, but is more soluble in alcohol and ether, and 
in hot chloroform. It dissolves in a hot solution of sodium 
acetate with production of a deep red colour. Caustic alkalies 
readily dissolve the pure crystals with production of the same 
blue colour as that yielded by the crude product of fusion. When 
the solution is just neutralized the colour is a bluish-violet, but 
the least excess of alkali reproduces the magnificent blue colour. 
Strong sulphuric acid dissolves the crystals with formation of a 
I soluble sulphonic acid of a fine violet tint. Most metallic sail 
solutions yield with neutral solutions of the ammonium salt pre- 
cipitates of the nature of “lakes” of varying composition and 
of various shades of bluish-violet. The colours produced by salts 
of aluminium and iron are perhaps the most striking. The yield 
of the new substance is very good, and generally amounts to- 
about sixty grams of pure crystals for every hundred grams of 
pyrogallol employed. As regards its composition and constitu- 
tion, its empirical formula is found to be C38H24O11. It evidently 
contains four phenol hydroxyl groups, for it reacts with acid 
chlorides and anhydrides with production of compounds contain- 
ing four acid radicals. The acetyl compound, 
forms bright red crystals, melting at 208® C., which are decom- 
posed by soda with formation once more of a blue colour. The 
benzoyl compound, C38n2o04i(C7H50)4, consists of thin red 
prisms possessing a brilliant green lustre, and melting to a deep 
red liquid at 251®. The substance also yields a hydro-reduction 
product with zinc dust and glacial acetic acid of the composition 
Cj»IIi4()s ; this reduction-product forms beautiful long colourless 
needles of silky lustre, which rapidly reoxidize in air, and 
especially on heating, to the original compound. Even if the 
needles are allowed to remain a "short lime in their mother- 
liquor they gradually become tipped with red, exhibiting an. 
exceptionally pretty effect. The constitution of this hydro-body 

CflH3(OH)3. 

is shown to be CnHsCMcf 


.0, from which, takings 


^C^U^iOU)/ 

into account the fact that four phenol hydroxyl groups are showD 
to be present by the mode of reaction with acid chlorides and 
anhydrid.-s, the constitution of the new colouring matter is 
concluded to be as follows : — 

C,U,{OH), 

c«H8C< No 

„l -o 

HO \q j 

CeHttCC / 

XCoHjlOH). 

The name which the discoverers propose for the compound is 
pyrogallol-benze'in. 


The additions to the Zoological Society’s Gardens during the 
past week include a Rhesus Monkey {Macacus rbesu^ 9 ; from 
India, presented by Mrs. Pendry; a Brown Bear(£/m/.f arcios 
d) from Russia, presented by Miss Evelyn Muir ; a ^Bateleur 
Eagle (Helotarsus ecauJatus) from East Africa, presented by Dr. 
E. J. Baxter ; an Elliot’s Pheasant {Phasianus ei/ioii 9 ) from 
China, a Cape Weaver Bird {Hyphantornis capensis d ) from 
South Africa, a Red-eyed Ground Dove erythrophtheUmus) 
from North America, presented by Mr. Wilfred G. Mai-shall ; a 
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Tuatera Lizard {Sphenodon punctatm) from New Zealand, pre- 
sented by Mr. J. Catheson Smith ; an Egyptian Ichneumon 
"{Herpestes ichneumon) from North Africa, two Grey Ichneumons* 
{fferpestes griseus 6 6)9 two Alexandrine Parrakeets (Palaornis 
alexandri) from India, two White Pelicans {Pciecanus onocro- 
4 alus\ South European, deposited ; a Musk Deer {Moschus 
moschiferus i) from Central Asia, seven Bearded Lizards 

{Amphibolurus barb<Uus\ three Lizards {Amphibolurus 

muricatus)t a Gould’s Monitor ( Varanus gouhii) from Australia, 
purchased ; a Barnard’s Parrakeet {Plaiycercus barnardi) from 
South Australia, received in exchange ; an Indian Muntjac 
{Cervulus muntjac)^ bom in the Gardens. 


OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on May i 
I2h. 39m. 6s. 
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Remarks. I 

(1) During his spectroscopic survey of nebulas in 1868, Lieut. 
Herschel noted that this gave a bright line spectrum. The 
three principal nebular lines and G were observed, but, as I 
have before remarked, other lines may possibly be found if 
carefully looked for. Some of the lines observed in other 
nebulae, namely D3 and lines near X 559, 521, 517, 470, and 
447, may be expected. In the General Catalogue the nebula is 
described as ‘‘ Very bright ; large, round ; very suddenly much 
brighter in the middle to a nucleus ; barely resolvable.” 

(2) According to Secchi, Vogel, and Duner, this star has a 
magnificent spectrum of Group II., all of the ten ordinary bands 
being well visible. The band near D and the one less refrangible 
(Duner’s 2 and 3) are very wide, but the others are relatively 
narrow, though strongly marked. Duner notices the peculiarity 
that band 5 (X 546) is double. This should be further examined ; 
the apparent duplicity may be simply due to the superposition 
of a strong line upon the dark fluting of lead. As the star is an 
exceptionally bright one for this group, comparisons with the 
bright (lutings of carbon should be made, with the object of 
further confirming the cometary character of this group of stars. 

(3) This is a star which has hitherto been classed with stars 
like the sun. The usual more detailed observations are required 
to determine whether the temperature of the star is increasing 
or decreasing. 

(4) A star of Group IV. (Vogel). If the colour given by Vogel 
is correct, one would expect the metallic lines to be fairlv well 
developed in this star, and it would probably be no longer 
classed in Group IV. The stars of this group are usually white 
or bluish'white, the yellowish-white stars generally falling in the 
later stages of Group III. or the earlier stages of Group V. 

(5) The colour and spectrum of this variable have not ^et 
been recorded, as far as I can determine, and the approaching 
maximum of May 5 may therefore afford a good opportunity of 
observing it. The range of variability is from 8*0 to 14*0 in a 
period of about 219 days. 

(6) As this comet is travelling northwards and is gradually 
increasing in brightness, it may be well to note a few of the 
chief points to which attention should be directed in spectro- 
scopic observations. The positions given are for Berlin mid- 
night, and are reprinted from Nature, vol. xli. p. 571. 

Observations of the spectrum of a comet at one time only are 
now of little value, as there can be no doubt that the spectrum 
is subject to changes with the variations of temperature due to 
varying distances from the sun. The question now is : What is 
« the precis nature of these changes ? From a discussion of all 
the obiervations made up to i888. Prof. Lockyer has laid down 


what he considers to be the most probable sequence ; but as yet » 
there has been no opportunity of testing his views by continued 
observations of one comet. According to his view, the spectrum 
of a comet near aphelion is like that of a planetary nebula, con- 
sisting simply of a bright line near X500. This, it will be 
ren embered, was observed by Dr. Huggins in the comets of 
1866-67. As the temperature increases, the spectrum of carbon 
begins to appear ; at first the low-temperature spectrum (perhaps 
better known as the spectrum of carbonic oxide) makes its 
appearance, and afterwards the spectrum of hot carbon (com- 
monly known as the hydrocarbon spectrum). The principal 
fluting^ in the first spectrum are near X 483, 519, and ^61, and 
those in the second are compound flutings with their brightest 
maxima near X 564, 517, and 473. As the temperature goes on 
increasing, bright flutings of the metals manganese and lead (X 
558 and 546) are added to those of carbon, the chief eflfect of 
their presence being a variation in the appearance of the band 
near X 564. With a still further increase in temperature, fluting 
absorptions pf manganese and lead replace the corresponding 
radiations, and apparently shift the position of the citron band 
from X 564 to 558 or 546, according to the preponderance of one 
element or the other. At the highest temperatures, which are 
only attained by comets which approach very close to the sun, 
bright lines of sodium, iron, manganese, and other substances, 
appear, as in Comet Wells and the Great Comet of 1882. (For 
further details, see Roy. Soc. Proc., vql. xlv. p. 189.) 

For comparison spectra, a spirit lamp, and small quantities of 
magnesium and the chlorides of manganese and lead are all that 
are likely to be required, unless complete measurements of wave* 
lengths are attempted. The chief fluting in the spectrum of 
magnesium will serve for comparison with the line 500. 

Variations in the form of a comet have not yet been associated 
with spectroscopic changes. A. Fowler. 

Comets and Meteor Streams. —In the cases of the 
Leonides and Andromecle«, the annexed comet appears to be at 
the head of the swarms, and Schiaparelli and others have in- 
ferred from this fact that a comet is broken up by tidal dis- 
turbances. Other influences besides tidal action may cause it 
however, and M. Bredichin, in his memoir “ Sur les etoiles 
filantes,” showed how meteorites became detached from the 
central condensation by explosions, and describe orbits that 
differ according to the value of the initial velocity towards the 
sun, and the angle made by its direction with the radius vector. 
In a later communication {Bull, Soc, Intpir, des Naturalistes de 
Afoscou^ 1889, No. 4) the form of the orbits generated by ex- 
plosions in the comet, and their relation to such meteoritic 
streams as the Leonides and Andromedes, hc^s been investigated. 

It is noted that in general the less the eccentricity of the gene- 
rated ellipse, the more clearly marked are periods of maxima in 
falls of meteors. With the increase of eccentricity the maxima 
become less marked, and in the case of a parabolic orl^it feeble 
falls occur each year. The regular periodicity of maxima would 
favour the formation of a meteoritic stream by a single eruption ; 
in some cases, however, a series of eruptions must have taken 
place. M. Bredichin thinks that in the Leonid stream a single 
eruption was excessively preponderant, in the Andromedes a 
series of eruptions would appear to have occurred. Other cases 
have also been studied in detail. A meteorite is regarded as a 
portion of a large comet ejected from the parent mass by an 
eniption, and an investigation of the number of appearances of 
bright meteors indicates the connection between them and shoot- 
ing stars, and, as would be expected, both have maxima when 
the earth is passing through a ^meteoritic stream. Although the 
connection between comets and meteorites is not a matter of 
doubt, the above investigation demonstrates it from a new point 
of view. It seems most probable, however, that the disintegra- 
tion of a meteoritic swarm that has entered our system is caused 
by tidal disturbances as well as the repulsive action which is the 
cause of a comet's tail. 

Stellar Proper Motions. — The number of known stars 
having proper motions is relatively considerable, but they are 
much dispersed through astronomical records ; M. J. Bossert, 
however, in the Bulletin Astronomique for March 1890 ^ives an 
excellent synoptical table of such stars. Many calculations are 
facilitated by such a table, showing the elements that may vary 
the position of a star ; and in a research on the motion of the 
solar system it is invaluable. All stars are included whose 
annual motion is o'' *5 or more*. The list has been culled from, 
every known catalogue and astronomical record, but the results 
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have not been accepted without an examination. Thus it is 
^pointed out that the large proper motion given by Arago in his 
“ Popular Astronomy** for the star in Argus, No. 2151 B. A.C., 
should be rejected, the comparison of Lacatlle’s observations 
with those of Stone and Gould giving, in fact, a motion of 
about o"*2 for this star. The magnitude, co-ordinates for 1890*0, 
proper motion in right ascension and declination, the resultant 
motion, the direction of this motion, and the authority are given 
for each star. 


OPTICAL ISOMERIDES OF INOSITOL. 

■p\URING the last few months, whilst the brilliant researches 
of Prof. Emil Fischer on the synthetical production of the 
glucoses have been attracting so much attention, some very 
interesting work has been done on a compound which was 
formerly supposed to belong to the glucose group, viz. inosite. 
Maquenne, in 1887, showed that this compound, which is fairly 
widely distributed throughout the animal and vegetable kingdoms, 
is not a sugar, but a hexahydroxy-derivative of hexamethylene, 
having the constitutional formula — 

CH . on 

/\ 

HO . Nch . OH 

HO . HC;^ ^CH . OH 

CH . OH 

It is an alcohol, and in accordance with the usual English 
nomenclature the name inosite must therefore be altered to 
^ inositol. 

M. Maquenne has recently examined a compound obtained 
from the manna-like exudation of one of the Californian pines 
{Pinus lamberiiana)^ and termed /S pinitol. He found that its 
formula is C7Hi40e, and that on heating with hydriodic acid it 
is resolved into methyl iodide and a substance which has the 
same composition as inositol, and resembles it in most of its 
properties, but melts at a higher temperature and rotates the 
plane of polarization to the right ([ajn = 65), inositol being 
inactive. It is therefore called dextro'inositol. Almost simul- 
taneously, another French chemist, M. Tanret, obtained from 
quebracho bark {AspUlosperma quebrcicho) a sugar-like compound 
to which he has given the name quebrachitol. It has the same 
foimula as i 9 -pinitol, and on treatment with hydriodic acid yields 
methyl iodide and an inositol which can only be distinguished 
from the foregoing by its action on the plane of polarized light, 
which it rotates to the left to the same extent as the nrst 
compound does to the right, and must therefore represent the 
hwo-inositol. Both these compounds crystallize with two 
molecules of water in hemihedral crystals, and are very soluble 
in water. 

MM. Maquenne and Tanret then jointly examined the effect 
of mixing concentrated solutions of equal weights of the dextro- 
and Isevo-compound, and obtained an inactive inositol, which 
is much less soluble in water than either of its constituents, 
and melts at a higher temperature (253®), without previously 
becoming plastic. From its mode of formation, its constitution 
must resemble that of racemic acid, and the name racemo- 
inositol has therefore been given to it. It is not identical with 
the inactive inositol previously known, and the latter must 
therefore have an analogous constitution to mesotartaric acid. 

We have therefore the interesting result that inositol, a 
derivative of hexam<?thylene, exists in four different forms, 
corresponding exactly to those of tartaric acid. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — Mr. Buchanan, the University Lecturer in 
Geography, announces a course on ** Oceanography,*’ to begin 
* at 2. 15 p.m. on Wednesdays. The subject will be *• The Dis- 
tribution of Land and Water on the Globe.” 

The Council of the Senate have published a report in which 
they withdraw their original proposal (October 22, 1888) to 
suspend for 10 vears from 1890 the au^entation of the con- 
, tributiens of Colleges to the Common university Fund pre- 


scribed by the present statutes, by way of relief to the depressed 
finances of some of the Colleges. They propose now to dis- 
criminate between Colleges that are financially depressed and 
those tffiat are not. The latter will receive no relief unde^ the 
new plan, the former will be allowed to makeup their University 
contributions by devoting one or more Fellowships to University 
purposes. This proposal seems to have been much more widely 
approved than the former, and is signed by nearly all the 
members of the Council of the Senate. 

The Special Boards for Physics and Chemistry, and for 
Biology and Geology, propose a new departure in the conduct 
of the second part of the Natural Sciehces Tripos, with regard 
to which there are likely to be differences of opinion. Hitherto 
all the work considered by the examiners has been carried on 
at the time of the examination under their supervision, and 
under equal conditions for all candidates. The proposal now is 
to give credit for work in practical chemistry carried on before 
the examination in the University or College laboratories. The 
regulations recommended are : — 

In the second part of the examination, every candidate in 
chemistry may present to the examiners, at the commencement 
of the examination, a record of the chemical work which he 
has carried out in the University laboratory, or in some one of 
the College laboratories, in some one term. Such record shall 
be the original notes made from day to day in the laboratory, 
with the necessary calculations in full, and dated so as to show 
the work of each day. 

To the record shall be appended a certificate, signed by the 
candidate and by the superintendent of the laboratory, stating 
that all the manipulations involved in the work have been bon^ 
fide carried out by the candidate alone, and that the superin- 
tendent has watched the progress of the work and believes the 
record of it to be faithful. 

In estimating the merits of the candidates, the examiners 
shall give credit Tor such work. 

This regulation shall be first applicable to the examination 
for the Natural Sciences Tripos of the year 1892.” 

The Report is signed by 12 members of the two Boards, the 
total num^r of members being 31. The chemists whose names 
appear are Prof. Liveing, Dr. Ruhemann, and Dr. Tilden. 

Mr. J. Pedrozo d* Albuquerque, B.A., Scholar of St. John’s 
College, First Class, Natural Sciences Tripos, 1887-88, has been 
appointed Government Professor of Chemistry at Barbadoes. 

Applications for permission to occupy the University’s tables 
in the Zoological Station at Naples, and in the Marine Biological 
Laboratory at Plymouth, are to be sent to Prof. Newton, Mag- 
dalene College, Cambridge, on or before May 22. 

The Newall Telescope Syndicate have issued a further Report,^ 
in which it appears that a means has been found for overcoming 
the threatened financial difficulty. Mr. H. F. Newall, M.A., 
of Trinity College, University Demonstrator of Experimental 
Physics, and son of the donor of the telescope, has offered his 
services as observer, without stipend, for five years, a sum of 
;^50O for initial expenses, and a guarantee of ^200 a year for 
five years for maintenance, provided the University can furnish 
the balance of the funds required. He also offers to build him- 
self a private house near the new Observatory, if a suitable site 
can be found. The Sheepshanks Fund is, moreover, able to 
promise an additional sum of £100 a year after five years from 
the present date. The outcome of these offers is that the Uni- 
versity will only be required to find at present a capital sum of 
;^I25, and an annual subsidy of £$0. After five years, it 
may have to build an observer’s bouse at a cost of ;^8oo, and 
provide £iSO ft year towards his stipend. Mr. Newall has 
worthily seconded^his father’s munificence, and it is to be hoped 
that no further obstacle will arise to the founding of an adequate^ 
observatoiy of stellar physics in Cambridge. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, March 13. — **The Nitrifying Process 
and its Specific Ferment.” By Percy F. Frankland„ Ph.D., 
B.Sc. (Lend.), A.R.S.M., &c., Professor of Chemist^ in 
University College, Dundee, and Grace C. Frankland. Com- 
municated by Prof. Thorpe, F.R.S. 

The authors have been enj^aged during the last three years in 
endeavouring to isolate the nitrifying organism. 

Nitrification, having been in the first instance induced in a 
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particular ammoniacal solution by means of a small quantity of 
garden soil, was carried on through twenty-four generations, a 
minute quantity on the point of a sterilized needle being intro- 
duced from one nitrifying solution to the other. Fromfseveral 
of tliese generations, gelatine plates were {poured, and the resulting 
colonies inoculated into identical ammoniacal solutions, to see if 
nitrification would ensue ; but, although these experiments were 
repeated many times, on no occasion were they successful. 

It appeared, therefore, that the nitrifying organism either re- 
fused to grow in gelatine, or that the authors had failed to find 
it, or that, growing in gelatine, it refused to nitrify after being 
passed through this medium. 

Experiments were, therefore, commenced to endeavour to iso- 
late the organism by the dilution method. For this purpose a 
number of series of dilutions were made by the addition to 
sterilized distilled water of a very small quantity of an ammonia- 
'cal solution which bad nitrified. It was hoped that the attenua- 
tion would be so perfect that ultimately the nitrifying organism 
alone would be introduced. 

AfTtcr a very large number of experiments had been made in 
this direction, the authors at length succeeded in obtaining an 
attenuation consisting of about liririWTr the original nitrifying 
-solution employed, which not only nitrified, but on inoculation 
into gelatine-peptone refused to grow, and was seen under the 
microscope to consist of numerous characteristic bacilli hardly 
longer than broad, which may be described as bacillo-cocci. 

Although this bacillo coccus obstinately refuses to grow in 
gelatine when inoculated from these dilute media, yet in broth it 
produces a very characteristic though slow growth. 

Nitrification was also induced in ammoniacal solutions by in- 
oculating from such broth cultivations. 

March 27. — **On the Progressive Paralysis of the Different 
Classes of Nerve-cells in the Superior Cervical Ganglion.^* By 
J, N. Langley, F.R.S., and W. L. Dickinson. 

Summary . — Generally speaking, stimulation of the cervical 
sympathetic in the dog with minimal effective shocks causes 
pallor in the lips and gums ; with weak to moderately strong < 
shocks, primary pallor followed by flushing ; with strong shocks, 
as shown by Dastre and Morat, primary flushing, but the extent 
and duration of the primary effect and of the secondary effect, 
if there is any, vary in different dogs. 

In the rabbit and cat, stimulation of the cervical sympathetic 
always causes, as shown by Bochefontaine and Vulpian, primary 
pallor in the lips and gums, and the after-flush is not great. 
The pallor we find is bilateral ; the degree of the pallor on the 
opposite side to that stimulated varies in individual cases, it 
can be seen in the tongue, as well as in the lips and gums. 

On injecting nicotin into a vein, certain of the normally 
occurring effects of stimulating the cervical sympathetic cease 
before the others, ue. since all the effects can still be produced 
by stimulating the fibres running from the superior cervical 
ganglion, the nerve- cells in the ganglion, which are connected, 
with different classes of nerve-fibres, are paralyzed with 
-different degrees of ease by nicotin. 

Arranging the various effects in the order of ease of paralysis, 
we have : — 

Rabbit, 

(1) Withdrawal of the nictitating membrane. 

(2) Opening of eye. 

( (3) Dilation of pupil. 

} (4) Constriction of blood-vessels of conjunctiva. 

Jr (5) Constriction of blood-vessels of lips and gums. 

\ (6) Constriction of blood-vessels of ear. 

In one or two cases, no difference in the ease of paralysis 
'between the bracketed actions has been observed. 

Cat. 

(i) Secretion from sub-maxillary gland, 
f (2) Opening of eye. 

/ \ ) (3) Dilation of pupil. 

1 (4) Constriction of blood-vessels of conjunctiva. 

( (5) Constriction of blood-vessels of mouth. 
i Constriction of blood-vessels of car. 

' ^ \ (7^ Withdrawal of nictitating membrane. 

{a) Constant differences between these have not been 
observed. 

(b) These have not been directly compared, but in separate 
•experiments each has been obtained when (i) to (5) were no 
longer seen. 


Doj>. 

(1) Dilation of arteries of bucco-facial region. 

(2) Movements of eye and opening of eyelids. 

(3) Withdrawal of nictitating membrane. 

5 (4) Constriction of the arteries of gums and lips. 

(5) Dilation of pupil. 

(6) Secretion from sub maxillary gland. 

, (7) Constriction of blood-vessels of the sub-maxillary 
gland. 

{a) Differences between these have not always been observed. 

At a certain stage of nicotin poisoning, when stimulation of 
the sympathetic does not cause withdrawal of the nictitating * 
membrane, but does cause dilation of the pupil, a partial 
closing of the eye is obtained by stimulating the sympathetic. 

It will ht noticed that in each animal nicotin abolishes most 
of the effects of stimulating the cervical sympathetic at very 
nearly the same lime. With regard to these, we think that 
there is only a primd facie case for regarding the differences ob- 
served as due to an unequal paralysis of the nerve-cells of the 
superior cervical ganglion, for it is possible that the differences 
may be due to an unequal tonic stimulation reaching the parts 
by nerve-fibres other than the sympathetic. But the greater 
differences observed, for instance, between the secretion of saliva 
and the dilation of the pupil in the cat, the flushing of the lips 
and the constriction of the vessels of the sub-maxillary gland in 
the dog, we do not think can be due to such a cause, and we 
attribute them to an unequal paralyzing action of nicotin upon 
the nerve-cells of the superior cervical ganglion. 

Linnean Society, April 17. — Mr. Carrulhers, F.R.S., Presi- 
dent, in the chair. — Lonl Arthur Russell, on behalf of the sub- 
scribers to a portrait of Sir Joseph Dalton Hooker, which had 
been painted at their request by Mr. Hubert Herkomer, R. A., ,, 
formally presented the portrait to the Society, and in a few words 
expressed the satisfaction which he was sure would be felt at the 
acquisition of the likeness of so distinguished a botanist. It was 
announced that a photogravure of the portrait was in preparation, 
of which a copy would be presented when ready to every sub- 
scriber to the portrait fund. — Prof. P. M. Duncan, F. R.S., 
exhibited a vertical section through a large coral, Fungia echinaia^ 
cutting through and across the septa and synapticulre and the 
so-called base. The union of the sides of contiguous septa at 
the base is either incomplete or by means of synapticulae. — Dr. 
Edward Fischer, of Zurich, exhibited and made remarks on certain 
species of Polyporus hearing asclerotium possessing the structure 
of Pachyma cocos, but it was doubtful whether the Polyporus 
represented the fructification of the Pachyma, or was merely 
parasitic on it. Mr. George Murray expressed himself in favour 
of the latter view^ — Mr. J. E. Harting exhibited alive a so- 
called singing mouse” which had been captured at Maidenhead 
a week previously, and which uttered sounds like the subdued 
warbling of a linnet. He desired to be informed whether the 
cause usually assigned for the phenomenon was correct — namely, 
some obstruction or malformation of the trachea. Prof. Stewart 
stated that he bad observed alive, and dissected when dead, a 
similar specimen, and had found no trace of any organic disease 
or malformation. — Sir Charles Sawle, Bart., exhibited a specimen 
of the Little Green Heron, Buiorides virescens, of North America, 
which had been shot by his keeper at Penrice, St, Austell, 
Cornwall, in October last, and which he had sent for preserva- 
tion to a taxidermist at Bath. Mr. J. E. Harting offered some 
remarks on the occurrence, and suggested various ways in which 
the bird might have reached England. He observed that the 
lamr American Bittern, Botaurus lentiginosus, had been met 
with some five-and* twenty or thirty times in the British Islands, 
and, strange to say, had been described and named by an 
English naturalist, and a Fellow of this Society, Colonel George 
Montagu f who obtained a specimen of the bird in Dorsetshire), 
a year before it was described by Wilson as a native of the 
I United States.— A paper was then read by Mr. Spencer Moore, 

I on some micro-chemical reactions of tannin. In this an account 
was pjventof the behaviouc ofNessIer’a test for ammonia upon 
tannu), which it usually colours almost immediately some shade 
of brown or reddish brown. The great value of the reagent, is 4 
held to reside in the rapidity of its action ; moreover in none of 
the many experiments did it ikil. Reference was also made to 
some otner new tannin tests, especially to some in which, as in 
Nessler’s fluid, caustic potash . tiimishes the basis, and which, ’ 
like that fluid, are very rapid lUi their action.-*- A paper by Mr. 
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K. Saunders, on the tongue of the British Ilymcnoptera Antho- 
^]>hila, in the absence of the author was read by Mr. W. Percy 
Sladen, and was illustrated by excellent drawings. 

Physical Society, April 18. — Prof. W. E. Ayrton, 
F.R.S., President, in the chair. — Prof. Riicker described 
the results of some recent magnetic work undertaken by 
himself and Prof. Thorpe in connection with their mag- 
netic survey of the United Kingdom.~Mr, T. PI. Blakesley 
(Plon. Secretary) read a paper, on a theory of permanent 
magnetism, by M, Osmond. The author stated that iron exists 
in two distinct physical states, one soft, or ^‘a iron^^' and the 
^ other hard, or “ iron,'^ The P variety k non-magnetic, and is 
formed during heating, hardening, or by electrolysis, whilst the 
soft or a modification is produced by long annealing. In a piece of 
steel the author considers the 0 molecules to form a rigid frame- 
work in which the a molecules become interlocked under the 
influence of magnetizing force, and on the degree of interlocking 
the permanent magnetism depends. By a graphical method it 
is shown that the permanent magnetism should be a maximum 
when the two varieties are present in equal quantities. If the 
proportions of carbon and manganese in the steel are consider- 
.ahle, then nearly all the iron is of the variety, and the steel is 
nearly non-magnetic. In hardening a piece of ordinary steel, the 
surface layers being cooled most rapidly contain more molecules 
than the interior ; hence for a certain degree of hardness (when 
the outer layers have more a molecules than 0 ones) a laminated 
magnet will be a better permanent magnet than a solid one, but 
for a much greater degree of hardness the reverse may be the 
case. Mr. Swinburne asked if the theory would account for the 
increase of induction which occurs when the circuit of a per- 
manent magnet is closed ; most theories founded on the orienta- 
tion of particles by the magnetizing force seemed defective in this 
respect. Some time ago he had suggested that the permeability 
^of iron should be tested by first magnetizing it one way, and then 
at right angles to the first direction ; recently he had been in- 
formed that no increase of permeability was observed when the 
experiment was performed. Prof. Perry said he had subjected 
iron to magnetization in one direction and found the permea- 
bility for small forces in a direction at right angles much smaller 
than he had anticipated; the first magnetizing force was kept 
constant when the small perpendicular one was applied. Mr. 
Swinburne thought that for such small perpendicular forces the 
permeability should be nearly infinite. He also said there 
seemed to be a sort of angular hysteresis in iron, for if a loose 
running armature was turned slowly round by hand, it would 
come back 2® or 3® when left free. The President re- 
marked that, as far as he could see, M, Osmond’s theory does 
not account for the great influence which a small percentage 
of tungsten has on the magnetic property of steel, and all 
theories which failed in this particular must necessarily be im- 
perfect. Mr. Blakesley pointed out that the ordinary hysteresis 
curves showed that a small superimposed magnetizing force in 
a direction different from the primary one produced only a 
small change in the induction, and hence would give a small 



permeability. For example, the increment HH' (sec diagram) 
causes an increase RP in the induction, whilst an equal decrement 
HTl produces only a change PS. 

Geological Society, April 16. — J, W. Hulke, F.R.S., 
Vice-President, In the chair. — The following communications 
were read : — On the disturbed rocks of North-Western Germany, 
^by Prof. A. Von Konen, For.Corr.G.S. — On the origin of the 
basins of the Great Lakes of America, by Prof. J. W. 
Spencer, State Geologist of Georgia. From the study of the 
hydrography of the American lakes, from the discovery of buried 
channels revealed bv borings, from the inspection of the glacia- 
^tion of the lake region, the* consideration of the late hl^' con- 
tinental elevation, ahd the investigation of the defotntation of 
old water-levels; as recorded in* the high-level beaches, the eir- 
planation of the origin of the basins of the Great Lakes becothCS 
possible. The original Erie valley drained into the extreme 
western end of Lake Ontario — the Niagara river being modem 


—by a channel row partly buried beneath drift. Lake Huron, 
by way of Georgian Bay, was a valley continuous with that of 
Lake Ontario ; but between these two bodies of wafer, for a 
distance of about 95 miles, it is now buried beneath hund^dk 
of feet of drift. The old channel of this buried valley entered 
I the Ontario basin about twenty miles east of Toronto. The 
I northern part of Lake Michigan basin was drained into the Huron 
basin, as at present ; whilst the southern basin of that lake 
emptied by a now deeply drift-filled channel into the south- 
* western part of Huron. The buried fragments of a great 
ancient valley and river, and its tributaries, are connected with 
submerged channels in Lake Huron and Lake Ontario, thus 
forming the course of the ancient St. Lawrence (Laurentian)- 
river, \\ ith a great tributary from the Erie basin and another 
across the southern part of the State of Michigan. This valley 
is of high antiquity, and was foimed during times of high con- 
tinental elevation, culminating not long before the Pleistocene 
period. The glaciation of the region is nowhere parallel with 
the e.scarpments, forming the sides of, or crossing the lakgs or 
less prominent features. During the Pleistocene period, and 
especially at the close of the episode of the upper Till, the 
continent was greatly depre.ssed, and extensive beaches and shore- 
lines were made, which are now preserved at high elevations. 
With the rc-elevation of the continent these old water-levels have 
been deformed, owing to their unequal elevations. This de- 
' formation is sufficient to account for the rocky barriers at the 
^ outlets of the lakes. Some of the lakes have been formed, in 
part^ by drift obstructing the old valley, llie origin of the 
; basins of the Great Lakes may be stated as the valley (of erosion) 

; of the ancient Si. Lawrence river and its tributaries, obstructed 
during and particularly at the close of the Pleistocene period, by 
terrestrial movements, warping the earth’s crust into barriers, thus 
producing lake-basins, some of which had just been formed in 
part by drift dei>osited in the ancient valley. The reading of 
this paper was followed by a discussion, in which Dr. Hinde, 
Prof. Bonney, Dr. Irving, Mr. Clement Reid, Rev. E. Hill, 
Prof. Seeley, Mr. Whitaker, and the author took part, — On 
Ornilhosaurian remains from the Oxford Clay of North- 
ampton. by R, Lydekker. — Notes on a “ wash-out found in 
the Pleasley and Teversall Collieries, Derbyshire and Notting- 
hamshire, by J. C. B. Hendy. 

Chemical Society, March 20.— Dr. W. J. Russell, F.R.S., 
President, in the chair. — Prof. J. W. Judd, F. R.S., delivered a 
lecture on the evidence afforded by pelrographical research of 
the occurrence of chemical change under great pressure, in which 
he discussed the question as to how far the phenomena observed 
by the geologist in the study of rocks under the microscope can 
be explained by the laws that have been experimentally de- 
termined by the physicist and chemist. — The following papers 
were read ; — The formation of triazinc-derivatives, by Prof. R* 
Meldola, F. R.S. — Contributions to the knowledge of mucic acid ; 
'’Part I, hydromuconic acid, by Dr. S. Ruhcuiann and Mr. F. F. 
Blackman. — The molecular weights of metals when in solution, 
by Messrs. C. T. Heycock and F. H. Neville. The authors 
give the results of their observations on the effect of various 
proportions of silver, gold, copper, nickel, sodium, palladium,, 
magnesium, zinc, lead, cadmium, mercury, bismuth, calcium, 
indium, aluminium, and antimony on the solidifying point of 
tin. Of all these metals, antimony alone behaves abnormally, 

f roducing a rise instead of a depression in the solidifying point, 
n the majority of cases the atomic depression is a number not 
far removed from 3, the theoretical value calculated from Van’t 
Hoffs formula. Assuming the truth of Raoult’s generalization, 
that the dcpressioBu>roduced by a molecular proportion of any 
substante in the solidifying point of the same solvent is the same 
whatever the substance, it would therefore seem probable that 
the molecules of most metals are of the same type, where n 
is the number of atoms in the molecule ; and if it be supposed 
that the molecules of zinc, for example, when dissolved in tin 
are monatomic as in the gaseous' state, it would follow that h is 
unity in the case of many other metals. In the case of alumin- 
ium, the atomic depression is so nearly half the average value 
that it seems probable that the molecule is diatomic. Indium 
resembles alundnium in producing an abnormally low depi^mioD, 
and it is noteworthy that the value for mercury is also distinctly 
loVt. 

March 27.— Annual General Meeting for the election of 
Officers and Council.— Dr. W. T. Russell, F.R.S., President, in 
the chair. -^Tbe President, <in hb address, discussed the teaching 
of chemistry to medical students, and drew attention to the 
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importance of the medical man being well trained in elementary 
chemistry, pointing out that it was too seldom recognized that 
the fundamental action of medicines — the origin of their power — 
is a chemical change, and that if an understanding and apprecia- 
tion of their effects are to be sought for, the hrst steps must be 
to learn the laws which govern chemical change, and the 
chemical nature of the substances employed. He urged, that in 
place of the present unsatisfactory system, chemistry should be 
placed on an equal footing with anatomy, medicine, and 
physiology, in which subjects the Examining Board of the two 
Colleges insists that the student shall have studied at a recog- 
nized medical school, thifs recognizing most wisely the importance 
of study under efficient instructors and at places properly 
equipped. 

Paris. 

Academy of Sciences, April 21. — M. Hennite, President, 
in the chair. — On the theory of the optical system formed by a 
double plane mirror in front of the object >g1ass of an equatorial, 
and. movable about an axis, by MM. Loewy and Puiseux. In 
a previous note (April 14) the authors dealt with the formulae 
relative to the employment of one plane mirror movable about 
an axis. They now study the system obtained by replacing the 
single mirror by two reflecting surfaces cut on the same block of 
glass in the form of a prism. — On Weber’s law of electro- 
dynamics, by M. H. Poincare. — On the heat of formation and 
reactions of hydrbxylamine, by MM. Berthelot and Andr^. 
One of the results of the investigation is to confirm the similarity 
between ammonia and hydroxylamine, their heats of formrtion 
showing only a slight difference. Hydroxylamine cannot therefore 
be regarded as oxidized ammonia. — On the nutrition in hysteria, 
by M. Bouchard. The author quotes a work by M. Empereur, 

Surla Nutrition dans THysterie,'* published in 1876, in which 
demonstrations of the normal pathological state during hysteria, 
similar to those described by MM. Gilles de la Tourette and 
Cathelineau, arc given. — Observations of Brooks’s comet (a 1890) 
made with the ri7«<//equatorial (35 cm. free aperture) of Lyons Ob- 
servatory, by M. G. Le Cadet. On March 28 the comet appeared 
as an almost perfectly round nebulosity without any noticeable 
jx>int of condensation. Its magnitude was estimated as 1 1 ’5. — 
On the actual minimum of solar activity, and the spot which 
appeared in March 1890 at a remarkably high latitude, by M. 
A. Ricc6« A comparison of the number of spots that appeared 
in 1890 with the number observed in 1878 indicates that the 
minimum certainly passed towards the end of last year. — On a 
transformation of differential equations of the fTrst order, by M. 
Paul Painlevii. — Construction for radius of curvature in certain 
classes of curves, notably Lames curves, parabolas and hyper- 
bolas of various orders, by M. G. Fouret. — On mica condensers, 
by M. G. Bouty. The author finds that at ordinary tempera- 
tures, and for differences of potential from 1 to 20 volts, a thin 
lamina of mica opposes an absolute obstacle to the continued 
passage of electricity through it ; also, that residual chaiges da* 
not appear to depend on the penetration of electricity, so to 
speak, into the dielectric, but rather on a progressive increase of 
tne dielectric constant. — On the mechanical action of alternating 
currents, by M. J. Borgman. In a note presented on February 
3, the author described a method by means of which it was easy 
to produce the repulsion of conducting masses by a coil tra- 
versed by an alternating, or simply an intermittent current, 
discovered by Elihu Thomson. To determine the influence of 
various conditions on this phenomenon, the author has under- 
taken, and describes a series of experiments made with modified 
apparatus. — Halos and parhelia observed at St. Maur Park, by 
M. E. Renou. The relative number of halos and parhelia ob- 
served in different years and in different months of the year 
are given. — On one of the causes of the loss of iron ships on account 
of the perturbations of the magnetic needle ; determination of the 
amount of deviation for each ship, by M. L^on Devaureix. The 
author has observed the deviation of the compass during six conse 
cutive voyages from Bordeaux to La Plata, returning by Dunkirk. 
— Note on the preparation of iridium dioxide, by M. G. Geisen- 
heimer.‘ Iridium dioxide is obtained in fine brown-red micro- 
scopic needles bv heating potassium iridate in a platinum crucible 
for an. hour with 15 times its weight of a mixture of equivalent 
quantities of chloride and bromide of potassium. The crystals 
are isolated by washing first with water and then with aqua- 
regia. Analysis proves them to be pure IrOj. — Action of 
hydrogen peroxide on the oxygen compounds of manganese ; 
Part I, action on thexixides, by M. A. Gorp^eu. The author 
concludes . that in the process of decomposition of hydrogen 


peroxide by the peroxides of manganese, the latter, especially in 
presence of acids, are themselves reduced to some extent if thex, 
contain more oxygen than is indicated by the formula Mn^O^, ' 
4H2O, and that the analysis of hydrogen peroxide should not 
therefore be carried out b^ means of the hydrated higher 
manganese oxides. — Preparation and heat of formation of sodium 
erythrate, by .M. de Forcrand. — Note on the chlprine derivatives 
of the amylamines, by M. A. Beig. Three chlorine derivatives — 
namely, monochloramylamine, dichloramylamine, and chlorodi- 
amylamine — have been prepared by the action of hypochlorites 
on amvlamine and diamylamine hydrochlorides. Analyses and 
descriptions of the properties of the three bodies are given.— On 
the alcoholic fermentation of inverted sugar, by MM. U. Gayon 
and E. Dubourg. Following the progress of the fermentation by ' 
means of the polarimeter, the authors show that the»two com- 
ponents of invert-sugar are attacked with different degrees of 
rapidity, and that different ferments do not act in the same 
manner, some attacking the Isevulose by preference, others the 
remaining component. — Note on alcoholic fermentation and the 
transformation of alcohol into aldehyde caused by champignon 
du muguet, by MM. Georges Linossier and Gabriel Roux. — A 
geological paper, by M. Stanislas Meunier, gives an account of 
the results of the lithological and geological examination of the 
meteorite from Jelica (Servia), 1889. 
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CHEMICAL TECHNOLOGY. 

Chemical Technology; or Chemistry in its Applications to 
Arts and Manufactures. Edited by C. E. Groves, 
F.R.S., and W. Thorp, B.Sc. Vol. I., “ Fuel and its 
Applications.” By E. J. Mills, D.Sc., F.R.S., and F. 
J. Rowan, C.E. (London: Churchill, 1889.) 

T his work is described as substantially a new edition 
of the well-known “ Chemical Technology ” of 
Richardson and Watts, which in its turn was founded 
on the German work of Knapp. In its new form, how- 
ever, it bears about as much resemblance to its prototype 
as the famous horse of Wallenstein does to the original 
animal — “The head, neck, legs, and part of the body 
have been repaired ; all the rest is the real horse.” How 
much of the real Knapp is left in the work takes some 
time and trouble to discover. We recognize here and 
there a woodcut — not always in the best state of preser- 
vation — but the descriptions appended even to the^ 
particular cuts are in most cases entirely recast, if not 
wholly rewritten. As the present work is to all intents 
and purposes an original production, it would have been 
better to have so described it. It may be that a sort of 
good-will has grown up around Richardson and Watts’s 
“ Technology ” which the publishers desire to retain ; but 
the connection between the two works is so slight that 
they are practically independent. 

The present volume deals exclusively with fuel and its 
applications. The term fuel is employed in its widest 
possible sense, and its applications are treated of no less 
generally. The special employment of fuel in chemical 
manufactures is reserved for future treatment in the 
volumes which are concerned more particularly with 
these subjects. The most superficial comparison of this 
work with that upon which it is assumed to be founded 
will serve to show how enormous has been the advance 
in knowledge of the principles upon which the proper 
consumption of fuel depends. Take, for example^ the 
question of smoke-prevention. In the preface to the 
1856 edition it was stated that a method of smoke-pre- 
vention, although much wanted, had not then been dis- 
covered. The present work shows that we have changed 
all that. The idea of “ consuming smoke ” is obsolete. 
The conditions of complete combustion are to-day so 
well understood that it is only the indifference of manu- 
facturers or the apathy of the authorities which prevents 
the greater part of industrial firing with solid fuel from 
being practically smokeless. Even if this were not so, 
gaseous fuel,^he use of which is largely extending, is 
absolutely smokeless. This kind of fuel might be ap- 
plied to many industries which have not yet adopted it, 
and without in any way hampering them, and would in- 
deed be so applied if the authorities could be brought 
to regard it as coming within the definition of “ the best 
practicable means ” (to quote the words of the Act) for pre- 
venting smoke. We do not, of course, intend by this to 
insist on the exclusive adoption of gaseous fuel, although 
the time may come when, partly on economic and partly 
on sanitary grounds, such adoption may, as the late Sir 
C. W. Siemens predicted would be the case, become 
Vol. xlii.— No. 1071, ' 


compulsory. How much the community might save, 
both in health and pocket, by the more systematic a^pp- 
tion of smoke-preventing arrangements, has^ been m- 
monstrated over and over again, and we may well hope 
that the various exhibitions of appliances which seek to 
realize a consummation so devoutly to be wished may 
bring about this result in a not too distant future. The 
public may rest assured that efficient smoke-preventing 
appliances do exist, as thes work before us abundantly 
demonstrates, and it ought to be the duty of the various 
centres of local government to insist on the more general 
adoption of these appliances. What can be done by a 
benevolent despotism in such a matter was well shown 
by the action of Lord Palmerston in the case of the 
metropolis, and there is nothing to prevent^even such 
towns as Glasgow, Sheffield, Birmingham, and Newcastle 
from having atmospheres at least as sootless as that of 
London. 

The out-put of coal in this country up to 1883 
practically followed the law of jevons as modified 
by Marshall. In that year it attained a maximum of 
nearly 164 million tons, or about four times the amount 
raised in 1850. In 1884 the quantity raised was 
161 million tons, and in the following year it fell to 
about 159 millions. This diminution is due to various 
causes, partly natural and partly economic and social. 
It is, however, safe to say that a more intelligent ap- 
preciation of the principles which determine the conver- 
sion of the store of energy existing in coal into actual 
work has more than compensated for the smaller out-put. 
The world to-day gets more duty from its coal than it did 
even six years ago. Authorities differ slightly as to the 
manner in which the coal raised is distributed. Accord- 
ing to Peckar, whose estimate seems to be preferred by 
the authors, it is somewhat as follows ; — * 


De.stmation. 


Per cent. 

Iron manufacture 


... 3240 

Factories 


... 21-87 

Dwelling-houses 


... 1636 

Gas- and water-works 


... 646 

Mining... 


... 6-38 

Steamers 


646 

Railways 


... 176 

Copper- works ... 


072 

Sundrie.s 


0 64 

Export 


... 1054 


Although it is no necessary part of a treatise which is 
mainly concerned with the applications of fuel, the authors 
devote some considerable space to what may be termed 
the chemistry of coal-getting, e.g, the occurrence and 
nature of fire-damp, the relations of atmospheric tem- 
perature ^d pressure to its escape, fire-damp indicators, 
the influence of coal-dust on explosions, &c. On the 
whole, the information given is sound and accurate, and 
brought fairly well up to date. And the authors steer a 
very even and judicious course among points on which 
much difference of opinion still exists. We think, how- 
ever, that the very careful and remarkable analyses of 
certain North Country explosions by the Messrs. Atkin- 
son are worthy of more notice than they have apparently 
received, as they seem to be absolutely conclusive on the 
point that explosions can be originated and propagated 
by coal-dust alone. 

* No is g!v«n of tlM fact that these uabers add up to 103 59. 

• • C 
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The question of the spontaneoiu ignition of coal 
scarcely meets with the treatment which its importance 
merits, and no reference is made to the work of the Roya^ 
Commission appointed in 1875 at the instigation of the 
Board of Trade and the Committee of Lloyd’s to inquire 
into this subject. Many hundreds of vessels have without 
doubt been lost by the spontaneous ignition of coal 
cargoes, and there is a general belief that, with the con- 
siderable increase of temperature in steam ships due to 
the introduction of high-pressure boilers and triple- 
expansion engines, the liability to spontaneous firing in 
the coal-bunkers is greatly augmented. The old idea of 
Berzelius, that the tendency to spontaneous ignition was 
mainly due to the presence of readily-oxidizable pyrites 
is now e^yploded. The experiments of Richters, Durand, 
and, in quite recent times, of Prof. Vivian Lewes, have 
shown that this substance has quite a subordinate effect 
The cause is rather to be ascribed to the effect of ab- 
sorbed or occluded oxygen upon finely-divided carbdn- 
, e.g. dust or fine slack. The authors are j 
also of this opinion, and state that the only method of | 
preventing fire from such a cause is to keep the tempera- ■ 
ture of the mass of coal as low as possible by means of j 
thorough ventilation by currents of air. In a paper | 
recently read before the Institution of Naval Architects, 
in which this question is discussed. Prof. Lewes comes j 
to the conclusion that this so-called ventilation is un- 
doubtedly one of the most prolific causes of spontaneous ' 
ignition, and he instances the cases of the four colliers, 
Euxine, Oliver Cromwell, Calcutta, and Corah, which 
were loaded at Newcastle under the same tips, at the 
same time, with the same coal, from the same seam. 
The first three were bound for Aden, and were all 
ventilated. The Corah was bound for Bombay, and was 
not ventilated. The three thoroughly ventilated ships 
were totally lost from spontaneous ignition of their cargo, 
whilst the Corah reached Bombay in safety. Prof. Lewes 
points out that for ventilation to do any good, cool air 
would have to sw'Cep continuously and freely through 
every part of the cargo, a condition impossible to attain, 
whilst anything short of that only increases the danger, 
the ordinary methods of ventilation supplying about the 
right amount of. air to create the maximum amount of 
heating. A steam coal absorbs twice its bulk of oxygen, 
and takes about ten days to do it under favourable con- 
ditions, and it is this oxygen which in the next phase of 
the action enters into chemical combination and causes 
the serious heating. 

One very remarkable change which is slowly making 
its way in this country is seen in the more extensive 
adoption of coal-washing machinery. Cdal-washing 
machines have long been in use in Germany, France, 
and Belgium, and the exigencies of our iron manufacture 
are gradually necessitating their introduction in Great 
Britain, although the process has not yet reached the 
same degree of perfection as on the Continent. The 
effect of washing is to free the coal from pyrites and other 
mineral impurities. Of course it is only under special 
conditions that it can pay to subject the coal of this 
country to this process, but there is no doubt that as 
soon as the price of coal touches a certain point many 
coals whicli are practically unsaleable at present will be 
so treated. ‘ The authors describe a num^r of the more 


important coal-washing machines, and give details of 
their duty and cost. 

The question of coking and coke-ovens naturally comes 
in for a very considerable share of attention, and practi- 
cally all the more important methods are described and 
fairly well illustrated, and the general nature of the tars 
yielded by the various kinds of ovens is set forth, mainly 
on the authority of Mr. Watson Smith. One of the most 
valuable features in the work is the account given of the 
methods of using liquid fuel, and of the results obtained 
on various railways (principally Russian) and with various 
types of marine and stationary engines. The principles 
of domestic heating by solid and gaseous fuel, and relative 
efficiency of the various forms of open and closed grates 
and of gas stoves, are carefully stated, and considerable 
space is given to an examination of the modes of warming 
public buildings. 

Analyses of boiler performances, and of the results 
obtained by mechanical stokers and by the application 
of gas-firing to boilers, methods of evaporation, with 
special reference to multiple effect apparatus, occupy a 
large portion of the section devoted to fuel in its applica- 
"tions to vaporization and evaporation ; and the concluding 
portions of the book are occupied by descriptions of 
special forms of kilns and furnaces. 

The work is admirably printed, and on the whole well 
illustrated, and, what is very important in a book which 
is mainly a work of reference, it is furnished with an 
excellent index. T. E. Thorpe. 


THE SELKIRK RANGE. 

Among the Selkirk Glaciers; being the Account of a 
Rough Survey in the Rocky Mountain Regions of 
British Columbia. By William Spotswood Green, 
M.A., F.R.G.S. (London : Macmillan and Co., 1890.) 

Canadian Pacific Railway, after crossing the 
-I- watershed of the Rocky Mountains by the Hector 
Pass, descends for some four thousand feet into the valley 
of the Columbia River. This, for a hundred and seventy 
miles, flows in a northerly direction, parallel with the 
crest of the range. Then, after a great sweep to the 
west, it flows southward, parallel to its former course, 
till it receives the Kootenay, the head waters of which 
rise only a mile and a half away from its own. The 
mountain-tract insulated by these rivers is called the 
Selkirk Mountains. It lies roughly parallel with the 
Rockies, and yet further west are the Gold Range and 
the Cascades. Thus the railway traverses a mountain 
region until the valley of the Fraser River, by which it 
finally emerges, begins to broaden out towards the sea. 
It is, to use Mr. Green's words, a region,of vast ravines 
and wide valleys, whose sides, when not bare rock pre- 
cipices, are clad in sombre forests, through which wild 
mountain torrents rush from glacier sources to placid 
lakes, where, after resting for a while and reflecting the 
hoary cedars and hemlocks, they issue forth as great 
rivers, and with swift current hurry on to lose themselves 
in the Pacific.” 

Though the peaks of the Selkhks look down upon the 
railway, their recesses, before Mr, Green’s visit, were still 
almost unknown. The reason is not difficult to discover. 
The forests which clothe their lower slopes are unusually 
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dense — often almost impenetrable ; the traveller often 
has to force every step of his way among great trees, 
upright and prostrate, hampered by a frequent under- 
growth, till the forest, at last gives place to alder scrub 
which seems to possess all the offensive properties of 
the dwarf pine in the Eastern Alps, and to be a yet 
greater obstacle to the mountaineer. Even hunting- 
parties of Indians but rarely visit the Selkirks. 

Mr. Green left England in the summer of 1888, with 
the intention of exploring and making a rough survey of 
the chief peaks and glaciers in the Selkirk Mountains. 
He was accompanied by a relative, the Rev. H. Swanzy, 
and took with him a mountain outfit and the requisite 
scientific instruments, lent by the Royal Geographical 
Society, who had made a grant in aid of the expense of 
the expedition. Convenient head-quarters were found 
at Glacier Hotel (4122 feet), where the trains, as at 
Goschenen on the St. Gothard, halt for meals ; but 
many nights of the six weeks passed in this region were 
necessarily spent under canvas. 

The portion of the Selkirk Range explored by Mr. 
Green lies mainly to the south of Rogers Pass (where the * 
railway crosses the watershed of that range at a height 
of 4275 feet). It is bounded on the east by Beaver Creek, 
a tributary of the Columbia, and on the north by the 
Illecellewaet River, by which the railway descends. 
Many of the peaks rise above 10,000 feet ; few, if any, 
surpass 1 1,000 ; Mount Sir Donald, which is possibly the 
highest, being 10,645. But the average elevation of the 
range is considerable, and as the peaks rise precipitously 
some 6000 feet above the valleys, the scenery is very fine. 
Though not comparable with that of the Pennine Alps, 
the mountain outlines are not inferior to those in some 
districts of the Tyrol ; and the forests, where spared by 
the frequent fires, are far more grand. The snow-line is 
at about 7000 feet, the forests ending at about 6000 feet ; 
the glaciers are numerous, and sometimes large, the most 
important, named the Geikie Glacier, being about 4 miles 
long and looo yards wide. As usual, old moraines and 
huge erratics indicate that they formerly extended^far 
below their present limit. The Selkirk Mountains, it 
may be observed, correspond in latitude with the Mendip 
Hills. 

The dominant rocks are rather fine-grained micaceous 
schists, the structure of which has evidently been much 
modified by pressure, so that it is difficult to say whether 
this has produced crystallization of the constituents or 
modified a rock once more coarsely crystalline. A snow- 
white quartzite or quartz-schist is also very conspicuous, 
and not seldom caps, and no doubt has helped to deter- 
mine, the higher peaks. In one part the rocks have a yet 
more ancient aifpect, while to the north of the railway, near 
some lead-mines, a black slate exhibits certain markings 
which may possibly be the remains of graptolites. So 
far as can be inferred from the specimens brought back 
by Mr. Green, the Selkirks are composed of either later 
Archaean or earlier Palaeozoic rocks— probably, in great 
part, of the former. 

That Mr. Green can use the pen as well as the pencil 
was proved by his former book, on “ The High Alps of 
New Zealand." The present one deals with a more limited 
district, and does not include any climb equal in difikulty 
to that of Mount Cook ; but the ascent of Mount Bonney, 


the second, if not the highest, peak in the Selkirks, 
offered more than one “ bad place,” and the difficulties^ 
ftiese excursions were enhanced by being madd without 
guides, and in many cases only by the two travellers. 
Thus they not only had to be their own porters, and 
often carry a load of forty pounds over rough ground and 
up steep ascents, but also were only “ two on the rope," a 
phrase which is significant to mountaineers. Their toils 
and hardships — and these were many — the physical fea- 
tures and natural history of the country, are all graphically 
described : in short, Mr. Green has written a book which 
not only is a record of a mountain survey carried out 
under exceptional difficulties, but also indicates that he 
possesses in an exceptional degree the qualifications for 
a scientific traveller, and that he can write as ^ell as he 
can climb. T. G. B. 

THE ANATOMY OF THE FROG. 

The Anatomy 0/ the Frog. By Dr. Alexander Ecker, 
Professor of Human and Comparative Anatomy in the 
University of Freiburg. Translated, with numerous 
Annotations and Additions, by George Haslam, M.D., 
Scientific Assistant in the Medical Department in the 
University of Zurich ; formerly Assistant- Lecturer in 
Physiology in the Owens College, Victoria University, 
Manchester. Illustrated with many Wood Engravings 
and Two Coloured Plates, executed by Hofmann, WUrz- 
burg, Bavaria. (Oxford : Clarendon Press, 1889.) 

T he rapid advance of physiology and morphology 
since the completion of Profs. EckeFs and Wieders- 
heim’s “Anatomie des Frosches” has intensified the 
desire for a text-book which should deal in the most ex- 
haustive manner with the anatomy of the frog, “ the 
physiological domestic animal." Dr. Haslam remarks in 
his preface that he has done his best to bring the original 
of “Ecker’s Frog” up to date, and in this task he has 
thoroughly succeeded. More than one hundred new 
figures, of which one-third are original, have been added, 
and copious lists of references to frog literature have been 
drawn up. He has restricted himself to the most careful 
and concise description of the various organs, and has 
abstained from entering into the discussion of such mor- 
phological questions as bear upon the comparison of the 
Anura with other Vertebrata. It would therefore be out 
of place to criticize the retention of names which — like 
atlas for the first free vertebra — if applied to the frog 
alone, are perfectly clear in their meaning, although their 
true morphological value, and therefore true denomination, 
may possibly be different. Every anatomist knows the 
difficulties qpnnected with the frog’s first spinal or hypo-v 
glossal nerve ; its description on p. 182 will enable the 
reader to form his own opinion as to which of the three 
or four names he may adopt. 

The first section of the book, .dealing with the bones 
and joints, has remained unaltered, but the nomenclature 
generally used by English anatomists has been adopted 
throughout. The different nature of the clavicles and 
the precoraepid elements has been correctly described 
according to investigations made since the appearance of 
the German origin^ in 1864. Howes’s researches on the 
composition of ti^e carpuS and tarsus came too late to be 
embodied in the English edition, but the occipito-cervical 
region might have been more extenswely treated. 



28 


NA TU RE 


[May 8 , 1890 


The second section, on muscles, has not been changed. 
Here Fuerbringer’s and de Man’s nomenclature might, 
with greftt advantage, have been added to, or rather' 
given instead of, many of the antiquated synonyms of 
Zenker and Dugi;s. These, however, are points of minor 
importance, and are, after all, matters of opinion. 

The account of the central nervous system, and that of 
the sympathetic system, are ^uite new. The same applies 
tothe heart. Some excellent Bgures illustrating the anatomy 
of the heart have been added, or have taken the place of 
old illustrations. The account of the arterial system 
remains practically unaltered, but many additions have 
been made to the venous system, and the description of 
the lymphatics has been rearranged. Much labour has been 
devoted t 5 the histology of the alimentary canal and its 
appendages, to a great extent based upon original re- 
search made by the translator himself A summary 
tabulation of the ;researches on the structure of the 
intestinal epithelium will be found on pp. 288-290. 
Section VI. is devoted to the respiratory organs and the 
neighbouring glands. A second carcfully-finisbcd and 
coloured plate contains many histological drawings, 
mostly original, of lungs, liver, and kidneys. The histo- 
logical account of the thyreoid and thymus is almost 
entirely new, and a pair of lymphatic glands in the hyoid 
region, hitherto mentioned by Tolldt only, have been 
rediscovered and have been described as tonsils. 

A very large number of preparations have been made to 
investigate the vessels and uriniferous tubes of the kidneys ; 
and the description of the remaining organs of this section 
(genital organs, adrenals, and fat-bodies) has received 
large additions from recent publications." The descrip- 
tion of the minute structure of the fat-bodies, with 
illustrations, is a new and original contribution. The 
eighth, or last section, treats of the skin and sense- 
organs. The latter were treated somewhat summarily, 
and meagrely illustrated, in the original edition. This 
defect has been amended by so many new illustra- 
tions, and by the addition to the text of the results 
of so much recent research, that the whole section 
has assumed a completely new aspect. Especially may 
be mentioned the structure and distribution of the 
peculiar tegumentary papillae and other tactile organs. 
'I'he various other sense-organs, especially the ear, and 
above all the eye, have received much painstaking atten- 
tention, and have been amply illustrated by copies from 
the works of the mOat recent writers. 

Of the 227 woodcuts we may say that they have 
been so carefully cut, and come out so clearly on 
the good paper, that the blue and red colpurs used 
for the vessels and muscles in the original edition 
are not at all missed. It would be going far be- 
)ond the scope of a general review to point out 
all the important additions and emendations which 
the new book contains (by the way, clearly indicated by 
square brackets), nor would it be fair to search for 
mistakes — of which, after all, there seem to be remark- 
ably few. Those who use the work, whether for the sake 
of the many hundreds of references to the literature, or in 
order to be guided in the dissection necessary for a 
delicate experiment, will soon find that Dr. Haslam has 
gre'atly improved a book which was already good. 


OUR BOOK SHELF. 

Syllabus of Elementary Dynamics. Part I. Linear Dy- 
namics ; with an Appendix on the Meanings of the 
Symbols in Physical Equations. (London : Macmillan 
and Co., 1890.) 

This is a small pamphlet in which the author defines the 
terms usually found in works on dynamics. When deal- 
ing with measurements of quantities, he adopts an 
appropriate scries of capital letters for specified units, and 
another set where the units are left undefined ; thus 
equations containing the latter class of symbols possess 
more generality. Other units of higher dimensions are 
represented by capitals which arc over-marked. Thus 
an acceleration of 10 feet per second per second is written 
as loE. These are very useful for the author’s purpose, 
though it requires no little time to become used to them. 
A few formulcC and results are obtained in connection 
with falling bodies, energy, and centre of mass. 

Where quantities are represented by certain units and 
multipliers, it becomes necessary in every case to state 
any existing relations between the units employed. In- 
stead of being under any such necessity, many physicists 
prefer to regard these multipliers as completely repre- 
senting the quantities themselves. The advantages of 
such a system are discussed in the appendix, and a series 
of examples worked out in parallel columns, showing the 
advantage of the one or the other of the two methods 
suggested. ( 1 . A. B. 

Organic Evolution., as the Result of the Inheritance of 
Acquired Characters according to the Lams of Organic 
Growth. By Dr. G. H. Theodor Eimer. Translated 
by J. T. Cunningham, M.A., F.R.S.E. (London : Mac- 
millan and Co., 1890.) 

The work of which this is a translation we have already 
reviewed. The only additional matter contributed by 
the translator seems to be an ill-advised reference to 
Nature in the preface. 


LETTERS TO THE EDITOR. 

\_The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, t ejected 
tfianuscripts intended for this or any other part oj Nature. 
Ro notice is taken of anonymous communications, ] 

Bison not Aurochs. 

In his excellent article on the extermination of the American 
bison, “R. L.” remarks (Nature, p. Ii) on the transatlantic 
practice of miscalling that animal a " buffalo” ; but on the next 
page he writes of "its European congener the Lithuanian 
aurochs.” This is to perpetuate a common error at least as bad. 
The " aurochs” (= ox of yore), Latinized by Caj.sar in the form 
urus, is or was the Bos primigenius or B. urus of scientific 
nomenclature. It is wholly by mistake that in its extinction as a 
wild animal its ancient name was .transferred to the bison, or 
Zubr, I would invite " R. L. ” to turn to the word “ Bison ” in 
Dr. Murray’s "New English Dictionary,” where he will find a 
reference to an article *'lVisunt" in Schade’s" " Altdeutsches 
Worterbuch,” which ought to settle the question. I only wish 
one could ascertain to what animal the name " buffalo ” strictly 
belongs. There unfortunately Dr. Murray does not help us, 

Alfred Newton. 

Magdalene College, Cambridge, May 4. 


Unstable Adjustments as affected by Isolation. 

In a brief passage in his very suggestive volume on "Dar- 
winism,” Mr. Wallace refeis to a principle which seems to me 
to be wdrthy of much wider application than be has given. It 
is a key which requires only a little filing to prepare it for un- 
locking some difficult problems in divergent evolution. Speak- 
ing 01 the infertility of ciosses, he says: — "It appears us if 
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fertility depended on such delicate adjustment of the male and 
female elements to each other that, unless constantly kept up by 
the preservation of the most fertile individuals, sterility is always 
ready to arise. ... So long as a species remains undivided, 
and in occupation of a continuous area, its fertility is kept up by 
natural selection ; but the moment it becomes separated, either 
by geographical or selective isolation or by diversity of station or 
of habits, then, while each portion must be kept fertile inter se, 
there is nothing to prevent infertility arising between the two 
separated portions*^ (p. 184). Here is an application of the 
principle of segregation, or of like to like in groups that do not 
cross, in which indiscriminate separation is followed by increas- 
ing divergence in the different portions, not because they are ex- 
posed to different environments, not because there is any 
advantage in such divergence, not because there is any need that 
the function should be performed more perfectly in one portion 
than in the other, but because intergeneration, which is the 
principle by which correspondence of function is secured, has 
been suspended for some generations ; and, in the absence of 
intergeneration, neither natural selection nor any other principle 
is capable of preserving complete correspondence. In organisms 
that reproduce sexually, the causes of divergence arc many, 
though they may all be classed as causes of segregation, while 
the causes of correspondence v ith variation, whether of functions 
or of structures, are causes of inlergeneration between partial 
segregations. If the environments surrounding the isolated 
portions are the same, the use of the environment, and therefore 
the forms of natural selection, may become divergent ; if thc^ 
use continues unchanged, some tiseiess diverf^eme in the method 
of securing the use may appear. Or, if all the relations to the 
environment, whether useful or useless, remain unchanged, “ the 
adjustment of the male and female elements to each other are 
liable to become slightly divergent, producing mutual infertility. \ 
Or the f reference of the sexes for certain shades or arrangements ; 
of colour in their mates may become slightly different. Through | 
some slight difference in the hereditary elements, distributed in • 
each separated portion at the first, one or all of these causes of 
accumulated divergence may be introduced. I think it is evident 
that we have here a general principle, which is as applicable to a 
wide range of divergences as it is to the divergence that produces 
mutual infertility and sterility. 

The context shows that the prominent idea in Mr. Wfillace's 
mind was divergence in the adjustment of the male and female 
elements through correlation with ‘‘some diversity of form or 
colour,’^ resulting from divergent forms of natural selection, 
that had been induced by exposure to “ somewhat different con- 
ditions of life.” But if the reasoning is correct in the sentences ^ 
I have quoted, it gives an explanation of similar divergences 1 
when the separated portions are exposed to the same environ- | 
ment, and w/ure there is no possible advantage to be gained 1 
by divergence. This is one of the principles I have used | 
in I he explanation of the divergences of Sandwich Icland 1 
land mollusks ; and I think that in the earlier stages of the . 
development of infertility between allied forms it is often the ; 
only explanation that is applicable. It should, however, be 
remembered that, for divergence of this kind, it is not always 
necessary that the isolation should be either complete or very 
long continued, and that, when the forms that are not fully 
fertile with each other meet and more or less commingle, there 
is, through the very laws of propagation, without any aid from 1 
natural selection, a constant increase in the ratio of the pure j 
breeds to the mongrels, and an accumulating intensity in the 
segregative instincts and the physiological incompatibilities. 
As this point has been fully«discussed in my paper on “ Diver- 

f ent Evolution,” I do not need to enlarge on it here (sec 
ann. Soc. Joujn., Zoology, vol. xx. pp. 246-72). 

There is, however, another phase of the subject which is in- ; 
dicated by Mr. Wallace’s suggestion that infertility depends on 
“ such a delicate adjustment that it is more easily affected by 
isolation than some other adjustments. I'his is, I think, a very 
interesting point, as it suggests how it is that, in some cases at 
least, physiological divergence of this kind is one of the first 
forms of divergence that aHses. But in some species other ad- 
justments seem to be more delicate than this, and therefore more 
easily disturbed ; while in others, several sets of adjustments, as 
colours and other recognition marks, with the preferences that 
correspond, and the habits of feeding and defence are in a state 
of equilibrium, the stability or instability of which is about the 
same as of that which determines the relations of the male and 
female elements. In this last class of cases, several forms of 


divergence may arise during the same stage of development, and 
that too when the isolated portions are exposed to the same 
environment. In some species a large number of charact^ 
tire in a state of unstable adjustment. As Prof. Lankoster has 
suggested near the close of his review of Mr. Wallace’s book, this 
cause of divergence seems to be specially operative in the case 
of human faculties. But variability with plasticity of type is 
not the only condition that affects the stability of segregated 
I portions of a species. Other things being equal, a single pair of 
any species is much less likely to represent the average of all 
j the characters of the species thgn a million pairs. This con- 
sideration throws light on the comparative lack of divergence 
between the land animals of England and those of Irdand, 
which lack has been referred to by Mr. Wallace as an objection 
to my theory. In this case, many millions of some of the species 
were probably existing in each district at the time of the 
separation. As Prof. Lankester has pointed out, the representa- 
tives of the human species in the two districts have somewhat 
diverged ; and the probability is, that if we were gqually ac- 
quainted with the other species, >^e should find other examples 
of divergence in minor points. If the isolation is made more 
complete, and is longer continued, I believe the divergence will 
I gradually become more apparent. 

' Mr. Wallace has mentioned another class of divergences 
which are best explained by the principle we arc now considering 
— as he seems to have apprehended, th )Ugh the process is not 
stated here as clearly as when discussing the divergences that 
produce infertility. The passage is as follows: — “The enor- 
mously lengthened plumes of the bird of paradise and of the 
peacock must be rather injurious than beneficial in the birds' 
ordinary life. The fact that they have been developed to so 
great an extent in a few species is an indication of such perfect 
adaptation to the conditions of existence, such complete success 
in the battle of life, that there is, in the adult male at all events, 
a surplus of strength^ vitality^ and gr (noth- penver which is able to 
expend itself in this way rvithout injury. That such is the case 
is shown by the great abundance of most of the species which 
these wonderful superfluities of plumage^ . . . Why, in 
allied species, the development of accessory plumes has taken 
different forms, we are unable to say, except that it may be due 
to that individual variability, which has served as the .‘‘tarting- 
point for so much that seems to us strange in form, or fantastic 
in colour, both in the animal and vegetable world” (“Dar- 
winism,” p. 293. The italics are mine). 

It is no small gratification to me that Mr. Wallace has found 
this principle of unstable adjustment worthy of application to 
two important classes of divergences ; and that, in the case of 
one of these classes, he has recognized that correspondence in 
such adjustments cannot be continuously maintained between 
the isolated portions of a species. I, moreover, have some hope 
that, when he understands the relation in which instability and 
isolation stand to each other in my theory, he will admit that 
it throws some light on the remarkable divergences of Sandwich 
Island land mollusks. The subject was cniy incidentally 
touched upon in my paper on “ Divergent Evolution through 
Cumulative Segregation,” but will be more fully discussed in a 
supplemental paper on “ Intensive Segregation.” 

26 Concession, Osaka, Japan. John T. Gui-ICK. 


Coral Reefs, Fossil and Recent. 

Many Alpine geologists believe the limestone and dolomite 
mountains which form so peculiarly beautiful and interesting a 
part of our Eastern Alps to he in great part composed of Triassic 
coral reefs. • If this be so, their geological structure must neces- 
sarily contribute much towards elucidating the discussion concern- 
ing the origin of atolls and other forms o? recent coral reefs. In 
this discussion, which has chiefly been carried^ on in England, 
the structure of our Triassic limestone, mountains has been left 
out of account in a manner very surprising to me, considering 
that authorities like Richthofen and Mojsisovics have declared 
them to be remnants of coral reefs. 

I have made a number of Alpine ascents in the dolomites of 
South Tyrol, chiefly in the districts of the Hohlensteinthal, 
Primiero, and the Langkofel, and have satisfied myself that the 
theory of the coralligenous origin of great part of these moun- 
tains IS the only one which will explain the position and nature 
of the rocks composing them. 

Not only do we obseive in many places the massy dolomite 
alternating at its margin with sedimentary deep-sea deposit of 
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partly non- calcareous nature, but we even find old reef surfaces 
exposed to view. The volcanic porphyritic lava, or rather tufa, 
was spread over the sea-bottom after the termination of 
(he Buchensteiner period (middle Triassic, Mediterranean pro- 
vince) coVers the deep-sea deposits of earlier date, but leaves 
the masses of dolomite free. Here and there, as on the Plaitiofel^ 
it can be seen overlying the foot of the actual reef precipice 
and there ending. It is covered by similar dolomite of a later 
date. 

Many observations by Dana, Walther Korallriffe des Rothen 
Mccres’*), and others, have shown that old coral reefs, about the 
nature of which there can be* no doubt, are often dolomitic. 
The structure of Tertiary coral reefs on the Sinai peninsula, 
about the origin of which no doubt can be entertained, is actually 
identical with the structure of some Triassic dolomite I have 
examined here. I believe myself, for these, and many other 
reasons, justified in agreeing with Richthofen, &c., and in 
assuming that many Tyrolese Triassic limestones and dolomites 
are coralligenous. 

The zotfes of the Mediterranean Trias differ altogether from 
the Trias in Germany. Other limits must here be recognized. In 
this respect I follow Mojsisovics. In the lowest Triassic no 
coral reefs are observed ; also in the zones corresponding to the 
German Muschelkalk, we find, although these deposit.^ are 
usually calcareous, no reefs of any size. It is in the zones 
distinguished as Buchensteiner, Wengener, and Cassianer- 
Schichten, that the great massy, unstratified reefs of South 
Tyrol are met with. The Upper Triassic layers, known tus 
Kaiblerschichten and Dachsteinkalk, are in South Tyrol 
mostly stratified, and in my opinion sedimentary, not coralli- 
genous. Numerous faults traverse South Tyrol and break up the 
whole, only slightly folded Triassic system, into numerous plates 
( Tafeln) which are elevated on one (usually the northern) and 
depressed on the other (usually the southern) side. Liassic, 
Jurassic, and even Cretaceous layers rest on the depressed margins 
of the plates. Elsewhere these have been entirely removed, and 
the underlying Triassic reefs, capped with remains of sedimentary 
Dachsteinkalk and Raiblcrschichten, have been laid bare. On 
the elevated margins along the faults also the Triassic layers have 
been removed. It is clear that somewhere between the subsided 
margin of the plates covered with Jurassic deposit, and the elevated 
margin, laid bare down to the Dyas, tfiere must be places 
where the erosion has just reached the middle Triassic reefs. 
Here it is that we find parts of natural reef surfaces exposed. 

The Lower Triassic Werfener Schichten are divided from the 
middle Triassic by deposits of gypsum, which show that the sea 
receded after the Werfener Schichten had been formed. After- 
wards the sea returned, and it is clear that it must have risen at 
least as high as the later layers are thick, whilst or before they were 
deposited. The fossils in the sedimentary deposits between the 
masses of structureless dolomite show that the depth increased 
during their deposition. These sedimentary deposits alternate, 
as above stated, at their margins with the dolomite at the foot of 
the reef precipices. Therefore the dolomite also was formed 
during the rise of the water, for which I shall henceforth use 
the more exact expression introduced by Suess — positive shifting 
of the coast-line. 

The dolomite masses are coral reefs. They have been formed 
during a period of positive shifting of coast-line, therefore we 
may assume that the high coral reefs now living and growi ng may 
have attained their astonishing altitude over the sea-bottom 
during a period of positive coast-line shifting. The dolomite 
masses of the Wengener and Cassianer period show no trace 
of stratification, such as is observed in the lower Muschelkalk' 
and in the higher Dachsteinkalk. Moreover the dolcmite has the 
same perfectly uniform structure from top to bottom ; and on the 
vertical cliffs produced by erosion, which are often several 
thousand feet high, no trace of a stratified basal part can be 
detected. ' Everywhere the massy dolomite rests on discordant 
older layers, or — as usually at the reef margin — on the simultan- 
eously deposited deep-sea sediment. 

I will now proceed to utilize the facts here outlined in criticizing 
the discussion between the advocates of Darwin’s and Dr. 
Murray’s theories concerning the origin of coral reefs. I may say 
at once that* all the phenomena observed in the dolomites of 
South Tyrol corroborate Darwin’s subsidence theory, whereas 
they do not find explanation if we accept Dr. Murray’s. It is 
the latter, therefore, which reouires a closer examination. 

Dr. Murray says that on slight elevations of the sea-bottom 
calcarepus sediment accumulates, whereas in the greater sur- 


rounding depths this is not the case in consequence of the 
increase of dissolving power of sea-water with increasing depth. 
I accept this, and I believe that the caps of stratified Dach- 
steinkalk on the summits of many of the middle Triassic reefs 
in Sou*h "1 yrol have been formed in this manner after the 
growth of the reefs had terminated. The positive coast- line 
shifting led to a horizontal extension of the 'triassic Mediter- 
ranean northward, and a junction with colder northern seas, 
which caused a cooling of the water in the bay of South Tyrol, 
and thereby terminated the existence of reef-building corals. 
The positive coast-line shifting continued, and during its pro- 
gress the Daqhsteinkalk was deposited on the summits of the 
reefs, whilst the intermediate deeper spaces were left free from 
calcareous deposit — in accordance with Dr. Murray’s view. 
There is, however, as above stated, nowhere a trace of stratified 
calcareous sediment forming a basement or nucleus to any one of 
the dolomite masses. 

Dr. Murray then goes on to say that, as soon as the accumu- 
lating calcareous sediment has reached the region of co'-al 
growth, say the 20- fathom line, corals will grow on it, and an 
isolated atoll rising precipitously, perhaps ten thousand feet 
from the sea-bottom, will be formed. Against this it must be 
objected that the soft Globigerina ooze, which forms the whole 
of the atoll-peak, with the exception of an insignificant coral 
cap, could never attain such precipitous slopes as the atolls 
usually have. A slope of 45® or more could never be formed. 
The fossil deposits of this kind observed in South 'fyrol {Ueber- 
^gttssschichien of Mojsisovics) nowhere terminate abruptly like 
^ the reefs. Neither is a slope of this kind anywhere observed 
in the rvgion of the Dachsteinkalk. 

Then, according to Dr. Murray, an atoll is formed by the 
solution of the lime in the centre of the reef. Although the 
Oolithes discovered in reef regions by Walther show clearly 
enough that there cannot be any solution other than what is 
compensated by redeposition, in any enclosed lagoon, I would 
like to draw attention to the logical discrepancy in this part of 
Dr. Murray’s theory. First, a limestone cone is built, because 
the lime is deposited more rapidly than it can be dissolved. 
Then a lagoon is formed because the solution exceeds the 
I accumulation, and this on the same spot, in still shallower and 
i less powerfully dissolving water, and in spile of the relative 
' stagnancy of the water in the lagoon and the limestone material, 

' which is continually washed into the lagoon frv:>m the parts of 
the surrounding reef, which lie above the level of the sea. I 
think that gives the coup de gr^ce to Dr. Murray’s atoll 
theory. 

There remains yet something to be said on his ideas con- 
cerning the lateral growth of reefs. There can be no doubt 
that there is such lateral growth, and that the band of living 
coral on the reef margin can advance towards deeper water on 
a basis of coral fragments which have fallen from the outward 
grovying face of the reef. As the corals near the surface grow 
more rapidly than those further down, the advancing reef face 
must ever tend to become overhanging ; parts of the living coral 
must therefore frequently break on, fall down, and accumulate 
below. But there is a limit to this lateral growth which restricts 
it so considerably that it will by no means explain the formation 
of masses of dolomite 4000 feet thick, like the Cimon della Pala, 
for instance ; and far less will it enable an atoll rising ia,cxx> 
feet or more from the bottom of the sea to extend honzontally. 
The amount of material available for the formation of a basis 
whereon the laterally growing corals may find footing is limited, 
and grows only in proportion to the circumference of a reef. 
The amount of material required for this purpose grows in a 
much more rapid proportion because it has to cover the surface of 
the growing cone. ^ 

Take a simple case. An ordinary straight fringing reef advances 
on a bottom of lo® inclination straight outward. At a distance 
of 280 metres from the shore a depth of 50 metres is reached. 
Further lateral growth is only possible on a talus of coral dibris, 
560 metres from the shore the depth is 100 metres. If the talus 
will lie at an angle of 45®, an amount of 50 cubic metres extended 
over a surface of 71 square metres will be necessary for the ad- 
vance of each 1 metre’s length of reef a distance of 1 metre. 
This talus is contributed from 50 square metres of growing coral 
(vertical reef face). At a dbtance of .5600 metres from the shore 
the depth will be 1000 metres. Evety 50 square metres of grow- 
ing reef face will have to furnish 950 cubic metres of material 
to enable the reef to advance 1 metre. These 950 cubic metres 
will be distributed over a surface of 1350 square metres. In 
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-other words, the reef will advance nineteen times as slowly as it 
■does 560 metres from the shore, whilst the surface which is ex- 
posed to the dissolving effect of the sea-water has also increased 
nineteen-fold. Where an ocean-current strikes such an incline, 
no Globigerina ooze can be deposited on it, and here the dis- 
solving action of sea-water will balance the accumulation of 
coral debris long before such a height — of 1000 metres— is 
attained. It is clear that as soon as such equilibrium is reached ! 
there is a limit to the further extension of the reef in that direc- | 
tion. On the opposite side, however, where ooze will accumulate : 
and protect the advancing reef from solution, such advance would | 
be possible, but on that side the growth of coral is notoriously ' 
slow. Certainly, when the foot of the reef has advanced to 
depths below the zone of protecting Globigerina ooze no further 
lateral growth in any direction will be possible, and on the ' 
whole I should not think that lateral growth can play any con- 
siderable part in the formation of great reefs. Only positive coast- ' 
line shifting has such a result. In places where there is no such 
coast-line shifting (Gulf of Suez) the reefs are exceedingly small 
and insignificant. 

Although therefore lateral growth no doubt does take place, 
it is not the actual cause of the formation of the great coral 
reefs. 

We must, I think, revert to Darwin’s subiiidence theory, which 
is eq^ually proved by the untenability of the hypothesis suggested 
for the purpose of superseding it, and by the direct evidence of 
the structure of the Triassic reefs in the Eastern Alps, which have 
actually attained their immense thickness during a period of^ 
positive shifting of the coast line. R. voN Lendenkelh. 

Innsbruck. 

Slugs and Thorns. 

In Na'i'ure, vol. xli. p. 393, I pointed out that thorns 
might not always be a protection from snails and slugs, since 
they were found , in the stomach of a European slug, Par- 
macella. In further confirmation of this view', I have to-day 
dissected a number of sharp, straight, reddish-brown thorns, over 
a millimetre long, from the intestinal tract of Ariolimax niger, 
van nov, maculatus, a slug of rather doubtful aflinilies (possibly 
referable to A. andersoni), received from Dr. J. G. Cooper, who 
found it under drift-wood at Haywards, California. It is curious 
that the thorns do not pierce the intestine, but they appear to 
cause no inconvenience. T. D. A. Cockerell. 

West Cliff, Colorado, April 2t. 


COMETS OF SHORT PERIOD. 

I T is now generally accepted that the periodic comets 
of our system did not originate in it, but are bodies 
captured from outer space by one of the planets, ‘the 
parabolic orbits in which they approached the system 
being transformed into elliptical ones. On account of the 
perturbing action of Jupiter, however, the orbits of short- 
period comets are liable to considerable modifications, 
and it is practically impossible to identify two apparitions 
of the same comet without laborious computations of the 
perturbations which it must have been subjected to be- 
tween the two epochs. But even such computations may 
lead to a negative result, for frequently comets quite dis- { 
tinct have elements very much alike, probably because , 
they arc parts of an old comet travelling along the same . 
orbit at greater or less intervals. 

In some recent investigations on the capture theory of | 
comets (^Bulletin Astronomique, June and July 1889), M. j 
Tisserand developed a relation that might be employed | 
to determine the possibility of identity of comets whose 
elliptical elements are known. This criterion depends 
upon the fact that the velocity of a body revolving round 
a central one is the same for equal radius-vectors. In 
the case of a comet having a parabolic orbit coming 
under the influence of a planet, the latter plays the part 
of the central body, and the relative velocity of the comet 
with reference to it will be the same at the> point of entry 
into the sphere of attraction as at the point of departure 
from it, the one poin^ being in the old orbit, the other in 
the new one. If two comets are identical, their velocities 


with reference to the perturbing planet will be the same 
at these points.^ 

M. L. Schulhof has discussed the possibility of identity 
dr several comets by means of M. Tisserand’s formifla {Bull. 

November and December 1889, ^Istr. Nack., 
2964), and the following tables contain the values of n 
found for those having periods from 3’3 to 8’8 years. 
In the first table, the comets whose periods are well 
known are given ; in the second, those having uncertain 
periods. Comets which have undergone strong perturba- 
tions since discovery, and those for which perturbations 
prior to the first known apparition have been calculated, 
are given more than once, and the year indicated for 
which the elements are found. The symbols used have 
their usual signification, and I is the longitude of the 
comet at the point of nearest approach to Jupiter. 

Comets of Knmon Period. • 

Name of Comet. KlemetiU of Orbit. 

H ir i i f a ' i 

1. Denning, V. 1881 o'4i4 19 ^ "7 o’83 4*23 223 

2. Brorsen, 1842 0'466 112 104 46 076 2*99 284 

,, 1890 0‘47S 1 16 loi 29 o-8i 3‘io 284 

3. Finlay, VII. 1886 0 483 8 52 3 o 72 3-54 205 

4. Lexell, 1767 0-483 26 352 33 0-33 4-45 163 

,, 1770 0-486 356 132 2 0-79 3-16 184 

,, 1779 0-478 159 178 18 0-91 60-10 184 

5. Biela, 1772 0-486 no 257 17 0-72 3-58 269 

,, 1852 0-482 109 246 13 0-76 3-53 269 

6. Wolf, 1868 0-492 6 208 29 0-39 4*18 211 

,, III. 18S4 0-497 >9 206 25 0-56 3-58 210 

7. D’Arrest, 1851 0-503 323 14-8 14 o 66 3-44 153 

1883 0-504 319 146 16 0 63 3-55 153 

8. Faye, 1814 0 509 55 225 7 0 56 3-83 212 

,, 1880 ... --- ...0 507 51 210 II 0-55 3-85 208 

9. Winnecke, 1809 0-509 274 113 10 0 75 3-21 107 

,, 1886 0-509 276 104 14 0-73 3-23 109 

10. Tempelj, 1869 0527 43 297 5 o-66 3-II 223 

n. Brooks, 1885 0-531 203 179 8 0-39 8-99 185 

,, V. 1889 0-530 I 18 6 0-47 3-68 185 

12. De Vico, 1678 0-542 323 163 3 0 63 3-07 143 

„ I. 1844 0-537 343 64 3 0-62 3-10 163 

13. Barnard, II. 1884 0-556 306 5 5 0-58 3-08 126 

14. Tempelj, 1873 0 562 306 I2I 13 0-55 3-00 126 

15. Teinpel,, 1856 0 591 236 103 6 o 53 313 56 

1885 0-589 241 72 II 3-41 3-49 61 

16. Encke, 1795 0 591 157 335 14 0 85 2-21 335 


Comets of Uncertain Period. 


I. Comet of 1585 

... 0-484 

10 

38 

5 0 70 

3 61 213 

2. Grischau, I. 1743 ... 

...0-525 

93 

87 

2 0-72 

309 271 

3. Helfenzrieda, II. 1766 . 

• 0-493 

25 « 

74 

8 0 -86 

2 93 80 

4. Pigott, 1783 

. 0-473 

5 ° 

56 45 0-55 

3 ’26 233 

5. Blainpain, IV. 1819 

...0-517 

68 

78 

9 07 i 

31 1 248 

6. Tuttle, III. 1858 ... . 

•0-527 

201 

>75 

20 0*67 

3*52 357 

7. Coggia, VIL 1873 

...0-484 

86 

249 

26 0*76 

3 19 25s 

8. Brooks, IV. 1886 ... < 

...0-553 

230 

53 

13 061 

3 ’ 4 * 54 

9. Swift, VI. 1889 ... , 

...0-462 

40 

330 

10 0*68 

4-27 189 


The value of « therefore found by the formula given is 
almost constant for the 21 known .short-period comets, 
being contained within the limits 0-41 for Denning's 
comet, and V59 for Encke’s and Tempel’s comets. 

It will also be seen that only five comets have their 
minimum distance to Jupiter’s orbit between / =• 284’’ 
and / =» 1 1 2®, while twelve have the point of nearest 
approach between / = 153® and I = 233°. This unequal 
distribution along the ecliptic cannot be accidental, and 

M. Tisserand expressed the criterion very approximately by the 
formula — 

-L - sBx (cos tWAi “ cos nV/i\ , 
ai aq * 

where ft^ A» Ai n. >21 we the semi-mw‘or axes, parameters, and inclina- 
tions of the old and new orbits : A and K the planet’s semi-msdor axis and 
radius- vector at the point of nearest appr.ach. This relation may be 
divided up into two parts, having the form — 

n 3= 1 - 4 - cos /V>* 

a K 

e 
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is in favour of the capture of comets by Jupiter. In fact, 
tfee accumulation of these points about / — 192% which 
is the longitude of Jupiter’s aphelion, may be partially 
explained by the circumstance that at this point Jupiter 
as well as the comets move more slowly than at perihelion, 
hence the sphere of attraction of the planet is sensibly 
extended, and its action exercised for a longer time on 
bodies moving in its neighbourhood. 

The similarity of the elements of many comets is very 
manifest from the above tables, and M. Schulhof dis- 
cusses in detail the probable identity of such. During 
last year Mr. Chandler brought forward evidence that 
Brooks’s comet, V. 1889, was identical with the celebrated 
lost comet of Lexell, and the latter comet h.as also been 
asserted to be identical with that of Finlay, VII. 1886, to 
which it presents many points of resemblance. It is 
shown ii^ the discussion that, by computing the orbit of 
Brooks’s comet before 1886, the question of its identity 
with that of Lexell may be settled, while an extended cal- 
culation of the perturbations undergone by Finlay’s comet 
indicates that it could not have been near Jupiter in 1779, 
and hence it is probably not identical with Lexell’s comet. 
The elements of Finlay’s comet are also very similar to 
those of Vico’s comet, I. 1844. In order that the two 
may be identical, it is necessary that Mars should have 
augmented the period of Vico’s comet by almost two 
years between 1844 and 1886. 

The elements of Denning’s comet present a certain 
analogy with Pigott’s comet, but the two are shown to be 
certainly distinct. 

Blainpain’s comet, 1819, and that of Grischau, 1743, are 
most probably identical, and the elements of both these 
present a strong analogy with those of Tempel’s comet, 
so that it is not impossible that this last comet is identical 
with the other two, or at least with (irischau’s comet. 

Whether Coggia’s comet, VH. 1873, is identical with 
Pons’s comet, I. 1818, is not settled. It is interesting to 
remark, however, that the value of //,• = 0*484, correspond- 
ing to a period of 5'67 years for Pons’s comet, is exactly 
equal to that of Biela’s comet. This, therefore, appears 
to confirm the opinion that both Biela’s comet and that 
of Coggia represent the debris of an old comet, for, in the 
case of the division of the materials forming a comet, nj 
may be regarded as constant for each of the portions 
detached. 

To decide the question of the identity of Winnecke’s 
with Helfenzrieda’s comet, the perturbations undergone 
by the former t mards 1800, when it approached very 
near to Jupiter, have been found, and it is shown that 
for the identity to bs possible it must have moved faster 
in its orbit before 1800 than it does now— that is, the 
period must have been shorter. 

This discussion of cometary identities, coupled with 
M. Tisserand’s elaborate investigations, supports strongly 
Laplace's hypothesis that comets coming from stellar 
space, and moving in parabolic orbits, only become 
periodic by the perturbing action of one of the planets. 
This theory best explains the origin of the families of 
comets that cluster round the major planets, a(|d the well- 
established fact of the disintegration of certain periodic 
comets, as Biela’s in 1846, and Brooks’s in 1889. Indeed, 
such disintegration must eventually happen to all periodic 
comets. Richard A. Gregory. 


THB JOURNAL OF MORPHOLOGY^ 

'"PHE issues before us constitute the first three parts of 
the third volume of this excellent journal. They 
contain 502 pages with numerous plates and a vast 
number of woodcuts. The chief contribution in the 
June number is that of Dr. Macmurrich, on “The 

' Tht Jonmat cf Merfihology, Tune to December iSSp.* (Bogton : Ginn 
Md Cb-1^ 


Actinaria of the Bahama Islands.” The author’s ma- 
terial was collected during the summer of 1887, in 
connection with the work of the marine zoological 
station of the Johns Hopkins University. The mono- 
graph forms a very valuable contribution to the literature 
of the Actiniae, and it may be regarded as a first step 
towards a rational comprehension of the tropical members 
of this group. 1 1 is the more welcome to us at the present 
juncture, in view of the revision of our native Actiniae 
now progressing, in the hands of H addon and his pupils ; 
and we cannot but regard the excellent results obtained 
by Macmurrich as furnishing an additional argument in 
favour of the advantages of a peripatetic University 
marine laboratory, as compared with one of fixed habitat. 
Fourteen species are described, of which three are new. 
The illustrations are particularly good, and the following 
distributional conclusion is arrived at, viz. that 

“so far as the Actinaria are concerned two great areas of 
distribution can be defined, — the Indo-Pacific, including the 
Indian and Pacific Oceans and the seas connected with them, 
such as the Red Sea ; and the Atlantic, including in this the 
Mediterranean The Caribbean region of the Atlantic is, how- 
ever, to be separated from the Atlantic region and united with 
the Indo-Pacific, the relationships of its Actinaria being very 
certainly with those of that region.” 

' Of the remaining papers in the first part, two are by 
Dr. R. W. Shufeldt, and they treat respectively of “ The 
Comparative Osteology of the Families of the North 
American Passeres,” and of “ The Anatomy of Speotyto 
cunicularia hypoga'a." Both communications are 
written and illustrated in that peculiar style for which 
their author is notorious. In the first-named paper the 
author reverts to his recently expressed belief in a near 
kinship between the swifts and swallows, but he adds 
nothing of fresh interest in this debated question. His 
papers bear the mark of honest work, and we wish them 
a favourable reception. 

The last communication is one of 8-9 pages upon 
the “Variation of the Spinal Nerves in the Caudal 
Region of the Domestic Pigeon,” by J. I. Peck. Although 
short, it is the outcome of a laborious investigation 
instituted to ascertain whether the spinal nerves vary 
in the same ratio as the caudal vertebra?, “ or whether 
they remain constant in number and position of exit 
from the vertebral canal, without reference to the 
number of vertebra? themselves.” One very inter- 
esting result of the author’s investigation is the dis- 
covery that the coccyx does not diminish in length 
proportionate to the increase in number of the free caudal 
vertebrae — on the contrary, it is longest where the said 
vertebrae are most numerous ; therefore, the detachment 
of the supernumerary vertebrae from the pygostyle would 
appear to be due to influences at first productive of a 
lengthening of the entire caudal region. The interest of 
this topic is vastly increased, on reflection that the 
assiduity of a Parker has shown us that our swans and 
ducklings are the bearers of a tail potentially longer than 
that of the Saururian, Archmopteryx. 

In the September issue thertf are two papers, and each 
is a valuable monograph of its kind. That which will 
command most attention is the thesis by Prof. Cope upon 
“ The Mechanical Causes of the Development of the Hard 
Parts of the Mammalia.” To this subject there arc de- 
voted 150 pages, 5 plates, and close upon 100 most admir- 
able woodcuts.^ The paper is, for the most part, an 
elaborated risumd of the author’s earlier and scattered con- 
tributions upon the subject under discussion j and with 

'We wish we could see this author's voluminous treatises invariab}y 
illustrated in a manner similarly befitlimc their contents. We cannot refrain 
from comparing the one under review with that on the ‘ ‘ Batrachia of N orth 
America" recently published under the ausp»ces of the United States 
National Museum. The illustrations in this are as poor as those referred to 
above are excellent : carelessly drawn, badly planned, miserably lettered, 
and in places misleading (if not ioaccurateX thev * * illustrate though they 
hardly adorn *' the text to which they are appendea* while they render a large 
portion of the same of little or no avail for working purposes. 
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these he has incorporated the allied work and generaliza- 
tions of Ryder and other collaborateurs, the whole being 
woven into a connected argument. The author declares 
at the outset that he is the more convinced “that it is the 
habit that has given rise to the structures of animals, and 
not the structures which have forced animals to adopt 
their special habits,” while he sets himself to discover, 
“in the light of the descent traced by palaeontology, 
the mechanical causes for the existence of the salient 
characters of the skeleton and dentition of the Mammalia.” 
The paper abounds in suggestive and ingenious passages, 
and the author sums up his conclusions in the words : — 

“The general law which we may derive from the preceding 
evidence is, that in biological growth, as in ordinary mechanics, 
identical causes produce identical results.” 

We have, in all, that which savours of rank Lamarckism ; 
and the assiduous author of the remarks we have cited is 
(as our readers have lately been made aware), clearly, no 
believer in the non-transmission of acquired characters. 
He asserts that 

“since the modifications acquired by use during life are neces- 
sarily useful, it seems that, according to the post-Darwinians, 
the only way of acquiring useful variations known to us, is ex- 
cluded from the process of organic evolution ; ” 

and further, that 

“ were this hypothesis true, there would have been no evolu* 
tion.” 

Again, he writes, 

“in spite of Weismann’s theory to the contrary, so long as the 
germ-plasma is subject to nutrition, it is subject to influences 
during the adult life of an animal, and it would be an exception | 
to all other tissues were it not so.” 

The second and last paper in the September issue is by 
W. M. Wheeler, upon “ The Embryology of BUitta ger- 
mattica and Doryphora decemlineataP It is illustrated 
by seven exciuisite plates, which, we are glad to note, are 
of native (American) origin. In testimony to the thorough- 
ness of the author’s work, it need only be said that he pro- 
fesses to be able to tell “Just what position any oothecal egg 
held in the ovary, or just what position any egg in the ovary 
will hold in the capsule.” Evidence of direct cell-division 
is adduced, and the author’s observations under this head 
have a most important bearing upon the allied researches 
of Carnoy. The author records the discovery of the 
very early appearance and paired arrangement of the 
Malpighian tubes, and he regards the facts to which hg 
alludes as indicating “ that at one time they opened on 
the surface of the body, and that their orifices were 
subsequently carried in by a deepening of the proctodjcal 
invagination,” and that “ probably these tubes in insects 
are homologous with the anal tubes of lichiurus larva, , 
which are modified segmental organs.” Gegenbaur, as is j 
well known, long ago postulated such an origin for the j 
excretory apparatus of the Insecta, and Beddard has i 
lately substantiated his belief, on argument from analogy 
to the Chaetopod worms, in which he finds {Acanthodrilus) 
evidences of such an inturnijig of undoubted nephridia. 
The author has investigated, among other things, the 
orientation in odkinesis, and he draws the conclusion 
that “the force of gravitation has no perceptible effect 
on the development of the eggs of Blatta, but that these 
highly differentiated eggs, utterly unable to revolve in their 
envelopes, like the eggs of birds and frogs, have their con- 
stituents prearranged, and the paths of their nuclei pre- 
determined, with reference to the parts of the embryo.” 

In the December number of the journal. Dr. Shufeldt 
communicates a detailed work “ On the Position of 
ChamcBa in the System” (28 pp.). In this welcome 
addition to his previous papers on the smaller Passerines, 
the author gives a short description of the pterylosis, 
visceral anatomy, and myology of the bird, and deals at 
greater length with its skeletal anatomy ; he concludes 


that the Wren Tit is allied to the Bush Tits {Psaitriparus) 
rather than to the true Wrens. Dr. G. Baur rushes into 
print with two short notes, “ On the Morphology of the 
Veijtebrate Skull,” and “ On the Morphology of Ribj and 
the Fate of the Actinosts of the Median Fins of Fishes,” 
1 respectively. In the twelve short pages devoted to 
j the two, the conclusions are arrived at that “ the 
I doctrine of the ‘otic' bones established by Prof. Huxley 
i twenty-five years ago, and held since that time by nearly 
all morphologists, is incorrect,” and that “ the elements of 
the anal and caudal fins of fishes* . . . are represented by 
the chevron bones of the tail vertebrae, which are the 
partial homologucs of the actinosts.” The author’s pro- 
posal to revive the term “ petrosal ” for that element now 
. known as the “ pro-otic ” is especially to be deplored. 
These notes, although not wholly destitute of merit, are 
premature. They deal with questions in morphology 
which have taxed the powers of the greatest anat<|pists, 
and which are not to be summarily disposed of in a suc- 
, cession of scrappy communications, any one of which may 
I more or less completely contradict its predecessors. If, 

'< in respect to these leading topics, every intelligent inquirer 
j is thus to dogmatically foist upon the public his musings 
upon facts observed in individual specimens, to say 
nothing of others pitchforked in second-hand, and which 
he has therefore not observed at all, what is to become 
eff our already too voluminous literature? We cannot 
allow to pass unnoticed the contraction of Theromorpha 
to “ Theromora ” ; life is too short for actions of this 
kind, even if etymologically justifiable. The remaining 
contribution is by E. B. Wilson, upon “ The Embryo- 
logy of the Earthworm” (55 pp.). It is an extended ac- 
count of investigations previously announced in an earlier 
issue of the same journal ; and it is, moreover, very 
welcome now that current research is revealing in 
the earthworms an altogether unexpected and intensely 
interesting range of modification. The author’s results 
raise momentous questions affecting the most important of 
current morphological beliefs ; while largely confirmatory 
of the recent work of Kleinenberg, they run counter to the 
same in matters of vital importance, and interest in them is 
thereby enhanced. The most important topics dealt with 
are the origin of the mesoblast and the development and 
morphology of the head (prostomium). The author 
asserts that Kleinenberg was in error in his account of the 
origin of the first-named, and he criticizes those facts 
and deductions which lead him to reject the ordinary 
conception of the mesoblast as an embryonic layer : he 
attempts to show that the cerebral ganglia do not arise in- 
dependently of the rest of the nervous system^and that the 
cavity of the prostomium is from the first unpaired. 
These and other lines of investigation have led him to a 
reconsideration of the annelid Trochosphere, and that 
he regards as “ a secondary larval form,” which has 
“arisen from an elongated segmented ancestral form, 

. . . the head region or prostomium being enormously 
developed, ... and the trunk region more or less re- 
duced.” "The author confirms Kleinenberg’s discovery of 
the remarkable “ cleavage -pore,” and suggests a probable 
significance f«r the same. He regards both muscular 
and glandular segments of the nephridia as ectoblastic in 
origin, and he adduces reason for suspecting that the 
Hirudinea may formerly have possessed seta:. The last-, 
named is by no means the least suggestive point raised 
in this excellent paper, which fully realizes the expectations 
raised by its author in his preliminary note referred to. 

We observe that the late publication of this journal, so 
conspicuous at the outset, is being persisted in. With 
respect to this, as concerning more than one .of their 
scientific serials, our American brethren are establishing 
a dangerous precedent for which there is absolutely no 
excuse ; and it is with much dissatisfaction that we note 
the adoption of a similar course nearer home. 

G. B. H. 
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NOTES. 

Tife first conversazione of the Royal Society will be held 
'^at the Society’s Rooms, Burlington House, on Wednesday next, 
May 14. ' 

The Royal Geographical Society is to be congratulated on 
the brilliant reception accorded under its auspices to Mr. Stanley 
at the Albert Hall on Monday. All the arrangements had been 
made with the greatest care, and the proceedings were in every 
way most successful. No one who was fortunate enough to be 
present could fail to see how fully the English people recognize, 
and how warmly they appreciate, Mr. Stanley’s achievements. 

The Chancellor of the Exchequer will receive a deputation 
on May 15 from the Marine Biological Association of the 
United Kingdom in reference to the Treasury grant in aid of 
that Society’s investigations of the natural history of marine 
food-fi^ies. A large monograph on the common sole, illustrated 
by many coloured plates, will be among the evidences of work 
done which the Association will submit to Mr. Goschen, The 
Fishmongers’ Company have recently raised their contribution 
to the funds of the Association from j^200 to ^£*400 a year. 

On Monday evening various questions as to the eflfects of the 
dog-muzzling order were addressed to Mr. Chaplin in the 
House of Commons. He said : — “The return of deaths froifi 
hydrophobia since the muzzling order came into force are not at 
present in the hands of the Board of Agriculture. But I am 
glad to say, with regard to rabies, that in every county which 
has been placed under the regulations, and in the country as a 
whole, there has been a marked diminution in the number of 
outbreaks since the passing of the order. For instance, in 
1889, for the last two quarters of that year there were 133 cases 
in the third, and 8i cases in the fourth quarter reported to the 
Board. For the first quarter of the present year they have been 
reduced to 39, and for the month of April there have only been 
seven cases throughout England, as compared with ii for 
March, 14 for February, and 14 for January of the present 
year. In the metropolis and the West Riding, although there 
has been a lai^e diminution, cases are still of constant occur- 
rence, and there have also been comparatively recent outbreaks 
in Hampshire and West Sussex, in which latter county a 
muzzling order has been imposed by the local authority. With 
regard to Lancashire and the home counties of Essex, Hertford- 
shire, Surrey, and Kent, so far as they are not included in the 
metropolitan district, no cases have been reported for a consider- 
able period, and if the reports continue to be as favourable in 
the case of the home counties as they have been of late, I shall 
hope to be able to modify the order, if it is not suspended, at no 
distant time. I may be allowed to add, as it will be of interest 
to the public, that since the order has been enforced, of the 
rabid dogs seized in public places, nine were properly and 
securely muzzled, and were thus prevented from doing mischief.’' 

Prof. G. J. Romanes, F.R.S., has been elected President 
of the Sunday Society, in succession to Sir James D. Linton, 
P.R.L, and will deliver his Presidential address at a meeting 
to be held in London in June. 

The Pharmaceutical Society will hold a conversazione at its 
house on Tuesday evening, May 20. 

The German Ornithological Society will hold its annual 
meeting at Berlin from May 9 to 12. 

M. C. W. Rosset has arrived at Hamburg after having been 
absent in i^gypt, Cochin China, ^ and China for three years. He 
has made a most interesting scientific collection, which will be 
presented to the Ethnographical Museum of Berlin. 

. The recent investigations of Dr. Rudolf Koenig, of Paris, into 
the composition of musical so unds and the theory of timbre will 


form the subject of an important paper to be read on May 16, 
at the meeting of the Physical Society, by Prof. Silvanus P. 
Thompson. Dr. Koenig is sending over to this country for 
exhibition on this occasion a number of his wave-sirens and 
other expensive and elaborate apparatus, by which he has de- 
monstrated the points of his research. Amongst the apparatus 
are some special appliances for producing audible beat-tones by 
the interference of two note*;, each of which is too shrill to be 
separately heard. Musicians, as is well known, have never 
taken cordially to the current theories of Helmholtz respecting 
overtones and their relation to the consonance or dissonance of 
intervals and chords. As Dr. Koenig’s investigations have 
carried matters to a point beyond the speculations of Helmholtz, 
and not altogether in accordance with them, the occasion 
promises to Ve of unusual interest. It is expected that Dr. 
Koenig will himself be present at the meeting, which is to be 
held at 6 o’clock at the Physical Laboratory of the Science 
Schools, South Kensington. 

At the Royal Academy banquet on Saturday, Sir William 
Thomson responded for “Science.” He spoke chiefly of the 
mutual obligations of science and art. Aerial perspective, 
he said, first became known io scientific men through the 
artist’s practical knowledge, and the use made of it in every 
conceivable representation of light and darkness, of house 
interiors and exteriors. 

The Select Committee on the sweating system refer in their 
Report to the evidence submitted to them as to the incomplete- 
ness of the education of workmen. “The remedies suggested,” 
says the Committee, “ are, on the one hand, a renewal of the 
apprenticeship system ; and, on the other, the jiromotion of a 
larger system of technical education. We think that the en- 
couragement of technical education for all classes of artisans is 
more likely to prove an efficient remedy than a recurrence to 
the old system of apprenticeship.” 

It is reported from the ruby mines of Burmah that a ruljy 
weighing 304 carats has been found. 

A PUBLIC library is to be established at Hyderabad, and the 
Nizam’s Government has also decided to undertake an archaeo- 
logical survey of the State. 

Father Francis Denza, the Director of the new Vatican 
Observatory, is sending a circular in English to the Observatories 
of all English-speaking places, asking them to exchange publica- 
tions with his institution. The authorities of the Vatican 
Observatory, which “ now revives under the protection of His 
Holiness, Pope Leo XIII.,” are anxious that it may render great 
service to science. Hence they feel the necessity of entering 
into communication with every existing scientific establishment 
of a similar kind. Father Denza expresses a hope that the 
directors to whom he appeals will let him have all the past 
publications of their respective Observatories. 

Mr. W. C. Mills, Secretary of the Archaeological Society of 
New Comerstown, Ohio, has found a Palaiblitbic flint imple- 
ment in the gravel of the glacial terrace which everywhere lines 
the valley of the Tuscarawas river. Mr. G. F. Wright, to 
whom the implement was submitted, went to see the spot where 
it was discovered, and contributes to the Nation an interesting 
paper on his researches and conclusions. At this spot the 
surface of the terrace is thirty-five feet above the flood-plain of 
the Tuscarawas. The implement was found by Mr. Mills him- 
8el( in undisturbed strata, fifteen feet below the surface of the 
terrace ; so that it is “ connected, beyond question, with the 
period when the terrace itself * was in process of deposition.” 
Thus it adds “another witness to the fact that man was in the 
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valley of the Mississippi while the ice of the glacial period still 
lingered over a large part of its northern area.” This is only 
the fifth locality in which similar discoveries have been ipade in 
America — the other places being Trenton, N.J. ; Madisonville, 
Ohio ; Medora, Ind. ; and Little Falls, Minn. 

At a recent meeting of the Washington Chemical Society, 
Dr. Thomas Taylor, of the United States Department of 
Agriculture, exhibited a new flash-light intended to lake the 
place of several kinds which have proved highly dangerous. 
The composition, as described by Science^ consists largely of 
charcoal made from the silky down of the milk-weed — a form 
of carbon which Dr. Taylor prefers to all others, because of its 
freedom from ash. A few grains of this composition placed on 
tissue-paper, and lighted by a ** punk-match,*’ produced 
prompt and blinding flash. The paper on which the powder 
rested was not even scorched. The flash being instantaneous, 
the heat is not sufficient to ignite the most inflammable material 
on which the powder may rest. An inferior flash-light being 
used, with the same paper for a base, the paper at once caught 
fire. This was owing to the comparatively slow combustion of 
the chemicals used in the inferior grade. Dr. Taylor said the 
powder of his new flash-light would not explode either by 
concussion or by friction. | 

At the meeting of the French Meteorological Society on 
April I, the President read a circular from the Minister of Public 
Instruction, with reference to the Congress of Scientific Societies 
to be held at the Sorbonne from May 27 to 31. The follow- 
ing questions to be discussed are those more particularly of I 
interest to meteorologists : — The study of the mi.stral ; earth- 
quakes ; researches on the presence of aqueous vapour in the air 
by astronomical and .spectroscopic observations ; comparison of 
the climates of the diflercnt parts of France ; the causes which 
seem to induce a general decrease in the waters of the north of 
Africa, and a change of climate ; to fix for certain localities of the 
Alps and Pyrenees the present superior limit of vegetation, and 
to study the variations which it has experienced at different 
epochs ; the study of the periodical phenomena of vegetation, 
dales of budding, flowering, and maturation ; coincidence of these 
epochs with that of the appearance of the principal species of 
insects injurious to agriculture. 

Thk Meteorological Council have just published the monthly 
and annual results of the meteorological observations taken at 
the stations of the Royal Engineers and the Army Medical 
Department, for the years 1852-86, comprising thirty-three 
stations, in different parts of the world. In the year 1852, 
meteorological instruments were supplied to the principal foreign I 
stations of the Royal Engineers, and the observations were con- 
tinued till March 1862, when the instruments were transferred 
to the Army Medical Department, as directions had been given 
by the War Office for similar observations to be taken by the 
medical officers in the Army, wherever stationed. The observa- 
tions were partially published by the Board of Ordnance and 
the War Office, but as it was pointed out in the Meteoroiogisch^ 
Zeitschrift for MarcTi ifi86, that it was most desiiable that 
this valuable store of observations, especially from stations for 
which hardly any other information for the period exists, should 
be worked up according to the modem requirements of the 
science, and then published,^’ ihe Meteorological Council decided 
to undertake the work, and a laige mass of original observations 
was handed over to that body. The result is the present volume 
of 261 + xiii. large ciuarto pages of carefully revised results for 
separate months and years. The combined results, for as many 
years as possible for each station, accompanied by a brief dis- 
cussion of this valuable material, would no doubt be wdcomed 
by meteorologists. 


Dr. Dixon, Professor of Hygiene at the University of 
Pennsylvania, has been studying air and dust obtained in street 
cars. Scievee says he has found in them “the germs of many 
diseases, contagious and otherwise. Better ventilatiqp and 
more effective cleansing are sorely needed.” 

In the current number of the Zoologist^ Mr. E. L. Milford 
writes of the survival of the beaver in Western Europe. Some 
fifteen years ago he saw in the museum at Bayonne a very large 
white beaver, which had been killed in the Rhone. He was 
told that it was the last of its race fbund in Europe. But this 
year, being at Hy6res, where there is a museum with a very 
fine collection of indigenous birds and quadrupeds, he found 
another fine specimen, colour light brown, measuring three feet 
I from snout to end of tail . This was obtained about four or five 
years ago, and is one of several that were sent to M. Fiepi, a 
naturalist and taxidermist of Marseilles. They were taken in 
the Rhone at St. Mcree, in the neighbourhood of Arl 5 . M. 
Catal, the naturalist of the Hyeres Museum, talking of the 
subject with Mr. Mitford, said that beavers were more numerous 
formerly on the Rhone ; that the great floods of 1846 had de- 
stroyed a large number, and made them more easily captured ; 
and that subsequent inundations had made them much rarer. 
They are still to be found on the Rhone and its affluents, the 
0 ardon, the Durance, and the Iscre below Valence, also lower 
down the Rhone at Arles, Beaucairc, and Taralcon. They 
seem to have abandoned their custom of building huts and 
dams ; the race no longer being sufficiently numerous to live 
in communities, they now live in deep burrows. In 1827 a 
number of the huts of the beaver were found on the Elbe at its 
meeting with the Nuthe, near Magdeburg. 

The Director of the Norwegian Geological Survey, Dr. 
Hans Reusch, has lately published a small geological map of 
the Scandinavian peninsula, Finland, and Denmark. It 
includes also representations of Greenland, Iceland, Spitz- 
bergen, and the Faroe Islands. The Norwegian terms used in 
the explanation of the colours are translated into English. The 
publishers are H. Aschehoug and Co., Christiania, 

[ A WORK entitled “Dogs, Jackals, Wolves, and Foxes: a 
Monograph of the Canidse,” is being prepared by Mr. St. 
George Mivart, F,R.S. It will contain a description, with a 
plate drawn and coloured from nature, and often from life, of 
every species which the author thinks can fairly claim to be 
regarded as distinct, and also of various marked varieties of 
w'hat he regards as probably one species. In addition to an 
account of the habits, geographical distribution, and life-history 
of each species, there will be given in an introduction, enriched 
with woodcuts, what the author deems a sufficient description 
of the anatomy of the group, of the structural relations of the 
Canidx to other animals, their position in zoological classifica- 
tion, and the general relations they bear to the past and present 
history of this planet. The execution of the plates has been 
entrusted to Mr. J. G. Keulemans. 

A NEW and lyost useful edition of the “ Guide’’ to the ex- 
hibition galleries of the Department of Geology and Palaeonto- 
logy in the Natural History Museum, Cromwell Road, has been 
issued. In the preface, Dr. Henry Woodward explains that the 
publication of Mr. R. Lydekker’s Museum Catalogues of the 
“Fossil Mammalia,” parts i.-v. (1885-87), and the “Reptilia and 
Amphibia,” parts i.-iv. (1888-89), has compelled the rearaange- 
ment of a great part of these collections, and changed the plan 
of the “ Guide.” Much additional information is given in the 
present edition, and the illustrations have been increlised from 
49 to 211. It has therefore been found necessary to subdivide 
Ae work into two parts. Tbe first part deals with fossil mam- 
mals and birds, the secood with fossil reptiles, fishes, and 
invertebrates. 
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Messrs. Neill and Co. have issued a volume giving a list 
of the contents of the first thirty-four volumes of the Trans- 
actions of the Royal Society of Edinburgh, with an index of 
authcys and an index of subjects. The Society was foundid in 
1783, and published the first volume of its Transactions in 17^91 
adopting demy quarto as the size of the page. A slightly larger 
size has now been chosen, that the Society's Transactions may be 
uniform with those of the Royal Society. A new series may thus 
be said to have been begun. Messrs. Neill and Co., who have 
been printers to the Society since its foundation, present a copy 
of the volume to each member, ‘‘as a slight acknowledgment 
of their appreciation of the favour shown their firm for more 
than a century.*’ 

We have received the twentieth annual report of the Welling; 
ton College Natural Science Society. A good record of work in 
various departments is presented, and an account of some very 
interesting lectures is given in the “ minutes of open meetings.” 

Some time ago the Japanese Minister of Education summoned 
a committee to discuss the system of building best adapted to 
withstand earthquakes. For tlie use of this committee, Prof. 
Milne, ofTokio, compiled a great quantity of information re- 
specting building in earthquake countries. The various reports 
collected by him, with some original articles of his own, he has 
now brought together in a work which is printed as vol. xiv, of the 
Transactions of the Seismological Society of Japan. The com- 
pilation ought to be of great service to builders in countries 
where shocks of earthquake are frequently felt. 

Messrs. Willi/ ms and Norgaie have published a second 
edition of Mr. F. Howard Collins’s “Epitome of the Synthetic 
Philosophy,” which we recently reviewed. The work has been 
favourably received in America, and is being translated into 
French, German, and Russian. 

A VOLUME on the Paris Exhibition of 1889, by M. Henri de 
Parville, has just been published by M. J. Rothschild. It is 
pleasantly written, and illustrated by 700 vignettes. 

The Geneva Society of Physics and Natural History has 
issued the second part of the thirtieth volume of its Mimoires, 
Besides the President’s Report for i888, a bibliographical bul- 
letin, and a list of members, the volume contains papers on the 
movements of electrified bodies, by M. Ch. Cellerier ; new or 
little-known locustides in the Museum of Geneva, by M, Alph. 
Pictet ; on the flora of Paraguay, by MM. M. Micheli and R. 
Chadat; and on certain fossils of Japan, by MM. J. Brun and 
J. Tempere. The volume includes many illustrations. 

Messrs. Macmii.lan and Bowes, Cambridge, have issued 
the first part of a Catalogue (No. 230) of books on the 
mathematics, pure and applied, containing many works of the 
old mathematicians, mathematical and astronomical journals, 
observations, &c., including many from the libraries of the late 
Arthur Buchheim, F'ellow of New College, Oxford, and E. 
Temperley, Fellow of Queens’ College, Cambridge. 

A Catalogue of zoological and palaeontological works has 
been issued by Messrs. Dulau and Co. It includes works on 
mammalia, and on anthropology and ethnography. 

Prof. Everett sends us the following extract from the 
East Anglian Daily Times. It is by Mr. Herman Bidellf of 
Playford, who is well known in Suffolk, and is thoroughly 
competefit to describe accurately phenomena he observes : — 
“ I shall be glad to draw the attention of those inter- 
ested in thunderstorms to a magnificent example of min by 
lightning we have in this village. The parish of Playford was 
visited on Saturday last (the 26th) by one of those volatile clouds^ 


heavily charged w ith electricily that so often remind us of the 
approach of summer. The tree struck stands about 300 yards 
north-east of the church, close by the footpath leading to Great 
Bealings, one of a row of ‘ old English ’ poplars running east 
and west. At the foot the tree is about 2^ feet in diameter, 
tapering more or less regularly to a lo-inch diameter at the top. 
Here the electric fluid came in contact with the trunk some 40 
feet from the ground. The two topmost branches are intact, 
but the bark is completely stripped from top to bottom, the 
southern half of the body being riven into matchwood. The storm 
came up from north-we.st, with a very light breeze, shifting right 
and left of north. The cloud was a dense dark blue — the effect, in 
part, of the sun in front — a detached mass of vapour with fringed 
edges, differing little, except in density and its proximity to the 
earth, from others which during the forenoon had floated over. A t 
half-past one o’clock a few drops warned four or five men at 
work close to the tree to take shelter under a stack 200 yards off 
— a fortunate warning, for no sooner had the cloud drifted over- 
head than a blinding flash, accompanied by a terrific peal of 
thunder, left the tree a magnificent ruin, spread over not less 
than two acres of land, more or less covered with bark, branches, 
and riven trunk. One solid piece of 5J pounds was picked up 
126 yards away from the tree. Other dfln'is lies 70 yards in an 
opposite direction, and as an evidence of still more inconceivable 
force, small pieces of riven trunk or bark, some under half an 
ounce in weight, were found right in the face of the wind, nearly 
60 yards from the tree. What force could have been applied to 
such light particles is beyond comprehension. Nothing that I 
have ever seen effected by lightning approaches this ruin. 
Larger trees have been shivered in this parish, but I never 
saw a tree completely barked all round, with one half liter- 
ally riven into fibre, leaving the other half of the trunk a 
whitened stem, still standing as a forty-feet shaft to be seen a 
mile away. (The remnant is a conspicuous object in a north- 
westerly direction all the way from a point east of the old 
Kesgrave Schools for half a mile towards Ipswich on the 
Martlesham and Rushmere roads). The electric fluid left the 
tree at the foot, following the direction of the fence for about 
15 or 20 feet, threw up a .sod about a foot square, and there 
pierced the soil into the earth. Four hundred yards in a direct 
line north-east of the tree stands Playford Mount, the residence 
of Mr. Kemp-West, a commanding object in the landscape. 
Here some half-dozen of the fine glass plates in the front windows 
,are shattered to atoms, the result, I apprehend, of concussion 
from the report of the explosion. I have never known this 
effect from the severest storm in the neighbourhood, but the 
thunderclap is described as terrific. The tree, as standing, is 
worth going to see, and, I will add, is of easy access from the 
road past the church.*’ 

The Engineer and Engineering for May 2 contain much in- 
formation concerning the proposed great tower in London. 
The drawings, plans, and designs of the competing schemes are 
now being exhibited in the Drapers’ Hall, Throgmorton Street, 
E.C. Engineering appears to think that, if the tower is to pay, 
it must be provided with some attractions to bring the people 
again and again ; and if these attractions* could be raised 200 
feet or 500 feet above the smoke, they would be immensely in- 
creased. The country cousin and the conscientious sight-seer 
would go to the summit, but the first stage would detain the 
bulk of the visitors. Engineering also observes that, in re- 
viewing the various designs, we must frankly admit that none 
excels the Eiffel Tower in beauty and grace. No fewer than 
eighty' six competitors have sent in designs. 

An interesting paper upon cyanogen iodide, CNI, is com- 
municated to the current number of the Berichte by Drs. Seubert 
and Pollard, of the University of Tubingen. On account, 
probably, of the extremely poisonous nature of this compound, 
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rendered even more dangerous by reason of its great volatility, 
little ha.s hitherto been done towards completing its chemical 
history beyond a mere description of its more evident properties. 
Determinations either of its density or its melting-point appear 
never to have been attempted, and it was with the object of 
supplying these deficiencies that the work in the Tubingen 
Laboratory was undertaken. Everyone who has ever prepared 
this exceptionally beautiful substance for lecture or other 
purposes will remember the exquisite manner in which it sub- 
limes, forming long, delicate, colourless, but very highly refractive 
needles, bridging over from side to side of the wide tube or 
flask in which the operation is performed. Often these elongated 
prisms attain the length of half a dozen inches or more, and 
frequently form an interlacing network among which may be ; 
seen perched here and there star-shaped or flower like aggregates 
of the smaller crystals. Perhaps the most remarkable property ; 
of these crystals is to be found in the manner in which they : 
re-sublime from one side of the vessel to the other according as ; 
their position is varied as regards the direction of the light which ■ 
falls upon them. Drs. Scubert and Pollard prepared their 
specimens by the old method first used by Sir Humphrey Davy, 1 
the action of iodine upon mercuric cyanide, Hg(CN)2 + 2T2 ^ 
Hglj 4 - 2CNI. About 10 grams of the finely-powdered and j 
well-dried mixture of iodine and cyanide of quicksilver, in the^ 
proportion of one molecule of each so as to avoid the presence 
of much free iodine in the sublimate, was placed in a wide test-tube 
and interpersed with glass beads in order to render the mixture 
as porous as possible. The test-tube was then placed at the 
bottom of a wider glass tube closed at the lower end, and fitted 
at the upper with a calcium chloride drying tube to prevent 
access of moisture. The apparatus ^was then allowed to stand 
for about three days in a position where it could receive direct 
sunlight ; at the end of this time the reaction was almost com- 
plete, the mixture being brilliant red from formation of mercuric 
iodide. The lower end of the tube was then placed in a hot 
water bath, when the iodide of cyanogen sublimed in the manner 
above described into the upper cooler part of the tube. In order 
to determine the melting point, small quantities were placed in 
capillary tubes and hermetically sealed, for if the upper end were 
left open, as is usually the case in taking a melting-point, the 
cyanide would simply volatilize without fusion. The melting, j 
point was in this way found to be I46®‘5 C., and the solidifying j 
point 143^ The vapour-density was determined by Victor i 
Meyeris method, and found to be 5*28, corresponding to* the j 
simple formula, CNI. The lowest temperature at which the 
substance becomes completely and rapidly converted to the 
gaseous condition appears to be about 250“. The iodide is there- 
fore analogous to the simple bromide and chloride of cyanogen, 
CNBr and CNCI, and not to the triple polymers tri-cyanogen 
bromide and chloride, CsN^^Bra and CgNgCls. 

The additions to the Zoological Society’s Gardens during I 
the past week include the Wild Boars {Sus scrofa jv.) bred in [ 
Scotland, presented by the Lord Hebrand Russell ; a Ring- 
tailed Coati {Nasua ^tifa from the Argentine Republic, 
presented by Mr. R. E. Moore ; a Louisianian Meadow Starling 
\Stiirnella ludovhiana 9 ) from North America, a Black-bellied 
Sand Grouse {l^erocUs arenarius 9 ) from India, presented by 
Mr. W. H. St. Quintin ; four variegated Sheldrakes ( Tadorna 
variegata 6 6 6 6) from New Zealand, presented by Captain 
C. A. F^indlay, R.N.R. ; a Rhomb-marked Snake {Psammo- 
phylax rhombeaius) from South Africa, presented by Miss 
Harris ; three Common Vipers ( Vipera berus) from Sussex, 
presented by Dr. C. W. Cousens; a Green Lizard {Laceria 
viridis\ a Three-toed Skink {Seps tridactylus) from France, pre- 
sented Mr. J. C. Warbury ; a Sooty Phalanger {Phalangista 
fuliginosa 6 ) from Australia, deposited ; a Black -headed Lemur 
{Lemur brunneus\ born in the Gardens. 
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Remarks. 

(1) The spectrum of this bright nebula docs not appear to 
have been yet recorded. Smyth describes it as “ a conspicuous 
nebula, magnificent in size and brightness.” In the General 
Catalogue it is described as “a very remarkable object; very 
bright ; very large ; very much extended in the direction 120° ; 
brightens in the middle to a small bright nucleus, which is 
possibly a double star.” The nebula is in the constellation 
Coma Berenices, and is now very favourably situated for 
observations. 

(2) This is the famous spiral nebula in Canes Venatici. The 
details of the nebula are so well-known that a full description is 
not necessary here. In all but the largest telescopes it simply 
appears as a double nebula with the two nebulosities running 
into each other, one of them being surrounded by a ring which 
is variable in brightness. Smyth likens this to a ‘‘ghost” of 
Saturn. According to Huggins the spectrum is continuous, 
but some parts v'ere thought to be abnormally bright. Although 
the observations will not be easy, it is very important that the 
positions of such bright parts should be measured, if only 
approximately. Jn such cdses as this it is probable that we 
shall find spectroscopic connecting links between the bright-line 
nebulae and stars which are well advanced in condensation. 
Our knowledge of the relations between nebulae and comets is 
also likely to be advanced in this way. 

(3) This is a very fine star of Group II. The bands are 
very wide and dark, even in the ullra-blue, but especially in the 
red (Duncr). The star belongs to a late stage of the group, 
and may be usefully re-examined for further details. 

(4) A star of the solar type (Vf gel). The usual differential 
observations as to whether the star is increasing in temperature 
(Group HI.), or decreasing (Group V.) are required. The 
spectra of this class of stars should be very carefully examined 
for remnants of the strong bands iri the red, which characterize 
the later stages of Group II., and which are also seen in 
Aldebaran. If these are found, the star is obviously at an 
early stage of Group III. It has also become very important 
to determine whether there sire any stars intermediate between 
stars like the sun and stars of Group VI., and in these more 
detailed observations this should be borne in mind. The 
carbon band near b will probably be the first to appear, and 
the presence or absence of traces of this band should be alwa3rs 
noted. It is most likely to occur in stars of an orange or reddish 
tint. 

(5) Spica has a spectrum of Group IV. The only observa- 
tions likely to be of service are those comparing the thicknesses 
of such lines as E, and D with their thickness in other bright 
stars of the same group {e,g. a Lyrae). This will determine its 
relative temperature. 

(6) This variable will reach a maximum about May 9. It 

ranges in magnitude from 8-9 at maximum, to < 13 at minimum 
in a period of about 251 days. The spectrum is still doubtful ; 
Gore writes it III. ? A. Fowler. 

Structure of the Corona. — The Smithsonian Institution 
has had two plates prepared, containing nine phoit^raphs of the 
total eclipse of the sun of January i, 1889, and distributed them 
amongst astronomers and others interested in solar physics. All 
the photographs have been reduced to a uniform diameter, and 
at Prof. Langley’s request, Prof. Todd has contributed a de- 
scriptive note to accompany them. In the remarks on the 
structure of the corona it is noted : — 

(i) The axis of symmetry of the corona does not coincide with 
the axis of revolution of the sun as determined from the solar 
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spots. The corona appears to be at least a triple phenomenon 
made up of — 

{a) The polar rays, seen most prominently about the poles. 

\h) The inner equatorial corona, the lower regions of wh|ch 
bear sofne resemblance to an outer solar atmosphere. 

(r) The outer equatorial corona, consisting of the long 
streamers for the most part only visible to the naked eye. 

(2) The polar corona consists of rays, straight or nearly so, 
and radial from neither the sun’s centre nor the sun’s poles. 
Rather they seem to radiate from areas the centres of which are 
adjacent to the sun’s poles. 

(3) I'he inner equatorial ctrona emits a large percentage of 
the total light of the corona ; the streamers, how’ever, are not 
generally so sharply defined as about the poles, and many of 
them appear to have a real curvature. Four large prominences 
are visible at about 35® of solar latitude, as if to suggest some 
connection between the protuberances and the corona. 

(4) The equatorial streamers of the corona are very slightly 
curved, being convergent on the east side of the sun, and 
divergent on the west. 

The fact of chief importance established appears to be the 
periodicity of the outer corona in a cycle probably of equal 
duration with that of the solar spots. The epoch of greatest 
extension of the equatorial corona appears to coincide very 
nearly with the epoch of minimum sun-spots. 

Prof. Todd also directs attention to the most important points 
requiring elucidation, and throws out a few suggestions for future 
eclipse observations. 

Brooks’s Comet {a 1890). — The following ephemeris has*" 
been computed by Dr. Bidschof Nac/i.^ No. 2966), and 

is in continuation of that previously given (Nature, vol. xli. 

p. 571):— 
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The brightness at discovery (March 21) has been taken as unity. 


Discovery of Minor Planets. — Two more asteroids were 
discovered by Herr Palisa, at Vienna, on April 25, and observed 
independently by M. Charlois, at Nice, on the following night. 
The magnitudes of the planets are 13 and 12 respectively, and 
their numbers are and Prof. Krueger thinks that the 

latter is probably Scylla {A sir. N^ach.^ 2966). 

THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

A N ordinary general meeting of the Institution of Mechanical 
Engineers was held on the Thursday and Friday of last 
week ; the President, Mr. J. Tomlinson, in the chaijr. 

The second meeting of the year is not generally looked on as 
of great importance, but it is a long time since we remember 
one of suen meagre proportions in one respect as that with 
which we are now dealing, for there was only one paper on the 
agenda ; that and the President's address constituted the whole 
programme. What the proceedings lacked in variety and ampli- 
tude was, however, fully compensated for in solid value. The 
one paper,. Prof. Kennedy’s, is full of valuable information, and 
Mr. Tomlinson’s address came as a most welcome surprise to 
a good many. In the first place it was short, and, secondly, it 
was practical — two virtues which appeal strongly to engineers 
when there is talking to be done ; but beyond that it was one 
of the most interesting Presidential addresses we have heard for 
many a day at any of the Engineering Societies. The reason for 
this is not far to seek. Mr. Tomlinson simply narrated his own 
experience in plain language, eschewing those ornamental tags 
of rhetoric ^hich many people look on as essential when they 
have to speak in public ; and as his experience extends back to 
a very interesting peri^ of railway engineering, the address 
proved an exceptionally happy effort. 

Mh Tomlinson has been, as he said, a railway man all bis 


life ; and, indeed, he has been connected with the engineering 
departments of more than half a dozen railways, from the Stock- 
ton and Darlington up to the Metropolitan. His father was 
passenger superintendent to the former line. His recollection 
therefore carries him back to the very early days of the loco- 
motive. His first knowledge extends to the year 1837, when 
he was employed at the works of Timothy Ilackworth, of 
Sbildon. Perhaps no better instance could be given of the 
simplicity of those Arcadian days than the fact that Hackworth 
was at once locomotive superintendent and contractor to the 
railway. Such a dual position might cause invidious remarks 
on the part of shareholders in the present day. Mr. Tomlinson 
rememl^red the three original locomotives placed on the 
Stockton and Darlington line. One of them, the Locomotive^ 
now stands on a pedestal in front of the North Road Station at 
Darlington. The load for this engine was about 22 tons of 
empty waggons to draw up hill ; whilst down the hill to Middles- 
borough the waggons loaded, weighing 64 tons, were drawn. 
The weight of the engine and two tenders loaded was about 15 
tons. Unfortunately there was no record kept of the consump- 
tion of fuel, but Mr. Tomlinson used to help put the coal on the 
tender, and he estimates the quantity to have been 16 to 17 
cwts. for 48 miles, or about 40 lbs. per engine mile ; but it must 
be remembered that the gradient was all in favour of the load — 
in fact, the greater part of the fuel was consumed on the return 
journey of empty trucks. The cylinders were 10 inches in 
diameter by 24 inches stroke. The eccentrics had to be changed 
for back and forward gear by hand, the boiler pressures were 
30 to 35 lbs. per square inch, and the pistons were packed with 
a spun-yarn gasket. As the cylinders were vertical there were 
necessarily no engine springs. There were no brakes, no water- 
gauge glass, no head or tail lamps, and no whistle. We have 
mil space to follow Mr. Tomlinson in his interesting engineering 
reminiscences. Perhaps, since Mr. T. R. Crampton has gone, 
there is only one other engineer living who could give us such 
unique personal experience of early locomotive days. If so, that 
engineer is Mr, E. Woods, Past-Piesident of the Institution of 
Civil Engineers. 

I Prof. Alexander Kennedy’s paper constituted the second 
report of the Research Committee appointed by the Council of 

I the Institution to investigate the Marine Engineering question. 

' Within the last few years the Institution has made quite a special 
feature of these research committees, and weknow omo better way 
in which it could carry out the object of its existence, and, at the 
same time, keep down the ever-growing financial surplus. The 
Research Committee on Friction and the Research Committee on 
Ri vetting would have been of great service to engineers if only 
from the fact that they collected and put in concise form the 
knowledge already existing on the subjects ; but they did more 
than this, for they made experiments of their own by which 
doubtful points were cleared up and new possibilities were 
su^ested. The Marine Engine Committee are following the 
sanfe useful course under the guidance of their Chairman, Prof. 
Kennedy, who, it may be remarked, gained his first experience 
as an engineer in the once celebrated Thames-side marine en- 
gineering establishment of the Dudgeons. 

As we have said, this is the second report of the Committee, 
the first, which was read last year, being on the trials of the 
s.s. Meteor^ a London and Edinburgh steamer of 692 registered 
tons. The vessels since then under trial, and dealt with in 
the second report, are the Fusi Yama^ the Colchester^ and the 
Tartar. The first is an ordinary trading vessel of 214*3 feet 
long b.p., 29*3 feet beam, 20*5 feet deep, and of 2175 tons dis- 
placement at trial draught. The trial run was from Gravesend 
to Portland, The engines are by^^Sarouclson, of Hull, and had 
just been overhauled. They arc of the ordinary two-cylinder 
compound type. The Colchester is the latest fcuilt vessel of the 
Great Eastern Railway on the Antwerp service. She is 281 
feet long, 31 feet l^eam, and 15-2 deep. Her trial displacement 
was 1675 ^ ^ twin-screw ship, the engines being 

ordinary two-cylinder compounds. The trial run was from the 
Humber to Harwich, the enghies having been overhauled in the 
former river. The Tartar was selected as an excellent example 
of modern economical engines in a cargo-carrying steamer — 
what is generally known as an ** ocean tramp." She is 332 feet 
long, 38 feet wide, and 27 feet deep. Her displacement tonnage 
on trial was 2250 tons. She has triple compound engines of 
the three-crank type. The trial run was from the Thames to 
Portland. The vessel was light, so that the engines were working 
at very low power, and, in addition to this, bad weather was met 
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•with on the voyage, so that the recording of results was much 
interfered with. It will be noticed that the figures bearing on 
the efficiency of the Tartarus boilers are not given in the table. 
The reason is that ‘the coefficient based on the recorded data 
•comes out so high that the boilers could hardly have been 
evaporating all the feed water pumped into them. In ordinary 
cases we should naturally attribute this to priming; but the 
power developed was so small that we hesitate to apply this 
solution in the present case. On the other hand, the pheno- 
menon of excessive cylinder condensation would be induced by 
working a big engine at low power. We have not, however, 
sufficient data to enable anything positive to be advanced in 
this connection. Wc understand that in ordinary working the i 
boilers show no sign of excessive priming, and the steam space is | 


said to be ample. The Meteor^ the first vessel experimented 
upon, is 261 feet long, 32*1 feet wide, and 19*3 feet deep. Her 
trial displacement was 2090 tons. The engines are of the triple 
coippound type, with three cranks at equal angles. 

It will be evident that we have not space to give details of the 
trials as set forth by Prof. Kennedy, and any fairly intelligible 
abstract is difficult to make. The paper itself is merely a record 
of facts — a most admirably arranged record we may say in 
passing — and each fact is so interdependent on others, that it is 
difficult to make a selection. We will, however, briefly state in 
the form of a table a few of the leading features and final results, 
referring those of our readers mos^ interested in the subject to 
the report itself. We include the Meteor^ as her record is necessary 
to make the matter complete. 


Boiler pressure above atmosphere in pounds per square inch 

Vacuum in condenser below atmosphere in pounds per square inch... 

Revolutions per minute ... 


Total mean indicated. horse-power 

Coal burnt per square foot grate per hour 

,, ,, ,, total heating surface per hour 

,, ,, I horse-power per hour 

Carbon value of coal 

Feed water per square foot total heating surface per hour in pounds 

,, ,, pound of coal ... ... 

,, from and at 212*^ F. ... 

,, per indicated horse-power per hour 

C.alorific value of 1 pound of coal as used in thermal units ... 

Percentage of calorific value of fuel taken up by feed water ... 

,, ,, ,, carried away by furnace gases 

,, „ lust by imperfect combustion ... 

,, ,, ,, expended in evaporating moisture in coal 

,, ,, ,, ,, unaccounted for ... 

Efficiency of boiler per cent. ... 

engine 

,, and boiler combined 


n 

>» 


I » 


Name of ves&eL 


Meteor, 

Fusi Varna, 

Coichester. 

Tartar, 

145*2 

56-84 

80 -5 

If 3 *6 

1217 

12-48 

12-49 

, *2-9 

71*78 

SS*S 9 

/860V 
I87-1 j 

70*0 

199-4 

37**3 

f 1022-5 \ 

\ 957 * 2 / 

1 1087-4 

19-25 

18*98 

26-1 

: ***93 

0*602 

0*437 

0-987 

0-367 

2 01 

2 ‘66 

2 90 

*•77 

0*878 

0-878 

0 913 

X-031 

4 '49 

348 

7*39 

i 4*«3 

7*46 

7-96 

7*49 

i ***23 

8-21 

8*87 

8-53 

! *306 

1498 

21-17 

2 * 73 

1 *983 

12,770 

12,760 

13,280 

* 4.995 

62*0 

67-2 

6^-0 

— 

21*9 

23 S 

280 

1 22*1 

3*6 

0-0 

*•3 

i 00 

I *2 

09 

0*4 

[ 0*0 

11*3 

8*4 

83 1 

— 

62*0 

67 -2 

62 

1 — 

161 

11 '2 

10-7 

1 II’S 

10*0 

76 

6-6 

97 


A discussion followed the reading of the paper, the most in- 
teresting feature of which was a description, by Mr. Willans, 
of a device he had used for investigating the effect of condensed 


steam in an engine cylinder. For this and other points in 
connection with the trials we must refer our readers to the 
Transactions of the Institution. 


THE SCIENTIFIC INVESTIGATIONS OF THE 
FISHERY BOARD FOR SCOTLAND.^ 


l^IIATEVER may be wanting to Scotchmen in the way of 
Home Rule, they have no cause to complain of a want of 
Home Rule in their fisheries. The Fishery Board for Scotland 
is a complete and independent body, exercising complete juris- 
diction over all the Scottish coasts, provided with an ample 
staff, «and in receipt of a considerable amount of Government 
money. We learn from the introduction to the present Report 
that the scientific staff consists of three trained naturalists and an 
assistant naturalist, and besides these there is a Committee of 
eminent scientific men, including representatives from all the 
Scottish Universities. Finally, the Board has a steamer, the 
Garland^ specially devoted to* scientific investigations, and is 
able to make use of the fishery cruisers for the same purpose. 

Under these favourable circumstances, and especially in virtue 
of the powers granted by the Sea Fisheries (Scotland) Amend- 
ment Act, 1885, the Scotch Fishery Board has exceptional 
opportunities for making extensive and continuous scientific 
investigations. The investigations for 1888 are embodied in 
the Report which is here dealt with. The Report is divided 
into three Sections. Section A is largely devoted to the experi- 
mental trawling of the Garland in the areas closed against 
beam- trawling, and to a number of statistical tables drawn up 
for the purpose of comparison with those experiments. This ex- 
perimental trawling requires some explanation. The Act above- 


T ** Seventh Annual Report of the Fishery Board for Scotland, being for 
the Year i888.'* Part 111 ., Scientific Inve8tiga.tions* Presented to both 
Houses of Parliament in pursuance of Act 45 and 46 Viet , cap. 78. 
(Edinburgh, 2889.) . 


! mentioned empowers the Scotch Fishery Board, under stated 
: circumstances, to make by-laws for restricting or prohibiting, 

! either entirely or partially, any method of fishing for sea fish 
I within any specified area in any part of the sea adjoining Scot- 
I land, and within the exclusive fishery limits of the British 
I Islands. 

; In accordance with the Act, by-laws were framed, prohibiting 
beam-trawling in districts which may roughly be described as 
the Firth of Forth, St. Andrew’s Bay, and the Firth of 
Tay, and part of the sea off the coast of Aberdeenshire and 
Kincardineshire. This by-law came into force on April 5, 1886. 
Since that date the Garland has trawled periodically over certain 
definite stations within the prohibited areas, and the catches have 
been carefully tabulated, both as regards size and quantity. The 
object of the experiment is, of course, to study the effect of an 
enforced periocf of rest on the piscine fauna of the inclosed and 
adjacent areas, and to obtain information under the following 
heads: — (l) Whether the cessation of beam-trawling would 
cause any marked increase in {a) the number, (If) the size of 
trawl- fish within the closed areas. (2) Whether the closure 
would affect the catches of line-fishermen working in those 
areas. (3) Whether the closure would affect the catches of 
trawlers and other fishermen in adjacent areas. No fault can 
be found with the method of investigation, which* is the only 
possible one under the circumstances ; but, as might be ex- 
pected, the results are influenced by a number of* secondary 
causes which obscure the eflfect of prohibiting beam-trawling in 
the places mentioned. This may easily be seen by reference to 
the published accounts of the experiments. It was found in 
1887, a year after the closure, that the average take of fish per 
•'shot ” was much greater than in the previous year in the closed 
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areas, and that the increase was chiefly in flat fish, though also 
in round fish. At the same time, there was an increase in the 
take of all classes of fish in the free waters outside, but in 
general the increase in this case was in round fish, rather t^an 
in flat fish. So far, then, the experiment promised to show an 
immediate and most beneficial result. In 1888, however, the 
take of fish was very much diminished. The average num- 
ber of fish of all kinds captured in the Firth of Forth 
per “shot*’ amounted to 21 1. In 1887 the corresponding 
average was 351, and in 1886, 251. There was also a consider- 
able rcducticm in the average take in offshore waters, but the 
reduction was less than that in the closed area. Moreover, the 
proportional decrease of flat fish was greater than that of round 
fish in the closed waters, and this was more marked in the off- 
shore waters. In St. Andrew’s Hay there was, similarly, a 
great diminution of all kinds of fish, especially of flat fish ; but 
outside, in the free sea, there was an increase in the flat fish and 
a great decrease of round fish. These n^ative and partly con- 
tradictory results were, without doubt, due to the. exceptionally 
stormyc^eather in 1888. It shows, however, the great difficulty 
and complication attending fishery investigations. Nothing 
could seem to be more obvious than that, if trawling were pro- 
hibited in a certain area, less fish would be caught, and that 
their numbers would increase. The first results of the trawling 
experiments go to show that this is by no means necessarily the 
case, but that there are causes more powerful than beam-trawling 
which affect the numbers of fish in any season. 

There are also statistics showing the relative amounts of fish 
caught by line in restricted and unrestricted areas — that is to say,* 
areas w^here beam- trawling is prohibited and where it is per- 
mitted. The.-e statistics show an increase in the weight of fish 
caught by line has taken place in 1888, in both areas, but that 
it is proportionally larger in the unrestricted than in the re- 
stricted areas. The increase is not due to a larger number 
of boats and men engaged in fishing, for these have actually 
decreased. The statistics of line-fishing are certainly curiously 
contradictory to tho^c of beam-trawling, for whereas, in 1888, 
the latter mode of fishing showe<l a decrease of flat fish in 
closed areas, the line-fishing showed an increase of flat fish. 

It is really impossible to draw any conclusions from s'iatistics 
extending over so few years. After ten years of work we shall 
be in a better position to judge the result of the experiment of 
closing certain inshore waters against trawlers. So far, it must 
be confessed that no case whatever has been made out against 
them, and the line fishermen seem to be quite as efficient in 
depopulating a district. From the way in which the summaries 
of the statistics are written, the Fishery Board may be suspected 
of Jin unconscious leaning towards the interests of the line- 
fishermen. 

No fewer than 129 pages are devoted to the statistical tables 
referred to. 

A very interesting Report is given in Section B (biological in- 
vestigations) by Prof. Ewart on the spawning of British marine 
food-fishes. Space forbids a detailed criticism of this Report, 
bat it is definite and satisfactory, and shows that, contrary to 
the common belief, the majority of British food-fishes do not 
come inshore to spawn, but at the spawning season they congre- 
gate in shoals in deeper waters, 'bhis Report is followed by a 
paper on the food of fishes, by Mr. Ramsay Smith. The greater 
part of the observations and records necessary for this work 
were carried out by Mr. Thomas Scott, who is a veritable giant 
in practical work at .sea. The paper on the pelagic fauna of the 
Bay of St. Andrew’s, by Prof. McIntosh, may be considered as 
complementary to Mr. Ramsay Smith’s paper, since the pelagic 
organisms are considered from the point of vi^w of food for 
adult and larval fish. Prof. McIntosh’s paper, giving a record 
of all the pelagic organisms observed throughout the year, is a 
thorough and important contribution to our knowledge of the 
subject, and has a high practical value, especially that part of it 
relating to fish ova and larvae. At the same time, it may be 
questioned whether the subject of fish food is not dragged in a 
little too much. Is it perfectly ingenuous to give a series of 
beautifully-coloured drawings of the metamorphoses of Actino- 
trocha, and to label them “ Pelagic fish food ” ? 

The desQi-iptions of, and suggestions aboifl, the mussel and 
clam beds are of obvious practical interest, and Dr. Edin^ton’s 
paper on the Saprolegnia of the salm m disease gives promise of 
a wide extension of our knowledge of a difficult subject. 

The Report concludes with a careful record of physical obser- 
vations made in the North Sea. The value of the physical 


work of the Board would be much enhanced if arrangements 
could be made for taking daily observations at definite stations 
around the Scotch coast. Such observing stations have been 
established by the United States Fish Commission and by the 
German Commission for the Scientific Investigation of German 
Seas, and have been fruitful of results. 

The Fishery Board, it may be noticed, is only engaged in one 
experiment — that of closing certain areas against beam-trawling. 
The remainder of the work is in the preliminary stage of in- 
quity. In the earlier stages of fishery investigation, a large 
amount of biological and physical inquiry into the natural con- 
ditions of the sea is absolutely necessary, as a guide for future 
experiments upon marine organisms. To those who do not 
consider the matter attentively, these investigations may seem 
useless and superfluous, but they are not. It must be observed, 
however, that these inquiries are not an end in themselves, as 
in philosophical biology, but must be undertaken solely with the 
view of applying the experience gained to future attempts to 
solve the fishery problem. For example, an inquiry into the 
food of the different species of fishes of a district need only be 
made once ; it is sufficient for practical purposes to know what 
they do generally eat, without inejuiring what they may eat in 
exceptional circumstances. An inquiry into the relations of 
pelagic organisms is most useful as a guide to the life-conditions 
and food of fish larva and certain adult fish, but a great deal of 
strictly scientific work on this subject is useless ; the morphology 
and phylogeny of each pelagic organism has not the slightest 
bearing on fishery questions. 

The statement of the fishery question is perfectly simple. 
Given a continuous decrease in a number of valuable fish, due 
to over-fishing, how may the diminution be checked, and a con- 
tinuous future supply be insured ? The answer to the question 
is very difficult. Life in the sea is beyond control, and, to a 
large extent, beyond observation, for the trawl and dredge give 
a very insufficient idea of the conditions of marine life. There 
is not so close an analogy between agriculture and fisheries, as 
is sometimes implied in language. The sea cannot be parcelled 
out into inclosures ; it cannot be cultivated with different kinds 
of crops at will ; its fishes cannot be kept in confinement and 
protected from their enemies and the weather, nor can they be 
fed at regular periods as live stock are. It is misleading to talk 
of “ reaping a harvest that is never sown,” when the power of 
sowing and caring for the crop is out of reach. The ultimate 
aim of all scientific investigations in fishery matters must be to 
find out what circumstances are in human power to control, and 
to show how that control may best be exercised. 

The first and obvious subjects for control are the fishermen 
themselves. If they are the cause of the depopulation of the 
seas, such a check may be put upon their proceedings as to 
obviate the evil. This may be done in one of two ways ; by 
prohibiting fishing altogether in certain specified areas, as has 
been partially done by the Scotch Fishery Board, so as to afford 
centres from which fish may spread into the surrounding seas, or 
by the establishment of close seasons for diflerent species of fish. 
Both methods are attended with great difficulties, which have 
been discussed over and over again. They may be summed up 
as hardship to the fishermen, and the impossibility of prevent- 
ing the destruction of one species of fish whilst another is being 
fished for. To establish a close season which would prevent any 
bree ling-fish being caught, would be to prohibit all fishing for 
three parts of the year. Secondly, the ova of breeding-fish may 
be artificially fertilized, the fry hatched out and turned out in 
great numbers to restock the waters that have been depopulated. 
This method is said to have been attended with success, and 
demands a further trial ; but it must not be supposed that this 
process in any way resembles the rearing of domestic animals on 
land, or even the culture of fresh-water fish. The fry, once 
turned out, are lost sight of, are exposed to the attacks of 
numerous enemies, and are beyond all further human care. 
Thirdly, fish might be protected by the wholesale destruction of 
their natural enemies other than man, just as game is protected 
bv the destruction of stoats, carrion-crows, and other vermin, 
hfo doubt a general massacre of cormorants, gannets, and dog- 
fish would make a great difference to the annual destruction of 
fish on our coasts, but in the case of the birds, such a course would 
meet with great opposition; and in the case^ of dog-fishes, 
extermination, or even an appreciable reduction in number, 
would be nearly impossible. Lastly, attempts may be made at 
culture sensu stneto. Young fish may be caught by the ordinary 
methods, and kepi in suitably constructed fattening-ponds until 
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ihey are of saleable size ; or, to carry the process a step further, 
the larvae reared in hatcheries may be turned into similar ponds 
and brought to maturity. These operations have been conducted 
with success in more places than one, but the only places where 
marine fish-culture forms an industry of any importance is in 
the Adriatic, where there are large inclosures known as valli^ in 
which young fry, caught in the open sea, are inclosed and brought 
to a marketable condition. The possibility of cultivating mus- 
sels and oysters in the like manner is too well known to require 
further mention, and it is quite possible that it may be found 
practicable to apply the system of culture to lobsters. 

These are the practical questions to which fishery officers will 
have to turn their attention. That a preliminary scientific train- 
ing is necessary is obvious, for the art of culture requires the 
most exact knowledge possible of the animals under cultivation, 
and success will in each case depend on the extent to which the 
necessities of the organism are studied and supplied. But ab- 
stract scientific study must give way to practice ; as soon as a 
man allows the problems of morphology and phylogeny to 
distract his attention, he will become less careful of his prac- 
tical experiments, and they will end in disappointment. The 
Scotch Fishery Board has made an excellent beginning in its 
trawling experiments ; in a short time it may be hoped that its 
staff will be engaged in numerous other experiments on the pro- 
tection and production of fishes, Crustacea, and inolliisks, to 
which many of the observations published in the Seventh Report 
are hut the preliminary. G. C. B. 


THE FIXATION OF FREE NITROGEN} 

TN a paper communicated to the Royal Society in 1887-88 

^ (Phil. Trans., 1889), the authors di^cussed the history and 
^yresent position of the question of the sources of the nitrogen of 
vegetation. The earlier results obtained at Rothamsted, as well 
as those of Boussingault, under conditions in which the action 
both of electricity and of microbes was excluded, led the authors 
to conclude that the higher chlorophyllous plants have not the 
power of taking up elementary nitrogen by means of their leaves, 
or otherwise. The conclusions arrived at were, that atmo- 
spheric nitrogen is not a source of nitrogen in the case of 
gramineous, cruciferous, chenopodiaceous, or solancous crops, but 
with regard to the Leguminosa'. it was admitted that there was 
not .sufficient evidence to account for the 'whole of the nitrogen 
taken up. Of the recent researches hearing on the subject, those 
of Hcllriegel and Wilfarth, first published in 1886, weic con- 
sidered the mo.st striking and conclusive. 

In 1883, Hellriegel grew plants of various families in washed 
sand containing the necessary ash constituents but no nitrogen ; 
in one series nothing further was given, whilst to others varying 
known amounts of sodium nitrate were added. The gramineous 
and some other plants of the first series were all limited in 
growth l)y the amount of nitrogen contained in the seed, and in 
the other series the growth was largely proportional to the 
amount of nitrogen which was applied. On the other hand, 
whilst most of the peas of the series to which no nitrogen was 
added failed after a short lime, some would develop luxuriantly ; 
and it was found that the roots of the plants of limited growth 
were free from nodules, and that there was abundant nodule for- 
mation on the roots of the well-developed plants. These results 
led Hellriegel to make further experiments, the results of which 
showed that leguminous plants will not develop to any extent in 
sterilized sand free from nitrogen ; whilst in the case of peas, 
vetches, and some other Papilionacecp^ the addition of a small 
quantity of soil extract containing an immaterial amount of 
nitrogen, causes the plants to grow luxuriantly. A soil extract, 
prepared from an ordinary soil, which produces such striking 
results with the plants just mentioned has no effect with lupins. 
The same result is, however, readily obtained with lupins by the 
application of a soil extract from a sandy soil in which lupins 
have been growing. With clover less definite results were ob- 
tained for some time, but more recently it has been observed 
that whilst the extracts from other soils produce little or no 
effect on clover, an extract from a root-crop soil brought about j 

considerable nitrogen fixation ; but the result was less marked 
than with the other leguminous plants. In all cases the nitrogen * 
assimilation was accompanied by nodule formation on the roots. 
Sterilized soil extracts were entirely without effect. 

* ** New Experiments on the Question of the Fixation of Free Nitroj^en 
(Preliminary Notice)/' by Sir J. B. Lawes, Bart., LL.U., F.R.S., and ProC 
J. H. Gilbsrt, LL.D., F.R.S. (Proc. Roy. Soc., xlv.i. 85). | 


As stated in a postscript to the paper in the Phil. Trans, 
already referred to, a preliminary series of pot experiments on 
similar lines to Hellriegel's was commenced at Rothamsted in 
1888. aThe plants selected were peas, blue lupins, and yellow 
lupins. They were grown in washed sand containing a small 
amount (0*0027 per cent.) of nitrogen and the necessary ash 
constituents ; whilst for comparison all the plants were grown in 
a rich garden soil, and the lupins in a special lupin soil as well. 
As more normal and satisfactory growth was obtained with peas, 
only the results relating to these will be discussed here. The 
lupins, which are admittedly difficult to manage under the 
artificial conditions which must, more of less, prevail in experi- 
ments of this kind, gave no very definite indications in the first 
year’s experiments, although, in 1889, the most striking of the 
results were those obtained with yellow lupins. Of the peas 
grown in sand, No. i had nothing further added, w^hilst to Nos. 
2 and 3 an extract from the garden soil was added. All the peas 
germinated and grew well, but about five or six weeks after 
sowing, the plants of the pots seeded with soil organisms began 
to acquire a darker colour than those of the pot which was not 
so seeded, and from this lime the plants gained both in leaf 
surface, and in number of leaflets, and maintained a brighter 
green colour. At the conclusion of the experiments it was found 
that the roots of the plants in the unseeded pot had many 
nodules ; the roots of tne plants of the seeded ^'ots had many 
more and much larger nodules than those of the unsceded •pot. 
That these had nodules at all is to be attributed to the impurity 
and ^on-sterilization of the sand. The root, t 03 , was much more 
distributed through the whole of the sand which was seeded 
than through the sand which was not seeded. The roots of the 
plants grown in garden soil were very much developed, but 
showed comparatively few nodules, which were, moreover, 
smaller than those of the other pots. Owing to the lateness of 
the season none of the plants flowered. 

With regard to the above ground growth at the end of the 
experiment, there was more vegetable substance produced in the 
pots seeded with soil organisms than in the unseefled pot ; and 
this increased growth was without doubt connected with the 
development of the root nodules and their contents. But the 
greatest gain was in the total nitrogen. In fact, whilst the 
amount of dry produce in the seeded pots was less than one-fifth 
more than that of the unseeded pot, there was about twice as 
much nitrogen in the above ground growth of the seeded, as in 
that of the unseeded pot. In the case of the garden soil there 
was more growth, more dry substance, and more nitrogen than 
in any of the others. In all three pots with sand, the amount of 
nitrogen in the produce, and in the sand, at the end of the ex- 
periment was far greater than that of the seed sown, and the sand, 
at the commencement. In each case the amount of nitrogen in the 
sand remained practically unchanged, the gain, therefore, being 
in the plants. The same may be said of the garden soil, but 
with some reserve, owing to the great difficulty, to say the least, 
of detecting slight changes in the amount of nitrogen in a large 
bulk of rich soil. There is, at least, no evidence to show that 
either the sand or the garden soil have taken up nitrogen on 
their own acc ent, independently of the plant. 

In order to show clearly that the gain of nitrogen is far beyond 
the limits of experimental error, it will be well to give some 
numerical results showing the actual amounts which had to be 
dealt with. I-eaving out of account the difference in the amount 
of nitrogen of the seeds sown in ej»ch pot —the exact amounts are 
recorded in the paper— and the slight difference in the initial and 
final amounts of nitrogen in the sand, the results will be as 
follows In the 9 pounds of sand which each pot contained 
there was nearly gram of nitrogen. The three seeds sown in 
each pot contained nearly 0*03 gram of nitrogen. At the^ con- 
clusion of the experiment the vegetable ‘produce contained : 
pot I, 0*28 ; pot 2, o’S4 ; pot 3, 0*44 gram of nitrogen ; which, 
after deducting^Jhe nitrogen of the seed sown, corresponds with 
a gain of 0*25, o’SG and 0*41 gram of nitrogen. 

The experiments in the second season, 1889, included the 
following leguminous plants : peas, red clover, vetches, blue 
lupins, yellow lupins, and lucerne. The sand used this lirne was 
a coarse, white sand which was well washed and also sufficiently, 
if not absolutely, sterilized by heating for some days aU nearly 
100® C. The necessary ash constituents, mixed with an equal 
weight of calcium carTOiiate, were added to each pot. There 
were four pots to each series. No. I contained the prepared 
sand with nothing further added. Nos. 2 and 3 the same sand 
to which a soil extract was added — prepared from a good garden- 
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soil in the case of all the plants except the lupins, nnd for these 
from a special sandy soil from a field in which lupins were grow- 
ing;. No. 4 garden soil, or, for the lupins, the special lupin soil. 
With regard to the peas and vetches of the pots not seeded with 
soil extract, the growth was extremely limited, and the corour of 
the leaves pale green ; in the second and third pots of the two 
series there was luxuriant growth, the plants being taller even 
than those grown in garden soil. On the other hand, the garden 
soil plants were more vigorous and produced flower and s^ed. An 
examination of the roots of the plants showed an entire absence 
of nodule formation on those of the pots where no soil extract 
was given, whilst on the roots of the other plants there was, 
coincidently with the increased growth, an abundance of nodules. 
As in the experiments of r888, th^e amount of nodules on the roots 
of the plants grown in garden soil was less than in the sand 
treated with soil extract. 

Still more striking were the results obtained with yellow lupins. 
Whilst the plants of pot i (without soil extract) barely appeared 
above the rim of the pot, those of pots 2 and 3 (with soil extract) 
were large branched plants, the largest being 2 feet high — larger 
even than those grown in the lupin soil. Moreover, unlike the 
peas and vetches, the yellow lupins grown in sand seeded with 
soil organisms, flowered and seeded freely. The superiority of 
these plants over those grown in the lupin sandy soil may be due 
to the fact that the lupin soil was much less porous than the 
sand, especially When watered, and perhaps on this account less 
adapted for favourable growth. The roots of the plants without 
soil extract seeding were of very limited development and quite 
free from nodules. In pots 2 and 3, with soil extract seeding, the 
root development was very great, and the roots showed several 
large swellings ; the ends of the roots were thickly covered with 
root-hairs, probably indicating an effort to acquire wa^r and 
mineral nutriment in quantity commensurate with the large 
amount of nitrogen fixed, and so rendered available to the plant. 
In the garden soil the root development and nodule formation 
were much less. 

The blue lupins again failed, with the exception of one plant 
in one pot. The red clover and lucerne are left for further 
growth. In pot i (unseeded) of the lucerne the plants do 
not appear to have grown at all since a few weeks after the 
seeds were sown, and for a long time there seemed to be no 
increased growth in pots 2 and 3, which were seeded with 
garden soil extract. Pot 2 had, therefore, a fresh quantity of 
soil extract — this time from a soil where lucerne was growing — 
added ; this also seemed for some time to have no effect, but 
subsequently there was some increased depth of colour and some 
increased growth. Pot 3 was watered with a dilute solution of 
calcium nitrate, which soon produced a very marked and bene- 
ficial effect. With regard to the red clover, the results are, as 
yet, uncertain ; both in the pots to which soil extract was added, 
and in that which had no soil extract, there is much more growth 
than is believed can be accounted for by nitrogen in the seed 
sown. The glass house in which the experiments are made 
stands in the middle of allotment gardens where vegetables of 
all kinds are grown, and this fact, viewed in the light of Hell- 
riegcl and Wilfarth's more recent results, already referred to — 
according to which the best results with clover are obtained by 
seeding with organisms from a root- crop soil — points to a pos- 
sible acquisition of organisms from the air as the most probable 
explanation. 

Attention is drawn to the widely different external appear- 
ance of the tubercles of the different plants. In the case of 
peas, they occurred generally as agglomerations ; on the roots 
of vetches the nodules were generally single. Lupins seem to 
have two kinds of tubercular development, the most prevalent 
being “swellings " which entirely encase the thick roots ; the 
“ nodules” arc generally small, and are distributed on the root- 
fibres. The lucerne nodules are, again, quite different in form 
from any of those already mentioned, being long, and generally 
divided or branched. • 

Returning to the main object of the investigation, the results 
confirm those of Hellri^el and Wilfarth, in showing the fixa- 
tion of free nitrogen unoer the influence of microbc'seeding of 
the soil, and the resulting nodule formation on the roots in the 
case of the leguminous plant. 

It appears that, concurrently with the experiments mide at 
Rothamsted, M. Bn^ali of the Museum d^Histoire Naturelle of 
rParis, has made various experiments instigated by the results 
•of liellriegel and Wilfarth, and his results also confirm those of 
fftellriegel. , 

Hellriegel agrees with the authors that the Legununosa utilise 


soil nitrogen. lie considers that the soil would be drawn upon 
first, and that this source is supplemented by the elementary ’' 
nitrogen of the air, brought into combination by means of the 
organisms ; he also considers that there would be more or less 
fixation even with a soil rich in nitrogen. On the other hand, 
Vines found the formation of tubercles, and presumably also the 
fixation of free nitrogen, is much reduced, or even stopped alto- 
gether, by the application of much nitrate to the soil ; and the 
Rothamsted experiments indicate, that with a rich garden soil 
there are far fewer nodules formed, than with a sand contain- 
ing but little nitrogen, and seeded with soil organisms. If 
subsequent experiments should show this to be the case, the 
amount of nitrogen of a crop, derived from the air, and the 
amount derived from a soil, would vary very much according to 
circumstances ; fixation would take place most freely in the case 
of a sandy, or poor and porous soil, and less in a richer soil. 

Upon the whole, it is considered that the evidence at com- 
mand points to the conclusion that, in the case of most, if not 
all our leguminous crops, more or less of their nitrogen will be 
due to fixation under the conditions supposed. 

Regarding the mode in which the organisms, which, in sym- 
biosis with the higher plants, bring about the fixation, although 
Marshall Ward, Prazmowski, and Beyerinck have already con- 
tributed interesting results as to the mode of life of these bodies, 
much has yet to be learnt on the subject before an adequate 
explanation of the phenomena involved can be given. The 
authors suggest the following alternatives : — “(i) That, some- 
how or other, the plant itself is enabled, under the conditions 
of symbiotic life, to fix free nitrogen of the atmosphere by its 
leaves — a supposition in favour of which there seems to be no 
evidence whatever. (2) That the parasite utilizes and fixes free 
nitrogen, and that the nitrogenous compounds formed are taken 
up by the host. On such a supposition, the actually ascertained 
large gain of nitrogen by the leguminous plant growing in a 
nitr.»gen-free, but properly infecte<l soil, becomes intelligible.” 

In their former paper (4>r. aV. ) the authors had stated 
all the evidence that had been acquired in lines of inquiry pic- 
viously followed had failed to solve conclusively the cpiestion of 
the sources of the whole of the nitrogen of the I.tgntninosic^ 
and that hence it should not excite surprise that new light should 
come from a new line of Inquiry. 

The question suggests itself, whether such, or allied agency, 
comes into play in the nitrogen assimilation of leguminous plants 
generally, or that of other than the agricultural representatives 
of the non- leguminous families to which we owe such plants, or 
of those of the numerous and varied other families of the veget- 
able kingdom. 

“ It is true that the families which contribute staple agricul- 
tural plants are but few, and that the agricultural representatives 
of those families are also comparatively few. The families so 
contributing are, however, among the most important and widely 
distributed in the vegetable kingdom ; as also are some of the 
plants they contribute. As prominent examples may be men- 
tioned the Graminecc, affording the cereal grains, a large pro- 
portion of the mixed herbage of grass-land, and other products ; 
also the Leguminostt^ yielding pulse-crops, many useful herbage 
plants, and numerous other products. As we have said, there 
docs not seem to be an unsolved problem as to the sources of 
the nitrogen of other of our agricultural plants than those 
of the leguminous family. Obviously, however, it would be 
unsafe to generalize in regard to individual families as a whole, 
from results relating to a limited number of examples supplied 
by their agricultural representatives alone. Still, there is nothing 
in the evidence at present at command to point to the supposi- 
tion that there is any fundamental difference in the source of 
the nitrogen of different members of the same family, such as is 
clearly indicated between the representatives of the leguminous, 
and of the other families, supplying staple agricultural products. 
On the other hand, existing evidence does not afford any means 
of judging whether or not similar, or allied agencies to those 
now under consideration, or even quite different ones, may come 
into play in the nitrogen assimilation of other families which 
contribute such a vast variety of vegetation to the earth's 
surface.” N. II. J. M. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — At the meeting, of the Philosophical Society, 
on Monday, May 12, at 4.30 p.m., the following papers are 
promised : — 
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Mr. Langley, effect of nicotin on the nervous system of the 
^fresh-water crayfish. 

Mr. Shipley, on a new species of Phymosoma, with some 
a ccount of the geographical distribution of the genus. 

Mr. Adami, on the action of the papillary muscles of the 
heart. 

Mr. I farmer, exhibition of specimens of a Land-Planarian 
{Khynchodemus ierrestrisy O. F. Muller) found in Cambridge. 


SCIENTIFIC SERIALS. 

Tjie American Aleteorolo^cal Journal for March contains the 
^ conclusion of M. Faye’s articles on the theory of storms, based 
on Red field’s laws. The author maintains that cyclones are 
descending whirls with a vertical axis, that they originate in 
the upper currents of the atmosphere, and follow the course of 
these currents. He considers it very desirable that two different 
modes of drawing charts should be adopted, to distinguish 
between cyclones ami .statical depressions to which, in his 
opinion, the laws of storms do not in any way apply. — Prof. 
H. A. I lazen contributes an article on the spectre of the Brocken, 
and gives a summary of various exjdanations of the phenomenon. 
He gives the results of his observations upon a similar shadow 
seen upon Mount Washington. This number also contains an 
extract from a paper by Dr. Schenck on the climatic treatment 
of pulmonary consumption ; the advantage.^ of New Mexico, 
especially, are pointed out. 

In the number of the Journal for April, M. Faye com- 
mences a scries of articles on trombes and tornadoes ; he 
deals principally in this number with the theories of various 
writers and with descriptions of the phenomenon. — Mr. A, H. 
Dutton analyses the law.s laid down by Padre Vines relative 
to the normal points of recurvalure of West India hurricanes, 
^The result of his inquiry is that less than 14 per cent, of 
the tropical storms o‘ieyed the laws. — Mr. A. L. Rotch 
summarizes the proceedings of the International Hydrological 
Congress held at Paris in October last. The next Congress is 
to be held in Rome in 1892. 

Department of A^^riculturc^ RuUctin No. 4, July 1889 (by | 
authority, (tovernment Printing Office, Melbourne) — This | 
Report embodies the results of State-aided .scientific effort which j 
is intended to benefit agriculture, as we sincerely trust it will, j 
The contents are miscellaneous, although all have direct bearing | 
on the theory and practice of agriculture. Reports on horse- 
breeding, the needs of plants, irrigation, liquorice, yields of | 
milk, vineyards, fruit-culture, Danish dairying, &c., yield a 
varied diet for the omnivorous reader, and will be of special , 
service to Australian cultivators. We plead guilty to a feeling | 
in connection with the perusal of such Bulletins as this, that the 
work is official, and lacks spontaneity. There is, notwithstand- 
ing, much that is valuable. Take, for example, the raisin industry 
(p. 91). Here we find described the conditions for successful j 
growth, varieties, cultivation, and drying. What can be more 
useful to a colonist up country than to possess trustworthy informa- 1 
tion in detail on such a subject? If he is engaged in the wider 
pursuits of horse or cattle ranching, he will find subject-matter — ^ 
addresses of breeders, names of sires, and other information of ; 
solid value. The Bulletin will also be of interest to the in- | 
creasing class of owners of land in Australia who reside in , 
England, as well as to young men who are thinking of making ' 
AustrrJia their home. Anyone writing for this class of in- 
formation should secure the previous numbers and also the future 
issues, and these he would probably be able to obtain free of 
charge by application at the offices of the Agricultural Depart- 
ment at Melbourne, or in London, at the Australian Colonial 
Offices in Victoria Street. 


SOCIETIES AND ACADEMIES, 

, London. 

Royal Society, March 27. — “ Measurements of the Amount 
of Oil necessary in order to check the Motions of Camphor 
upon Water.” By Lord Rayleigh, Sec. R.S. 

^ The motion upon the surface of water of small camphor 
scrapings, a phenomenon which had puzzled several generations 
of inquirers, was satisfactqrily explained by Van der Mens- 
brug^e (Aflmoiret Couronnh (4to^ of the Belgian Academy, 
vol; xxxiv., 1869), as due to the diminished surface-tension of 
water impregnated with that body. In order that the rotations 
^may be* lively, it is imperative, as was well shown by Mr. 


Tomlinson, that the utmost cleanliness be observed. It is ». 
good plan to submit the internal surface of the vessel to a pre- 
liminary treatment with strong sulphuric acid. A touch of the 
finger^ is usually sufficient to arrest the movements by com- 
I nninicaling to the surface of the water a film of grease. When 
I the surface-tension is thus lowered, the differences due to varying 
degrees of dissolved camphor are no longer sufficient to produce 
the effect. 

It is evident at once that the quantity of grease required is 
excessively small, so small that under the ordinary conditions 
of experiment it would seem likely to elude our methods of 
! measurement. In view, however, ofHhe great interest which 
I attaches to the determination of molecular magnitudes, the 
i matter seemed well worthy of investigation ; and I have found 
I that by sufficiently increasing the water surface the quantities of 
! grease required may be brought easily within the scope of a 
i sensitive balance. 

: In the present experiments the only grease tried is olive oil. 

j It is desirable that the material which is to be spread out into 
so thin a film should be insoluble, in volatile, and not re^ily 
j oxidized, requirements which greatly limit the choice. 

Passing over some preliminary trials, I will now describe the 
! procedure by which the density of the oil film necessary for the 
' purpose was determined. The water was contained in a sponge- 
I bath of extra size, and was supplied to a small depth by means 
I of an india-rubber pipe in connection with the tap. The 
' diameter of the circular surface thus obtained was 84 cm. (33")' 

' A short length of fine platinum wire, conveniently shaped, held 
1 the •oil. After each operation it was cleaned by heating to 
redness, and counterpoised in the balance. A small quantity of 
oil was then communicated, and determined by the difference of 
readings. Two releasements of the beam were tried in each 
condition of the wire, and the deduced weights of oil appeared 
usually to be accurate to milligram at least. When all is 
; ready, camphor scrapings are deposited upon the water at two or 
! three places widely removed from one another, and enter at once 
I into vigorous movement. At this stage the oiled extremity of 
the wire is brought cautiously down so as to touch the water. 
The oil film advances rapidly across the surface, pushing before 
it any dust or camphor fragments which it may encounter. The 
surface of the liquid is then brought into contact with all those 
parts of the wire upon which oil may be present, so as to ensure 
the thorough removal of tbc latter. In two or three cases it was 
verified by trial that the residual oil was incompetent to stop 
camphor motions upon a surface including only a few square 
inches. 

The manner in which the results are exhibited will be best 
explained by giving the details of the calculation for a single case, 
e.g. the second of December 17. Here 0 81 milligram of oil 
was found to be nearly enough to slop the movements. The 
volume of oil in cubic centimetres is deduced by dividing o *00081 
^by the sp. gr., viz. 0*9. The surface over which this volume of 
oil is spread is 

in X 84'^ square centimetres ; 

so that the thickness of the oil film, calculated as if its density 
were the same as in more normal states of aggregation, is 

o*ooo8i i*6i 

— •' cm., 

0*9 X iir X 84-* lO' 

or 1*63 micro-millimetres. Other results, obtained as will be 
seen at considerable intervals of time, are collected in the table. 


A Sample of Oil^ somnvhat decolorized b)f exposure. 


Date. 

>^iabt of 
oil. 

'Calculated 

thickness 

Efiect upon camphor fragments. 


of film. 


December 17 ... 

Mg. 

0‘40 

o‘8i 

No distinct effect. 

January 11 

0*52 

I ’06 

Barely perceptible. 

,, 14 

0-65 

13 * 

Not quite enough. 

December 20 .. 

078 

158 

Nearly enough. 

^miary ii 

078 

158 

Just enough. 

December 17 ... 

0'8i 

1*63 

Just about enough. 

M 18 ... 

0-83 

1-68 

Nearly enough. . 

January 22 

0*84 

170 

About enou^. 

December 18 ... 

095 

1*92 

Just enough. 

„ 17.,. 

0*99 

2‘00 

All movements very nearly 



stopped. 

„ 20... 

r3* 

2'6s 



Fully enough. 

i 
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A Fresh Sample. 


January 28 

063 

1 

I '28 

r* 

Barely perceptiblc4 

„ 28 ... 

I *06 

214 1 

i 

Just enough. 


For convenience of comparison they arc arranged, not in order 
of date, but in order of densities of film. 

The sharpest test of the quantity of oil appeared to occur 
when the motions were nearly, but not quite, stopped. There 
may be some little uncertainty as to the precise standard indi- 
cated by ‘‘nearly enough,*’ and it may have varied slightly upon 
different occasions. But the results are quite distinct, and under 
the circumstances very accordant. The thickness of oil required 
to take the life out of the camphor movements lies between one 
and two niillionths of a millimetre, and may be estimated with 
some precision at I *6 micro-millimetre. Preliminary results from 
a water surface of less area are quite in harmony. 

Vor purposes of comparison it will be interesting to note that 
the thickness of the black parts of soap films was found by 
Messrs. Reinold and Rucker to be 12 micro*millimetres. 

An important question presents itself as to how far these water 
surfaces may be supposed to have been clean to begin with, I 
believe that all ordinary water surfaces arc sensibly contamin- 
ated ; but the agreement of the results in the table seems to 
render it probable that the initial film was not comparable with 
that purposely contributed. Indeed, the difficulties of the 
experiments proved to be less than had been expected. Even 
a twenty-four hours' exposure to the air of the laboratory ' does 
not usually render a water surface unfit to exhibit the camphor 
movements. 

The thickness of the oil films here investigated is, of course, 
much below the range of the forces of cohesion ; and thus the 
tension of the oily surface may l)e expected to differ from that 
due to a complete film, and obtained by addition of the tensions 
of a water-oil surface and of an oil -air surface. The precise 
determination of the tension of oily surfaces is not an easy 
matter. A capillary tube is hardly available, as there would be 
no security that the degree of contamination within the tube was 
the same as outside. Better results may be obtained from the 
rise of liquid between two parallel plates. Two such plates of 
glass, separated at the corners by thin sheet metal, and pressed 
together near the centre, dipped into the bath. In one experi- 
ment of this kind the height of the water when clean was 
measured by 62. When a small quantity of oil, about sufficient 
to stop the camphor motions, was communicated to the surface 
of the water, it spread also over the surface included between 
the plates, and the height was depressed to 48. Further 
additions of oil, even in considerable quantity, only depressed 
the level to 38. 

The effect of a small quantity of oleate of soda is much 
greater. By this agent the height was depressed to 24, which 
shows that the tension of a surface of soapy water is much less 
than the combined tensions of a water-oil and of an oil-air sur- 
face. According to Quincke, these latter tensions are respec- 
tively 2-1 and 3-8, giving by addition, 5*9 ; that of a water-air 
surface being 8*3. When soapy water is substituted for clean, 
the last number certainly falls 10 less than half its value, and 
therefore much below 5 ‘9. 


April 24.— “On a Pneumatic Analogue of the Wheatstone 
Bridge.” By W. N. Shaw, M.A., Lecturer in Physics in the 
University of Cambridge. Communicated by Lord Rayleigh, 
•bee. R. S. p, 

When fluid flows steadily through an orifice in a thin plate, 
the relation l^tween the rate of flow, V, measured in units of 
V dume of fluid per .second, and the head H (the work done on 
unit mass of the fluid during its passage) may be expressed by 
the equation r / 

H = RV», 


where is a constant depending upon the area of the orifice. 
If the head be measured in gravitation units, R is equal to 
il2qh*a\ where ^ is the acceleration of gravity, a the area of the 
orifice, and h the coefficient of contraction of the vein of fluid, a 
factor which is independent of the rate of flow. 

Measurements made upon the flow of air in order to determine i 
the coefficient of contraction have been hitherto such as may be * 


* In the country. 


termed “ absolute ” ; that is to say, the head and the flow havb 
each been separately expressed in absolute measure and the value 
of R determined by taking the ratio of the head to the square of 
the flow. This process is exactly analogous to measuring the 
electrical resistance of a wire by finding the electromotive force 
between its ends and the current which flows along it. 

M. Murgue, in a work on “The Theory and Practice of Cen- 
trifugal Ventilating Machines” (translated by A. L. Steavenson), 
has shown that the internal resistance of a centrifugal fan to the 
flow of air through it can be calculated from the eflects produced 
on the flow by varying the size of a second orifice through which 
the air had to pass. This process is evidently parallel to calcu- 
lating the internal resistance of a battery by finding the effeeb 
produced upon the current by varying the external resistance. 
The further development of the analogy seems to afford a “null 
method of comparing resistances to the motion of air, and 
of verifying the laws of flow, and one which requires only a 
detector and not an anemometer, and is independent of the 
constancy of the flow. Whether it could be used practically to 
test the laws of flow and measure the pneumatic constants for 
various orifices to a higher degree of accuracy than has hitherto 
been attained, evidently depends upon the sensitiveness of the 
arrangement. In order to try this, the author constructed what 
may be called a pneumatic analogue of the Wheatstone Bridge. 
It consists of three wooden rectangular boxes, A, Bj, B.^. 
The ends of B^ and B.^ abut against the side of A ; between 
B| and A is a rectangular opening, i in. x ^ in., in a card- 
board diaphragm ; between Bjj and A a rectangular opening, 

I in. X I in., in a similar diaphragm. In the side of Bj at is 
an adjustable slit, made by cardboard shutters sliding in card- 
board grooves, and at m the side of Bg, opposite to is a 
similar adjustable slit. The tube connecting Bj and IL, or 
“galvanometer ” tube, is a straight tube of glass, G, of aboiH 
I 'I Inch internal diameter. It can be closed at one end by a 
small trap-door in the interior of the box which can be 
opened and shut by a steel wire passing through a cork in 
the top of Bj, The sensitiveness of the apparatus depends upon 
the indicator employed. There are many indicators that might 
be suggested ; the one tried and found to work well consists of 
two very small parallel magnetized sewing needles, stuck through 
a cap of elder-pith, supported on a small agate compass centre ; 
the needles carry very light mica vanes on one side of the centre, 
counterpoised by a small quantity of platinum wire. The whole 
is balanced on the point of the finest needle obtainable, and 
forms a very delicate wind vane. The needles lake up a 
definite position of equilibrium with the planes of the vanes 
approximately north and south. The apparatus being so placed 
that the tube, G, is east and west, the vanes always set across 
the tube when there is no current. The needle-points enable 
the position of equilibrium to be clearly identified by the aid of 
a fiducial mark < n the glass tube. The sensitiveness can be 
altered as desired by an external control magnet, just as that of 
a galvanometer needle can be. The little compass needle or 
wind vane, M, is very sensitive to the motion of air in the tube. 

The head is produced by a gas-burner in a metal chimney 
fitted to the lid of the box A. 

Of the four apertures of the bridge, two, viz. 
inaccessible without pulling the arrangement to pieces ; they 
represent areas of i sq. in. and i sq. in. respectively, as 
accurately as a knife can cut them in cardboard. 

The other two areas, viz, and ^3, are made by sliding 
shutters, as already mentioned. The edges were cut with a knife, 
and they probably are only rough approximations to areas in a 
truly thin plate. 

If the coefficient of contraction may be assumed to be in- 
dependent of the shape of the orifice, wc get the condition for 
no flow through the “galvanometer ” tube 

a/ 

where the a’s represent the actual measured areas of the four 
orifices. 

Observations have been taken with the apparatus — 

(1) To verify the law of proportionality of areas, viz. 

a, 

(2) To verify the inference that the condition of no flow is 
independent of the total head. 
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(3) To compare a circular with a rectangular aperture. 

The observations are sufficient to show that the width of the 
adjustable slit when the.e is no flow is a perfectly definite mag- 
nitude, and that a properly constructed apparatus is capable of 
making measurements of the effective areas of orifices with a 
very considerable degree of precision. 

‘‘On the Effect of Tension upon Magnetic Changes of 
Length in Wires of Iron, Nickel, and Cobalt.” By Shelford 
Bid well, M.A., F.R.S. 

The iron used in these experiments was a piece of soft annealed 
wire, 07 mm. in diameter and 10 cm. in length between the 
^ clamps. The weights successively attached to it were equivalent 
to 1950, 1600, 1170, 819, 585, and 351 kilos, per square cm. of 
section. 

The nickel v^ire was 100 mm. lon^, and 0*65 mm. in diameter. 
The loads under which it w^as examined were 2310, 1890, 1400, 
980, 700, and 420 kilos, per sq. cm. 

The cobalt used was a narrow strip measuring 100 mm. by 2*6 
mm. by 07 mm., its cross section being, therefore, 1*82 sq. mm. 

It was not possible to obtain this metal in the form of a wire. 
The loads employed for the strip were equivalent to 772, 344, 
and 75 kilos, per sq. cm. 

In all the experiments the loads were successively applied in 
tlccrcasing order of magnitude, and before every single observa- 
tion the wire or strip was demagnetized by reversals, without, of 
course, being removed from the coil. The magnetizing force j 
w as carried up to about 375 C.G.S. units for iron and nickel, I 
and 50J units for cobalt. ' 

The results are given in several tables and curves, and point 
to the following conclusions : — I 

Iron . — Tension diminishes the magnetic elongation of iron, | 
and causes contraction to take place with a .smaller magnetizing 1 
force. 

Nickel , — In weak fields the magnetic contraction of nickel is 
diminished by tension. In fields of more than 140 or 150 units, 
the magnetic contraction is increased by tensional stress up to a 
certain critical value, depending upon the strength of the field, 
and diminished by greater tension. 

Cobalt , — The magnetic contraction of cobalt is (for magnetic 
fields up to 500 (l.C.S. unit.s and loads up to 772 kilos, per 
.sq. cm.) practically unaffected by tension. 

Chemical Society, April 3. — Dr. Hugo Muller, F.R S., 
Vice-President, in the chair. — The followin'^ papers were read : — 
Note on the hydrosulphides, by Messrs. S. E. Linder and H. 
Picton. The authors find that freshly-precipitated metallic 
sulphides almost alvvays contain hydrogen sulphide, that they 
are, in fact, hydrosulphides or remnants of hydrosulphides, and 
that if, instead of adopting the usual plan of passing gas through 
the solution, the metallic salt be allowed to run slowly into a 
solution of hydrogen sulphide in water in the absence of too 
large an excess of acid, a solution of the hydrosulphide is ob- 
tained which can be freed from dissolved hydrogen sulphide by | 
the current of hydrogen. The copper hvdrosulphide, yCuSjHjS, 
and tpercury hydrosulphide, 3iHgS, H«S, are described in the 
paper. — Researches on the germination of some of the Graminea^ 
Part I., by H. T. Brown, F.R.S., and Dr. G. H. Morris. This 
investigation was undertaken with the view of throwing some 
light on the complex metabolic processes which takeplaci in the ^ 
germination of seeds. The authors, during the progress of the j 
inquiry, have examined and experimented with the sc^s of a j 
great number of the grasses, but this, the first part of their paper, | 
is confined almost entirelv to a consideration of the changes | 
which take place in barley during the earlier periods of its 
growth. In recording the visible changes which occur in the 
seed during germinationf it is shown that a disintegration and 
dissolution of the cell-walls of the endosperm always precede 
any attack upon the cell-contents. This breaking down of the 
cell-wall is shown in a subsequent portion of the pai>er to depend 
till the production during germination of a special cellulose- 
'ilissolving or “ cyto-hydroly tic ” enzyme, which, like diastase, is 
soluble. The action of this enzyme on the cell wads of some 
kinds of vegetable parenchyma is very energetic. The physio- 
logical importance of this cyto-hydrolyst is very great, for, owing 
to the non-diffusible nature of the aroylo-hydrolytic enzyme — 
diastase — the previous breaking down of the cell- wall is a neces* 
.sary prelude to the dissolution of the contained starch-granules. 
The authors show that the appearance of the cyto- and amylo- 
hydrolysts is due to a specialized secretory function of the layer 
of columnar epithelium which coven the outer surface of the 


scutellum. It has hitherto been considered that the function of 
this epithelium was exclusively that of an absorptive tissue : its 
absorptive as compared with its secretory functions are, however, 
of quit<^ secondary importance. The natural food material — 
starch — does not appear to have any special power of stimulating 
the cells of the epithelium to increased secretion of a diastase, 
but the flow both of diastase and of the cyto-hydrolytic enzyme 
from these cells is affected in a very remarkable degree by the 
presence of certain carbohydrates. Providing the carbohydrate 
IS one which is readily assimilable by the embryo, such as cane- 
sugar or maltose, secretion of ferment is qhecked or even entirely 
i inhibited. No such inhibitory action is, however, produced by 
I such substances as mannitol and milk-sugar, which are entirely 
I without nutritive value. The authors* experiments in this direc- 
tion point to the secretion of the amylo-hydrolytic and cyto- 
hydrolytic enzymes as being to some extent staf^t^ation phenometta. 
The power of secretion possessed by the epithelium is in some way 
or other so adapted to the requirements of the young plant as to 
be only exercised w'hen the supply of tissue-forming carl^n 
compounds begins to fail. The histological changes which take 
place in the cells of the epithelium during secretion are very 
similar to those which have been observed in certain secretory 
cells of the alimentary tract of animals, and in the secretory 
cells of some of the insectivorous plants. The authors confirm 
the important generalization of Sachs, that the relation of the 
embryo to the endosperm is that of parasite to host, and they 
have availed themselves of this relation by cultivating the cm- 
bryoson suitable media after separating it from its endosperm. 
In this way they have obtained information with regard to the 
secretory powers of the embryo and the chemical modifications 
uf its absorbed nutriment which it would have been impossible 
to obtain by any other means. The results of cultivating excised 
embryos on various nutrient solutions, more especially of the 
carbohydrates, are recorded, and it is shown that, whilst cane- 
sugar, invert-sugar, dextrose, Isevulose, maltose, raffinose, galac- 
tose, and glycerol have all more or less nutrient value, milk-sugar 
and mannitol do not in any way contribute to the growth of 
tissue in the young plant. Of all the substances tried, cane- 
sugar has by far the greatest nutritive power. Maltose, although 
the natural food of the embryo when attached to its endosperm, 
is decidedly inferior in this respect to cane-sugar. This, at a 
later point in the paper, is shown to be due to the fact that 
maltose, directly it is absorbed by the growing embryo, becomes 
transformed into cane-sugar by the living cells, and in this form 
is passed from cell to cell. When cane-sugar is supplied ready 
formed to the young plantlet, there is manifestly a saving of 
energy to the living cell, which receives its nutriment in a form 
in which it is readily available for its requirements. An ex- 
amination of the sugars produced during germination, and their 
mode of distribution in the grain, have convinced the authors, 
that the transformed starch of the endosperm is absorbed by the 
Embryo in the form of maltose, and that the seat of production 
of the cane-sugar which all germinated grain contains is the 
tissues of the embryo itself. The authors are continuing their 
work upon the germination of the grasses, and are applying the 
methods described in this first part of their paper to an elucida- 
tion of the chemical changes which the other reserve materials^ 
especially the proteids, undergo in their passage from the endo- 
sperm, and of the agencies which are at work in bringing about 
these transformations. In the discussion which followed the 
reading of this paper. Prof. Marshall Ward, F.R.S., pointed 
out that in the seeds of the Graminea, CyperacM, and other 
families of plants, there is a peculiar layer of cells, from one to 
three or more dee^ surrounding the^ starchy endosperm, and 
distinguished from tne latter by containing no starch, but rela- 
tively large quantities of proteids : this layer belongs to the 
endosperm, but as the seed ripens, the cells store special pro- 
teids instead of the starch-grains which predominate in other 
endosperm cells. In the oat there is such a layer, one cell deep, 
and it has been shown that, during germination, the dissolution 
of the starch and the cell-walls of the starch-containing cells 
begins near the surface of this layer, which itself persists, ,and the 
cells of which t^e up food and undergo changes so like those of 
excreting cells that it was concluded that they excrete the 
diastatic enzyme. Prof. Ward further remarked that the ailthors’ 
suggestion tliat more than one enzyme may be excreted accord- 
ing to the nutrition of the cells, and their proof that a cellulose- 
dissolving enzyme exists in barley, are borne out by various recent 
researches, and by Wortmann’s observations on the behaviour of 
bacteria in a mixture of starch and proteids. Wortmann proved 
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that so long as the bacteria were fed with proteids they refused 
to excrete the diastatic enzyme which they produce in abundance 
when only carbohydrates are at their disposal. Prof. Green said 
that in the case of the date-stone his observations led i him to 
believe that the enzyme was independent of the endosperm, and 
that probably it was located in the epithelial layer. But in castor 
oil seeds not only the embryo but also the endosperm cells ap- 
peared to be possessed of vitality, the fatty matter of the latter 
undergoing change even when not subject to the action of the 
embryo ; probably the enzyme was present in the form of an 
enzymogen, as extracts of the seeds were rendered active by 
acids. Prof. Armstrong remarked that the authors had shown 
that in the plant maltose was converted into cane-sugar ; dextrose, 
according to their observations, did not undergo conversion into 
cane-sugar, but gave invert-sugar — that is to say, it became par- 
tially converted into laevulose, these constituents of cane-sugar 
being apparently incapable of interacting. It was known from 
Emil Fischer’s work that dextrose could be converted into laevu- 
los^, and that maltose was an etheric compound of the acetal 
type, formed from two molecules of dextrose, one of which acted 
as aldehyde, the other as alcohol ; it was conceivable that if the 
“dextrose residue ” in maltose underwent a change comparable 
with that which is involved in the conversion of dextrose into 
laevulose, a compound would be obtained which if not identical 
with cane-sugar would be convertible into it by hydration and 
subsequent dehydration. The authors had spoken of the maltose 
becoming incorporated with the protoplasm from which the 
cane-sugar was then elaborated ; perhaps the effect was con\- 
parable with that exercised by phenylhydrazine in effecting the 
conversion of dextrose into Isevulose through the agency of the 
osazone. Dr. Lauder Bruntonand Mr. 'rhiselton Dyer also to >k 
part in the discussion. — The formation of indene derivatives from 
dibrom-a-naphthol, by Prof. R. Meldola, F.R.S., and Mr, F. 
Hughes. — The action of hydrochloric acid on manganese di- 
oxide ; manganese tetrachloride, by Mr. II. M. Vernon. Con- 
trary to the statements of Pickering (Chera. Soc. Trans., 1879, 
^54), the author finds that the original priduot of the action of 
hydrochloric acid on manganese dioxide is manganese tetra- 
chloride, and that^t first no free chlorine is formed. 


April 17. — Dr. W. J. Russell, F.R.S., President, in the 
chair. — The following papers were read : — Phosphorous oxide, 
Part I, by Prof. T. K. Thorpe, F.R.S., and Mr. A. E. 
Tutton. The authors describe a method of making phos- 
phorous oxide by burning phosphorus in air. Pure phos- 
phorous oxide crystallizes in thin monoclinic prisms, melts at 
22®*5, solidifies at 21®, and boils unchanged in an atmosphere of 
nitrogen or carbon dioxide at 1 73®. When heated at 300®, it 
decomposes, and at 440® is wholly converted into phosphorus 
and phosphorus tetroxide : 4P40g = 6Pa04 -I- P4. Phosphorous 
oxide is readily acted on by light, and in bright sunshine its 
colour rapidly becomes yellow, and eventually dark red, the 
violet rays being most active in effecting the change. Its 
molecular weight, as determined by Hofmann’s and Raoult’s 
methods, corresponds^ with the formula ; phosphorous 

oxide, therefore, in this respect is analogous to arsenious and 
antimonious oxides. The thermal expansion of liquid phos- 
phorous oxide is expressed by the formula — 


V = I -h 0-0391377/ - 0 O31 1175/2 + 0-0338607 /» ; 

its relative density at the boiling-point is 1*6859, whence its 
molecular volume ^ 130*5 ; and its molecular refraction for A 
(\ = 7604) at 27®*4 is 60*5. Contrary to the usual statement of 
the text-books, cold water has very little action on ]>hosphorou5 
oxide : many days elapse before even a srpall quantity is dis- 
solved ; it then forms phosphorous acid. Hot water acts upon 
it with explosive violence, forming the red sub-oxide, phosphoric 
acid, and spontaneously inflammable phosphoretted hydrogen. 
Phosphorous oxide spontaneously oxidizes to phosphorus pent- 
oxide on exposure to air or to oxygen, and the process of oxida- 
tion is attended under diminished pressure by a faint luminous 
glow ; ozone is not formed as the oxidation proceeds. On gently 
warming the oxide in ox^^gen, the glow gradually increases in 
intensity until it passes into flame. In contact with ozone, 
phosphorous oxide glows at the ordinary temperature and 
pressure. Phosphorous oxide has a well-marked physiological 
effect, and it is not improbable that the action hitherto attributed 
to phosphorus, e^ecially as regards its influence on the glyco- 
^ genic functions of the liver and on tissue change, may be really 
due to this substance. The fumes from phosphorus consist 
laii^ely of phosphorous oxide, and the odour of the product 


obtained by drawing air over phosphorus without allowing it bs 
ignite is identical with that of the pure oxide ; it is, indeed, 
highly probable, as Schonbein long ago surmised, that phos- 
phorus vapour, as such, is odourless, and that the smell wlxich 
phosphorus ordinarily {)ossesses is a mixture of that of ozone and 
of phosphorous oxide. — The action of chlorine on water in the 
light, and the action of light on certain chlorine acids, by Prof. 
A. Pedler. As a general result of a number of experiments, it 
is found that, even in very strong tropical sunlight, water and 
chlorine interact to but a very slight extent when the proportion 
is about ICO Hj |0 : CIg ; when the ratio is about 150 IlgO : Clg 
action takes place to the extent of perhaps 50 per cent., and 
when more than 400 11.^0 : Clg, to about 80 per cent, of thc< 
theoretical. Chlorine water containing about 708 HgO : Clg when 
exposed to direct tropical sunlight decomposes practically 
entirely in the sen<e of the equation 2H.^O 4- 2CI2 = 4- 4HCI, 

an exceedingly small amount of chloric acid being formed ; but 
when exposed in a south aspect to strong diffused daylight, gives 
much less oxygen and a variable amount of hypochlorous 
or chloric acids, very little oxygen but an increased amount 
of hypochlorous or chloric acids being formed when it is 
exposed in a north aspect to moderate diffused daylight. Hypo- 
chlorous acid, on exposure to light in dilute solutions, yields 
both oxygen and chloric acid, the proportion of oxygen being 
larger, the greater the intensity of the light. Solutions of chloric 
acid undergo little or no change. The author concludes that 
the action of chlorine on water is in its first stage similar to that 
which it exercises on cold, dilute aqueous potash or soda, and 
in its second stage to that on more concentrated hot solutions of 
these alkalis. — Note on the explosion of hydrogen sulphide and 
of carbon bisulphide with air and oxygen, by the same. The 
author finds that when a mixture of hydrogen sulphide, air, and 
oxygen is exploded, a normal result is obtained, sulphur dioxide 
and water being formed. But when carbon bisulphide vapour 
is similarly treated, a not inconsiderable proportion of the nitro- 
gen of the air becomes oxidized, and sulphuric compounds are 
formed under the combined influence of the oxides of nitrogen 
and sulphur and of the moisture present. — The action of light 
on phosphorus, and on some of the properties of amorphous 
phosphorus, by the same. The author brings forward evidence 
to show that the term “amorphous phosphorus” is a distinct 
misnomer, and that, so far from the commercial amorphous 
phosphorus constituting a separate allotropic modification of the 
element, it is in reality the same substance as the form called 
rhombohedral or metallic phosphorus ; the very slight differences 
in character noticed between the substances in question being 
explained by the difference in the state of division and the 
slight variations conditioned by their mode of formation. The 
change of red into ordinary phosphorus does not take place 
below 358® ; above this the change takes place in vacuoy but 
exceedingly slawly, even at 445®. — The action of phosphoric 
anhydride on fatty acids, by Dr. F. S. Kipping. Ileptylic acid 
yields 25-33 cent, of dihexyl ketone when healed with 
phosphoric anhydride. 

Royal Microscopical Society, April i6. — Dr. C. T. 
Hudson, F.R.S., President, in the chair. — Mr. J. Mayall, Tun., 
called attention to a spiral ruling on glass, sent by Mr. P. Braham, 
of Bath, which had been produced in an ordinary lathe, the 
diamond point being adjusted on the slide rest ; also to a series 
of photomicrographs of diatoms, sent by Mr. T. Comber. 
These were of special Interest from the fact that they were pro- 
duced with sunlight, by which the maximum resolving power of 
the objective was obtained. — Mr. Mayall referred loan improved 
form of fine-adjustment, constructed and exhibited by Messrs. 
Powell and Lealand, in which the chief aim had been to construct 
a finc-adjastment which should combiite extreme sensitiveness 
of action with accuracy and probable durability beyond what 
bad previously been obtained. The essential feature was the 
application of what watchmakers would term a “jewelled move- 
ment.” The whole of the contact surfaces by which the fine- 
adjustment was actuated consisted of polished steel and agate, 
the intention being to redace the friction as much as was con- 
sistent with steauineaa of motion. The result attained was 
undoubtedly an improvement on the old system, though the cost . 
would probably limit the application to the few instruments re- 
quired for very special and difficult investigations in microscopy. 
For high-class pnotomicrographic work, or where preparations 
had to be retained under obs^ation for long periods of time, 
the new mechanism should be particularly useful, for the greater 
. solidity of the general construction clearly pointed to greater 
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{precision and increased stability. — Mr. Goodwin exhibited a form 
of eye-piece for the microscope which gave a large field with con- 
siderable magnifying power. — Mr. A. W. Bennett gave a rhumJ 
of a paper, by Mr. W, West, on the fresh-water Al/re of North 
Wales. The paper described a collection of fresh-water Algcc, 
chiefly diatoms and desrnids, made in various localities in North 
Wales and Anglesey, and it furnished what was beyond com- 
parison the richest list of desrnids which had ever been prepared 
in this country. — Prof. M. M. Hartog's paper, on the state in 
which water exists in live protoplasm, was read. — A paper 
descriptive of the method adopted by Mr. Halford in mounting 
the spermatozoa of the Salmonidse w»as read, and specimens in 
illustration were exhibited by the lantern. — Mr. E. M. Nelson 
Exhibited on the screen several slides showing under high powers 
( X *350) the ])ordered pits of Pintis and Tilia, He also ex- 
hibited a small series of slides to show the qualities of a new 
apochromatic i-in. objective with fluorite lenses and of 95 N.A., 
which had recently been made by Messrs. Powell and Lealand. 
— Mr. Mayall mentioned that the gathering which was to have 
taken place at Antwerp, in celebration of the 300th anniversary 
of the invention of the microscope, was unavoidably postponed 
until next year. 

Paris. 

Academy of Sciences, April 28. — M. ITennite, President, 
in the chair. — On a class of differential equations of which the 
general integral is uniform, by M. Emile Picard. — On the 
characteristic equation of nitrogen, by M. Sarrau. In previous 
communications the author pointed out that certain experiments 
with carbonic acid verified an equation analogous to those pro- 
posed by \‘an der Waals and Clausius to represent the relation 
])etween the pressure, the volume, and absolute temperature, 
T. The following is the equation — 

^ RT 

v-a (z; — )8)- ’ 

where R, a, K, and « are constants. A discussion of the ex- 
periments made by Regnault and by Amagat on nitrogen shows 
that its critical point may also be represented by this formula. — 
On the heats of formation and combustion of several nitrogenous 
bodies derived from albumcnoid matters, by MM. Berthelot and 
Andre. The bodies experimented upon are glycollamine or 
glyqocoll, alanine, leucine, tyrosine, asparagine, aspartic acid, 
and hippiiric acid. — Researches on the condensation of benzine 
and acetylene vapour under the action of the silent discharge, by 
M. P. Schutzenberger. The benzine condenses into a clear, 
yellow, resinous solid. Analyses of the liquid employed and of 
the condensed product are given, and it is shown that the amount 
of oxygen contained in the latter could not have been taken up 
from the air, but must have passed through the glass lube. — On 
Gomphostrobus heterophylla^ a coniferous prototype from the 
Permian of Lodirve, by M. A. F. Marion. — Observation of 
Brookses comet (a 1890) made with the Brunner equatorial at 
Toulouse Observatory, by M. E. Co>'serat. — General theory of 
the visibility of interference fringes, by MM. J, Mace de Lepinay 
and Ch. Fabry. The consequences which follow from the 
theorem demonstrated are pointed out, and it is proposed to 
describe the experiments which verify them in a future com- 
munication. — On the phosphites and the pyrophosphile of lead, 
note by M. L. Amat. — The action of erythrite upon the alkaline 
alcoholates, by M. de Forcrand. The author gives a continua* 
tiem of a, previous, paper, here discussing formulae for the bodies 
discovered and giving thermal data which explain the behaviour 
of the new substances when heated, — The action of lead oxide 
upon toluene and the production of benzene, by M. C. Vincent. 
The paper treato of this reaction at temperatures below the melt- 
ing-point of lead. The conclusions are drawn : (i) that oxide 
of lead attack*; toluene below 335®, giving water, carbonic an- 
hydride, and benzene ; (2) that, at higher temperatures, less ben- 
• zenc and more stilbene and higher hydrocarbons are obtained ; 
(3) that at a red heal, in addition to the above, hydrocarbons pro- 
duced, by the.shnple heat decomposition of benzene and toluene 
are obtained ; (4) that diphenyl formed during this experiment 
^in small quantity comes rather from the benzene formed by the 
action of oxide of lead upon the toluene than from benzene con- 
tained .in the toluene employed. — Thermochemical researches on 
textile fibres (wool and cotton), by^ M. Lrfo Vignon. — Experi- 
ments relative to the loss and gain of nitrogen by fallow or 
cultivated land, by M. A. Pagnoul. The wnter finds in the 


cases examined that the gain of nitrogen in two years is — (i) with 
bare soil 29 kg. per hectare ; (2) with grass land 394 kg. per 
hectare ; (3) with land laid down in clover 904 kg. per hectare. 
— Note^by M. Ant. Magnin, on the parasitic castration of Aue- 
mone ranunculoidis by Aicidium leucospermum . — On the dis- 
covery of a giant land tortoise at Mont Leheron, by M. Ch. 
Deperet.— On the action of the positive pole of a constant 
galvanic current upon microbes, and particularly upon the anthrax 
bacillus, by MM. Apostoli and Laquerriere. Among the con- 
clusions drawn are the following ; the heating effects of the 
current ma^ be experimentally neutralized, but the destruction 
or weakening of vitality of the microbe s^ill takes place ; it is the 
positive pole only which acts upon the microbes, the negative 
pole and the intermediate space do not give any evidence of 
adverse action upon the organisms ; the current stii generis has 
no effect upon the microbes ; the action at the positive pole is 
due to the disengagement of acids and of oxygen, as will be 
shown in a further note. — On the existence of tuberculous endo- 
carditis, note by M. Raymond Tripier. 

a 

Berlin. 

Meteorological Society, April i. — Prof. Schwalbe, Pre- 
sident, in the chair. — Dr. Perlewitz spoke on the influence of 
the city of Berlin on local climatic conditions. To investigate 
this he had compared, for the year 1889, the meteorological 
records of two stations outside the city with those of three 
insicl^. As regards tempe»‘ature, some allowance must be made 
for the fact that the exposure of the thermometers was not 
identical at all the stations. The differences in temperature 
between the city and the surrounding country were greater than, 
for Vienna, the maximal difference showing itself in spring and 
summer, the minimal in winter. The differences were least at 
2 p.m., greater at 7 a.m., and greatest at 9 p.m. The absolute 
humidity was much less inside the city than in the neighbouring 
country, and the difference was, as regards maxima and minima, 
the exact reverse of that which held good for the temperature 
whereas, on the other hand, the relative humidity followed the 
same lines as for differences of temperature, 'fhe direction of 
the wind was generally different in the city from that in the 
surrounding country, but no definite relationship of the two 
could be deduced from the observations, and the same held 
good for the frequency and extent of clouds in the two localities. 
Thunderstorms were observed less frequently in the city than in 
the country, but here again it must be borne in mind that the 
conditions under which observations can be made in the former 
are much less favourable than for the latter. — Prof. Spbrer 
spoke on the rotation of the sun, and came to the conclusion 
that the continued endeavours which have been made to- 
determine the rotation of the sun from observations of sun-spots^ 
cannot lead to any definite conclusions. 

Physical Society, April 18. — Prof, du Bois-Reymond» 
President, in the chair. — Prof. Planck spoke on the difference 
of potential of two binary electrolytes. According to recent 
views there exists, in any uniform dilute solution of an electro- 
lyte, a complete dissociation of the ions, the latter being in 
equilibrium, since the sum of the two electricities of the anions 
and kathions is equal and the osmotic prej^sure is everywhere the 
same, quite independently of the nature of the ions. The 
electrical charge of the ions and the osmotic pressure are the 
sole forces which aVe at work in the solution, and suffice to 
account for all the phenomena which take place inside it. But 
in order to calculate the above it is necessary to know the 
mobility of the ions); this has been determined experimentally 
by Kohlrausch for a large number of different ions, and he has 
also measured the electrical charge of the ions, this charge being 
independent of their nature. If the solution is not of uniform 
composition, the osmotic pressure leads to a movement of the 
ions from the more to the less concentrated parts of the solution. 
Now, since the mobility of the ions varies, being five times as 
great for hydrogen as for chlorine, it follows that a larger number 
of hydrogen atoms will pass from the more concentrated ‘parts of 
the solution, than of chlorine. This, however, leads to an up- 
setting of the electrical equilibrium, and the electrical affinities 
work in a direction opposite to that of the flow of atom*;. The 
speaker had developed a general mathematical formula to ex- 
press what takes place in the case of two solutions of different 
concentrations which are in contact with each other through an 
intervening porous partition. By means of this formula he has 
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calculated the magnitude of the differences of potential which 
establishes itself between the two electrolytes. Applying the 
formula to a special case, and calculating the difference of 
otential from the observed rate of flow of the ions ^nd their 
nown electrical charge, he showed that the values thus obtained 
correspond very closely with those obtained by direct measure- 
ment of the difference of potential. 

Physiological Society, April 25. — Prof, du Bois-Reymond, 
President, in the chair. — Dr. Hey mans spoke on medullated and 
non-medullated nerves^ The medullary sheath of the former is 
characterized by the myelin formations wliich it yields under the 
action of water and the dark coloration with osmic acid. This 
last reaction is common to lecithin, protagon, and cholesterin, all 
of which are found in the medulla. When, however, lecithin 
has been treated with osmic acid it can no longer be extracted 
from the nerve, whereas protagon and cholesterin maybe extracted 
by alcohol at 70® C. By taking advantage of this difference in j 
tl^ir behaviour it becomes possible to test the statement that 
lecithin occurs in the neurokeratinous network of the medullary 
sheath, while protagon and cholesterin are present in the meshes 
of the network. Experiment does not support the above state- 
ment. Th6 speaker had further used the reaction with osmic 
acid (2 per cent, solution) to investigate the occurrence of non- 
medullated nerves in certain places in which their presence is a 
subject of dispute. He found them in the sympathetic and 
olfactory nerves of the pike, but in much smaller numbers in the 
former than is usually stated to be the case. In many pf the 
sympathetic fibres he observed a sheath composed of proto- 
plasm which stained brown with osmic acid. He finally discussed 
fully the transition of medullated cerebrospinal nerves into the 
non-medullated processes of the ganglia. — Dr. Cowl spoke on 
methods of recording the variations of blood-pressure in an 
artery. He criticized the various forms of apparatus in use, and 
pointed out the errors arising from the use of elastic connections 
YO frequently employed, a< a result of which it is impossible to 
register the exact moment at which the pressure is zero. He 
had constructed an apparatus in which this source of error is 
avoided, and which admits of extremely delicate adjustment. 
He finally exhibited curves to demonstrate the advantages of the 
newer instrument. 

Brussels. 

Academy of Sciences, March i, 1890. — The following 
were the papers conimunicated : — Experiments made by Count 
Espiennes at Scy (Ciney), on the circulation of air during calm 
nights from the surface of broken ground, by M. F. Folic. — On 
certain inversions of temperature, and on the frost of September 
i6, 1887, at Spa, by M. G. Dewalque. In this and the pre- 
ceding paper it is shown that cold strata of air lie in valleys, and 
many cases are given of places situated on elevated plateau^ 
where the minimum temperature is habitually higher than that 
at places of less altitude lying in valleys. — Gustavus Adolphus 
Him, Associate of the Academy, born at I-ogelbach (Colmar), 
August 21, 1815, died at the same place, January 14, 1890. An 
account of his life and work is given by M. F. Folie. — Another 
obituary notice by M. F. Folie, on C. II. Buys- Ballot, bora at 
Kloetingen, October 10, 1817, died at Utrecht, February 3, 
1890. — On phillipsite crystals from sediments found in the 
centre of the Pacific Ocean, by M. A, F. Renard. In a previous 
note (February 1890) the physical characteristics and the com- 
position of zeolite crystals from deposits in the Pacific were 
indicated ; the author now shows the conditions under which the 
phillipsite and mineral matters which accon^any it are found.—* 
Determination of the variations in the coefficient and diffusion 
with temperature for liquids other than water, by M. P, De 
Heen. The liquids investigated are xylene, benzine, ethyl 
alcohol, amyl alcohol, amyl benzoate, and carbon bisulphide, at 
temperatures of 10®, 30®, 50®, 70®, and 90®. — On the nature of the 
polarizing matter of the beetroot in alcohol ; rotatory power of 
pectous matters, by MM. L. Chevron and A. Droische. It is 
found pectine and its derivatives exercise an energetic action on 
polarized light ; the rotatory power of these matters is three or 
four times greater than that of saccharose sugar. — Some proper- 
ties of conics, by M. C. Servais. — On the centre of curvature of 
lines described during the displacement of a plane figure in its 
own plane, by the same author. — Solanidtne from potato 
sprouts ; preparation and properties, by M. A. Joris8en.~On 
semi-invariant functions, by Jacques Deruyts. 


Amsterdam. ^ 

Royal Academy of Sciences, April 25. — Prof, van de 
Sande Bakhuysen in the chair. — M. T. Forster read a paper on 
the influence of smoking on tuberculous matter. He had formerly 
shown that tuberculous matter does not cease to be infectious 
after salting. Experiments subsequently made in his laboratory 
prove that salting am/ smoking do not kill the bacteria of tuber- 
culosis. Not only tuberculous matter, but meat from tuberculous 
cattle is very infectious. — Prof, van de Sande Bakhuysen com- 
municated an abstract of a paper published by him on an instru- 
ment for the determination of the absolute personal error in 
astronomical transit-observations. 
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THURSDAY, MAY 15, 1890. 


THE ALTERNATE CURRENT TRANSFORMER. 

The Alternate Current Transformer in Theory and 
Practice. By J. A. Fleming, M.A., D.Sc. Vol. I. 
“The Induction of Electric Currents.” Pp. 479, 
(London ; The Electrician Printing and Publishing 
Company, Limited, 1889.) 

T he alternating current has of late years sprung into 
great commercial importance, and accordingly 
the laws regulating its flow, long known to a few, are 
becoming recognized and assimilated by the many. The 
behaviour of alternating currents is so vastly more com- 
plex than anything which had to be dealt with in the 
time-honoured chapter of the text-book concerning 
“divided circuits” for the case of steady currents, that 
a new literature has arisen, and a number of half-accepted 
new terms have been coined. 

It is evidently with the aim of making accessible to 
average readers the greater portion of this subject that 
Dr. Fleming has put together the above-named book. 

The volume is distinctly a compilation, a n'chaujftfe of 
recent work, though it consists partly of a reprint of the 
author’s own articles in the Electrician, and it is a com- 
pilation of a very useful kind. It brings together a 
quantity of floating information collected with a keen 
scent for practically useful items, as well as for topics of 
contemporary interest. 

It is hardly a book to be recommended to the student 
as a logical treatise. The proof of the laws is a second- 
ary consideration, and though proofs are indicated, it is 
more to link them on to other things than really to justify 
and deduce them. In fact the book has the air of being 
hastily written ; but the facts are there, whether deduced 
rigorously or not, and the practical man, for whom it is 
written, will not be likely to find fault. In several in- 
stances, however, it can be claimed that the presentation 
of doctrines is as clear as could be wished and as the 
ability of the atithor would lead us to expect. Students 
will undoubtedly be glad of a book which contains so 
much useful information only accessible otherwise with 
difficulty. 

The early part of the book, dealing with the modern 
treatment of magnetism, hysteresis, and the like, is fairly 
good, but is probably now superseded by some still more 
recent articles by Prof. Ewing himself. The next portion, 
on simply periodic currents, is very instructive. In it Lord 
Rayleigh’s investigation qf the laws of branching for 
alternating currents is incorporated, and the result applied 
to determine the correcting factor for a watt-meter ; aqlear 
explanation being given of why it is so difficult fo measure 
the average power of an alternating current. Some of 
Mr. Blakesley’s geometrical representations are also uti- 
lized ; and the whole circumstances of a simply alternating 
current are very clearly explained. 

Then comes an abstract of some of the too-long-buried 
researches of Prof. Henry, which the recent publicatioqp of 
his memoirs by the Smithsonian Institution has brought 
into prominence. 

A brief account of the experimental investigations of 
h^asson and Breguet, Blaserna, Helmholtz, on transient 
Vol. XLii.— N o. 1072. 


currents, of Hughes on the induction balance and on the 
throttling effect of iron wire, follows ; together with the 
l^axwell-Rayleigh-Heaviside theory of the same. 

We then come to the main subject of the book — the 
laws of mutual induction and the theory of induction 
coils or transformers. Here the author enters into very 
instructive detail, showing how to deal with transformers 
containing iron, and incorporating the researches of 
Hopkinson, Forbes, Sumpnea, Ferraris, and Kapp, as 
well as the general theories of Maxwell and Lord 
Rayleigh. 

A chapter headed “ The Dynamical Theory of Current 
Induction “ follows, wherein Prof. Garnett’s summary of 
Maxwell’s electro-magnetic ether models is reproduced ; 
some instructive explanations of many Maxwelljjin ideas 
is giv'en in a much clearer and more elementary form 
than is frequent ; some experiments and articles of the 
present writer are incorporated ; and lastly, Mr. Tunzel- 
mann’s abstract of Hertz’s papers is reprinted once more. 
It is to be regretted that we have not the advantage of a 
fresh abstract and discussion of these papers by Dr. 
Fleming himself. So much in Hertz’s papers was con- 
fessedly crude and tentative that it would have been 
much more satisfactory to have had a real digest from 
a contemporary point of view, instead of the useful but 
now out-of-date summary with which most persons were 
already familiar. 

Perhaps also it may without offence be suggested that 
a free use of quotation marks in this last chapter, pos- 
sibly in other chapters also, would not have been out of 
place. One is a little startled to find whole paragraphs 
and diagrams incorporated into a book without rather 
more explicit statement concerning their origin. I may 
instance pp. 380, 408, 409, among others, as having 
struck me personally with some surprise, though very 
likely the feeling was unjustifiable. 

It may be useful if I record such trifling slips as I have 
noticed. Quite possibly some are not erroneous at all. 
On p. 7 the assertion is made that Faraday “came to 
see that that which he had denominated the electrotonic 
state is really the amount of electro-magnetic momentum 
which the circuit possesses.” As a matter of history this 
is surely incorrect ? And is there any evidence for the 
statement on p. 2, that Faraday’s failure to obtain 
current induction in 1825 and 1828 was because his 
galvanometer circuit was not closed? It seems very 
improbable. At the bottom of p. 67 the argument 
seems to me incorrect and confusing. In the diagram 
on p. 140 current should appear as a factor in the 
lengths OB, BA, &c. On the top of p. i45> there is no 
need for L %nd N to be doth zero in order that the watt- 
meter factor, F, may equal unity ; it is sufficient if the 
time constant of the fine wire shunt alone vanishes. On 
p. 209 a ^ is twice dropped out of an equation. On 
p. 253 the statement is made “that we may regard 
the inductance of a conductor as an effect which is due 
to the fact that the current takes time to penetrate into 
the conductor” — a statement which is by no means true. 
And two pages on we read, “ as the frequency of alterna- 
tion is increased, the resultant self-induction of the circuit 
is lessened, but [? so that] although the true resistance 
is increased, the impedance may be diminished on the 
whole.” It may, howOver, be more truly asserted that no 
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increase in frequency can diminish impedance : it always 
tends to increase it ; and in no case can the impedance 
of a conductor to alternating currents fall below that felt 
by steady ones. Both resistance and impedance increasef 
with frequency. It is true that inductance diminishes, 
but the diminution is very slight except for iron rods. 
The punctuation of p. 353 has gone somewhat astray. 

All these are trifles : the average level of the book is 
high, and it contains few dqjl pages. The practical im- 
portance and interest of the subject treated is so great that 
there should be little need to urge students and electrical 
engineers to make themselves acquainted with it, but I do 
urge them nevertheless ; and they may think it fortunate 
that Dr. Fleming has managed to And time to issue so 
instructive and readable and well-timed a volume. 

* Oliver J. Lodge. 

McKENDRICK'S SPECIAL PHYSIOLOGYP 

Special Physiology y including Nulrition, Innervation, and | 
Reproduction. Vol. II. By J. G. McKendrick, M.U., 
LL.D., F.R.S. (Glasgow : Maclehose and Sons. 
London : Macmillan and Co. 18S9.) 

I N the first volume the only purely physiological part 
was that on muscle, le.aving all the rest of the science 
to be treated of in this volume, which thus includes the 
physiology of digestion, nutrition, blood and circulation^ 
respiration and the nervous system, as well as reproduc- 
tion. It is evident that the book must either be of an 
entirely elementary character, or that the treatment must 
in parts be extremely inadequate, in order to include all 
these subjects within the dimensions of a moderate sized 
volume. As a matter of fact, it lies open to both these 
objections. In some places the author hampers himself 
in the treatment of the purely physiological part of the 
subject by expounding the first elements of chemistry and 
physics (for the benefit, I suppose, of the average Glasgow 
student) ; while other parts, though good, are much too 
condensed to be understood by the reader who is ignorant 
of the first principles of science. This disproportion in 
the treatment of the various subjects meets us at the very 
beginning of the volume, where twenty pages are de- 
voted to dietetics before any description has been given 
of the processes of digestion. 

In the section on digestion a very good condensed 
account is given of the theory of secretion. One is sur- 
prised, however, to meet with the statement that the sub- 
maxillary ganglion can act as a reflex centre. The im- 
portance of this view for the physiology of sporadic 
ganglia is enormous ; yet Prof. McKendrick is content 
with describing Claude Bernard’s old experiments, which 
seemed to support it, and makes no mention of the 
researches of Bidder and .Schiif, made so long ago as 
1867, which showed that the secretion obtained in 
Bernard’s experiments was due to recurrent fibres of the 
chorda tympani, and not to any action of the ganglion as 
a reflex centre. 

The account of the action of the bile on the chyme is 
not quite accurate. He says : “ At the same time the 
taurocholate of soda throws down the non-peptonized 
albuminous matters, such as coagulable albumin and 
syntonin, while the hemialbumose and ' peptones remain 
in solution.” As a matter of fact, the precipitate consists 


of parapeptone (syntonin) with a small quantity of 
peptones. 

In describing the formed elements of the blood, no 
mention is made of the plasma or granule cells. Yet 
these are daily assuming a larger importance in patho- 
logical processes, and every student who is to study 
medicine should at any rate know of their existence. 

In the section on coagulation as fair an account is given 
of Wooldridge’s work on the subject as is possible in the 
limits of a page and a half ; but in his summing up of 
the differences between this observer and Halliburton, he 
does not seem to have grasped Wooldridge’s theory. He 
rejects this on the grounds that all Wooldridge’s work was 
done with peptone plasma (which was not the case), and 
that fibrinogen (Hammarstens) contains no lecithin and 
can yet clot on addition of lecithin free ferment. That 
fibrinogen contains no lecithin is, to say the least, ex- 
tremely doubtful. Bunge states that he has never suc- 
ceeded in preparing any proteid free from phosphorus. 
It is practically impossible, however, to form a good 
judgment on the merits of Dr. Wooldridge’s work without 
reading all his papers on the subject. In none of them 
'has he discussed the question in all its details, and it is 
probably on this account that his work has been so mis- 
understood and misrepresented. 

It is surprising how few books on physiology mention 
the role of the spleen (made so much of by Metschnikoff) 
as the great blood-Jilter, where all effete blood corpuscles 
and other deleterious materials are devoured and de- 
stroyed by the cells of the splenic pulp. In this volume 
the rhythmic movements of this organ are fully described, 
and a long list is given of the extractives that it contains, 
but its function is left entirely in doubt. 

The next two sections, on the circulation and respira- 
tion, present the subject fairly completely, and are brief 
without being obscure. Yet these are not free from some 
misleading statements. Thus the depressor nerve is 
included among the afferent nerves that act on the inhi- 
bitory or accelerating cardiac centres, so that a student 
would imagine that stimulation of this nerve lowered the 
blood-pressure by reflex inhibition of the heart — a mistake 
one meets with only too often in teaching. Again, in 
describing the forces concerned in carrying on the cir- 
culation through the capillaries, he makes the following 
statement : — 

“ Some have supposed that it is supplemented by an 
attractive influence exerted by the tissues {yjis a fronte), 
and the statement is supported by the observation that, 
when there is an increased demand for blood owing to 
active nutritional changes, there is an increase in the 
amount of blood flowing to the part, such as occurs, for 
example, in the mammary gland during lactation, and in 
the growth of the stag’s horn. Such an attractive influ- 
ence on the part of the tissues is quite conceivable as a 
force assisting in the onward flow of blood, acting along 
with capillarity.” 

It is rather hard to see how an attractive influence on 
the part of the tissues can assist in the onward flow of 
blood, even when it is assisted by capillarity. At any 
rate this statement is sure to be devoured greedily by the 
studious fool, who will thereafter reproduce it on all 
possible occasions, probably as the chief factor in the 
circulation of the blood. 

In discussing the nervous mechanism of respiration, 
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the author confines himself almost entirely to an exposi- 
tion of Marckwald’s views. Apn<ca is referred to a 
hyperoxygenation of the blood, no mention being made 
of the fact that it may be produced by positive ventilation 
with any inert gas, and so must be mainly a reflex effect. 

Surely, too, in the treatment of the changes in the 
blood, the researches of Bohr, Blix, and others, on the 
combination of haemoglobin with COj, were worthy of note. 

In the section on the kidney, about 30 pages are 
devoted to an elaborate description of the normal and 
abnormal constituents of urine, with their tests and quan- 
titative determination, while the subject of the process of 
secretion itself is dismissed in the ridiculously small 
space of three pages. 

The final section, on the nervous system, is one of the best 
parts of the book. Especially good are the pages treating of 
the special senses. The chapters on the spinal cord and 
brain are less complete, and present several omissions and 
errors. Thus no mention is made of the perfectly defi- 
nite antero-lateral ascending tract, and the knee-jerk is 
referred to as a true reflex, which is, to say the least, highly 
dubious. Again, the statement is made that clots in, or 
lesions of, the corpus striatum cause hemiplegia, whereas 
this is rarely or never the case unless the internal capsule 
is also implicated. 

Throughout the work the author lies under the disad- 
vantage of having tried to cater for two distinct classes of 
students, beginners and those who have already a fair 
general knowledge of the subject. For the former the 
work is too large and not sufficiently accurate ; for the 
latter, in most parts, too meagre. Still it will be found 
useful by many of the latter class who have enough 
critical power to eschew the evil and choose the good, and 
will serve them as an excellent introduction to the reading 
of original memoirs. E. H. S. 


OUR BOOK SHELF. 

I. Ilisioria Naturalis Itincrum N. AL. Pracivalskii per 
Asiam (Sentralem. Augustissiinus auspiciis sumpti- 
busque ab .Socieiate Imperiali Geographica Rossica 
edita. Pars Botanica elaboravit C. J. Maximowicz. 
Volumen 1 . “ Flora Tangutica.” Fasciculus i, Thalami- 
flonc ct Disciflora.’. 410, pp. 110, cum tabulis 31. 

II. Volumen II. “ Enumeratio Plantarum hucusque in 
Mongolia nec non in adjacente parte Turkestanim 
Sinensis lectarum.” Fasciculus 1, ThalamiflorcC et 
Disciflorae. Pp. 138, cum tabulis 14. 

III. Plantes Chine uses Potaniniance nec non Piasezkianoe 
(Acta Horti Petropolitani, Vol. XI., pp. 1-112). Ela- 
boravit C. J. Maximowicz. (St. Petersburg Botanic 
Garden, 1889.) 

Here are three* separate contributions to the flora of 
Eastern Central Asia, by the well-known authority on the 
botany of Central and Eastern Asia. It is now nearly 
forty years since Mr. Maximowicz, through the force 
of circumstances, had an opportunity of exploring Mand- 
shuria, the results of which he published under the title 
of “ Primitiae Florae Amurensis.” He was attached as 
botanist to the Russian frigate Diana on a scientific 
voyage round the world, but in consequence of war break- 
ing out with England and France he was landed in 
Mandshuria, where he spent three or four years, return- 
ing through Siberia and European Russia to St. 
Pet<»sburg. Subsequently he has visited Japan two or 
th'nee times, and made large collections of dried plants. 


and his life, apart from official duties, has been devoted 
to working out the botany of temperate Asia. 

^ It was k^nown to botanists that he was eng.aged on the 
collections made by the renowned Russian explorer 
Przewalski and others, and we now have the first instal- 
ments in a connected form. Many of the novelties he 
had previously published in the Melanges Biologiques 
and elsewhere. From the titles cited above, it will be 
seen that the plan of publication is, if not exactly an 
ambitious one, at least very ♦aborious, involving much 
repetition. Possibly such conditions were imposed upon 
the author. Anyhow, it seems a great pity that the 
materials were not all worked up in one enumeration. 
This course would have been far preferable from a 
practical standpoint, and, what is of greater importance, 
there would have been a reasonable prospect of its being 
finished within a few years. With all Mr. Maxiwiowicz’s 
capacity for work, it seems unlikely that he can hope to 
reach the end on the present elaborate scale. The ag- 
gregate of the two quarto publications is 250 pages, ^nd 
contains the Thalamifloraj and 13 isciflorae of the collec- 
tions. At the outside, this is only a sixth of the flowering 
plants. Then there is the octavo enumeration of Chinese 
plants brought down to the same point, and this is not the 
whole of Mr. Maximowicz’s botanical work in hand. 
* Recently he issued a monograph of the genus Pedicularis, 
comprising about 250 species, nearly 100 of which were 
new, and these mostly Chinese. When it is added that 
Mr. Maximowicz is a very critical worker, some idea may 
be formed of the magnitude of the task he has undertaken. 

Glancing over the pages we find that the novelties con- 
sist almost entirely of new species of old genera, chiefly of 
those of a wide range, in the northern hemisphere, at least. 
In fact, only two new genera are described ; Clcmafo- 
clcthra^ near Aciinidia (which Maximowicz places in the 
Dilleniaceee in preference to the Ternstroemiacete), and 
Tetraena, an obscure plant provisionally referred to the 
Zygophyllacea;. New genera are more numerous in Dr. 
Henry’s collections from the warm temperate regions of 
Central and Western China. 

W. BorriNG Hemsley. 

Le Glacier dc VAletsch et le Lac dc Mdrjelen. By Prince 
Roland Bonaparte. (Paris : Printed for the Author, 
1 889.) 

In this ample pamphlet the author gives an account of 
the well-known glacier of the Aletsch and the neighbour- 
ing mountain region, in the course of which it is inci- 
dentally mentioned that the glaciers are again showing 
signs of increase after a period of genenil retreat which 
began in 1854. This statement, I think, requires some 
qualification, for the Gorner glacier certainly was advanc- 
ing about the year 1859. Fhe most marked diminution 
occurred in the next decade, and it did not commence 
till, at any rate, after 1861. The author describes the 
curious Marjelen See, which has already been noticed in 
these pages (vol. xxxvi. p. 612), giving some statistics as to 
its area, depth, &c. He quotes also a list of the occa- 
sions, so farms known, since 1813, on which its waters 
have escaped beneath, the Aletsch glacier. In this, how- 
ever, there is either an omission or a misprint. It states 
that in 1859 le lac se vide. This may be true, though it 
seems improbable, for the lake was also drained in 1858. 
In the latter part of August in that year I saw it for the 
first time. It was then full. The next evening I again 
visited the lake. The water had almost all vanished, and 
the great blocks of ice were stranded on the muddy floor. 
In reference to this floor the author makes a .statement 
which I fail to understand: “Le bassin du lac est une 
ancienne moraine de fond d’une des branches du glacier 
de I’AIetsch. Unless this mud be claimed as moraine pro- 
fonde — and this I should dispute — the assertion seems to 
me without any valid foundation. The lake .lies in the. 
upper part of a small va^ey, worn by Jhe passage of ice 
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into a shape something like the pointed half of the bowl 
of a spoon. Another statement appears to me of ques- 
tionable accuracy. The author notices the earth pillars 
on the southern slopes of the Eggishorn, describing them‘ 
correctly, but saying of them, ‘‘ Les pyramides des fdes, 
aussi ap|>cl(?es ‘ blocs perchds.^ Surely this is an 
unwonted extension of the latter term. 

The pamphlet, in short, is rather disappointing. It is 
beautifully printed on quarto pages with large margins, 
and is illustrated with thr^e photogravures of glacier 
scenery, which would be improved by the omission of the 
human figures, for these by contrast look like negroes in 
mourning ; but it tells us little that is new, and is a 
“ popular article rather than a scientific memoir. 

T. G. UONNKY. 


LETTERS TO THE EDITOR. 

\The Editor does not hold himself responsible for opinions ex* 
pressed by his eorrespondents. Neither can he undertake 
to return^ or to correspond u'ith the writers of rejected 
manuscripts intended for this or any other part of NATURE. 
No notice is taken of anonymous communications J\ 

Panmixia. 

Private communications which I have received from natur- 
alists interested in this controversy, and from Mr. Romanes 
himself, have thrown light on the apparently irreconcilable 
difference of the views which have been expressed. 

I think it desirable that an explanation should be afforded to 
the readers of Nature. 

When Mr. Romanes contends that cessation of selection 
leads to a dwindling in the size of a useless organ, he now tells 
me that he assumes that the mean size of the part in all 
born (what we may call the birth- mean) was smaller than the 
mean size of that part in those individuals surviving under 
selection. Hence the withdrawal of selection substitutes in the 
adult survivors the lower birth-mean for the former higher 
selection-mean. 

Mr. Romanes had not specifically stated that he made this 
assumption. 

On the other hand, I had — for the purpose of estimating purely 
and solely the result of panmixia and cessation of selection — 
assumed that birth-mean and selection-mean were identical, in 
which case the withdrawal of selection would, of course, not 
alter the mean. 

To assume that birth-mean is smaller than selection-mean in 
a given case seems to me to be introducing causes other than 
panmixia or cessation of selection. 

It is evident that cases are possible in which the mean given 
by selection is identical with the birth-mean — others in which it 
is smaller than the birth-mean, and others in which it is larger. 
Special causes of a complex character determine whether the 
ratio is one or the other. If we are to consider the effects of 
cessation of selection alone, apart from other causes, it seems to 
me that we must not introduce causes which affect the ratio of 
birth-mean and selection-mean ; we must eliminate them alto- 
gether by assuming the ratio to be one of equality. Hence my 
conclusion that panmixia or cessation of selection alone cannot 
produce the dwindling of an organ. 

If, however, we admit the assumption that the selection-mean 
is larger than the birth-mean, Mr. Romanes has my full con- 
currence in stating that cessation of selection leads to dwindling, 
and I am of course aware that, given that assumption, Weismann 
and Gallon are of the same mind. 

The point of interest therefore shifts. The question is, whether 
we are justified in assuming that in organisms generally in a 
state of nature the mean size of an organ or part in the selected 
survivors is larger than in all born, or, to put it fully, larger than 
would have been the mean size of the part in all born supposing 
that they h^d all reached maturity. 

1 do not think that we have data which warrant this assump-^ 
tion. It is, I think, certain that some cases must some- 
tiiDes occur in which this is the case, and others in which the 
seLection-mekn-size is smaller than the birth-mean-size. It is 
not improbable that in well-established species there is identity 
of the^wo. means. This is, however, a question which ought 


to be settled by observation — not of domesticated races, but, if 
possible, of wild forms. 

It seems to me that this assumption is precisely what Mr. 
Darwin considered, and refused to make, so that he avoided 
attributing dwindling of parts to the cessation of selection. He 
says (*‘ Origin,*' 6th ed., p. 401) : *‘If it could be proved that 
every part of the organization tends to vary in a greater degree 
towards diminution than augmentation of size, then we should 
be able to understand how an organ which has become useless 
would be rendered, independently of the eflFects of disuse, rudi- 
mentary, and would at last be wholly suppressed.” Mr. Darwin 
says, **If it could be proved.” This is really the whole point. 
If the greater size of selection-mean than of birth-mean could 
have been proved, Mr. Darwin was ready to formulate the doc- 
trine of dwindling by cessation of selection. But, apparently, 
it could not be proved then. It has not been proved yet. I 
do not think it at all impossible that it may be proved. The 
facts are as yet not recorded. E. Ray Lankester, 

May 10. 

! 

Bertrand’s Idiocyclophanous Spar-prism. 

It is a good thing that Prof. Silvanus Thompson has brought 
the above prism to the notice of the Physical Society (see 
Nature, vol. xli. p. 574) ; it is certainly remarkable that M. E. 
Bertrand himself has never thought fit to publish any description 
of his interesting invention. Perhaps it may be worth while to 
j^mention a fairly simple method of constructing the prism (which 
may easily have occurred to others besides myself, and) which 
has the advantage of requiring only two artificially-worked 
surfaces, and hence of interfering as little as possible with the 
natural rhombohedral crystal of Iceland spar. 

Four plane, polished faces are required for the prism, which 
i.«?, in fact, a four-sided parallelopipedon, having two opposite 
sides parallel to the optic axis, while the two others make an 
angle of 45® with it. 

Now, since in Iceland spar the faces of the natural rhombo- 
hedron make angles of very approximately 45® (strictly, 45® 24' ) 
with the optic axis, tM^o of these faces can be utilized for the 
last-mentioned pair of prism-sides. 

Take, then, a cleavage-rhomb of spar, about t cm. in thick- 
ness, and having edges about 4 cm. in length (Fig. i) ; observing 



that both the face a n c d and the opposite one, a' b' c* d', are flat 
and free from blemishes (such a crystal is easily found, even in 
these spar-famine days). Grind away the solid angle a' down 
to about the level shown by the dotted lines, working the face 
thus obtained so that it makes an angle of 4^"* with the natural 
face a B c n. Cut away the opposite solid angle c in a similar 
way, so as to make another plane, parallel to the^ first. Polish 
the two cut surfaces, and the prism is complete in all essential 
particulars. 

Thus, if a beam of common white light is allowed^ to fall 
normally on one of the worked surfaces, a, Fig. 2 (which is a 
section of the prism), it will be (i) totally reflected at the natural 
face B (corresponding to A B c D in Fig. i) ; (2) pass on through 
the crystal parallel to the optic axis ; (3) undergo another total 
reflexion at the opposite natural face C ; and (4) finally emerge 
through the second worked plane D. An eye placed close to D 
will then observe the well-known pair of ring-systems side by side, 
one set complementary to the other. ^ 

A very convenient source of illumination seems to be a lamp^ 
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flame within a globular opal shade, placed at such a distance that 
the three images of it produced by the action of the prism (the 
centre image formed, of course, by the superposition of two, 
similarly polarized) just touch each other. Two of these images 
are then filled (like a lantern-disk) with the complementary ring- 
systems ; and by a very slight motion of the crystal the rings pass 
from a given disk to the adjacent one, becoming complementary 
in so doing. (It is hardly necessary to explain, for no doubt 
Prof. Thompson did so fully, that the whole prism is precisely 



etiuivalcnt to a train of two double-image prisms with refracting 
angles of 45^ having between them a plate of spar with surfaces 
at right angles to the optic axis ; a “ fluyghens apparatus," in 
fact, with an interposed spar-plate instead of the usual selenite 
film.) 

T may add that T have found it convenient, in order to demon- 
strate the principle of the prism, to divide it into halves ; or, < 
more strictly, to cut a piece of spar so as to form one half of the 
prism only, as shown in Tig. 3. Then, if common light from 



the lamp shade (as described above) is allowed to enter the face 
A, and a tourmaline Is held in the path of the rays emergent 
from c, ring-systems are seen just as when a double-image prism 
is used as a polarizer and a plate of spar held in front of it. 
Also, if plane- polarized light is allowed to enter c, and the eye 
is held close to A, ring-systems arc seen side by side ; that 
portion of the spar through which the rays pass after total 
reflection at B acting, of course, exactly as a double-image 
analyzer. In fact, the prism may, in this position, be used 
alone as a “ Savart's polariscope” to detect traces of polarization 
in sky-light, &c. But for this application, the prism would 
possess, in the eyes of the true votary of science, the inestim&ble 
value of being of no practical utility whatever. 

Queen’s College, Oxford. 11. G. Madan. 

Coral Reefs, Fossil and Recent. 

Dr. von Dendenfeld’s account of the dolomites of the 
Italian Tyrol, in his letter on ‘‘ Coral Reefs, Fossil and Recent," 
is a very valuable contribution to this interesting question ; but 
I think he can hardly have fallen in with the new edition of 
Darwin’s ^ Coral Reefs," or he would not have asserted that in 
the discussion “ the structure of our friassic limestone mountains 
has been left out of accouiU/’ In the appendix (p. 332) I 
wrote : — If those geologists are right who consider the Schlem 
dolomites ^ bein^o a great extent due to reef-building corals, 
we have, in the Triassic deposits of the Italian Tyrol, reefs 
thick enough to satisfy the most exacting requirements.” I could 
not venture upon a more positive statement, because I knew 
controversy on this question was not ended, and I had not 
myself, though fairly familiar with the Dolomites,” discovered 
evidence which appeared to me conclusive (though I incline to 
the above opinion myselO, and because I considered that the 
view advanced several years since by Richthofen required some 
modification — indeed, as to one detail, if I understand him 
rightly, I should differ from Dr. von Lendenfeld. 

I am confirmed in my idea that he has not read this book, 
because I find that one of his chief arguments— that against the 
indefinite lateral extension of a coral reef on a talus of its own 
building-^appears to correspond with one advanced by myself on 
p. 327, differing only in the addition of an arithmetical example ; 


one of which, indeed, I did work out, but afterwards suppressed 
as needless, the truth of the statement being obvious when it 
was once pointed out. T. G. BoNNEY. 

• 

Bison and Aurochs. 

In regard to Prof. Newton’s letter in your Issue of the 8lh, I 
beg to state that in restricting the name aurochs to the European 
bison, I have merely followed the general custom of English 
zoologists. 

Citing a few authorities, I may first make the following ex- 
tract from a paper by Prof. W. Dawkins, published in the 
Quart. Journ. Geol. Soc., vol. xxii. p. 394 (1866). There, 

I after alluding to the Indian gaur, this author writes, ^*the term 
Aurochs has been restricted to the European bison by the 
authority of Buffbn, Cuvier, and Prof. Owen ; the term Urox or 
Bos uvHSy to the species under consideration [the extinct wild 
ox of Europe] by Julius Csesar, Pliny, . . . also by Cuvier, 
Nilsson, and our great naturalist, Prof. Owen.” 

Again, in the article on Ruminants by the late Prcff. Garrod 
in “ Cassell’s Natural History ” (2nd ed., p. 35), the term 
aurochs is applied to the European bison. Finally, we find in 
Prof. Flower’s “Catalogue of Mammalia in the Museum of the 
College of Surgeons,’' p. 232 (18S4), the animal in question 
mentioned as the European Bison or Aurochs, 

I find, however, that modern German zoologists (see Brehm’s 
“ Thierleben,” vol. iii. p. 386) consider it proved that the 
name Aurochs belongs properly to the extinct Bos primif^enius ; 
and they term the bison, as Prof. Newton states, the Wisunt, 
If this be really correct, English zoologists must accept the 
emendation. R. Lydekker. 

The Lodge, Harpenden, Herts. 

I 

The Haunts of the Gorilla. 

CoNCEKNiNG Ml*. Du Chaillu’s saying (see Nature, May i, 
p. 19) “ that, so far as he is a Ware, no white man has been able 
since his time to penetrate to the haunts of the gorilla and bring 
home specimens killed by himself,” I beg to remark that Herr 
von Koppenfels, in the years 1873-80, killed personally a 
number of gorillas in the environs of the OgowtS and sent 3 large 
specimens, with their skeletons, to the Dresden Museum, some 
of which I described in the Mittheilungen am dem kihiigl, ^.oo- 
logischcn Museum zti Dresden^ vol. ii. 1877, p. 230 seq. The 
Museum in Stuttgart also contains several specimens killed by 
that intrepid traveller ; and other museums, I believe — American 
museums, for instance — po.'^sess some. (See also his remarks in 
the American Naturalist^ vol. xv. p. 447 ; and Die Garteniaube^ 
^877, p. 416 seq,^ with plate ; as well as mine in Der zoologischc 
Garten, 1881, vol. xxii. p. 231.) Herr von Koppenfels, who 
died in the year 1884 in Erfurt, in consequence of diseases 
acquired in the tropical climate, says (/.c.) that the haunts of the 
gorilla in West Africa are in the forests between the mouths of 
the Mimi and the Congo Rivers, i,e. between i’’ N. lat. and 6'^ 
S. lat. How far the region extends into the interior is even yet 
unknown. A. B. Meyer. 

Royal Zoological Museum, Dresden, May 7. 

Flat-fishes. 

Mr. Gulick, in Nature, vol. xli. p. 537, has raised 
a puzzling point about the flat-fish. In the case of his two 
Japanese species, it might appear that the ancestor of them both 
varied in the two directions as to the position of its eyes, &c., 
and that by the segregation of each form, neither of which had 
any advantaft over the other, two species eventually were evolved. 
But this is not so clear in other cases, apparently. On the 
American coast of the Pacific, tliere is a flat-fish, Paralichthys 
californicus, Ayres, which is said by Messrs. Jordan and Goss to 
be almost as frequently dextral as sinistral. Here, then, is the 
same sort of variation exactly, yet we see no evidence of segre- 
gation and the formation of new species. In the whole sub- 
fomily SohiniC, the eyes and colour are on the right side : now, 
if the “ dextral ” soles segregated themselves* having no 
advantage in being dextral rather than sinistral, what has 
become of all the sinistral ones? If there was* no natural 
selection at play, ought we not to get some sinistral species of 
Solea ? Perhaps it may be said that Solea, as such, never varied 
in this way, and was always dextral. But this cannot be so, 
since we have it on Day’s Authority that the common sole has a 
reversed aberration. But, after all, the allied Cynoglossina are 
sinistral soles. ^ 
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Taking the Pleuroncctidie as a whole, we certainly get a 
division into dextral and sinistral groups, which might be 
supposed to be the result of a like^o like segregation at an 
early period. The following tabic f)f the sub- families, compileii 
from Messrs, Jordan and Goss*s excellent work on these fishes, 
illustrates the point : — 

(1) HippOi^fossiniC : normally dextral, except the tropical 
species, which are sinistral. 

(2) ricHrouectiniC : sinistral flounders. 

(3) Ottcoptcriiiic : dextral. 

(4) Platcsshue : dextral, but Piatichthys stelhUus is frequently 
sinistral. 

(5) Solehttr : dextral soles. 

(6) Cynogiossituc : sinistral soles. 

hut how comes it that the tropical flounders are nearly all 
sinistral, while the Arctic and Antarctic ones are chiefly dextral ? 

It would he interesting to know more of the reversed aber- 
rations which occur. Platessa Jhsus var. passer (Linn.) is a 
reversed ^orm, and Day records reversed aberrations of SoUa 
so/ea, Pleurofiectes rhombus, and P, mayimus, while others have 
been noted by various writers. T. D. A. Cockerell. 

West Cliff, Custer Co., Colorado, 

April 25. 

Variation in the Nesting-Habits of Birds. 

In connection with T. D. A. Cockereirs letter, re the 
nesting-habits of the blackbird in Colorado, it may be of 
interest to note that in the grounds around our residence about a 
fortnight ago, I discovered the nest of a blackbird {Memla vul- 
garis) built upon the ground do e to a boundary wall about five 
feet high. The bottom of the nest is resting on the ground, 
but there is some trailing ivy growing around — but not on the 
wall — which supports it at sides and partially obscures it. There 
is a public road on the other side of the wall and the noise of 
considerable traffic. There are many suitable trees, bushes, 
and shrubs, all around, some of uhich have been utilized by | 
other blackbirds — indeed, there is a tree within a few feet of i 
the nest, which would have been suitable but for the chances of j 
observation from the road. Thos. Swan. 

llankplace House, Leslie, Fifcshire, Scotland, May 7. 

Doppler’s Principle. 

In answer to a correspondent who has met with a difficulty in 
the consideration of Doppler’.s principle, I may say that 1 think 
I fairly solved the difficulty in a paper delivered last year before 
the University C.'ollege Chemical and Physical Society, In 
cases (i) and {2) of your correspondent, viz. approach or recession 
of observer, source and medium being at rest, the correct formula 

is n* = ; and in cases (3) and (4), viz. approach and re- 

(i 

cession of source, observer and medium at rest, it is = n 

a ^ V, 

n = the new, and n the old frequency of vibration of the note 
heard. It should be remarked, however, that in all practical 
cases, the two formulae give very nearly the same result ; but if 
the velocity v is very great, the case is entirely different. Suppose, 
for instance, in cases (i) and (2) that v ~ velocity of sound a, then 
fi - 2 n for approach, and o for recession of the observer. The 
correctness of these results is obvious without the aid of any 
formula. Again, in cases (3) arul (4) suppose v =: a, then 

// = cc fur approach, and for recession of the source of 

sound. The effect of an infinite number of waves striking the 
ear at the same moment would be simply that nothing would be 
heanl. It would be interesting to notice the change in pitch of 
the whistle of a rifle-bullet passing near an observer. Ganot’s 
formula is correct for ca.ses (i) and (2), and Prof. Everett’s for 
cases (3) and (4) ; the proofs are very simple, and may be easily 
thought out. VVhen the observer and the source of sound both 
move, the two formula? should be applied separately when a 
very accurate result is desired. These conclusions have been 
confirmed by Dr. Fison, of University College. I had not con- 
sidered the effect of the motion of the medium, but it appears 
to me, after a little reflection, that this would increase or diminish 
the velocity of the sound, and the wave-length, in the same pro- 
portion, leaving the pitch unaltered ; the velocity of the medium 
should therefore be added to or subtracted from a in the formula. 
University College, May 5. E. P. Perman. 


“ Index Generum ct Specierum Animalium.” 

Naturalists have long needed a reference book to the 
names of genera and species. Such a want has already been 
partially supplied by Agassiz, Bronn, Morris, Marschall, Scud- 
der, Waterhouse, and others — only Bronn and Morris having 
attempted palaeontological species — but no one book including 
references to all names given to living and fossil animals has yet 
been attempted. Botanists, more fortunate, will soon possess 
Daydon Jackson’s index to flowering plants. The idea has 
therefore suggested itself to me to begin at the end of June next, 
such an “Index Generum et Specierum Animalium,” taking 
the following rules for guidance ; — 

(1) The earliest reference is to date from tlie twelfth edition 
of Linnaeus, 1766. 

(2) The last reference to close with December 31, 1899. 

(3) The names of genera and species to be given in a single 
alphabetical sequence, and accompanied by a reference to the 
original source. 

(4) The names of species of each genus to be also quoted in 
alphabetical order under that genus. 

(5) No attempt at synonymy to be given ; but, to assist 
reference, the various genera in which a species has from time 
to time been placed, to be indicated under that species. 

(6) Pre-Linnsean names to be quoted as founded by the 
author first using them after 1766: — e,^. Eihinocorys, Leskc, 
1778 {ex Klein, 1734). Should a pre-Linnaean species or genus 
have been re-named after 1766, before the post-Ianniean use of 
that pre-Linnxan name, the new name is to stand. [References 
will be given to Artedi, Brisson, and Scopoli, in accordance 
with British Association rules.] 

Among the many offers of assistance, that of Prof. Flower, 
F.K.S., Dr. Gunther, F. R.S., and Dr. Henry Woodward, 
F.R. S., who have promised the necessary space fur the storage 
of the MS. in the Naturd History Museum, is most valuable, 
as it practically ensure.s safety from fire, and renders the MS. 
easily accessible to those wishing to consult it while still im- 
perfect. 

I'he contribution of inaugural addresses, theses, or other 
publications difficult to obtain, would Vie of great assistance ; 
and, after use, such pamphlets would be handed over to the 
library at the Museum. 

Any suggestions for the improvement of this plan, before the 
commencement of the undertaking, would be gladly received 
and carefully considered. 

Appended is a rough outline of the scheme : — 

[cordatus -a, -urn] 

Amphideius (Penn.) Diib. and Keren, Zool. 

Bid. 285 1844 

\v. Echinus] 

Amphidotus (Penn.) E. Forbes, Brit. Starf. 

* fig. ... ... ... ... ... 1841 

[v. Echinus] 

Echinocardium (Penn.) J. E. Gray, Cat. R. 

Ech. 43 1855 

[v. Echinus] 

Echinus, Pennant, Brit. Zool, iv, 58, xxxiv. 

2, xxxvi. 2 ... ... ... ^ 1777 

[v. also Amphideius, Amphiddlus, 
Echinocardium, Spatangus] 

Spatangus (Penn.) Flem, Brit. Anim. 480 ... 1828 

[v. Echinus] 

Cordia, StAl, Hem. Afric, iv. 78 Hem. 1866 

[albiiaterata, peragrafis.] 

Cordienia, A, Rouault, B. S. geol. France, v. 207., Cast. 1848 
[hiaritziana, iberica, palensis, pyrenatea, 
all nom. nud.] 

Charles Davies Sherborn. 
540 King’s Road, I.A>ndon, S.W. 


“ The Anatomy of the Frog.” 

In your notice of the above work, in Nature of the 8th 
inst., you are pleased to express a favourable opinion of the 
wood engravings. As the headixigof the article might lead your 
readers to imagine that these, in addition to the coloured plates, 
were all executed by Hofmann, of Bavaria, I think they, as 
well as yourself, will be pleased So know that all the new blocks, 
numbering upwards of one hundred, were engraved by 

172 Strand, London. T. P. ColLings/ 
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COLO[/J?-V/S/OJV AND COLOUR-DLINDNESSy 

T T is a matter of familiar knowledge that the sense of 
vision is called into activity by the formation, on the 
retina or internal nervous expansion of the eye, of an 
inverted optical image of external objects — an image 
precisely analogous to that of the photographic camera. 
The retina lines the interior of the eyeball over somewhat 
more than its posterior hemisphere. It is a very delicate 
transparent membrane, about one-fifth of a millimetre in 
thickness at its thickest part, near the entrance of the 
optic nerve, and it gradually diminishes to less than half 
that thickness at its periphery. It is resolvable by the 
microscope into ten layers, which are united together by 
a web of connective tissue, which also carries blood- 
vessels to minister to the maintenance of the structure. 

I need only refer to two of these layers : the anterior or 
fibre-layer, mainly composed of the fibres of the optic 
nerve, which spread out radially from their point of 
entrance in every direction, except where they curve 
around the central portion of the membrane ; and the 
perceptive layer, which, as viewed from the interior of the 
eyeball, may be likened to an extremely fine mosaic, each 
individual piece of which is in communication with a 
nerve fibre, by which the impressions made upon it arc 
conducted to the brain. The terminals of the perceptive < 
layer are of two kinds, called respectively rods and cones ; 
the former, as the name implies, being cylindrical in 
shape, and the latter conical. The bases of the cones 
are directed towards the interior of the eye, so as to 
receive the light ; and it is probable that each cone may 
be regarded as a collecting apparatus, calculated to gather 
together the light which it receives, and to concentrate ; 
this light upon its deeper and more slender portion, or 
posterior limb, which is believed to be the portion of the 
whole structure which is really sensitive to luminous ; 
impressions. The distribution of the two elements differs i 
greatly in different animals ; and the differences point to j 
corresponding differences in function. The cones are i 
more sensitive than the rods, and minister to a higher I 
acuteness of vision. In the human eye, there is a small ! 
central region in which the perceptive layer consists of ‘ 
cones only, a region which the fibres avoid by curving 
round it, and in which the other layers of the retina are 
much thinner than elsewhere, so as to le.ive a depression, 
and are stained of a lemon-yellow colour. In a zone 
immediately around this yellow spot each cone is sur- 
rounded by a single circle of rods ; and, as we proceed 
outw.ards towards the periphery of the retina, the circle of 
rods around each cone becomes successively double, 
triple, quadruple, or even more numerous. The yellow 
spot receives the image of the object to which the eye is 
actually directed, while the images of surrounding objects 
fall upon zones which surround the yellow spot ; and the 
result of this arrangement is that, generally spcciking, the ' 
distinctness of vision diminishes in proportion to the 
distance of the irpage of the object from the retinal ' 
centre. Thp consequent effect has been well described ' 
by saying that what we* see resembles a picture, the 1 
central part of which is exquisitely finished, while the > 
parts around the centre are only roughly sketched in. I 
We are conscious that these outer parts are there ; but, if • 
we desire to see them accurately, they must be made the j 
objects of direct vision in their turn. 

The indistinctness with which we see lateral objects is so 
completely neutralized by the quick mobility of the eyes, 
and by the manner in which they range almost uncon- 
sciously over the whole field of vision, that it seldom 
or never forces itself upon the attention. It may be 
conveniently displayed by means of an instrument called 
a perimeter, which enables the observer to look steadily 
at a central spot, while a second spot, or other object, is 

> Lecture delivered at (he Royal IiMtitutlon, on Friday, M.-ty 9, 1890, by 
Mr. K. Urudenell Okrter. 


moved along an arc, in any meridian, from the circum- 
ference of the field of view towards the centre, or v/tra 
versii. Slight differences will be found between in- 
dividuals ; but, speaking generally, a capital letter 
one-third of an inch high, which is legible by direct 
vision at a distance of sixteen feet, and is rcco^izable 
as a dark object at 40^ or so'’ from the fixing point, will 
not become legible, at a distance of one foot, until it 
arrives within about 10°. 

The image formed upon th^ retina is rendered visible 
by two different conditions — that is to say, by differences 
in the amount of light which enters into the formation of 
its different parts, and by differences in the quality of 
this light, that is, in its colour. The former conditions 
are fulfilled by an engraving, the latter by a painting. It 
! is with the latter conditions only, and with the power of 
i perceiving them, that we are concerned this evening, 
j Before such an audience as that which I li¥ive the 
I honour to address, it is unnecessary to say more about 
i colour than (hat it depends upon the power, possessed by 
the objects which we describe as coloured, to absorb and 
retain certain portions of white or other mixed light, and 
to reflect or transmit other portions. The resulting effect 
■ of colour is the impression produced upon the eye or 
upon the brain by the waves of light which are left, after 
► the process of selective absorption has been accomplished. 

I Some substances absorb two of the three fundamental 
I colours of the solar spectrum, others absorb one only, 
others absorb portions of one or more. Whatever 
remains is transmitted through the media of the eye ; 

! and, in the great majority of the human race, suffices to 
excite the retina to a chanacteristic kind of activity. 
Few things are more curious than the multitude of 
different colour sensations which may be produced by 
the varying combinations of the three simple elements, 
red, green, and violet ; but this is a part of the subject 
into which it would be impossible for . me now to enter, 
and with which most of those who hear me must already 
be perfectly familiar. 

Apart from the effect of colour as one of the chief 
sources of beauty in the w'orld, it is manifest that the 
power of distinguishing it adds greatly to the acuteness 
of vision. Objects which difler from their surroundings 
by differences of colour are far more conspicuous than 
those which differ only by differences of light and shade. 
Flowers are much indebted to their brilliant colouring for 
the visits of the insects by which they are fertilized ; and 
creatures which are the prey of others find their best 
protection in a resemblance to the colours of their 
environment. It is probably a universal truth that the 
organs of colour-perception are more highly specialized, 
and that the sense of colour is more developed, in all 
animals, in precise proportion to the general acuteness of 
vision of each. 

From a variety of considerations, into which time 
will not allow me to enter, it has been concluded that 
the sense of colour is an endowment of the retinal 
cones, and that the rods are sensitive only to differences 
in the quantity of the incident light, without regard 
to its quality. Nocturnal mammals, such as mice, 
bats, and hedgehogs, have no cones ; and cones are 
less developed in nocturnal birds than in diurnal ones. 
Certain limitations of the human colour sense may 
almost be inferred from the anatomy of the retina. It 
is found, as that anatomy would lead us to suppose, 
that complete colour sense exists only in the retinal 
centre, or in and immediately around the 'yellow spot 
Region, and that it diminishes as we pass away from 
this centre towards the periphery. The puscise facts 
are more difficult to ascertain than might be supposed ; 
for, although it is easy to bring coloured objects from 
the circumference to the centre of the field of vision 
on the perimeter, it is by no means easy to be quite sure 
of the point at which the true colour of the advancing 
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object can first be said to be distinctly seen. Much 
depends, moreover, on the size of this advancing object ; 
because, the larger it is, the sooner will its image fall 
upon some of the more sparsely distributed cones of tne 
peripheral portion of the retina. Testing the matter 
upon myself with coloured cards of the size of a man’s visit- 
ing card, I find that I am conscious of red or blue at about 
4.0" from the fixing point, but not of green until it comes 
within about 30'' ; while, if 1 take three spots, respectively 
of bright red, bright green, and bright blue, each half a 
centimetre in diameter, and separated from its neighbour 
on either side by an interval of half a centimetre, spots 
which would be visible as distinct and separate objects at 
eight metres, 1 cannot fairly and distinctly see all three 
colours until they come within 10' of the centre. Beyond 
4o\ albeit with slight differences between individuals, and- 
on different meridians for the same individual, colours are 
only seen by the degree of their luminosity— that is, they 
appear as light spots if upon a dark ground, and as dark 
spots if upon a light ground. Speaking generally, there- 
fore, it may be said that human vision is only tri- 
chromatic, or complete for the three fundamental colours 
of the solar spectrum, ever a small central area, which 
certainly does not cover more than 30' of the field ; that 
it is bi-chromatic, or limited to red and violet, over an 
annulus outside this central area ; and that it is limited* 
to light and shade from thence to the outermost limits of 
the field. 

The nature and limitations of the colour-sense in man 
long ago suggested to Thomas Young that the retina 
might contain three sets of fibres, each set capable of 
responding to only one of the fundamental colours ; or, 
in other words, that there are special nerve fibres for 
red, special nerve fibres for green, and special 
nerve fibres for violet. It has also been assumed 
that the differences between these fibres might essen- 
tially consist in the ability of each set to respond 
only to light-vibrations of a certain wave-length, much 
as a tuned string will only respond to a note with 
which it is in unison. In the human subject, so far as has 
yet been ascertained, no optical differences between the 
cones are discoverable ; but the analogy of the ear, and 
the facts which have been supplied by comparative 
anatomy, combine to render Young’s hypothesis exceed- 
ingly probable, and it is generally accepted, at least pro- 
visionally, as the only one which furnishes an explanation 
of the facts. It implies that elements of all three 
varieties are present in the central portion of th.; retina ; 
that elements sensitive to green are absent from an 
annulus around the centre ; and that the peripheral por- 
tions are destitute of any elements by which colour-sense 
can be called into activity. 

According to the observation already made, that the 
highest degree of acuteness of vision is necessarily at- 
tended by a corresponding acuteness of colour-sense, we 
should naturally expect to find such a highly-developed 
colour-sense in birds, many of which appear, as regards 
visual power, to surpass all other creatures. I need not 
dwell upon the often-described acuteness pf vision of 
vultures, or upon the vision of fishing birds ; but may 
pass on to remark that the acuteness of their vision 
appears not only to be unquestionable, but also to be 
much more widely diffused over the retina than is the 
case with man. If we watch domestic poultry, or 
pigeons, feeding, we shall frequently see a bird, when 
busily picking up fo.od immediately in front of its beak, 
suddenly make a lateral dart to some grain lying sideways 
to its line of sight, which would have been practically in- 
visible to a human eye looking in the same direction as 
that of the fowl. When we examine the retina the ex- 
planation bpth of the acuteness of vision and of its dis- 
tribution becomes at once apparent. In birds, in some 
reptiles, and In fishes, not only arc cones distributed over 
the retina much more abundantly and more evenly than 


in man, but the cones are provided with coloured globules, 
droplets of coloured oil, at their apices, through which the 
light entering them must pass before it can excite sensation, 
and which are practically impervious to any colour but 
their own. Each globule is so placed as to intervene 
between what is regarded as the collecting portion of the 
cone and what is regarded as its perceptive portion in 
such a way that the latter can only receive colour which 
is capable of passing through the globule. The retime of 
many birds, especially of the finch, the pigeon, and the 
domestic fowl, have been carefully examined by Dr. 
Waelchli, who finds that near the centre green is the pre- 
dominant colour of the cones, while among the green cones 
red and orange ones are somewhat sparingly interspersed, 
and arc nearly always arranged alternately, a red cone 
between two orange ones, and vice 7 >ersA. In a surround- 
ing portion, called by Dr. Waelchli the red zone, the red 
and orange cones are arranged in chains, and are larger 
and more numerous than near the yellow spot ; the green 
ones are of smaller size, and fill up the interspaces. Near 
the periphery the cones are scattered, the three colours 
about equally numerous and of equal size, while a few 
colourless cones are also seen. Dr. Waelchli examined 
the optical properties of the coloured cones by means of 
the micro-spectroscope, and found, as the colours wouhl 
lead us to suppose, that they transmitted only the corre- 
sponding portions of the spectrum ; and it would almost 
seem, excepting for the few colourless cones at the peri- 
pheral part of the retina, that the birds examined must 
have been unable to see blue, the whole of which would 
be absorbed by their colour globules. It would be neces- 
sary to be thoroughly acquainted with their food in order 
to understand any advantage which the birds in question 
may derive from the predominance of green, red, and 
orange globules over others ; but it is impossible to con- 
sider the structure thus described without coming to the 
conclusion that the birds in which it exists must have a 
very acute sense of the colours corresponding to the 
globules with which they are so abundantly provided, and 
that this colour-sense, instead of being localized in the 
centre, as in the human eye, must be diffused over a very 
large portion of the retina. Dr. Waelchli points 'out that 
the coloration of the yellow spot in man must, to a 
certain extent, exclude blue from the central and most 
sensitive portion of his retina. 

It is hardly necessary to mention how completely the 
high differentiation of the cones in the creatures referred 
to tends to support the hypothesis of Young, that a similar 
differentiation, although not equally manifest, exists also 
in man. If this be so, we must conclude that the region 
of the yellow spot contains cones, some of which are 
capable of being called into activity by red, others by 
green, and others by violet ; that a surrounding annulus 
contains no cones sensitive to green, but such as are 
sensitive to red or to violet only ; and that, beyond and 
around this latter region, such cones as may exist are 
not sensitive to any colour, but, like the rods, only to 
differences, in the amount of light. When cones of only 
one kind are called into activity, the sensation produced 
is named red, green, or violet ; and, when all three 
varieties are stimulated in about an ^ual degree, the 
sensation produced is called white. In the same way, 
the innumerable intermediate colour-sensations of which 
the normal eye is susceptible, must be ascribed to stimu- 
lation of the three varieties of cones in unequal degrees. 

The conditions of colour-sense which, in the human 
race, or at least in civilized man, exist normally in outer 
zones of the retina, are found, in a few individuals, to exist 
also in the centre. There are persons in whom the 
region of the yellow spot is absolutely insensitive to 
colour, and recognizes only differences in the amount or 
quantity of light. To such .persons, the term “colour- 
blind” ought perhaps in strictness to be limited ; but the 
individuals in question are so rare that they are hatdly 
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entitled to a monopoly of an appellation which is con- 
veniently applied also to others. The totally colour-blind 
would see a coloured picture as if it were an engraving, 
or a drawing in black and white, and would perceive 
differences between its parts only in the degree in which 
they differed in brightness. 

A more common condition is the existence, in the 
centre of the retina, of a kind of vision like that which 
normally exists in the zone next surrounding it — that is, a 
blindness to green. Persons who are blind to green 
appear to see violet and yellow much as these are seen 
by the normal-sighted ; and they can see red, but they 
cannot distinguish it from green. Others, and this form 
is more common than the preceding, are blind to red ; 
.and a very small number of persons are blind to violet. 
Such blindness to one of the fundamental colours may be 
either complete or incomplete — that is to say, the power 
of the colour in question to excite its proper sensation 
may be either absent or feeble. In some cases, the defect 
is so moderate in degree as to be adequately described 
by the phrase “defective colour-sense.” 

The experiments of Helmholtz upon colour led him to 
supplement the original hypothesis of Young by the 
supposition that the special nerve elements excited by 
any one colour are also excited in some degree by e.ach 
of the other two, but that they respond by the sensation 
appropritatc to themselves, and not by that appropriate to 
the colour by which they are thus feebly excited. This, 
which is often called the Young- Helmholtz hypothesis, 
assumes that the pure red of the spectrum, while it mainly 
stimulates the fibres sensitive to red, stimulates in a less 
degree those which are sensitive to green, and in a still 
less degree those which are sensitive to violet, the result- 
ing sensation being red. Pure green stimulates strongly 
the green-perceptive fibres, and stimulates slightly both 
the red-perceptive .and the violet-perceptive — resulting 
sensation, green. Pure violet stimulates strongly the 
violet-perceptive fibres, less strongly the green-perceptive, 
least strongly the red-perceptive — resulting sensation, 
violet. When all three sets of fibres are stimulated at 
once, the resulting sensation is white ; and when a normal 
eye is directed to the spectrum, the region of greatest 
luminosity is in the middle of the yellow ; because, while 
here both the green-perceptive and th<i red-perceptive 
fibres are stimulated in a high degree, the violet- percep- 
tive are also stimulated in some degree. 

According to this view of the case, the person who is 
red-blind, or in whom the red-perceptive fibres are w.antiflg 
or paralyzed, has only two fundamental colours in the 
spectrum instead of three. Spectral red, nevertheless, is 
not invisible to him, because it feebly excites his green- 
perceptive fibres, and hence appears as a saturated green 
of feeble luminosity ; saturated, because it scarcely at all 
excites the violet-perceptive fibres. The brightest part 
of the spectrum, instead of being in the yellow, is in the 
blue-green, because here both sets of sensitive fibres are 
stimulated. In the case of the green-blind, in whom the 
fibres perceptive of green are supposed to be wanting or 
paralyzed, the only stimulation produced by spectral 
green is that of the red-perceptive and of the violet-per- 
ceptive fibres ; and where these are equally stimulated, 
we obtain the white of the green-blind, which, to ordinary 
eyes, is a sort of rose-colour, a mixture of red and violet. 
In like manner, the white of the red-blind is .a mixture of 
green and violet ; and, if we consider the facts, we shall 
see that spectral red, which somewhat feebly stimulates 
the green- perceptive fibres of the normal eye, .and spectral 
green, which somewhat feebly stimulates the red-percep- 
tive fibres of the normal, and also of the green-blind eye, 
must appear to the green-blind to be one and the same 
colour, differing only in luminosity, and that in an opposite 
sense to the perception of the red-blind, in other words, 
red and green are undistinguishable from each other, as 
colours, alike to the red-blind and to the green-blind ; but 


to the former the red, and to the latter the green, appears, 
as compared with the other, to be of feeble luminosity. 
In either case, the two are only lighter and darker shades 
of'the same colour. The conditions of violet-blindness 
are analogous, but the defect itself is very rare ; and, as 
it is of small industrial importance, it has .attracted but a 
small degree of attention. 

Very extensive investigations, conducted during the 
last few years both in Europe and in America, have shown 
that those which may be calle(^ the common forms of 
colour-blindness, the blindness to red and to green, exist 
in about four per cent, of the male population, and in 
perhaps one per thousand of females. Among the rest, 
there are slight differences of colour-sense, partly due to 
differences of habit and training, but of little or no prac- 
tical importance. One such difference, to which Lord 
Rayleigh was the first to direct attention, hits reference to 
yellow. The pure yellow of the spectrum may* as is 
generally known, be precisely matched by a mixture of 
spectral red with spectral green ; but the proportions in 
which the mixture should be m<ade differ within certain 
limits for different people. The difference must, 1 think, 
depend upon differences in the pigmentation of the yellow 
spot, rather than upon any defect in the nervous apparatus 
of the colour-sense. There is a very ingenious instru- 
tnent, invented by Mr. Lovibond, and called by him the 
“ tintometer,” which allows the colour of any object to be 
accurately matched by combinations of coloured glass, and 
to be expressed in terms of the combination. In using 
this instrument, we not only find slight differences in the 
combinations required by different people, but also in the 
combinations required by the two eyes of the same person. 
Here, again, I think the differences must be due either to 
differences in the pigmentation of the yellow spot, or pos- 
sibly also to differences in the colour of the internal 
lenses of the several eyes, the lens, as is well known, 
being usually somewhat yellow after middle age. The 
differences are plainly manifest in comparing persons 
all of whom possess tri-chromatic vision, and are not 
sufficient in degree to be of any practical importance. 

Taking the ordinary case of a red-blind or of a green- 
blind person, it is interesting to speculate upon the ap- 
pearance which the world must present to them. Being 
insensible to one of the fund.amental colours of the spec- 
trum, they must lose, roughly speaking, one-third of the 
luminosity of Nature; unless, as is possible, the deficiency 
is made good to them by increased acuteness of perception 
to the colours which they see. Whether they see white 
as we see it, or as we see the mixtures of red and violet, 
or of green and violet, which they make to match with it, 
we can only conjecture, on account of the inadequacy of 
language to convey any accurate idea of sensation. We 
have all heard of the blind m.an who concluded, from the 
attempts made to describe scarlet to him, that it was like 
the sound of a trumpet. If we take a hc.ap of coloured 
wools, and look at them first through a glass of peacock- 
blue, by which the red rays are filtered out, and next 
through a purple glass, by which a large proportion of 
the green will be filtered out, we may presume that, under 
the first condition, the wools will appear much as they 
would do to the red-blind ; .and, under the second, much 
as they would do to the green-blind. It will be observed 
that the appearances differ in the two conditions, but that, 
in both, red and green are practically undistinguishable 
from each other, and appear as the same colour, but of 
different luminosity. 

Prior to reflection, and still more, prior to fexperience, 
we should be apt to conjecture that the existence of 
colour-blindness in any individual could not remain con- 
cealed, either from himself or from those around him ; 
but such a conjecture would be directly at variance with 
the truth. Just as it was reserved for Mariotte, in the 
reign of Charles II., to discover th.it there is, in the field 
of vision of every eye, a lacuna or blind spot, correspond- 

s 



58 


NA TORE 


[May 15, 1890 


•ing with the entrance of the optic nerve, so it was re- 
served for a still later generation to discover the existence 
of so common a defect as colour-blindness. The first re- 
corded case was described to Dr. Priestley by Mr. 
Huddart, in 1777, and was that of a man named Harris, 
a shoemaker at Maryport in Cumberland, who had also 
a colour-blind brother, a mariner. Soon afterwards, the 
•c.ase of Dalton, the chemist, was fully described, and led 
'to the discovery of other examples of a similar kind. 
The condition was still, hewever, looked upon as a very ex- 
ceptional one ; insomuch that the name of “ Daltonism ” 
was proposed for it, and is still generally used in France 
as a synonym for colour-blindness. Such use is objec- 
tionable, not only because it is undesirable thus to per- 
petuate the memory of the physical infirmity of an 
eminent philosopher, but also because Dalton was a red- 
blind,, so that the name could only be correctly applied 
to his particular form of defect. 

Colour-blindness often escapes detection on account 
of the use of colour-names by the colour-blind in the 
same manner as that in which they hear them used by 
other people. Children learn from the talk of those 
around them, that it is proper to describe grass as green, 
and bricks or cherries as red ; and they follow this usage, 
although the difference may appear to them so slight that 
their interpretation of either colour-name may be simpl^ 
as a lighter or darker shade of the other. When they 
make mistakes, they are laughed at, and thought careless, 
or to be merely using colour-names incorrectly ; and a 
common result is that they rather avoid such names, and 
shrink from committing themselves to statements about 
colour. Dr. Joy Jefferies gives an interesting description 
of the almost unconscious devices practised by the colour- 
blind in this way. He says : — 

“ The colour-blind, who are quick-witted enough to dis- 
cover early that something is wrong with their vision by 
the smiles of their listeners when they mention this or that 
object by colour, are equally ciuick-witted in avoiding so 
doing. They have found that there arc names of certain at- 
tributes they cannot comprehend, and hence must let alone. 
They learn, also, what we forget, that so many objects of 
every-day life always have the same colour, as red tiles or 
bricks, and the colour names of these they use with free- 
dom ; whilst they often, even unconsciously, are cautious 
not to name the colour of a new object till they have 
heard it applied, after which it is a mere matter of 
memory stimulated by a consciousness of defect. I have 
often recalled to the colour-blind their own acts and 
words, and surprised them by an exposure of the mental 
jugglery they employed to escape detection, and of which 
they were almost unaware, so much had it become matter 
of habit. Another important point is, that as' violet- 
blindness is very rare, the vast majority of defective eyes 
arc red or gieen blind. These yersons Sie vii let and ycl'ow 
as the normal-eyed, and they naturally apply these 
colour-nan es correctly. When, therefore, they fail in 
red or green, a casual observer attributes it to simple 
carelessness hence a very ready avoidance of detection. 
It does not seem possible that anyone whq sees so much 
correctly, and whose ideas of colour so correspond with 
our own, cannot be equally correct throughout, if they 
will but take the pains to notice and learn.’' 

When the colour-blind are placed in positions which 
compel them to select colours for themselves and others, 
or when, as sometimes happens, they are not sensitive 
with regard to their defect, but rather find amusement in 
the astonishment which it produces among the colour- 
seeing, the results which occasionally follow are apt to be 
curious.' They have often been rendered still more 
curious, by having been the unconscious work of members 
of the Society of Friends. Colour-blindness is a structural 
peculiarity, constituting what may be called a variety of 
the human race ; and, like other varieties, it is liable to be 
haitided down to posterity. Hence, if the variety occurs 


in a person belonging to a community which is small by 
comparison with the nation, and among whose members 
there is frequent inter-marriage, it has an increased prob- 
ability of being reproduced ; and thus, while many of 
the best known of the early examples of colour-blindness, 
including that of Dalton himself, were furnished by the 
Society of Friends, the examinations of large numbers 
of scholars and others, conducted during the last few years, 
have shown that, in this country, colour-blindness is more 
common among Jews than among the general population. 
The Jews have no peculiarities of costume ; but the 
spectacle, which has more than once been witnessed, of a 
venerable Quaker who had clothed himself in bright green 
or in vivid scarlet, could scarcely fail to excite the derision 
of the unreflecting. Time does not allow me to relate 
the many errors of the colour-blind which have been 
recorded ; but there is an instance of a clerk in a Govern- 
ment office, whose duty it was to tick certain entries, in 
relation to their subject-matter, with ink of one or of 
another colour, and whose accuracy was dependent upon 
the order in which his ink-bottles were ranged in front of 
him. This order having been accidentally disturbed, great 
confusion was produced by his mistakes, and it was a long 
time before these were satisfactorily accounted for. An 
official of the Prussian Post-Ofticc, ag.iin, who was 
accustomed to sell stamps of different values and colours, 
j was frequently wrong in his cash, his errors being as often 
against himself as in his favour, so as to exclude any 
suspicion of dishonesty. His seeming carelessness was 
at last explained by the discovery of his colour-blindness, 
and he was relieved of a duty which it was impossible for 
him to discharge without falling into error. 

The colour-mistakes of former years were, however, of 
little moment when compared with those now liable to be 
committed by engine-drivers and mariners. The avoid- 
ance of collisions at sea and on railways depends largely 
on the power promptly to recognize the colours of signals ; 
and the colours most available for signalling purposes are 
led and green, or preci-cly those between which the 
sufferers from the two most common forms of colour- 
blindness arc unable with any certainly to discriminate. 
About thirteen years ago there w'as a serious railway 
accident in Sweden, and, in the investigation subsequent 
to this accident, there were some remarkable discrepan- 
cies in the evidence given with regard to the colour of 
the signals which had been displayed. Prof. Holmgren, 
of the University of Upsala, had his attention called to 
fhis discrepancy, and he found, on further examination, 
that the witness whose asseitions about the signals 
differed from those of other people was actually colour- 
blind. From this incident arose Prof. Holmgren’s great 
interest in the subject, and he did not rest until he had 
obtained the enactment of a law under which no one can 
be taken into the employment of a .Swedish railway until 
his colour-vision has been tested, and has been found to 
be sufficient for the duties he will be called upon to per- 
form. The example thus set by Sweden has been fol- 
lowed, mote or less, by other countries, and especially, 
thanks to the untiring labours of Dr. Joy Jeffries, of 
Boston, by several of the United States ; while at the 
same time much evidence has been collected to show the 
connection between railway and marine accidents and 
the defect. 

It has been found, by very extensive and carefully con- 
ducted examinations of large bodies of men, soldiers, 
policemen, the workers in great industrial establishments, 
and so forth, as well as of children in many schools, that 
colour- blindness exists in a noticeable degree, as I have 
already said, in about four per cent, of the male indus- 
trial population in civilized countries, and in about one 
per thousand of females. Among the mules of the more 
highly educated classes, t;tkih^ Eton boys as an ex- 
ample, the colour-blind are only between two and three 
per cent., and perhaps nearer to two than to three. 
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Whether a similar difference exists between females of 
different classes, we have no statistics to establish. The 
condition of colour-blindness is absolutely incurable, ab- 
solutely incapable of modification by training or exercise, 
in the case of the individual ; although the comparative 
immunity of the female sex justifies the suggestion that 
it may possibly be due to training throughout successive 
generations, on account of the more habitual occupation 
of the fcm.ale eyes about colour in relation to costume. 
However this may be, in the individual, as I have said, 
the defect is unalterable ; and if the difference between 
red and green is uncertain at eight years of age, it will 
be ecjually uncertain at eighty. Hence the existence of 
colour-blindness, among those who have to control the 
movements of ships or of railway trains, constitutes a 
real danger to the public ; and it is highly important that 
the colour-blind, in their own interests as well as in those 
of others, should be excluded from employments the 
duties of which they are unfit to discharge. 

The attempts hitherto made in this country to exclude 
the colour-blind from railway and marine employment 
have not been by any means successful. As far as the 
merchant navy is concerned, so-called examinations have 
been conducted by the Board of Trade, with results 
which can only be described as ludicrous. Candidates 
have been “ plucked ” in colour at one examination, and 
permitted to pass at a subsequent one ; as if corrcc 
colour-vision were something which could be acquired 
.Such candidates were either improperly rejected on the 
first occasion, or improperly accepted on the second. (.)n 
English railways there has been no uniformity in the 
methods of testing ; except, in so far as I am acquainted 
with them, that they have been almost uniformly mislead- 
ing, calculated to lead to the imputation of colour-blind- 
ness where it did not exist, and to leave it undiscovered 
where it did. In these circumstances it is not surprising 
that great discontent should have arisen among railway 
men in relation to the subject ; and this discontent has 
led, indirectly, to the appointment of a Committee by the 
Royal Society, with the sanction of the Board of Trade, 
for the purpose of investigating the whole question as 
completely as may be possible. 

It is perhaps worth while, before proceeding to describe 
the manner in which the colour-sense of large bodies of 
men should be tested for industrial purposes, to say some- 
thing as to the amount of danger which colour-blindness 
produces. A locomotive, as we all know, is under 
the charge of two men — the driver and the firemati. 

In a staff of one thousand of each, allotted to one 
thousand locomotives, we should expect, in the absence 
of any efficient method of examination, to find forty 
colour-blind drivers, and forty colour-blind firemen. 
The chances would be one in twenty-five that either the 
driver or the fireman on any particular engine would be 
colour-blind ; they would be one in G25 that both would 
be colour-blind. These figures appear to show a greater 
risk of accident than we find realized in actual working, 
and it is manifest that there are compensations to be 
taken into account. In the first place, tne term “colour- 
blind ” is itself in some degree misleading ; for it must be 
remembered that "the signals to which the colour-blind 
person is said to be “blind” are not invisible to him. To 
the red-blind, the red light is a less luminous green ; to 
the green-blind, the green light is a less luminous red. 
The danger arises because the apparent differences are 
not sufficiently characteristic to lead to certain and 
prompt identification in all states of illumination and of 
atmosphere. It must be admitted, therefore, that a 
colour-blind driver may be at work for a long time with- 
out mistakes ; and it is probable, knowing as he must 
that the differences between different signal lights appear 
to him to be only trivial, that he will exercise extreme 
caution. Then it must be* remembered that lights never 
appear to an- engine-driver in unexpected places. Before I 


being intrusted with a train, he is taken over the line, 
and is shown the precise position of every light. If a 
light did not appear where it was due, he would naturally 
a^ his fireman to aid in the look-out. It must be also 
remembered that to overrun a danger signal does not of 
necessity imply a collision. A driver may overrun the 
signal, and after doing so may see a train or other ob- 
struction on the line, and may stop in time to avoid an 
accident. In such a case, he would probably be reported 
and fined for overrunning the, signal; and, if the same 
thing occurred again, he would be dismissed for his 
assumed carelessness, probably with no suspicion of his 
defect. Colour-blind firemen are unquestionably thus 
driven out of the service by the complaints of their 
drivers ; and none but railway officials know how many 
cases of overrunning signals, followed by disputes as to 
what the signals actually were, occur in the course of a 
year’s work. I have never heard of an instance In this 
country, in which, after a railway accident, the colour- 
vision of the driver concerned, or of his fireman, has been 
tested by an expert, on the part either of the Board of 
Trade or of the Company ; but a fireman in the United 
States has recently recovered heavy damages from the 
Company for the loss of one of his legs in a collision 
which was proved to have been occasioned by the colour- 
4>lindness of the driver. Looking at the whole question, 

I feel that the danger on railways is a real one, but that 
it is minimized by the several considerations to which 1 
have referred, and that it is much smaller than the fre- 
quency of the defect might lead us to think likely. 

At sea, the danger is much more formidable. The 
lights appear at all sorts of times and places, and there 
may be only one responsible person on the look-out. Mr. 
Bickerton, of Liverpool, has lately published accounts 
of three cases in which the colour-blindness of officers 
of the mercantile marine, all of whom had passed the 
Board of Trade examination, was accidentally discovered 
by the captains being on deck when the officers in ques- 
tion gave wrong orders consequent upon mistaking the 
light shown by an approaching vessel. The loss of the 
Ville du Havre was almost certainly due to colour- 
blindness ; and a very fatal collision in American waters, 
some years ago, between the Isaac Bell and the Lumber- 
man, was traced, long after the event, to the colour- ■ 
blindness of a pilot, who had been unjustly accused of 
being drunk at the time of the occurrence. In how 
many instances colour-blindness has been the unsuspected 
cause of wrecks and other calamities at sea, it is im- 
possible to do more than conjecture. 

It is necessary, then, alike in the public interest and in 
the interest of the colour-blind, who have doubtless often- 
suffered in the misfortunes which their defects have 
produced, to detect them in time to prevent them from 
entering into the marine and railway services ; and the 
next question is, how this detection should be accom- 
plished. We have to distinguish the colour-blind from 
the colour-sighted ; but we must be careful not to confound 
colour-blindness with the much more common condition 
of colour-ignyance. 

It would surprise many people, more especially many 
ladies, to discover the extent to which sheer ignorance 
of colour prevails among boys and men of the labouring 
classes. Many, who can see colours perfectly, and who 
would never be in the least danger of mistaking a railway 
signal, are quite unable to name colours or to describe 
them ; and they are sometimes unable to perceive, for 
want of education of a faculty which they notwithstanding 
possess, anything like fine shades of difference. Mr. 
~ladstone once published a paper on the scanty and 
uncertain colour-nomenclature of the Homeric poems ; 
and he might have found very similar examples among 
his own contemporaries and in his own country. I have 
lately seen a pattern card of coloured silks, issued by a 
Lyons manufacturer, which contains samples of two 

• 
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thousand different colours, each with its more or less 
appropriate name. There is here a larger colour-vocabu- 
lary than the entire vocabulary, for the expression of all 
his knowledge and of all his ideas, which is possesscd^by 
an average engine-driver or fireman; and, just as most of us 
would be ignorant of the names of the immense majority of 
the colours displayed on that card, so hundreds of men and 
boys among the labouring classes, especially in large towns, 
where the opportunities of education by the colours of flowers 
and insects arc very limited, arc ignorant of the names of 
colours which persons of ordinary cultivation mention con- 
stantly in their daily talk, and expect their children to pick 
up and to understand unconsciously. It is among people 
thus ignorant that the officials of the Hoard of Trade, and 
of railways, have been most successful in finding their 
supposed colour-blind persons ; and these persons, who 
would never have been pronounced colour-blind by an 
expert, have been able, as soon as they have paid a little 
attention to the observation and naming of colour, to 
pass an official examination triumphantly. The sense of 
colour presents many analogies to that of hearing. Some 
people can hear a higher or a lower note than others, the 
difference depending upon structure, and being incapable 
of alteration. No one who cannot hear a note of a certain 
pitch can ever be trained to do so ; but, within the original 
auditory limits of each individual, the sense of hearing 
may be greatly improved by cultivation. In like manner, 
a person who is blind to red or green must remain so ; 
but one whose colour-sense is merely undeveloped by 
want of cultivation may have its acuteness for fine 
differences very considerably increased. 

In order to test colour-vision for railway and marine 
purposes, the first suggestion which would occur to many 
people would be to employ as objects the flags and signal 
lanterns which are used in actual working. I have heard 
apparently sensible people use, with reference to such a 
procedure, the phrase upon which Faraday was wont to 
pour ridicule, and to say that the fitness of the suggested 
method “ stands to reason.'" To be effectual, such a test 
must be applied in different states of atmosphere, with 
coloured glasses of various tints, with various degrees of 
illumination, and with the objects at various distances ; 
so that much lime would be required in order to exhaust 
all the conditions under which railway signals may pre- 
sent themselves. This being done, the examinee must be 
either right or wrong e;ich time. He has always an even 
chance of being right ; and it would be an insoluble 
problem to discover how many correct answers were due 
to accident, or how many incorrect ones might be 
attributed to nervousness or to confusion of names. 

We must remember that what is required is to detect 
a colour-blind person against his will ; and to ascertain, 
not whether he describes a given signal rightly or wrongly 
on a particular occasion, but whether he can safely be 
trusted to distinguish correctly between signals on all 
occasions. We want, in short, to ascertain the state of 
his colour- vision generally ; and hence to infer his fitness 
or unfitness to discharge the duties of a particular occu- 
pation. 

For the accomplishment of this object, 'we do not in 
the least want to know what the examinee calls colours, 
but only how he sees them, what colours appear to him 
to be alike and what appear to be unlike ; and the only 
way of attaining this knowledge with certainty is to cause 
him to make matchesbetween coloured objects, to put those 
together which appear to him to be essentially the same, 
and to separate those which appear to him to be essentially 
different. This principle of tc.sting was first laid down 
by Seebcck, who required from examinees a complete 
arrangement of a large number of coloured objects ; but 
it has been greatly simplified and improved by Prof. 
Holmgren, who pointed out that such a complete ar- 
rangement, was superfluous, and that the only thing 
required was to cause the examinee to make matches to 


certain test colours, and, for this purpose, to select from 
a heap which contained not only such matches but also 
the colours which the colour-blind were liable to confuse 
with them. 

After many trials, Holmgren finally selected skeins of 
Berlin wool as the material best suited for this purpose ; 
and his set of wools comprises about 150 skeins. The 
advantages of his method over every other are that the 
wool is very cheap, very portable, and always to be 
obtained in every conceivable colour and shade. The 
skeins are not lustrous, so that light reflected from the 
surfaces does not interfere with the accuracy of the 
observation ; and they are very easily picked up and 
manipulated, much more easily than coloured paper or 
coloured glass. The person to be tested is placed before 
a table in good daylight, the table is covered by a white 
cloth, and the skeins are thrown upon it in a loosely 
arranged heap. The examiner then selects a skein of 
pale green, much diluted with white, and throws it down 
by itself to the left of the heap. The examinee is directed 
to look at this pattern skein and at the heap, and to pick 
out from the latter, and to place beside the pattern, as 
many skeins as he can find which are of the same colour. 
He is not to be particular about lighter or darker shades, 
and is not to compare narrowly, or to rummage much 
amongst the heap, but to select by his eyes, and to use 
his hands chiefly to change the position of the selected 
material. 

In such circumstances, a person with normal colour- 
sight will select the greens rapidly and without hesitation, 
will select nothing else, and will select with a certain 
readiness and confidence easily recognized by an ex- 
perienced examiner, and t^hich may even be carried to 
the extent of neglecting the minute accuracy which a 
person who distrusts his own colour-sight will frequently 
endeavour to display. Some normal-sighted people will 
complete their selection by taking greens which incline to 
yellow, and greens which incline to blue, while others will 
reject both ; but this is a diflerence depending sometimes 
upon imperfect colour education, sometimes upon the in- 
terpretation placed upon the directions of the examiner, 
but the person who so selects sees the green element 
in the yellow-greens and in the blue-greens, and is not 
colour-blind. The completely colour-blind, whether to 
red or to green, will proceed with almost as much speed 
and confidence as the colour-sighted ; and will rapidly 
pick out a number of drabs, fawns, stone-colours, pinks. 
Ox yellows. Between the foregoing classes, we meet with 
a few people who declare the imperfection of their colour- 
sense by the extreme care with which they select, by their 
slowness, by their hesitation, and by their desire to com- 
pare this or that skein with the pattern more narrowly 
than the conditions of the trial permit. They may or 
may not ultimately add one or more of the confusion 
colours to the green, but they have a manifest tendency 
to do so, and a general uncertainty in their choice. One 
of the great advantages of Holmgren’s method over overy 
other is the way in which the examiner is able to judge, 
not only by the final choice of matches, but also by the 
manner in which the choice is made, by the action of the 
hands, and by the gestures and general deportmcnt of the 
examinee. 

When confusion colours have been selected, or when 
an unnatural slowness and hesitation have been shown in 
selecting, the examinee must be regarded as either com- 
pletely or incompletely colour-blind. In order to deter- 
mine which, and also to which colour he is defective, he is 
subjected to the second test. For this, the wool is mixed 
again, and the pattern this time is a skein of light purple — 
that is, of a mixture of red and violet, much diluted with 
white. To match this, the colour-blind always selects 
deeper colours. If he puts.only deeper purples, he is in- 
completely colour-blind. If he takes blue or violet, either 
with or without purple, he is completely red-blind. If he 
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takes green or gray, or one alone, with or without purple, 
he is completely green-blind. If he takes red or orange, 
with or without purple, he is violet-blind. If there be 
any doubt, the examinee may be subjected to a third test, 
which is not necessary for the satisfaction of an expert, 
but which sometimes strengthens the proof in the eyes of 
a bystander. The pattern for this third test is a skein of 
bright red, to.be used in the same way as the green and 
the purple. The red- blind fselects for this dark greens 
and browns, which are much darker than the pattern ; 
while the green-blind selects greens and browns which 
are lighter than the pattern. 

The method of examination thus described is, I believe, 
absolutely trustworthy. It requires no apparatus beyond 
the bundle of skeins of wool, no arrangements beyond a 
room with a good window, and a table with a white cloth. 
In examining large numbers of men, they may be ad- 
mitted into the room fifty or so at a time, may all receive 
their instructions together, and may then make their 
selections one by one, all not yet examined watching the 
actions of those who come up in their turn, and thus 
learning how to proceed. The time required for large 
numbers averages about a minute a person. I have 
heard and read of instances of colour-blind people who 
had passed the wool test satisfactorily, and had afterwards 
been detected by other methods, but I confess that I do 
not believe in them. I do not believe that in such cases 
the wool test was applied properly, or in accordance with 
Holmgren’s very precise instructions ; and 1 know that 
it is often applied in a way which can lead to nothing but 
erroneous results. Railway foremen, for example, receive 
out of store a small collection of coloured wools selected 
on no principle, and they use it by pulling out a single 
thread, and by asking the examinee, “ What colour do 
you call that ? ” Men of greater scientific pretensions 
than railway foremen have not always selected their 
pattern colours accurately, and have allowed those whom 
they examined, and passed, to make narrow comparisons 
between the skeins in all sorts of lights, in a way which 
should of itself have afforded sufficient evidence of 
defect. 

Although, however, the expert maybe fully satisfied by 
the wool test that the examinee is not capable of dis- 
tinguishing with certainty between red and green flags 
or lights in all the circumstances in which they can be 
displayed, it may still remain for him to satisfy the em- 
ployer who is not an expert, the railway manager, or the 
ship-owner, and to convince him that the colour-bliftd 
person is unfit for certain kinds of employment. It may 
be equally necessary to convince other workmen that the 
examinee has been fairly and rightly dealt with. Both 
these objects may be easily attained, by the use of slight 
modifications of the lights which are employed. Lan- 
terns for this special purpose were contrived, some years 
ago, by Holmgren himself, and by the late Prof. Don- 
ders of Utrecht, and what are substantially their con- 
trivances have been brought forward within the last 
few months as novelties, by gentleman in this country 
who have re-invented them.* The principle of all is the 
same — namely, that light of varying intensity may be dis- 
played through apertures of varying magnitude, and 
through coloured glass of varying tints, so as to imitate 
the appearances of signal lamps at different distances, 
and under different conditions of illumination, of weather, 
and of atmosphere. To the colour-blind, the difference 
between a red light and a green one is not a difference of 
colour, but of luminosity ; the colour to which he is 
blind appearing the less luminous of the two. He 
may therefore be correct in his guess as to which of the 
two is exhibited on any given occasion, and he is by no 
means certain to mistake one for the other when they are 
exhibited in immediate succession. His liability to error 
is chiefly conspicuous when he sees one light .only, and 
when the conditions which govern its luminosity depart in 


any degree from those to which he is most accustomed. 
With the lanterns of which I have spoken, it is always 
possible to deceive a colour-blind person by altering the 
luminosity of a light without altering its colour. This 
; may be done by diminishing the light behind the glass, 

, by increasing the thickness of the red or green glass, or 
by placing a piece of neutral tint, more or less dark, in 
front of either. The most incredulous employer may be 
convinced, by expedients of this kind, that the colour- 
blind are not to be relied upon for the safe control of 
' ships or of locomotives. With regard to the whole ques- 
tion, there are many points of great interest, both physical 
and physiological, which are still more or less uncertain ; 
but the practical elements have, I think, been well-nigh 
exhausted, and the means of securing safety are fully in 
the hands of those who choose to master and to employ 
them. The lanterns, in their various forms, are useful for 
the purpose of thoroughly exposing the colour-blitfd, and 
for bringing home the character of their incapacity to 
unskilled spectators ; but they are both cumbrous and 
sui>crfluous for the detection of the defect, which may be 
accomplished with far greater ease, and with equal cer- 
■ tainty, by the wool test alone. 

I have already mentioned that the examinations which 
have been conducted in the United States, thanks to the 
I •ndefatigable labours of Dr. Joy Jeffries,- have led to the 
I discovery of an enormous and previously quite unsus- 
pected amount of colour-ignorance, the condition which 
is frequently mistaken for colour-blindness by the methods 
of examination which are in favour with railway com- 
panies and with the Board of Trade ; and this colour- 
ignorance has been justly regarded as a blot on the 
American system of national education. It has there- 
fore, in some of the States, led to the adoption of 
systematic colour-teaching in the schools ; and, for 
this purpose. Dr. Joy Jeffries has introduced a wall- 
chart and coloured cards. The children are taught, 
in the first instance, to match the colours in the chart 
with those of the cards distributed to them ; and, when 
they are tolerably expert at matching, they are further 
taught the names of the colours. It must, nevertheless, 
always be remembered that a knowledge of narnes does 
not necessarily imply a knowledge of the things de- 
signated ; and that colour-vision stands in no definite 
relation to colour-nomenclature. Even this system of 
teaching may leave a colour-blind pupil undetected. 


COMPOUND LOCOMOTIVES. 

'^HE present position of locomotive engineering in this 
country is of a very interesting nature ; owing to the 
gradual increase of weight of trains hauled and the higher 
speeds now in use, it has been necessary to increase the 
power of the locomotive by leaps and bounds to cope with 
these demands. This naturally has not been done without 
great scheming on the part of the designers, for, with the 
standard gauge of railway of 4 feet 8 J inches, the engines 
are tied down to certain dimensions between the frame 
plates ; in tqfal length, to a certain extent, by the turn- 
tables in use ; and in height of boiler for reasons of 
stability. These questions of design are interesting be- 
cause they are intimately connected with the economical 
working of the engines, especially in the consumption of 
fuel, a question which of late years has taken a prominent 
position in the economical management of locomotives. 
For several years the highly economical results obtained 
at sea with the use of high pressures coupldd with the 
compound or triple expansion engine have caused en- 
gineers to look in that direction for further impmvements, 
with the result that two different types of compound loco- 
motives were designed, and are considerably past the ex- 
perimental stage. These engines are now working suc- 
cessfully on two of the English railways, and are being 
adopted on many foreign ones. 
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The type of compound locomotives first used in any 
number is that patented by Mr. F. W. Webb, the able 
Mechanical Superintendent of the London and North- 
Western Railway. This design is interesting because^it 
is to a certain extent an example of really original work 
in locomotive practice. Mr. Webb had several very good 
ideas to work on in this design, all of very great import- 
ance from an engineer’s point of view. These ideas were 
as follows ; — The engine must not have a double-throw 
crank-axle, this being certainly the weak point of all 
inside-cylinder engines ; the coupling rods between 
driving and trailing wheels must be done away with, 
since these also sometimes break, and may cause serious 
accidents. The doing away with the coupling rods 
enables a longer fire-bo.x to be used, because the coupled 
wheels should be near together to obtain a minimum 
length of coupling rod, for reasons of safety. Thus, to 
desigrf an engine to be more powerful than an ordinary 
four-coupled express of the North-Western heavy pattern, 
and having at the same time fewer parts liable to accident, 
as stated above, requires some clever scheming and much 
thought. The engine ultimately adopted by Mr. Webb for 
use on the London and North-Western Railway has three 
cylinders, viz. two high-pressure cylinders and one low- 
pressure cylinder. The high-pressure cylinders are placed 
one on each side of the engine, and are connected to the* 
trailing or hind pair of wheels. I’he low-pressure cylinder 
is placed between the frames at the front end of the 
engine, and is connected with the front pair of driving 
wheels by a single-throw crank-axle. It will be noticed 
that in this arrangement each pair of wheels are driving 
wheels, that the side or coupling rods are done away 
with, and that the ordinary double-throw crank-axle has 
given place to a single-throw crank-axle, which may 
be made of ample dimensions and practically unbreak- 
able. The course of the steam through the cylinders is 
easily understood : steam passes from the boiler to each 
high-pressure cylinder, and, after doing a certain amount 
of work, it is led from each high-pressure cylinder into 
the steam-chest of the low-pressure cylinder ; it is there 
expanded down to a still lower pressure, and then exhausted 
finally up the chimney. 

The cylinders of the Dreadnought type — that is, the 
most powerful type of the compounds on the London and 
North-Western Railway— arc : high-pressure cylinders, 
14 inches in diameter and 24 inches stroke ; the low- 
pressure cylinder has a diameter of 30 inches* and 24 
inches stroke. These engines are designed in such a | 
manner that, when working at their usual speed, the 
power developed by the high-pressure cylinders, and 
applied through the hind pair of wheels, shall be about 
equal to the power of the low-pressure cylinder, and 
applied to the front pair of driving wheels. 

Through the kindness of Mr. Webb I am able to give 
an account of the working of a special train, run in order 
to test the fuel and water consumption of this class of 
engine. 

Un April 17, 1887, the engine Dreadnought, No. 503, 
worked a special train of coaches and dynamometer car 
from Crewe to Wolverton, a distance of icJsl miles, at a 
speed of 24 miles per hour, including stoppages, which 
were made every 1 5 miles on the journejr ; 24 cwt. of coal 
were put into the fire-box during the trip, which gives a 
consumption of 25*4 lbs. of coal per mile ; 2629 gallons of 
water were evaporated, which equals 978 lbs. of water per 
pound of coal consumed. The weight of the train, ex- 
clusive of engine and tender, was 259 tons, 3 cwts. 3 qrs , 
and the mean weight of engine and tender 62 tons 13 
cwts., or a total of 321 tons 16 cwts. 3 qrs. for the whole 
train. This is equivalent to 4*13 tons of train hauled to 
I ton of engine and tender hauling it, and 1*26 oz. of 
coal per ton , per mile. 

^hc same locomotive worked a similar train between 
the same points on January i, 1888, but at a speed of 44 


miles per hour, with one stoppage only at Rugby, the 
results being as follows ; — 30 cwts. of coal were put into 
the fire-box during the trip, which gives a consumption of 
41*3 lbs. of coal per mile ; 3608 gallons of water were 
evaporated, which equals 8'26 lbs. of water per pound of 
coal consumed. The weight of the train, exclusive of 
engine and tender, was 256 tons, 18 cwts., and the mean 
weight of the engine and tender 62 tons 13 cwts., or a 
total of 319 tons li cwts. for the whole train. This is 
equivalent to 4‘i tons hauled to i ton of engine and 
tender hauling it, and 2’c6 oz. of coal per ton per mile. 

When the first trip was made, the weather was warm 
and dry, but during the latter a hard frost prevailed. 
With this exception the conditions under which the trips 
were made were practically alike. The difference in 
fuel consumption between the two trips may be taken as 
that due to the difference in speed. There are 77 com- 
pound locomotives now at work on the London and North- 
Western Railway, which have run to the end of December 
1889 a total of 13,423,798 miles, and several more of the 
same type are now being built at Crewe Works. 

It will be observed that in the Webb type of compound 
locomotive the design is such that the sizes of the 
cylinders can be easily increased if necessary to obtain a 
still more powerful engine, provided, of course, a larger 
boiler is used, and there is no reason why even the 
Drea-dnought should not be the forerunner of still more 
powerful compounds on the London and North-Western 
Railway when their use becomes a necessity. It is 
evident that the use of a third cylinder, with motion and 
gear, must entail a greater cost for repairs as well as a 
larger consumption of oil when at work, and that the type 
of engine docs not easily lend itself to a speedy and 
economical rebuild of ordinary locomotives to the Webb 
compound type ; the system, therefore, is one quite 
unique in its way, and unlike any of the earlier attempts 
at compounding locomotives. 

Another successful design of compound locomotives is 
that due to Mr. T. W. Worsdell, the Locomotive 
Engineer of the North-Eastern Railway, on which rail- 
way a large number of compound locomotives are at 
work. The Worsdell compound is the outcome of many 
experiments both at home and abroad. There are two 
cylinders used, and to all appearances the locomotives 
are similar to the ordinary non-compound locomotive. 
These two cylinders are of different diameters, and the 
steam, after doing work in the smaller one, is exhausted 
iifto the steam-chest of the larger or low-pressure cylinder, 
where it is further reduced in pressure by expansion in 
the cylinder, and afterwards is exhausted. It will be ob- 
served that in the Webb system there are two high- 
pressure cylinders connected to the hind pair of wheels, 
with the crank-pins, of course, at right angles, and that 
the low-pressure piston receives no steam from the high- 
pressure cylinders until the engine has commenced to 
move. Thus, all the work of starting the train for the 
first few revolutions of the driving wheels has to be done 
by the high-pressure pistons, and these are always able to 
start, in whatever position the wheels may be, because 
they are in duplicate and have no dead point. In the 
Worsdell system' this is not possible without some 
special appliance, and it is this particular appliance 
which constitutes the patented device in the engine 
which makes it the success it is. In any two cylin- 
dered compound engine with cranks at right angles, 
which is the usual practice, it is possible to easily observe 
that there are two positions from which the engine cannot 
start on the admission of steam, because the admission of 
steam to the low-pressure cylinder depends ori the exhaust 
from the high-pressure cylinder, and the high-pressure 
piston may happen to be at exactly the end of its stroke, 
either at the front or the back end — known as being on 
the centre or dead points. As the Worsdell engine is 
constructed with two cylinders, as before stated, it will be 
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interesting to know how the difficulty has been got over. 
When the high-pressure piston is at the end of its stroke, 
the low-pressure piston will be at the middle of its stroke, 
the cranks being at right angles ; and if by any means 
steam could be admitted to the low-pressure cylinder 
without affecting the high-pressure piston, the engine 
would, of course, be able to turn round half a revolution, 
and so place the high-pressure piston immediately in a 
position to commence its stroke. The “intercepting 
valve,” as it is called, is an arrangement by which the 
passage between the high- and low-pressure cylinders 
can be closed, and at the same time admits steam to the 
low-pressure cylinder when the high-pressure piston is on 
one or other of its dead points. This arrangement con- 
sists of a valve in the passage between the cylinders con- 
nected to a small piston in a cylinder placed in a suit- 
able position. The steam supply is taken from the main 
ste.am-pipe, and regulated in its passage to the small 
cylinder by a valve worked from the foot-plate. If the 
engine refuses to start when the regulator is opened, the 
lever connected to the intercepting valve apparatus is 
pulled over. This admits steam behind the small piston, 
which immediately is forced forward and closes the inter- 
cepting valve, at the same time opening a port through 
which the steam is admitted to the low-pressure cylinder. 
This starts the engine, and the lever is returned to the 
running position by means of a spring. The rise of 
pressure in the passage between the cylinders, owing to 
the exhaust from the high-pressure cylinder, opens the 
intercepting valve, and compound working commences. 
This arrangement is very simple and trustworthy in 
practice. A large number of Worsdcll compounds are 
now in use in India and elsewhere with admirable results. 
Where coal costs forty shillings and more per ton, it is 
very important that the most economical engine should 
be used. 

On the Hrighton Railway very economical results 
have long been obtained with the ordinary locomotives 
designed by the late Mr. Win. Stroudley, and are due to 
the general excellence of design of boiler and engine, 
coupled with careful tlriving, induced by the coal premium. 
If locomotives were generally worked more by the re- 
versing lever and less by the regulator, more economical 
results would be recorded ; or, in other words, expansive i 
working ine.ins economical working, which in the ordin- j 
any engine depends on the driver. In this manner, to j 
work steam expansively in the non-compound locomotive, | 
it is necessary for the driver to regulate the power of the | 
engine by varying the quantity of steam used in the 1 
cylinder-, by means of an earlier or later cut-off, regulated i 
by means of the reversing gear, the supply from the ; 
boiler not being checked in any way when running. On | 
the other hand, the engine can be regulated by varying | 
the steam supply at the regulator, the degree of expansion | 
in this case being such as the driver chooses to generally ' 
use. Under the first conditions all the steam used is ' 
worked expansively, and under the latter the cylinders j 
are choked with steam at one minute, and have an 
insufficient supply at the ^ext. On the other hand, 
with the compound engine the steam must be expanded 
to a certain extent whether the driver likes it or not, and 
a result may be obtained with careless driving from the 
compound which would be passable when showm by a 
fairly well driven ordinary engine. 

Mr. Drummond, the Locomotive Superintendent of the 
Caledonian Railway, has been making extensive experi- 
ments with steam-pressures varying from 150 to 300 lbs. 
per square inch, with identical engines doing practically 
the same work, the results of which will be given to the 
Institution of Civil Engineers. Without dealing with the 
practical difficulties involved in the use of such high pres- 
sures in non-compound locomotives, it will be highly 
interesting to know the results of these experiments. 
Whether the saving in fuel will equal or exceed the com- 


pound results obtained by Messrs. Webb and Worsdell is 
a moot point. 

It has been observed that the saving of fuel due to a 
compound locomotive when working similar trains with 
the non-compound engine is due to the higher pressure 
used, and that when the pressure is reduced to the same 
level as that used in the non-compound engine the saving 
in fuel at once drops considerably, and the results give a 
little saving in favour of the compound. P'rom this it is 
evident that to alter an ordinary engine to the compound 
I system, without raising the woricing pressure, will be of 
i little good, and not worth the cost. 

The many statements made in order to prove the more 
' economical working of the compound over the non- 
compound locomotive are misleading in the extreme, and 
as a fair comparison of the two types they are of no 
value. The compound locomotives have large boilers, 
ample heating surface, and all recent improvements, be- 
sides the all-important feature of a working pressure of 
175 lbs. per square inch. This engine is compared with 
an ordinary non-compound locomotive having a smaller 
boiler, generally hard pressed for steam, because it has to 
haul its maximum load, with a working pressure of about 
150 to 160 lbs. to the square inch. To put two such 
engines into competition is absurd, and therefore the 
•csults obtained by the compound locomotives in every- 
, day working cannot fairly be compared with the non- 
compound engine’s records. 

For these and other reasons engineers are anxiously 
waiting to learn the results of Mr. Drummond's experi- 
ments, for then for the first time will it be possible to 
fairly compare the two systems. 

It must not be imagined that because the compound 
and triple expansion marine engine is so successful in 
fuel economy, the compound locomotive is also likely to 
be so : the conditions of working are so totally different ; 
for instance, the engines of an Atlantic liner work for 
seven or more days, doing pr.actically the .same amount 
of work the whole time, and since the work is constant 
the engines are designed to do that work in the most 
economical manner. With the locomotive, on the other 
hand, the work is never constant, and for that reason the 
steam supply is an ever-varying cpiantity, besides the 
constant stopping and reversing always going on when 
any shunting has to be done. These conditions are fatal 
to very economical working, and more especially when 
applied to a compound locomotive. 

The compound principle is a sound one, but one not 
likely to be generally adopted, on account of extra com- 
plication. The present consumption of fuel by ordinary 
well-designed non-compound locomotives (take, for in- 
stance, the Brighton average consumption of 2475 lbs. per 
mile for all their passenger engines) has not been beaten 
by the compound locomotive records ; and until it can 
be demonstrated that a distinct economy is possible by 
their general use, they are not likely to increase largely 
in number. N. J. L. 


NEW ZOOLOGICAL PARK AT WASHINGTON. 

B y an Act of Congress passed on March 2 last year, an 
“ appropriation ” was made for the establishment of 
a Zoological Park in the district of Columbia “for the 
advancement of science and the instruction and recrea- 
tion of the people.” The control of the establishment 
was intrusted to a Commission composed of the Secretary 
of the Interior, the President of the Board of Commis- 
sioners of the District of Columbia, and the Secretary of 
the Smithsonian Institution. 

Although the Commission was thus established only a 
year ago, the three Commissioners have already set to 
work, and, as we learn from their report, transmitted in 
January last to the Senate and House of Representatives 
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have accomplished the first object of the constitution — 
namely, the purchase of the necessary land. 

The site selected for the Zoological Park is about two 
miles from the centre of Washington. It contains ^^an 
area of 166 acres, traversed by the stream called Rock 
Creek, and is stated to possess most attractive features 
which render it well adapted for the purpose. 

There is already a Zoological Garden at Philadelphia in 
good working order, and there is a smaller establishment 
at New York, in the Central Park, under the charge of 
Mr. W. A. Conklin, who is well known to many 
naturalists on this side of the Atlantic. The new institu- 
tion at the metropolis of the United States, to be 
inaugurated and carried on by the Central Government 
for the “ recreation and instruction ” of the American 
people, will evidently be on a much larger scale. It will 
also have the advantage of the unlimited support always 
accorded by the Americans to their great national 
undertakings. If the Commissioners are inclined to take 
advice from Europe — and we have no reason to suppose 
the contrary — we should recommend that, before planning 
and commencing the necessary buildings, they should 
visit the Gardens of the Zoological Society in London, and 
the principal institutions of a like nature on the Continent, 
and take advantage of the experience gained by previous 
workers in the same field. No amount of plans and 
estimates, which, we are told, they are now asking for 
from the older institutions, will give them the advantages 
to be derived from a personal examination of these estab- 
lishments and a few weeks’ study of the mode in which 
they are worked. 


JAMES NASMYTH. 

‘C'VERYONE was sorry to hear of the death of Mr* 
^ James Nasmyth, the great engineer. His name is 
familiar to the entire English-speaking world, and there 
can be no doubt that he stands in the front rank of those 
who have advanced the material interests of mankind by 
the application of science to industrial methods. 

So far as outward events were concerned, there was 
nothing very remarkable in his career. The real history 
of his life is the history of his inventions. He was born 
at Edinburgh on August 19, 1808, and was the youngest 
child of a family of eleven. 1 1 is father was Alexander 
Nasmyth, who achieved considerable distinction as a 
painter. In a good summary of the facts of his life, 
printed in the Times of May 8, it is said that the boy 
gave very early evidence of a decided taste for mechanical 
pursuits. At school this taste was strengthened by 
intimacy with the son of an ironfounder, whose works 
young Nasmyth was never tired of visiting. He dis- 
played so much aptitude for model-making that when he 
began to attend scientific classes at the University of 
Edinburgh he was able to pay his own fees by the sale 
of models of steam-engines, and other mechanical con- 
trivances. 

In 1829, Mr. Nasmyth came to London, and the two fol- 
lowing years he spent in the service of Mr. Maudslay« the 
founder of the well-known firm of engineers. He then 
returned to Edinburgh, where he devoted himself for a 
short time to the construction of a set of engineering 
tools. With these tools, and a very small capital, he 
ventured to begin business on his own account in Man- 
chester ; and so many orders for work were received that 
new premises soon became necessary. He accordingly 
secured a plot of ground, 12 acres in extent, at Particroft, 
near Manchester ; and this site he covered with the col- 
lection of Workshops known as the Bridgewater Foundry. 
It was at this establishment that Mr. Nasmyth invented 
an 1 perfected the mechanical tools with which his name is 
associated. ' The most important of them is the steam- 
hammer, the ‘power and delicacy of which are universally 


known. It was invented in 1839, when he was still a 
young man. The Times says : — “ The first idea of the 
hammer occurred to its inventor when he was asked by 
the Great Western Railway Company to construct a 
wrought-iron intermediate paddle shaft for a proposed 
ship called the Great Britain. Other firms had declined 
to undertake the construction of a shaft with a size and 
diameter never before attempted. The paddle shaft was 
never forged, as the screw was invented about this time. 
But meanwhile Nasmyth had invented a means of raising 
an enormous block of iron to a sufficient height and of 
regulating and directing its descent upon the anvil below.” 

Among Mr. Nasmyth’s other inventions we may men- 
tion his “ reversing direct-acting rolling mill.” 

In 1857, at the age of 48, he retired from business ; and 
from that time he lived at Penshurst, where he found an 
outlet for his energies in the enthusiastic study of 
astronomy — a study which led to the publication of “ The 
Moon considered as a Planet, a World, and a .Satellite,” 
written by him in conjunction with Dr. James Carpenter. 
Mr. Nasmyth wrote also “ Remarks on Tools and 
Machinery,” in Baker’s “ Elements of Mechanism ” 
(1858). An autobiography, edited by Dr. Smiles, was 
published in 1883. He inherited to some extent his 
father’s artistic faculty, and the exercise of his talent for 
drawing was a constant source of genuine pleasure. 

Mr. Nasmyth used to say that he had never known 
what it was to be ill. For some time, however, his health 
was manifestly failing ; and several weeks ago he came to 
town. He stayed at Bailey’s Hotel, Gloucester Road ; 
and there, in his eighty-second year, he died, on Wednes- 
day, May 7. 

NOTES. 

Mr. Alfred Gilbert, A.R.A. , has been commissioned to 
execute the Joule Memorial at Manchester. 

Prof. W. K. Sullivan, President of the Cork Queen’s 
College, and well known as a chemist, died on Monday at the 
College. He was 68 years of age, and had held the position 
of President since 1872, in succession to the late Sir Robert 
Kane. 

It is announced that Sir Frederick Mappin, M.P., has 
handed over to his co-trustees of the Sheffield Technical School 
;^looo for the purpose of founding two scholarships, each of the 
vf^Juc of ^15 per annum, in perpetuity. 

The Paris Academy of Sciences has offered a prize of 3000- 
francs for the best essay on the phenomena of fertilization in 
Phanerogams, especially in reference to the divi-iion and trans- 
lation of the nucleus, and the relation between these phenomena 
and those which occur in the animal king<lom, to be sent in 
before June i, 1891. 

Prof, von Nordenskioi.d lately announced to the Stock- 
holm Academy of .Sciences that a scientific expedition would 
start duiing the summer for.Spitzbergen. Among the party will 
be his son, M. G. Nordenskidld, and MM. Klinckowstrom and 
Bahaman. The expenses of the expedition will be defrayed by 
Baron Dickson and M. F. Beijer, the publisher. 

The ethnological collections made by Prof. Bastian during his 
journey through Russian Central Asia, have been brought to 
Berlin by the Professor’s companion, Ilerr A. Dsirne. Prof. 
Bastian is at present at Madras. 

^ Dr. Thoroddsen, of ReikjBvik,to whom the Linmf Memorial 
Medal has been given by the Stockholm Academy of Sciences 
for his collection of fossil plants, has received 1200 kronen (.^65^ 
from Baron Dickson to enable him to investigate the Icelandic 
peninsula of Sneefieldness, Dr. Thoroddsen hopes soon to con- 
clude his geological researches concerning this ancient Norse 
settlement. 
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Mr. T. G. Paterson, of Edinburgh, has sent to the Daily 
Neivs the following information regarding what will be the most 
northerly telephone in Europe: — “My brother, Mr. Spence 
Paterson, II. M. Consul for Iceland, writes to me: ‘It is 
proposed to put up a telephone line between Reikjavik and 
Havnefiord. The cost of apparatus and construction is reck- 
oned under Kr. 30,000, and a small company is to raise the 
capital.*'’ 

We learn from Humboldt that in connection with the tenth 
International Medical Congress, to be held this year in Berlin 
from August 4 to 9, there is to be an International Medico 
Scientific Exhibition. The following kinds of objects will be 
exhibited : new or improved scientific instruments and apparatus 
for biological and especially medical purpose.^, including ap- 
paratus for pholograpliy and spectrum analysis so far as they are 
of service to medicine ; new pharmaceutical and chemical stuffs 
and preparations ; new or improved instrimu nts for operative 
purposes of medicine, including electrotherapy ; new plans and 
models of hospitals, convalescent homes, disinfection arrange- 
ments, baths, &c. ; new arrangements for care of the sick, in- 
cluding means of transport, and baths for invalids ; newest 
apparatus for hygienic purposes, &c. Communications (marked 
“ Ausstellungsangelegenheit *’) should be sent to the office of 
the Congress, Dr. Lassar, Berlin, N.W., Karlstrasse 19. 

The dinner given in honour of M. de Lacaze-Duthiers by 
tlie Club called Sekntia^ on April 30, seems to have been a 
great success. It took place in the Hotel Continental. M. 
Charles Richet, who presided, delivered an eloquent speech on 
the achievements of the Club's guest — “ that conqueror of the 
sea, and apostle of zoology "—calling attention especially to 
his services as the founder of the marine laboratories of Roscoff 
and Banyuls. 

The Kc7v Bulhtin for May opens with an interesting collec- 
tion of facts relating to efforts which are being made to obtain 
commercial rubber from the “Abba" tree of West Africa, 
There are also sections on a mealy bug which has lately been 
very destructive to cultivated plants at Alexandria; on Mauritius 
hemp machines ; on Siberian perennial flax; and on Liberian 
coffee. 

The several Australian Governments have completed their 
arrangements with regard to the Mining Exhibition which is tc^ 
be held this year at the Crystal Palace. According to the 
Australian Mining Standard^ the best display will probably be 
Tiadc by New South Wales. Mr. Wilkinson, the Government 
[geologist, will visit England as the official representative of that 
:olony ; and the collections to which high honours were awarded 
It the New Zealand Exhibition will be sent to London. 

The first number of “Records of the Australian Museum," 
edited by Dr. E. P. Ramsay, the Curator^ has been issued. The 
iditor explains that the rapid increase in the collections of the 
Museum, and the gradual acquisition of extensive series of new, or 
ittle known, forms frewn Australia, New Guinea, and the Pacific 
slands, have “forcibly brought under the notice of the trustees 
^he necessity of officially publishing the investigations of their 
scientific staff." Accordingly the “ Records " will appear as an 
occasional periodical. Among the contents of the first number 
are a report on a zoological collection from the Solomon Islands, 
by E. P. Ramsay and J. D. Ogilby ; a re-description of an 
Australian skink, by the same writers ; a report of a collecting 
trip to Mount Kosciusko, by R. Helms ; general notes made 
during a visit to Mount SaiKsafras, Shoalhaven district, by R. 
Etheridge, Jun., and J. A. Thorpe ; and a report on a collecting 
trip to North-Eastern Queensland during April to September 
1889, by £. ). Cairn and R. Grant. 


The Aeronautical Society of Great Britain will hold a meeting 
at the Society of Arts, on Friday, May 16, when a lecture will 
be delivered by Mr. Henry Middleton, of Slough, on “the 
fundAmental principles of flight, and their application to the 
construction of flying machines.” Mr. Edgar Smart Bruce will 
read a short paper on electric balloon signalling, with details of 
some late experiments in Belgium. 

I An obituary notice of Theodor Kirsch has been issued as the 
fifth of the series of “ Abhandlunggn und Berichte *' of the 
Dresden Zoological and Anthropological Museum, edited by Dr. 
A. B. Meyer. Herr Kirsch had charge of the entomological 
department of the Museum. The notice is accompanied by a 
portrait, and by a list of his writings. 

The buildings of the Botanical Museum and Laboratory of 
the Michigan Agricultural College have been entirely destroyed 
by fire, and with them the whole of the Wheeler Herbarium^ 
containing over 7000 species, the most complete collection of 
Michigan plants ever brought together. 

The well-known botanical explorer Mr. C. C. Parry died at 
Davenport, Iowa, on February 20, from an illness following on 
an attack of influenza. 

J)R. Tschirch, of Berlin, has been appointed Professor of 
Pharmacology in the University of Berne. 

Dr. Istvankfy-Schaarschmidt has been appointed Curator 
of the botanical collections in the National Museum of Buda- 
Pesth. 

Herr J. Bornmuller was engaged during April in a 
botanical investigation in Asia Minor. He began with the 
mountainous region in the neighbf)urhood of Amasia, and 
proceeded westwards into Galatia and Paphlagonia. 

Two slight shocks of earthquake were felt at Sofia on May 
10, at half-past 2 and at 3 o'clock in the afternoon. The seismic 
disturbances travelled in a vertical direction. 

The Deutsche Seewarte has just published Part HI. of 
“ Ueberseeische meteorologische Beobachtun^en," containing a 
valuable series of observations from distant stations, carefully 
compiled in the most desirable form. Full particulars are givea 
about the positions of the stations, and the construction of the 
instruments. 

We have received the Report of the Meteorological Service 
of the Dominion of Canada for the year 1886. It contains, as 
before, very clear tables of the daily, monthly, and quarterly 
means, for a large number of stations, and values of bright sun* 
shine for 14 stations. The storm signal service seems to be 
much appreciated, and to be very successful ; Mr. Carpmael 
states that, whenever a storm of any magnitude occurred, due 
warning was given to the shipping. The issue of daily weather 
forecasts has also been very successful — 88*6 per cent, having 
been fully verified. The system of disseminating weather 
nformation, by attaching metal disks to the railway cars, has 
been perfected, and Mr, Carpmael states that these forecasts are 
as eagerly sought for by farmers and people resident in country 
districts as by the inhabitants of the towns where they are pub- 
ished. The Report also contains five coloured plates, showing 
he quarterly and annual distribution of rainfall in Ontario. 

The daily and yearly variation, and the distribution, of wind- 
velocities in the Russian Empire have been fully investigated by 
Kiersnowski {Reperi, /. Meteor.). The highest velocities (mean- 
6*3 metres per second) occur in the Baltic provinces. On the 
White Sea, on the Caspian, in the region of the North Russian 
akes, and on the Steppe, the values are also high ; in the forest 
egion and the Caucasus they are low. Towards the interior of 
Asia the velocity decreases, and in Transbaikalia is the mini- 
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tnum (i‘5 m. per second). Further east, towards the Pacific, 
the velocity increases. In the annual period, the maximum is 
pretty unifonnly in winter, the minimum in summer. A maxi- 
mum in spring, and a minimum in summer or autumn, are peculiar 
to the Caspian region, the Ural, and West Siberia, with Central 
Asia. In Eastern Siberia the minimum is in winter. The daily 
variation shows distinctly the connection with cloudiness. The 
greatest amplitude occurs in the brighter part of the year ; in 
East Siberia in winter, and in the rest of the country in summer. 
In general the amplitude Increases regularly with the clearness of 
the sky eastward, and on land it is greater than on the sea. 

A STATISTICAL investigation of lightning-strokes in Central 
Germany, covering a period of 26 years, has been recently 
carried out by Herr Kastner {Globus), The number of cases 
has increased about 129 per cent., and last year (1889) it 
amorinted to 1145. The author distinguishes four thunder- 
storm paths. The starting-points of all these are in hills, and in 
their course, the woodless districts and flat country, river- valleys 
and low meadow-ground about lakes, seem specially liable, while 
the wooded and hilly parts generally escape. The hottest months 
(June, and especially July) and the hottest hours of the day, or 
those immediately following them (3 to 4 p.m.), show the most 
lightning strokes. 

In Lc Globe for March, M . E. Chaix has an article on the 
general circulation of the ocean. He enters into the various 
means adopted for determining ocean currents, and the history 
of the various theories from the earliest times, and gives a brief 
summary of those which are now generally adopted. The 
author adopts the opinion expressed by Humboldt, that several 
causes must be sought for, and that they cannot be explained by 
any single one. His conclusions are : (i) that differences of 
density, especially those caused by temperature, induce a slow 
progression of the water at a depth towards the equator, but 
that their action is apparently nothing at the surface ; (2) that 
the prevailing winds cause sensible currents at the surface, and 
these movements in time penetrate to a certain depth, but that 
their agency does not explain everything ; (3) every motion, 
whether on the surface or at a depth, causes a compensating 
movement, either slow or rapid. These movements play the 
second part in the superficial circulation, and explain generally 
what cannot be attributed to the direct action of the wind ; 
therefore they afford a key to a number of apparent anomalies. 

In the last report of the Central Park Menagerie, New York, 
it is noted that the principal cause of death among the animals 
in 1889 was congestion of the lungs. Among the most Valuable 
specimens lost by this disease were — a lioness, purchased March 
4, 1886 ; two pumas, one received in 1883, the other in 1885 ; 
one llama and one emu, both purchased in 1888 ; one sea-eagle 
and one migratory pigeon, the former of which had been in the 
collection for eighteen, the latter for thirteen, years. The 
death of a young hippopotamus, four days after birth, was also 
attributed to congestion of the lungs. In describing what hap- 
pened in the case of this interesting creatyre, Mr. W. A. 
Conklin, the Director, points out that the Zoological Gardens 
of Europe have been particularly unfortunate in regard to the 
.first-born of the hippopotamus. ‘‘The first two bom in the 
London Garden lived two and four days respectively. The first 
two born in the Jardin des Plantes, Paris, were killed by their 
parents shortly after birth. In the Amsterdam Garden the first 
two died from the neglect of their parents, and in St. Petersburg 
Garden the first three died from the same cause.” 

In a note in the current number of the American Naturalist^ 
Mr. F. F. Payne, of Toronto, records an interesting fact which 
often came under his notice during a prolonged stay at Hudson’s 
j|^ .8trait. ‘t Here,” he says, “the Eskimo might often be seen 
^ lying at full length at the edge of an ice-floe, and, although no 


seals could be seen, they persistently whistled in a low note- 
similar to that often used in calling tame pigeons, or, if words 
can express my meaning, like a plaintive phe ew, few- few, the 
first note being prolonged at least three seconds. If there were any 
seals within hearing distance they were invariably attracted to 
the spot, and it was amusing to see them lifting themselves as 
high as possible out of the water, and slovily shaking their 
heads, as though highly delighted with the music. Here they 
would remain for some time, until one perhaps more venture- 
some than the rest, would come within striking distance of the 
Eskimo, who, starting to his feet with gun or harpoon, would 
often change the seal's tune of joy to one i»f sorrow, the others 
making off as fast as possible. The whistling had to be con- 
tinuous, and was more effective if performed by another Eskimo 
a short distance back from the one lying motionless at the edge 
of the ice. I may add that the experiment was often tried by 
myself with the same result.” 

A NEW instalment of the “ Palaeontologia Indica” has been 
published. It forms the first part of vol. iv. of the series dealing 
with “salt-range fossils,” by Dr. William Waagen. This 
volume is being written in fulfilment of a promise made by Dr. 
Waagen when, in 1879, he began his publications on the 
different rock-groups of the salt-range and the fossils contained 
therein. He then undertook to collect in a special volume “a;l 
the geological conclusions that may be drawn from the detailed 
study of the different faunce, and to give at the same time geo- 
logical details as to the occurrence of the single forms.” 

The Straits Branch t)f the Royal Asiatic Society, has pub- 
lished the twentieth number of its Journal. It contain** a 
report on the destruction of coco-nut palms by beetles, b) 11. 
N. Ridley ; British Borneo — sketches of Brunai, Sarawak, 
Labuan, and North Borneo, by W. II. Treacher; notes on 
names of places in the islind of Singapore and its vicinity, by 
H. T. Haughton ; journal of a trip to Pahang, &c., by W. 
Davison ; and a list# of the birds of the Bornean group of 
islands, by A. II. Everett. A map of Borneo, and a map of 
Palawan and adjacent islands, are given. The former shows 
roughly the distribution of highlands and lowlands in Borneo, 
and the localities at which collections of birds have been made 
are indicated. 

Close to the Hungarian village of Toszeg, on low ground 
, often flooded by the Theiss, are the remains of a prehistoric 
settlement, which have been recently described by a Scandinavian 
man of science, M. Undset. While in Upper Italy a sort of basin 
seems often to have been made with an earth-wall, and dwellings 
built in this on a pile-supported platform ; the buildings near 
Tozscg have been similarly raised in two long parallel trenches. 
The hollow space under the platform served as a place for refuse of 
all sorts, and it must often have held stagnant water. When it 
got full, the settlement appears to have been burnt down, and a 
new set of buildings raised on new and higher piles. Among 
the remains are bones of cattle, stags, goats, swine, &c., vessels 
made of horn, stone, baked clay, a few bronze articles (needles, 
knives), polished stone hammers, w^'dges, chisels, tooth- 
ornaments, &c. The settlers seem to have practised agriculture, 
hunting, and flshiog. Discussing this “find,” M. Undset has 
some remarks on the relations of the prehistoric civilization of 
Hungary to that of Upper Italy and other European regions. 
In Northern Italy the bronze period proper appears to have 
corresponded pretty nearly with the ierramare settlements ; but 
in Hungary it was much longery and was in great part con* 
temporaneous with the iron ptniod in Italy. When the bronze 
period began in Hungary is veiy doubtful, but M. Undset con- 
siders it to have been not later tbaii in Upper Italy. It is 
highly probable that the very early migration of Italians into 
the Apennine peninsula, and the migrations into the Balkan 
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-^peninsula culminating in that of the Dorians, came from the 
middle or lower Danube valley. Hence the importance of 
prehistoric remains in Hungary for a knowledge of prehistoric 
events in Central Europe. 

Another important paper is contributed by M. Moissan to 
the current number of the Comptes rendus upon carbon tetra- 
lluoridc, CE4. Five modes of preparing the gas are described, 
together with several new properties which have been investigated 
since the publication of the preliminary notice a few weeks ago. 
When gaseous fluorine is allowed to enter a platinum tube filled 
, with marsh gas, CH4, a violent combination, accompanied by 
incandescence, takes place, carbon being deposited and a mixture 
of various fluorides including carbon tetrafluoride formed. Fluorine 
also reacts somewhat violently with chloroform, CHCI3. When 
the free element is led into cooled chloroform it is largely absorbed, 
carbon tetrafluoride being again produced, and for the most part 
remaining dissolved in the excess of chloroform. If the fluorine 
is heated to 100^ before passing into the chloroform incandescence 
occurs, a flame appears at the exit opening of the platinum ap- 
paratus, carbon is again deposited, and the tetrafluoride largely 
found in the gaseous product. Fluorine also expels chlorine from , 
tetrachloride of carbon, CCI4, for if it is led into a quantity of j 
the tetrachloride contained in a gently-warmed platinum flask, | 
the issuing gas is found to be a mixture of free chlorine and | 
carbon tetrafluoride. A large proportion of the latter gas j 
remains dissolved in the excess of carbon tetrachloride, and may j 
be rea<lily obtained fairly pure by gently boiling the residual | 
y ^Jlicjuid in a glass vessel and collecting the gas over mercury. As j 
described in our notice of the preliminary paper the lighter 
varieties of amorphous carbon, such as wood charcoal and lamp 
black, take fire in a stream of fluorine and continue burning as 
long as combination occurs, the product consi.sting of several 
gaseous fluorides, of which the tetrachloride i.s present in greatest 
proportion. The method, however, by which carbon tetrafluoride 
can be prepared most conveniently and in the purest form is as 
follows. A quantity of silver fluoride, AgF, is placed in a 
brass U-tubc fitted with two side tubes. Through one of these 
latter a stream of vapour of carbon tetrachloride is driven ; the 
other serves as exit tube for the products of the reaction. The 
apparatus is first filled with carbon tetrachloride vapour, the 
portion containing the fluoride of silver is then heated to 195®- 
220® C. and a steady stream of the tetrachloride maintained as 
long as gas is evolved at the mercury trough. It is advisable to# 
add to the apparatus a small metallic spiral tube which can be 
cooled to — 23® in order to condense any escaping vapour of the 
tetrachloride, and which is so arranged that the condensed liquid 
can be returned to the vessel in which the tetrachloride is being 
vapourized and so passed again into the reaction tube. The last 
traces of carbon tetrachloride may be removed by allowing the 
gas to stand twenty-four hours over mercury in contact with a 
few scraps of caoutchouc. In order to free it from admixed 
heavier fluorides advantage is taken of the fact that large quanti- 
ties of the tetrafluoride are absorbed by absolute alcohol. On 
agitation with a little absolute alcohol, therefore, the tetrafluoride 
is absorbed, and may be again liberated either by addition of 
water, in which the gas is scarcely perceptibly soluble, or by 
ebullition. If the latter plan is adopted the alcohol’ vapour may 
be removed by washing through sulphuric acid. It is important 
, Jo use a metallic reaction tube in the preparation, inasmuch as 
glass is rapidly attacked by carbon tetrafluoride, the product of 
the reaction in a glass vessel consisting of a mixture of silicon 
and carbon tetrafluorides, carbon dioxide, and a heavier fluoride 
of carbon, CF4 + SiO^ = COg + SiF4, Carbon tetrafluoride 
liquefies at - is"" at the ordinary atmospheric pressure, and under 
a pressure of four atmospheres at 20^ When passed over heated 
sodium it is completely absorbed, carbon being deposited and 
sodium«fIuoride formed. Aqueous potash appears to be without 


action upon it, but alcoholic potash slowly absorbs it wilb 
formation of carbonate and fluoride of potassium. 

The additions to the Zoological Society’s Gardens during the- 
past w^eek include a Blossom-headed Parrakeet {Palaornis cyano- 
ctphalus d),two Red-eared Bulbuls {Pycnonotus jocosus) two 
Red- vented Bulbuls {^Pycnonotus hermorrhous)^ a Large Hill- 
Mynah {Gracula intennedia) from India, a Red- sided Eclectus 
(Eclectus pectoralis 9 ) from New Guinea ; two King Parrakeets 
{Aprosmictus scapulatus d 9 ), a Pepnanl’s Parrakeet {P/aty- 
cercus pennanti)^ a Chestnut-eared Finch (Amadina castanotis 
9 ) from Australia, a Ceylonese Hanging Parrakeet {Loriculus 
asiuticus) from Ceylon, a Mealy Amazon {CJirysotis farinosa), 
two Yellow-shouldered Amazons {Chrysotis ochroptera), a Blue- 
fronted Amazon {Chrysotis astiva)^ a Red-crested Cardinal 
{Paroaria cucullaia) from South America, a Levaillant’s Amazon 
{Chrysotis Uvaillafiti) from Mexico, two Panama Amlzons 
(Chrysotis panamensis) from Panama, a Yellow-vented Bulbul 
(Pycnonotus crocorrhous) from Sumatra, two Orange-cheeked 
Waxbills {Estrelda mcipoda)^ two Red-bellied Waxbills {Estrelda 
ruhriventris), a Cut-throat Finch {Amadina fasciata d ), a 
Shining Weaver Bird {Hypochera miens)^ an Olive Weaver 
Bird {ilyphantornis o/ivaceus) from South Africa, a Crimson- 
crowned Weaver Bird {Euplectes Jlammiceps)^ a Grenadier 
Weaver Bird {Euplectes oryx), a Green Glos.sy Starling {Lam- 
procolius chafy belts) from West Africa, two Madagascar Weaver 
Win\%{Foudia madagascariensis 6 9) from Madagascar, a Red- 
headed Cardinal {Paroaria lanuita) from Brazil, a Cardinal 
Grosbeak {Cardinalis virginianus 9) from North America, 
])rcsented by Dr. Seton ; a Red-eared Bulbul (Pycnonotus 
jocosus), a Red-vented Bulbul {Pycnonotus hamorrhous) from 
India, presented by Lieut. -General Sir H. B. Lumsden, 
K.C. S.I. ; a King-necked Parrakeet (Palicornis Umjuatus 9) 
from India, presented by Mrs. O. Harvey ; a Redwing {Turdus 
iliacus), British, presented by Mr. J. Newton Hayley ; a Com- 
mon Viper ( Vipera berus), a Slowworm (Anguisfragilis), British, 
presented by Dr. W. K. Sibley ; three Green Tree Frogs {Hyla 
arborea) from France, presented by Mrs. Humphreys ; two 
Hartebeests {Alcelaphus caama 6 9) from South Africa, a 
Bennett’s Wallaby 6) from Tasmania, a 

Black Wallaby {Halmaturus walabatus 9 ), two Brush-tailed 
Kangaroos {Petrogale penicillata 6 6 ) from New South Wales, 
four Common Quails (Coturnix communis), European, de- 
posited ; two Demoiselle Cranes {Grus 7>irgo) from North 
Africa, purchased; a Japanese Deer {Cervus siha d ), a Hog 
Deer (Cervus porcinus 9), ten Cuming’s Octodons {Octodon 
cumingi), born in the Gardens. 

OUR ASTRONOmCAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on May 15 
I3h. 34m. i8s. 


NacD€. * 

i Mag. 1 

Colour. 

|R.A. 1890. 

Decl. 1890. 

(1) Uranus, May 15 


Bluish-grccn. 

j h. IT). 

i iJ 27 
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40 

• / 

- 8 33 

If »» 29 


— 

i 13 >6 

4 
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(2) G.C..3615 


— 
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4 
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(3) Schj. ... 

7 

Reddish-yellow. 
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29 
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(4) 84 VirginU 

6 

Yellow. 
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30 
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(5) f Virginis 

(6) T Ursffi MaJ 

3 

White. 

1 13 29 

12 

- 0 2 

Var. 

Red-yellow. 

i 12 31 

»3 

-i-eo 6 


Remarks^ • 

(i) A question of great interest was raised last year by spec- 
troscopic observations of the planet Uranus. As is well known,, 
the speclTa of Uranus and Neptune difltr very widely frem those 
of the other planets. They show no tolar lines in the visible 
spectrum even when telescopes of very laige apertures arc cm- 

t 
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ployed ; but in place of them there are several broad dark bands 
to whicl) no origins have yet been assigned. Secchi first ob- 
served the spectrum in 1869, and he pointed out that, if the 
luminosity of the planet be due to solar light, it must ur^ergo 
great modifications in the atmosphere of the planet. Vogel and 
Huggins re-observed the spectrum and mapped it in consider- 
able detail, Vogel giving the positions of no less than twelve 
bands. The five principal bands have the following positions : — 

618. Darkest part of a broad band, ill -defined towards the 
red. 

596. Middle of a faint narrow band. 

573-8. Darkest part of a broad band. 

542*5. Middle of darkest band in spectrum. 

486*1. Middle of a dark band. 

It has not yet been possible to explain any of the dark bands 
by comparisons with known absorption spectra ; one band is 
certainly coincident with the F line of the solar spectrum, but it 
is much too broad to be due to reflected sunlight. Prof. Lockycr 
gav^his attention to the spectrum last year, and thought it pos- 
sible that many of the apparent dark bands were simply contrast 
appearances due to the presence of radiation flutings. At his 
suggestion I examined the spectrum, and came to the conclusion 
that he was right. I afterwards made observations, in conjunc- 
tion with Mr. Taylor, with Mr. Common’s 5 -foot reflector. A 
full account of the results is given in Mr. Taylor's paper on the 
subject {Monthly Noti es^ vol. xlix. p. 405). We decided in 
favour of bright fltflings, and Mr. Taylor afterwards mapped 
them very carefully. I'he brightest fluting is near by and it is 
remarkable that Secchi noted this brightening in his light-curve 
of the spectrum. Mr. Espin has since observed that the blue 
end of the spectrum is broken up into bright bands and dull 
shadings. If the apparent bright flutings are not contrast effects, 
as has been suggested, the planet must be to a great extent self- 
luminous. Dr. Huggins has since photographed the violet end 
of the spectrum, and finds nothing but solar lines — a fact which 
is very difficult to explain, when the remarkable character of the 
visible spectrum is considered. 

It is highly important that further observations, by as many 
different observers as possible, should be made. The apparent 
diameter of the planet is so small that a Maclean spectroscope 
shows the bands very well, but the brightnesses are best seen 
when the spectrum is narrow, as is the case with bright-line 
stars. 

(2) This nebula is thus described in the General Catalogue : 
^‘Bright; large; extended in a direction iSo"*; pretty sud- 
denly Virighter in the middle to a resolvable nucleus,” The 
^apparent size of the nebula, according to the Harvard College 
observations, is 3' x 1', The spectrum has not been recorded. 

(3) This star is one of considerable interest. Duner says : 

It appears to have a narrow band in the red, and a wide one 

in the green. Perhaps lll.u: (Group II.), but by no means 
III. <5 (Group VI.).” It has been suggested, from a discussion 
of the other members of the group, that the star is a represent- 
ative of the very earliest stage of Group II., but further details 
are necessary before it can be said with certainty. The con- 
dition here should be almost c ^metary, and hence, in further 
observations, the bright flutings of carbon should be particularly 
looked for. So far, this is the only observed star which may 
possibly belong to the first species of the group. 

(4 and 5) These stars are included in Vogel's spectroscopic 
catalogue. The first is stated to be of the .solar type, and the 
second of Group IV. The usual observations are required in 
each case. 

(6) This variable will reach a maximum'*- about May 20, 
The range is from 6’4-8*5 to 13 in 255*6 days. The spectrum 
is one of Group II. (Duner), the bands being wide, but not 
-very dark. The usual observations for bright lines and other 
variations are suggested. A. Fowi.er^ 

Changes rN the Magnitudes op Stars.— At the April 
meeting of the Royal Astronomical Society Mr. Isaac Roberts 
presented a photograph of stars in the regions of Tycho Brahe's 
Nova taken on January 12, with an exposure of 2 hours 55 
minutes. D’Arrest charted the stars in the region of the Nova 
in 1864’ down to the 16th magnitude, and this chart has been 
used by Mr. Roberts to compare with his photograph. He finds 
no appearance of either a nebula or of a star on the photograph 
^in or about the position indicated by D' Arrest, but a comparison 
of the chajt and catalogue with the photograph shows that 
changes have taken place both in the positions and magnitudes of 


several of the stars since 1864. The changes particularized are 
important when it is considered that they apply to less than half 
a degree in right ascension, and one degree in declination. That 
six of the stars shown on D’Arrest's chart and not shown on the 
photograph, are absent on the latter on account of some physical 
change having taken place in the stars, receives confirmation 
from the fact that the photograph shows more than 400 stars on 
a sky space where D* Arrest has charted only 212 stars. 

A Mechanical Theory ok the Solar Corona.— Prof. 
Schaeberle of the Lick Observatory, has propounded an entirely 
novel theory of the solar corona, a discussion of which will ap- 
pear in the report of the eclipse of December 22, 1889. His 
investigations seem to prove that the corona is caused by light 
emitted and reflected from streams of matter ejected from the sun 
by forces which in general act along lines normal to the surface. 
These forces are most active near the centre of each sun-spot 
zone. Owing to the change of the position of the observer with 
reference to the plane of the sun's equator, the perspective over- 
lapping and interlacing of the two sets of streamers at these 
zones causes the observed apparent change in the type of the 
corona. To roughly test the theory Prof. Schaeberle has stuck 
a lot of needles in a ball to represent the streams of matter, 
placed the model in a beam of parallel rays, and allowed its 
shadow to fall upon a screen, the result being that an infinite 
variety of forms similar to the coronal structure can be reproduced 
by simply revolving the model. It remains to be proved whether 
a comparison of the forms that are seen according as the observer 
is above, below, or in the plane of the sun’s equator, agree with 
those that should be seen on this theory. 


THE IRON AND STEEL INSTITUTE. 

*^HE annual meeting of the Iron and Steel Institute was held 
on Wednesday and Thursday of last week, in the theatre 
of the Institution of Civil Engineers, the President, Sir James 
Kilson, occupying the chair. There was a fair programme ol 
ten papers, and another was added after the list had been printed. 
The following were the papers read : — 

On a new form of Siemens furnace, arranged to recover 
waste fiases as well as waste heat, by Mr. John Head, London, 
and M. P. Pouft', Nevers. 

Calculations concerning the possibility of regenerating the gas 
in the new Siemens furnace, by Prof. Akerman, Stockholm. 

On the critical points of iron and steel, by M. F. Osmond, 
Paris. 

On the carburization of iron by the diamond, by Prof. W. C. 
Roberts- Austen, London. 

The changes in iron produced by thermal treatment, by Dr. 
E. J. Ball, London. 

On the Robert- Bessemer steel process, by Mr. F. Lynwood 
Garrison, Philadelphia. 

Aluminium in carburclted iron, by Mr. W. J. Keep, Detroit. 

On certain chemical phenomena in the manufacture of steel, 
by Mr. W. Galbraith, Chesterfield. 

The estimation of phosphorus in the basic Siemens steel bath, 
by Mr. W. Galbraith, Chesterfield. 

On the Rollet process for producing purified castings, by Mr. 
A. Rollet, St. Etienne. 

The first six of these papers were read and discussed at the 
first day's sitting (Wednesday); and^the remaining four were 
disposed of before lunch-time on Thursday. It is seldom that 
we have seen papers “ratted off" — the phrase most aptly 
describes the procedure — in so rapid a manner. The members 
who were present may certainly be congratulated upon having 
got through a great many papers in a ve/y short space of time ; 
but it is a question whether there would not have been a gain 
to knowledge had the discussions been of a somewhat more 
deliberate nature. 

In addition to the above papers there was on the agenda a 
memoir by Sir Heni^ Roscoe, on the action of aluminium on 
iron and steel. This, however, was not forthcoming ; a fact 
which is to be regretted, as also is the cause which led to 
it, the subject being one of considerable scientific and in- 
dustrial importance at the present time, when the produc- 
tion of aluminium is being so much cheapened, and such 
great things are promised by those who advocate its use in the 
metallurgy of iron and steeK Fortunately Mr. Keep’s paper 
was forthcoming, and this elicited a brief but useful discussion, 
in the course of which Mr. James Riley, of the Steel Company of 
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STcotland, and others, gave the valuable information drawn from 
the practical experience they had gained in the alloying of iron 
with aluminium on a large scale. We will, however, take the 
papers so far as space will permit, in the order in which they 
were read. 

Mr. Head’s paper was read at the Paris meeting of the Insti- 
tute, held last autumn, but was not then di-cussed. The author 
first points out that, in 1817, the Rev. Robert Stirling and his 
brother James Stirling applied the regenerative principle to air- 
engines, and that both they and J. Slater, in 1837, and R. 
Laming in 1847, foresaw the possibility of its application to 
metallurgical operations. The new Siemens furnace, which was 
the subject of the paper, was described and illustrated by wall- 
,/ diagrams, without reproducing which it is not possible to make 
the arrangement clear. The chief point is that the Wcisle gases 
are reconverted into combustible gases by being taken partly 
through an air-regenerator, and partly under the grate of the 
producer, so that they distil the hydrocarbons from the coal ; in 
lact, the gas-producer utilizes the heat formerly deposited in the 
air regenerators. A steam jet is used for starting the action. 
This new form of regenerative gas-furnace has been applied to 
the heating and welding of iron. It is to be used for puddling, 
and for copper -and steel melting. It is claimed that it effects a 
saving in fuel of about two-thirds the w^eight, a reduction in the 
weight of iron equal to 5 per cent., and a saving in labour and 
repairs. Figures were quoted supporting these claims. 

Prof. A kerman’s paper was a discussion on the theory of com- 
bustion raised by the process. The subject is one of consider- 
able interest, and is well put forward by the author. 1 1 is con- 
clusions are of considerable interest from a philosophical point 
of view, but are to a great extent robbed of their importance 
from an ojx^ralive standimint, from the uncertainty existing upon 
• die specific heat of gases at high temperatures; which is only 
/ 6ne more fact emphasizing the want of a proved and trustworthy 
pyrometer. 

A brief discussion followed, in which Sir Lowthian Bell took 
the chief part. 

M. Osmond’s paper was one of those which must be the 
despair of the writers of brief notices such as this. It consisted 
of 33 pages, giving results of experiments made to ascertain the 
clfects of varying temperature on different alloys of iron. In 
the presence of such a mass of matter as this we can only 
refer our readers to the Transactions of the Institute, where 
they will find the facts detailed and the diagrams by which they 
were illustrated fully set forth. We will content ourselves with 
simply stating that the •* critical points” are points of arrestation 
in the cooling of iron and steel. It is interesting to notice the 
effect of various alloys on this phenomenon. Perhaps, to those 
members who were not previously acquainted with the instru- 
ment, the description of tlie thermo-electric pyrometer of Le 
Chatelier was not the least interesting part of the paper. A 
valuable bibliography is given in an appendix. In the discussion 
Mr. Wrightson gave some particulars of experiments he had 
made to ascertain the change of volume of iron at different 
temperatures, which he did by plunging an iron ball into liquid 
iron. The ball would at first sink, but rise as it acquired heat, 
and indications were thus obtained, which appeared to correspond 
with the ‘‘critical points” of the author. Mr. Iladfield also 
made some interesting remarks on the slate of carbon in iron. 

Prof. Roberts-Austen’s paper followed. The Professor is not, 
of course, the first to carburize iron by means of the diamond ; 
indeed, it has been a somewhat favourite experiment, with which 
the name of more than one eminent physicist in times past has 
been associated. But Prof. Robefts- Austen is, we believe, the 
first to perform the operation in vacuo^ the iron itself being 
previously heated in % vacuo to deprive it of its occluded 

f as. The author of the paper refers to the experiments of 
lempei, who heated diamond and iron in an atmosphere of 
nitrogen perfectly free from oxygen, and points out that his, the 
author’s, experiments are interesting from the assertions made 
, ]>y a certain school of chemists that no two elements can react 
on each other unless a third be present. “ It would appear, 
however,” Prof. Roberts- Austen says, “that a mere ‘trace’ of 
such additional element is sufficient to insure combination ; for, 
in the experiments I have described, carbon and iron in their 
purest obtainable forms were used, and the only additional 
matter which could have been present was the trace of occluded 
gas which the iron may possibly have retained.” The author 
IS satisfied that combination does not take place until a full red 
heat is reached. 


Dr. Ball’s paper dealt with the changes in the magnetic 
capacity and tensile strength of steel which occur at definite 
temperatures, and showed how these changes may be made 
evidei^ when the metal is rapidly cooled in water or in oil. 
Two samples of steel, one basic Bessemer and the other acid 
open-hearth, were ' submitted. Analysis showed that all the 
elements for which tests are usually made were almost identical, 
except manganese, of which the percentages were 0*284 
Bessemer, and 0*546 for open-hearth. The results are plotted 
on three sets of diagrams, one diagram in each set showing the 
results obtained with tests hardened, from varying temperatures, 
in water, in oil, and annealed respectively ; the sets of diagrams 
refer to unstrained bars, the same bars strained to the yield 
point, and the same bars strained almost to the breaking point, 
j These last two papers were discussed together. 

' Mr. Garrison's paper was read at the Paris meeting of Sept- 
ember last, but not then discussed. It describes an elliptical 
converter in which the tuyeres are so arranged that they blow 
i air at the surface of the metal in a manner which causes a redary 
I motion of the bath, combustion taking place at the surface. 
The device is not altogether new, as surface blowing was sug- 
gested, and, indeed, patented, by Sir Henry Bessemer in the 
early days of the Bessemer process. ^ 

Mr. Keep’s paper on aluminium, in carburetted iron, was the 
j first taken on the Thursday morning. In it the results of 
I certain tests were given, the details being set forth in graphic 
! form. The points noted were strength to resist both weight and 
: impact, deflection, set, elasticity for stresses applied, shrinkage 
for cast metals, hardness, and rigidity. This paper must be 
read with others that have been brought forward by the author, 
whose work in connection with the subject is well known. As 
j a general result the tests go to show that the effect of a proper 
j quantity of aluminium on commercially pure iron is to produce a 
I material which is soft, easily bent, and flows readily. Aluminium 
I diminishes deflection by dectfeasing the set and elasticity. 
Rigidity is also increased, the grain is closer and more uniform ; 
in short, the author claims that by aluminium the metal is 
improved in every way when considered as a structural material. 

In the discussion which followed the reading of the paper, 
Mr. James Riley, the manager of the Steel Company of Scot- 
land, said that he had tried the effect of aluminium in steel on a 
large scale, but had been disappointed in the results. There 
were advantages, but these were so slight as to be insufficient to 
pay for the additional expense of one to two pounds a ton. 
Fluidity was gained, tensile strength was very slightly increased, 
the clastic limit was raised considerably, and ductility was in- 
creased. If aluminium could be reduced sufficiently in price it 
would be good to use it, but Mr. Riley had not considered the 
game worth the candle, and had ceased to use it a year ago. He 
had, however, been induced lately, by being told of the wonder- 
ful results obtained, to make further experiments, but his present 
frame of mind was not to use aluminium excepting for very fine 
thin castings. Mr. Spencer, of Newburn, another large steel- 
maker who has achieved great success in certain special branches 
of manufacture, endorsed what Mr. Riley had said. Mr, Allen 
pointed out that there might be traces of aluminium in pig-iron 
without its being discovered, as chemists only tried, as a rule, for 
the usual alloys. It was also important to remember that 
although aluminium might be put into the pot it did not neces- 
sarily appear in the product, as it might be removed by chemical 
reaction during the process. The latter point was supported by 
Dr. E. Riley and Mr. Stead. 

Mr. Galbraith’s two contributions were next read and discussed, 
but do not call for ^ny special mention. Finall^r, Mr, A. Rollet’s 
paper was read, in which his process of obtaining purified metal 
for castings wa9 described. The process was illustrated by dia- 
grams, and may be said briefly to consist of eliminating from pig- 
iron, to be used for the manufacture of particular qualities of steel, 
sulphur, phosphorus, and silicon. The pig is placed in a special 
cupola, and is maintained at a very high temperature under a 
double action, slightly reducing and slightly oxidizing, in the 
presence of a slag obtained by admixtures of limestone and 
lime, iron ores, and fluor-spar. By the arrangement of the cupola 
the metal is separated from the slag as soon as they are removed 
from the action of the blast in tapping. In this way. tile phos- 
phorus already eliminated is prevented from going back into 
the metal, and too great a recarburization is also avoided. The 
elimination of sulphur is complete up to 99 per cent, and even 
more ; that of phosphorus amounts to 80 or 85 per cent., or even 
90 per cent, and more. 
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A short discussion followed the reading of the paper. The 
only important point brought forward, however, was a state- 
ment by Mr. Hugh Bell that, at Clarence, they had been 
-carrying on a process almost identical with that described by 
the author. Had he, the speaker, been aware that the plan was 
in use elsewhere, and had he known a paper .was to be read on 
the subject, he would have come provided with certain figures 
bearing on the matter. 

The meeting then broke up after the usual votes of thanks had 
been duly passed. 

The autumn meeting of the Institute is this year to be held in 
America. The meeting will be held in New York, and we hear 
rumours of vast preparations tliat are being made by the 
hospitable metallurgists and engineers of the United States to 
welcome their British confreres. Members are left to make 
their own way to New York, but upon landing they become the 
guests of the American Institute of Mining Engineers. From 
an outline programme we have seen, it would appear that the 
only limit to the excursion will be the time at the disposal of 
memDcrs, which, those who know American hospitality best will 
agree, is sure to be exhausted long before the good* nature of their 
hosts. 

\Ve should have stated before that Mr. W. D. Allen, of 
Sheffield, this year has been awarded the Bessemer Gold Medal. 
Mr. Allen was associated with Sir Henry Bessemer in the 
manufacture of Bessemer steel from the very first. Indeed, he 
may be said to have been present at the birth of the invention, 
and was fully acquainted with the whole process before a single 
patent was taken out. 


A MONUMENT TO A FAMOUS /APANESE 
CARTOGRAPHER AND SURVEYOR. 

^HE Japan Weekly Mail contains a report of the unveiling of 
^ a monument in Tokio on December 14, 1889, to the memory 
of Ino Chukei, a Japanese cartographer and surveyor of the early 
])art of the present century. 'Fhe ceremony was performed by 
Prince Kitashirakawa, President of the Tokio Geographical 
Society. The name of Ino Chukei was first made familiar to 
the Western world by Dr. Naumann, the organizer, and for 
many years the head of the Geological Survey Bureau of Japan. 
More lately. Dr. Knott wrote tw'o short biographies of Ino, the 
one published in the Transactions of the Asiatic Society of 
Japan (vol. xvi., 1888), and the other as an appendix to the 
memoir on the recent Magnetic Survey of Japan, published in 
the Journal of the College of Science, Imperial University (vol. 
xi., 1888). Ino was by profession originally a brewer, and did 
not begin his scientific life till he was past fifty. The story of 
the enthusiastic septuagenarian travelling over the length and 
breadth of Japan with his quadrant, his azimuth circle, his com- 
pass, and his clock is almost a romance. His latitude measure- 
ments are still of importance to the cartographer, and his map of 
Japan has formed the basis of every map since constructed. He 
finished his grand survey in i8i8, after 17 years of travelling 
and observing. And now, nearly seventy years after his death, 
a lasting memorial has been raised at Shiba, in Tokio. The 
ceremony of unveiling the monument began at 2 p.m. on 
December 14, in the presence of a large company. Amongst 
those present were Prince Kitashirakawa, Viscount Sano, 
Viscount Enomoto, Admirals Akamatsu, Nakamuta, and 
Yanagi, Mr. Hanabusa (Councillor), Mr. Arai, Director of the 
Meteorological Office, Mr. Watanabe, President of the Imperial 
University, many of the University Professor's, and others. The 
Chinese Representative, the German Ministet-, M, Dautremer, 
of the French Legation, and Profs, Barton, Divers, and Knott, 
may be named as the diplomatic and scientific representatives of 
foreign nations. The Naval Band was in attendance, and filled 
the intervals between the different parts of the celebration with 
selections of music. Four Shinto priests first went through a 
religious ceremony, which consisted chiefly of purificatory rites, 
and an invocation to the spirit of Ino. Mr. Watanabe then read 
a report, giving a history of the movement, which originated 
seven years ago with the members of the Tokio Geographical 
Society, «apd culminated in the ceremony of the day. The 
original desire had been to put up the monument on the site of 
the Mot where Ino made the first observations in bis grand 
suril^ — that is, the point through which the zero meridian was 
taken. This was at Sbinagawa. But it had been found more 
convenient lo raise the memorial at Shiba, within sight of this 


first station. The monument, designed by Prof. Tatsuna, of the’ 
Imperial University, and cast in bronze at the Kawaguchi 
Foundry, had cost nearly 3800 dollars. The whole of the 
expenses had amounted to about 4000 dollars, which had been 
met by voluntary subscrip' ions from the members of the Geo- 
graphical Society and many others who de‘;ired to rontribute 
iheir mite. The monument, a graceful obelisk of a dull green 
tint, was unveiled by Prince Kitashirakawa, a translation of 
whose speech runs thus: — ‘‘What an achievement in carto- 
graphy was that of learned Ino Chukei ! During the eras of 
Kansci and R unset (1790 to 1820), when Japan, at peace 
within her own borders, isolated from intercourse with the outer 
world, divided into a number of mutu«tlly-secluded fitfs, and, 
undisturbed by the cares of coast defence, was content with her 
own littleness, Ino, his fiftieth year already passed, commenced 
the study of geodesy, and, equipped with instruments of his own 
manufacture, devoted eighteen years of toil and suffering to the 
survey of the empire, bequeathing to posterity the memory of a 
truly great work. From the point of view of strategical ad- 
vantage, from the point of view of the progress of civilization, 
from a domestic as well as from a foreign point of view, Ino 
undoubtedly was a credit to his country. His name is on the 
lips of the whole nation. The Emperor himself has bestowed 
posthumous rank on him and presents on his descendants. 
Japanese and foreigners have contributed to erect to his memory 
a monument of dimensions unparalleled in japan. And it is a 
privilege conferred on me in this enlightened era that, as Presi- 
dent of the Tokio Geographical Society, I am permitted to 
speak of his achievements and to unveil his monument. I 
rejoice greatly to take part in this imposing ceremony, and I 
am persuaded that the spirit of Ino in heaven will share the 
satisfaction which his posterity must feel on such an occasion. 
Reverentially, on behalf of this Society, I unveil the monument. 
May the fame of the illustrious dead grow with the growth of 
our country’s civilization.” 

After some minutes’ interval. Viscount Sano advanced lo the 
foot of the steps that lead up to the pedestal, and introduced to 
the audience the great-great-grandson of Ino, whob)we(l and 
expressed the gratitude of the family for the honour done to 
their ancestor. Viscount Sano then gave a short biographical 
sketch of Ino, and an account of his great labours, for which he 
had earned the never-dying gratitude of his countrymen. This 
ended the ceremony. Later on, in the rooms of the Geo- 
graphical Society, a Select party assembled to inspect the rude 
instruments with which Ino carried out his observations. The 
obelisk is very graceful in form, and beautiful in its setting. As 
already mentioned, the colour is pleasing, and the inscription is 
artistic as only an ideographic inscription can be. d’he monu- 
ment is 34 feet high, the obelisk itself being 27 feet. A flight 
of steps ascends to a square platform of masonry in the centre 
of which the pedestal rests. A railing, the bars of which are 
•curved and puckered up so as to represent sea and clouds 
according to a common Japanese convention, runs round the 
outer edge of the platform and down the sides of the steps, 
allowing free ingress and egress to the pedestal and obelisk. 
The obelisk faces nearly south, and in its back is a door by 
which access can be gained to the interior. It is intended to 
place inside the instruments already spoken of, which were used 
in Ino’s survey. 


SOCIETIES AND ACADEMIES. 


London. 


Royml Society, May i.— -“The Dev«*lopment of the Sym- 
pathetic Nervous System in Mammals.” By A. M. Paterson, 
M.D. 


At the present time two opposite views exist among embryo- 
logists regarding the development of the sympathetic system. 
In both, the segmental formation of the sympathetic cord is 
upheld. According to the view of Remak and others, it is 
mesodermal, and formed in situ. According to the other view, 
it is ectodermal. Balfour and Onodi, who have maintained the 
latter view, differ, however, as to the fundamental origin of the 
sympathetic system-^ Balfour regarding each sympathetic gang- 
lion as an offshoot iirom the spinal nerve, while Onodi considers 
it as a direct proliferation from the spinal ganglion. 

For the present researeb, mammalian embryos were exclusively 
employed. The stage in development was first considered in 
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ia;hich the sympathetic system was plainly visible ; and from this 
point the earlier and later steps in the process were traced. 

The first event to occur is the formation of the main sympa- 
thetic cord, which arises in the mesoblast on either side of the 
aorta, as a solid, unsegmented rod of fusiform cells produced by 
the differentiation of cells in situ^ and not at first connected 
with the spinal nerves. In front, it ends abruptly at the level of 
the first vertebral segment ; behind the suprarenal body (to 
which it sends a considerable cellular bundle) it becomes indis- 
tinct, terminating at the level of the hind limbs. 

Tliis cellular column is, secondly, connected to the spinal 
nerves by the formation of the white rami communicantes. 
This is eflectcd by the gradual growth of the inferior primary 
• divisions of the nerves, and their final divi.sion into somatic and 
' splanchnic branches. The splanchnic branch extends into the 
splanchnic area, where it meets and joins the cellular .sympa- 
thetic cord. In the anterior part of the thorax it appears to 
end wholly in the cord ; in the posterior thoracic and lumbar 
regions it divi(le.s into two parts, of which one j jin.s the cord, 
the other passes beyond it. In both cases the fibres joining the 
cord are directly connected with the component cells. Behind 
the loins the .splanchnic branches cease, and in the neck they do 
not join the sympathetic cord. 

The formation of ganglia in the main sympathetic cord occurs 
suhsecjuenlly, and is due to (l) the function of the splanchnic 
branches, the accession of a large number of nerve-fibres at the 
l^oint of entrance, and the consequent persistence of the com- 
ponent cells (which arc joined by these nerves) as ganglion cells ; 
and (2) the anatomical relations of the cord to the bony seg- 
ments, vessels, over which it passes, and which indent it at 
certain points. This view is supported by the evidence obtained 
from dissections of human embryos in the jrcl, 4th, 5th, and 6th 
months, where the cord forms a band, constricted irregularly at 
%)nsiderablc intervals, and from the adult structure, where the 
‘‘segmentation*’ of the sympathetic cord is apparent rather 
than real. 

The cervical portion of the embryonic sympathetic cord 
separates at the origin of the vertebral artery into two unequal 
parts. The smaller forms a fibro-cellular cord, and accompanies 
that artery as the vertebral plexus; the larger portion becomes 
constricted off from the main sympathetic cord by the formation 
of a fibro cellular commissure, and forms the “superior cervical 
ganglion.” When the middle cervical ganglion is present, it 
may be looked upon as a mass of the original cells of the syin- 
]iatheiic cord which have been included in the growth of the 
commissure. 

Postcj iorly the sympathetic cord gradually extends from the 
level of the hind limbs, until in older embryos it can he traced 
for a considerable distance along the middle sacral artery. It is 
not joined by splanchnic branches behind the loins. 

The peripheral branches from the sympathetic cord arise as 
cellular outgrowths which accompany the parts of the splanchnic 
branches which do not join the sympathetic cord into the splanch- 
nic area. I'hey form considerable nerves, which follow the 
main vessels, and produce parts of the splanchnic nerve.s, the 
solar plexuses, &c., as well as the medullary portion of the 
suprarenal body. The gray rami communicantes appear to 
arise in the same way, and to belong to the same category. 

The main conclusions derived from the- above investigations 
are that in its development the sympathetic cord in mammals 
is mesoblastic, formed in situ^ and primarily unsegmented, and 
unconnected with the spinal nervous system. 


Linnean Society, May i.— Mr. J. G. Baker, F.R.S., Vice- 
President, in the chair. — Mr. Milled Christy exhibited and made 
remarks on specimens of the so-called Bardfield oxlip, which he 
had found growing abugdantly not only in the neighbourhood 
of Bardfield, Essex, but over a considerable area to the north 
and west of it. — Mr. BufTham exhibited under the microscope 
specimens of Afyristrichia claviformis with pliirolocular spor- 
angia, and conjugation of Rhabdomena arctuaturn, found upon 
y.^itcra The Rev. Prof. Henslow exhibited a col- 

"'iVetion of edible Mollusca which he had recently brought from 
Malta, and described the native methods of collecting and cook- 
.ingthem. — Prof. Stewart exhibited some spirit specimens of a 
'lisard, in which the pineal eye was clearly apparent.— Mr. 
Sherring exhibited a series of excellent photographs which he 
had taken near Falmouth, and which ^owed the effects of 
climatic influence on the growth of several subtropical and rare 
plants cultivated in the open air. — A paper was then read by 
Prof. W« Fream, on a quantitative examination of water-meadow 


herbage. — This was followed by a paper from Mr. R. I. Pocojk^ 
on some Old World species of scorpions. 

Zoological Society, May 6. — Prof. W. II. Flower, F.R.S., 
Prcsi(|^*nt, in the chair. — The Secretary read a report on the 
additions that had been made to the Society’s Menagerie during 
the month of April 1890; and called special attention to two 
examples of Simony’s Lizard (Lacerta sirnonyi) from the rock of 
Zaimo, Canaries, obtained by Canon Tristram, F.R. S., and pre- 
sented to the Society by Lord Lilford. — Mr. Sclater exhibited 
, and made remarks upon the stuffed head of an Antelope, shot 
I by Commander R. A. J. Montgomerie, R.N., of H. M. S. 

! Boadicea^ in June 1890, near Malimdi, on the Fast African coasts 
I north of Zanzibar. Mr. Sclater referred this head to what is 
I commonly called the Korrigum Antelope (/Jamaiis senegatensir). 
i — Prof. Howes made remarks on a di.ssection of the cephalic 
j skeleton of //attcria, and pointed out some features of special 
! interest exhibited by this specimen. These were the presence of 
I a pro-atlas and the existence of vomerine teeth, as in Pala^ohat^ 

I teria , — Two letters were read from Dr. Emin Pasha, doted 
I Bagamoyn, March 1890, and announced that he had forwarded 
certain zoological specimens for the Society’s acceptance. — Mr. 
H. Seebohm exhibited and made remarks on a specimen of the 
Eastern Turtle ( 7 killed near Scarborough, ii> 

, Yorkshire. — Prof. F. Jeffrey Bell read the first of a series of 
! contributions to our knowledge of the Antipaiharian Corals. 
The present communication contained the descriplim of a parti- 
cularly fine example of the Black Coral of the Mediterranean, 
and#in acc ount of a very remarkable Antipathid from the neigh- 
bourhood of the island of Mauritius. — A communication was read 
from Mr. K. N. Buxton, containing notes on the Wild Sheep 
and Mountain Antelope of the Algerian Atlas, taken during a 
recent excursion into that country. These notes were illustrated 
by the exhibition of fine mounted specimens of the heads of these 
animals. — Mr. R. Lydekker read a note on a remarkable 
specimen of an antler of a large Deer from Asia Minor, w'hich he 
was inclined to refer to an abnormal form of the Red Deer 
{Cetvus eiaphus). — Mr. F. E. Beddard read a paper on the 
minute structure of the eye in some shallow-water and deep-sea 
species of the Isopod genus A returns. He pointed out that in 
all the deep-sea forms there was some change in the visual ele- 
ments which indicated degeneration. — Mr. E. T. Newton gave 
an account of the bones of some small birds obtained by Prof. 
Nation from beneath the nitrate beds of Peru. These bones seemed 
to occur in considerable abundance, and nearly all appeared to 
belong to one small species of Petrel, which it was thought most 
nearly resembled Cymochorea leucorrhoa or C. markhami^ the 
latter of these being now found living on the coast of Chili. — A 
communication was read from Dr. Mivart, F.R.S., containing 
notes on some singular Canine dental abnormalities. — Mr. II. 
Elwes read descriptions of some new Indian Moths. 

Chemical Society, May 1. — Dr. W. J. Russell, F.R.S., 
^President, in the chair. — The following papers were rend:— An 
investigation of the conditions under which hydrogen peroxide is 
formed from ether, by Prof. W. R. Dunstan and Mr. T. S. 
Dyraond. The authors have investigated the conditions under 
which hydrogen peroxide is formed from ether (compare Richard- 
son, Chem. Soc. Proc., 1889, 134), and found that ordinary ether, 
prepared from methylated spirit, yields hydrogen peroxide when 
exposed for several months to sunlight or the electric light. 
Contrary, however, to the usual statements, pure ether (either 
wet or dry) and ordinary ether which has been purified by treat- 
ment with dilute chromic acid do not give a trace of hydrogen 
peroxide when exposed to light under similar conditions. An 
experiment sliows lhat neither water nor dilute sulphuric acid 
form hydrogen peroxide when exposed to light in contact with 
air ; the authors refer the production of the peroxide from ether 
to the presence of a minute quantity of some impurity in the 
ether employed. Hydrogen peroxide is formed when ozone acts 
on ether in the presence of water, and is also produced under 
certain conditions during the slow combustion of ether in contact 
with water. — Paradesylphenol, by Dr. Y. R. Japp, F.R.S., and 
Mr. G. H. Wadsworth. — Note on Benedikt^s acetyl values, by 
Dr. J. Lewkowitsch. 

Mathematical Society, May 8. — J. J. Walker, F.R.S., 
President, in the chair. — The President announced lhat a 
member of the Society, Lieut. -Colonel J. R- Campbell, had 
asked to be allowed to give a donation of ;^5oo to the Society, 
the sum to be invested, or otherwise made use of, for the good of 
the Society, in any way the Council should judge best. On the 
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motion of the Treasurer, (A. B. Kempe, F. R.SOi seconded by 
S. Roberts, F.R.S., the following resolution was carried 
unanimously ; That the cordial thanlcs of the London Mathe« 
matical Society be given to Lieut -Colonel Campbell fjr his 

f generous gift of j^Soo to the general fund of the Society. — The 
bllowing communications were made : — On the function which 
denotes the excess of the divisors of a number which ^ i, mod. 
3, over those of a number which : 2, mod. 3, by Dr. Glaisher, 
F.R.S. — A table of complex multiplication moduli, by Prof. 
Grcenhill, F.R.S.. — On bicircular quartics, by R. Lachlan. — 
On the genesis of binoda] quartic curves from conics, by H. M. 
Jeffery, F.R.S. — On the arithmetical theory of the form 
^ + ny^ + ~ by Prof. G. B. Mathews. 

Paris. 

Academy of Sciences, May 6. — M. Hermite, President, 
in the chair. — Heats of combustion of the principal nitrogen 
compounds contained in living bodies, and their r 6 le in the pro- 
ducCion of animal heat, by MM. Berthelot and Andr^. The 
data and results are given for sixteen nitrogenous bodies. The 
average heat of combustion is 9400 cal. for fatty bodies, 5700 cal. 
for albumenoids, and 4200 cal. for carbohydrates, taking 1 gram 
of each substance. The conclusion is drawn that a weakening 
of the organism with diminution of power of consumption of the 
food digested shows itself first by general deposition of the most 
difficultly eliminated substances, fatty matters, then by failure to 
get rid of nitrogenous bodies, and finally by incapacity to con- 
sume the carbohydrates, — Some remarks on the subjecU of 
spherical functions, by M. E. Beltrami. — Remarks on the 
loss of virulence in cultures of Bacillus anthracis^ and 
on the insufficiency of inoculation as a means of estimat- 
ing it, by M. S. Arloing. It is known that in a culture of 
the Bacillus anthracis left to itself the virulence after a time 
disappears. The author gives details of the phenomenon and 
.some results of an examination of various cultures. — MM. Ber- 
trand, Tisserand, and Poincare reported on a memoir by M. 
Cellerier entitled ** On Variations of Eccentricities and Inclina- 
tions.” The memoir deals with equations of movement, 
planetary perturbations, the development of the perturbing 
function, the study of secular variations, and the differential 
equations which define them. — On fields of magnetic rotation, 
by M. W, de Fonvielle. — On algebraical integrals of differential 
equations of the first order, by M. Painlevc. — Solar phenomena 
observed during 1889, by M. Tacchini. The distribution in i 
latitude of protuberances, faculje, spots, and eruptions is given. — j 
On the polarization of electrodes, by M. Lucien Poincare. The j 
author shows that in the case of melted salts the maximum 
polarization decreases with th^ temperature, and becomes nil at 
the temperature of decomposition of the salt, the change is 
gradual with silver poles, but with gold electrodes there is a 
sudden fall at the point of decomposition of the electrolyte. 
Admitting that the maximum of polarization is equal or superior 
to the equivalent of the energy expended in the electrolytic 
action, the results point to the theory that an elevation of tem- 
perature tends to dissociate a salt by the separation of the two 
ions of which it is composed, just as occurs, according to M. 
Arrhenius, in a weak solution. — On the preparation and proper- 
ties of tetrafiuoride of carbon, by M. H. Moissan. — On the 
reduction of nitric acid to ammonia and a method of estimation 
of this acid, by M. E. Boyer. The author indicates the exact 
conditions under which nitric acid may be entirely reduced to 
ammonia when acted upon by hydrogen liberated in the solution 
by the action of Zn upon hydrochloric acid, and gives analyses 
which show that his method yields trustworthy quantitative 
results. — On the molecular refracting power of salts in solution, 
by M.^ £. Doumer. It is shown that the law of molecular 
refraction is best exemplified when one considers the solutions 
in a state of dilution such that the density of the salt in the 
solution, taken in relation to the density of hydrogen, may be 
equal to the molecular weight of the salt. — The action of oxy- 

f enated water upon the oxygen compounds of manganese ; 

*art 2, aption upon permanganic acid and the permanganates, 
by M, A. Gorgeu. — On the amethylcamphophenolsulphonate and 
a derived tetranitrated yellow colouring-matter, by M. P, Caze- 
neuve.— Note on tridymite and christobalite, by M. Er. Mallard. 
— On the zeolites of gneiss from Cambo (Basses Pyr<Saees), by 
M. A. Lacroix. It is noted that the zeolites are remarkable for 
their abundance and the beauty of their crystals. They occur 
m two distinct beds: (i) in acid gneisses, (2) in basic gneisses. 
Cescription? of the crystals are pven. — On a new method for 


the analysis of straw, by M. Alexandre Hebert. — On the rdU ofi 
green manures as nitrogenous dressing, by M. A. Muntz. The 
author concludes from the results of some experiments that the 
efficacy of green manures as nitrogenous dressing depends espe- 
cially on the facility with which the fresh vegetable matters allow 
the nitrification of the proteids and on the favourable influence 
which they exercise on the physical properties of soils. -—Experi- 
ments relative to the transmissibility of hmmoglobinuria to 
animals, by M. V. Babes. 
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THURSDAY, MAY 22, 1890. 


THE FUTURE UNIVERSITY FOR LONDON. 

T he latest news of the negotiations between the 
various institutions whose co-operation is neces- 
sary for the establishment of a satisfactory system of 
graduation for London University students is decidedly 
good. Lord Cranbrook, as the Minister in charge of 
•educational legislation, has intimated to the University 
that he is prepared to take up the question, and is in ex- 
pectation of receiving an application for a new charter for 
the purpose of instituting such a system. The scheme 
which was drafted by a Committee of the Senate, which 
was communicated to the University Colleges and to the 
Royal Colleges of Physicians and Surgeons, and was 
under discussion at the meeting of the Convocation on the 
14th inst., contains some novel features, which show that 
the University is prepared to move fotward, in order to 
meet the immediate necessities of the situation, beyond 
the recommendations of the abortive Royal Commission 
of 1888, and far beyond the non possumus of the Uni- 
versity witnesses before that Commission. It practically 
embodies the concession of a separate system of gradua- 
tion, to be conducted by an administrative Committee of 
the Senate, upon which the teaching institutions shall be 
, adequately represented, independently of the present 
system of graduation by open examinations. It contains 
a further excellent suggestion, that this present system 
shall also be conducted by a Committee of the Senate, 
the Senate itself remaining the ultimate authority for 
both systems, but ‘leaving the details of administration 
to the two Committees. This plan, which is due to the 
initiative of the Senate Committee, appears likely to meet 
objections of Convocation and of the country University 
Colleges, and must render it easier /or the London 
institutions to accept the Senate as the ultimate authority 
on the teaching side. 

Accordingly we are not surprised to hear that the 
University Colleges have expressed themselves ready to 
accept the proposal, and to abandon, subject to a satis- 
factory settlement of details, their petition for a separate 
University. We trust that a spirit of mutual concession 
will continue to sway the counsels of the contending 
• parties, and that we may be able to hail the establishment 
of the teaching side of the University of London, which 
will be the real University for London, during the present 
year. The new system of graduation will follow the 
■ teaching in the London colleges and schools, which will 
be organized for the parpose by the London Committee of 
the Senate. We trust that it will be complete in itself, 
and that its administrators will receive powers to develop 
it without unnecessary restrictions. The development, in 
i^jrticular, by means of what is known as University 
Extension lectures has been recognised by the Senate 
<^ommittee as work which properly belongs to the teaching 
^I’de for London, and should be placed under the London 
Committee. This removes a difficulty, which might have 
been serious, in the way of agreement with the University 
Colleges. Another, which arose from the embodiment by 
^he Senate Committee in their scheme of the Scottish 
Si«;Btem of examinations—a system considered in England 
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to leave too much to the discretion of the individual 
professor, and unsuited to the circumstances of London, 
where there will be, in most subjects, at least two pro- 
fessors — ^has also, as we are informed, been removed by 
concessions from the Senate Committee. 

Of the points which remain for settlement the 
most important are the con^osition of the Com- 
mittee for London, and the place in the University of 
the London Medical Faculty. The first is matter for 
mutual discussion and arrangement between the various 
institutions and interests concerned. The University 
Colleges claim that, besides the“ Faculty ’’representatives, 
or professors, there shall be three representatives upqp the 
Committee of the Council of each of the Colleges. Since the 
University is not willing that there should be any members 
on the Committee who are not also members of the 
Senate, this involves the further point that the six Council 
members shall be admitted to the Senate. By our latest 
advices the Senate Committee appear not unwilling 
to make this further concession, which is deemed in- 
difpensable by the Colleges. It can hardly be said to be 
an extravagant demand, if the importance of the two 
great Colleges in the teaching system is considered. 

With regard to the Medical Faculty, the representatives 
of the Royal Colleges of Physicians and Surgeons, and 
those of the hospital schools unconnected with a Univer- 
sity College, besides the two University Colleges, will be 
consulted. The plan recently put forward by a Commit- 
tee of the Royal Colleges, which had not been in com- 
munication with the University Colleges, involved the 
constitution of a Joint Committee of the University and 
the Royal Colleges only, for the purpose of administering 
a system of “ pass ” degrees in medicine, in which the 
examinations of the Conjoint Board of the Royal Col- 
leges should be recognized as an equivalent for the pre- 
sent intermediate examinations and B.M. examinations 
of the University, and anew M.D. degree should after- 
wards be given, upon a University examination. We are 
I, glad to find that the proposal of the Royal Commissioners 
to hand over the preliminary scientific examination to 
the Royal Colleges, which ^as been condemned in these 
columns, is entirely disapproved by the Royal Colleges them- 
selves. The severance of the scientific education of medical 
students from that of scientific students generally is to be 
deprecated in the interests of scientific study. The same 
argument seems to us to make for the inclusion of the 
system of medical graduation for London students in the 
work of the general London Committee ; and we should 
by no means vic\%with favour the proposal for assigning 
it to a separate Committee, whether constituted jointly by - 
the University and the Royal Colleges, or as a third Com- 
mittee of the Senate. In either case representatives of 
the Royal Colleges and of the medical schools may 
properly find places on the Senate. Why should they 
not also form part of the General Committee for London, 
which would thus become the single administering body 
for all the Faculties, so far as the teaching side was* con- 
cerned ? The proposal of the Royal Colleges to limit the 
medical degrees, upon the teaching side, to pass” degrees, 
and to bar the University in this respect from conferring 
honours, appears inadmissible. It probably would not have 
been made by the Royal Col Wes had they Jseen aware of 
the willingness of the SenatqCommittee to concede the 
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point to the University Colleges, so far, at all events, as 
regards honours in arts and science. • 

We are informed by a legal correspondent that a strong 
Committee has been formed at Lincoln’s Inn to promote 
reforms in legal education. We trust this may prove the 
first step to the constitution, on the teaching side of the 
University, with the co-operation of the Inns of Court, of 
a real Legal Faculty, on a basis similar to that above re- 
commended for medicine. To separate the professional 
Faculties from the academical, in a University of the nine- 
teenth century, savours of anachronism. 

RECENT ORNITHOLOGICAL WORK'S. 

Classification of Birds ; a 7 t Attempt to diagnose the Sub- 
classes, Orders, Sub-orders, and some of the Families of 
Existing Birds. By Henry Seebohm. Pp. i-xi., 1-53. 
(London : R. H. Porter, 1890,) 

A Hand-book of European Birds, for the use of Field 
Naturalists and Collectors. By J ames Backhouse, J unr. 
Pp. i-viii., 1-334. (London: Gurney and Jackoion, 
1890.) 

T he most important ornithological work which has 
recently appeared is undoubtedly Mr. Henry 
Seebohm’s “ Classification of Birds.” Any attempt to 
arrange the class “ Aves ” is always warmly welcomed by 
ornithologists ; and whether they agree or not with all 
Mr. Seebohm’s conclusions, they have every reason to 
be grateful to him for an honest effort to diagnose the 
existing orders of birds. It has been known to most of 
us that Mr. Seebohm has been engaged, with his usual 
energy, in a close study of avian osteology for the last 
two years, and the present “ Classification” is the result 
of his original studies, combined with a careful digest of 
the work of his predecessors in the same field — Parker, 
Fiirbringer, Garrod, Forbes, and others. 

The author starts with a high purpose, and with a 
resolve that diagnoses shall be found which shall hold 
good for each group of birds, and that the combination 
of characters set forth shall be diagnostic of that group, 
and of that group alone. No one, therefore, can grumble 
at the arrangement, because the order can be altered at 
will, each order and sub-order possessing their absolutely 
special characters. Two schemes for the higher classi- 
fication of birds are proposed. In the first one the author 
recognizes six sub-classes, as follows : — 1. Passeriformes ; 
11. Falconiformes; III. Coraciiformes ; IV. Anseriformes ; 
V. Galliformes ; and VL Struthioniformes. 

In his “ Alternative Scheme ” he rpduces the number 
of sub-classes into^z'^, by merging the Falconiformes, 
the Anseriformes, and the Galliformes into the sub-classes 
Ciconiiformes and Galliformes, the latter taking in the 
Lamellirostres of the first classification, and sending in 
return the Tubinares and Impennes back to the Ciconii- 
formes. 

The condition of the young at birth forms the ground- 
work of this second method of classification, which the 
author approves, but the subject is treated in a method 
different from that of Sundevall, who also thought highly of 
the condition of the nestling bird as an element of primary 
classification, but, according to Mr. Seebohm, he attached 
«an exaggerabtd importance to some of the facts. That 
the character of the nestlir g is bound to play a significant 

NO. 1073, VOL. 42] 


part in the classification of birds we can well understand, 
but at present the various developments of the downy 
young are, we believe, but imperfectly understood. Thus we 
may remark that in the Passeriformes we know at least 
two exceptions to their diagnosis as given by Mr. 
Seebohm, viz. in the Shore Lark {Otocorys alpestris), and 
in a curious bird from Ecuador, Ptilochloris bttckleyi, 
belonging to the family Piprida. Other examples will 
doubtless be found, and yet closer examination will 
probably demonstrate that the downy stage through 
which these Passerine birds pass will be of a different 
fundamental character from the downy stages of other 
birds. 

There can be but little doubt that of the two schemes 
provided by Mr. Seebohm the second one is the best, but 
a stumbling-block at first sight appears to be the position 
of the Columba in the Passeriformes, and that of the Cath- 
artes {lege Cathartides) in the Coraciiformes with the 
Kingfishers and Hornbills. It is perhaps the novelty of 
these allocations that causes our hesitation in accepting 
them, for after all a Turkey Vulture and a Ground 
Hornbill {Bucorax) have considerable resemblance. In 
any case Mr. Seebohm gives characters for the diagnosis 
of all his Orders and Sub-orders, and their linear arrange- 
ment can be shifted at will. Each order and sub-order^ 
is not only defined, but a table accompanies every one 
of them, showing the whole' of the thirty-six minor 
divisions, exhibiting by an asterisk the want of any 
specified character, and so narrowing the issue of de- 
finition in each instance. The author is greatly to be 
congratulated on the result of his two years’ labour, which 
will doubtless be the stepping-stone to further treatises on 
the classification of birds. 

'We cannot congratulate Mr. James Backhouse on his 
** Hand-book of European Birds.” The author’s intention 
doubtless is good, but though ** many of the finest bird 
collections in the Kingdom have been carefully examined, 
and the best modem authorities have been consulted,” 
the result of all this compilation is not satisfactory, and a 
want of practical acquaintance with the manner in which 
a Hand-book” should be written is apparent at every step. 
We fear that the outline figure of a bird, drawn by Mr. 
R. E. Holding, in order to show the nomenclature of the 
different parts of a bird, will not commend itself to any 
experienced field naturalist or collector, who will probably 
know more of bis subject than did the artist who per- 
petrated this figure. We will do no more than point out 
that the “cervix” is called the “hind neck” by most 
ornithological writers, that the “ malar region ” is generally 
spoken of as “the cheeks,” that the positions of the 
“breast,” “abdomen,” and “anal region” are all placed 
wrongly in the figure, and that the “ crissum ” is not the 
same as the “ lower tail-coverts.” The divisions of the 
back are also wrongly defined. Luckily, the authey: 
himself does not recognise the terminology of his own 
“ bird-map,” or the confusion of parts would have been * 
disastrous. 

We had fondly hoped that, having started the “ Birds 
(MT Europe” in 1871 (since completed by Mr. Dresser), 
with the idea that a work of that character should include 
all the species of the Western Palaearctic region, which 
is at least a natural division of the globe, it would 
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occur to future authors to return to the old idea of 1 
treating the avifauna of Europe on political ideas, and 
fencing in the ranges of the birds with political bound- 
aries. Yet it is on these old lines that Mr. Backhouse 
has written his “ Hand-book,” and he must be held re- 
sponsible for a very retrograde step. From his preface, with 
the short definition of the six zoogeographical divisions of 
the earth, one would expect to find that he recognized the 
value of writing on the birds of a well-defined zoological 
area, but a glance at the countries which he assigns to 
the Ethiopian and African regions shows that he does 
not really understand the subject of geographical regions, 
for, after stating that the Western Paloearctic sub-region 
includes the countries west of the Jordan, he apparently 
wishes us to believe that Palestine east of the Jordan 
belongs to the Eastern Palaearctic sub-region, while Asia 
Minor is to remain in the western part. We should like 
to know where the regional differences between Asia 
Minor and Persia, and, for that matter, Palestine and 
Syria, begin and end. Arabia seems to be left out 
in the cold, finding a place neither in the Palscarctic nor 
in the PIthiopian regions, while the Indian region includes 
Asia south of the Himalayas with the Indo-Malayan 
Islands and Formosa, as well as Madagascar I With 
such crude notions as to the limits of the regions which 
■ adjoin the Pahcarctic, it is not to be wondered at that 
Mr. Backhouse’s ideas of the natural limits of the latter 
are also ill defined. The mischievous results of these 
notions of the limits of “ Europe ” are seen in the appen- 
dices of North American birds which are ^'stated" to 
have occurred in Europe. Many of the birds mentioned 
in his list have undoubtedly occurred more than once, 
and the incompleteness of the plan of the work is shown 
by their omission from the body of it, because these 
species may occur again at any time to the “field 
naturalist ” or “ collector,” for whom the author specially 
caters, and these will look in vain for them in this 
“ Hand-book.” The same with the list of Asiatic and 
African species which are stated to have occurred in 
Europe. Many of them have occurred in Europe, beyond 
the shadow Of a doubt, and Certhilauda ditponti (of C. 
lusitanica the author apparently knows nothing), Sturnus 
purpurascenSf and Falco minor, have as much right to 
be considered European birds (even in Mr. Backhouse’s 
acceptation of the term), as Picus lil/ordi or Cypselus 
pallidus (whose range is not “ probably similar to that of 
C. apusp or anything like it). 

The main idea running through Mr. Backhouse’s 
“ Hand-book ” seems to be the same as was exemplified 
in Colonel Irby’s “ Key List t& British Birds,” but we 
greatly prefer the plan of the latter pamphlet for its 
method of execution t& the more ambitious work of Mr. 
Backhouse, wherein most of the mistakes of Dresser’s 
“ Birds of Europe ” are reproduced, even to the omission 
of the Astrachan Homed Lark {Otocovys brandti ) ! Besides 
•“he faults we have noted, all of which are easily capable 
of rectification in a future edition, there is one cardinal 
/lefect in this “ Hand-book,” and that is in the assump- 
tion that the “ field-naturalist ” and “ collector,” for whom 
the author writes, is minutely acquainted with Palaearctic 
genera, and will know instinctively whether he has a 
jflypolais, an Acrocephalus, or a Lui'Ciniola in his 
*hands. • R. Bowdler Sharpe. 
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CRIMINAL ANTHROPOLOCY. 

Thii Criminal. By Havelock Ellis. Illustrated. (London ; 
W. Scott, 1890.) 

C RIMINAL anthropology has of late years attracted 
much attention abroad, where its problems have been 
largely and often very loosely discussed. Mr. Havelock 
Ellis performs the useful task of making English readers 
acquainted with the results. It cannot be said that much 
progress has been made on the psychological side of the 
subject since the publication of Despine’s “ Psychologie ” 
in 1868, but the main conclusions of that author have been 
abundantly confirmed. On the physical side, numerous 
dissections and measurements seem to have led tq no 
well established and important fact ; they have, however, 
narrowed the limits within which speculation, may legiti- 
mately ramble. It is well ascertained that many persons 
are born with such natures that they are almost certain 
to become criminals. The instincts of most children are 
those of primccval man ; in many respects thoroughly 
savage, and such as would deliver an adult very quickly 
into the hands of the law. The natural criminal retains 
those same characteristics in his adult life. The author 
has a very true but not complimentary passage upon the 
ways of children. He says that the child lives in the 
present, the desire of the moment blotting out everything 
else from his mind. That he has no foresight to restrain 
him from acting according to impulse. That he is a 
thorough egoist, and will commit any enormity to obtain 
what he wants. That he is cruel and enjoys the manifes- 
tations of pain. That he is a thief for the gratification of 
his .appetites, chiefiy of gluttony ; and that he is an 
unscrupulous and often cunning liar, not hesitating to 
put the blame on innocent persons when his own mis- 
deeds are discovered. In the large majority of our 
countrymen the savagedom of childhood becomes gradu- 
ally in part repressed, in part outgrown, and in part 
transformed. Discipline is one agent, another is the 
larger growth of sympathetic feelings, and another is the 
education of a habit of forethought, which prompts selfish- 
ness to be wise, and induces many persons to assume 
throughout life the appearance of virtues for which they 
have no care, solely through the fear of social or legal 
punishment. We may freely allow that everybody is 
liable under some circumstances to fall into crime, for, 
in the words of the liturgy, “ we are set in the midst of 
so many and great dangers that by reason of the frailty 
of our nature we cannot always stand upright,” but the 
difference between ordinary persons and natural criminals 
is that the latter •.re unable to stand upright even under 
favourable conditions. There are numerous human beings 
who have an instinctive aptitude to various forms of ill- 
doing, no sense of remorse for the sufferings they may 
have caused, and who possess too little forethought and 
self-restraint for the fear of retribution to become effective. 
Abundant evidence of all this is to be found in Mr.i> Ellis’s 
book, and there seems to be a consensus among experts 
as to its trustworthiness. * 

It is easy to understand that ordinary men who are 
thrown among criminal associates will soon acquire their 
furtive expression and other peculiarities of demeanour ; 
but after making ail allowance for these acquired 
characteristics there remains certain natural ones that 
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predominate among all large groups of criminals. These 
are well set forth by Mr. Ellis, chiefly under the titles of 
cranial characteristics, physical insensibility, moral insen- 
sibility, and emotional instability. A fresh indication of 
frequent misshape in their heads may be derived from the 
three composite portraits of criminals (who were by no 
means of a bad order) that are given in this volume. 
Here the outlines of the* heads of the composites are very 
hazy, testifying to large and various differences in the com- 
ponent portraits. These composites show no prevalence 
of any special deformity in head or features. 

The hope of the criminal anthropologist is to increase 
the power of discriminating between the natural and 
accidental criminal. He aims at being able to say with 
well-founded confldence of certain men that it is impos- 
sible to make them safe members of a free society by 
any reasonable amount of discipline, instruction, and 
watchfulness, and that they must be locked up wholly 
Out of the way. Also, to say of some others that it 
would be both cruel and unwise to treat them as ordinary 
criminals, because they have been victims of exceptional 
circumstances : they are not naturally unfit, and therefore 
still admit of being turned into useful members of society. 
Extracts are given in this book from the official reports of 
the prison at Elmira in the United States, where experi- 
ments are madi imeducatihg prisoners of the latter class. 
They describe a System .of massages and Turkish baths 
three times a week, courses of literature, aesthetics, and : 
ethics, including a study of Jowett’s translation of the 
“ Republic "of Plato, and of the works of Herbert Spencer, 
together with a gymnasium and a drum corps, suggesting 
to the unprepared reader a chapter in Gulliver’s account 
of the institutions of Laputa. 

Francis Galton. 


ELEMENTARY PHYSIOGRAPHIC 
ASTRONOMY. 

Lessons on Elementary Physiographic Astronomy. By 
John Mills. (London: Chapman and Hall, 1889.} 

T he expressions of approval of the physiography 
syllabus of the Science and Art Department by the 
British Association Committee on science teaching lend 
an additional interest to new text-books of this subject. 
The book before us covers the portion of the syllabus 
dealing with the movements of the earth. We believe 
Mr. Mills has occasionally been employed as an Assistant 
Demonstrator at the Normal School of Science, and on 
the strength of this he claims to have had four years’ ex- 
perience as a teacher of the subject in that institution. 
It is rather late for Mr. Mills to state that, “ in the hope 
of encouraging teachers and students to make the subject 
a more practical one, instructions have been given for ; 
making some inexpensive apparatus,” considering that | 
all the practical work given Is taken from the book of j 
instructions supplied to students at the Normal School, 
and which was distributed by the authorities of the 
Science and Art Department to teachers throughout the 
country some months ago, with the sole object of en- 
couraging practical demonstrations in classes. Anyone 
can now obtain the same for twopence. There are 
n^y. indications that the author is only acquainted 
with a limited' part of the subject. The article on the 
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use of the micrometer, for example (p. 25), is sure to 
impart the idea that a definite fraction of an inch repre- 
sents a definite amount of arc, irrespective of the telescope 
: employed ; and that, in consequence, the distance between 
I two stars or the apparent diameter of a planet can be 
‘ stated in inches ; further, the zero for position angles is 
given as “the normally horizontal wire,” which is ob- 
viously an inconstant, and therefore useless one. Wrong 
impressions are also given as to the functions of the 
Nautical Almanac,” for p. 81 distinctly implies that it is 
a record of actual observations, whereas it is published 
three or four years in advance. Again, on p. 20, it is 
stated that the transit circle is made to read 90° when the 
telescope is pointing to the Pole, and therefore that 
“ when the telescope is directed to any star crossing the 
meridian we obtain the north polar distance of the star, 
and this being known, we can easily determine its de- 
' clination,” which is neither clear nor correct. 

After deducting the practical instructions, the most 
casual comparison with Prof. Norman Lockyer’s “ Move- 
ments of the Earth,” will show the source of inspira- 
tion of the remainder, although there is not a word 
of acknowledgment. The head-lines, diagrams, and 
occasionally the language, remind one of that book. 
The order of things has certainlyibeen slightly changed, 
but the only result is to introduce disconnections and ‘ 
anticipations. The micrometer, for example, is de- 
scribed before the chapter on angular measurements, and 
the chronograph precedes that on the measurement of 
time. The terms “ right ascension ” and “ declination ” 
are frequently used, although the explanation of them is 
reserved for the very last page. Further instances might 
be multiplied almost without limit. 

The whole book is of a very sketchy character, and the 
only redeeming feature is the excellent series of diagrams. 

A. F. 


OUR BOOK SHELF. 

Theoretical and Practical Treatise on the Strength of 
Beams and Columns. By Robert H. Cousins, Civil 
Engineer, formerly Assistant Professor of Mathematics 
at the Virmnia Military Institute, Lexington, Va. 
(London and New’ York: E. and F. N. Spon, 1889.) 

The author of this treatise comes forward with an 
attempt at an explanation of the paradox of the beam, 
which is that a beam is about double as strong as theory 
makes out it should be, when the resistance of the beam 
to bending is calculated from the tension and pressure of 
the fibres, considered as acting independently and without 
lateral support. 

To account for this discrepancy, which is well known 
to practical men, a paper by W. H. Barlow, in the Phil. 
Trans.,i85^proposeaatheoryoflateralsupportof the fibres 
to account for tne extra strength, while his careful experi- 
ments showed that the neutral plane was certainly very 
close to the position which theory assigned to it. Pre-^ 
viously it had been usual for practical men to place the 
neutral plane at the top or bottom of the beam, and 
thence to calculate the strength ; a better agreement withr 
theory being thus obtained. 

The author of the present treatise adopts the more 
modem method of taking a different tenacity and modu- 
lus of ' idasticity of the ’.material for extension and for 
compression ; bis calculations are principally directed to t 
finding the breaking load of the beam; but aS all the 
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K laws of elasticity break down long before breaking takes 
place, it is not surprising that he should find himself in 
disagreement with the results of theoretical elasticity. 

A summary of the author’s theory is given on p. 31, in 
the shape of ten hypotheses, most of which are of genend 
acceptation, except perhaps number 8, which asserts that 
The algebraic sum of the direct forces of compression and 
extension can never become zero ; ” while number 4 is 
redundant, and opposed to the principles of elementary 
statics. 

After the length of time the theory of the beam has 
been worked at, it is natural to expect the treatment 
to have fallen into a conventional groove ; but there is an 
unfamiliar appearance about the present pages, which 
makes it difficult to find out where the originality claimed 
by the author for his theory comes in ; while many of his 
statements about the position of the neutral line (p. 27) 
at the inception of the loading being at the bottom or 
extended side of the beam, and moved upwards by reason 
of the deflection and equally with it," are in direct 
opposition to the careful observations of Mr. W. H. 
Barlow. 

A great many additional pages, reaching to number 
166, are devoted to applications to beams of different 
materials, cast-iron, wrought-iron and steel, and timber ; 
but the method is the same throughout, so that the 
essence of the book would go into very few pages. The 
treatise is a great contrast in this respect to most recent 
American publications on practical subjects. 

A. G. G. 

Chambers's Encyclopedia. New Edition, Vol. V. | 

(London and Edinburgh : W. and R. Chambers, 

1890.) 

The new volume of the present edition of “ Chambers’s | 
Encyclopajdia” deserves in all respects as cordial a re- I 
ception as that which has been given to the preceding j 
volumes. The editor has done his work with admiraole 
care, selecting for the various subjects writers competent j 
to deal with them, and setting apart for each subject, as 
nearly as possible, the space that properly belongs to it • 
in accordance with the scheme of the work as a whole. , 


say that the volume sets forth the results of much fresh 
thought and solid work. In some respects the conclusions 
at which Dr. Brinton has arrived differ widely from those 
of most other anthropologists. He holds, for example, 
what he calls “ the specific distinction of an American 
race," and “ the generic similarity of its languages." He 
is also persuaded that the tribes of this race possessed 
considerable poetic feeling," and maintains the absolute 
autoebthony of their culture." These and other positions 
he defends with much ingenuity, and even those readers 
whom he may fail to convince ^^ill find that it is worth 
while to master his arguments. As an example of the 
thorough way in which he works at his subject, we may 
note his chapter on the Toltecs, whose far-famed empire 
he describes as “ a baseless fable.” 

Esquisse Historique sur la Marche du Ddveloppement ^ de 
la G^om^trie du Triangle. By E. Vigarid. (Association 
Frangaisepourl’Avancementdes Sciences — Congabs de 
Paris, 1889.) 

This is a full and carefully drawn-up sketch of what is 
sometimes called the modem geometry of the triangle. 
It carries on the bibliographical notice contributed by M. 
E. Lemoine to the same Association (1885) up to the 
present time, and supplies some of the lacunae in that 
notice. The author appears to be very fair towards 
fiSreign mathematicians, and any deficiencies in noticing 
English contributions are due to there being at present 
no account of results which may be buried in such 
journals as the Mathematician^ the Lady's and Gentle- 
I man's Diary, and similar works. We have' little doubt 
that an examination of these would lead to the unearthing 
of many anticipations of recently obtained results. 


LETTERS TO THE EDITOR. 

\^The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertahe 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other fart of Nature. 
A'o notice is taken of anonymous communications.^ 


Of the strictly scientific contributions, we need only say • 
that those of them we have been able to examine are I 
sound and concise. With regard to the articles on geo- j 
logy and heat, it may be enough to mention that the I 
latter is by Prof. Tait, the former by Prof. James Geikie, ' 
to whom also have been intrusted the articles on the 
Glacial period and the geology of Great Britain. Tl»e \ 
climate of Great Britain is the subject of a short but | 
luminous paper by Dr. Buchan. An excellent account of 
gas and gas-lighting is given by Dr. Alfred Daniell, j 
and Prof. Ewing describes the gas-engine. Mr. Keltie 
contributes an interesting paper on geography, and Dr. 
J. S. Mackay writes with his usual clearness on geometry. 
Mr. F. Hindes Groome’s article on the gypsies may be 
noted as a capital summary of many curious facts and 
theories. Mr. J. Arthur Thomson, in his article on 
heredity, displays wide reading and an impartial judg- 
ment ; and Dr. J. Andersofl’s article on hill-forts shows 
how much solid information may be packed into a small 
space by a writer who knows his subject thoroughly. 

Essays of an Americanist. By Daniel G. Brinton, M.D. 

(Philadelphia: Porter and Coates, 189a) 

Most of the papers in this volume have alr^dy been 
printed, but some have been substantially re-written, and 
each of them derives an added value from the fact that it 
appears in association with other essays on kindred sub- 
jects. Dr. Brinton classifies the various pai^rs under the 
four headings, “ ethnologic and archaeologic,” “ mytho- 
logy and folk-lore," “ graphic systems and literature," and 
“ linguistic.” To those who are familiar with his contri- 
butions to ethnology and anthropology we need scarcely 
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A Uniform System of Russian Transliteration. 

In Nature, vol. xli. pp. 396-97, which has only now reached 
Tashkend, there is a very interesting note under the above title. 
It is stated that the recommended system will be adopted with* 
out delay.” How is this to be understood? Does it mean that 
the system is finally settled ? It would be a pity if this were so, 
because the proposed method of transliteration contains a point 
which would be a source of perplexing difficulties when us^ in 
practice. 

The suppression of the semi-vowels s and h (hard and soft 
pronunciation ) at the ends of words, would make many of them 
indistinguishable. For instance, with the proposed system, the 
words 

iiujb (dust) would be = />uz/ 
and iibMi (heat) ,, puil 

(did heat) = hit 

and 6HJb (a bill) ~ bil 

Hp'b (precipice) — yor 

a^d spb (verdigris) — ynf^ 

AaHi (given) — dan 

and .laiib (tribute) = dm 

and so on. 

The differences of these sounds exist for some purpose in the 
Russian language, and they ought to be rendered in some way 
in the transliteration. Perhaps the simplest plan would be to 
adopt the Polish method of denoting the soft pronunciation with 
an accent above the letter in question. The words just given 
would then be written dan and dah^ yar and^ar, &*c. 

I may be allowed to make some further suggestions. ^ They 
are of minor importance, but would tend to improve, in my 
opinion, the proposed system. 

Would it not be more convenient to transliterate the Russian 
bi witb^, as is done in the Polish language? The proposed 
symbol ui does not even remotely represent the right sound, and 
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may cause numerous cases of confusion with the very similar 
translite;*ations of the Russian sounds yu and ytl. Moreover, 
English readers are already accustomed to render hi with^, as, 
for instance, in the name of the Pribylow Islands. Why should 
this name be changed now to Prilutilow^ which is at the same 
time unfamiliar and misleading? If the change is made, ffc, #0, 

Hy must be written as iV, ///, m. 

The Russian atr' might perhaps be better represented by jh. 
'fhe symbol would then represent a softened y, equivalent to the 
French /, and reproduce the right sound. A. Wilkins. 

Tashkend, April 2/14, 1890. 

1 ASSUME that the following three conditions must be 
fulhlled 

(1) The object aimed at is principally transliteration^ i 
combined with the possibility of recovering, by its means, the ' 
original Russian spelling. 

(2) Correct pronunciation is only a secondary object, as oral 
teaching alone can convey it in perfection. Nevertheless, the | 
trans^yteration adopted should come as near the correct pro- 
nunciation as possible, without sacriheing the principal object, ' 
transliteration. 

(3) The system adopted should satisfy a want, not only of the , 

English-speaking nations, but also, as far as possible, of all ' 
those which use the Latin alphabet. This object can be reached | 
only by some mutual concessions. | 

Now, the system adopted in the article in Nature (vol. | 
xIl P- 397) would, it seems to me, fulfil these requirements as j 
nearly as possible, if the following comparatively slight modifica- 
tions were admitted : — 

(1) The Russian h; would be better rendered by j than by zh. 

has not quite the same sound as the English /, which in most 

cases has a sound of d in it (as in journey, jay, jam). But jk 
corresponds exactly to the French y, and is not too far remote 
from the German jot. For this reason, as a compromise between 
the three languages, 7, as an equivalent of would answer 
better than zh, I mean to say that, by means of the y, it will 
be easier for Englishmen, Germans, and Frenchmen to get at 
the right pronunciation of the Russian th than through the 
medium of zh, 

(2) The Russian 4 (tcha) should be rendered by tch instead of 
r/r, and that for the sake of the French and Germans, whose ch 
is pronounced differently from the English ch. For the English 
reader the adoption of either tch or ch would not involve any 
difference of pronunciation. 

Thus, the Russian huxi (tea) should be transliterated into 
tchat^ which the three nations would pronounce nearly in the 
same way ; whereas, according to the proposed plan, it would 
be spelt chaT^ which a Frenchman would pronounce shaT and a 
German something like KhaT. Huxaneeb should be spelt 
Tchikhatehcz\ and not Chikhachev, 

(3) For a similar reason I would propose stch for the Russian 
111 instead of the shch of the proposed system. In Russian cs is 
pronounced exactly like U| (c4a(Tie, happiness^ is pronounced 
iiiacTie, and (‘4C^^, an account^ uierb) ; and for this reason if 
4 {fcha\ is rendered by tch^ the addition of an s would make it 
111 {stcha). The stch would be more palatable for the French and 
Germans than the very puzzling shch, 

(4) I should propose to use the s-ign for indicating the 

compound letters — thus, tch^ stch^ &c. This would much 

facilitate the eventual recovery of the Russian letters. 

(5) The last letter of the Russian alphabet, V'* (called ijitza)^ 
is rendered by oe in the table (loc, cit,). This must be a 
misprint. 

This letter has become almost obsolete in Russian, and is used 
in the Church Slavonic only. It is the exact equivalent of the 
Greek ypsilon, and should be rendered by^. 

The requirements of the Italian pronunciation (with its c and 
ch and of the Spanish (with its j) are more difficult to satisfy ; 
but most of the educated Italians and Spaniards understand 
other languages. Ch. R. Osten-Sacken. 

Heidelberg, Germany, May 5. 


The Eruption of Volcano Island. 

In the p^es of Nature two notes have appeared from my 
pen describing the phenomena of the eruption that commenced 

' In De Gubernatifl^^ ** Di/Ionario Biographico," 1879* Tchikhatchrv is 
spelt Cthtuiff, 
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on August 3, 1888, which is now coming to an end. 

1 have not been able to visit the spot recently, but my friend 
and pupil Mr. Lewis Sambon, who helped me in conducting the 
party of English geologists through the Lipari Islands last 
autumn, and on whom I can thoroughly depend, has given me 
the information that I make use of in these notes. Mr. J. P. 
Iddings, whom Mr. L. Sambon accompanied, also kindly con- 
firmed some of the latter, besides which Mr. Sambon brought 
hack a few very good whole-plate negatives. 

From September 1889, when I and the geologists were at 
Vulcano, the eruption has continued with very varying activity. 
On March 15, 1890, at 9 p.m., there was a very violent explosion 
resembling the blowing up of a mine. Some windows were broken 
at Lipari, which is about seven kilometres distant, whilst lapilli 
reaching the size of large peas, with drops of condensed vapour, 
were showered upon the town. Behind Monte della Guardia, 
which hides Vulcano from the town of Lipari, for upwards of 
three minutes a bright red reflection was seen, which is of im- 
portance as indicating the presence of incandescent matter in 
the volcanic chimney ; for there are floating about a number of 
extraordinary hypotheses, some verging on the magical, to 
explain this eruption. 

After the evening of the iSth, Vulcano was very active, but 
the explosions were gradually diminishing in force, and com- 
pletely stopped on the lyih. 

On March 25 my two friends visited the island. They found 
at the base of the cone an enormous number of the bread-crust 
bombs^ the mode of formation of which I have already described 
and explained. The.-e were of recent ejection, and Mr. L, 
Sambon says they much resemble those of the earlier period of 
the eruption ; and the specimens which have been kindly brought 
to me thoroughly confirm this view. Both those examined on 
the island, and the smaller ones I received still contain numerous 
fragments of dolerite, which, as I have shown, give origin to much of 
the pyroxenes, magnetite, olivine, and triclinic felspar distributed 
throughout the paste, and the origin of which is proved by the 
fact that they are rarely without a bit of the old microHtic dolerite 
ba'-e still attached to them even when very small crystals nearly 
isolated occur. Such is the amount of impurity of the paste 
that any attempt at a chemical analysis would be a waste of time, 
and even the microscope can afford us little information as to the 
group of rocks to which the magma belongs. The general facies of 
the projectiles, the earlier products of this cone, all point to the rock 
being near to if not really a rhyolitic obsidian. Referring to a 
discovery I made last autumn Mr, Sambon says: — “I broke a 
great number of the bombs, but I found in none of them that 
white agglomeration of quartz and felspar that we often met with 
in September 1889." These inclusions much resemble numerous 
similar ones that I found in 1887 in an old lava stream of 
Stromboli, and which have been sliced, and the examination of 
which will be published soon. In the meantime they may be 
said to be com^sed chiefly of milky quartz and felspar of meta- 
morphic or plutonic origin, and are no doubt the remnants of 
the sub'Volcanic platform. 

Some of the recent bombs reach gigantic sizes for such a small 
volcano. One of these, possibly shot out on March 15, 1890, 
was, above ground, 9 feet high, 6 feet broad, and 6 feet thick. 
The obsidian crust was 4 inches thick, and the main fissure, 
through which the pumiceous interior protruded, was 2 feet broad, 
forming, as it were, a monster crusty loaf. 

So violent were the explosions on March 15, 1889, that Signor 
Jacono, Mr, Narlian’s factor, had to fly for protection with his 
family to the caves near the Faraglioni, because great stones 
were falling in considerable numbers near Mr. Narlian's villa, 
which is about a kilometre fronf the crater. 

Mr. Sambon describes the crater as some metres deeper 
than when we vi.sited it together six months before ; but, com- 
paring his and my photographs, there has been very little 
change. The crater walls were covered with yellow sublimatio^, 
which were not so in September 1889, and he judges their in- 
clination at from 40^ to 45^ In the centre of the small floor 
was a great while patch with yellow border, which my expe- 
rience would lead me to suppose to be due to boric acid, with 
the edges of a mixture of seieno-sulphur and realgar. A good 
deal of smoke (which is again new) was issuing from the bottom, 
especially to the north-north-east ; and a few metres only from 
the edge of the slope beneath the highest point, and extending 
to where we took our photographs, were a considerable number 
of fumaroles. One of tho.ve nearer the last point (north-north- 
west) was much laiger, issuing* from a fissure, and so violent and 
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• menacing as to resemble the old CaptUo. All of them were 
roaring, and emitting white fumes. 

. The fiimaroles of the outer rim, including Caputo^ were very 
active. These latter worked continuously, whilst the new one 
on the inner edge would stop and start afresh — a phenomenon I 
have occasionally seen at Vesuvius, in fumarolcs which are in 
direct communication with the lava. The intermittence, then, 
seems to ^ due to the surging up of the lava so as to block from 
time to time the lower inlet, or to be in other cases dependent 
upon the bursting of the great vapour bubbles as they rise in 
the viscous paste. 

If this is really the termination of the eruption, we have gained 
some considerable advance in the interpretation of the eruptive 
phenomena of a highly acid magma, which is of such feeble 
character as to be incapable on the one hand of producing a 
typical pumice, and on the other of giving rise to an outflow of 
lava. As before stated, differences of opinion will probably be 
raised as to the nature of the essential eject amenta, and I have 
little doubt that it will be dubbed as being more basic than it 
really is in consequence of the presence of impurities of olivine, 
augite, &c. It may be wise, therefore, that the reasons that lead 
me to conclude its acid nature should be given. First and fore> 
most, we have the intense viscosity indicated by the long inter- 
vals of the explosions and the bnad-crust structure in the ejecta- 
menta. Secondly, these bread' crust bombs I have only met 
with in the ejectamenta accompanying either rhyolitic or 
trachytic glassy eruption, such as the obsidians of Rocchc Rosse, 
Forgia Vecchia in Lipari, and Monte Rotaro in Ischia. In 
the former locality we have a beautiful illustration of the forma- 
tion of these bombs outside the crater. Towards the end of 
the Rocche Rosse explosive stage, during which the great crater 
was drilled and the white pumice erupted, a large mass of ob- 
sidian was hurled up, and fell on the crater edge at Monte 
Pelato. In consequence of the sudden shock on reaching the 
ground, the semi-plastic mass cracked, and each fragment, 
relieved from the surrounding pressure, expanded into a small 
bread-crust bomb. 

In the third place, the glass of these Vulcano bombs is ex- 
ceedingly light and transparent, and indicates anything rather 
than an abundance of any basic iron silicate. 

On looking back through the records of fairly well described 
eruptions, I cannot resist the impression that the duration of an 
eruption, other proportions being maintained, is in direct ratio 
to the basicity of the magma which in fact brings about such a 
result in consequence of the higher viscosity as the proportion 
of SiOj increases. Of course more or less advanced crystalliza- 
tion will also have an influence, as well as the relative higher or 
lower temperature, in eruptions of pure glass, beside the greater 
or less abundance of dissolved water. 

The appearance of so many new fumaroles which we did not 
see six months ago all indicates that Vulcano tends (provided 
there are no more active signs) to pass into a solfalaric stage 
such as is its usual state. 

In fine, I must thank Mr. L. Sambon, for so kindly observi^ 
carefully the phenomena at Vulcano and transmitting to me his 
notes, and also Mr. J. P. Iddings for information on the same 
subject. H, J. Johnston-Lavis. 

Naples, April 18. 

Panmixia. 

I AM glad to observe that his private correspondence has led 
Prof. Lankester to regard the doctrine of panmixia,*' or 
cessation of selection/’ in a much more favourable light than 
heretofore. ^ . 

The form in which I stated this doctrine in 1874, and ogam 
in the present correspondence, is the form in which it has like- 
wise been stated by^r. Gallon in 1875, Weismann in 

several of his essays during the past decade, and by Mr. Poulton 
in his recent lectures. But, speakinff for myself, I can see no 
objection to the form in which it is now presented by Prof. 
Lankester. For it seems to me immaterial whether we say 4 hat 
panmixia leads to a degeneration of size, shape, or structure, 
because the previously sustaining power of selection has been 
withdrawn ; or whether we proceed to say that the reason why 
selection has a sustaining power is because, so long as it con- 
tinues operative, its operation consists in eliminating variations 
below the standard of full efftciency. But although it appears to 
me that the latter point goes without saying, if its expression 
changes the whole aspect of the case in the view df Prof. 
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Lankester, I can only regret that 1 did not express it in the first 
instance. I did not, however, understand that there was any 
que.stion touching the fact of variations occurring below the 
standard of full efficiency, even as regards fully-developed organs 
of ** well-established species.” Therefore my argument was 
directed to show that, upon the assumption ” of such variahilityy 
under cessation of selection the standard will not rise above the 
previous selection-mean,” but always tend to fall Mow it, 
on account of reversion, &c. 

Obviously, however, if we disallow that selection has any 
sustaining power, the doctrine of degeneration as due to its 
cessation becomes absurd.” Or, which is the same thing, if 
we eliminate altogether” the ** assumption ” of congenital 
variations occurring below the standard ot full efficiency (when 
once the parts in question have been completely developed by 
natural selection), and if we substitute a logically possible ” denial 
of such variations in respect of such parts by assuming the 
ratio of birth-mean and selection-mean to be one of equality ” — 
then, indeed, ‘^the point of interest shifts.” But surely the 
burden of proof lies on the side of anyone who denies this 
variability to fully-evolved organs. Even in the case of ‘‘ well- 
established species” it is ‘‘improbable that there is idtntity 
between these two means ” — or, in other words, that when once 
an organ has been fully evolved by natural selection, it no longer 
requires to be maintained by natural selection. 

Again, “that some cases must occur in which the selection - 
mean -size is [actually] smaller than the birth-mean-size,” 
appears to me true only of cases in which selection has been 
reversed — as, for instance, in flightless insects of oceanic islands. 
Ig such cases natural selection is actively engaged in pulling 
down its previous work. If natural selection be then withdrawn 
altogether, the adult-mean-size will probably increase. For not 
only will there now be no reversal of selection, but cessation of 
the neuter selection will enable atavism in some measure to re- 
establish the state of matters which previously cxi.stcd under the 
older selection. Such, at any rate, are the only cases in which 
1 can imagine even the abstract “possibility” of the cessation 
of selection leading to an increase in size. 

In short, the cessation of selection must always produce theop- 
osite results to those which were produced by the selection which 
as ceased — unless, of course, there be any cases in which there 
is an “ identity between the birth-mean and the selection-mean ” 
(i.e. an absence of specific mutability). But even as regards such 
cases, if they are “ assumed ” to occur, the assumption amounts 
to a begging of the question by supposing that the selection has 
already ceased, and ceased u hen the parts had reached the point 
of their maximum development— an assumption which requires 
to deny any further mutability in respect of such parts, and 
therefore seems to me well-nigh incredible. Nevertheless, I 
fully allow that the more “ well-establishe<l the less vari- 

able — a species, the smaller will be the necessity for the main- 
taining power of selection, and hence the smaller effect will 
result from its withdrawal. This, indeed, we see to be the case 
even in our domesticated animals — the “ inflexible” goo.se, for 
instance, having suffered less change at the hands of panmixia 
than any of our other farm -yard animals.^ 

» Nearly all our other domesticated animals yield abundant proof of ^tlie 
potency of panmixia (witness the care with which ** methodical selection " is 
practised on the progeny of pedigree strain.^), and if wc distrust the analogy 
between artificial and natural sielection in this case, we seem to be rather 
aiming a bl iW at the principul evidence of the whole Darwinian theory. But 
as panmixia must act pnere rapidly^ and phop'c c0pptpUU'ly% in the case of such 
newly-acquired producu of heredity than it is likely to act in wild species. I 
agree that ei^nment-n oti^ht to be tried upon the latter- Moreover, I fully 
accept the distinction which Prof. Lankester has drawn in his letter of the 
ist iiisr. between “size'* and structure. " But I may remark that the 
effect of this distinction is not to indicate that panmixia will have no power 
to reduce size, while it is capable of entirely abolishing structure. What it 
does indicate is, that because there are greater potentialities of variation iii 
the case of “ complex ** .stnictures than in the case of mere *‘bulk," the sus- 
taining power of natural selection is of corresp^^ndingly more importance : 
hence the cessation of selection will lead to the disintegration of structiure 
pt$0p^ rapidly and tptorg copttpleiely than it will to the reduction of bulk — as I 
have already pointed out elsewhere in relation to the eyeles.s peduncles of 
dark-cave Crustacea. Touching other minor points, I may further remark 
that while in his earlier letters Prof. Lankester accepted Darwin’s view that 
parts are highly variable when selection is withdrawn, in his letter of May z 
he says it is ** incontrovertible ** that the ‘‘only effect'* of such wit drawal 
must he to increase the number of individuals near the ayerafte mean — /.r. 
that panmixia both penniU and prevents variability. Again,* with regard to 
what he says about there being no proof that the economv of growth is 


“cause," see*Mill, “ Logic," vol. i. pp. 53 and 378 et set^^ where the popular 
abuse of both these terms is shown to be exactly that which I have avoided. 
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Upon the whole, however, we have ended by reaching a much 
more satisfactory state of agreement than seemed possible when 
we began. For Prof. Lankester now says he deems it ** certain 
that some cases must sometimes occur in which the selection- 
mean is larger than the birth-mean/' and that as regards such 
cases I have his full concurrence in stating that the cessation 


of selection leads to dwindling.’^ And as he previously agteed 
election leads also to a loss of shape and disin- 


that cessation of selection ^ v,. «««.- 

tegration of structure, the only question that remains between us 


is as to whether there arc any cases in which completely developed 
organs cease to present variations of size below the standard of 
full efficiency, and therefore will remain unaffected by the with- 
drawal of the selection by which they were evolved. But this 
is a question which does n6t vitally affect the principle of pan- 
mixia ; and it only remains to add that I do fully ‘‘reciprocate ** 
what he has said as to there being “ no ill-feeling between us.” 

George J. Romanes. 

Photo-electric Impulsion Cells. 

Before publishing in detail the results of many experiments on 
the generation of electricity by the action of light falling on 
certain sensitive substances, I wish to make known a result 
which seems to be of a most remarkable character. 

In this communication I shall give merely enough information 
to enable a reader to understand the special result which I 
desire now to make known. 

The photo-electric cell which I employ consists of a small 
glass tube, represented in the figure, filled with an alcohol 
two metallic plates, p and q, are immersed in the liquid ; ca<^ 



plate is connected with a platinum wire which may either be 
soldered to the plate or passed through a small hole in the plate 
pinched tightly to it ; these wires pass through the ends of 
the glass tube and are sealed into it. The poles of the cell are 
A, B, and these^ are connected with the poles of a quadrant 
electrometer (Clifton^s form of Thomson's). 

Ihe plate p is sensitized by a peculiar process, the mere 
publication of the details of which would not enable a reader to 
make it successfully. The publication of the process is therefore 
resewd for a future occasion. The plate q is quite clean— not 
sensitized to light. The cell is fixed vertically in a clamp (not 
represented in the figure). When the cell is of the “ impulsion ” 
kind, what happens is as follows. Daylight (represented by the 
arrow L) being allowed to fall on tlie sensitive plate p, the spot 
on the scale of the electrometer moves, and aftes a few seconds 
comes^ to rest, indicating an electromotive force varying with the 
intensity of the light, its amount for such diffused daylight as 
we have at pre^ent (May lo) at noon being between ^ a volt 
and f of a volt — which is, I submit, a surprisingly great 
magnitude. On the withdrawal of the light, the deflection falls, 
and there are means of rwidly getting rid of the deflection 
without injury to the cell. Either before or after this deflection 
caused by light ceases, let a slight tap (sometimes inaudible) be 
given to the base or clamp in which the cell rests, and then 
results a remarkable change in the cell. Jt is no longer sensitive to 
This insensitive state is indicated by a rapid return motion 
of the sj^t on the scale ; it is merely indicated by this motion, 

, there bemg no necessary connection between this motion and 
the insensitive state, for if the cell were now left for some time 
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(perhaps an hour or so) in the dark, the disturbing E.M.F. of 
the cell would vanish, and there would be nothing to tell us 
that the cell remains insensitive ; but that it is really still in the 
insensitive state we find at once on again expo>ing it to light. 
Another gentle tap given to the clamp, or the stone table on 
which the whole apparatus rests, will restore the sensitive state ; 
and so on indefinitely, the sensitive and insensitive states 
following each other and being produced, in the case of many 
such cells, wiih gieat ease. 

These results I found a long time ago, and they have been 
seen by or cqminunicated to several scientific friends. From 
the first, I maintained that the results are due to an alteration of 
the molecular state of the sensitive surface, or of the layer of 
contact of this surface with the liquid, and that in one arrange- 
ment of the molecules the light energy can be taken up* 
electrically, while it cannot be so taken up in the other^ In 
my first experiments the plates were tightly pinched to the 
platinum wires — not soldered, as soldering endangered the 
sensitive layer — and the obvious objection was made that 
‘‘ loose contacts were unsatisfactory. I have several results, 
however, which dispose of this objection even in the case of very 
I n^Ey set the matter at rest by saying that 
I have been able to make soldered junctions, and with them to 
obtain the results. 

I now come to the special point which is the occasion of this 
communication. A few days ago I was investigating the effect 
of static chaises communicated to the plates on the sensitive and 
insensitive states, and in the course of these experiments I found 
^"Et if a Voss machine, not in any way connected with the cell 
or the electrometer, was worked in the room while the cell was 
in the insensitive state, the moment a spark 
passed between the poles of the Voss^ the insen- 
sitive state was altered to the sensitive^ whether 
the cell was connected with the electrometer or 
not. ^ Finally, I found that the best method of 
showing the inductive effect of the spark is to 
connect an insulated wire, w, apparently of any 
length, to either pole (A in the figure) of the 
cell, and to place the poles, g^ //, of the Voss 
near the wire (a distance of several feet will do 
with a spark about half an inch long). If g and 
A are two or three feet from any part of the 
wire w, a spark about one-eighth of an inch long 
suffices to change the cell from the insensitive 
to the sensitive state. 

The effect is not one on the electrometer, nor 
is it due to sound, and I have repeated the 
results with several cells many scores of times 
before people interested in them. At present I 
am endeavouring to produce by elect ro- magnetic 
induction the 'reverse change, viz. that from the 
sensitive to the insensitive stat^; but, although 
such must apparently be possible, I have not yet succeeded. 

,1 The sudden alteration of the insensitive to the sensitive state 
is produced in a most marked manner by the spark of a Hertz 
oscillator at as great a distance as the laboratory room in which 
I work allows. This distance is usually only about eight or 
ten feet, but I observed the change effected occasionally when 
the oscillator was at a dii^tance of some thirty feet or more. In 
this latter case, however, the action was interfered with by the 
unavoidable presence of wires along the walls, &c., intervening 
between the Hertz and my impulsion cell. 

If the cause to which I have assigned the change from the 
photo-electrically^ insensitive to the pht/to-eleclrically sensitive 
state of the cell is the troe one, it is impossible to avoid the 
speculation that impulsion results of this kind may be very 
common in the economy of Nature ; and that the mode in whicn 
solar energy is taken up by plants may bg affected, and even 
altered in kind, by sudden electro-magnetic disturbances. The 
effect of a Hertz oscillation is, indeed, not confined to an 
alteration of a plate from the insensitive to the sensitive state ; 
for I have cells in which if the sensitive plate is, on exposure 
to light, electrically negative to the back plate, a Hertz oscillator 
at a distance will reverse ihe relation when the plate is again 
exposed to lij^bt. George M. Minchin, 

Royal Indian Engineerii^ College, Cooper’s Hill, 

May la 

P.S.— While the above communication was going through the 

i iresi, I made an experiment which renders it almost certain that 
n the impulsion cells the resillts are due to the formation of some 
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oscUldting layer at the surface of the sensitive plate. Being 
anxious to keep the alcohol in the cell (which in this instance 
was closed by a ground glass cap), I sealed the cell into a glass 
tube through the extremities of which the wires of the cell passed. 
The effect of the disturbance thus resulting; was that no amount 
of tapping the support of the cell would change it from the 
sensitive^ to the insensitive state, although before being thus 
treated it was sensitive to the most minute disturbance. I sus- 
pected, however, that after some hours the liquid and the plate 
would again enter into the peculiar relation on which the im- 
pulsion results depend, and so it turned out — after three hours 
the cell could be rendered insensitive by taps and sensitive by 
the inductive effect of a Voss machine. The platinum wires were 
soldered fo the plates. I see that the distances at which I found 
the Hertz oscillator effective in influencing the cells were greater 
than those above stated ; but I have not been able to renew work 
with the oscillator, which belongs to Mr. Gregory, who removed 
it for exhibition at the Royal Society’s meeting. 

May 16. 

Bison not Aurochs. 

I AM glad that Mr. Lydekkcr accedes (Nature, May 15, 
P- 53) io the correction of which I had pointed out the need. 
But the “ vulgar error ” — if the Editor will allow me to use a 
phrase made classical nearly 250 years ago by Sir Thomas 
Browne — is of more ancient date than my friend seems to 
suppose ; and Dr. Gadow has kindly referred me to Prof. 
Wrzesniowski’s “ Studien zur Geschichte des polnischen Tur,” 
published in May 1878 {Zeitschr. fiir wissensclafti. Zoologies 
XXX. pp. 493“SSS). Therein will be seen reduced copies of the 
engravings in an edition of Herberstein’s ** Rerum Moscovitic- 
arum Commentarii ” (Basilese : 1571), giving a figure of each of 
the animals. The first is inscribed 

VRVS SVM, POLONIS TVR, GERMANIS AVROX : 

IGNARI BISONTIS NOMEN DEDERANT. 

Over the second may be read 

BISONS SVM, POLONIS SVBER, GERMANIS lU- 

SONT : IGNARI VRI NOMEN DEDERANT. 

This paper is well worth reading from the amount of curious in- 
formation to he found in it. I have been able to consult only 
one copy of this work, of an earlier edition indeed, for it was 
published at Antwerp in 1557; but it does not contain these 
figures, though the passages quoted by the Polish Professor of 
course occur {ff, iiT verso et seqq.). The figures are not remark- 
able for beauty, and if anyone were to call them caricatures I 
should hardly complain ; but they arc certainly of interest, and 
that of the l/riis, which I think I have seen copied elsewhere, 
is perhaps the only approach to an original representation extant. 
If so it deserve.s to be better known. Allow me io remark Uiat 
this is not the first time that I have noticed this error. I dia $0 
many years ago in a little pamphlet ** On the Zoology of Ancient 
Europe ” (p. 14), published by Messrs. Macmillan in 1862 ; and 
I may add that any visitor to the Museum of Zoology of this 
University may see therein a skeleton of the Aurochs and of the 
Bison, as well as of the American “Bufialo” — all standing side 
by side. Alfred Newton. 

Magdalene College, Cambridge, May i8. 


Sudden Rises of Temperature. 

In Nature, vol. xli. p. $sc^ it is stated that sudden rises of 
temperature of large amount in Great Britain “ are more frequent 
and more extensive in amount than sudden falls — the reverse to 
what obtains in India.” There appears to be a somewhat similar 
condition of affairs in North America. Extremely sudden and 
large rises of temperature attend the warm Chinook winds, as 
they are called, which occur over the western part of the con- 
tinent, but are unknown further east. Equally pronounced are 
the sudden falls of temperature in the eastern half of the country 
popularly termed “cold waves.” M. A. Veeder. 

Lyons, N.Y., May 7. 

Coral Reefs, Fossil and Recent. 

In Dr. von Lendenfeld’s communication to Nature of May 8 
(p. 30), occurs the following : — 

“ Dr. Murray goes on to say . . . and an isolated atoll rising 
preoipitously, pemps 10,000 feet from the sea-bottom, will be 
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formed.” And again — “and far less will it enable an atoll 
rising 10,000 feet or more from the bottom of the sea . . .” 

I cannot think that the author quoted has committed himself 
any such figures as these, but if either he or Dr. von Lenden- 
feld can tell me where to find such a formation in existing seas, 
I shall be obliged ; as I have sought in vain for instances yet 
known of any slopes that could be called sleep** descending to 
more than 4000 feet or so, while precipitous slopes are unknown 
to me beyond 1200 feet ; and these are, so far as I know, very 
exceptional. 

While I am writing on this subject, I should be glad if anyone 
would explain how, on the assumption that atolls are formed 
during subsidence, it comes about that, while the outer slopes 
descend to great depths, the depth of the largest lagoons inclosed 
is generally confined to about 45 fathoms, and in one or two 
cases to 60 fathoms, but is never more. Why should not the 
lagoon of an atoll twenty or thirty miles in diameter, which 
rises steeply from depths of 200 or 300 fathoms or more, have a 
depth of at any rate 100 fathoms, allowing for the most extrava- 
gant amount of silt from the dSris of the rim. 

W. J. L. Wharton. 


Doppler’s Principle. 

A complete solution of the questions about which your 
correspondents are puzzling themselves has been before the 
public for .<;ome ten years in several successive editions of my 
“ Deschanel.” It occurs in the last paragraph of the chapter 
entitled “ Numerical Evaluation of Sound,” and is as follows : — 
“Let the source make n vibrations per second. Let the 
observer move towards the source with velocity a. Let the 
source move away from the observer with velocity a'. Let the 
medium move from the observer towards the source with 
velocity zw, and let the velocity of sound in the medium be v, 
“Then the velocity of the observer relative to the medium is 
a - m towards the source, and the velocity of the source relative 
to the medium is a! - m away from the observer. The velocity 
of the sound relative to the source will be different in 
different directions, its greatest amount being z/ + a' - to- 
wards the observer, and its least being v-d away from the 
observer. The length of a wave will vary with direction, being 

^ of the velocity of the sound relative to the source. The 
ft 

length of those waves which meet the observer will be ^ 

and the velocity of these waves relative to the observer will be 
hence the number of waves that meet him in a second 

will 

w + a —m 

The three quantities a, m may of course be either positive 
or negative. J. D. Everett. 

5 Princess Gardens, Belfast, May ty. 


THE SHAPES OF LEAVES AND 
COTYLEDONS} 

A TTEMPTS to explain the forms, colours, and other 
characteristics of animals and plants, though not 
new, were until recent years far from successful. Our 
Teutonic forefathers had a pretty story which explained 
certain characteristics of several cominon plants. 

Balder, the God of Mirth and Merriment, was, charac- 
teristically enough, regarded as deficient in the possession 
of immortality. The other divinities, fearing to lose him, 
petitioned Thor to make him immortal, and the prayer 
was granted on condition that every animal and plant 
would swear not to injure him. To secure this object, 
Nanna, Balder's wife, descended upon the earth. Loki, 
the God of Envy, attended her disguised as a crow (crows 
at that time were white), and settled on a little blue 
flower, hoping to cover it up so that she might overlook it. 
The flower, however, cried out “ P'orget-me-rfot, forget- 
me-not ** (and has ever since been known under that name). 
Loki then flew up into an oak and sat on a mistletoe. 
Here he was more successful. Nanna carried off the 

■ Lecture delivered at the Royal. Institution on April 35, by Sir John 
Lubbock, Bart.,M.P., D.C.L., F.R.S., &c. 
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oath of the oak, but overlooked the mistletoe. She 
thought, however, and the divinities thought, that she 
had "successfully accomplished her mission, and that 
Balder had received the gift of immortality. " 

One day, thinking Balder proof, they amused them- 
selves by shooting at him, posting him against a holly. 
Loki tipped an arrow with a piece of mistletoe, against 
which Balder was not proof. This unfortunately pierced 
him to the heart, and he fell dead. Some drops of his 
blood dropped on the holly, which accounts for the red- 
ness of the berries ; the mistletoe was so grieved that 
she has ever since borne fruit like tears, and the crow, 
whose form Loki had taken, and which till then had been 
white, was turned black. 

This pretty myth accounts for several things, but is 
open to fatal objections. You will judge whether I am 
more fortunate. In the first place I need hardly observe 
that the forms of leaves are almost infinitely varied. To 
quote Ruskin’s vivid words, they “take all kinds of i 
strange shapes, as if to invite us to examine them. ' 
Star-shaped, heart-shaped, spear-shap3d, arrow-shaped, | 
fretted, fringed, cleft, furrowed, serrated, sinuated, in j 
whorls, in tufts, in spires, in wreaths, endlessly expressive, j 
deceptive, fantastic, never the same from footstalk to ; 
blossom, they seem perpetually to tempt our watchfulness, i 
and take delight in outstripping our wonder." 1 

Now, why is this marvellous variety, this inexhaustible j 
treasury of beautiful forms ? Does it result from some 
innate tendency of each species? Is it intentionally | 
designed to delight the eye of man ? Or has the form and 
size and texture some reference to the structure and 
organization, the habits and requirements, of the whole 
plant ? 

The leaf, although so thin, is no mere membrane, but is 
built up of many layers of cells, and the interior com- 
municates with the external air by millions of little 
mouths, called stomata, which are generally situated on 
the under side of the leaf. The structure of leaves varies 
as much as their forms. , 

It is, of course, principally in hot and dry countries that 
leaves require protection from too much evaporation. 

The surface is in some cases protected by a covering of 
varnish, in others by saline or calcareous excretions. In 
others, again, the same object is attained by increased 
viscidity of the sap ; in some, the leaves assume a vertical 
position, thus presenting a smaller surface to the rays of 
the sun. In other cases the leaves become fleshy. Woolly 
hairs are also a common and effective mode of protection. 
The plants of deserts are very frequently covered with a 
thick felt of hair. Some species, again, which are 
smooth in the north tend to become woolly in the south. 
Species of the cool spring again tend to be glabrous. 
The uses of hairs to plants are indeed ve^ various. 
They serve, as just mentioned, to check too rapid evapora- 
tion. They form a protection for the stomata or breath- 
ing holes, and consequently, as these are mainly on the 
under side of leaves, we find that when one side of the 
leaf is covered with white felted hairs, as the white poplar, i 
this is always the under size. « 

In other cases the use of hair is to throw off water. In 
some Alpine and marsh plants this is important. If the 
breathing holes became clogged with moisture — with fo^, 
for instance, or dew — they would be unable to fulfil their 
functions. The covering of hair, however, throws off the 
moisture, and thus keeps them dry. Thus these hairs 
form a protection both against too much drought, and 
too much moisture. 

Another function of hairs which cannot be omitted is 
to serve ak shades against too brilliant light, and too 
much heat. Again, hairs serve as a protection against 
insects, and even against larger animals. The stinging 
Hkirs of the common nettle are a familiar example, and 
coarse woolly hairs are often distasteful to herbivorous 
quad^p^ds. 
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Deciduous leaves especially characterize the compara- 
tively cool and moist atmosphere of temperate regions. 
For different reasons evergreen leaves become more 
numerous in the Alps and in the tropics. 

In the Alps it is necessary for plants to mnke the most 
of the short summer. Hence, perennial and evergreen 
species are more numerous in proportion than with us. 
Everybody must have noticed how our trees are broken 
if we have snow early in the season and when they are 
still in leaf. 

The comparatively tough and leathery leaves, such as 
those of the evergreen oak and olive, are protected 
against animals by their texture, and often, as in the holly, 
by spines ; they are better able to resist the heat and 
dryness of the south than the comparatively tender leaves 
of our deciduous trees, which would part too rapidly with 
their moisture. It is perhaps an advantage to evergreen 
leaves to be glossy, because it enables them better to 
throw off snow. Moreover, their stomata are often placed 
in pits, and protected with hair, which prevents too rapid 
evaporation. The texture and structure of leaves is indeed 
a wide and very interesting subject, but to-night I must 
confine myself to the shape. 

It is impossible to classify plants by the form of the 
leaf, which often differs greatly in very nearly allied 
species. Thus the common plantain of our lawn {Plantai^o 
major) has broad leaves, P. lanceolata narrow ones. The 
width or narrowness of leaves depends on various con- 
siderations. In herbaceous and stalkless plants, such as 
the plantain, prostrate leaves tend to be broad, those 
which are upright to be narrow. Thus, grasses, for in- 
stance, have more or less upright narrow leaves. 

In other cases the width is determined by the distance 
between the buds, and in others again by the number of 
leaves in a whorl. 

Cordate and Lobed Leaves. 

Among broad leaves we may observe two distinct 
types, according as they are oval or palmate. Monocotyle- 
donous plants, such as grasses, sedges, lilies, hyacinths, 
very generally have upright and narrow leaves. When 
they are wider, as, for instance, in the black bryony, this 
is mainly at the base, where, consequently, the veins are 
further apart, coming together again towards the apex. 
This we are tempted therefore to xegard as the primitive 
type of a broad leaf. 

There is, however, a totally different one, where the 
leal is palmate, like a hand, widening towards the free 
end. Here the veins pursue a straight, diverging course 
and as they not only serve to strengthen the leaf, but 
also to carry the nourishment, this is doubtless an ad- 
vantage. Another reason perhaps for this arrangement 
is found in the fact that these leaves are generally folded 
up, like a fan, while they are in the bud. 

I have elsewhere dwelt on the case of the beech, and 
perhaps I may briefly refer to it again. The weight of 
leaves which a branch can carry will of course depend on 
its position and strength. The mode of growth of the 
beech and the hornbeam are ‘ very similar, but the twigs 
of the latter are slenderer, and the l^ves smaller. If we 
cut off a beech branch below the sixth 4eaf we shall find 
that the superficial leaf area which it carries is about 18 
square inches. But in our climate most leaves are glad 
of as much sunshine as they can secure, and are arranged 
with reference to it. The width of the beech leaves, 
about if inch, is regulated by ^ average distance 
between the buds. If the leaves were wider they would 
overlap. If they were narrower there would be a waste 
of space. The area on the one hand, and the width on 
the other, being thus determined, the length is fixed, 
because, to secure an area of 18 inches, the width being 
about If inch, the length mpst be about 2 inches. This, 
then, explains the form of the beech leaf. 

I^t us apply these considerations In other cases.. I 
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will take, for instance, the Spanish chestnut and the 
black poplar. In the Spanish chestnut the stem is much 
stronger than that of the beech. Consequently it can carry 
a greater leaf-surface. But the distance between the 
buds being about the same the leaves cannot be much 
wider ; hence they are much longer in proportion, and 
this gives them their peculiar sword-blade-like shape. 

Now, if we look at the end of a branch of black poplar 
and compare it with one of white poplar, we are struck 
with two things ; in the first place, the branch cannot be 
laid out on a sheet of paper so that the leaves shall not 
overlap ; the leaves are too numerous and large. 
Secondly, in the white poplar the upper and under 
surfaces of the leaf are very different, the lower one 
being covered with a thick felt of hair, which gives it its 
white colour ; in the black poplar, on the other hand, the 
two surfaces are nearly similar. 

These two characteristics are correlated, for while in 
the white poplar the leaves are horizontal, in the black 
poplar, on the contrary, they hang vertically. Hence the 
two surfaces are under very similar conditions, and con- 
sequently present a similar structure ; while for the same 
reason they hang free from one another. 

Let us again look for a moment at the great group of ' 
Conifers. Why, for instance, do some have long leaves | 
and some short ones This, I believe, depends on the ! 
strength of the twigs and the number of years which the ' 
leaves last ; long leaves dropping after one, two, or 
three years, while species with shorter ones retained 
them many years~the spruce fir, for instance, 8 or 10, 
Adifs Pinsapo even as many as 18. 

[Here Sir John dwelt on and explained the forms of 
several familiar leaves.] 

Seedlings, 

I now come to the second part of my lecture — the 
forms of cotyledons. Anyone who has ever looked at a 
seedling plant must have been struck by the fact that the 
first leaves differ entirely from those which follow — not 
merely from the final form, but even from those which 
immediately follow. These first leaves are called coty- 
ledons. The forms of many cotyledons have been care- 
fully described, but no reason had been given for the 
forms assumed, nor any explanation offered why they 
should differ so much from the subsequent leaves. Klebs, 
indeed, in his interesting memoir on “ Germination,” 
characterizes it as quite an enigma. 

Mustard and cress were the delight and wonder of <?ur 
childhood, but it never then occurred to me at least to 
ask why they were formed as they are. So they grew, 
and beyond that it did not occur to me, nor I think to 
most, that it was possible to inquire. 1 have, however, I 
think, suggested plausible reasons in many cases, some 
of which I will now submit for your consideration. 
Cotyledons differ greatly in form. 

Some are narrow, in illustration of which I may men- 
tion the fennel and ferula, in the stalk or ferule of which 
Prometheus is fabled to have brought down fire from 
heaven. * 

Some are broad, as in the beech and mustard. More- 
over, some specibs have narrow cotyledons and broad 
leaves, while others have broad cotyledons and narrow 
leaves. 

Some are emars[inate, as in the mustard ; lobed, as in 
the lime ; bifid, as in Eschscholtzia ; trifid, as in the cress ; 
or with four long lobes, as in Pterocarya. 

Some are unequal, as in the mustard ; or unsymme- 
trical, as in the geranium. 

Some are sessile, and some are stalked ; some are large, 
some small. 

Generally, they are green, leaf-like, and aSrial, but 
sometimes they are thick and fleshy, as in the oak, nut, 
walnut, peas, beans, and many others, in which they never 
quit the seed at all. 
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Let us see, then, whether we can throw any light on 
these differences, and why they should be so unlike the 
true leaves. 

• If we cut open a seed, we find within it the future 
plant : sometimes, as in the larkspur, a very small oval 
body ; sometimes, as in the ash, or the castor-oil, a lovely 
little miniature plant, with a short stout root and two 
well-formed leaves, inclosing between them the rudiment 
of the future stem ; the whole lying embedded in food- 
material or perisperm ; while sometimes the embryo oc- 
cupies the whole interior of the seed, the food-material 
being stored up, not round, but in the seed-leaves or 
cotyledons themselves. Peas and beans, almonds, nuts, 
and walnuts are familiar cases. In split peas, lor in- 
stance, — who split the peas ? If you look at them you 
will see that it is too regulirly and beautifully done for 
human hands. In fact, the two halves are the two fleshy 
cotyledons : strictly speaking, they are not split, fftr they 
! never were united. 

Narrow Cotyledons. 

Let us now begin with such species as have narrow 
cotyledons, and see if we can throw any light on this 
characteristic. The problem is simple enough in such 
cases as the plane, where we have, on the one hand, 
lharrow cotyledons, and, on the other hand, a long narrow 
seed fully occupied by a straight embryo. Again, in the 
ash, the cotyledons lie parallel to the longer axis of the 
seed, which is narrow and elongated. Such cases are, 
however, comparatively few ; and there are a large num- 
ber of species in which the seeds are broad and even 
orbicular, while yet the cotyledons are narrow. 

In these it will generally be found that the cotyledons 
lie transversely to the seed. 

The sycamore has also narrow cotyledons, but the 
arrangement is very different. The fruit is winged, the 
seed somewhat obovoid and aperispermic— that is to say, 
the embryo, instead of lying embedded in food-material, 
occupies the whole cavity of the seed. Now, if we wished 
to pack a leaf into a cavity of this form, it would be 
found convenient to choose one of a long strap-like shape, 
and then roll it up into a sort of ball. This is, I believe, 
the reason why this form of cotyledon is most suitable 
in the case of the sycamore. 

Broad Cotyledons. 

I now pass to species with broad cotyledons. In the 
castor-oil plant, Euonymus, or the apple, for instance, 
the young plant lies the broad way of the seed, and the 
cotyledons conform to it. In the genus Coreopsis, 
Coreopsis auriculata has broad cotyledons, and Coreopsis 
filifolia has narrow ones— the first having broad, the 
second narrow seeds. 

In a great many species the cotyledons are cmarginate 
— that is to say, they are more or less deeply notched at 
the end. This is due to a variety of causes. One of the 
simplest cases is that of the oak, where the two fleshy 
cotyledons fill the seed ; and as the walls of the seed are 
somewhat thickened at the end, and project slightly into 
the hollow of the seed, this causes a corresponding 
depression in the cotyledons. 

in such cases as the mustard, cabbage, and radish, the 
emargination is due to a very different cause. The seed 
is oblong, thick, and slightly narrower at one end than 
the other. There is no perisperm, so that the embryo 
occupies the whole seed, and as this is somewhat deep, 
the cotyledons, in order to occupy the whole space, are 
folded and arranged one over the other like two sheets of 
note-paper, the radicle being folded along the*edge. To 
this folding the emargination is due. If a piece of paper 
be taken, folded on itself, cut into the form of the seed, 
and then unfolded, the reason for the form of the cotyledon 
becomes clear at once. , 

But it may be said that in the wallflower the seed has a 
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similar outline, and yet the cotyledons are not emarginate. 
The reason of this is that in the wall-flower, Cheiranthus, 
the seed is more compressed than in the mustard and 
radish, and consequently the cotyledons are not folded-; 
so that the whole, not the half, of each cotyledon corre* 
sponds to the form of the seed. 

Lobed Cotyledons, 

The great majority of cotyledons are entire, but some 
are more or less lobed. Fqr instance, those of the mallow 
are broadly ovate, minutely emarginate, cordate at the 
base, and three-lobed or angled towards the apex, with 
three veins, each running into one of the lobes. 

The embryo is green, curved, and occupies a great 
part of the seed. The cotyledons are applied face to 
face ; then, as ^owth continues, the tip becomes curved 
and depressed into a median longitudinal furrow, the fold 
of the dne lying in that of the other. 

[Sir John then showed clearly by diagrams and paper 
how the emargination arises, but it cannot be made clear 
without illustrations.] 

The cotyledons of the lime are very peculiar. They 
are deeply flve-lobed, the central lobe being the longest ; 
so that they are roughly shaped like a hand. The seed 
is an oblate spheroid, resembling an orange in form, and 
the embryo is embedded in semi-transparent albumen. * 

The embryo is at first straight ; the radicle is stout 
and obtuse ; the cotyledons ovate-obtuse, plano-convex, 
fleshy, pale green, and applied face to face. They grow, 
however, considerably, and when they meet the wall of 
the seed, they bend back on themselves, and then curve 
round, following the general outline of the seed. If 
anyone will take a common tea-cup and try to place 
in it a sheet of paper, the paper will, of course, be thrown 
into ridges. If these ridges be removed and so much left 
as will lie smoothly inside the cup, it will be found that 
the paper has been cut into lobes more or less resembling 
those of the cotyledons of Tilia. Or if, conversely, a 
piece of paper be cut into lobes resembling those of the 
cotyledons, it will be found that the paper will fit the 
concavity of the cup. The case is almost like that of our 
own hand, which can be opened and closed conveniently 
owing to the division of the five fingers. 

Unequal Cotyledons. 

In most cases the two cotyledons are equal, but there 
are several cases in which one of them is larger than the 
other. They had not escaped the attention of Darwin, 
who attributed the difference to the fact of a store of 
nutriment being laid up in some other part, as in the 
hypocotyl, or one of the cotyledons.” I confess that I do 
not quite see how this affords any explanation of the 
fact. The suggestion I have thrown out is that the differ- 
ence is due to the relative position of the two cotyledons in 
the seed, which in some cases favours one of them at the 
expense of the other. Thus in the mustard they are 
unequal, and, as we have already seen, they are folded 
up, one inside the other. The outer one, therefore, has 
more space, and becomes larger. In many ot];ier Crucifers, 
though the cotyledons are not folded, they are what is 
called “ incumbent ” — that is to say, they are folded on 
the radicle, and the outer one has therefore more room 
than the other. 

Unsymmetrical Cotyledons, 

In other cases, as in the geraniums, laburnum, lupines, 
&c., there >s inequality, not between the two cotyledons, 
but between the two halves of each cotyledon. In the 
geraniumstthis is due to the manner in which the cotyle- 
dons are folded. In cabbage and mustard we have seen 
that one .cotyledon is folded inside the other ; in the 
^ranium they are convolute, one half of each being folded 
inside one half of the other, the two inner halves being 
the fhialler, the two outer the larger ones. 
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In the laburnum, where the arrangement is very similar, 
the inequality in the two sides of the cotyledon is due to 
the inequality between the two sides of the seed. 

Subterranean Cotyledons. 

I have already observed that in some cases the cotyle- 
dons occupy the whole of the seed, which, in more or less 
spherical seeds is effected either by a process of folding 
and packing, or by the cotyledons becoming themselves 
more or less thickened, as in peas and beans, nuts and 
chestnuts. This is the reason why such seeds fall more 
or less readily into two halves, the radicle or plumule 
being so small in comparison as generally to escape 
notice, though, if a horse-chestnut is peeled, the radicle 
appears as a sort of tail. 

In some beans the cotyledons sometimes emerge from 
the seed, sometimes remain underground. In others, 
as also in the oak and horse-chestnut, they never leave 
the seed, or come above ground : they have lost the 
function of leaves and become mere receptacles of 
nourishment. 

Did it ever occur to you to think, when you have been 
eating walnuts, why their structure is so complex, and 
why the edible part is thrown into those complicated 
lobes and folds ? The history is very interesting. 

In the walnut, the cotyledons now never leave the 
seed, but in an allied genus, Pterocarya, they come 
above ground as usual, and are very peculiar in form, 
being deeply four-lobed. The reason of this is very 
curious. The fruit is originally much larger than the 
seed, but, as it approaches maturity, the hard woody 
tissue disintegrates at four places, leaving thus four hol- 
low spaces. Into these spaces the seed sends four pro- 
jections, and into these four projections each cotyledon 
sends a lobe. Hence the four lobes. 

Now in the walnut a very similar process takes place, 
only the hollow spaces are much larger, so that, instead 
of a solid wall, with hollow spaces occupied by the seed, 
it gives the impression as if the seed was thrown into 
folds occupied by the wall of the fruit. To occupy these 
spaces fully, the cotyledons themselves were thrown into 
folds as we now see them. The fruit of Pterocarya is 
much smaller than that of the horse-chestnut, which 
doubtless was itself formerly not so large as it now is. 
As it increased, the cotyledons became fleshier and 
fleshier, and found it more and more difficult to make 
their exit from the seed, until at last they have given up 
any attempt to do so. Hence these curious folds, with 
which we are so familiar, are the eflbrjts made by the 
originally leafy cotyledons to occupy the interior of the 
nut. If you separate them, you will easily And the little 
rootlet, and the plumule with from flve to seven pairs of 
minute leaves. 

But perhaps you will ask me why I have assumed that 
in these cases the cotyledons have conformed to the 
seeds ? May it not be that the seed is determined, on 
the contrary, with reference to the cotyledons P The size, 
form, &c., of the seeds, however, evidently have relation 
to the habits, conditions, &c.,’of the parent plant. 

Let me, in illustration, take one case. The cotyledons 
of the sycamore are long, narrow, and* strap-like ; those 
of the beech are short, very broad, and fan-like. Both 
species are aperispermic, the embryo occupying the whole 
interior of the seed. 

Now, in the sycamore, the seed is more or less an 
oblate spheroid, and the long ribbon-like cotyledons, 
being rolled up into a ball, fit it closely, the inner cotyle- 
don being often somewhat shorter than the other. On the 
other hand, the nuts of the beech are more or less tri- 
angular : an arrangement like that of the sycamore would 
therefore be utterly unsuitable, as it would necessarily 
leave great gaps. The cotyledons, however, are folded 
up like a fan, but with more complication^ and in such a 
manner that they ‘fit beautifully into the triangular nut 
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Can we, however, carry the argument one stage ing on a volcanic nucleus. The upper terrace, about 600 
further? Why should the seed of the sycamore be feet above the level of the sea, rises to a summit 1030 feet 
globular, and that of the beech triangular? Is it clear high ; the lower terrace attains a height of only 350 feet, 
that the cotyledons are constituted so as to suit the seed ? Orf the western side of the island these terraces ^are 
May it not be that it is the seed which is adapted to the separated a distance of from one to one and a half miles, 
cotyledons ? In answer to this we must examine the and in some places there is a depression between them ; 
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fruit, and we shall find that in both cases the cavity of 
the fruit is approximately spherical. That of the syca- 
more, however, is comparatively small, say J inch in 
diameter, and contains one 
seed, which exactly conforms 
to the cavity in which it lies. 

In the beech, on the contrary, 
the fruit is at least twice the 
size, and contains from two 
to four fruits, which conse- 
quently, in order to occupy 
the space, are compelled (to 
give a familiar illustration, 
like the segments of an 
orange) to take a more or 
less triangular form. 

Thus, then, in these cases, 
starting with the form of the 
fruit, we see that it governs 
that of the seed, and that of 
the seed, again, determines 
that of the cotyledons. But 
though the cotyledons often 
follow the form of the seed, 
this is not invariably the 
case : other factors must 
also be taken into considera- 
tion ; but when this is done, 
we can, I venture to think, 
throw much light on the 
varied forms which seedlings 
assume. 

I have thus attempted to 
indicate some of the prin- 
ciples on which, as it seems 
to me, the shapes of leaves 
and seedlings depend, and to 
apply them in certain cases, 
but the study is only in its 
infancy : the number and 
variety of leaves is almost 
indnite, and the whole ques- 
tion offers, I venture to think, 
a very interesting field for 
observation and research — 
one, indeed, of the most 
fascinating in the whole of 
natural history. 


the eastern side is very precipitous, the terraces there 
being very narrow, and forming cliffs at their seaward 
edges. 
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KUA ISLAND, TONGA 
GROUP, 

T he following description 
of Eua Island (one of 
the higher members of the 
Friendly or Tonga Islands, , 
and familiar to readers of 
^‘Cook's Voyages” as Mid- 

dleburgb). written by Commander Oldham, of H.M. sur- 
veying-ship Eg^a, will be of interest to ^ologists and 
those interested in the coral controversy. 

W. J. L. Wharton. 

“ When viewed from the westward, Eua is seen to con- 
sist of grassy table-lands and slopes, having clumps of 
dark-green trees dotted here and there, giving it a park- 
like appearance. It is formed of two coral terraces rest- 
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“ The upper terrace seems composed of foraminiferous 
limestone and reef rock, with volcanic rock (a* hydmted 
oxide of manganese) cropping out on the western si^ at 
the edge of the terrace where the coral rock Bas been 
removed by the effects of weather. The limestone is 
compact, reddish-brown, and largely foraminiferous. It 
is both in situ and scattered in detached blocks over the 
upper terrace, and when weathered has a honeycombed 
appearance. 
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“ Low coral cliffs, which in many places form the shore- 
line, give indications of recent elevation, being marked 
by two distinct lines of erosion. On the beach, on the 
eastern side of the island, I observed that the sea Had 
washed up recently high above the ordinary high-water 
mark ; trunks of cocoa-nuts were lying about rotting, and 
the lower part of the stems of those still standing near 
the shore had been washed by salt water. This was 
afterwards explained by the fact that a very high tide 
occurred on March 18 (about the time of the hurricane at 
Samoa), which rose 2 feet above high-water mark, and 
remained so for fifteen minutes. A narrow frinpng reef 
generally borders the island. On the eastern side of the 
island, below the summit, at an elevation of 300 feet, 
volcanic stones were observed lying in the bed of a 
stream, and on the beach, a little further south, are dykes 
of volcanic rock ; one of diorite shows through the beach, 
another, which is close-to, is about too feet high, and can 
be traced a short distance inland. The inner part has 
coral-reef rock, conformable, superimposed. The beach for 
a considerable distance either side is strewn with blocks 
of conglomerate formed of coral and volcanic rocks 
cemented together. 

“ I'he higher part of the lower terrace on the western 
side of the island was found to be composed of coral-re^f 
rock. 

“ The present volcanic nucleus must have been origin- 
ally below the surface, but sufficiently near to allow coral to 
grow, and reef-making Foraminifera to be deposited on its 
summit. It was then evidently elevated about 300 feet 
(marked ad, blf in section) in a comparatively short 
interval, after which a long period of rest, or subsidence, 
followed, during which coral grew (forming the portion 
bbf to cc'), and a lagoon (d) was produced. Then another 
period of elevation raised the island to its present height, 
and exposed the volcanic foundation. 

“ C. F. Oldham.” 

I am indebted to Captain Wharton for sending me the 
specimens collected by Commander Oldham. The lime- 
stones, some of which are fairly crystalline in character, 
are composed of Foraminifera and water-worn fragments of 
calcareous Algae (*‘ N ullipores ”). The deposit of hydrated 
manganese oxide cropping out from below the limestone 
is remarkable, but it has all the appearance of an ordinary 
terrestrial deposit. A much- weathered mass from the 
neighbourhood contains many beautiful crystals of mag- | 
netite. Although the rocks forming the nucleus of the ! 
island are of igneous origin, they are not modern volcanic ' 
materials. They consist of much altered glassy andesites 
(porpbyrites) with epidiorites ; and are suggestive of | 
ancient volcanic masses that have been exposed at the 
surface by denudation. The significance of such facts as 
these has been pointed out by Prof. Bonney and Dr. 
Blanford; and it is quite incorrect to quote examples 
like this as lending support to the view that all oceanic 
islands are of volcanic origin. John W. Judd. 


NO TBS. \ 

In the list of Birthday honours the merits of many diflerent | 
classes of public servants are duly recognized. The services of ' 
men of science in the Science and Art Department, however, i 
following an unbroken rule, fail to receive any acknowledgment, j 

AMONG'those who have received the honour of C.B., we are 
glad to see the name of Prof. W. C. Roberts- Austen, F.R.S., 
Assayer A> the Royal Mint. 

The date of the second soirle of the Royal .Society, to which 
ladies are invited, is fixed for June 18. 

,„Th* Jubilee of the Uniform Penny Post was well and worthily 
edebrated at the Guildhall on Friday last, the l6lh inst., by the 
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Corporation of the City of London* The grand old hall was 
never applied to a better purpose. Every process connected 
with Post Office work, from telegraphy to sorting, was shown 
in actual operation. The Exhibition remained open for three 
days, and j5,oco people were delighted. 

On May 15 an influential deputation from the Marine Bio- 
logical Association of the United Kingdom waited upon the 
Chancellor of the Exchequer to ask for an additional grant from 
the Treasury in aid of investigations in connection with food- 
. fishes, Crustacea, and mollusks, carried on by the Association. 

• Mr. Joseph Chamberlain, M.P,, introduced the deputation, 
i Both he and Sir E. Birkbeck, M.P., called Mr. Goschen’s 

• attention to the large amount spent by the United States in the 
encouragement of the fishing industry ; and Sir E. Birkbeck 

; pointed out that even Scotland, with her grants to the Scotch 
' Fishery Board, is in this respect ahead of England. After some 
remarks from other members of the deputation, the Chancellor 
of the Exchequer, in reply, said that the questions which had 
been put by him in the course of the speeches were not made 
from a critical or carping point of view, but merely to convince 
himself as to what were really the aims of the Association, 
which he regarded as excellent ; but he could not say anything 
^ as to the practicability of their being carried out. He pointed 
I out that the Treasury would very carefully consider the whole 
' question of how’ to recast the Fisheries Department, but he felt 
that it would be an inconvenient thing to have four bodies, two 
in England and one each in Scotland and Ireland, whose 
jurisdiction might overlap. He hoped to be able in a short 
time to have an opportunity of consulting some of the scientific 
and other gentlemen present, in order to have further light 
thrown upon the subject before the Government took any action 
in the matter. 

At the Royal Institution, on Tuesday afternoon. May 27, 
Mr. Andrew Lang will begin a course of three lectures on ‘^The 
Natural History of Society.” The remaining lectures will be 
given on June 3 and 10. 

Mr. G. Bertin is about to deliver, at the British Museum, a 
series of four lectures on the manners and customs of the 
Babylonians, from the cuneiform documents in the Museum. 
The lectures will be given on the following Tuesdays — June 3, 
10, 17, and 24, at 3.30 p.m. 

t On Monday evening Mr. T, W, Russell asked in the House 
of Commons whether the Committee consisting of certain 
members of the Royal Society appointed to inquire into the 
question of lighthouse illuminants had yet reported. Sir M. 
Hicks-Beach replied that there had been some unavoidable 
delay in the matter in consequence of a change made in the 
composition of the Committee. But he had communicated with 
the President of the Royal Society, and understood that thc^ 
Report of the Committee might be expected in the course of the* 
sum mer. 

Mr. F*. H. Snow, of Lawrence, Kansas, calls attention in 
Science to a remarkable fall of meteorites of unknown date in 
Kiowa County, Kansas. ** Many of the eftizens of Greensburgh, 
the county seat, were,” he says, ** aware of the existence of these 
strange irons, and commonly called them meteoric ; but there 
seems to have been no suspicion of their true character and 
value. Indeed, until March 17, 1890, a specimen weighing 101*5 
pounds, had ornamented the side-walk in front of a real estate 
office in the above-named town for about three years. The 
farmers in the vicinity of the locality where the fall had occurred 
had put some of the specimens to various uses.” Prof. W. 
Cragin, of Washburn College, was the first scientific man who 
visited the farm upon which the meteorites had fallen. This 
was on March 13. He secured from one of the farmers five 
meteorites, aggregating in weight over a thousand pounds, the 



NA TURE 


87 


May 22, 1890] 


') heaviest specimen weighing 466 pounds. Mr. Snow himsel: 
shortly afterwards visited the place several times, and obtained 
five specimens, one of them being the meteorite which had been 
used as an ornament of a side-walk. The total number oi 
masses included in the fall was at least twenty ; and Mr. Snow 
says that the total weight of all the masses must have exceeded 
two thousand pounds. They fell within an oval area about one 
mile in length. “Some of the specimens were only partially 
buried in the ground ; others were struck by the breaking plough 
at a depth of from three to four inches ; others at the second 
ploughing, five or six inches deep ; others yet, by the stirring 
plough at the third ploughing in a subsequent season.*' A 
specimen retained for the museum of the University of Kansas 
weighed 54*96 pounds. “It is," says Mr. Snow, “an 
irregular plum-shaped mass, much pitted, and covered with 
a burned and weathered crust. Its extreme length is about 
eleven inches, and its breadth is seven inches. This specimen 
as well as the others mentioned above, so far as examined by 
the writer, belongs to that class of meteoric iron known as ‘ pal- 
lasite.’ It is composed of nickeliferous iron, including many 
cavities throughout the entire interior. These cavities are filled 
with troilite and a yellowish, glassy mineral, which is probably 
olivine. Some of the latter is very dark and less transparent. 
The specific gravity, determined by Mr. E. C. Franklin, our 
assistant in chemistry, and obtained by weighing the whole mass, 
is 476. Two hundred and ninety-three grams have been re- 
moved from the larger end of the specimen, and a polished 
surface of about fifteen square inches has been obtained, which 
I shows very well the structure. The Wiedmanstaeten figures, 
rather coarse in outline, were developed readily upon the polished 
iron surface by the application of nitric acid. The portion 
removed from the specimen is being used for analysis by Prof. 
E. II. S. Bailey and Mr. E. C. Franklin, and the results of the 
analysis will appear later." 

M. V. Fayod, of Nervi, near Genoa, has been appointed 
assistant in the bacteriological laboratory of the Faculty of 
Medicine in Paris. 

The post of Director of the Botanic Garden at Harabuig, 
vacant by the death of the late Prof. H. G, Reichenbach, will 
not at present be filled up : the Garden will remain under the 
care of the present Inspector, assisted by the botanists Sadebeck 
and Dingier. 

Notarisia is no longer the only botanical journal in Italy de- 
voted to the interests of algology. The first number has been 
issued of La Nuova Notarisia^ a quarterly journal with a similar 
scope, published at Padua, under the editorship of Dr. G« B. 
De Toni, Director of the Botanic Garden at that University. 

The Canadian Record of Science for April records the opening 
of a botanical laboratory in connection with the McGill Uni- 
versity, Montreal, under the control of Prof. D. P. Penhallow. 
The course of study to be pursued at the laboratory, which is 
furnished with microtomes, embedding baths, &c., embraces a 
thorough grounding in vegetable histology, and carries on those 
students who may desire it to a study of tissues and their con- 
stituent elements, and^to the complete histology and life-history 
of plants. 

The Bulletin of the Torrey Botanical Club records that 
Miss Mary E. Banning has presented to the New York State 
Museum of Natural History a magnificent volume of illustrations 
in water-colour, accompanied by manuscript descriptions of about 
175 species of the Fungi of Maryland, l^longing mostly to the 
Hymenomycetes and Gasteromycetes. 

The trustees of Columbia College, New York, have adopted 
a report which, according to the Nation^ completely reoi^antzes 
the College, and puts it definitively on the footing of a University, 
with faculties of philosophy, political science, mines, and law, 
each in<>ependent in its own sphere, but working under a Uni- 
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versity Council, made up of representatives of each faculty, and 
of some selections made by the President. The University will 
give the Master's and Doctor’s degrees, and the Council will 
“^vise the President as to all matters affecting these degrees, 
the correlation of courses, the extension of University work in 
new and in old fields, and generally as to such matters as the 
President may bring before it.*’ TYit Nation attributes much 
importance to this change, which, it thinks, “ must have the 
effect of stimulating the love of culture among the undergraduates, 
of making the University, more thamever, what all our colleges 
ought to be, but what only a few really are, a seat of learning." 

Great efforts are being made in the United States to secure 
that American industrial products shall be well represented at 
the forthcoming Jamaica International Exhibition. A Com- 
mittee has been appointed to make all necessary arrangements ; 
and one of the advantages already obtained for exhibitprs is 
that low freight rates will be charged for exhibits. 

The Smithsonian Institution has issued the tenth of the Toner 
I.cctures, which have been established at Washington by Dr 
Joseph M. Toner, of that city, for the promotion of medical 
science. The new lecture is by Dr. Harrison Allen, and is 
entitled “ A Clinical Study of the Skull.” It is described by 
t]}e author as “a contribution to the morphological study of 
diseased action.” Pie expresses a hope that the results he has 
expounded may excite increasing interest in the proposition that 
“medicine for the most part is a science based on biology.*' 
“ The study of biology,” he says, “should not be the preparatory 
work of the tiro only, but should be the subject of increasing 
assiduity in every phase of medical work. The study of ana- 
tomical variation in the human frame is a phase of biology, and 
it is held in this connection to be a subject as important as any 
other which may claim the attention of the student of etiology of 
disease.” 

The United States Hydrographic Office has called attention 
to the fact that the Bordeaux Chamber of Commerce has offered 
a series of prizes in order to induce masters and officers of ves- 
sels to test thoroughly the use of oil at sea. There are three 
sets of prizes, each set consisting of a first prize of 200 francs 
and a second prize of xoo francs. These prizes will be awarded 
for the best reports received by January 31, 1891, based upon 
actual experience. 

On Monday evening last, at the Surveyors’ Institution, Lon- 
don, Mr. R. P\ Grantham, M.Inst.C.E., read a paper entitled 
* The Encroachment of the Sea on some parts of the English 
Coast, and the best means of arresting it.” After bringing for- 
ward evidence to show the rate of erosion on various parts of the 
coast, the author referred to several works for defending the 
coast- line from encroachment, best adapted for various situations, 
and described a system of groyning which had been successful 
for the past twelve years at Shoreham, Sussex, in protecting some 
land lying below the level of high-water of the tides, and in 
driving high-water mark further seawards. He suggested that in 
lome instances tghere shingle travelled along the coast, inasmuch 
as groynes were necessary to protect sea-walls, the sea-walls 
might be omitted, and thus a substantial saving in the first cost 
of protection might be effected. 

The Pilot Chart of the North Atlantic Ocean shows the 
racks of nine cyclones during the month of April ; only five of 
hese were of noteworthy severity : one, moving between Scot- 
land and Iceland on the tst and 2nd was the same great storm 
:hat gave birth to the tornado which wrecked Louisville on 
March 27. Another noteworthy cyclone originated north of 
Bermuda on the ist, moved north-easterly at the high velocity 
of about 1080 miles a day, causing terrific gales along the trans- 
atlantic routes, and disappeared near Iceland on the 4tb. A 
new feature during the month was the very unusual easterly 
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movement of the ice, so that, in addition to the large number of 
bergs south of the Banks, ice was constantly reported almost as 
far east as the 3Sth meridian, in latitude 46'' and 47® N. 

Dr. Max Buchnbr, who has spent a year, and 9 months in 
Australia, Japan, China, and Manilla, has returned to Munich. 
He has brought back a valuable scientific collection for the 
Ethnographical Museum, of which he is the director. 

En^neer and Engiueering for May 16 print excellent leading 
articles on the disastrous afcident to the West Coast Scotch ex- 
press at Carlisle, on March 4 ; their principal reason being that 
the Board of Trade Report has just l^en issued, and that it is 
in many respects a remarkable document. The accident, as our 
readers will remember, was due to the driver losing control of 
the train on entering Carlisle Station, where it ran into a Caledo- 
nian engine waiting at the other end of the station. The Report 
issued by the Board of Trade contains all the available evidence, 
and the Inspector’s opinions as to the cause. The question to 
be settled was. Why or how did the driver lose control of the 
train ? The Inspector held that the driver was in fault, and this 
in the face of much evidence that did not support his theory. 
This evidence he got rid of by the simple expedient of rejecting 
it as untrue. Our contemporaries clearly demonstrate the real | 
cause of the brake failure, and point out that the Board of 
Trade Inspector, even after the inquiry, did not understand the 
construction and working of the North-Western automatic I 
vacuum brake, and that, therefore, his opinion is not worth the ' 
paper it is written on. For instance, in his Report he is evi- 
dently under the impression that it is possible for the driver to 
alter the working of the train-brake from automatic to non- 
automatic working from the foot-plate — an impossibility. The 
accident was caused by the train-pipe between the engine and 
train becoming blocked by ice, and (hus causing the train-brake 
to become gradually useless, owing to the connection with the 
engine being closed. The engine-driver had no means of know- 
ing this state of affairs except by applying the brake, which he 
did on approaching Carlisle, and found it of no use. The Board 
of Trade Inspector has thrown the blame of the accident on 
the driver — a man who, according to the evidence, displayed 1 
exceptional presence of mind in what he did. Had the Board > 
of Trade Inspector been a trained railway engineer, he would 
certainly have come out of this inquiry more satisfactorily. The 
inquiry, or rather the result of it, distinctly points to the 
anomaly of officers, however eminent, adjudicating on matters 
concerning which they have not been thoroughly instructed. 

In the year 1886, when Mr. John Gardiner was scientific ^ 
adviser to the Board of Agriculture of the Bahamas, he was 
asked by Governor H. A. Blake to prepare a list of the flora of 
the colony. At the same time a list of the plants of New 
Providence, prepared some years before by Mr. L. J. K. Brace, 
was placed at his disposal. With this as a base, Mr. Gardiner 
set to work, and in due time his task was accomplished. The 1 
list, with notes and additions by Prof. Charles S. Dolley, has | 
now been printed in the Proceedings of the Academy of Natural 
Sciences of Philadelphia. It is called provisional, as Mr. Gar- 
diner explains in an introductory note, mainly because it is not 
backed throughout by herbarium specimens. 

Mr. George W. Perry, of Rutland, Vt., writes to Science 
that European furze grows in one spot in the island of Nantucket, 
where it has maintained itself for fifty years. It was introduced 
by an Irishman, **who was homesick because it did not grow 
about his cabin, as in the old country.” Mr. Perry believes it 
has;, not spread to any great extent. ** It may be interesting to 
some,” he adds, ** that the Scotch heath also is found in one 
spot in the island, where it has continued for a long time.” Mr. 
^George M. Dawson, of the Geological Survey of Canada, also 
writes to our American contemporary about gorse or furze in the 
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New World. He says it has for many years been fully naturalized 
in the southern part of Vancouver Island, where, along road-sides 
and in waste places near Victoria, it is very common. The 
broom is also abundant in similar situations in the same locality, 
and ** both plants appear to be as much at home as in their 
native soil. ” 

The new number of the Journal of the Anthropological In- 
stitute of Great Britain and Ireland contains, among other 
papers, an interesting address by the President, Dr. John Beddoe, 
in the course of which he refers to the vexed question as to the 
original seat of the Aryan race. Speaking of the fact that the 
Lithuanian language is regarded by some philologists as the 
most primitive in form of the whole Aryan family,” he points 
out that we have little definite knowledge as to the physical 
type of the Lithuanians. Here, then,” he says, ‘Ms a fine 
opportunity, well within reach, for a partisan of the European- 
origin theory. Let him go to Kovno or Vilna, and bring us 
back, thoroughly established, the true Lithuanian type.” 

A DETAILED description of the useful minerals and mineral 
waters of the Caucasus, by Prof. V. Moller, has appeared at 
Tiflis. The author is at the head of the Mining Adminis- 
tration of the Caucasus, and has availed himself of all accessible 
information on the subject. The work is illustrated by a map. 
It appears as the third volume of the second series of ** Materials 
for the Geology of the Caucasus.” 

The U.S. Department of Agriculture has issued Parts I., II., 
and III., of a valuable ** Bibliography of American Economic 
Entomology.” These parts relate to the more important writings 
ofB. D. Walsh and C. V. Riley, and have been prepared by 
Samuel Henshaw. 

Messrs. Crosby Lockwood and Son will publish imme- 
diately a new ” Pocket Book ” for electrical engineers, which 
has been written by Mr. H. R. Kempe, of the Postal Tele 
graphs Department. They have also nearly ready a new work 
on ” Electric Light Fitting,” a practical hand-book for working 
electrical engineers, by Mr. John W. Urquhart, whose book on 
“ Electric Light ” is well known. 

The same publishers have in the press a new elementary 
treatise on ” Light,” for the use of architectural students, by 
Mr. E. W. Tarn, forming a- new volume of “ Weale’s Rudi- 
mentary Series ” ; also a revised and enlarged edition of Prof. 
Merivale’s ” Notes and Formulae for Mining Students ” ; and a 
new edition of Mr. G. W. Usill’s “ Practical Surveying.” 

We understand that Mr. Caleb Pamely, of Pontypridd, has 
in the press a comprehensive treatise for the use of mining 
engineers, dealing with the whole subject of colliery working 
and management. It will be published by Messrs. Crosby 
Lockwood and Son. 

At a recent meeting at Shanghai of the China Branch of the 
Royal Asiatic Society, Dr. M^egowan, the veteran scholar, pre- 
sented a paper on the political domination of women (** gynaeco- 
cracy” or ”gynarchy”) in Eastern Asia. In the opening of 
the paper reference was made to the condition of the aboriginal 
peoples whom the Chinese found on the Yellow River on their 
arrival from Akkad. The Chinese then possessed the rudiments 
of civilization, of which the aboriginals were destitute. That 
this irruption of the Chinese was anterior to the invention of 
cuneiform writing in Akkad was probable, because of their use 
of quipos or knotted cords in keeping records. These quipos, 
the author said, and not mere tradition, were the base of Chinese 
archaic annals, and from them the earliest form of Chinese 
written characters was evolved. Anterior to these quipos, 
judging from certain neighbouring tribes, notched sticks were 
employed. With regard to the tribes which the Chinese 
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found existing on reaching their future hornet Dr. Macgowan 
remarked that the philosopher of Universal Love, Motzu, proto- 
altruist and arch-heresiarch — whose sun was rising when the sun 
of Confucius was setting — enunciated views on the evolution of 
the state and family which are in accord with those of modern 
anthropologists. Men at first were in the lowest slate ol 
savagery : there was no Golden Age as depicted by sages and 
political philosophers until men felt the necessity of a remedy foi 
the anarchy that prevailed. Practices of self-deformation wer 
some of them remarkably curious, such as those of drinking 
through the nostrils, extracting front teeth and substituting dogs 
teeth, head-flattening, &c. ; the most striking was the attempi 
to raise a polydactylous race, by destroying all children who 
came into the world with the usual number of fingers and toes 
and thus a tribe had a dozen fingers and as many toes. The 
writer then described a number of instances of rule by Amazons, 
and observed that it is chiefly among the aboriginal inhabitants 
that the chieftaincy of women obtains to this day. There is 
seldom an age in which one tribe or another does not afford 
examples ; the more primitive the condition of these tribes the 
slighter is sexual differentiation as regards public governmental 
affairs, both civil and military. It was owing to rumours respect 
ing tribes of this kind that fables and myths in Greece arose 
regarding Indo-Scythian Amazons. The paper, which is full of 
valuable ethnological matter, will be published in the Journal of 
the Society. 

A PAPER upon the spontaneously inflammable liquid hydride 
of phosphorus, P2H4, 4 s communicated by Drs. Gattermann and 
Haussknecht, of Heidelberg, to the new number of the Berichtc 
(p. 1174). Owing to the disagreeable and highly dangerous 
properties of this substance, its chemical history has never been 
completed ; very little, indeed, has been hitherto added to our 
knowledge concerning it since its discovery by Thenard in 1845. 
The Heidelberg chemists have devised a much better mode of 
preparing the liquid from phosphide of calcium, by means of 
which it is obtained in a state of almost perfect purity. A 
Woulfe's bottle with three necks and of about two litres capacity 
is three parts filled with water. The central tubulus serves to 
introduce a wide tube of 1$ mm. diameter expanded into a 
funnel at the top and passing down to about three centimetres 
beneath the water. One of the side necks is fitted with a cork 
and a bent tube just dipping beneath the surface of the water, 
through which a current of hydrogen gas can be driven. The 
third tubulus carries the deliveiy tube which permits of tl!e 
escape of first the hydrogen, and afterwards the products of the 
reaction between the calcium phosphide and the water, into a 
special form of condensing arrangement. The Woulfe's bottle 
is placed in a capacious water-bath, which is heated to 60° C. as 
soon as all the air is expelled by the current of hydrogen. The 
calcium phosphide is then introduced through the central wide 
tube ill pieces about two grams in weight, until, in about 15-20 
minutes’ time upwards of 50 grams have been added. The 
escaping gases pass first through an empty wide test-tube in 
which most of the admixed water-vapour is condensed, then 
into an upright tube, narrowed in its lower half, and closed 
at the bottom, whieh forms a suitable receptacle for the 
liquid hydride. By means of an exit-tube the remaining gases 
are permitted to escape ; owing to a little admixed and uncon- 
clensed vapour of the liquid, they burn spontaneously at the 
mouth of the tube. The condenser is surrounded with iced water 
instead of a freezing mixture, so that the condensation may be 
observed. In about five minutes after commencing the opera- 
tion clear colourless highly refractive drops of the liquid form 
and run down into the narrower portion of the condenser, about 
2 c.c. being obtained from 50 grams calcium phosphide. The 
experiment must not be performed in sunlight, otherwise the 
liquid rapidly decomposes, in the manner described by Thenard, 
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into gaseous PH3 and solid P4H3. By a slight addition to the 
above arrangement, all three hydrides of phosphorus may be 
simultaneously prepared. The escaping gases are allowed to 
pass through a large flask containing hydrochloric acid, which 
decomposes the vapour of the remaining liquid hydride, and 
large quantities of the yellow solid P4H3 separate out. The 
escaping gas, which may be collected over water, is non-spon- 
taneously inflammable, and consists of practically pure PH,. 
Liquid P3H4 boils constantly and without decomposition when 
not suddenly heated at 58® undei^ a pressure of 753 mm. Its 
specific gravity at 12® is I *007, nearly the same as that of water. 
Exposed to sunlight it becomes yellow in half an hour, due to 
the foriliation of solid P4H2, which remains at first dissolved ; 
after 2-3 hours’ exposure, the yellow solid begins to separate 
out, and in days o’2 gram is totally decomposed, in accord-^ 
ance with the equation 5P2H4 = fiPIIj -f- P4H3. Consequently, 
sealed tubes containing this substance exposed in dayMghc are 
very dangerous articles. Owing to the accumulation of PH3. 
gas, they are apt to explode with deafening concussion and pro- 
duction of a wide-spreading and very brilliant flame, especially 
if the drawn-out end becomes accidentally broken off. 

The additions to the Zoological Society’s Gardens during the 
past week include a Wanderoo Monkey {Macacus silenus 9 ) 
^rom the Malabar Coast of India, presented by Miss Eileen 
Martin ; two Leopards {Felts fardus) from India, presented by 
Mr. — Egerton ; two Yellow- winged Blue Creepers {Ccereha 
cyanea) from South America, presented by Mr. H. E. Blandford 
two Mandarin Ducks {/Ex gaUriculata S 9 ) from China, pre 

.sented by Mr. C. J. Kingzett ; two Touracous {Corythaix 

sp. inc.) from South Africa, presented by Mr. C. W. Burnett ; 
two Undulated Grass Parrakeets {Melopsit locus nndulatus) from 
Australia, presented by Mr. A. Golden ; two Common Vipers 
{Vipera berus\ British, presented respectively by Mr. W. H. 
B. Pain and Mrs. Mowett ; an Australia Peewit {Lobivanellus 
lobalus) from Australia, presented by Capt. Shepherd ; a Hima- 
layan Bear {Vrsus tibetanus d), two Bengal Foxes (Canis 

bettgalcnsis)^ two Hares {Lepus macrotis) from India, a 

Ruffed Lemur (Lemur varins) from Madagascar, deposited » 
two Bar-tailed Pheasants {Phasianus reevesi 9 9 ), an Amherst 
Pheasant {Thaumalea amherstuc d) from China, a Variegated 
Sheldrake {Tadorna variegata 9 ) from New Zealand, two 
Black-headed Conures {Comtrus nanday) from Paraguay, pur- 
chased ; a Crested Porcupine {Hystrix ens/ata), born in the 
Gardens. 


Ol/R ASTRONOMICAL COLUMN 
Objects for the Spectroscope. 


Sidereal Time at Greenwich at lo 
I4h. im. 54s. 

p.m. on 

May 22 » 

Name. 

Mag. 

Colour. 

R.A. 189a 

Ded. 1890. 

• 

3770 


White. 

h. in. s. 
13 59 ^7 

• t 

+Sa 54 

2) 69 Virainis 

3) B.A.C. 4699 

5 ’S 

Yellowish-white. 

13 2* 35 

“IS 34 

5 

Yellowishred. 

14 3 3 * 

+44 *3 

,4) 20 BoOtis 

5 

Yellow. 

14 14 3^> 

+ 16 44 

5) n BoOtis 

3 

Yellowish-white. 

13 49 30 

+ 18 57 

,6) 17 Cygni 

Var. 

Very red. 

1 

20 x6 XX 

i 

+47 33 


Remarks. 

(1) This very large nebula (101 M Bodtis) has not yet beex> 
spectroscopically examined. According to the Parsoqistown ob- 
servations, it is at least 14’ across, and exhibits a spiral structure 
with arms and knots. * It is everywhere faint, except in the 
middle. In the General Catalogue it is described as : ** Pretty 
bright ; irregularly round ; at first gradually, then very suddenly 
much brighter in the middle to a small bright nucleus.” The 
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Spectrum of such a dilTused mass is likely to possess great 
interest, and the nebula is so large that it will probably not be 
difficult to differentiate the spectra of different regions. 

(2) In his catalogue of stellar spectra, published in 1887, 
Konkoly records an observation of this star, in which bright 
lines were strongly suspected. Notwithstanding the recent ad- 
ditions to this group by Prof. Pickering and Mr. Espin, the 
number is still very small, and it is important that suspected 
c^es should be fully investigated. The lines suspected by 
Konkoly in 69 Virginis were C, D3, and F — the three com- 
monly observed in 0 Lyrse and y Cassiopeia*. It is quite pos- 
sible that the appearance of the lines is periodic, and observa- 
tions .should therefore be continued for some time. If the lines 
are of any considerable brightness, the observations ought not 
to be difficult, ^ the bright lines in the 8th magnitude stars in 
Cygnus are e^ily seen and measured with 10 inches aperture. 
Any irregularities in the continuous spectrum, especially in the 
green and blue, should be noted ; and, if possible, comparisons 
should be made with the carbon flutings. Prof. Lockyer has 
pointecf but that a line near A 447 is associated with in the 
Orion nebula, and also in the solar chromosphere, and it is im- 
portant to ob^rve whether this also applies to the bright-line 
stars. He has demonstrated by photographs that the line in the 
nebula (447) is coincident with one of the bright lines photo- 
graphed by^ Prof. Pickering in P Cygni. 

(3) D^er describes the spectrum of this star as a magnificent 
one of Group IL, particularly in the red end. The bands 1-9 
are all strongly marked. The star is thus probably a little more 
advanced^ in condensation than the mean species of the group,^ 
and it will be interesting to know what Hne-absorptions appear 
at this stage, and also what is the extent of carbon radiation. 

(4 and 5) These are given in V^ogel’s catalogue as stars of the 
solar type and of Group IV. respectively. The usual observa- 
tions are required in each case. 

(6) This is one of the very few variables with spectra of 
Group VI. So far, we have no records of any changes in 
spectra which may accompany the variations in magnitude, and 
the cause of the variability is, consequently, very imperfectly 
understood. Duner says that the spectrum consists of three 
zones rather feebly developed, band 6 (near A 564) being weak, 
but he does not state the magnitude of the star at the time of 
his observation. The next maximum will occur about May 28. 
The star ranges from about magnitude 7*5 to < ii in a period 
of 461 days. Changes of colour should also be noted. 

A. Fowler. 

Spica. — A t the Berlin Academy of Sciences on April 24, 
Prof. Vc^el announced that Spica consists of two close stars 
revolving round their common centre of gravity. The star's 
spectrum is that of Class IV., and twice in April 1^9 the F line 
appeared to be shifted towards the violet end of the spectrum as 
compared with the H 0 line given by a vacuum tube, whilst once 
in the following month the shift appeared to be towards the red 
end. Th<^ <mservation$ and others made this year of the 
star’s motion in line of sight are given in the following table, | 
approach to the sun being indicated by ( - ) and recession from 
the sun by ( -f ), both being expressed in German miles per 
second : — 


Pot^daIn Mean Time. 

h. m. 

Observctl 

Motion 

Relative 
to the Sun. 

-4c- v 

1889 April 

21 ... 

9 IS 

.. - II '6 

. -07 .. 

12*3 

>> 

29 ... 

11 10 

.. - 12 

"1*2 .. 

“ * 3'2 

May 

I ... 

10 58 

.. 4 - 7 5 

. - 1*3 •. 

4 - 6 *2 

1890 April 

4 ••• 

II 30 

•. 3'4 

OS .. 

- 29 


9 ... 

10 30 

.. ~ 14*2 

+ 0'2 .. 

- 14*0 

9 t 

10 ... 

If 30 

.. - 03 

+cri .. 

- 0'2 

99 

II ... 

10 50 

.. + 7'6 

O'O .. 

+ 7-6 

f» 

13 ... 

10 50 

•• -*47 

-O’l ... 

-U-8 

9 9 

15 

10 0 

.. + 11-3 

-o '3 ... 

+ II'O 


The observations havie been reduced to the epoch 1890, 
April 2, loh. Potsdam mean time, and the period ot revolution 
ol the system determined as 4 days 0*3 hours. The greatest 
motion in* line of sighl^dae to the orbital velocity is about 12 
miles O' second, and the system as a whole is mpving towards the 
earth witj) a velocity of about 3 miles a second. 

From this it is found that the distance between the com* 
ponent» of the system is 660,000 miles, and their total mass 
~ I '2 that of the sun* 

it will be remembered that Algol U a spectroscopic double of 
tne same character as the above described. 
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The Meteoric Theory of Comets. — In the Sidereal 
Messenger for May, -Mr. \V. H. S, Monck discusses the evidence 
that has been brought forward in support of this theory, and in 
connection with the meteoritic origin of the universe. Only four 
comets are definitely known to be connected with meteor-showers ; 
and conversely, only four meteor-showers have been connected 
with comets ; these comets are all periodic, the longest period 
being 415 years. From this fact it is argued that there is not 
sufficient evidence to allow the assertion that all comets are 
connected with meteor-swarms and that the ejection theory 
advocated by the late Mr. Proctor is supported. It is asserted 
that, since an ejection from a rapidly cooling body maybe partly 
solid, partly liquid, and partly gaseous, the gaseous matter might 
form the comet and the solid (or solidified) matter form the atten- 
dant meteors ; but for this origin to be true the assumption must 
be made that two planets exist beyond Neptune. Mr. Monck 
argues that because Arcturus was seen through 90,000 miles of 
Donati's comet, whereas Saturn’s rings (except perhaps the inner 
crape ring) are not transparent, the rings must be more than 
1000 times as dense as the comet at the point where it crossed 
between us and Arcturus, hence meteoritic collisions should be 
more frequent and the effect of the increased temperature should 
be made clearly manifest in the spectrum. The meteoritic 
hypothesis is not, however, objected to as a working hypothesis, 
but is said to be on an equality with the older nebular hypothesis ; 
and the writer does not think the spectroscope will ever afford a 
crucial test between the two, for the reason that it cannot dis- 
tinguish between a large solid, surrounded by a gaseous envelope, 
and a number of small bodies with interspaces filled with 
gas. 

Mass of Shooting-Stars. — Mr. C. C. Hutchins, in the 
American yournal of Science for May, gives the result of an 
investigation undertaken with the object of finding data for 
determining the mass of shooting* stars. Having determined the 
radiant energy of the standard candle, it was found that on the 
supposition that the rays of a meteor have the same ratio of 
visible to total energy as those of the candle, the mass of a meteor 
at a distance of 50 miles, having a magnitude equal to Vega and 
a velocity of 25 miles per second, would be 0*2936 gram if it 
continued two seconds. If the meteor in burning produce, for a 
given exp)enditure of energy more light than the candle, then a 
I less mass would serve to produce the light given by it. A lump 
1 of the Emmett Co. (Iowa) iron meteorite was placed upon the 
i lower carbon of an arc lamp and vaporized by the passage of 
1 the current, and it was found that for a given expenditure of 
I energy the arc of meteoritic vapour gave ten times the light of 
I the candle, hence the mass of a meteor giving the light of a first 
I magnitude star moving with parabolic velocity, and lasting for 
two seconds, is 0*029 gram. 

Photographs of the Moon.— Admiral Mouchez, at the 
ifleeting of the Paris Academy of Sciences of May 12, presented 
a note on some new photographs of the moon obtained by the 
Brothers Henry at Paris Observatory. The instrument used 
was the equatorial 0*32 metres aperture, destined for the map of 
the heavens. The photographs arc said to be far superior to 
those obtained in England and the United States with larger 
apertures, the superiority of the results being ascribed not only 
tu the perfection of MM. Henry’s objectives, but also to the 
method of direct enlargement adopted. 


T//£ kOVAL SOCIETY CONVERSAZIONE. 

n"*HE conversazione held by the Koral Society on May 14 was 
^ in every way most successful. The attendance was large, 
and everyone was pleased and interested by the programme. We 
note some of the objects eithibited : — 

The Director-General of the Geological Survey exhibited : — 
(1) A series of specimens illtisirating deep borings in the south 
of England. In this case was arranged a series of cores and 
specimens from all the deep bores which during the lost thirty 
years have been made in the sonth of England in search of water. 
They included the borinn at Richmond, Crossness, Kentish 
Town, Mettx^s Brewerv, Streatbam, Tumford, Ware, Chatham, 
Gayton and Qrton in Northamptonshire, Harwich, and Swindon. 
The positions of these bores were shown on the large index 
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map suspended in the same room. — (2) Series of specimens 
illustrating the dynamical metamorphism of rocks. This case 
contained an important collection of specimens from Switzerland, 
Norway, and Scotland, illustrating some of the more remarkable 
effects of the mechanical deformation and recrystallization of 
rocks. ^ The first series was one of specimens of Triassic and 
Jurassic dolomites and limestones from Canton Glarus, showing 
the extraordinary manner in which these rocks have been squeezed 
and puckered. Attention was particularly directed to the evidence 
afforded by the fossils {BelcmmUs) of the extent to which the 
strata have been stretched in some parts. The second series, 
from the south of Bergen, showed the presence of recognizable 
Silurian corals and trilobites in rocks which have been so much 
metamorphosed as to have acquired the characters of finely 
crystalline phyllite or micaceous schist. The third series, 
from the norih-west of Scotland, illustrated how a massive 
quartzite, full of annelide- tubes, has been crushed and recrystal- 
lized until it has assumed the structure of a quartz-schist, and all 
trace of the fossils has been obliterated. The effects of 
mechanical movements even among the comparatively young and 
soft rocks of the south of England were illustrated by two speci- 
mens placed in this case from the under-surface of a “thrust- 
plane in the vertical chalk of the Dorsetshire coast. They 
showed how the chalk has been indurated, smoothed, and polished 
by the movement of the overlying mass. A view and ^ection of 
this thrust-plane were placed beside the specimens. 

Specimens of minerals brought from Ceylon by C. Barrington 
Brown, exhibited by Prof. J. W. Judd, F.R.S. Large perfectly 
crystallized and clear beryl, 2650 grammes in weight. The 
specimen, though water-worn, exhibits the crystalline form. 
The colour is intermediate between that of emeralds and 
aquamines. The specific gravity is 2*703. Fine crystal of 
yellow corundum (oriental topaz). Well developed crystals of 
corundum (sapphires, &c.). Crystal of chrysoberyl from the 
same district. 

Maps to illustrate magnetic surveys of special districts in the 
Dnited Kingdom, exhibited by Profs. Riicker and Thorpe, 
FF.R.S. The arrows represent the horizontal disturbing forces 
in magnitude and direction. The figures give the vertical 
disturbing force in terms of 0*00001 C.G.S. units, taken as 
positive when it acts downwards. In some maps, regions of 
great (downward) vertical force are indicated by deeper tints. 
Map I, Indications of an attracting centre at sea, to the south of 
the Hebrides. Map 2. Horizontal disturbing forces at stations 
near the boundaries of a district in Yorkshire and Lincolnshire, 
within which there is a locus of attraction. Map 3. Regions of 
high vertical force within the above district. The highest 
observed values are at Market Weighton and Harrogate. Map 
4. Ridge line or locus of attraction drawn (continuous line) by 
connecting stations of maximum vertical force, and (dotted line) 
by connecting points midway between the stations at which the 
direction of the horizontal force disturbance changes. Map J. 
Ridge line, 150 miles long, probably correct to within five miles 
for the greater part of its length. 

Mr. C. V. Boys, F.R.S., exhibited :—(i) Oscillating spark 
experiment. This is a modification of the method employed by 
Dr. I.odge to show the oscillatory nature of a spark formed 
under proper conditions. Six lenses are mounted on a disk, 
and are made to rotate. Each forms upon a screen an image 
of the spark, which is drawn out by the movement of the lens 
into a broken band of light. The lenses are not exactly 
the same distance from the axis, so that the band formed by 
one is not overlapped by the band formed by the next. 
Thus the whole duration of tjie spark from the first to 
the last oscillation may be observed or photographed. 
— (2) Photographs showing the formation of drops. Water 
drops, half an inch or^more in diameter, were allowed to slowly 
form and break away In a liquid of slightly lower specific gravity — 
namely, a mixture of paraffin and bisulphide of carbon.^ Photo- 
graphs of these were taken as follows : they were illuminated by 
an electric arc and large condensing lenses, a camera was placed in 
front, and the view was rendered intermittent bv a card disk with 
one hole near the edge made to rotate at from fourteen to twenty 
turns a second. The exposure was about one eight -hundredth 
of a second. Forty inches of photographic plate were arranged 
in a long slide which could be drawn past by hand. Three of 
these multiple photographs arc exhibited. The ihaumatrope was 
made by staking the separate parts of the last series round a 
card diski^d afterwards painting the surface black and white, 
followingiM outlines of the photographs exactly. The thauma- 
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trope clearly shows the gradual formation of the drop and the 
spherule, the oscillation of the pendant drop immediately after- 
wards, the rebound of the spherule from the pendant drop, the 
oscillation of the large drop as it falls, and its rebound from the 
Water below into which it fell. Other photographs are shadows 
of water jets cast upon a photographic plate by the action of a 
small distant spark, a method invented by Mr. Chichester Bell. 
The remainder are photographic shadows cast by a water jet 
upon a rapidly moving plate by the intermittent light of an 
oscillating spark. These clearly show the movement of the 
separate water drops. ^ 

Sugar-cane {ScLccharH?n ojficinarum) seed and seedlings, 
exhibited by Mr. D. Morris. There appears to be no authentic 
record of any really wild station for the sugar-cane, and the fruit 
has not hitherto been figured or described. At Barbados, 
several times during the last twenty years, and more recently by 
Prof. Harrison and Mr. Bovell, self-sown seedlings of the sugar- 
cane have been observed. The subject was taken up system- 
atically in iS8$, and about sixty of the seedlings raised tc^mature 
canes. Many of these exhibited well-marked characteristics 
differing from the varieties growing near them. Careful inquiry 
j has shown that canes known as the ** purple transparent’^ and 
I “white transparent,” and possibly also the ‘‘Bourbon” cane, 
produced seeds in very moderate quantities. Spikelets received 
at Kew have been examined and the seed found in situ. It is 
anticipated that, by cross-fertilization and a careful selection of 
seedlings, it will now be possible to raise new and improved 
varieties of sugar-cane, and renew the constitutional vigour of 
plants that have become deteriorated through continuous cultiva- 
tion by cuttings or slips. Great importance is attached to the 
subject in sugar-producing countries, as it opens up an entirely 
new field of investigation in regard to sugar-cane cultivation. 

Prof. H. Marshall Ward, F. R.S., exhibited a selection of 
transparent photographs, showing (i) the habits, &c., of various 
trees from different parts of the world ; (2) the comparative 
structure and anatomy of several European timbers ; and (3) some 
of the more prominent features of diseases of wood, &c., and 
fungi causing them. 

The electrification of a steam jet, exhibited by Mr. Shelford 
Bidwell, F.R.S. The shadow of^a small jet of steam cast upon 
a white wall is, under ordinarj^ CDiiditions, of feeble intensity and 
of a neutral tint. But if the steam is electrified, the density of 
the shadow is at once greatly increased, and it assumes a peculiar 
orange-brown hue. The electrical discharge appears to promote 
coalescence of the exceedingly minute particles of water contained 
in the jet, thus forming drops large enough to obstruct the more 
refrangible rays of light. It is suggested that this experiment 
may help to explain the intense darkness, often tempered by a 
lurid yellow glow, which is characteristic of thunder-clouds. See 
Phil. Mag.^ Feb. 1890, p. 158. 

•Mr. Killingworth Hedge.s exhibited: — (i) Gramme dynamo 
worked as a motor, fitted with bearings of a new carbon compo- 
sition, which does riot require oil for lubrication. — (2) Vortex 
speed indicator, driven by the above, fitted with oilless bearings. 

I.ord Rayleigh, Sec.R.S., exhibited : — (i) An instrument for 
testing colour vision. — (2) Polarization of light by chlorate of 
potash crystals. 

Photographs of eggs of the Great Auk, exhibited by Mr. 
Edward Bidwell. There are 67 recorded eggs of this extinct 
bird, of which 45 are in Great Britain. The collection of photo- 
graphs exhibited consists of two views each of 53 of these eggs, 
photographed to scale. 

Specimens of Simony’s Lizard {Lacerta sifnonyi\ from the 
lonely rock of Zalmo, near the Island of Ferro, Canaries, ex- 
hibited by the Zoological Society of London. A rare lizaxd, 
only known from this spot, and said to feed on crabs. Thc^ 
lizards were obtained by Canon Tristram, F.R.S., during his 
recent visit to the Canaries, and presented to the Zoological 
Society by Lord Lilford. 

Electric-radiation meter, for obtaining quantitaiive measure- 
ments of the intensity of the radiations emitted by an electric 
oscillator, exhibited by Mr. Walter G. Gregory. Its action is 
based on measuring the increase of length of a stretched wire, or 
strip of metal, when heated by the currents induced in it by the 
rapidly varying field of force. In the instrument exhibited, the 
elongation of a fine platinum wire is shown by atuching to one 
end of it a fine helical spring made by winding a tbin metallic 
ribbon round a cyAndcr. As the wire extends tbe spring 
rotates, and the motion is further magnified by a small mirror 
which reflects the image of a wire on a scale. The oscillator is 
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•of the usual type, and is worked by an induction coil and four 
accumulators, the latter kindly lent by the Electric Construction 
•Corporation. 

Breath figures, showing that polished surfaces placed near to 
bodies in low relief often take an impression of the detail, whicji 
is made visible by breathing upon the surface (the period of ex- 
posure varying in different circumstances), exhibited by Mr. W. 
B. Croft. (l) A coin is lightly pressed on a freshly split surface 
of mica for 30 seconds ; the mica takes a breath figure of the 
detail of the coin. (2) Paper printed upon one side has lain for 
10 hours between two plates of glass ; the print appears in white 
letters on both. Part of thif^ phenomenon, although not with 
print, was noticed by Moser in 1840. (3) Sometimes the print 

appears in black letters ; the same impression may change from 
white to black. (4) Coins are put on the two sides of a piece 
of glass and electrified for two minutes ; each side has a perfect 
impression of that side of the coin which faced it. An electro- 
type plate may be reproduced in a similar way. These effects 
were partly indicated by Karstens in 1840. (5) An electric 

spark in sent across glass. Five superposed bands appear, 
black and white, of decreasing breadths, as well as three per- 
manent scars. Riess, 1840. (6) The microscope shows water 

particles over the whole surface, larger or smaller as the effect is 
black or white. 

Prof. Silvanus P. Thompson exhibited : — (1) Optical rotator. 
This apparatus is for rotating the plane of polarization of light, 
and is intended to be used in conjunction with polarizing re- 
flectors (black-glass mirrors, &c.), which do not admit of being 
bodily rotated around the axis of the beam of light. The prin* 
ciple of the new rotator consists in the employment of two 
quarter-wave plates of mica, one of which is fixed at 45^ across 
the plane-polarized beam of light, which it thus converts into 
circularly-polarized light. The second quarter-wave plate, 
which can be rotated by a simple gear, reconverts the circularly- 
polarized beam into plane-polarized light, vibrating in any de- 
sired azimuth. (Constructed by Messrs. Newton and Co.) — 
(2) Natural diffraction-grating of quartz. This specimen of 
iridescent quartz exhibits ditfraction-spectra corresponding to 
those of a grating ruled to 12,000 lines to the inch. A micro- 
photograph taken by Mr. C. L. Curteis, with a Reichert’s 
apochromatic (3 mm.) lens, shows the nature of the minute 
structures of the specimen. For the sake of comparison, a 
diffraction-grating of 6000 lines to the inch, photographed on 
glass, is exhibited beside the piece of quartz. — (3) New straight- 
vision prisms, consisting each of a single prism of Jena glass, of 
very wide angle, immersed in cinnamic ether. The materials 
having identical mean refractive index, rays of mean refrangi- 
bility pass straight through. (Constructed by Messrs. R. and 
J. Beck.) — (4) Colour experiments. Two liquids, incapable of 
mixing, are placed over one another in a flat bottle. They are 
chosen so that each absorbs all the rays that the other one can 
transmit. Thoi^h each is transparent, they are jointly abso- 
lutely opaque. They are also opaque when shaken up together. 

Experimental illustration of the recent investigations of M. 
Osmond on molecular changes which take place during the cool- 
ing of iron and steel, exhibited by Prof. W. C. Robcris-Austen, 
F.K.S. In the case of mild steel, containing 0*5 per cent, of 
carbon, as it cools down from a temperature of 1100” C., two 
points may be observed at which heat is evolved. The first of 
these occurs at 750'’ C., and marks the change of 3 (or bard) 
iron to a (or soft) iron. The second evolution of heat is ob- 
served at 660% and is due to a change in the relation of the 
carbon and iron. M. O.^mond, in continuing an investigation 
made by Roberts- Austen, has shown that the presence in iron of 
dements with small atomic volumes retards the change of 3 to a 
iron, and, conversely, elements having large atomic volumes 
hasten the change. 

Specimen of phosphorous oxide, and apparatus for preparing 
same, exhibited by Prof. Thorpe, F.R.S., and Mr. Tutton. 
This substance has been shown by the exhibitors to be repre- 
sented by the formula P4O4. It crystallizes in monoclinic prisms 
melting at 25"* *5, and boils in an. atmosphere of nitrogen or car- 
bon dioxide at l73^ Cold water dissolves it with extreme slow- 
ness, forming phosphorqps acid. With hot water, strong caustic 
chmrine, bromine, and alcohol it reacts with great 
•energy, generally with inflammation. Oxygen slowly converts 
it, at ordinary temperatures, into phosphoric oxli^le, and under 
diminished pressure the combination is attended 'with a faint 
luminous glow similar to that observed in cm of phosphorus. 
No ozone, however, is formed. At slightly higtier temperatures 
tUe oxidation is brought about instantly with production of 
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flame. Phosphorous oxide possesses the smell usually attributed 
to phosphorus, and which is identical with that noticed in match 
manufactories. It is highly probable, as Schdnbein surmised, 
that the element phosphorus is without smell, and that the smell 
ordinarily perceived is due to a mixture of ozone and phosphor- 
ous oxide. Phosphorous oxide is highly poisonous, and it is 
not improbable that phosphorus necrosis is caused by this 
substance. 

Photographs of the spectrum of the nebula in Orion, exhibited 
by Prof. J. Norman Lockyer, F.R.S. These photographs were 
taken in February with the 30-inch reflector at Westgate-on- 
Sea, the exposures var>ing from 2 to 3 hours. The one taken 
with a 3 hours’ exposure (February 10) shows about 50 lines 
between A 500 and X 373, but many of them are only visible 
with difficulty, especially in artificial light. The Henry Draper 
Memorial photograph of the spectrum of P Cygni was shown for 
comparison, and it was seen that all the bright lines were 
amongst the brightest in the nebula. This argues in favour of 
the view that stars with bright-line spectra are of a nebulous 
character. 

Photograph of the two clusters (33 and 34 W VI.) in the 
sword-handle of Perseus, showing remarkable coronal and 
festoon-like groupings amongst the stars on several parts of the 
photogiaph, exhibited by Mr. Isaac Roberts. These clusters 
are quite free from nebulosity, and in this respect they differ 
from other clusters which Mr. Roberts has photographed ; for 
those clusters are involved in faint but distinct nebulosity. 

The larvae of Amphioxus, exhibited by Prof. £. Ray Lan- 
kester, F.R.S. 

A selection from the butterflies collected in the great eaua- 
torial forest of Africa by Mr. William Bonny, one of Mr. 
Stanley’s staff, exhibited by Mr. Henley Grose-Smith. Little 
was known of the Lepidoptera of this part of Africa ; few of the 
species collected by Mr. Bonny have been previously recorded 
from that region, and nine are new to science. The collection 
includes, amongst others, the great Papilio antimachnsj also 
Papiiio zalmoxts^ and many West African species. 

Collection of iridescent crystals of chlorate of potash to illus- 
trate the production of colour and its intensification by reflection 
from multiple thin plates, exhibited by Dr. Alex. Hodgkinson. 

Dr. Alexander Muirhead exhibited : — (1) Some patterns of 
Dr. Lodge’s lightning protector for cables and for telegraphic 
work generally. In these instruments a series of air-gaps, sepa- 
rated by self-induction coils, are offered to the lightning, or 
other high-tension currents, which have got into the line. The 
greater part of the flash jumps the first air-gap, most of the 
residue jump the next, and so on, until after four or five dilutions 
nothing is left which can break down the thinnest insulation, or 
appreciably affect even a delicate galvanometer connected to the 
protected terminals. — (2) Muirhead’s portable form of the Clark 
standard cell, in cases, with thermometer. — (3) Standard con- 
denser, I microfarad (with Dr. Muirhead’s certificate). — (4) Set 
eff Thom-ion and Varley slides, small. — (5) Saunders’s capacity 
key, suitable for Dr. Muirhead’s capacity test. — (6) Saunders’s 
reversing key. 

Specimens of aluminium and alloys manufactured by the 
Aluminium Company, Limited, exhibited by Sir Henry E. 
Roscoe, F. R. S. Pigs of aluminium, 99 per cent. pure. Cast- 
ings in aluminium, rough and finished. Specimens of aluminium, 
soldered. Aluminium wire, sheet and drawn rod. Aluminium 
medals, plain and gilt. Cast aluminium bronze and bra^s, show- 
ing (a) tensile strength and elastic limit ; (^) twisting stress ; (c) 
thrusting stress, long specimens ; (d) thrusting stress, short speci- 
mens. Stampings in aluminium bronze, rough. Ten per cent, 
aluminium bronze, twisted c6ld. Five per cent, aluminium 
bronze, worked hot and cold. Aluminium brass, worked hot 
and cold. Aluminium bronze and brass sheet. 

Specimens illustrating ancient copper and bronze from Egypt 
and Assyria, exhibited by Dr. Gladstone, F.K.S. Tlie collec- 
tion consists of borings from tools found by Mr. Flinders Petrie, 
at Kahun, in Egypt, and which belong to the XI 1 . Dynasty — 
about B.C. 2500 ; also from other tools found at Gorub, which 
belong to the XVIII. Dynasty-— about B.c. 1450. There are 
also fragments of Egyptian bronze figures from Bubastis, and of 
Assyrian bronze from the gates of the Palace of Shalmanezer II., 
at Balawat— about B.c. 840 ; as well as two pieces of slag from 
the old copper mines of the Sinaitic Peninsula, which were 
worked by the Egyptians in veir early times, and discontinued 
after the XVIIl. i^nasty^ Ine pnncipal point Illustrated is 
the fact that the earliest metal implements were of tfopper, con- 
taining a very little arsenic and tin, probably as accidental im- 



May 22, 1890] 


NA TURE 


93 


purities, and that afterwards tin was added to the copper in 
increasing proportions with the object of producing a hard alloy. 

Mr. Percy Newberir, exhibited by permission of Mr. W. 
M. Flinders Petrie ; — (i) Three pages of an ancient Egyptian 
book on medicine written on papyrus, by a scribe named 
Usertesen Sen, in the twenty-sixth or twenty-fifth century before 
Christ. This papyrus, together with a number of others of the 
same date referring to miscellaneous subjects (letters, legal docu- 
ments, accounts, a fragmentary treatise on mathematics, &c.), 
was recently discovered by Mr. W. M. Flinders Petrie, during 
excavations in a ruined town of the XII. Dynasty, at Kahun, 
in Central Egypt. It contains directions for the use of mid wives, 
written in black and red ink, in hieratic characters (a cursive or 
written form of hieroglyphics). The black ink is used in the 
body of the work for the symptoms, diagnoses, and prescrip- 
tions, and the red ink is used at the heads of the sections. The 
following translation of the last two and a half lines of the first 
page will serve to show the kind of directions given in this 
ancient work : — ** TrecUmeni of a woman ^ who is pained in her 
legs and in all her limbs, as one who is beaten. Say with regard 
to her,^ it is the growth of the at (vulva). Do thou with regard to 
her'^ thus : let her eat grease until she is cured. — (2) Facsimile 
of an unpublished papyrus preserved in the British Museum con- 
taining medical prescriptions written in the Egyptian hieratic 
writing of the XIX. Dynasty (b.c. 1400-1200). This papyrus 
is chiefly interesting from the fact that ifeontains prescriptions 
copied from an earlier work, now lost, which is said (by the 
ancient copyist) to have dated from the IV. Dynasty {circa B.c. 
4000). Facsimiles of these two papyri, together with transla- 
tions, notes, &c., will shortly be published, under the editorship 
of Mr. F. LI. Griffith and Mr. Newberry. 

Egyptian spear-head of bronze, bearing the name and titles 
of Karnes, a king at the end of the XVII. Dynasty, circa 
1750 B.C., exhibited by Dr. John Evans, Treas.R.S. The 
blade is cast, and the socket is made of hammered bronze, 
and these two pieces that form the weapon seem to have been 
“burnt*' together. 

MM. Richard Freres, Paris, exhibited: — (i) Continuously 
recording hair hygrometer. This is the latest form of the Saus- 
sure hair hygrometer, so much used on the Continent, owing to 
its working satisfactorily when most other hygrometers fail, viz. 
near 32® F. In some of Saussure's instruments more than one 
hair was used, but in none did the apparatus give a continuous 
record. In the present hygrometer, the expansion and contrac- 
tion of a bundle of hairs raise and lower a pen, which leaves on 
a paper-covered cy linder a continuous record of the humidity of 
any position, garden, or sick-room in which it may be placed. 
— (2) Curves produced by the anemometers on the summit 
of the Eiffel Tower, and on that of the Central Meteoro- 
logical Office at Paris. These show (i) that the average velocity 
of the wind on the top of the tower (994 feet) is about 3i times 
that at 66 feet, and (2) that the hour of greatest average velocity 
on the summit was ii p.m., whereas at 66 feet (as at most 
observatories), it was 1 p.m. ; so that the times of maximum and 
minimum are almost precisely reversed.— (3) Lsochronous regulator 
for electric contacts. An instrument for making and breaking 
electrical contact at equal intervals of time. 

Chsetopodsc, Medusae, Ascidians, Nudibranchs, and other 
Invertebratae, prepared as lantern slides, showing not only the 

f eneral form, but also much of their anatomy, exhibited by Mr. 

I. C. Sorby, F. R, S. The success of the method depends on 
the fact that when soft-bodied animals are dried on glass the 
extreme edge dries first, and adheres firmly, so that on further 
drying the animal does not ^contract irregularly, but becomes 
thin and flat, and shows like a drawing projected on the plane 
of the glass. In i|^any cases the natural colour is well seen, but 
in other cases artificial staining is used, which brings out the 
anatomical structure to great advantage. In some cases the 
specimens are best seen by reflected light, and it is then well to 
use a photographic slide, taken under such conditions. Some 
details may also be brought out to greater advantage by means 
of a properly developed photograph. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge.-— Among the distinguished persons on^ whom 
honorary degrees will be conferred at the Comitia Maxima, on 

, * In red inlb 
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June 10, are the following : — Mr, Henry M. Stanley, Sir 
Andrew Clark, F.R.S., President of the Royal College of 
Physicians, Jonathan Hutchinson, F.K.S., President of the 
Royal Collie of Surgeons, George Richmond, R.A. (retired), 
Pirof. J. J. Sylvester, K.R.S., Dr. John Evans, Treasurer R.S.^ 
and Alexander T. Ellis, F.R.S. 

A discussion by the Senate took place on May 17, on the pro- 
posal, recently referred to in Nature, that the experimental 
work in chemistry carried on by candidates previous to the 
Natural Sciences Tripos Examination (Part II.) should be al- 
lowed to count in determining the places in the Class List. The 
opinions expressed by members of* the Senate were, in general, 
unfavourable to the proposal, as tending to diminish the con- 
fidence felt in the independence of the Examiners. It was> 
stated that it would be impossible to make commensurable in 
practice the testimonials to the work of candidates given by 
different teachers ; and further, that it would tend to make the 
superintendence of that work more formal, and so diminish its 
freshness and originality. 

The Council of the Senate report that in January A87, the 
late Mrs. Clerk Maxwell bequeathed the residue of her estate to 
the University for the purpose of founding a Scholarship in the 
Cavendish Laboratory at Cambridge, to be called the “Clerk 
Maxwell Scholarship.” The estate of the testatrix has now been 
realized, and the residuary account furnished by the executors 
shows a balance of ;^5963 14^. lod. with accruing interest on the 
sum of ;^5ooo deposited with the National Bank of Scotland, 
j. After consulting the Lucasian and Cavendish Professors and 
Mrs. Clerk Maxwell’s executors, the Council have framed regu- 
lations for the Scholarship, of which the following are the most 
important : — 

A Scholarship to be called the Clerk Maxwell^ Scholarship 
shall be instituted in the University in connection with the 
Cavendish Laboratory, for the advancement by original re- 
search of experimental physics, and especially of electricity, 
magnetism, and heat. 

The person elected to the Scholarship shall be called the 
Clerk Maxwell Student in Experimental Physics. 

Any member of the University who has been a student for 
one term or more in the Cavendish Laboratory shall be eligible 
for the Scholarship. 

The Electors to the Scholarship shall be the Cavendish Pro- 
fessor of Experimental Physics and the Lucasian Professor of 
Mathematics, and in case of any difference of opinion between 
them the final decision shall rest with the Master of Trinity 
College or with someone specially appointed by him for this 
purpose. 

The Electors, in electing the student, shall be guided by the 
promise shown by the candidate of capacity for original research 
in experimental physics, and shall talce such steps as they may 
think desirable to enable them to form a judgment of such 
promise. 

The student so elected shall devote himself, under the direc- 
tion of the Cavendish Professor, to original research in experi- 
mental physics within the University ; he may, however, carry 
on his researches elsewhere if he has first obtained the written 
permission of the Cavendish Professor to do so. 

The Scholarship shall be tenable for three years, and a student 
who has once held the Scholarship shall not be capable of 
re-election. 


. SCIENTIFIC SERIALS. 

The most important paper of original research in the numbers 
of the Journal of Botany tor March, April, and May, is the con- 
clusion of Mr. G. Massee’s “ Monograph of the Genus Podaxisf* 
in which he gives his views of the systematic position of this 
genus of Fungi consequent on some recent discoveries as to 
Its structure, tc^ether with descriptions of the seven known 
species, one of them new. — Messrs. H. and J. Groves describe 
and figure an interesting addition to the British flora in the 
minute Nitella Nordsiedtiana. — Dr. W. O. Focke gives a de- 
scription of no less than fifty-two species or forms of British 
Ruhi. — httf, R. A. Rolfe contributes a monograph of a small 
and interestfa^ genus of Orchids, Scaphosepalum. — Mr. E. M. 
Holmes enumerates the marine Algse of Devon. — Messrs. 
Britten and fionlger’s “ Biographical Index of British and Irish. 
Botanists,” has now advanced as far as the letter Q. 
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With the exception of an enumeration of the flora of the little 
island of Giannutri, off the coast of Tuscany, the number of the 
Nutyvo Giornale Hotanico Ilaliapto for April is chiefly occupied 
with a report of the meetings of the Italian Botanical Society, 
held sometimes at Florence, sometimes at Rome. The papers 
here reported are mostly of interest to Italian botanists : those of 
more general importance being chiefly by Prof* Arcangeli, who 
continues his researches on the interesting points of structure in 
:he anatomy of EnryaUy and other members of the water-lily 
family. 

Memoirs of the St. Petersin{rg Society of Naturalists^ Zoology 
and Physiology, vol. xix. No. 2. — The article on the fauna of 
the White Sea, by V. M. Shimkevitch, contains two separate 
monographs. One of them deals with the Balanoglossus^ and 
is a detailed anatomical research into its structure, thus making 
a most valuable addition to the work of Kovalevsky, Agassiz, 
Metchnikoff, Spengel, Balfour, and Bateson. The author^ con- 
clusions are, that the Balanogiosstis occupies an intermediate 
position, bet ween the worms and the Chordata. It has originated 
from a trochozoon which acquired some features in common with 
worms, as well as some features distinctive of the Chordata. The 
other monograph deals with the Enteropsis dubius^ a new para- 
sitic species closely akin to Aurivillius’s Enteropsis sphinx 
(Krustaceer has arktiska Tunicatcr). The morphology and 
embryology of this new Copepod are dealt with, and they are 
followed by general remarks about the history of development 
of parasitic Copepods. Both papers are well illustrated with 
plates. — A paper by N. N. Polejaeff deals rather too « 
shortly with the following topics : on the filaments which 
are found in the Hirciuidce sponges ; on spermatogenesis 
of the Porifera ; on the anatomy of Chalinidce ; on the 
Luffaria ; ancl on the new genus of Porifera^ the JCorotncivia 
desiderata (with plates). — The appendix to the same volume 
contains a detailed experimental inquiry, by A. Gendre, into the 
causes of death in animals when the excretory functions of the 
skin are artificially stopped. 

SOCIETIES AND ACADEMIES. 


London. 


Royal Society, May 8. — 

On the Heating 

Effects of 

Electric Currents. No. IV.*’ 
F.R.S. 

By William Henry Preece, 

The following table gives the 

fusing constants 

and fusing 

temperatures for all the metals in general use when bare and > 
exposed in still air : — 

Fusing Fusing 

constant. temperature. 

{a) '• C. 

Copper 

2530 

*054 

Silver^ ... 

1900 

954 

Aluminium 

1873 • 

650 

German Silver ... 

1292 

1200 

Platinum ... . . 

1277 

« 77 S 

Platinoid 

1173 

1300 

Iron 

774*4 ... 

1600 

Tin 

405 s .. 

226 

Lead 

340*6 ... 

335 

Alloy (lead 2 parts, tin i part) 325*5 ... 

180 


The table means that if we take, for example, a uniform 
copper wire of 1 cm. diameter, a current of 2530 amperes will 
raise it to 1054** C., and therefore fuse it ; and if we take any 
conductor of copper of similar form, but of different diameter (d), 
the fusing current (C) is 

C = 2530^/2. 

The fusing current of any other material is obtained from the 
equation 

C = ad'^. 

It seemed natural that these constants, marking such a 
distinct and well-defined fiducial point, should^ also enable us 
to obtain the currents that would raise the wire to any other 
temperature. 

It is shown that if we determine C for any temperature, then, 
since $ B being the rise of temperature, the current C' 

producing any other temperature B" is obtained by means of the 
equation 



^ G. Roux, EKlectricien^ December 14, 1889. 
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Now, for copper of i cm. diameter C = 2530 for 1054®. 
Thus, if we want to find ihe current that will raise such a con- 
ductor to 13 ", we have 

C' = 2530 ^ f = 281 amperes, 

\ 1054 

if the surface be equivalent to the normal surface at white heal. 

'I'he coefficient which converts this normal surface emissivity 
to that of the surface of ordinary wires at low temperatures by 
taking the normal surface as unity, is as follows : — 

Surface 

coefficient. 

Bright and polished copper ... ... 0*5 

Copper, dirty, oxidized, or blacked 

with shellac varnish ... ... 0*6 

Copper, well coated with lamp-black 1*0 

Thus, the current (C) producing 1054* {$) in a bare bright 
Copper cylinder of i cm. diameter is 0*5 X 2530 amperes, and 
that which would produce a temperature of 10® C. is 

0*5 X 2530 ^ =123*2 amperes. 

V 1054 

Thus, if we know the current producing any fixed temperature 
in any cylindrical conductor, we can readily calculate the current 
required for any other temperature. 

Physical Society, May 2. — Prof. W. E. Ayrton, President, 
in the chair. — Mr. C. A. Carus-Wilson read a paper on the 
distribution of flow in a strained elastic solid. The author 
pointed out that when a bar is subjected to tensile stress the 
elements of the bar are distorted by the resulting shearing 
stresses which attain maxima in planes at 45® to the axis. If the 
bar be supposed to be divided into elements such as P or Q (see 
if the shearing strains are equal in the two directions 



parallel to the sides of the elements, the bottom points of the 
strained elements will be directly below their top corners, 
whereas if the strains be different in the two directions there 
will be a displacement to one side or the other depending on 
which side the greater strain occurs. Since each inclined section, 
is subject to the same total shearing force, the shearing strain 
along any section such as EF be taken as inversely propor- 
tional to the length of the line EF, the bar being supposed of 
uniform thickness. From these considerations it may be seen 
that an element P will be subject to equal strains, for AB=CD, 
hence the lower point of P will remain vertically below its upper 
point. In this region, therefore, a horizontal straight line drawn 
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on the unstrained bar will remain horizontal and straight on the 
strained bar. An element at Q, however, will be subjected to 
unequal strains, for EF is < GH, hence the lower points of the 
elements will be displaced towards the axis. Hiis displacement 
will increase as the distance beyond d and e from the axis in- 
creases, and an originally horizontal line will become curved at 
the ends cd and ef^ whilst de will remain straight. In a similar 
way it was shown that horizontal lines should assume the shapes 
indicated at ghiy jklmtty opq^ rst^ and uv^ in their .respective 
positions, whilst vertical lines should become pinched inwards 
above and below the shoulder as shown by the curve 7vx:xfyz. 
'Fo test whether the reasoning, by which the above conclusions 
were arrived at, \vas satisfactory, a copper bar was carefully pre- 
pared, ruled, and subjected to permanent strain. The curvatures 
of the various lines clearly show the characteristics predicted by 
theory. Prof. Perry inquired whether it was correct to assume 
the stress uniform over the plane sections inclined at 45"^ to the 
axis. He also said that the general character of the flow some- 
what resembled that of a viscous fluid passing from a wide to a 
narrower channel. Prof. Herschel thought Mr. Carus-WUson 
justified in assuming the stress uniform over the diagonal sec- 
tions ; the latter said he only made the assumption as a pro- 
visional hypothesis, but the results of his experiment agreed so 
closely with his theoretical deductions that he thought the hypo- 
thesis correct. — Mr. C. V. Boys made two communications, (i) on 
photographs of rapidly moving objects, and (2) on the oscillating 
electric spark. A collection of apparatus by which he had been 
able to photograph drops of water in their various stages of 
formation was exhibited. It consisted of a lantern and lenses by 
which a trough in which the drops were formed could be strongly 
illuminated, combined with a camera and revolving disk with one 
perforation. By this means exposures of about 1/600 of a 
second could be made about 20 times a second. The slide of the 
camera was about 3 feet long, and could be moved across the 
field by hand so as to take the consecutive impressions on different 
parts of the plate. The resulting photographs show with re- 
markable clearness the formation, breaking away, the oscillations 
of the drops, and their rebounding in the liquid into which they 
fall. By cutting the photographs into strips, each strip re- 
presenting a sin^e exposure, and mounting them on a disk, Mr. 
Boys had arranged a kind of thaumatrope which represented the 
phenomena in a very realistic manner. He also exhibited photo- 
graphs of small water fountains broken up into drops by musical 
sounds, which he had taken by the electric spark without the aid 
of lenses. The shadows of the drops were sharply defined even 
when magnified considerably, and the various stages of transition 
from the liquid column to the detached particles were well 
shown. Finding it possible to obtain such good results from a 
simple spark, it occurred to him that he might get a succession 
of photographs from the intermittent light of an oscillating 
spark, and in this he was fairly successful. An apparatus devised 
to show the oscillatory character of a discharge was next ex- 
hibited in operation. It consisted of a disk carrying six lenses 
arranged in two sets of three. The members of each set were 
at di^erent distances from the axis so that the images of the 
spark on the screen do not coincide. The disk can be revolved 
at a high speed, and the successive sparks are seen as bright 
patches on the screen. By this apparatus a single dischaige can 
be examined, whereas with Dr. Lodge's apparatus it is desirable 
to have a fairly rapid succession of sparks. Photographs of an 
oscillatory discharge taken with the apparatus were exhibited, 
and these show that the duration of the illumination is a con- 
siderable fraction of a complete period. Lord Rayleigh said he 
was greatly interested by Mr. Btws's apparatus. lie (Lord 
Rayleigh) had photographed water fountains both when broken 
up, and when ma*de to coalesce under electrical influence, but it 
had never occurred to him that it would be possible to get 
enough light or sufficient sharpness from a single spark. Mr. 
Boys^s success he believed to be owing to the fact of his using no 
lenses, which would absorb the ultra-violet rays. ^ He also 
thought the method might be developed so as to give shaded 

S ictures instead of mere representations in black and white. 

Ir. Gregoiy asked Mr. Boys if he had tried to get greater 
potentials for his oscillatory discharges by using Dr. Lodge’s 
impulsive rush ” arrangement. Mr. Trotter inquired whether 
the single sparks used to photograph the water fountains were 
as large as those required to show oscillations. Mr. Boys said 
he had not tried Dr. Lodge’s ^Mmpulsive rush” arrangement 
l^cause of the enormous capacity of the condensers required. 
The sparks used to photograph the broken up fountain were very 
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small, being only about i inch long, and from a few jars. Prof. 
Perry asked Lord Rayleigh whether it would be possible to 
compare the shapes of the water drops shown in the photographs 
with the shapes of the liquid surfaces of revolution given by 
Sir William Thomson at the Royal Institution some years ago, 
or whether the changes of shape were too rapid to permit of the 
surface tension being all important. Mr. Boys thought the 
motions of the drops would be too rapid, and that inertia would 
play an important part. Lord Rayleigh pointed out that by 
forming a drop slow enough the effect of inertia might be made 
negligible until such time as the> unstable state was reached; 
after that, however, inertia must have considerable influence on 
the shape. 

Geological Society, April 30.— Dr. A. Geikie, F.R.S., 
President, in the chair. — The following communications were 
read : — On certain physical peculiarities exhibited by the so- 
called raised beaches” of Hope's Nose and the Thatcher 
Rock, Devon, by D. Pidgeon. — The Devonian rocks of South 
Devon, by W. A. E. Ussher, of H.M. Geological Survey. This 
paper is the result of work done in continuation of the labours 
of the late Mr. Champernowne, and refers particularly to the 
area north of the Dart and east of Dartmoor. Owing to the 
complicated stratigraphy of the region, we have to fall back 
upon such information as can be procured of the general types of 
Upper, Middle, and Lower Devonian faunas ; for though the 
lithological constituents of these three divisions are broadly 
distinguishable, there are no definite lithological boundaries 
between them. The Lower Devonian is mainly distinguished 
by the occurrence of sandstone and grit, but the uppf*r beds are 
shales passing into the Middle Devonian slates. 1 he Middle 
Devonian consists of limestones, and shaly limestones upon 
slates, the latter representing the Calceolen-Schiefer, and con-*^" 
taining Spinifer speciosns. Stringocephalus is found here and 
there m the middle Devonian Limestones. The upper part of 
the middle Devonian Limestones (with Lummaton fauna) passes 
into the Cuboides beds of the Upper Devonian. The Upper 
Devonian contains thin> bedded limestones, often concretionary, 
with chocolate-red and pale greenish slates and mudstones. 
These beds correspond to the Goniatiten-Schichten, Kramenzel- 
stein and Knollenkalk of Germany, and to the Cypridinen- 
Schiefer. In the Upper and Middle Devonian rocks we find a 
local prevalence of schalstein and tuffs, breaking up the lime- 
stones. The slate and sandstone type of Upper Devonian in 
North Devon appears to give place southward to a purely slate 
type, possibly accompanied by overlap of the Culm measures. 
The author groups the South Devon rocks under the following 
heads : — 


I I. Cypridinen-Schiefer. 

Upper. < 2. Goniatite-limestones and slates, 
f 3. Massive Limestones. 

( 4. Ashprington Volcanic Series. 

Middle, -j 4. Middle Devonian Limestones. 

( 5. Eifelian slates and shaly limestone. 

T Slates and sandstones, generally red. 

i.ower. Slates with hard grits. 

After discussing the relationship of the Lincombe and Warberry 
beds and the New Cut Homalonotus beds, the author notes the 


discovery of Plcurodictyum by Mr. Whidborne in the railway 
cutting at Saltern Cove. He proves the Lower Devonian age 
of the Cockington beds and their correlation with the Torquay 
Lower Devonian by the discovery of fossils. He considers it 
probable, though not certain, that the main mass of Meadfoot 
beds is bel#w the Lincombe, Warbeny, and Cockington sand- 
stones. The distribution of the Middle Devonian Limestones is 
described. Stringocephalus is found in limestones containing 
RhynchoncUa cuboides. The upper parts of the limestone-masses 
(East Ogwell, Kingskerswell, Barton, Ilsham, &c.) ma^ be 
Upper Devonian. The massive limestones may terminate 
abruptly or pass laterally into shales, and the whole mass of 
the limestones seems to be replaced by slates between the 
Yealmpton and Totnes areas. The commencement of the phase 
of volcanic activity which caused the accumulalion of the Ash- 
pnn^on series is shown to coincide with the latest stage of 
Eifelian deposition, and the Ashprington scries *may represent 
continuous or intermittent vulcanicity up to a late stage in the 
Upper Devonian, North of Stoke Gabriel a mass of limestone 
seems to have been formed contemporaneously with the volcanic 
material on the immediate borders of which it occurs. Else- 
where the limestones are interrupted by local influxes of volcanic 
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material. The occurrence of other local developments of Middle 
and Upper Devonian volcanic rocks is described. The relation- 
ship of the Middle and Upper Devonian deposits varies. In 
some cases Upper Devonian shales may have been deposited 
against Middle Devonian limestones ; in others there is a con- 
tinuous development of limestone, the Middle Devonian lime- 
stones being succeeded by Cuboid^s beds, Goniatite limestones, 
and Knollenkalk. The local variations of these are described, 
and fossil lists are given. The Knollenkalk is shown to pass 
under Eniomis hemtig beds (**Cypridinen-Schiefer**)» which 
are described, though a detailed account of their relationship to 
the Culm-measures is reserved for a future occasion. After 
the reading of this paper, some remarks were offered by the 
President, Prof. T. Rupert Jones, Prof. Hughes, and the author. 

Paris. 


Palassou has hardly acted upon the surrounding rocks. The 
rocks of which the modifications are attributed by the author to 
the action of the syenite are in the state of a fragmentary 
breccia and are without trace of fossils or indications of strati- 
fication. They may be classed as— siliceous, hard compact 
argillaceous, amphibole, talcose, chloritic, limestone, and dolo- 
mite rocks. — On the organisms of nitrification, by M. S. 
Winogradsky. The author has succeeded in isolating the 
nitrifying microbe, and has found that neither its rate of multi- 
plication nor its vigour of action is diminished by cultivation 
m a mineral solution quite devoid of organic carbon. The 
colourless microbe of nitrification is thus capable of a complete 
synthesis of its substance from carbonic acid and ammonia. 
This fact is in direct contradiction with the fundamental doctrine 
of physiology that a complete synthesis of organic matter only 
occurs in chlorophyll-bearing plants, under the action of 
luminous rays. 


Acadj^my of Sciences, May 12. — M. Hermite in the chair. 
-*-New lunar photographs by the Brothers Henry, of Paris 
Observatory, by M. Mouchez (see Our Astronomical Column). — 
On volume iii. of the ** Annales de PObservatoire de Nice,’* by 
M. Faye. — Experiments on the deformations undergone by the 
solid envelope of a fluid spheroid submitted to the effects of 
contraction ; possible applications to dislocations of the terrestrial 
globe, by M. Daubr^. In order to obtain the necessary oblate- 
ness, spherical balloons of vulcanized caoutchouc, having disks of 
the same material affixed at the extremities of a diameter, were 
used. The disks gradually increased in diameter, so that the 
thickness gradually decreased from the poles in each hemi- 
sphere, and unequal pressure was exercised on the liquid con- 
tained in the balloon. The oblateness has been determined of 
various liquid spheroids, and the conditions of production of 
ridges and fissures similar to those exhibited in the earth’s 
crust. — On the retardation of foliation in Provence during the 
spring of 1890, by M. G. de Saporta. The low temperature and 
the tmnormal humidity having exercised a very sensible in- 
fluence during the spring of this year on vegetation in the middle 
of France, the author has investigated the state of foliation at 
the beginning of May in a locality situated at Saint-Zacharie 
(Var), in the high valley of Huveaune, at an altitude of about 
200 metres. — On an hydraulic instrument with a new model of 
turbine for the continued utilization of the power of rivers, by 
M. Paul Decoeur. — The difference between the surface of the 
earth taken as fluid and that of an ellipsoid of revolution having 
the same axis, by M. O. Callandreau. It is shown that in the 
case of a supposed fluid earth the maximum depression for latitude 
45® is 9*1 metres, which agrees with the value given by M. 
Helmert in his “G< 5 odesie sup^rieure.” — On surfaces possessing 
a train of geodetic conjugates, by M. C. Guichard. — On some 
particular cases of visibility of interference fringes, by MM. J. 
Mace de Lepinay and Ch. Fabry. — On undulatory transverse 
magnetization, by M. C. Decharme It appears from some ex- 
periments given that a continuous electric current traversing the 
length of a tempered cylinder of steel may become undulatory on 
account of the resistance which the molecular actions of the mag- 
netic medium oppose to it. — A note by M. A. Witz describes a 
method of exploration of magnetic fields by tubes of rarefied gases. 
— On the double chlorides of iridium and phosphorus, by M. 
G. Geisenheimer. By heating in a sealed tube nt jeo" C. i gram 
of iridium hydrate with lo grams of PCI* and 15 grams of PCl^, 
and reheating the yellow crystalline mass obtained with POCI, 
to 250®, a body possessing the empirical formula Irjp3Cl|5 is 
formed in fine clear yellow crystals. By appropriate treatment 
several other double chlorides are obtained therefrdm. An acid 
corresponding to the body Ir|p3C]|5 is the product obtained on 
evaporating an aqueous solution of the latter as far as possible. 
The analyses of the salts of this acid indicate that the formula 
for the double chloride above should be written zIraCIs, 3PCI3, 
3PCI5. — A note on a characteristic reaction of hydrogen dioxide, 
by M. G. Denigis. A 10 per cent, solution of ammonium molyb- 
date in water added to its own volume of concentrated sulphuric 
acid gives with a few drops of hydrogen dioxide an intense 
yellow coloration. — On the existence of microlithic peridote in 
the andesites , and labradorites of the ridge of the Puys, by 
M. A. Michel L^vy. — On the contact phenomena of elseolithic 
syenite at Pouzac (Hautes-Pyr^n^es), and on the transformation 
into dij^re of the felspar of the ophitic rock in the same bed, 1^ 
M. A. Lacroix. — On the m^amorphic rocks of Pouzac, by M. 
Ch. L. Froasard. These rocks, occupying a space of 1250 m. 
by nuiliitendiBg from the railway near Monloo, appear to 
have Men ^ncipalfy modified by the syenite. The ophite of 
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THURSDAY, MAY 29, 1890. 


THE LABORA TOR V OF THE RO YAL COLLEGE 
OF PHYSICIANS, EDINBURGH. 

Reports from the laboratory of the Royal Collc-re of 
Physicians, Edinburgh. Vol. II. (Edinburgh and 
London : Young J. Pentland, 1890.) 

T he liberal spirit in which the laboratory of the 
Royal College of Physicians of Edinburgh is thrown 
open to workers in every department of biology that 
bears, however remotely, upon medicine is worthy of the 
highest praise. That the opportunity for research thus 
afforded has been appreciated is well shown by this 
record of the work done in the laboratory during the 
second year of its existence. Sixteen papers are included 
in the volume, many of them anatomical and gynicco- 
logical, some pathological, one morphological (on the 
stomach of the Narwhal), and others (while including the 
results of studies in the laboratory) in the main clinic.'il. 
This very diversity renders criticism difficult. Taking a 
liigh critical standpoint and employing as a standard 
the volumes which emanate from laboratories devoted to 
one subject — the Reports of the Physiological Laboratory 
of University College, London, or the studies from the 
Biological Laboratories of Cambridge or of Owens 
College, for example — it would be easy to find fault, to 
indicate papers that ought scarcely to be included, and to 
discover the absence of any series of allied researches of 
high scientific value, such as might be expected to be 
turned out in some special field of work, were the labora- 
tory already long established, and were it given up to one 
branch of science, rather than intended from the first to 
be of use for investigations in all branches of biology. 
Yet to judge the volume from such a standpoint would 
be unfair both to the promoters of the laboratory and to 
those working within it. Taking medicine alone— that is 
to say, as apart from surgery and gynaecology — its extent 
is so considerable, and the topics dealt with so varied, 
that all original investigations, even if of equally high 
practical value, cannot be of equal scientific import : 
when surgery and gyn:ccology are also Included, it is yet 
more obvious that much of the work that is rightly per- 
formed in the laboratory, while capable of almost imme- 
diate application to clinical practice, will be of a nature 
that docs not necessarily call for great powers of original 
research. Clinical importance equally with scientific value 
must determine the inclusion of articles in such a volume 
as this. Herein, indeed, hes the only valid criticism 
that can be directed against these reports : if they be 
published purely 'as evidence of the activity of the 
laboratory, they well fulfil their purpose ; but it is a 
little difficult to see what other use they possess. From 
the very diversity of the investigations, the reports 
cannot be expected to rank as useful additions to the 
library of the specialist in any of the subjects treated ; 
there is too much extraneous matter. The gynaecologist 
lUll reap little benefit from the latter half of the volume, 
the pathologist will fail to appreciate the niceties of frozen 
sections of the lower portion of the body, cut in different 
planes. If such reports are to be of value to other 
workers, rather than, as I have said, as evidence of I 
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activity, they must be issued in separate parts, and, 
what is of still greater importance, they must assuredly 
not be issued at regular intervals. Successful as the 
laboratory has been up to the present, it is impossible to 
manufacture always a definite quantity of original work 
per annum and to order, and if it is intended to publish 
so many hundred pages at the expiration of every year, 
then it is only to be expected that many of those pages 
will either be work not of the ‘highest quality, or will be 
upon subjects incompletely matured. 

Having said thus rnuch, it is a pleasure to draw atten- 
tion to the many excellent articles that appear in these 
reports. The investigation by Mr. Irvine and Mr. Wood- 
head (the late Director) upon the secretion of carbonate 
of lime, a continuation of that described in 4he last 
volume, is of great importance to morphologists as well 
as to pathologists. In their last paper these observers 
pointed out that birds can assimilate and secrete car- 
bonate from other salts of lime, as, for instance, the 
sulphate, and they advanced the statement that coral 
animals have in all probability the same power. In this 
|i communication is described the process of shell forma- 
tion in the crab. The crab can produce its shell if, in the 
artificial sea-water with which it is supplied, the chloride 
be the sole calcium salt present ; and the carbonate , 
which forms the basis of the shell is deposited, it would 
appear, by a process of dialysis within the chitinous 
upper part of the epithelial cells. In this process it is 
suggested that phosphoric acid acts as the carrier of the 
lime to parts where carbonic acid is being given off ; that 
carbonate of lime is formed in such regions ; and that 
the phosphoric acid re-enters the circulation. It is thus 
rendered easy to comprehend why it is that wherever 
dead or vitally inactive tissue exists in the body, in bone 
matrix, chitin, and foci of caseous or fatty degeneration, 
there lime is deposited. 

It has been known since 1875 that glycosuria may be 
only apparent, and that the agent reducing oxide of 
copper in the presence of an alkali, after the administra- 
tion of chloral hydrate, for example, is not a sugar. 
Schmiedeberg and Meyer, in 1879, showed that this 
substance is glycuronic acid. Dr. Ashdown contributes 
an excellent paper upon the differentiation of this sub- 
stance from glucose. From his experiments he leans to 
the view that there is a distinct chemical process presided 
over by the renal epithelium, which has as its result the 
formation of glycuronic acid — morphia, chloroform, curare, 
or one of a number of other drugs, being present in the 
blood. 

Mr. H. A. Thomson, in his paper upon “ Tuberculosis 
of the Bones and Joints,” gives what is perhaps the most 
complete rbsum^ of the varieties of tubercular affection 
in these regions that has yet appeared in our language ; 
following Kdnig, he emphasizes the bone-factor in joint 
tubercle, as opposed to the synovial membrane. Dr. 
Cartwright Wood’s paper, upon “ Enzyme Action in the 
Lower Organisms,” deals in a most suggestive manner 
with certain points in the biology of the Bacteria. The 
action of the soluble ferments produced during (he growth 
of micro-organisms, not only in directing and controlling 
the growth in various media, but, as each month at the. 
present time is yielding further indications, in producing 
the symptoms of disease, is a subject which before all 
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others deserves the attention of the medical profession, 
and Dr. Wood’s paper is of the greatest interest in this 
connection. 

Of the gynaecological articles, undoubtedly the most inf- 
portant is that by Drs. Barbour and Webster, upon the 
" Anatomy of Advanced Pregnancy and of Labour.” The 
opportunities afforded to these observers have fallen to 
no others either abroad or in this country, and they have 
employed them to the fbll. The illustrations to their 
paper, as indeed throughout the Reports, are excellent. 

J. G. Adam I. 


ABSTRACT MECHANICS. 

Lei^ons SyntJuUiques de M^canique g^nirale , semant d* In- 
troduction au Cours de Mecanique Physique de la 
Faculte des Sciences de Paris. Par M. J. Boussinesq, 
Membre de I’Institut. Publides par les soins de MM. 
Legay et Vigneron, ^Ildves de la Facultd. (Paris : 
Gauthier-Villars, 1889.) 

T he following Table des Matiires will serve to show 
the scope of this treatise : — 

I' Le^on. But de la Mdcanique physique. Notions 
cindmatiques indispensables. 

2^ Let^on. Les deux principes fondamentaux de la 
Mdcanique. 

3' Le<;on. Forme des dquations du mouvement ; ce 
qu’on entend en Mdcanique par force, forces motrices, 
actions mutuelles, &c. Pesanteur. 

4' Leqon. itnergie potentielle interne. Action mold- 
culaire. 

5' Le9on. Principes de la conservation des quantitds 
de mouvement et de leurs moments, pour un systdme 
matdriel inddpendant ou sans relations extdrieures. 

6* Le^on. Principes des quantitds de mouvement et 
des moments pour un systdme partiel ; de ieur appli- 
cation h. la formation des dquations de mouvement des 
corps. 

T Legon. Iddes gdndrales sur les pressions. 

8® Legon. Raisons physiologiques et psychologiques 
des ddnominations de forces, actions, tensions, &c., em- 
ploydes en Mdcanique. Forces d'inertie et centrifuges. 

9' Legon. Principe des forces vives pour un systdme 
partiel. Travail des forces. 6nergie interne. 

10® Le^on. Suite de Pdtude des forces vives et du 
travail ; flux de chaleur ; loi fondamentale de la 
Thermodynamique. 

II® Le^on. Application du principe des forces vives 
hux mouvements visibles ou moyens locaux ; r61es qu’y ‘ 
prennent le travail de ddformation des previous exeredes 
sur les particules matdrielles et I’dnergie potentielle de 
pesanteur ; &c. 

■ Such is the interesting syllabus of the subjects lectured 
upon by the author ; and it is melancholy to think what 
we have lost in the treatment and illustration of such a 
programme at the hands of Maxwell, as a sequel and 
amplifleation of his inimitable little'* Matter and Motion.” 

But wHen we open these pages we And a great contrast 
before us, and a great disappointment. Hardly anything 
more is to be found here than the elementary banalitis 
of pure mathematics, in the shape of the explanation of 
co-ordinates and their diflerential coefficients as employed 
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in representing the motion of a particle, and thence of 
a rigid body considered as an aggregation of particles. 
There is no interesting illustration or application or even 
diagram ; merely a sequence of simple formulas of pure 
mathematics, interspersed with some metaphysical specu- 
lation ; it is the purest of mathematics even by the side 
of Lagrange’s “ Mdcanique Analytique ” ; we are given 
plenty of Mathematics, but very little Mechanics. The 
words of the preface to the “Lectures in Natural Philo- 
sophy in the University of Oxford,” A.D. 1700, by John 
Keill, Savilian Professor of Astronomy, appear to be 
applicable even at the present day : “ Although now- 
adays the mechanical Philosophy is in great Repute, and 
in this Age has met with many who cultivate it, yet in 
most of the Writings of the Philosophers, there is scarce 
anything mechanical to be found besides the Name. 
Instead whereof, the Philosophers substitute the Figures, 
Ways, Pores, and Interstices of Corpuscules, which they 
never saw ; ” &c. 

These “ Lemons ” are the first of a course of Physical 
Mechanics to be delivered at the Sorbonne, with the 
intention of solving the Universe ; but so far the author 
does not appear in touch with the physical questions, and 
he derives his mechanical notions from words in pre- 
ference to facts. No doubt this is an excellent discipline 
for some minds, but to the applied mathematician it is 
devoid of all flavour. 

The note to p. 34 we have found the most interesting 
passage in the book, pointing out that g varies with the 
position of the sun and moon, but that the variation 
would be imperceptible but for the tides. 

The French have the advantage of possessing the two 
'noxAs poids and pesanteur ; much of our own dynamical 
confusion would be cleared up if we had a separate word 
j equivalent to something \\V& gravity ^ ox gravi- 

[ tation, as proposed by Thomson. 

The word force vive for tnv- is still allowed to appear 
in these pages, in spite of all the recent efforts of Thomson 
and Tail, Maxwell and recent writers to banish it to 
oblivion ; this is carrying reverence for Lagrange too far 
for modern progress. 

Maxwell’s “Matter and Motion” practically covers the 
same ground as these “ Lemons,” and the two books com- 
pared would offer the best idea of the difference between 
the teaching of abstract Mechanics in this country and 
in France. A. G. G. 

OUR BOOK SHELF. 

A Manual of Anatomy for Senior Students. By Edmund 
Owen, M.B., f\R.C.S. (London: Longmans, Green, 
and Co., 1890.) 

Thi.s manual has been written from a point of view differ- 
ent from that usually adopted in anatomical text-books. 
Instead of giving a detailed systematic or topographical 
description of the whole of the organs or parts of the 
body, the author has selected those regions or structures 
whicn have a special reference to medical and suigical 
practice, and be has described them as fully as is 
necessai^ to bring out the points which have to be con- 
sidered and attended to by the practitioner. In making 
his selection, he has not limited himself to a djescri^ion ®f 
those parts or arrangements which are charactwstic ot 
adult structure, but he has incorporated in his book an 
account.of such developmental anomalies as are sorM^mes 
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observed in infancy and childhood, and regarding which 
anxious parents require the advice and assistance of the 
surgeon. But, although written by a surgeon, the manual 
is not confined to what is commonly called “surgical 
anatomy.” The needs of the physician have been con- 
sulted, and the position and boundaries of the heart, the 
lungs, and the great viscera of the abdomen have been 
described and illustrated by appropriate diagrams. In 
many instances the author seeks to give an explanation 
of the symptoms produced by disease of the viscera by a 
reference to the anatomical relations and connections of 
the parts. 

The marvellous progress which operative surgery has 
made of late years is illustrated by several chapters in this 
manual. The antiseptic system of treatment, devised by 
Sir Joseph Lister, has rendered possible the performance 
of many operations which would not have been thought of 
fifteen or twenty years ago. The brain, the spinal marrow, 
the great serous cavities of the body, and the larger joints, 
are now with safety made the subjects of operative inter- 
ference. No treatise on applied anatomy therefore would 
now be considered complete unless it embraced an 
account of these parts in their surgical relations, and 
Mr. Owen has furnished his readers with the necessary 
information. 

The mode of treatment necessitates on the part of the 
reader some preliminary knowledge, so that the book is 
not intended for the beginner, but for the senior student 
and the practitioner. 

Advanced Physiography. By John Thornton, M.A 

(London: Longmans, Green, and Co., 1890). 

This is a continuation of the same author’s “ Elementary 
Phy.siography,” and,.to quote the preface, “ It carries the 
student into the wider realms of N.aturc, and treats of 
advanced physiography as defined by the Science and 
Art Department. Whether physiography be regarded 
as a separate science or not, it cannot be denied that, as 
thus set forth, it includes a fairly well-defined and well- 
ordered series of facts connected with the study of the 
universe.” This is, perhaps, the first really serious 
attempt which has yet been made to give anything like a 
full account of the whole subject, and we have no doubt 
that teachers will find it convenient to have all the parts 
thus brought together. The author has very wisely 
quoted the best authorities, a proceeding which is far 
preferable to mere paraphrase. The book is thus large^ 
a compilation, but it is only fair to say that full ac- 
knowledgment is made in nearly every case. 

Most of the important astronomical instruments are 
described in considerable detail, and the fundamental 
notions of astronomy are clearly explained. The chapters 
on the so-called “ new astronomy ” are exceptionally good 
for a work of this class, and it is quite evident that 
the author has carefully followed the latest researches. 
Vogel’s work on the orbit of Algol and Schiaparelli’s 
■new rotation period for Mercury are included, though 
only recently published. J'here is also an excellent 
summary of the work which has been done in celestial 
photography. The chapter on the sun is very detailed, 
and considers all the important facts and theories. No 
attempt is made to discuss any disputed points — a 
commendable feature in a school text-book. 

There are apparently few mistakes, but one is of 
sufficient importance to be referred to. On p. 249 it is 
stated that the dark bands in stars like a Herculis are 
probably due to carbon absorption ; this ought to read 
metallic fluting absorption, the bright flutings being 
probably due to carbon. 

The book is profusely illustrated, but most of the 
diagrams have already seen service. . The drawing of 
the Orion ifebula is perhaps the least satisfactory. The 
large coloured plate is instructive, but there is curious 
mistake. This has probably .arisen from the facfithat the 
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plate is compiled from those which have appeared in the 
last two editions of a well-known text-book of astronomy, 
one of which was on a scale of wave-lengths, and the 
ofher on a prismatic scale. The flutings of carbon have 
evidently been transferred from one to the other without 
the necessary corrections, the result being that they are 
quite out of place relatively to the other spectra. 

We can confidently recommend the book to all inter- 
ested in the subject, whether for examination purposes or 
for the purpose of acquiring fairly accurate information as 
to the present state of our knowledge of the Earth’s place 
in Nature. 

An International Idiom : a Manual of the Oregon Trade 
Language, or “ Cktnook Jargon” By Horatio Hale, 
M.A., F.R.S.C. (London : Whittaker and Co., 1890.) 

In the district formerly called Oregon, which is of*much 
wider extent than the State of Oregon, a sort of inter- 
national language, known as the Chinook jargon, is 
current among the native tribes and white traders. It 
grew up about the beginning of the present century, and 
has been of great service not only in facilitating com- 
merce, but in stimulating friendly intercourse between 
tribes who, if this strange speech had not existed, would 
iiave had no means of communicating with one another. 
Many of the words are of Chinook origin, but contribu- 
tions have also been drawn from French and English, 
and various words have been formed by onomatopoeia. 
In 1841, when connected with the United States Explor- 
ing Expedition which surveyed a part of the western 
coast of North America, Mr. Hale had occasion to study 
the Chinook jargon ; and he has since taken pains to 
make himself acquainted with information brought to 
light by later investigators. In the present little volume 
he gives a full account of the subject, describing the origin 
and history of the “ idiom,” and presenting a grammar 
and dictionary, with specimens of colloquial and narrative 
phrases, songs, hymns, and a sermon. The facts he has 
brought together are of considerable scientific interest, 
and the book ought to be useful to travellers and settlers 
in the North American Pacific States and Provinces. 

A Class-book of Geography, Physical, Political, and 
Commercial, for Intermediate and Senior Pupils. By 
W. B. Irvine, B.A. (London : Relfe Brothers, 1890.) 

The compilation of this volume must have cost the 
author a good deal of hard work, but we cannot say that 
the result seems to us satisfactory. The subject is treated 
in an extremely uninteresting way, and the appearance of 
the pages, with their short, jerky paragraphs and masses 
of disconnected facts, might alone suffice to deter many 
boys and girls from the study of geography. In the 
teaching of this subject almost everything depends on the 
intelligence and skill of the teacher ; so that even the 
present work, in good hands, might be made the basis of 
instructive and useful lessons. But the book would 
increase rather than diminish the difficulties in the way 
of teachers wi^o have no exceptional degree of ability or 
knowledge. 


LETTERS TO THE EDITOR. 

\The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers , of , refected 
manuscripts intended for this or any other part of Nature, 
No notice is taken of anonymous communications.^ 

Idloeyclophanous Crystals of Calcite. 

It seems to have escaped notice that one at least of the 
many crystal-forms of calcite can be induced to show its ring- 
system— can be nuide, in fact, into a Bertrand prism — simply by 
proper deavage, ifithodt any aiiificially-worked planes at all. 
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Hexagonal prisms of the mineral arc of frequent occurrence ; 
good, clear, regular- shaped specimens, i cm. (or more) in dia- 
meter, coming especially from Cumberland. The sides of these 
prisms are, of course, parallel to the optic axis ; and hence a pair 
of opposite sides, if smooth and well developed, serve for two 
of the plane surfaces required for the Bertrand prism (see 
Nature, May 15, p, 52) without any alteration. Moreover the 
crystal has a very strongly marked cleavage along the planes of 
the fundamental rhombohedron ; and since these planes make 
angles of almost exactly 45'' \jith the optic axis, a pair of them 
will supply the two remaining surfaces of the prism. 

If, then, we select a good hexagonal prism of calcite, as 
shown below — 



B 




D 


and carefully cleave it in two places, ab and cd, and allow a beam 
of ordinary light (preferably from an opal lamp shade) to entei^ 
the side of the prism near A, it will be aflected in its passage 
through the crystal in the manner explained in my former letter 
{ante^ p. 53), and the usual pair of ring-systems will be visible to 
an eye receiving the light emergent near D. 

If there are any slight imperfections in the natural plane sur- 
faces, we can easily improve upon Nature by cementing thin 
plates of glass upon them with < .'anada balsam. 

Queen’s College, Oxford. H. G. Madan. 


Testing for Colour-blindness. 

May I ask, in connection with the lecture of Mr. Brudenell 
Carter, why those interested in the testing of colour- vision do not 
avail themselves of a scientific instrument like Lord Rayleigh’s 
colour-box, wherein a given yellow has to be matched by pro- 
portions of red and green adjusted by turning a handle over a 
dial graduated on the back ; instead of contenting themselves 
with crude methods, such as selection of coloured wools, which 
cannot give results definite enough to be of much interest, even 
if they were quite efficient in detecting the grossly colour-blind? 

Oliver J. Lodge. 

In Mr. Brudenell Carter’s interesting paper read at the Royal 
Institution on Friday, May 9, a physiological explanation is 
suggested of an easily- verified fact of colour-perception. 

An eye with the pupil dilated is proportionally more percep- 
tive of red rays than one with the pupil contracted. If we stand 
at right angles to a window, or other light, shading the further 
eye with the hand, and look at a piece of white paper with the 
two eyes alternately, we shall find that, to the eye in the light, 
the tint of the paper seems distinctly colder tlian to the shaded 
eye. 

Dr. Waelchli’s observations of the retinal red zone in birds, , 
surrounding the central green region, makes the cause of this ' 
phenomenon comparatively clear ; while the phenomenon itself ' 
lends to prove that the distribution of colour-zones in the human \ 
c'ye resembles that of birds. E. H. 

May 16. 

I DO not know whether the following will be considered too 
trivial to be admitted as an illustration of Dr. Brudenell Carter’s 
lecture. 

About 30 years ago, being then an assistant master at a 
school, 1 one day asked an older colleague (since dead), ** Who’s 
that boy in Ihe red cap ? ” Several were standing in a line, 
most of them with black caps. “ Red cap?” said my friend ; 

** 1 don’t see any red cap” (it was scarlet flannel) ; ‘‘ I can sec 
the red head” — meaning another boy with so-called **rcd” 
hair.,. 

The same gentleman could see no difference in colour between 
the flower and the leaf of the P/rus japonica ; but it will be 
observed that he distin^ished red ” hair without difficulty, 
Qthftm Parsonage, Maidstone. F. M. Millard. 
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Red Spot on Jupiter. 

On May 22 last, at iSh., I observed Jupiter through a lo-inch 
reflector, power 252, and saw the red spot between the east 
limb and centre of the planet. It was rather faint, and not 
nearly so conspicuous as some of the belts in its vicinity. Ac- 
cording to careful estimation, the spot reached the central 
meridian of Jupiter at I5h. 35m. This is 15*5 minutes before 
the time given in Mr. Mart h’s valuable Ephemerisfor Physical 
Observations of Jupiter,” published in the Monthly Notices for 
March 1890, p. 344. The difference proves that the motion of 
the spot continues to accelerate in a slight degree relatively to 
the mean rate of rotation of 9h. SSm. 40*638., adopted by Mr. 
Marth in his recent ephemerides. Observers, therefore, 
who wish to see the spot at mid-passage across the disk of 
Jupiter must turn their telescopes upon the planet at least a 
quarter of an hour before the predicted times based on the daily 
rate 870® *27. 

During my observation on May 22 I saw a very dark, if not 
black, spot of circular form threading its way across the disk, 
and projected upon the northern half of the great north equatorial 
. belt. I ascertained by reference afterwards to the Nautical 
I Almanac that this object was the fourth satellite in transit. 

, Bristol, May 25. W. F. Denning. 

Coral Reefs, Fossil and Recent. 

: I PUBLISHED a review of the third edition of Darwin’sv 

j “Coral Reefs,” with appendix by Prof. Bonney, both in the 
Biolo^'schcs Ccntralblatt and in the Nafunvissenscliaft/iciL 
Rundschau of last year. This will, I think, considerably 
modify the meaning of Prof. Bonney ’s statements, published in 
Nature of the iSth inst. (p. 53), according to which I was 
ignorant of this work of his when I wrote my letter on “ Coral 
Reefs, Fossil and Recent.” R. voN Lendenfeld. 


Swallows at Sea. 

The following notes from my journal as to meeting swallows 
at sea during the autumn migration may be of use to anyone 
interested in that subject. 

Onboard ss. Port Fictor from Plymouth to Sydney, 1889, — 
“ October 31, lat. l6® N., long. 19® W. A quantity of swallows 
flying about the ship evidently tired and very lame, perching 
freely within a few feet of anyone. Look thin. A solitary 
swallow or two were seen yesterday and day before in lats. 20® 
and 24® N. respectively. 9 p.m., passed Cape Verde at a 
distance of forty miles. 

November i . — The swallows roosted last night on board, 
and left during the forenoon, with the exception of one or two 
who remained on board all day. Saw a curlew and a wagtail at 
noon, lat. 12® N., long. 18® W. 

* November 2. — One swallow still on board, roosted last night 
on the poop. Calm. Saw a wagtail. 

“ November — Five swallows and two martins about the ship, 
apparently in very fair condition, so tame that they would perch 
on one’s hand ; had three or four sitting on my hand at once 
sometimes. Noon, lat. 5* N., long. 14^ \V., about 150 miles 
off land. 

“ November 4. — Swallows left, could not see in what direction 
they went. Picked up south-east trade, lat. 2® N.” 

Herbert E. Purey-Cust. 

ILM.S. Egeria^ Auckland, April 6. 


The Corolla in Flower-Fertilization. 

X HAVE noticed a curious fact in reference to the blue gentian 
of the garden here that will interest you. This flower (like the 
daisy) closes at night and opens in the morning, and is exquisitely 
sensitive to the time of sun rising and setting (it is a lasting, and 
with its bronzed throat an exquisite flower). The fact observed is 
this, that, when visited by the large handsome bee that fertilizes 
it, the beautiful widespread pentamerous flower cIosm gently on 
the bee, if the insect effectually enters and fertilizes it, on 
its passage to the honey of the five cups at the base of the corolla ; 
and after the inseePs exit, does not wain unfold, if the fertilization 
is complete, but remains a folded nower— a protection (shorn of 
its beauty) for the precious zeed- vessel and its maturing contents 
within. John Harker. 

Hazel Grove, near Camfortb, May 13. 
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Popocatapetl. 

In vol. xli. of Nature, (p. 592) you state : “ Despatches from 
Mexico state that observations show that the height of the active 
volcano Popocatapetl has decreased by 3000 feet since the last 
meMurement.” This despatch, which was forwarded from Prof. 
Heilprin’s party now in Mexico, would seem to indicate that 
there hsu recently been an actual loss of height in Popocatapetl ; 
\yhereas Prof. Ileilprin’s object was to indicate that the observa- 
tions hitherto accepted are inaccurate. 

Edmund J. de Vaf.ois. 

295 Adelphi Street, Brooklyn, N.Y., 

May 16. 


CHEMICAL CHANGES IN llOCES UNDER 
MECHANICAL STRESSES! 

A FTER pointing out that his object was to inquire how 
far the experimental researches of chemists and phy- 
sicists are capable of affording a satisfactory explanation 
of the phenomena observed when the rocks of the earth’s 
crust are studied microscopically in thin sections, the 
lecturer proceeded to give a restiml of the experimental 
investigations of Daubrde, Bunsen, Sorby, Thorpe, Spring, 
Guthrie, Fouqud, Michel- L^vy, and other chemists, who 
have devoted their attention to the action of pressure 
in influencing chemical affinity. The evidence that the 
deeper- seated rock-masses of the globe, and those con- 
stituting mountain-chains, have been subject to enormous 
pressures was then indicated ; and the difference between 
the statical pressures arising from a great weight of 
superincumbent rocks, and the dynamical pressures 
resulting in actual movements within the earth’s crust, 
was insisted upon. The chemical and physical principles 
which have been established by direct experiment, and 
which, at the same time, appear to be illustrated by the 
observations that have been made during recent years 
upon the minute structure of rocks, 'and of the minerals 
composing them, were stated in the following series of 
propositions - 

I. In all those cases in luhich crystallisation is accom- 
panied hy contraction, the tendency of pressure is to 
promote the change from an amorphous to a crystalline 
condition. 

Spring has shown that under a pressure of 6000 
atmospheres plastic or amorphous sulphur, having a 
density of l'95, passes into rhombic, crystallized sulphur, 
having a density of 2 '05. 

The mixtures of silicates which constitute the igneous 
rocks of the earth’s crust all undergo contraction in passing 
from the amorphous (vitreous) to the crystalline condition. 
This is easily proved by comparing the specific gravities 
of more or less crystalline rock-masses with that of the 
glasses formed by their artificial fusion. The experiments 
of Delesse, Deville, Cossa, and others have shown that 
mixtures of the silicates of alumina and the alkalies with 
over 70 per cent, of silica, must undergo a contraction to 
the extent of y\- of their bulk in passing from a glassy 
to a highly crystalline state (granite). Mixtures of the 
silicates of alumina, magnesia, iron, lime, and the alkalies 
with less than 50 per cent, of silica, in passing from a 
vitreous state to a perfectly crystalline one (gabbro), must 
undergo a reduction in bulk equal to I. 

It may fairly be anticipated, therefore, that great 
pressure would tend to promote the crystallization of the 
mixtures of silicates composing most of the rocks of our 
globe, or to prevent their assuming the glassy state ; and 
a great body of geological facts tends to support this 
conclusion. It must not, of course, be lost sight of that 
slow consolidation is also favourable to the process of 
crystallization, and rocks being extremely bad conductors, 
the process of cooling in great rock-masses is excessively 
slow. It is often difficult therefore to discriminate 

' ' ‘ The Evidence afforded by Petrographical Reaearch of the Occurrence of 
Chemical Change under Great Presaure." A l.ecture delivered before the 
Chemical Society, March ao, 1890, by Prof. J. W; Judd, F.R.S. 
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between the effects that must be referred to slowness of 
cooling, and those which may be safely considered to 
result from pressure. 

• As long ago as 1 846, Charles Darwin showed that the 
andesitic lavas of the Cordillera of South America are 
associated with perfectly crystalline rock, true granites, 
made up of precisely the same minerals. The identity of 
the minerals in the plutonic rocks and the lavas respec- 
tively was demonstrated by the careful studies of Darwin 
himself, and of Prof. W. H. Miller, of Cambridge, long 
before the method of studying rocks in thin sections had 
been invented. Quite recently Prof. A. Stelzner, employ- 
ing the modern methods of research, has been able to 
completely confirm the interesting results arrived at by 
Darwin and Miller, and to show that a perfect gradation 
can be traced between the highly crystalline “Anden- 
granites,” and the more or less glassy lavas (andesites) 
which are so closely associated with them. 

In 1874 I was able to show that in the Western Isles of 
Scotland there occurred masses of perfectly crystalline 
(granitic) rock, identified by Zirkel as true gabbros and 
granites, which can be traced passing by the most 
insensible gradations into natural glasses (“ tachylytes ” 
and “ obsidians ”) (Quart. Journ. Geol. Soc., xxx., 1874, 
233-48), and the truth of these conclusions has been 
Tully established by the more recent researches of Dr. A. 
Geikie (Trans. Roy. Soc. Edinb., 1888, 122-24, *45“ 
50). In 1876 I further showed that the diorites and 
quartz-diorites of Hungary and Transylvania pass in- 
sensibly into the ordinary lavas of the district, which have 
the same ultimate chemical composition, and the same 
mincralogical constitution (Quart. Journ. Geol. Soc., xxxii., 
1876, 292). In 1885, Messrs. Arnold, Hague, and 
J. I‘. Iddings, of the United States (jcological Survey, 
established precisely similar conclusions by the study of 
rocks in the Nevada district (Bull. U.S. Geol. Surv., No. 
17, 1885) ; and Signor B. Lotti,of the Italian (jeological 
Survey, in the following year proved the same to be true 
in the case of the rocks of Elba. 

In all these cases it is seen that the masses which have 
been most deeply seated, and thus subjected to the 
greatest statical pressures, are those which have under- 
gone the most perfect crystallization. It must of course 
be remembered that in these cases the other cause tending 
to the development of crystalline structure comes into 
play — namely, slowness of cooling. The ordinary materials 
of igneous rocks are such bad conductors of heat, that 
enormous periods of time must elapse before the deeply 
seated portions of igneous rock-masses can become 
solidified. 

The potent influence of this extreme slowness of cooling 
in bringing about the crystalline structure in molten 
masses of silicates has been well illustrated by the splendid 
researches on rock-synthesis by MM. Fouqud and A. 
Michel- Ldvy. They have shown that the secret of making 
a particular mineral crystallize out of such a mass consists 
in finding out the temperature of fusion of the mineral, 
and in maintaining the molten mass for a long period just 
below this teq^perature. In the excessively slow cooling 
of deeply seated rock-masses, the materials must be kept 
successively and for long periods at temperatures a 
little below the fusion-points of each of their mineral 
constituents. 

But while the influence of slow cooling in producing 
the crystalline structure in rocks is unquestionably very 
great, the effect of pressure in promoting crystallization 
can scarcely be doubted. We have no proof, indeed, that 
the holocrystalline or perfectly granitic structure of rocks 
can ever ,be produced except under these corfliitions of 
extreme pressure. 

II. Crystallised minerals ^ developed in a martna under 
pressure^ may lose their stability and be dissolved by the 
same magma when the pressure is removed. 

The very remarkable researches of Fouqud and Michel- 
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L( 5 vy upon the synthesis of rocks is not less instructive, 
whether we consider the successes or the failures of their 
experiments. While able to reproduce by fusion and slow 
cooling — either from the powdered rocks themselves, or 
from duly admixed proportions of silica, alumina, iron 
oxide, and the alkaline earths and alkalies — various kinds 
of basalts and other basic rocks, all attempts to form 
certain other rocks, especially those containing <juartz, 
hornblende, and muscovite, failed. The conclusion at 
which the experimentess arrive — and the correctness of 
this conclusion it is scarcely possible to doubt — is that, 
for the formation of such minerals and of the rocks con- I 
taining them, water and other volatile substances, held 1 
within the solid mass by intense pressure, is absolutely : 
indispensable. | 

Now in the porphyritic constituents {Einsprenlinge or I 
phen9crysts) of many lavas, we find examples of minerals ! 
which have been formed at great depths in the earth’s | 
crust and thbn brought up to the surface and exposed to ; 
totally different conditions, especially as regards pressure. | 
Very clearly do these phenocrysts tell the tale of their 1 
origin, and of the influence exerted upon them by their i 
subsequent environments. | 

Crystals of quartz and felspar, which have grown to j 
large proportions in the deeper portions of the earth’s ; 
crust, are found when brought up in lavas to the earth's ; 
surface, and thus relieved from the action of pressure, to ! 
be attacked by the magma in which they were originally ' 
formed. The proof of this is seen in the corroded con- 
dition of the crystals, the glassy matter surrounding them j 
having attacked their angles, their edges, and in a less j 
degree their whole surface, penetrating irregularly into i 
their interior, and reducing them sometimes to mere 
skeletons. 

Crystals of hornblende and mica betray in an even 
more striking manner the effects of a change of environ- i 
ment. When brought up from great depths in masses of i 
molten lava, crystals of these minerals are constantly ; 
found to be surrounded by “ resorption halos.” The out- 1 
side of the hornblende or mica crystals, where in contact 
with the molten glass, is found to be attacked by it, and | 
crystals of pyroxene and magnetite have resulted from 
the reaction. The action may in some cases continue 
till the whole of the hornblende has been converted into 
a pseudomorph. 

In some instances there may be reason to believe that 
the phenocrysts have become enveloped in a magma of 
different chemical composition to that in which they were 
originally formed. But in many cases there is no room 
for doubt that the minerals which were formed and main- 
tained their stability under certain conditions of pressure, 
lost that stability upon the diminution of pressure. 

That, conversely, the increase of pressure leads to the 
production of a condition of instability in minerals formed 
at or near the earth’s surface there cannot be any doubt. 
The study of the formation of crystalline schists from 
various aqueous and igneous rocks supplies us with 
numerous and very interesting illustrations of changes 
of this kind : hornblendes, chlorites, i^.icas, and talc 
are produced under conditions of pressure in which 
pyroxenes, epidotes, felspars, and olivines lose their 
stability. 

III. Jn all those cases where solution is attended by 
contractiony the solvent action of water and other liquids 
is increased by pressure. 

That this is the case at elevated temperatures is proved 
by the researches of Daubr^e to which we have already 
referred. Pure water was made to attack various silicates 
quite insoluble at ordinary temperatures and pressures. 
Even if we admit with Bunsen that there are temperatures 
at which this influence of pressure is no longer operative, 
or at which the effects are wholly inappreciable, the 
. ^admission would not in any way affect the theoretical 
^''‘'^lews of the geologist, seeing that the increase of tem- 
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perature within the earth's crust is so rapid, that even 
at moderate depths the temperature at which solvent 
action is increased by pressure must certainly exist. 

The effects of this solvent action under pressure are 
everywhere manifest when we come to the study of the 
rocks building up our earth’s crust. At more or less 
considerable depths, water containing carbon dioxide 
has attacked the silicates composing the rock-forming 
minerals ; so that it is impossible to find rocks which 
have been deep-seated, at any period of their history, 
in which the minertils are in a perfectly unchanged 
condition. 

Great masses composed originally of calcic carbonate, 
are found to have been changed into dolomite (the mag- 
neso-calcic carbonate), or into chalybite (the ferrous 
carbonate) ; while in other cases the whole mass of a bed 
of calcic carbonate has been dissolved away, and silica 
substituted as a “ pseudomorph.” 

We must proceed to study the details of such processes 
especially as they are affected by pressure and by the 
crystalline structure of the minerals affected. 

IV. Under great statical pressures, the whole substance 
of solid bodies ntay be permeated by fluids, and chemical 
reactions between them are thus greatly facilitated. 

It is not necessary to point out that the molecules of 
the densest solids cannot be in actual contact ; this is 
proved by the circumstance that such solids undergo con- 
traction by lowering of temperature, and that gases may 
be occluded in them. Physicists and mathematicians, 
as recently pointed out to this Society by Prof. Rucker, 
have even been able to arrive at positive conclusions con- 
cerning, not only the actual order of magnitude of mole- 
cules, but the distances that separate them from one 
another in solids. 

The effect of pressure in causing the molecules of one 
body to pass between those of another, has been expressed 
by Van der Waals in the dictum, “ All bodies can mix 
with one another, when the pressure exceeds a certain 
value.” A similar conclusion was expressed by the late 
Dr. Guthrie, as the result of his experiments on potassic 
nitrate, when he asserted that “ fused nitre and fused ice 
are miscible in all proportions.” 

Now, nothing is more certain, from petrographical 
researches, than that the whole substance of the minerals 
in the deep-seated rock-masses of the globe may be 
permeated by fluids. This is shown by the condition of 
the minerals forming these deep-seated masses. 

• The felspars, in their normal condition, are colourless 
and transparent minerals with a vitreous lustre, and this 
is their character when they are found in lavas and in 
blocks ejected from volcanoes. In granites and other 
deep-seated rocks, however, these same felspars exhibit 
grey, green, pink, or red tints, with more or less opacity, 
and a remarkably pearly lustre. The cause of this change 
of aspect is found in the fact that the unstable alkaline 
silicates which enter into their composition have been 
attacked by the fluids that have penetrated through the 
whole substance of the crystal, leading to_ the formation 
of the hydrated silicates of*alumina, and, in some cases, 
the peroxidation of any traces of iron compounds that 
may have been present in them. • 

Similar changes can be shown to have affected most, if 
not all, the minerals which, at any period of their 
history have formed portions of deep-seated rock- 
masses. 

V. By the intimate intermixture, under great statical 
pressures, of solids and fluids, the properties of the former 
undergo great modifications. 

Bunsen, in common with all chemists who have studied 
the great problem of geology, has insisted that fused 
silicates, in spite of the high temperatures at which they 
assume the nuid statev obey the same laws as those 
governing ordinary solutions. Guthrie has shown that 
the principles which determine the formation of “• cryo- 
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hydrates” and of “eutectic compounds” are equally 
operative in the case of the separation of minerals from 
a mixture of fused silicates ; and the same idea has been 
elaborated by Lagorio. Guthrie has further shown that, 
as water is added to a salt, the fusion>point of the mixture 
is progressively lowered, and from this fact he concludes 
that “ the phenomenon of fusion is nothing more than an 
extreme case of liquefaction by solution.” 

That silicates, when they are mixed with water, fuse at 
a lower temperature, was long ago recognized by geo- 
logists — long, indeed, before any physical explanation had 
been offered of the fact. Poulett-Scrope, Scheerer, Elie 
de Beaumont, Daubrde, and many others who might be 
mentioned, have insisted on the important part played 
by water in promoting the fusion of lavas and other 
igneous masses. 

In the case of the volcanic glass known as tnarekaniie, 
1 have shown that at a comparatively low temperature 
the mass will, when heated, swell up and intumesce, the 
escaping steam causing the molten glass to froth up and 
assume the character of a true pumice (GeoL Afdjtf., Dec. 
3, iii. 243). The brown glass ejected from KrakatcU), 
during the great eruption of 1883, if heated, increases to 
many times its original bulk, and passes into a substance 
which, macroscopically and microscopically, is indistin- 
guishable from the pumice thrown out in such vast 
quantities during that great eruption {Geol. Dec. 

3, V- 6). 

Many volcanic glasses contain an appreciable quantity 
of water, amounting in some cases, indeed, to as much as 
10 per cent, of their mass. The glasses which contain 
water fuse at a lower temperature than those which are 
anhydrous. There is reason to believe that most lavas 
are not masses in a state of simple fusion, but consist of 
crystals floating in a mass of mixed silicates and water, 
the magma being at a temperature above the fusion-point 
of the mixture but below that of the crystals. 

VI. Mechanical stresses, which tend to overcome the at- 
traction between the particles of a solid, promote chemical 
action at those parts of its mass which arc in a condition 
of intense strain. 

That a direct relation exists between mechanical 
and chemical forces is shown by the fact that capillary 
action is capable of overcoming weak chemical affinities. 
Violent mechanical shocks will sometimes completely 
overmaster chemical affinity, as was shown by Berthelot 
in the case of acetylene, cyanogen, &c., and more re- 
cently by Prof. Thorpe in the case of carbon disulphide.* 

Carnelley and Schlerchmann endeavoured to show that 
the solution of a copper wire by acid was promoted when 
the wire was put into a condition of strain. These ex- 
periments, it is true, yielded negative results, a circum- 
stance which is, perhaps, hardly to be wondered at, when 
we remember how feeble were the mechanical forces 
employed. 

In the case of the curiously impressed limestone pebbles 
of the Swiss Nageldue, however, Sorby has shown that 
there are grounds for believing that solution is promoted 
in masses which are subjeoted to intense mechanical 
stresses, and he has confirmed this conclusion by an 
ingenious experimeet with rock-salt (Yorksh. Proc. Geol. 
Soc., iv. 458-61). 

Similarly impressed and faulted pebbles from the Old 
Red Sandstone of Stonehaven, in Scotland, have afforded 
what I think is indisputable evidence of the action of 
strain in promoting solution. The sand-grains, of which 
these pebbles are composed, are seen under the micro- 
scope to be traversed by bands of liquid enclosures that 
are clearly of secondary origin. Now, these bands of 
enclosures are parallel to the actual faults that have been 
produced in the pebbles, and the careful study of all the 
facts renders inevitable the conclusion that when the 
whole mass, under great statical pressures, was permeated 
by fluids, solvent action was determined in parts of the 
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mass subjected to violent strain [Alineralogical Magazine% 
vii. 83). 

Similar bands of secondary liquid inclusions, which 
have clearly been produced in the same way, abound in 
tbb crystals of many rock-masses that have been sub- 
jected to strain and movement. 

VII. Pressure may supply the conditions required for 
the renewal of the growth of crystals when their develop- 
ment has been arrested for an indefinite period, and even 
after they have sttjffered mechanical injuries. 

In 1856, Louis Pasteur published the results of his 
interesting investigations upon the property exhibited by 
bimalate of ammonia and other salts, the crystals of which 
are able to repair injuries produced by fracture ; and this 
experiment has been repeated and confirmed by Scharff 
I and other observers. 

This principle of the growth and repair of injured 
crystals is one of great importance and wide applieation 
in geological investigation. Sorby has shown that rounded 
and water-worn sand-grains that have originally consti- 
j tuted a portion of granite or other igneous rock may, in 
' the presence of solutions of silica and under pressure, 
renew their growth, and, in the end, acquire the faces and 
angles characteristic of quartz-crystals The observations 
of Becke, R. Irving, Van Hise, Bonney, and other micro- 
I ^opists have shown that, not only fragments of quartz, 

‘ but portions of the crystals of felspar, augite, hornblende, 
biotite, and other minerals, may undergo enlargement in 
a similar way. It has further been shown that this re- 
pairing and growth of crystals is continually taking place 
in rocks under pressure ; that the composition of the 
outer parts of a crystal may vary as growth goes on ; and 
that the action can take place in solid rock-masses (Quart. 
Journ, Geol. Soc., xlv. 175-86). 

I have found it possible to illustrate experimentally 
some of the phenomena exhibited by zoned crystals in 
rocks. An octahedral crvstal of chrome-alum of a dark- 
purple colour was mutilated by having two opposite solid 
angles broken off from it and then placed in a solution 
of common ammonia-alum (see Fig. i). By more rapid 



growth in the injured portions, the crystal tended to 
repair itself, but tne r^^larity of this process was inter- 
fered with by subjecting the crystal and solution to a some- 
what wide range of temperature. As the coefficient of 
expansion of chrome-alum appears to be different from 
that of ammonia-alum, the soell of the latter material 
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was from time to time cracked by the unequal expansion. 
The solvent, hnding its way into the interior, partially 
dissolved away the original crystal of chrome-alum. The 
hnal result of these changes was that while the form of the 
alum octahedron was almost completely reproduced, ortly 
a small portion (a) of the original chrome-alum cr>’Stal 
remained. Much of the chrome-alum was dissolved out 
and replaced by a mixture of the two alums (b), while 
the other layers of the crystal (c, D, E, F, c) were 
formed by still paler-coloured zones, also consisting of 
mixtures of a like kind, ^oncd crystals exhibiting similar 
abnormal appearances to this alum crystal are by no 
means rare in some igneous rocks. 

VIII. When solution wider pressure is going on in a 
aysfalline body^ the action is controlled and modified by 
its molecular structure. This molecular structure may 
have been produced either in the process of crystallization^ 
or asK'he result of mechanical or other forces acting ufon 
the crystal subsequently to its formation. 

Daniell’s earliest contributions to science, in the year 
1816, dealt with the remarkable and unequal action of sol- 
vents upon crystals. The curious and complicated patterns 
produced on the faces and the cleavage or cut surfaces of 
crystals (etching-figures) have subsequently been studied 
by Leydolt, Klocke, Baumhauer, Bccke, and other investi- 
gators. The results obtained have been shown to vai?' 
with the nature and strength of the solvent, the tempera- 
ture, the pressure, and the time during which the action 
is allowed to take place. 

In 1884-85, Von Ebner, as the result of an exhaustive 
study of the etching-figures of calcite and aragonite, 
showed that crystals possess planes of chemical weakness, 
to which he gave the name of “ solution-planes,” these 
being analogous to the well-known planes of least co- 
hesion or cleavage-planes. Quite independently, I, about 
the same time, arrived at the same conclusion by study- 
ing the crystals in deep-seated rocks (Quart. Journ. Geol. 
.Soc., xli. 383, &c.). In these deep-seated rocks the 
crystals (their whole substance being permeated by the 
solvent) yield to chemical action along their solution- 
planes, along which hollow spaces in the form of negative 
crystals arc produced. 

When twinning-planes are developed in crystals by 
pressure or other mechanical agencies, these planes 
(gliding-planes) become planes of chemical weakness 
{flineralog. Mag., vii. 87). The experiments of Reusch, 
Baumhauer, Miigge, Foerstner, and others have shown 
how frequently this secondary twinning is developed in 
the crystals of rock-forming minerals. 

When the negativ'c crystals formed along the solution- 
planes of a mineral are filled with various secondary 
products, the whole character and aspect of the substance 
may be transformed. When the infilled negative crystals 
are of appreciable dimensions, the avanturine and 
“ Schiller” phenomena result from the action. When 
the action is on an ultra-microscopical scale, the phe- 
nomena of opalescence and of iridescence may be 
produced. 

By the introduction of various substances in solution 
into a crystal, its composition may be altered and the 
way prepared for the recrystallization of the substance as 
a distinct mineral. It has been shown that, by the intro- 
duction of sodic chloride into a plagioclase-felspar, the 
way has been prepared for the conversion of that mineral 
into scapolite {Mineralog. Mag., viii. 186). 

IX. Under great pressures, paramorphic changes take 
place in cirystalline bodies without any alteration in their 
chemical composition. 

It is a^well-known fact that, under the slight pressure 
which can be exerted by the hand, the orthorhombic, 
yellow variety of mercuric iodide passes into the tetra- 
gonal, red variety. Spring has shown that, under a 
pressure of 5000 atmospheres, monoclinic sulphur passes, 
at ordinary temperatures, into the orthorhombic form. 
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Van ’t Hoff and Reicher have shown that the tem- 
perature at which this latter change takes place is 
progressively ditninished as the pressure is increased. 

That slight forces acting through a considerable period 
of time are competent to produce such paramorphic 
changes has long been known. Thus the mercuric iodide 
and sulphur undergo their paramorphic changes slowly 
when subjected only to the ordinary vicissitudes of 
atmospheric temperature. 

Many interesting examples of similar heteromorphous 
forms of the same compound are familiar to geologists, 
such as calcite and aragonite among the carbonates, and 
pyroxenes and amphiboles among the silicates. Hetero- 
morphism, indeed, appears to be the rule rather than the 
exception in the mineral kingdom. 

The slow paramorphic changes between hetero- 
morphous forms of the same compound was long ago 
studied by Gustav Rose ; and in more recent years the 
dependence of these changes on great pressures, or on 
small forces acting through long periods of time, has 
engaged the attention of J. A. Phillips, Allport, Hawes, 
R. D. Irving, J. Lehmann, G. H. Williams, Tcall, and 
other observers. 

In considering these paramorphic changes, it rnust be 
remembered that the transition under pressure is not 
always, as in the case of sulphur, from a less dense to a 
more dense form. On the contrary, as in the change of 
both aragonite to calcite and of augite to hornblende, we 
find the denser but less stable form passing into the less 
dense but more stable one. Stability, however, is only a 
relative term : while one form of a compound may be 
most stable at one temperature or under a certain 
ressure, other conditions may exist under which it 
ecomes an unstable form. 

X. Both solution and the formation of new crystalline 
compounds may result from pressure, and these two 
operations may take place together; in this way more or 
less complete interchange of ingredients may take place 
between the crystalline bodies, and pseudomorphs be 
formed. 

That most of the pseudomorphic chanijes, so common 
in the mineral kingdom, take place at considerable depths 
from the surface there seems no room to doubt ; and in 
all these cases it may be inferred that pressure is one of 
the determining conditions of the action. 

The effects of these pseudomorphic changes in trans- 
forming vast rock-masses into others of totally different 
(composition — such as limestone into dolomite, chalybite, 
or silica — has long been familiar to geologists ; and 
modern microscopical methods have enabled us to trace 
the progress of these changes from their earliest begin- 
nings to their complete consummation. 

Without entering further into this very wide question, 

I may mention that Mr. G. F. Becker has lately published 
the full details of his studies of the Coast-Ranges of Cali- 
fornia, and that these tend to prove that, in comparatively 
recent geological times, vast masses of rock in that dis- 
trict have had their substance replaced in some cases by 
silica, and in others by serpentine ; the changes some- 
times taking place over considerable areas. These con- 
clusions, arrived at by the officers of the U.S. Geological 
Survey, if fully established — and therfe appears to be no 
room for doubt as to their general accuracy — are not less 
interesting and suggestive than they are novel and 
startling. 

XI. When, as the result of dynamical pressures, the 
crystalline constituents of rocks are brought into close 
contact, chemical affinity comes into play between them, 
and new mineral species result from the reactions that 
take place. This operation is facilitated, when, as a con- 
sequence of internal strains, differential movements^ are 
set up within the rock-mass, and rubbing or sliding 
contacts between its particles are brought about. 

Chemists are acquainted with many examples of che- 
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mical action following from the simple bringing into close 
contact of molecules. In the union of gases, when they 
are condensed by platinum-black, and even in the 
light rubbing of a safety-match on the match-box, we 
have illustrations of such phenomena. 

Spring has shown that, when powdered metals are 
mixed together and subjected to great pressures, union 
takes place between them, and alloys are formed. When 
dry anhydrous salts are similarly treated, double decom- 
position takes place, and new compounds are formed. 

Prof. Thorpe has shown that dry anhydrous salts may 
be made to react with one another by being simply rubbed 
together in a mortar ; and both Mr. Hailock and Prof. 
Spring are agreed as to the intensification of action which 
occurs when rubbing or sliding movements — attended 
with necessary multiplication of points of contact in 
compressed bodies — takes place. 

Lastly, it may be pointed out that Spring has recently 
shown time to be a very important factor in such changes, 
by allowing slow diffusion to take place at the surfaces of 
contact. 

That the rocks known as “crystalline schists and 
gneisses ” have had their peculiar characters produced 
by “ internal differential movements,” resulting from 
“ enormous irregular pressures,” was clearly recognized 
by Poulctt-Scrope, Darwin, Naumann, and Sharpe long 
before the researches of physicists and chemists had 
supplied us with the explanation of the phenomena. 
Modern petrography has confirmed and illustrated these 
conclusions, enabling us to study the actual stages of 
the processes of change by which, through the reaction 
of the constituent minerals of a rock under pressure, the 
whole mass resolves itself into a completely different 
mineral-aggregate. The labours of Lessen in the Hartz, 
of J. Lehmann in Saxony, and of H. Reusch in Norway, 
have been of especial value in establishing these import- 
ant conclusions. 

As an illustration of this kind of action, we cannot, 
perhaps, do better than take the case of a rock (gabbro) 
consisting of three somewhat unstable constituents (see 
Fig. 2), labradorite pyroxene (n), and olivine (c). In 



Fic. a. 


the rock from which the figure has been taken, there are 
clear evidences of its having been subjected to deforming 
stresses. Where the olivine, the least stable of the three 
mii\erals, is in contact with the labradorite, the silicates 
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of which they are composed have reacted upon one 
another. The result is seen in the formation of a zone 
between them, consisting of entirely new minerals — a 
pvroxene (d), and a hornblende (e). Similar changes, 
blit not so strongly marked, are seen to be in progress 
between the olivine and the pyroxene, and between the 
pyroxene and the labradorite. 

By carefully selecting and studying a series of speci- 
mens from the same rock-mass, every step in the meta- 
morphosis of a rock may be ^followed, from incipient 
changes like those in the case above illustrated, to the 
final disappearance of every vestige of the original mineral 
constituents of the rock, and the substitution of new 
mineral species. 

XI 1 . IVhen internal strains and differential movements 
affect a mass, which is at the same time undergoing re- 
crystallisation, the forms and relations of the crystalline 
particles that build up the new rock may be greatlj^modi- 
fied by the action of the mechanical forces. 

That perfect rest is a condition upon which well- 
developed crystallization depends, is a fact too well 
known to need dwelling upon here. That very small 
mechanical causes, such as the presence of foreign bodies, 
or the existence of rough surfaces, may determine the 
size and position of crystals in a solidifying mass, is also 

fact familiar to every chemist. By stirring or similar 
movements carried on within a crystallizing mass, granu- 
lation, or the formation of a number of small imperfect 
crystals, rather than of large and well-developea ones, 
is brought about ; as in the well-known Pattison’s process ' 
for desilverizing lead. 

The evidence of perfectly similar actions having taken 
place in crystallizing rock-masses is everywhere con- 
spicuous ; and the results are the same, whether the 
crystallization occurred in a mass passing from a fluid to 
a solid state, or in a mass which remained solid during 
the whole process of recrystallization. 

There are two structures which are especially exhibited 
by rocks that have been subjected to dynamo-meta- 
morphism which seem clearly to have been produced by 
such causes ; these are the structures known as ^^granu- 
litic and the foliated. 

The granulitic structure, which is so well exhibited by 
the rocks called “granuHtes,” is characterized by the 
crystals assuming the form of granules, having more or 
less rounded outlines, and lying in every position ; so 
that, under the polariscope, the mass resembles a fine 
mosaic. I have shown that well crystalline rock-masses 
(gabbros), when forced in a molten state through g^eat 
fissures, assume on their edges, where much friction must 
have occurred, this granulitic habit, which is sometimes 
exhibited in a very striking manner (Quart. Joum. Geol. 
Soc., xlii. 76, &c.). 

The foliated structure, so characteristic of schists and 
gneisses, consists in the separation along nearly parallel 
planes of leaf-like patches (folia) of the several mineral 
constituents of the crystallizing mass. Poulett-Scrope, 
from his study of the viscous lavas of Ponza, Lipari, and 
Hungary, and Darwin, from his study of the similar lavas 
of Ascension? were able to show that these rocks, under 
similar conditions, often assume a foliated structure. 
Perfectly granitic rock-masses, like the syenite of the 
Plauenschen Grund and the granitite of Aberdeen, some- 
times exhibit on their margins a distinctly foliated 
structure. 

It is worthy of notice that both the granulated and the 
foliated structures are produced in recrystallizing masses 
that are subjected to internal strains and ’ differential 
movements. They are equally produced whei\ the mass 
has been a liquid which has slowly passed into the solid 
state by the process of crystallization ; and when by the 
processes we have already considered the mass, retaining 
its solidity, has undergone internal molecular rearrange- 
ment and recrystallization. 
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A rock-tnass behaves as a viscous body, under slight 
pressures, when heat and the presence of water have over- 
come the cohesion of its particles. But the researches 
of Tresca and Daubrde have shown that, when subjected 
to sufficiently powerful stresses, the most perfectly solid 
bodies we know of behave like viscous bodies, and can be 
made to flow. 

In the foregoing remarks, my main object has been to 
show how far the physical and chemical principles, which 
have been established by actual experiment, are capable 
of explaining the phenomena observed by the geologist 
in studying the earth’s crust. I have especially avoided 
invoking any causes which must be regarded as hypothe- 
tical. 

Some of the actions relied upon as explaining the origin 
of the great features of the rock-masses which compose 
the earth’s crust may seem at hrst sight small and even 
insignificant. But the great lesson taught by modem 
geological science is that such small forces, operating 
upon enormous masses of matter during vast periods of 
time, are capable of effecting the most stupendous results. 

In speaking of statical pressure, I have net treated it 
as an agent of change, like heat or electricity, but simply 
as a condition under which these agents operate — one 
which may profoundly modify or control their action. 
Such pressure, too, may produce great effects by causing 
a closer contact and consequent chemical action between 
the molecules of a fluid made to penetrate a solid, or be- 
' tween the molecules of two solids forced into more perfect 
contact. Statical pressure may, further, prevent the 
escape of volatile materials even under extreme tempera- 
tures, and these substances, as in the case of the 
“mineralizers" of the French chemists, may exercise 
important influences on the solids or liquids within which 
they are retained. 

Dynamical pressure, especially when it results in 
differential movements in a mass, can certainly do all that 
is effected by statical pressure, and perhaps something 
more. That such motion is converted into heat there 
can be no doubt ; and some geologists, like the late R. 
Mallet and Prof. Prestwich, have argued that the heat so 
produced must have played an important part in the 
work of metamorphism. But considering the slowness 
with which the earth-movements have probably taken 
place, and the opportunities for the dissipation of this 
thermal energy, it may be regarded as at least doubtfbl 
if at a particular point in the rock-mass the temperature 
could ever have been raised to such an extent, that any 
very important part of the work of metamorphism ought 
to be ascribed to it. In the same way, we may, perhaps, 
regard the suggestion of Mr. Sorby that, during great 
earth-movements, mechanical energy is directly converted 
into chemical energy, as one in favour of which no con- 
vincing evidence has as yet been adduced. 

It is at least conceivable that the realm of excessively 
high pressures is one in which phenomena may be dis- 
played which are as anomalous as those exhibited under 
extremely low pressures — the high vacua of Mr. Crookes. 
But until such effects have been demonstral%d by actual 
experiment, it is unwise to invoke their aid in geological 
hypothesis. My great object, in the remarks 1 have 
venturied to offer you this evening, has been to show that, 
on well-established physical and chemical principles, the 
phenomena, which are exhibited by rock-masses that have 
been subjected to great pressures, are capable of satis- 
factory exp^nation. 


THE UNIFORM PENNY POST. 

O F all the jubilees that are now being celebrated, 
there is none which has had a more beneficial 
influence on the age than that celebrated last week at 
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the Guildhall, with such success and good mana^fement. 
There are some who deplore the decay of letter-writing, and 
even a few who regard the penny post as an unmitigated 
evil, but no one can fail to perceive that the conduct of 
the great commercial business of this country would have 
been impossible without cheap postage. 

We are not celebrating the penny post. This was 
proposed in 1659, by one John Hill, an attorney of York 
— curiously enough a namesake of Sir Rowland’s — who 
showed its practicability and advocated free trade in 
letter-carrying. He proposed a rate of \d, in England, 
‘id. in Scotland, and \d. in Ireland, as well as 3</. 
per ounce for sm^l parcels. 

Nor are we celebrating the invention of adhesive 
stamps, but the introduction, in 1840, of that great 
measure which swept away a sliding scale of postage of 
single letters written on single sheets of paper which 
varied between 4^. and ir., and a system of franking that 
had grown, even in the reign of our present Queen, to a 
most shameful abuse. Envelopes or covers and enclosures 
involved double postage. If the letter weighed an ounce 
the rate was quadrupled. A single letter, London to 
Brighton, cost 8</., to Edinburgh u. lirf’., to Cork i.r. s</. ; 
or if it weighed 1 ounces, to Edinburgh yj. 74 <f., to Cork 
gr. \ \d. The number of letters passing through the post 
in 1839 was 76,000,000. In 1889, it amounted to 

1.600.000. 000, and this excludes newspapers, post-cards, 
books, and parcels. The grand total for 1889 was 

2.362.000. 000. 

It is not too much to say that the transport of this 
enormous mass of material would have been impossible 
but for the advent of steam. Railways and steam-boats 
have led to the possibility of the uniform post. Telegraphs 
have made its administration practical and simple. 
Without these practical applications of science its suc- 
cess would have been impossible. Pack-horses, mail- 
coaches, and sailing-vessels, would have failed to transport 
mails with the celerity, trustworthiness, and regularity, 
that are the essentials of a true postal service. 

The Stuarts made the Post Office a monopoly of the 
Crown ; and the Commons, who in Charles’s day de- 
nounced the establishment of the monopoly, promptly 
proceeded by Cromwell’s soldiers to put down John Hill 
and his free trade in letters. It has remained the 
monopoly of the State, and its work is well done, but this 
is due to the fact that it is so well supervised by the public 
itself, every member of which is interested in its well- 
wqrking. If the breakfast table is not garnished with the 
expected letters, if any abuse, want of accommodation, or 
delay occurs, the press or the House of Commons soon 
wants to know the reason why, and the remedy is at once 
applied. In fact, the public is the master and the postal 
service knows it. In no service in the world can there be 
found more zeal, energy, and attention. The rewards arc 
not quite so evident. Although this is the jubilee year. 
Post Office names were conspicuous by their absence from 
the Queen’s Birthday honours, and even such ardent re ■ 
formers as Mr. Henniker Heaton, with an ignorance that 
is surprising, speak in conten;iptuous terms of the unim- 
pressionable mind of the red-taped official. 

The most scientific branch of the Post Office is un- 
questionabl;y the telegraphic. Many Years were enter- 
tained that its efficiency would deteriorate under the sup- 
posed chilling influence of Government monopoly, but 
these fears have not been realized. Facilities have been 
increased, business has been developed, improvements 
have been introduced, new processes nave not only been 
adopted but originated, and our Postal Telegraph De- 
partment unquestionably holds the most prominent posi- 
tion in the world at the nresent moment. The number 
of messages, which in 18^, the year before the transfer, 
amounted to 6,000,000, now reaches over 60^000,000. 
Duplex, quadruples, and'sexuplex methods have been 
made practica*. The automatic system of Wheatstone, 
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which its ardent inventor hoped would work well at 120 
words, now works equally well at 600 words a minute. 

The telephone, owing to mismanagement and the 
operation of our Patent Laws, has not received much de- 
velopment in England yet ; but with the expiry of the 
patents at the end of this year it is hoped that every 
post-office will become an exchange, and the business of 
telephony will flourish as well in England as it has in 
Sweden and Norway and some of the smaller States in 
Europe. Competition and free trade will certainly tend 
to bring this marvellous and beautiful apparatus within 
the sphere of every domestic circle. 

It is marvellous how science is rapidly becoming a 
household god. The electric light, bells, and telephones 
must prompt all to some knowledge of electricity. Ventila- 
tion, sanitation, pure water, warming apparatus, lead to a 
knowledge of other scientific principles. The laws of 
Nature are rapidly but surely becoming as familiar in 
our mouths as household words. 

PENDULUM ELECTROMETER. 

T N order to obtain an inexpensive apparatus by which 
the nature of electrostatic measurements could be 
clearly presented to students, and the measurements i 
carried out before a class with case and despatch in abso- ! 


lute units, Prof. Mayer, of the Stevens Institute of Techno- 
of New Jersey, has arranged the apparatus shown 
in the accompanying figure. 

It consists of a gilt pith ball of i cm. radius, made of 
pieces of pith cemented together, and suspended at a 
distance of 364 cm. from the ceiling by a very fine silk 
fibre passed through a small staple driven into the ball. 
The ends of the fibres are attached to the ceiling at a 
distance of 52 cm. apart, and arranged so that the sus- 
pended ball can be raised or lowered, until it is at the 
same height as a brass ball, also of i cm. radius, sup- 
ported on a glass rod, coated while hot with paraffin wax. 
A force of i dyne acting on the suspended ball deflects 
it through I3'3 mm., and, as 2° deflection was the maxi- 
mum employed, the scale was inclined to the horizontal 
so as to coincide with the chord of an angle of 2°. 

If a charge be given to the two small balls when in 
contact, and when therefore it will divide equally l^etween 
them, the charge on either in absolute electrostatic units 
equals 



where d is the deflection in centimetres of the pendulum 
from the vertical, and D the distance in centimetres 
^between the centres of the two balls. 



To test the sensitiveness of the apparatus, the ball on ; 
the stand was placed at various distances from the sus- I 
pended one, and the force between them observed. The 
law of the inverse squares was found to be verified with 
an error of less than 1 per cent, when D was over 5i cm. 
Next the gradual diminution of the deflection when the 
brass ball on the stand was* in a fixed position was used 
to measure the rate of loss of charge, and it was found 
that the measured leakage to earth was proportional to 
the measured charges with a considerable degree of 
accuracy in several experiments, and with a maximum 
error of 20 per cent, in the most discordant e.xperiments. 
Then the pendulum electrometer was used to measure 
the electric distribution over the surface of a cylinder, a 
proof plane being employed to convey the charge from 
diflferent parts of the surface the cylinder to the 
pendulum electrometer, and results were obtained closely 
agreeing with those obtained by Coulomb. Lastly, the 
potential of the large sphere was experimentally deter- 
mined in absolute electrostatic units for different charges 
given to it. 
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NOTES. 

We are glad to learn that the President of the French Republic 
has conferred on Prof. Sylvester and Prof. Cayley the “ Decora- 
tion d’ORicier de la Legion d’Honneur.” This honour has been 
granted in consequence of a request addressed to the French 
Minister of Foreign Affairs by the President and other members 
of the Academy of Sciences. 

Lord Rayleigh has been elected a corresponding member 
of the Imperial Academy of Sciences in Vienna. 

The French Association for the Advancement of Science will 
hold its nineteenth meeting at Limoges from August 7 to 14. 
Various English men of science have been invited by the Bureau 
of the Association to attend the meeting, and they 'are asked to 
let their decision be known before July i. Those of them who 
accept the invitation will be the guests of the Municipality of 
Limoges. 

The Queen has been pleased to approve of the grant of Civil 
List pensions to Miss Charlotte, Ruth, Margaret, and Rose, 
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daughters of the late Rev. M. J. Berkeley, F.R.S* A Civil 
List pension has also been granted to Mrs. Wood, widow of the 
J<ev. J. G. Wood, the well-known popular writer on natural 
history. 

Dr. James Clark, M.A. (Edin.), Ph.D. (Tubingen), Royal 
Exhibitioner and Associate in Botany, Prizeman in Geology 
(Edinburgh University), has been appointed Professor of Natural 
History in the College of Agriculture, Downton, Salisbury. Dr. 
Clark has recently been employed on important work in the 
Natural History Department of the British Museum, and is the 
author of several papers on geology and biology. 

A Chair of Mechanical Engineering is about to be estab- 
lished in connection with the University College of South Wales 
and Monmouthshire, Cardiff ; and the authorities of the institu- 
tion arc already looking about for a suitable professor. A lec- 
tureshifh in mining engineering will shortly be founded at the 
same College, and electrical engineering is also to receive 
attention. 

The Annual Congress of the British Archaeological Associa- 
tion will be held at Oxford in the second week of July. 

An important International Photographic Exhibition will be 
held in Vienna in April next year. The Photographic Nezvs 
says it is intended that only comparatively recent work, and thal 
of the best kind, shall be shown. A jury of artists and photo- 
graphers will decide as to the admission of pictures. The 
Exhibition will be held in the Imperial Austrian Museum of Art 
and Industry. 

Mr. Thomas Layton, F. S.A., of Kew, who has for many 
years been engaged in forming a museum of the prehistoric 
antiquities of his district, has lent to the British Museum a fine 
series of bronze swords, spears, and axes, all found in the River 
Thames between Richmond and Battersea. The loan is shown 
in a case by itself. 

A Scientific and Industrial Exhibition was to be opened at 
Kazan on May 27. It will contain exhibits from Eastern Russia, 
Siberia, Central Asia, and the Caucasus, and promises to be of 
great interest to ethnographers. 

Dr. Adolf Struuell, of Frankfort, who started on a 
journey of zoological research in India in March 1889, is now 
in Java making scientific collections, which he intends to present 
to the Scnckenberg Museum of Frankfort. 

The celebration of the six hundredth anniversary of the 
foundation of the University of Montpellier has been most 
successful. All the great technical schools of Paris and the ^ 
French provinces were represented, and deputations from many 
foreign Universities were present. The proceedings began on 
May 22, when there was a great reception in the University 
hall. M. Chancel, the Rector, welcomed the guests, and Prof. 
Tedenat sketched the history of the University and its most 
celebrated professors. On the following day M. Carnot arrived. 
The delegates of foreign Universities, followed by those of 
the great French schools, marched from thc^ University to 
the Prefecture to be presented to the President of the 
Republic ; and, if we may judge from a description by a 
correspondent of the Times^ the procession must have been a 
remarkably interesting spectacle, the French and foreign 
professors being in robes of the most varied colours. The pave- 
ment and balconies along the route were crowded by men, 
women, an 4 children. After the ceremony at the Prefecture 
the company proceeded to a park overlooking the town, com- 
manding a view of the Cevennes on one side and the Mediter- 
ranean on the other. Several speeches were delivered under an 
awning. The Rector of the University thanked the President 
for having honoured the celebration by his presence. M. Croset 
gave a history of the University, and dwelt on the great trade 
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of Montpellier in the Middle Ages, and its relations with the 
Arabs and Jews. Its most flourishing period, he said, was from 
the twelfth to the fourteenth century, and Petrarch spoke of it 
as a kind of ideal University. It made special progress in 
studies based on the observation of nature. The delegate of 
Bologna, the most ancient University represented, thanked M. 
Carnot for his reception of the foreign delegates. M. Bourgeois, 
Minister of Education, in a much-applauded speech, said the 
Government recognized the justice of the desire expressed by 
Montpellier and the other great schools to resume the name of 
University and the privileges associated therewith, and the 
question would shortly be discussed in the Chamber. We may 
specially note that the later proceedings included the presentation 
of an address by French men of science to Prof. Helmholtz, 
who represented the University of Berlin. 

The Ktmigliche Physikalisch-Oekonomische Gesellschaft of 
Konigsberg, one of the oldest societies of its kind, recently 
celebrated its centenary. It met first in Mohrungen, but in 
1792 was amalgamated with the Economical Reading Institute 
of Kiinigsberg, and thereafter bore its present name. In 
its earlier years it dealt chiefly with rural economy and agri- 
culture. I.ater on, questions of natural science came more to 
the front, partly under the influence of Karl Ernst von Baer, the 
most illustrious name in the Society's annals. Still later, the 
Society had an anatomist of note among its members, Heinrich 
Rathke, who did good work in the same field as von Baer. 

Dr. T. a. Hirst, a former President of the Association 
for the Improvement of Geometrical Teaching, has presented to 
the Association, for its library, a valuable gift of forty volumes 
on geometry. The Association has also acquired by purchase an 
interesting collection of about twenty-five older text-books, in- 
cluding the “Treatise on Algebra by Saunderson, the blind 
Lucasian Professor, and Stirling's “ Methodus Differentialis. " 

On Wednesday, May 21, a public meeting was held at the 
Mansion House “to promote the national work undertaken by 
the committee for testing smoke- preventing appliances.*' The 
Lord Mayor presided. Lord Derby proposed a resolution 
approving the objects of the committee. He thought that the 
diminution of smoke, and its necessary accompaniment dirt, was 
a matter which concerned everyone, except those who were 
fortunate enough to live away from great towns. Indifference 
was the real difliculty which they had to encounter, but in 
England anything which came to be recognized as a want was 
eventually supplied. The expenditure of fuel in creating dirt — 
for that was what it came to — was a waste of fuel itself, and the 
injury caused to property was not inconsiderable. He believed 
that more than three-fourths — he would say something like ninc- 
tenths — of the smoke from collieries and factories was absolutely 
preventable, though some trouble and outlay would be required. 
Possibly more stringent legislation would be needed, but let 
them first try the experiment of enforcing the laws which they 
already had. Lord Howard of Glossop seconded and Prof. 
Chandler Roberts- Austen supported the resolution, which was 
carried unanimously. On the motion of Sir Henry Roscoe, 
M.P., seconded by Earl Fitzwilliam, and supported by Alder, 
man Bowes (Salford), a resolution was passed in favour of the 
raising of a ftind to meet the expenses of the work. 

Some interesting explorations have juk been made in con- 
nection with the famous Adelsberg Cave. The Vienna Corre- 
spondent of the Daily News says that various citizens of 
Addsbeig, wishing to ascertain whether the Ottoker Cave, dis- 
covered a year ago at somb distance from Adelsberg, was in any 
way connected with the great cave, followed the course of the 
subterranean river Poik. It was known that forty years ago a 
party of explorers had their progress barred by a large lake, and 
the present adventurers therefore carried with them a boat. 
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Having successfully crossed the body of water mentioned, they 
came to lofty galleries through which the river flowed. It was 
possible to walk on the banks of the stream, but at intervals it 
expanded into small lakes, and the boat had to be used. At 
last the gallery branched into two corridors, one of which the 
stream rendered impassable, while the other was high and quite 
dry. The boat was dragged up, and the party proceeded. After 
crossing a fourth lake, the largest they had met, they found that 
the Ottoker Cave had been reached. The journey through the 
galleries lasted six hours. The explorers saw that they had by 
no means penetrated to the remotest parts of the grotto, and 
there is evidently still a wide field for discovery. 

According to a telegram sent through Reuter’s Agency from 
New York, a slight shock of earthquake was felt at Utica and 
at other points in the northern portion of New York State on 
May 25. The disturbance was felt more severely in Mont- 
gomery County. At Little Falls the shock was sufficiently 
strong to cause dishes and other similar articles to rattle, and 
subterranean rumblings were heard, while at Fort Hunter the 
buildings were so shaken that beds were moved and their 
occupants awakened. No damage was done. 

Another telegram, sent through Reuter’s Agency from Con- 
stantinople on May 26, tells of the destruction of an Armenian 
village by an earthquake. The village was Kayi, in the district 
of Refahie. Mineral springs spouted from the crevices made in 
the ground, and flooded the fields. There was no loss of life, 
as two days previously subterranean rumblings were heard, and 
cracks appeared in the ground, in consequence of which the 
craimakan of the district ordered the inhabitants to leave the 
village. 

On Sunday last an influential meeting was held in Madrid, at 
the official residence of the Prime Minister, to prepare the way 
for the celebration, in 1893, of the four hundredth anniversary 
of the discovery of America by Columbus. The meeting 
selected a Grand Committee, which will act in concert with 
the Spanish Government and the Royal Commission appointed 
some time ago, and presided over by the Duke of Veragua, a 
lineal descendant of Columbus, and the present Minister of 
Public Works. The Madrid Correspondent of the Daily Ncivs 
says that the most eminent among Spanish statesmen, as well as 
artists, writers, men of science, and military men, will assist on 
the organizing committees. It is proposed that the centenary 
shall be celebrated, if possible, by an Exhibition at Madrfd. 
Vigorous preparations are also being made at Genoa for the 
suitable co mmemoration of the same great event. 

The Danish Admiralty has ordered systemcatic hydrographical 
observations to be made all round the Danish coast. They, be- 
gan on May i, and are to be continued regularly once a month 
on all lightships and on five movable stations. The object of 
these observations is to obtain detailed data concerning the 
ichthyological and meteorological conditions of the Danish seas. 
Special apparatus has been constructed by Captain Rung for 
the measurement of the percentage of salt in the sea-water. 

We learn from Scfence that, at a recent meeting of the Ame- 
rican Meteorological Society in Washington, resolutions were 
adopted ‘‘favouring the recognition of the eminent services of 
American electricians by perpetuating their names^in the nomen- 
clature of electrical units.” At the Electrical Conference to be 
held in America in 1892, it will be proposed that the name of 
Joseph Henry— or some modification of it — shall be given to 
the unit of self-induction, “ he having been the first to investi- 
gate that phenomenon, and his investigations having been more 
complete than those of other electricians before or since.” 

The temperature of snow at different depths has been in- 
vestigated by Signor Chistoni. He finds that the variations in 

NO. 1074, VOL. 42] 


temperature of the lowest layer, next the ground, are extremely 
small, whilst the uppermost layer has often considerably higher 
temperature (as much as lo** C. at times). The temperature 
niinimum of the air-layer next the snow was always lower than 
that of the uppermost snow-layer, while an air-layer about 20 
inches above the snow had a higher temperature than the layer 
I *2 inches above the snow. 

Dr. J. Hann communicated to the Academy of Sciences at 
Vienna, on April 17, a memoir ^n the high air-pressure of 
November 12-24, 1889, in Central Europe, together with 
remarks upon high-pressure areas generally. As this anti- 
cyclone lay nearly the whole time over the Alpine district, 
observations could be made at various stations up to a height 
of above 10,000 feet. Dr. Hann found (l) that the high 
pre.ssure extended to more than three kilometres above sea- 
level ; (2) that at this altitude the relative warmth was%s great 
as at a height of one kilometre, while the usual depression of 
temperature of winter anticyclones was limited to a few 
hundred feet above the earth ; (3) that great dryness prevailed 
in the higher strata of the air. The author finds in these 
results a cogent reason for concluding that in barometrical 
maxima the air has a descending motion, and that the 
^conditions of pressure are not explained by conditions of 
temperature, but are a consequence of the movement of the 
air. The temperature conditions are dependent upon the move- 
ments of the anticyclones, in the same way as the dryness of 
the air, and the clearness of the sky. In another section of the 
paper he investigates the vertical distribution of temperature 
in a barometrical minimum. During one instance, on October 
9-10, 1889, he found that the temperature on the summit of the 
Sonnblick was lower than during the barometrical maximum 
above quoted. Until the establishment of mountain stations, 
the temperature was assumed to be one of the chief causes of 
the form of motion of cyclones and anticyclones, but future 
inquiries must take into account that up to at least four or five 
kilometres the temperature of the centre of an anticyclone may 
be, and probably always is, higher than in the centre of a 
cyclone. 

In a recent number of the Zcitschrijt fur Schiil’Geographie^ 
Mr. H. Habenicht has written an article on the causes oL the 
cyclones of the North Atlantic. The author points out that, if 
the globe were covered with water, the general circulation of 
the air would be very regular, without local depressions and 
steep barometric gradients, and he refers to the contrast of the 
systems prevailing, between the South Pacific and the North 
Atlantic. He finds the explanation primarily in the obstruction 
offered to the regular courses of fhe winds by the great con- 
tinents to the east and west of the Atlantic ; and, secondly, in 
the constant barometrical maxima over the continent in winter 
and in the neighbourhood of the Arctic regions. 

The Massachusetts Institute of Technology, Boston, has 
issued the twenty-fifth annual catalogue of ^ its officers and 
students, with g statement of its courses of instruction and a list 
of its alumni. The courses of study include the physical, che- 
mical, and natural sciences and their applications ; pure and 
applied mathematics ; drawing ; the English, French, German, 
and other modern languages ; history ; political science ; and 
international and business law. It is claimed that these studip^ 
and exercises are so arranged as to afford a liberal and practical 
education in preparation for active pursuits,, and^a thorough 
training for most of the scientific professions. 

In the entomological part of the forty- first Annuaf Report of 
the trustees of the New York State Museum of Natural History, 
lately published, reference is made to the statements which haye 
been advanced as to the long imprisonment of beetles within furni- 
ture. The writer suggests that when such cases occur the condi- 
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tions may bring about a lethargic state» in which respiration 
and accompanying phenomena are almost or entirely suspended 
through the complete exclusion of air (a hermetic sealing) by 
the nibbing, oiling, varnishing, or other polishing which t)\e 
furniture has undergone. As an instance of prolonged vitality, 
he quotes an extract from the third Report on the insects oi 
New York, by Dr. Fitch. In this passage Dr. Fitch says : — 
**In 17S6, a son of General Israel Putnam, residing in Wil 
liamstown, Mass., had a table made from one of his app'e-trees. 
Many years afterwards the gnawing of an insect was heard in 
one of the leaves of this table, which noise continued for a year 
or two, when a large, long-horned beetle made its exit therefrom. 
Subsequently, the same noise was heard again, and another 
insect, and afterwards a third, all of the same kind, issued from 
this table-leaf — the first one coming out twenty, and the last one 
twenty leight, years after the tree was cut down.’^ The evidence 
before Dr. Fitch convinced him that the insect was the longicorn 
beetle Cera$phoru$ balUatus^ now known as Chion cinctus 
(Drury). 

The American Naturalist quotes from the Salem Register 
an extract from which it seems that the museum of the Peabody 
Academy of Science of Salem, Mass., has lately been enriched 
by a fine collection of objects illustrating the art and ethnolog)| 
of Japan. This has been formed by Prof. Edward S. Morse, 
who some time ago spent several months in Japan. The cata- 
logue of Japanese accessions enumerates 691 specimens, the 
most conspicuous objects being life-sized figures, representing 
different classes of the community. These models were all 
made for the museum, and are the best that have ever been 
brought to America. The collection also includes many fine 
old swords, sets of tools, and pictures illustrating various trades 
and professions. 

Some curious electrical phenomena were lately observed 
(according to a writer in the Chemische Zeitung) in a stearin and 
ceresin manufactory in Italy. One evening four vats of white 
ceresin (which is a paraffin got from ozokerit), containing about 
500 kg. each, were being stirred to cool. When the point of 
solidification was nearly reached, the electric light of the place 
accidentally went out ; and, to the surprise and alarm of the 
rather ignorant workmen, the mass of ceresin was observed to 
give pale sparks on the slightest motion. If the hand was brought 
near, loud sparks nearly two inches long were obtained. The 
phenomenon lasted over half an hour. 

A VALUABLE collection of Tibetan medical works and drugs 
has been brought by M. Ptitsyn from Transbaikalia. He has 
also collected most interestmg information as to the courses 
of study at the Buddhist lamas^ University at the Gusinoie Ozero 
Monastery in Transbaikalia. The curriculum lasts ten years, the 
first four of which are devoted to the study of the Tibetan and 
Mongol languages, to religious service, and to practice in draw- 
ing and various handicrafts. The next three years are given to 
medicine. During the first of these three years the pupils learn by 
heart the five volumes of the chief Tibetan hand-bo^ks of medicine, 
and the names of the drugs. The next two years are given to 
the study of therapeutics and surgery. The students also visit 
the Urga High School to follow the courses of the more re- 
nowned Tibet lamas, who come to Urga on purpose. The 
eighth year is given to astronomy and astrology, and the last 
two to philosophy and theology. Medicine is studied only by 
those who wish to devote themselves to the medical profession, 
and the courses of astronomy, astrology, philosophy, and 
theology ate followed only by the best pupils. The chief 
(printed) medical work of Tibet is the ** Rodijachava,’’ or ** The 
Tale of the Curkhan Otochi (god of Medicine) about what 
formerly was,'' a copy of which was secured by M. Ptitsyn. 
The Tibet medical authorities recognize 101 fundamental 
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diseases, and M. Ptitsyn gives the names of 429 elements of 
drugs used by the Buddhist physicians. He notices that of the 101 
diseases only two (paralysis and a kind of influence of the 
planets) are attributed to a mythical origin, and that of the 429 
drugs only three have a similar origin (the bones of a dragon, 
the horns and the skin of the unicorn). The remainder are 
chiefly herbs, seeds, fruits, roots, and flowers, and partly mineral 
matters. They are all bought in Chinese drug-shops, except 
quinine, which is bought in Russia. M. Ptitsyn was allowed to 
visit one of the drug-shops, and found all drugs kept in order in 
separate drawers. He has brought to St. Petersburg samples of 
202 different drugs, which will be analyzed at the Medical 
Academy. 

Some sea-urchins are known to live in cavities in rock. And 
the diameter of the cavity is often wider than that of the en- 
trance, so that the animal could not leave its home or be taken 
out without injury. On the EVench coast of Croisic (Lower 
Loire) may be seen thousands of urchins thus ensconced in the 
granite rock, which is rich in felspar and quartz. The animals, 
it is not doubted, make and widen the holes for themselves ; 
but the question how has not been satisfactorily answered. 

I Chemical solution of the rock seems excluded, considering both 
the nature of the latter, and also that no acid which could be 
thus used has been proved to exist in the urchin. The matter 
has been studied lately by M. John, and in an inaugural disserta- 
tion {Arch. f. Naiurges.) he explains the effects by mechanical 
action. With the so-called lantern of Aristotle the animal 
probably bites the rock ; the sucker feet are also attached, and a 
rotatory motion is imparted to the body, the prickle points, with 
the lantern, gradually wearing down the surface. These cavities 
afford a shelter to the urchins against the action of the waves. 
An attempt is made to conceal them by means of mussel and 
other shells. The rocks in which the cavities occur are 
in general thickly covered with calcareous Algm. It has been 
thought that possibly these decompose the rock, and so 
facilitate the work of the urchins, M, John, however, finds no 
such chemical relation, but atmospheric agencies, he considerii, 
may help the work of boring. A number of other animals are 
known to penetrate rock, and it is supposed that they do it also 
in a mechanical way. Recently, M. Forel described to the 
Vaudois Society of Natural Sciences how in the hard limestone 
of Constantine, Algiers, Helix aspera was found in holes 4 to 5 
inches in depth. 

^It has been hitherto impossible, by the most careful and 
subtle methods, to produce absolutely pure water. Such water, 
it is thought, would have no conductivity for the galvanic current 
but, as a matter of fact, there is always a measurable con- 
ductivity, which, in glass- vessels e,g., gradually grows from day 
to day, through glass being dissolved. It has been lately ob- 
served by Herr Pfeiffer ( Wied^ Ann.) that water purified as much 
as possible, and standing only a short time in c >ntact with the 
air, showed next day a continuous decrease of conductivity, 
which gradually disappeared, giving place to the normal un- 
avoidable increase. After testii^ various explanations of this by 
experiment, he came to the conclusion that the true explanation 
is micro-organisms coming into the water, and absorbing the con- 
ducting substances present. On this assumption such organisms 
would appear to have an almost absolute power of absorption, 
something like that of sulphuric acid for water- vapour. 

Mr. L. Upcott Gxll has issued the first part of a volume 
entitled British Cage Btrdsi^^ by Mr. R. L. Wallace. The 
work will be completed in 15 parts, and will contain directions 
for breeding, reariogy and managing the various British birds 
hat can be kept in confinement. Mr. Gill has published also 
he first part of The Canary Book,'* by the same author. 
Both works are illustrated with coloured plates and wood-en- 
iravings. 
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In tlie new number of the InterncUionales Archiv fiir Ethpio 
graphic^ Hermann Strebel continues his paper on a peculiai 
kind of stone object^ found in Mexico and Central America, 
which is generally supposed to have been used in connection 
with the sacrifice of human victims, j It is fashioned in th< 
shape of a yoke or bow, and enriched with sculpture. Her; 
Strebel shows that it waa worn as a mark of honour by persons 
of high rank. The sculpture was, he believes, of a symbolical 
character. Dr. L. Lewin, of Berlin, contributes an interesting 
paper on betel-chewing, adding fresh information to that which 
he brought together in a previous article. M. de Clercq gives 
some notes (in Dutch) relating to New Guinea, and Herr H 
Vos deals with the area of anthropophagy on the Asiatic 
continent. 

The Leicester Literary and Philosophical Society has issued 
the third part of the second volume of its Transactions (new 
quarterly scries). Among the contents are the abstract of 
an address, by Prof. Flower, on pygmies ; a paper on spiders, 
by the Rev. W. Agar ; and a contribution to the ptcrylography 
of birds* wings, by W. P. Pycraft. 

We have received Part 20 of Cassell's “New Popular Edu- 
cator.** It is carefully illustrated, and contains maps of Eastern 
Australia and New Zealand. 

Mr. John Wheldon has issued a catalogue of zoological 
works, and papers, transactions, and journals relating chiefly to 
anatomy and physiology. A catalogue of works on astronomy, 
magnetism, and meteorology has been issued by Messrs. Dulau 
and Co. 

Pyrazol, C3H4N2, the fundamental base of a rapidly growing 
series of compounds, has been synthesized by Prof. Balbiano, of 
Messina, from epichlorhydrin and the recently isolated hydrazine 
hydrate {Berichte^ No. 8, p. 1103). Pyrazol is a pentagonal 

CH— CH 

closed chain compound, which may be represented CH N , 


The reaction between epichlorhydrin and hydrazine hydrate is a 
somewhat violent one, a considerable amount of heat being 
generated. It appears to take place in the manner indicated 
by the following equation : — 

CII.. 

I >0 

CII + 2N2H4 . HaO = C3ll4Na + NjH^ . IICl + jHjO + H.. 
CHgCl 

Equal weights of epichlorhydrin and hydrazine hydrate, which 
latter is a liquid boiling at iiq^’C., are cautiously mixed in a 
flask, to which is immediately fitted a reflux condenser. The 
reaction completes itself in 3-4 minutes without any external 
application of heat. When the reaction is at an end, and the 
last trace of the epichlorhydrin has disappeared, the flask and 
contents are heated in a water-Cath for 25 -30 minutes. After 
allowing to cool, a quantity of zinc chloride equal to that of 
either of the reagents is added, in order to facilitate the splitting 
off of water. The whole is afterwards again heated for an hour 
over the water-bath. The yellow waxy mass so obtained is then 
mixed with 300-400 c.c. of water for every 10 grams of either 
reagent employed, and the mixture distilled in steam. Pyrazol 
and ammonia distil over in the steam together, and, in order to 
separate the pyrazol, the distillate is treated with a solution of 
mercuric chloride, which produces a mixed precipitate of the 
mercuiy compound of pyrazol and mercurammonium chloride. 
The precipitate is suspended in water, decomposed with sul- 
phuric acid, and the solution of pyrazol hydrochloride and sal- 
ammoniac evaporated to the crystallizing point on the water- > 
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bath. The residue is then decomposed by potash, and the 
pyrazol extracted by ether. Upon evaporation, pyrazol is ob- 
tained as a mass of hard colourless needles. The crystals of 
pyrazol are readily soluble in cold water, with production of a 
neutral solution. They possess an odour very similar to that of 
pyridine. They melt to a colourless liquid at 69*5®-7o^ and the 
liquid boils at I86^-I88^ The aqueous solution gives a white 
precipitate with mercuric chloride solution and with an ammo- 
niacal solution of silver nitrate. In all these respects the pyrazol 
thus prepared from epichlorhydrin* and hydrazine hydrate is 
identical with a substance of the formula C3H4N3 prepared some 
little time ago by Buchner by heatingthe methyl ether of acetyl 
ene-dicarboxylic-diazoacetic acid. A concentrated hydrochloric 
acid solution of pyrazol gives, with platinum chloride, a pre- 
I cipitate of lustrous yellowish-red needles of pyrazol-platinate 
I (C3H4N2 . HCljaPtCU . 2H2O. When this salt is heated to 
205^ the colour changes to straw-yellow, and remains ^erma- 
I nent up to 250^ The yellow substance is a definite com- 
pound, insoluble in water, and possessing the composition 

It is formed from pyrazol-platinate by loss of 
I two molecules of water and four molecules of hydrochloric acid. 

The additions to the Zoological Society's Gardens during the 
p%st week include two Beatrix Antelopes (Oryx btatrix S 9) 
from Arabia, presented by Colonel Ross ; a North African Jackal 
{Cams antkus) from North Africa, presented by Captain Hay ; 

I a Common Paradoxure {Baradbxurus typus) from India, pre- 
sented by Mr. C. Armstrong King ; a Vociferous Sea Eagle 
{HaliaHtts vocifer)^ a White-crested Tiger-Bittern {Tigrisoma 
’ IcHcolophuvi) from West Africa, presented by Mr. J. B, Elliot ; 
a Mexican Guan (Penelope purpurascens) from Mexico, presented 
by Mr. J. W. Dawe ; two Common Kingfishers (Alcedo isptda)^ 
British, presented by Mr. T. E. Gunn ; a Tawny Owl (Syrnium 
liuco)^ British, presented by the Hon. C. Parker ; two All-green 
Snakes (Philodryas virtdisstmus\ two Nat terer’s Snakes (T^rrwz/^?- 
dynastes nattereri\ two Merrem's Snakes (Liophis merremi\ a 
Chequered Elaps (Elaps lemniscatus) from South America, 
presented by Mr. A. C. Derrett ; a Barraband's Parrakeet 
(Polytelis barrabandi) from New South Wales, a Brush Turkey 
(TaUgalla lathami) from Australia, deposited ; an Eland (Oreas 
canna (5), bred in France, two Diademed Jays {Cyanocitta 
diademata) from Mexico, two Temminck’s Tragopans (Ceriornis 
tcmmincki 6 9) from China, purchased ; two Persian Gazelles 
(Gaze! la subgntterosa 6 6), born in the Gardens. 


OC/E ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on May 29 
i4h. 29m. 9s. 

Remarks. 

Name. ^ j Mag. | Colour. R. A. 1890. Decl. <890. 

ha m. s. ^ ^ 

;OG.c. 3M ... — — 1 14 M 45 +4 *6 

.a) D.M. 4 - x 5 ® 2758 S Reddish-yellow, t 144045 +15 35 

x 3 )o BoOtis 4 Whitish-yellow. ' 14 40 6 +17 a 6 

UiCBuetis ... ... 3 White. I 14 35 54 +<4 

, 5 ) X Cygni Var. i Very red. | 19 ao 4-32 38 

(1) There are no very bright nebulae which ccune to the 
meridian near lo o’clock during this week, but the one given is 
probably one of the brightest. The General Catalog!^ descrip* 
ion is : Bright, pretty large ; round \ pretty suddenly brighter 
n the middle ; barely resolvable (mottled as if with stars} ; a 
[2th magnitude star in w/* quadrant.** The spectrum has not 
been recorded. 

(2) According to Vogel and Duner this star has a magnificent 
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spectrum of Group II. All the bands 1-9 are plainly visible ; 
they are wide and dark throughout the whole length of the 
spectrum. The chief observations required of such a star as 
this are direct comparisons with the bright carbon flutings, as 
their existence in stars of the 2nd group is still not generally 
accepted, although Dr. Copeland demonstrated it most con- 
clusively in the so-called “Nova” Orionis. Our ideas of the 
constitution of this class of stars must turn almost entirely on 
this point ; if the bright flutings exist, the stars, like comets, 
must consist of discrete masses. 

(3) This is a star of the solar type (Vogel). The usual 
observations are required. ‘ 

(4) The spectrum of this star is one of Group IV. The usual 
additional observations are required. 

(5) This highly interesting variable will reach a maximum on 
May 30. Tlie magnitude at maximum varies from 4 to 6*5, 
whilst that at minimum is below 13. The change of luminosity 
is therefore enormous, and it is obvious that many of the ex- 
planations offered for different kinds of variables, such as 
variatibn of spotted area, are quite insufficient for a case like 
this. The period is about 406 days, but it appears to be shorten- 
ing. The spectrum is a magnificent one of Group II., and near 
the maximum last year Mr. Espin noted the presence of bright 
lines, amongst which the line D;j was very bright. In future 
observations, the bright carbon fiutings should also be carefully 
examined, as it seems very probable that, if they exist, they will 
brighten along with the lines of hydrogen and D3. If the 
principal fluting, near be sufficiently bright, the 2nd maximum 
of the fluting may be bright enough to be measured. The 
collision theory of variability seems to explain this class of 
variable in eveiy detail, even to the lengthening of the period, 
for the retardation which the secondary swarm would undergo 
at maximum must inevitably in time lengthen the period. 

The Spectrum of Comet Brooks {a 1890). — On the 
evenings of May 21, 22, and 23, I made some observations of 
this comet which may not be without interest. On the 21st the 
appearance of the comet was not unlike that of the Nebula in 
Andromeda, except that it was almost circular instead of 
elliptical in shape. The colour of the comet was whitish, and 
the nucleus was rather ill-defined. The spectrum was to a large 
extent continuous, but there were also unmistakable bright 
flutings. These were brightest in the nucleus, but they also 
extended faintly throughout the whole mass. Direct comparisons 
with the blue base of a spirit-lamp flame showed coincidences 
with all the flutings, except the bright one in the violet which is 
characteristic of hydrocarbons. The fluting near d was by far the 
brightest, and next in order of intensities came those near A 474 
and 564. The continuous spectrum extended from about D to 
a little beyond A 474. On the 22nd the nucleus was much less 
central than on the previous evening, probably owing to further 
development of a short bushy tail. The spectrum, however, 
showed no obvious differences, except that the brightest fluting 
had slightly increased in intensity. On the 23rd the form and 
spectrum were practically the same as on the 22nd. The ob- 
servations were made with a lo-inch refractor, but the comet 
was easily seen in the 3-inch finder. 

The comet had obviously got beyond the earlier temperature 
stages before I observed it, and it will be highly interesting to 
notice if the further changes indicated by Prof. Lockyer’s dis- 
cussion of cometary spectra (see p. 20) take place. These will 
be most obvious in the faintest band (A 564) owing to the super- 
position of the bright flutings of manganese and lead. Changes 
of the form or wave-length of this band should therefore be 
particularly noted in further observations. It is, of course, 
desirable that the observations should be madb independently 
by more than one observer. In my observations of May 21 I 
was very much struck by the resemolance of the comet to the 
Nebula in Andromeda, both in form and colour, and in 
spectrum. 

On the 27th I again observed the comet, but saw no decided 
differences, cither in its appearance or spectrum. 

A. Fowler. 

New Variable Star in Cygnus.— Prof. Pickering, of 
Harvard College, notes in Asironomische Nachrichten^'So, 2^8, 
that a stu^ of the spectra of the fainter stars is now in progress 
with the o-inch Draper telescope. An examination bv Mrs. 
Fleming of photographs taken with small dispersion led to the 
discovery that the star D.M. + 48*^*2940 whose approximate 
place for 1900 is in R.A. I9h. 40m. 8s., Deck -I- 48"^ 32' gave a 
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spectrum resembling that of Mira Ceti and other variables of 
long period. A photographic chart was made, and on com- 
parison with the photographs previously taken of this region 
proved conclusively that the star is a variable. The photographs 
compared are of tm'ee kinds : (i) trails in which the telescope 
was at rest and the brighter stars formed lines by their diurnal 
motion ; (2) charts in which the stars formed circular images ; 
(3) spectra formed by placing a prism in front of the object- 
glass. From the various photographs of the spectrum of this 
star, it appears that on September 23, 1887, the hydrogen lines 
h and G are shown bright ; the star was then estimated as of the 
8th magnitude. On June 16, 1888, magnitude being estimated as 
9, the spectrum was faintly visible and apparently continuous, but 
no bright lines were seen. On September 7 of the same year, 
G was well seen, and h was barely visible, the magnitude being 
again estimated as 8. There is no doubt, therefore, that this is 
another example of that group of variable stars that exhibit 
bright hydrogen lines in their spectra when at a maximum. 

Paris Observatory. — Admiral Mouchez, the Director of 
this Observatory, has issued his Report for the year 1889. An 
account of the resolutions adopted last September by the Inter- 
national Committee for the e.\eciition of the map of the heavens 
is given. It is also noted that the building is completed which 
is to receive in two or three months the cotuie equatorial, o'6o 
metre aperture and 18 metres focus. M. Loewy has supervised 
the details of the installation of this instrument, which w^ill re- 
place, with some advantage to Paris Observatory, the instru- 
ment 0*74 metre aperture first intended for it. This latter 
telescope is attached to Meudon Observatory, and will find there 
atmospheric conditions more favourable for the use of its great 
optical power than at Paris. 

The electric light has been installed for the lighting of the 
two equatorials and the meridian circle. 

For some years, almost the whole force of the Observatory 
has been engaged in re-observing on the meridian the stars in 
Lalande’s catalogue. This work was commenced about twenty- 
five years ago, and on account of it other branches of astro- 
nomy have had to be neglected. It is, however, nearly com- 
pleted, and Admiral Mouchez proposes to the Council that a 
regular spectroscopic service should be instituted. Up to now, 
spectroscopy has only existed nominally at Paris Observatory, 
and in appealing to the administration for the necessary funds 
to organize this new department it is very truly observed that 
no Observatory can well dispense with spectroscopic accessories, 
since it is the study of this branch of astronomy that enables the 
physical constitution of the heavenly bodies to be determined. 
M. Deslandres, already known for his spectroscopic works, will 
take chaige of this new department, 

A Commission has been appointed to investigate the incon- 
veniences that would arise from the laying of the proposed rail- 
way line at a distance of about 150 metres from the Observatory. 
The Report of the Commission, when ready, will have some 
interest at other Observatories that have been similarly 
threatened. 

MM. P. and P. Henry have continued the photographic work : 
38 photographs of stars have been obtained, and 5 plates for the 
determination of the parallax of Victoria. The constant of 
photographic refraction has been determined, and lunar photo- 
graphs having a diameter of 40 cm. have been obtained by 
direct enlargement. 

Many observations have been made of comets. M. Bigourdan 
has made 300 complete measures of nebulae ; the major planets 
and the asteroids have received as much attention as the con- 
tinued bad weather permitted ; "and, leaving out of consideration 
the absence of spectroscopic work, which another year may see 
remedied, the Report is altogether a satisfactory one. 

On the Parallax of Double Stars.-— At the March 
meeting of the Royal Astronomical Society, Mr. Arthur A. 
Rambant directed the attention of astronomers to a paper in 
which he pointed out the relation connecting the parallax and 
the relative velocity of the components of a double star with the 
period and angular elements of its orbit, and discussed the possi- 
bility of determining the distance by means of spectroscopic 
observations of this velocity. The photographs of stellar spectra 
recently obtained by Prof. Pickering in America and Prof. Vogel 
at Potmm are in point of accuracy so far in advance of direct 
eye observations of motion in line of sight that they seem to 
demonstrate the possibility'of applying the method described to 
the determination of parallax, and the author shows how the 
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parallax (ir) of a star can be immediately deduced if its velocity 
(V) in miles per second in the line of sight has been determined 
by observation. The advantages to be expected from spectro- 
graphic observations of double stars for which irV is greater 
than 0*1 are shown to be 

(1) An independent check on the parallax where this has been 
determined trigonometrically. 

(2) A determination of the parallax where, owing to its 
smallness, the trigonometrical method fails. 

(3) A determination of the sign of the inclination which will 
remove the ambiguity attaching to the situation of the orbit. 

It is to be hoped that astronomers who have the requisite 
instruments for this kind of observation may be induced to take 
up what appears to be a promising field of work. 

Turin Observatory. — We have received various publica- 
tions from the Observatory of the Royal University of Turin. 
Amongst them we find convenient ephemeridcs of the sun and 
moon for 1889 and for 1890 calculated for the horizon of Torino 
by Senors Porro and Aschieri respectively, and a note by the 
former observer on the total eclipse of the moon on January 28, 

1 888. The difference of longitude between the meridian circle 
at Turin Observatory and Milan Observatory has also been 
redetermined. The value found in 1823 was sm. 58*855., and 
the value now found is 5m. 58*736 ± 0*006 ; thus the difference 
between the two observations is only 0*1 is., although the former 
was not made by telegraphy. 


A CONTRIBUTION TO THE ETIOLOGY OF 
DIPHTHERIA} 

microbe, which was first described by Klebs (at the 

Wiesbaden Congress in 1883), then isolated and grown in 
artificial cultures by Loftier {Mitth, ausdcniK, Gesundheitsantte^ 
vol. ii.) from human diphtheritic membrane, was shown by this 
observer to act virulently on various animals. The Klebs-Lbffter 
bacillus — by which name the diphtheria microbe is known — is 
the one with which also Roux and Yersin {Annalcs dc IlnstittU 
Pasteur^ ii., 1888, No. 12) obtained positive results on guinea- 
pigs. 

In the Reports of the Medical Officer of the Local Government 
Hoard for 1888-89 and 1889-90, I have shown that there occur 
in diphtheritic membranes two species of bacilli, very similar In 
morphological respects, and also in cultures on serum and on 
agar, but differing from one another in this, that one species, 
Klebs-Li)ftler bacillus No. i, is not constant in diphtheritic 
membranes, does not grow on solid gelatine at 19^-20® C., and 
does not act pathogenically on animals ; the other species, Klebs 
L()fller bacillus No. 2, is constant in diphtheritic membranes, in 
fact is present even in the deeper layers of the membranes in 
great masses and almost in pure culture, acts very virulently pn 
animals, and grows well on gelatine at i9'’-2o‘’ C. Loftier, and 
after him other observers (Eliigge, “Die Mikroorganismen,” 
1886), considered it as a character of the diphtheria bacillus that 
it does not grow on gelatine below 22 " C., but this character, 
though true of the Klebs- Loftier species No. i, does not appertain 
to the diphtheria bacillus species No. 2, In fact, there is no 
difficulty in obtaining pure cultures of this bacillus on gelatine if 
a particle of diphtheritic membrane be taken and well shaken in 
two or three successive lots of sterile salt solution, and from the 
last lot plate cultivations on gelatine are made. In this way I 
have obtained the diphtheria bacillus in great numbers of colonies 
and in pure culture. Zarniko {CmtralbLf, BakterioL «. Parasit.^ 
vol. vi., 1889, p. 154) and Escherich {ibid.y vol. vii., 1890, p. 8) 
both Slate that the ^diphtheria bacillus does grow on gelatine 
below 20° C. 

This bacillus diphtheria acts very virulently on guinea-pigs 
on subcutaneous inoculation \ at the seat of the injection a 
tumour is produced, which in its pathology and in microscopic 
sections completely resembles the diphtheritic tissue of the 
human. In human diphtheria the diphtheria bacillus is present 
only in the diphtheritic membrane, but neither in the blood nor 
in the diseased viscera; the same holds good for the ex^ri- 
mental guinea-pigs. In subcutaneous inoculation with artificial 
culture, though it causes in these animals acute disease and 

* Paper read before the Royal Society by Dr. E. Klein, F.R.S., on May 
22. lais research was undertaken for the Medical Department of the Local 
Government Board, and was communicated to the Royal Society with the 
permission of the Medical Officer. 
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death — the lungs, intestine, and kidney are greatly congested—- 
the diphtheria bacillus remains limited to the seat of inoculation. 
It was for these reasons that Loftier concluded that in diphtheria 
the diphtheritic membrane alone is the seat of the multiplication 
of the diphtheria bacillus, and that here a chemical poison is 
produced, which absorbed into the system causes the general 
diseased condition and eventually death. Roux and Yersin 
have then separated from artificial broth cultures the bacilli and 
the chemical products, and, by the injection of these latter alone 
into guinea-pigs, have produced a general effect. I have in this 
year's Report to the Medical Officer of the Local Government 
Board (1889-90^ shown that in the^ experiments of injection of 
cultures into guinea-pigs, an active multiplication of the diph- 
theria bacilli at the seat of inoculation can be demonstrated by 
culture experiments ; from the local diphtheritic tumour and the 
nearest lymph glands the diphtheria bacilli can be obtained in 
pure culture on gelatine. 

On various occasions during the last three years information 
has reached me by Health Officers (Dr. Downes, Mr. Shirley 
Murphy, Dr. Thursfield) as to a curious relation existing between 
a mysterious cat disease and human diphtheria in this manner, 
that a cat or cats were taken ill with a pulmonary disease, and 
while ill were nursed by children, and then these latter sickened 
with well-marked diphtheria. Or children were taken ill with 
diphtheria, and either at the same time or afterwards the cat or 
cats sickened. The disease in the cat was described as an acute 
lung trouble ; the animals were quiet, did not feed, and seemed 
not to be able to swallow ; in some cases they recovered, in 
f)thers they became emaciated, while the lung trouble increased, 
and ultimately they died. In one instance — in the north of 
London, in the spring, 1889 — this cat malady, occurring in a 
house where diphtheria soon afterwards appeared amongst the 
children, was of a widespread nature ; a veterinary surgeon-^ 
Mr. Daniel — informed me that at that time he had several 
patients amongst cats affected with the disease, consisting in an 
acute catarrhal affection, chiefly of the respiratory passages. He 
furnished me with two such animals : one that after an illness of 
several weeks had died, another that was sent to me in a highly 
emaciated state, affected with severe broncho-pneumonia ; this 
animal was paralyzed on the hind limbs. In both instances the 
post-mortem examination showed severe lung disease, broncho- 
pneumonia, and large white kidneys due to fatty degeneration of 
the entire cortex. A similar condition is met with in the human 
subject in diphtheria. Further, I received from Dr. Thursfield, 
of Shrewsbury, the body of a cat that had died after a few days* 
illness from pneumonia in a house in which children were ill with 
diphtheria ; another cat in the same house that became next ill 
with the same lung trouble also succumbed. The post-mortem 
examination of the animal that I received showed severe broncho- 
I pneumonia and large white kidneys, the entire cortex being in a 
I state of fatty degeneration. 

Subcutaneous inoculations of cats were carried out with par- 
ticles of fresh human diphtheritic membranes and with cultures 
of the diphtheria bacillus (Report of the Medical Officer of the 
I.ocal Government Board, ITO9-90} ; hereby a local diphthe- 
ritic tumour was produced at the seat of inoculation, and a 
general visceral disease ; in the cases in which death followed 
after a few days the lunga were found much congested ; when 
death followed after one or more weeks, the lungs showed 
broncho-pneumonia and the kidneys were enlarged and white, the 
cortex being in a state of fatty degeneration ; if the disease in the 
animals lasted beyond five to seven days, both kidneys were found 
uniformly white in the cortex ; if of shorter duration, the fatty 
degeneration was sometimes only in patches. Although in these 
experiments tl^ bacillus diphtheria was recoverable b^ cultiva- 
tion from the diphtheritic tumour at the seat of inoculation, there 
were no bacilli found in the lungs, heart's blood, or kidney, and 
the conclusion is justified that, just as in the human diphtheria 
and in the diphtheria produced by subcutaneous inoculation in 
the guinea-pig, so also in these experimental cats the visceral 
disease must oe a result of the action of a chemical poison 
produced by the diphtheria bacillus at the seat of inoculation. 

From this it is seen that the similarity between the artificial 
disease and the natural disease in the cat is very great, and the 
question that presents itself is. In what manner does the animal 
receive or give the diphtheritic contagium in the natural disease? 
The naturau disease in the cat is in its symptoms and pathology 
a lung disease, and it is reasonable to suppose from analogy that 
the lung is the organ in which the diphtheritic process in the cat 
has its seat. The microscopic examination of the diseased lung. 
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of cats that died from the natural disease bears this out» the 
membrane lining the bronchi in the diseased portions of the 
lobules presenting appearances which in microscopic character 
coincide with the appearances in the mucous membrane of the 
human fauces, pharynx, or larynx in diphtheria. But the cor 
rectness of the above supposition, that aiphtheria has its seat in 
(he lung of the cat naturally diseased, was proved by direct ex- 
periment. Broth culture of the bacillus diphtherite was intro- 
duced into the cavity of the normal trachea without injuring the 
mucous membrane. The animals became ill with acute pneu- 
monia, and on post -mortem^ Jivfo to seven days after, there was 
found extensive pneumonia, and fatty degeneration of the 
kidney. The bronchi, infundibula, and air-cells of the inflamed 
lobules were found occluded by, and filled with, exudation, 
which under the microscope beats a striking resemblance to 
human diphtheritic membranes, and in the muco«purulent exuda- 
tion in the large bronchi and trachea the diphtheria bacilli were 
present in large numbers. 

During the last ten or twelve years certain epidemics of diph- 
theria have occurred which were traced to milk, but the manner 
in which that milk had become contaminated with the diphtheritic 
virus could not be demonstrated, although the evidence as to the 
milk not having been directly polluted from a human diphtheria 
case was very strong. The epidemic of diphtheria that pre- 
vailed in the north of London in 1878, investigated by Mr. 
Power for the Local Government Board, then the epidemic that 
occurred in October 1886 at York Town and Camberley, the 
epidemic in Enfield at the beginning of 1888, and in Barking, 
towards the autumn of 1888, were epidemics of this character. 
Mr. Power, in his Report to the Local Government Board on 
the York Town and Camberley outbreak, states (p. 13) that a 
veterinary surgeon had certified that the cows from whom the 
"infected milk was derived were all in good health, but that two 
of the cows showed chaps** on their teats, and he adds that 
even two or three weeks after the epidemic had come to an end 
— the use of milk having been in the meanwhile discontinued — 
he saw at the farm one cow which had suffered chapped teats. 
At Enfield a veterinary inspector had also certified that the cows 
were in good health ; but at Barking the veterinary inspector 
found sores and crusts on the udder and teats of the cows. 

I have made experiments at the Brown Institution on milch 
cows with the diphtheria bacillus, which appear to me to throw 
a good deal of light on the above outbreaks of diphtheria. 

/Two milch cows^ were inoculated with a broth culture of the 
diphtheria bacillus derived from human diphtheria. In each 
case a Pravaz syringeful was injected into the subcutaneous and 
muscular tissue of the left shoulder. On the second and third 
days there was already noticed a soft but tender swelling in the 
muscle and the subcutaneous tissue of the left shoulder ; this 
swelling increased from day to day, and reached its maximum 
about the end of the week ; then it gradually became smaller 
but firm. The temperature of both animals was raised on the 
second and third day, on which days they left off feeding, but 
after this became apparently normal. Both animals exhibited a 
slight cough, beginning with the eighth to tenth day, and this 
gradually increased. One animal left off feeding and ruminating 
on the twelfth day, fell in ** considerably, and died in the night 
from the fourteenth to fifteenth day ; the other animal on the 
twenty-third to twenty-fourth day left off taking food, ** fell in 
very much, and was very ill : it was killed on the twenty-fifth 
day. 

In both animals, beginning with (he fifth day, there appeared 
on the skin of the udder, less on the teats, red raised papules, 
which in a day changed into vesicles, surrounded by a rim of 
injected skin ; the contents of the vesicles was a c^^ar lymph, the 
skin underneath was much indurated and felt like a nodule; 
next day the contents of the vesicle had become purulent, i,e. 
the vesicle had changed into a pustule ; in another day the pus- 
tule dried into a brownish-black crust, with a sore underneath ; 
this crust became thicker and larger for a couple of days, then 
became loose, and soon fell off, a dry healing sore remaining 
underneath. The whole period of the eruption of papules, 
leading to vesicles, then to pustules, and then to black 
crusts, which^ when falling off, left a dry healing sore 
behind, occupied from five to seven days. Hie eruption 
did not appear in one crop : new papules and vesicles came 
up on the udder of one cow almost daily between the 
fifth and eleventh day after inoculation, in the other cow 

* The cqwg had been kept under observation previous to the experiment 
for ten days, and were in atl respects perfectly normal. 
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between the sixth and tenth day ; the total number of vesicles 
in the fomer cow amounted to about twenty-four on the udder, 
four on the teats ; in the latter they were all on the udder, and 
amounted to eight in all. The size of the vesicles and pustules 
differed : some were not more than Jth of an inch, others larger, 
up to i of an inch in diameter ; they had all a rounded out- 
line, some shouted a dark centre. From one of the above cows 
on the fifth day milk was received from a healthy teat, having 
previously thoroughly disinfected the outside of the teat and the 
milker’s hand ; from this milk cultivations were made, and it 
was found that thirty-two colonies of the diphtheria bacillus 
without any contamination were obtained from one cubic centi- 
metre of the milk. 

Unlike in the human, in the guinea-pig and in the cat the 
diphtheria bacillus passed from the seat of inoculation into the 
system of the cow ; this was proved by the demonstration of the 
diphtheria bacillus in the milk. But also in the eruption on the 
udder, the presence of the diphtheria bacillus was demonstrated 
by microscopic specimens and particularly by experiment. With 
matter taken from the eruption — vesicles and pustules — of the 
udder, two calves were inoculated into the skin of the groin ; 
here the same eruption made its appearance ! red papules, 
rapidly becoming vesicular, then pustular, and then became 
covered with brown-black crusts, which two or three days after 
became loose and left a dry healing sore behind. More than 
that, the calves that showed this eruption after inoculation be- 
came affected with severe broncho- pneumonia and with fatty 
degeneration of the cortex of the kidney. In the two cows 
above mentioned, on post-mortem examination, both lungs were 
found highly congested, cedematous, some lobules almost solid 
with broncho-pneumonia in the upper lobes and the upper por- 
tion of the middle or lower lobe respectively ; the pleural 
lymphatics were filled with serum and blood. Haemorrhages in 
the pericardium and lymph glands, and necrotic patches were 
present in the liver. At the seat of inoculation there was in 
both cases a firm tumour consisting in necrotic diphtheritic 
change of the muscular and subcutaneous tissue. In this diph- 
theritic tumour continuous masses of the diphtheria bacillus were, 
present ; their gradual growth into and destruction of the mus- 
cular fibres could be traced very clearly. 

It appears then from these observations that a definite disease 
can be produced in the cow by the diphtheria bacillus, con- 
sisting of a diphtheritic tumour at the seat of inoculation with 
copious multiplication of the diphtheria bacillus, a severe 
pneumonia, and necrotic change in the liver ; the contagious 
nature of the vesicular eruption on the udder and excretion of 
the diphtheria bacillus in the milk prove that in the cow the 
bacillus is absorbed as such into the system. 

From the diphtheritic tumour, by cultivation, pure cultures 
of the diphtheria bacillus were obtained ; a small part re- 
moved from the tumour with the point of a platinum wire, 
anti rubbed over the surface of nutrient gelatine or nutrient 
agar, yielded innumerable colonies of the diphtheria bacillus 
without any contamination. In cultural characters in plate, 
streak, and stab cultures and in cover-glass specimens 
of such cultures, this cow diphtheria bacillus coincided com- 
pletely with the human diphtheria bacillus, but in sections 
through the diphtheritic tumour of the cow a remarkable differ- 
ence was noticed between it and the bacillus from the cultures ; 
inasmuch as in the tissue of the tumour the masses of the 
microbe, both in the necrotic parts, as also where growing into 
and destroying the muscular fibres, were made up of filaments, 
ranular threads, some of which possessed terminal oval or 
ask -shaped swellings. But that it was really the diphtheria 
bacillus was proved by culture experiments and by cover-glass 
specimens. In the latter, the transitional forms between typical 
diphtheria bacillus and long filaments with 'terminal knob-like 
swellings, with spherical or oblong granules interspersed here 
and there in the threads, could be easily ascertained. In the 
large number of cultivations that were made of the fresh tumour 
in both cows, the colonies obtained were all of one and the 
same kind, viz. those of the diphtheria bacillus ; no contamination 
was present in any of the cultivations. 

Appendix, Mm ao. — At the beginning of the month of April 
two cats died at tw Brown Institotion, after having been ill for 
several days, with symptoms like those of natural cat diphtheria. 
Between the beijinnfog of April and the beginning of May, 14 
cats became sinularlv affected, some more severely than others, 
and some died with the diaracteristic morbid change This 
epidemic, as it may be called, commenced with the illness Of the 
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two cats ftbout the end of March j and the question arises as 
to how the disease originated in these two animals. No cats had 
been ill in iheir shed, and the two affected ones were healthy 
when received at the institution some weeks before. But during 
the latter half of March there were in the stables of the institution 
two milch cows ill with diphtheria induced by inoculation with 
the human diphtheria bacillus— in fact, the two cows already 
referred to. The diphtheria bacillus was found in the milk drawn 
from one of these animals on the fifth day after inoculation, and 
orders were given to the attendant that the milk of both cows 
was to be thrown away. This order was not obeyed, for part of 
the milk was given to the two cats above mentioned, and they 
sickened as described within a day or two afterwards. It ought 
to be mentioned that the man in attendance on the cows had also 
charge of the cats, but, in view of the fact that he was himself 
free from the disease, the possibility of his having conveyed it 
from the cows to the cats may be disregarded. 


SOME NOTES FROM SOUTH AMERICA. 

TN the course of a visit to the plains of South America, not 
^ far from Rosario de Santa Fe, in the Argentine Republic, 
lasting from September 1888 until March 1889, I was able to 
make some miscellaneous notes of more or less interest. From 
these I select the following ; — 

(1) 'J'he R/iea^ or South American -The cock bird 

makes the nest, hatches the eggs, and takes care of the young 
birds. We had some (so-called ) “tame** ostriches about the 
estancia. One day I came across the old cock in a nest that it 
had made in the dry weeds and grass. Its wings and feathers 
were loosely arranged, and looked not unlike a heap of dried 
grass ; at any rate the bird did not attract mv attention until I 
was close on him. The long neck was stretched out close along 
the ground ; the crest-feathers were flattened ; and an appalling 
hiss greeted my approach. It was a pardonable mistake if for a 
moment I thought I had come across a huge snake, and sprang 
back hastily under this impression. This might be cited as an 
instance of (unconscious) “ protective mimicry.** 

When a troop of these birds is alarmed while yet at a dis- 
tance from the cnemv, they run with their wings either close to 
the side in the normal position, or raised above the back into a 
narrow wedge that offers but little resistance to the air. But 
when a bird is somewhat pressed, it usually droops the wings 
loosely, almost trailing them. And when in danger of being 
caught by dogs, or struck by the boias of a horseman, it 
begins to dodge and twist in a very curious manner, the wings 
assuming various positions. It would seem as though the wings, 
thus used, may help the bird to make its sudden halts and turns; 
and also, when dogs are used in the chase, to baffle the attacks 
of these enemies. It was very curious to see the “tame*' 
ostriches indulging in these freaks even when unpursued by the 
dogs of the estancia. The birds would rush straight along, turn j 
and twist, contort their necks into very comical shapes, jump, 
and not unfrequently tumble over in their efforts to perform j 
some unusually complicated evolution. ^ I 

I may add that in the course of some years of “ostrich- 
running,** my brother once observed a troop of these birds swim 
a river that crossed their path. He himself followed, and found 
that the river was really out of their depth ; they were not I 
wading. 

(2) Snakes : the ^^Vivora de la Cruz .*^ — On October 6, 1888, : 
we came across one of these common poisonous snakes, probably j 
not long roused from its winter*torpor. The dogs stood round | 
it barking ; and it remained, threatening a strike. With its tail 1 
(and against the grass?) it made a very distinct though not a loud 
burring, vibrating sound. This, my brother told me, was usual. 
Yet there is no kind of “ rattle *' on the tail. 

At the end of March 1889, after I had returned to England, 
my brother killed a lai^e vivora de la cmz ; and, observing that 
it appeared to be very thick in the body, he cut it open in order 
to examine it. Inside was a string of transparent bags, six or 
seven in number, connected with one anothfer. In each of 
these could be seen a fully-formed young snake, about 6 inches 
long, as far as he could say without exact measurement, coiled 
up. Two of the bags he cut open ; and the young snakes, 
rdeased, both threatened to strike anything that approached 
them, and made, though of course on a very small scale, the 
vibrating, burring noise with the tail, 
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(3) The Intelligence {?) of Ants. — One kind of small ant, if 
not more, makes large nests underground, in the shorter grass. 
A network of paths, clear of grass, about 2 inches wide near 
the nest, converge towards this latter ; being the roads by which 
tjie ants bring nome forage. These paths are of all lengths 
from 10 yards up to too yards; and, as one traces them 
further from the nest, they break up into smaller branches and 
are finally lost. As a general rule, one may say that streams of 
ants carrying leaves, buds, flowers, seeds, and other valuable 
odds and ends are always moving towards the nest, while empty- 
I mouthed ants are meeting and passing them on their outward 
i journey to the foraging grounds. ^Having, however, noticed a^ 

I few burdened ants proceeding with great difficulty against the 
general stream of their burdened fellow- citizens, I tried the 
, experiment of turning some of these carriers round when they 
; had nearly reached home. The general conclusion I came to 
was that these ants did not then understand in what direction- 
= the nest lay, nor did they (as far as I could see) draw any con- 
, elusions from the fact that they now met the stream of carriers 
\ with which they had previously been travelling. * 

I Thus, one ant, carrying a (relatively) huge burden, I reversed 
in direction when already near the nest. I then followed it for 
about 8 yards (or about 20 minutes of time as far as I can 
say) in its mistaken reversed course away from the nest. Though 
it met and collided with quantities of burdened ants, and was 
passed in the same direction as its own by unburdened ants only, 

It did not seem to take the bint. Its final return home was the 
^result of accident, as far as I could tell ; it having got up “ the 
right way round ** after a severe fall. 

Still it must be noticed that among the ^undisturbed ants very' 
few went the wrong way. 

I dug a hole in one of the paths, on several occasions. T];^e^ 
hole was small ; and it was easy, though not so convenient, to go*^ 
round by the side over the very short grass. Nevertheless it 
required the falling of very many ants into the hole, and the 
leaving of quite a pile of leaves there, before the stream learned 
to pass about about one inch to one or other side, and so to 
avoid the pitfall. Some ants even turned back ; and I left them 
carrying their burdens back to the foraging grounds again. 

(4) Grasses. — I noticed two grasses concerning whose seeds a 
remark or two may be of interest. 

(a) One is called “ Flechillal^ Its seed bears a very sharp 
point ; and a number of hairs, turned back from the point, 
prevent the return of the seed from any body into which it 
has penetrated. Attached to the seed is always a piece of stem 
curiously twisted like rope. The whole answers somewhat to 
an arrow-bead with barbed point and with shaft attached. My 
brother, whose observations extend over more than twenty years, 
tells me that this seed penetrates into the bodies of sheep, and 
is found in their internal organs. The spring Iambs, which 
are left unshorn until summer is over, are especially troubled with 
the flechilla. When one of these animals dies and is skinned, 
it is very commonly found that quantities of these seeds have 
penetrated the skin, the heads being found in the flesh under- 
neath ; and my brother has found them in the liver. It is 
believed that this is the cause of some deaths among the 
animals. 

O) Another remarkable ^ass is the Paja voladoraP 
This grows in tufts, not unlike those of a small “ Pampas 
grass.** .From slender stems there stand out still slighter 
branches, at the end of which are the seeds ; the whole, stem 
and seeds, having somewhat the appearance of a miniature fir- 
tree as regards shape, and having various lengths up to 2 feet or 
so. When ripe, these stems with the seeds blow bodily away in 
the first strong^vind. I have seen them flying through the air, 
looking from afar rather like a dust-cloud against the sky ; and 
half rolling, half drifting, over the living grass of the plain, 
before the sudden onset of a iomienta (storm with wind). This 
drilling movement over the grass had a curiously bewildering 
effect on the eye. When the storm is over, the grass is found 
in drifts against the posts and wires of the fences ; these col- 
lections remind one strongly of snow-drifts. 

On December 16 (or so), 1888, a terrible accident occurred 
on the railway between Candalaria and Guardia de la Esquina. 

A cutting baa become filled with this Paja voladora ; and the 
engine set fire to it as it passed. However, thanks mainly to a 
suitable wind, the train got safely through. But in the afternoon, 
of the same day the train re-passed in the opposite direction,, 
and the cutting had in the meantime become filled again with 
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these seed-stems. The wind was, in this return journey, in such 
a direction as to favour the tendency of the burning; grass to set 
fire to the carriages. They caught fire. About eight persons 
were totally consumed, hardly even bones being found to tell 
the tale ; and eighteen escaped up the banks in a pitiable con- 
dition. I do not know how many of these are now alive. 

W. Larden. 


ON THE PROPERTIES OF LIQUEFIED GASES | 
lyf E. MATHIAS ha^ just published in the form of an 1 
• inaugural thesis (Gauthier- Villars, Paris), an important 
investigation on the latent heat of vaporization of liquefied gases. 
The value of this coefficient for sulphurous acid, carbonic acid, ' 
and nitrous oxide was determined experimentally throughout a 
considerable range of temperature by the following method. 
The gases were first liquefied in a small copper cylinder, 9 cm. 
in height, 3 cm. in diameter, with walls 0*38 cm. in thickness. 
The cjiinder was then weighed and introduced into an ordinary . 
llerthelot calorimeter, and the liquefied gas was allowed to \ 
evaporate slowly, the pressure being constantly read off on a | 
Bourdon gauge and regulated by means of two conical screw ' 
taps. The calorimetrical method employed was a null one 
(devised by the author), the heat absorbed by the evaporation of 
the liquid being compensated for by adding sulphuric acid of 
known strength to the water in the calorimeter, at such a rate as 
to keep its temperature approximately constant. The toti^j 
amount of heat absorbed was thus easily determined, while the 
correction for cooling was reduced to a minimum. When 
necessary the laboratory was heated by means of regulated 
gas-burners, so that the liquid in the calorimeter and the sur- 
founding atmosphere were at the same temperature in all cases. 
Seven experiments on liquid sulphurous acitl between the 
temperatures of -f 5**‘74 and + I9'*95 values for L, the latent 
heat of vaporization, which may be expressed by the empirical 
formula — 

L - (91*87 - 0*384/ ~ 0*000340/-) Cal. 

Nineteen experiments on liquid carbonic acid between 4- 6^**6$ 
and + 30* *82 may be expressed by the formula — 

L" = [117*303 (31 -/) “ 0*466 (31 Cal. 

The numbers obtained afford a satisfactory verification of 
Clapeyron’s formula, as calculated from constants previously 
determined. 

Owing to the great difficulty of obtaining nitrous oxide free 
from nitrogen, the results obtained with this gas can only be 
regarded as qualitatively correct. But the graphic representation 
of fifteen experiments, performed between the temperatures of 
5^*37 a*^d +34% show that the curve representing the variation 
of the latent heat with the temperature is exactly of the same 
form for nitrous oxide as for carbonic acid. In both cases the 
tangent to the curve at the critical point is rigorously perpendicular 
to the temperature axis. We may from this c mclude that at the j 
critical point L is rigorously equal to zero, and hence from ; 
Clap>eyron’s formula that the specific volume of the liquefied gas ! 
and its saturated vapour are rigorously equal, a fact questioned 
lately byCailletct and Colardeau. It follows, moreover, from the 
thermodynamical equation — ' 

m' = m 4* dL/i/t - L/T, 

where m* is the “specific heat of the saturated vapour” — that 
at the critical point, 

/// = - 00. 

Now at the temperatures at which experiments have been made 
on ordinary liquids (water, ether, acetone, &c.), m\ though 
negative, was found to increase with rise of temperature ; but 
since we may conclude from these experiments that near the ' 
critical point it will decrease, it follows that it must at some 
intermediate temperature pass through a maximum. It follows 
also that if m\ while increasing^ pass through a zero value, that 
it will pass through a second zero value in the opposite sense. 
As m* for ^carbonic acid and nitrous oxide is negative and 
decreasing l3etween - 50® and -f-30®, if a zero value exist for these 
gases, it must be at a very low temperature. In the case of 
sulphurou^T acid, the results obtained were shown to confirm 
certain formulae given by Bertrand in his “ Therraodynamique,” 
and applicaVde to saturated vapours at temperatures much below 
the crittoal point. The memoir as a whole is masterly. 

^ • 1 Sec Verdet, “Thdorio Mecanique dc la Chaleur," i. p. 25S. 

NO. 1074, VOL. 42] 


NOTES ON INDIAN INSECT PESTS. 

Government of India has evidently begun to realize the 
importance of the study of injurious insects, and the 
methods of combating them. Some time ago, Mr. E. C. Cotes, 
of the Indian Museum, published the first two numbers of 
“Notes on Economic Entomology,” dealing respectively with 
the wheat and rice weevil in India, and with insecticides and the 
methods of applying them. This series has been discontinued, 
and its place has been taken by “ Notes on Indian Insect Pests.” 

The first number of the new series contains notes on the Rhyn- 
chota, by Mr. Atkinson, the most detailed of which deals with the 
rice sapper {Leptocorisa acuta). These insects settle on the rice ear, 
sometimes to the number of ten on one ear, and, extracting the 
milky juice of the CTain, leave the husk dry. Unfortunately, 
nothing is known 01 the life-history of this pest. Mr. Atkinson 
also describes a new genus and species of (^occidee (Pseudo- 
pulvinana sikkimensis)^ found on the under surface of the leaves 
of oaks, chestnuts, and cinchona : hitherto this has not appeared 
in sufficient numbers to effect much damage. 

Mr. De Niceville contributes an account of two injurious 
butterflies : one, which he identifies as Suastus gremiusy devours 
the young and tender rice-shoots in the paddy-fields, but for- 
tunately avoids the more mature plants. As a preventive for 
this pest, Mr. De Niceville recommends raising the earthen walls 
round each plantation, so as to completely submerge the rice ; 
this would prove fatal to all stages in the life-history of the 
butterfly, with the doubtful exception of the eeg. The other 
report deals with Lampides elpisy who.se larva clevours the buds 
and young fruit of the Cardamom. Many allied forms have a 
gland on the eleventh segment, secreting a sweet fluid, much 
sought after by ants, but this seems to be absent in the species 
here described. 

The remainder of the number is made up of thirteen reports 
and numerous short notes contrilnited by Mr. Cotes. Two of 
these reports are extensions of his “ Notes on Economic Ento- 
mology,” mentioned above. No mention is made of the Straw- 
sonizer, whose value as a disseminator of insecticides has recently 
been' recognized in England. The remaining eleven deal 
with caterpillars which attack the tea plant, sdl trees, rice, 
Cedrela toonay sugar-cane, sorghum, and the blankets belonging 
to the Army Clothing Department, and with various species of 
beetle injurious to the rice, bamboo, mango, and shorea tree. 
The beetle, which lives under the bark of the last-mentioned 
tree, closely resembles the Tomicus chah\\graphusy which is 
injurious to the spruce in Europe. 

The notes which conclude the work are often very frag- 
mentary, but are full of suggestion, and there is no room to 
doubt that the lacuna; in the life-history of the insects witli 
which they deal will soon be filled up, now that the authorities 
of the Indian Museum have provided a journal which will 
prove a means of intercommunication between the numerous 
entomologists and cultivators scattered over India. 

The number is illustrated by four good plates of photo-etchings 
executed in Calcutta. A. E. S. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

CAMBRinr#E. — An elector (who must be a Head of a College) 
to the Sadlerian Professorship of Mathematics will be elected 
by the resident members of the^ Senate on June 3, from i to 2 

& m. The vacancy is caused by the death of Dr. Phelps, 
aster of Sidney Sussex College. 

A. R. Forsyth, F.R.S., the author' of the well-known 
“Treatise on Differential Equations,” has been approved for 
the degree of Doctor in Science. 

Dr. Hill, Master of Downing College, announces a class in 
Practical Histology, to be held during the Long Vacation. 

The General Board of Studies recommend that the stipends 
of the following teachers of science be increased ; — Mr. Gadow, 
King’s Collie, Lecturer in Advanced Morphology, from £100 
to ;^i5o ; Mr. Marr, St John’s College, Lecturer in Geology, 
from £100 to /'150 ; Mr. Harker, St. John's College, Demon- 
strator in Geology and Lecturer in Petrology, from j^ioo to 
£150; Mr. Barber, Christ's College, Demonstrator in Botany, 
from £iOO to ;^i 5 o ; an additional Demonstrator in Chemistry 
at a stipend of ;^ioo. 

A conference on the local lecturer under the University 
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Extension Scheme is to be held in Cambridge on July 9 and lO' 
Courses of lectures and prpctical work are to be arranged for 
students for local centres who are to reside in Cambridge during 
the month of August. 

A very interesting report on the progress of the Extension 
movement by Dr. R. D. Roberts appears in the Cambridge 
University Keporter ol May 27. The account he gives of the 
enthusiasm and energy displayed by certain of the Students* 
Associations attending Extension lectures is most encouraging, 
and shows how wide-spread is the influence for good exerted by 
the University in this connection. 


SCIENTIFIC SERIALS. 

The Quarterly fou$'nal of Microscopical Science for April 
1890 contains papers on Phymosoma varians^ Selenka, by 
Arthur E. Shipley (plates i. to iv.). The material for this paper 
was collected by Mr. Weldon in the Bahama Islands, where the 
species was fairly abundant in the soft coral rock. The general 
morphology and minute structure of this animal are described in 
great detail, and accompanied by some excellent illustrations ; 
the head of Phymosoma is surrounded by a stiffened vascular 
horseshoe-shaped lip, the dorsal ends of which are continuous 
with the ends of a hippocrepian lophophor, which bears a crown 
<»f about eighteen tentacles — the number being always even ; 
between this lophophor and the vascular lip is the crescentiform 
opening of the mouth. The author would keep the genus 
Phoronis as a form closely allied to the more normal Gephyrea 
inermitiy and compares the head of Phymosoma as seen from 
above with a view of Phoronis. — On the spinning apparatus of the 
geometric spiders, by C. Warburton (plate v.). Proves by a 
series of interesting experiments that a spider’s line does not 
consist of many strands fused or woven together, but ordinarily 
of two or four distinct threads ; the ground line of the spiral is 
double only, and the two strands are bound together merely by 
the viscid matter, which envelops them. — On the structure and 
functions of the cerata or dorsal papillae in someNudibranchiate 
Mollusca, by Prof. W. A. Herdman (plates vi. to x.). In some 
six genera of British Nudibranchs examined, Herdman found 
that the dorsal papillae, ‘^cerata” of Lankester, were of two 
kinds — (i) those containing diverticula of the liver, as in the 
cases of Eolis and Doto, (2) those which were essentially but 
processes of the body-wall having no connection with the liver, 
as in Tritonia, Ancula, and Dendronotus. In Doris there are 
true branchiae and no cerata. In Ancula both branchiae and 
cerata are present. In Tritonia and Dendronotus there are 
cerata but no true branchiae. In Doto and Eolis there are no 
true branchiae. Morphologically all the forms of cerata are prob- 
ably epipodial processes ; they arc not of primary importance 
either in respiration or in digestion, but give to the animals, by 
their varied shape and colours, appearances which are in some 
cases protective and mimetic, and in others conspicuous and 
warning, as may be best suited to the individual surroundings 
and mode of life. — Further observations on the histology of 
striped muscle, by C. F. Marshall (plate xi.). — On Chaeto- 
branchus, a new genus of Oligochaetous Chaetopoda, by Dr. A. G. 
Bourne (plate xii.). This remarkable worm was found in the 
mud from a ** tank ” in Madras town ; it is furnished with a re- 
markable series of branchial processes, dorso-laterally placed— 
a pair to each of the anterior segments, commencing with the 
second segment ; these processes completely surround a portion 
of the dorsal setce bundles. The species has been named Chivto- 
branchus sempen . — On the presence of Ranvier's constrictions 
in the spinal cord of Vertebrates, by Dr. W. T. Porter, of St. 
Louis (plate xii. bis ). — A note to the editor from Prof. Biitschli, 
of I Icidclbcrg, giving^ an account of his experimental imitation 
of protoplasmic movements. These protoplasma-like streaming 
properties of minute globules of a specially treated olive oil arc 
of extreme interest. 

American yournal of Science^ May 1890, — Experiments with a 
pendulum-electrometer, illustrating measurements of statical 
electricity in absolute units, by Alfred M. Mayer. The ap- 
paratus described affords an inexpensive and ready means of 
presenting clearly to a class the nature of measurements of 
statical electricity in absolute units; the instrument may be 
made to measure to the dyne, and a series of experi- 

ments are given to show that it gives the law of inverse scares, 
serves to determine the law of dissipation of an electric cnai|;e, 
and that it allows measures to be inade of electrical distribution 
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on conductors and the determination of quantitv and potential. 
— On electric potential as measured by work, by the same 
author. A graphical illustraticm is given of the fact that in the 
case of two electrified spheres the potential function is a measure 
of«work. — An elementary proof of the earth’s rigidity, by Geo. 
F. Becker. It is proved that a simple strain spheroid affords 
an approximation to the deformation of an elastic globe suffi- 
ciently close to serve as a basis for Sir William Thomson’s 
demonstration of the rigidity of the earth ; the whole subject 
also being presented in a clear and elementary manner. — On the 
hornblende of St, Lawrence County, N.Y., and its gliding 
planes, by George H. Williams. From the evidence brought 
forward it is concluded that an alteration of the symbols for the 
terminal planes of hornblende is necessary to show its analogy 
to pyroxene ; and that this change must be made in accordance 
with the assumption that the gliding plane, now called the 
orthodome basal pinacoid OP (001) as suggested 

by Tschermak in 1884. — Note on some secondary minerals of the 
amphibole and pyroxene groups, by Whitman Cross, (n the 
course of the microscopical examination of some rocks from 
Custer County, Colorado, the author has observed two peculiar 
minerals of secondary origin, one an amphibole, and the other 
a pyroxene, and now describes their unusual properties, relation- 
ships, and mode of formation. — On spangolite, a new copper 
mineral, by S. L. Penfield. The specimen examined consisted 
of a rounded mass of impure cuprite mostly covered with 
hexagonal crystals of the new mineral. A full description of the 
habit, optical and physical properties, and chemical composition 
of the crystals is given. — Archman axes of Eastern North 
America, by James D. Dana. The partly or wholly Archman 
ranges in New England and Canada parallel and to the east of 
the Appalachian protaxis are described, and the geological iin?> 
portance of the included troughs or basins pointed out. — On the 
metamorphic strata of South-Eastern New York by Frederick 
J. H. Merrill. — The radiant energy of a standard candle ; mass 
of meteors, by C. C. Hutchins. The whole radiant energy of 
the candle used was found to be i *23 x 10® ergs per second, and 
the radiant energy of the visible part 2’46 x 10® ergs per second. 
The author also points out how such measures may be used to 
determine the mass of meteors. — Meteoric iron from North 
Carolina, by L. G. Eakins. — Distinctive characters of the order 
Hallopoda, by O. C.^ Marsh. — Additional characters of the 
Ceratopsidee, with notice of new Cretaceous Dinosaurs, by the 
same author. 

Botanisclie Jahrbiichery von A. Engler, vol. xi., contains the 
following papers : — An essay on the biological relations of the 
flower of Aconitnm, by Dr, M. Kronfeld. He states that 
Aconitnm is an excellent example of a flower adapted to a 
certain insect, and that it is dependent upon Bombus for its 
fertilization, a fact which is further borne out by a comparison 
of the geographical area of the two, that of Aconitum being 
entirely covered by the area of distribution of Bombus. — Dr. O. 
Dnide, on the principles of distinction of the formations of 
vegetation {VcgetcUionsformationcn) as illustrated by the flora 
of Central Europe. — A description, by L. Wittmack, of the 
plants belonging to the Bromeliacacy collected by Herr F. C. 
Lehmann in Guatemala, Costarica, Columbia, and Ecuador. — A 
description of new species of Nyctaginacem, by Dr. A. HeimerL 
with one plate. — A monographic sketch of the genus Helleborusy 
by Dr. V. Schiflher.— A contribution to the knowledge of the 
distribution of the Scotch fir in Northern Germany, in which it 
is stated that on the mainland it extends north of the Elbe as a 
native plant, only as far as a line connecting Rostock, Schwaan, 
Giistrow, Wittei^urg, and Geesthacht ; in North-West Germany 
it is native only in the Upper Harz. — An anatomical investiga- 
tion of the foliage leaves of the Arbutoidese and Vaccinoidem in 
relation to their systematic grouping, and geographical distribu- 
tion leads Dr. Franz Nieronzu to the following conclusions : 
that the Arbutese are the oldest type, and of them more especially 
Arbutus and Aretous, while Arctostaphylos is more recent ; the 
most recent group is the Thibaudieic. These results are based 
upon details of the glandular and other hairs, of the teeth of the 
leaf, the epidermis and cuticle (130 pp. and 4 plates). — On the 
influence of the mean direction of the wind on the vegetation in 
the water, with references also to other phenomena of vegetation 
which depend upon the direction of the wind in the Western 
Baltic, by M. J. Kli^e.— On a new Potcntilla from Central 
America, by Dr. K. iratsch. — Contributions to the knowledge 
of the Amaryllidacese, by Dr. F. Pax. — A list of the wild plants 
of the province of Wologda, by N, A. Ivanitzky. — On the 
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anatomical characters of the Hamamelidacese, examined with the 
object of using them as a basis for the systematic arrangement 
of the family, by A. Reinsch (i plate). — A list of the Poly- 
podiaceie* Gramineae, Cyperacete, and Juncacea?, collected by 
Dr. Marloth in South Africa. — On Cxssine domingemis Spr., tiy 
A. Garcke. — A treatise on the genus Platanus, with two plates, 
by J. Janko. This paper has special reference to the detail 
characters of the leaf. — On two Soldanellas new to the flora of 
Hungary, by V. A. Richter. — At the end of the volume are 
abstracts of many recent memoirs published elsewhere, and 
a classified list of the most important works on systematic, 
geographical, and descriptive botany published in the year 
1889. 

Bulletin de la Societi des Naturalistes de Moscou^ 1889, No. 2. 
— On the origin of periodical comets, by Th. Bredichin (in 
French). The author examines into the cases of division of 
comets into two or more individuals, endeavouring to classify the 
better known ones into ** families,’* and gives the formulae for the 
cases \^hen the impetus given to the corpuscles of a comet acted 
under a given angle to the plane of its motion. — Note on the 
genus Bombus^ by General Radoszkowski (in French). — The 
Amphibian fauna of Europe: the-/«//rrt, byDr. J. Hedriaga, being 
a full description (in German) of the two genera Rana and Bufo^ 
their species, varieties, life, and geographical distribution. 

No. 3. — On the modes of propagation of fresh- water fishes, by 
S. Nikitin (in French). M. Nikitin objects to the too hasty gene- 
ralizations sometimes arrived at by men of science (especially with 
regard to Central Asia) as to the former communication betweeii 
distant fluviatile basins and lakes which now have some species 
of Ashes in common. He points out the possibility of the 
transport of the eggs of certain fishes by birds, and mentions 
rtie fact of young pikes, from six to ten centimetres long, being 
found in small temporary ponds on the banks of the Moskva 
river, where they could by no means have migrated themselves. 
Further inquiry is asked for. — The transport of electrical energy, 
by J. Weinberg (in German).— On the nesting of Podoces 
Panderij by N. Zarudny. — The Amphibian fauna of Europe : 
the Anura (continued), by Dr. J. Bedriaga. The genera Ifyla^ 
Pelobatus^ Pelodytes^ Discoglossus^ Bombinatur^ and Alytes^ are 
considered, and the author describes two new varieties of Hyla 
arborea under the names of var. onentalis and var. Afollen . — 
On the influence of weather upon plants and animals, by Alex. 
Becker (in German). 

SOCIETIES AND ACADEMIES, 

London. 

Royal Society, May 8. — “ Experiments on Vapour- 
Density.** By E. P. Perman, B. Sc. Communicated by Prof. 
Ramsay, F. R. S. 

Vapour-density of Bromine, — This work was undertaken in 
order to see if the results of Prof. J. J. Thomson’s experiments 
could be verified ; these appeare<i to show that bromine vapour 
dissociated on continued heating at a low pressure, and a compara- 
tively low temperature. The method used was a modification of 
the Dumas method, by which a series of vapour-density determina- 
tions were made at different pressures, with the same identical 
material. The chief conclusions arrived at are (i) that no 
dissociation takes place at temperatures as high as 280% and 
pressures as low as 20 mm., even on continued heating ; (2) that 
bromine vapour has no tendency to form molecules with more 
than two atoms, on approaching the liquid state. 

Vapour-density of Iodine, — The density of saturated iodine 
vapour was determined by an adaptation of Kindt’s method of 
determining the velocity of sound in gases. The mean result 
was 126*9, showing that liquid iodine has the formula 

Induction Spark through Iodine Vapour, — The same apparatus 
was used as in finding the vapwr-denstty of iodine. No altera- 
tion of the wave-length in the iodine vapour (as indicated by the 
heaps of finely-divided silica on the lower part of the tube) 
occurred on passing a series of sparks, and then causing the glass 
piston to vibrate. Sparking does not appear, therefore, to 
produce permanent dissociation of iodine vapour, notwithstand- 
ing the r^^ults pointing to a contrary conclusion, obtained by 
Prof. Thomson. Neither bromine nor iodine vapour, when 
saturated, threw the silica into heaps ; it appears that sound- 
waves cannot be propagated in a saturated vapour, for con- 
densation will be produced either by the waves of compression 
gpr those of expansion (according to the nature of the vapour, 
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and its temperature) and the rates of propagation of the two sets 
of waves will therefore be different. 

Vapour-densities of Sulphuric Anhydride, and Aqueous Hydros 
chloric .r/nV/.— These were determined by the same method as 
the vapour-density of bromine. The vapour-density of sulphuric 
anhydride indicated a formula SOg, and that of aqueous hydro- 
chloric acid showed that it is a mixture of molecules HCl and 
HjO, ^ and not a compound. In all these experiments the 
quantity of substance in the globe was not found by weighing, 
but by estimating it volumetrically, portions being drawn off and 
absorbed in a suitable liquid. The globe was heated by means 
of a vapour-jacket ; the vapours used were those of alcohol, 
chlorobenzene, bromobenzene, and bromonaphthalene. 

The author is greatly indebted to Prof. Ramsay for constant 
advice and assistance in carrying out the work. 

May 22. — The Chemical Products of the Growth of Bacillus 
anthracis and their Physiological Action.’* By Sidney Martin, 
M.D., Pathologist to the Middlesex Hospital. Communicated 
by Dr. Klein, F.R.S. 

The bacilli were grown in a solution of pure alkali-albumin 
(made from serum-proteids) and of mineral salts of the com- 
position of the salts of the serum. 

The cultivation of the bacilli was continued for ten to fifteen 
days, and the organisms removed by filtering through Chamber- 
lain’s filter. The filtrate contained the products of the bacterial 
growth, viz. : — 

(1) Profo-albumose and deutero-albumose, and a trace of 
peptone: all with the same chemic.nl reactions as the similar 
bodies formed in peptic digestion. 

(2) An alkaloid, 

(3) Small quantities of Icucin and tyrosin. 

The chief characteristic of the anthrax proto- and deutero- 
albumose is their strong alkalinity in solution —an alkalinity not 
removed by absolute alcohol, by benzene, chloroform, or ether, 
or by prolonged dialysis. Acid-alcohol dissolves from the 
alkaline albumoses a trace of a poisonous body, but this is not 
in proportion to the toxicity of the albumoses. The albumoses 
are precipitated in an alkaline condition by saturation with 
NaCl (proto-albumose) or (NIl4).jS04. The alkaloid is soluble 
in absolute alcohol, amyl alcohol, and in water ; insoluble in 
benzene, chloroform, and ether. It is strongly alkaline in solu- 
tion, and a powerful base, readily forming salts with acids. The 
sulphate crystallizes in small needles or prisms ; the oxalate 
in long, branching needles or flat plates. From the salts the 
alkaloid is easily regained. In solution, the alkaloid is precipi- 
tated by phosphotungstic, phosphomolybdic, and phosphoanti- 
monic acids and platinic chloride, but not by potassio-mercuric 
iodide. It is slightly volatile, and, when kept exposed to the 
air, it becomes acid, and loses, to a great extent, its poisonous 
properties. 

Physiological Action, 

(1) The mixture of anthrax proto- and deutero-albumose is 
poisonous. In small doses it produces in mice a local subcuta- 
neous cedema, with some sluggishness, ending in recovery. 
Larger doses produce a greater cedema with more signs of ill- 
ness, sluggishness leading to prolonged stupor, coma, and death 
ill twenty-four hours or longer. A fatal dose for a mouse of 22 
grams weight is 0*3 gram (subcutaneously injected). In some 
cases the spleen is enlarged : no organisms being present, as 
shown by gelatine tube cultivations. Boiling for a short time 
diminishes the toxicity of the proteid, but does not completely 
destroy it, and death may result from the boiled albumoses, 

(2) The anthrax alkaloid produces symptoms and lesions simi- 
lar to the albumoses, but much more rapidly and severely. The 
animal becomes ill directly after the injectien, gradually becomes 
more and more sluggish, and dies in coma, or, if a non-lethal 
dose be given, it recovers from the state of stupor gradually. 
After death, enormous local subcutaneous oedema is found, with 
congestion and sometimes thrombosis of the small veins. Peri- 
toneal effusion is occasionally present, and the spleen is usually 
enlarged, dark, and congested, or simply congested without 
being greatly enlarged. *rhe fatal dose for a mouse weighing 
22 grams is between O'l and 0*15 gram, death occurring in two 
to three houre 

The anthrax bacillus in digesting the alkali^albumin form.s (i) 
proto-albumose, (2) deutero-albumose, (3) an alkaloid. The 
^kalinity of the albumosei mav explain their toxic properties, 
being due to the fact that the alkaloid is in a ** nascent ** condi- 
tion in the albumose molecule. The bacillus forms the alkaloid 
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from the albumose, and it is possible that the living tissues have 
a similar action when the albumose is introduced into a living 
animal. 

Entomological Society, May 7. — Captain Henry J. 
Elwes, Vice-President, in the chair. — Mr. H. Goss, the Secre- 
tary, read a letter from the Vicar of Arundel, asking for advice 
as to the course to be taken to get rid of the larvae of a beetle 
w hich were destroying the beams of the parish church. Mr. C. 
O. Waterhouse said he had already been consulted on the ques- 
tion, and had advised that the beams should be soaked with 
paraffin oil. — Dr. Sharp exhibited specimens of Caryoborus 
lacerdce^ a species of Bruchida^ and the nuts from which they had 
been reared. He stated that these nuts had been sent him from 
Bahia by the late Seiior Lacerda, about six years ago, and that 
one of the beetles had recently emerged, after the nuts had been 
in this country for five years. Dr. Sharp also exhibited several 
specimens of Diptera collected by Mr. Herbert Smith in St. 
Vincent, and read a letter from him to Mr. Godman on the sub- 
ject of the vast number of species of this order which he had 
recently collected in that island. Mr. McLachlan, F.R.S., Dr. 
Mason, Mr. Waterhouse, and Captain Elwes took part in the 
discussion which ensued. — Mr. R. F. Lewis, on behalf of Mr. 
W. M. Maskell, of Wellington, New Zealand, exhibited and 
read notes on about twenty -five species of Coccidtr from that 
colony. He also exhibited some specimens of the larvne and 
imagos of Icerya Purchasi^ Maskell, obtained from Natal, where 
the species had proved very destructive to orange, lemon, and 
other fruit-trees. He also showed specimens of the larvae of an 
allied species from Natal, originally assigned by Mr. Douglas to 
the genus Ortonia^ but which Mr. Maskell was inclined to 
regard as a new species of Icerya, Mr. McLachlan and the 
Chairman commented on the interesting nature of the exhibi- 
tion, and the importance of a knowledge of the parasites of 
injurious insects, ip connection with which special mention was 
made of the researches and discoveries of Prof. Riley. — The 
Secretary exhibited, on behalf of Mr. T. D. A. Cockerell, of 
Colorado, a large collection of insect-galls, and read a letter 
from Mr. Cockerell on the subject. Dr. Mason said he should 
be happy' to* take charge of these galls, with a view of rearing 
the ihsects and' reporting the results. — Mr. W, 11 . Bates, 
F.R.S., communicated a paper entitled, “On New Species of 
CicindelidtvP 

Royal Meteorological Society, May 21. — Mr. Baldwin 
Latham, President, in the chair. — The following papers were 
read Rainfall of the globe, by Mr. W. B. Tripp. This was 
a comparative chronological account of some of the principal 
rainfall records. The earliest record is that of Paris, which 
commenced in 1689. The English records began in 1726. fhe 
rainfall observations in the southern hemisphere do not extend 
over u very long period ; at Adelaide they were commenced in 
1839, but they do not go back further than 1866 for New 
Zealand. The greatest fall in any particular year at tlie stations 
given by the author was i6o’9 inches at St. Bernard in 1839, and 
the least 3 inches at Sandiego in California in 1863. By com- 
bining the stations in the northern and southern hemispheres the 
author finds that in recent times the years with the highest 
average rainfall were 1878, 1879, and 1883, and the years with 
the lowest average were 1854 and 1861.— Mutual influence of 
two pressure plates upon each other, and comparison of the 
pressures upon small and large plates, by Mr. W. H. Dines. — On 
the variations of pressure caused by the wind blowing across the 
mouth of a tube, by Mr. W. H. Dines. In these two papers 
the author gives the results qf some experiments on wind 
pressure which he has made mostly on a whirling machine at 
liersham, Surrey. From these experiments it seems probable 
that a decrease of prAsure per square foot with an increase of 
size of plate may be taken as a general rule. 

Geological Society, May 14. —Dr. A. Geikie, F.R.S., 
President, in the chair. — The following communications were 
read The so-called Upper Lias Clay of Down Cliffs, by S. S. 
Buckman. The blue clay of Down Cliff, Dorset, which has 
been referred to the Upper Lias, has yielded Ammonites of the 
genus Duptortieria to ‘the author, notably D, radians. This 
blue clay is belmv the Yeovil Sands ; but the position of D. 
radians in the Cotteswolds is in the limestone ab<n»e the Cottes- 
wold Sands; which has been placed in the Inferior Oolite series. 
The author, by combining the Down Cliffs and Chideock Hill 
sections, obtains a sequence of beds from the Middle Lias to the 
top beds of the Inferior Oolite, including the zones of spincUum^ 
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commune^ and falciferunt^ jurense^ opalinum^ Murchisona^ con-- 
cavum, and Parkinsoni. The genus Dumortieria binds the 
opalinum and jurense zones together ; while at Symondsbury 
Hill the author has found Lttdwigia Murchisona and Lioceras 
opalinum in the same bed, which renders it difficult to draw a 
line of demarcation between Lias and Oolite at the top of the 
opalinum zone. The facts adduced in the paper furnish ad- 
ditional evidence of the untrustworthiness of a grouping which de-^ 
pends upon lithological appearances, and it was because no satis- 
factory line could be drawn between Lias and Oolite that the 
author, in a previous paper, supportfd the continental plan of 
grouping Upper Lias and part of the Inferior Oolite under the 
term Toarcian upon palaeontological grounds. In the present 
paper he furnishes further statements in support of this view. 
After the reading of this paper some remarks were offered by 
Mr. H. B. Woodward, Mr. Hudleston, and the President. — On 
some new mammals from the Red and Norwich Crags, by E. T. 
Newton. — On burrows and tracks of Invertebrate animals in 
Palieozoic Rocks, and other markings, by Sir J. William I^wson,, 
F.R.S. — Contact-alteration at New Galloway, by Miss M. I.. 
Gardiner. Communicated by J. J. H. Teal. 

Zoological Society, May 20. — Prof. W. H. Flower, F.R.S.^ 
President, in the chair. — Mr. Gambier Bolton exhibited a series 
of photographs, principally of animals living at the Society's 
Gardens and in Mr. Walter Rothschild’s menagerie. — Prof. 
Flower exhibited a photograph of a nest of a Hornbill ( Toccus 
m€lanoleuco 5 \ taken from a specimen in the Albany Museum, 
Grahamstown, in which the female was shown “walled in.” — 

A communication was read from Sir Edward Newton relating to 
the reported discovery of Dodo’s bones in Mauritius in 1885, by 
the late Mr. Caldwell. It appeared that there had been so me 
error in the matter, and that the bones discovered were not thos^^ 
of the Dodo. — Mr. Sclater, F.R.S., pointed out the characters, 
of a new Toucan of the genus Pieroglossus from the Amazons, 
proposed to be called P. didymus. — Mr. R. Lydekker read a 
paper describing some bird-remains from the cavern- deposits of 
Malta. These remains indicated a Vulture larger than any 
existing species, which, from the characters of the cervical 
vertebra?, he referred to the genus Gyps^ under the name of G. 
melitensis. They also comprised some bones of a crane, of the 
size of Grus antigoncy for which the name G^^us melitensis was. 
proposed.* — Dr. Hans Gadow gave an account of some cases of 
the modification of certain organs in Mammals and Birds which 
seemed to be illustrations of the inheritance of acquired 
characlers, 

Kdinkurgh. 

Royal Society, May 19. — After the reading of some obituary 
notices, Prof. Crum Brown read a paper written by himself and 
Dr. J. Walker on the synthesis of sebacic acid. — Prof. Tait 
communicated a note on some remarkable quaternion formulae. 

— Dr. Alexander Bruce read a paper on the roots of the auditory 
nerve and their connections. 

Paris. 

Academy of Sciences, May 19. — M. liermite in the chair. 

— Experiments on the deformations experienced by a spheroidal 
envelope subjected to pressure ; possible applications to the ter- 
restrial globe, by M. Daubree. From the experiments described 
in this and in a previous communication, it appears that the 
author has been able to produce in various spheroids configura- 
tions like those exhibited by the earth’s crust. He finds that 
the southern parts of the three continental masses are not 
deviated towardg the cast because of the influence of the earth's 
rotation, but by the effect of simple torsion in a spheroidal 
heterogeneous envelope subjected to contraction, similar reason- 
ing is extended to explain characteristic canals of Mars. — New 
method of calculation for the interpolation and correction of 
meteorological observations, by M. Marc Dechevrens. The 
interpolation formula generally used in researches into the laws 
of variations of meteorological phenomena, and due either to 
Bessel or Fourier, is long and tedious. From considerable use 
of this method the author has found that it may bcT simplified, 
and in the memoir presented shows how arithmetic— ^multiplica- 
tion and addition — may replace trigonometry, angles and 
logarithms.— Observations of Brooks’s comet (a 1890) made 
with the great equatorial of Bordeaux, by MM. Rayet and 
Courty. Measures of x>08ition are given. A photograph of the 
comet was obtained on May 15 with an exposure of one hour. 

It appears on the negative as a disk having a sensible diameter, . 
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surrounded by nebulosity, and connected with a head about 
2' long. — On the asymptotic value of the polynomials of 
Legendre, by M. Stieltjes. — On the determination of a point, by 
M. Hatt. — On the isomeric states of chromic bromide, by 
A. Recoura. The author shows that, just as in the case of the 
chloride, two sesquibromides may be prepared which on treat- 
ment with alkaline hydrates both yield the chromic hydrate 
belonging to the series of violet chromic salts. He gives a 
method for the preparation of the green salt in crystals of the 
composition CrsBr^, laH^O ; these crystals are stable when solid, 
but the salt changes into t^e violet modification rapidly when in 
solution. The heat of combination of the green salt (in solution) 
with NaOH is given as 33*1 cal., whereas that of the violet salt 
is but 21*6 cal.; during the transformation from the green to the 
violet modification ii’5 cal. are disengaged. — On the existence 
of a crystallized hydrated ferric oxychloride, and its transforma- 
tion into a dimorphous variety of gbthite, by M. G. Rousseau. 
By prolonged heating of a concentrated solution of ferric chloride, 
in the presence of a little calcium or magnesium carbonate, in 
a sealed tube, crystals are obtained of the formula Fe^Cl^, 
2Fe.20s, 3H2O. In boiling water a reaction occurs which may 
be expressed thus — 

FcoCI^, aFe^Oa, 3H2O + wHoO = 3(Fe203, H^O) 4- 6HC1 + 

(/i~3)H«0 ; 

the body FesOs, H2O possessing the composition of gothite 
and only differing from the latter in some of its physical proper- 
ties. — On some new double chromates, by M\I. M. Lachar d 
and C. Lepierre. Double chromates of lead with potassium, 
lithium, and sodium are described, similar products being ob- 
jtained in the case of each of the alkaline metals. Yellow 
•*bodies of the composition PbCrO^, MXr04, and orange com- 
pounds of the formula PbCr04, MjCrO^, 2PbO, have been 
prepared. — On the crystallization of alumina and some other 
oxides in hydrochloric acid gas, by MM. P. Hautefeuille and 
A. Perrey. — Note on the bouquet of wines and brandies, by M. 
A. Rommier. It is shown that different ferments produce from 
the same grapes wine of different flavour, and that solutions of 
sugar fermentra by means of the natural ferments obtained from 
different districts yield on distillation alcohols possessing different 
odours ; and it is suggested that the characteristic bouquet is due 
to a compound ether formed from the alcohol combined with a fatty 
acid produced from the fat which each ferment manufactures 
from the sugar for its own use. — On the clinical characters of 
true intermittent fevers ; the law and preventive treatment of 
relapses, by M. Alcide Treille. The author gives his method 
of treatment by sulphate of quinine, which he has used in fever 
cases in Algiers for about twenty years. 

Berlin. 

Physiological Society, May 9. — Prof, du Bois Reymond, 
President, in the chair. — Dr. Lbhers spoke on the effect of 
inhalations of bromethyl and nitrous oxide on the circulation 
and respiration, deduced from experiments made with a view 
to obtaining a physiological basis for the use of these anaes- 
thetics. Bromethyl slows the respiration, leaving the in- 
sgfrations unaltered, but rendering the expirations weaker and 
weaker, until they disappear entirely ; at an early st^e of its 
action respiration becomes again normal if the animal is supplied 
with fresh air, but later on this is not the case, and death ensues 
by the action of the drug on the heart. The effect on the 
circulation is to quicken it at once ; the blood-pressure falls, the 
pulse becomes arnythmic, and finally ceases ; the left side of the 
heart is now found to be empty, the right goi^ed with blood ' 
it appears that bromethyl affects the two halves of the heart 
differently, and thus prorably gives rise to the asymmetry of the 
pulse. When the vagi are cut the effect of the drug on both 
circulation and respiration is longer in making its appearance. 
Nitrous oxide has a more powerful action on respiration, the 
inspirations diminishing rapidly and ceasing suddenly. Normal 
respiration may be restored by fresh air if the action of the drug 
has not been too prolonged. The effect on the heart is to increase 
the blood-pressure. It appears on the whole that bromethyl 
must be « more cautiously employed than nitrous oxide as a 
narcotic. — Dr. Blaschko made a mrther communication on the 
architecture of the skin.— Dr. Lowy gave an account of experi- 
ments, upon the irritability of the respiratory centre. The 
experiments were conducted on human beii^ in such a wi^ as 
‘ to discriminate between the effects of varjdng irritability of the 
oentns and varying strength of stimulus applied to it in deter- 
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mining variations in the magnitude of the respiratory movements. 
The stimulus used was carbonic acid gas mixed in definite 
proportions with the inspired air. It appeared that dyspncea 
did not supervene with less than 6 per cent, of CO^in the air ; 
and that in the various states of sleep, whether natural or 
resulting from narcotics, and after the aaministering of alcohol 
and camphor, equal increments of CO2 lead in all cases to an 
equal increase of the respiratory movements ; hence in all these 
conditions the irritability of the centre must have been the 
same. Morphia, on the other hand, lessens the irritability. — 'Prof. 
Gad stated that he had some years ago observed a capillary 
network among the cells of the epithelium which covers the 
floor of the fourth ventricle, and that Retzius had observed a 
similar case in the internal ear. It now appears that the 
occurrence of blood-vessels between the cells of an epithelium is 
extremely rare, and he therefore uiged morphologists to keep a 
look-out for and to investigate any cases which they may observe. 
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TEA IN JAPAN. 

Researches on the Manufacture of Various Kinds of Tea. 
Bulletin of the Imperial College of Agriculture and 
Dendrology. By Y. Kozai, Assistant in the Agricultural 
Chemical Laboratory. (Tokio, 1890.) 

Y KOZAI is a Japanese chemist who performed his 
• researches under the control of Dr. Kellner, the 
Director of the Chemical Laboratory at Tokio. His paper 
includes the chemical constitution of tea, theefifect of tea on 
mankind, the principal methods of manufacture employed 
. in Japan, and the methods of preparing tea for consump- 
tion. These subjects are all treated mainly from the point 
of view of the analytic chemist. The author appears 
faitly well acquainted with what the German chemists 
have don£ in the matter of tea. 

We need not abstract much of his account of the con- 
stitution and properties of tea, as it is largely taken from 
European sources. “ The chief action of tea, after it has 
got into the blood, is to excite the nervous system ; it thus 
harmonizes the mind, drives out drowsiness, and awakens 
thought, stops hunger, and cures repletion, refreshes the 
body, and prevents head-ache” — and (it might be added) 

. if taken too strong keeps you awake half the night. As 
to its constitution,, tea contains (besides the common 
plant-constituents) theine, a volatile oil, and tannin. 
Theineis a rank poison, in toxic doses causing convul- 
sions and paralysis, in lethal doses death ; but in small 
quantities is (like strychnine) a delicate tonic. Of the 
volatile oil, Y. Kozai can affirm little beyond its well- 
known exciting action upon the organs of taste and smell ; 
nor is it easy to follow it analytically through the pro- 
cesseis of manufacture ; the hot steaming employed (at 
near boilingtemperature) in thegreen-tea manufacture does 
not appear to diminish the volatile oil sensibly, though 
Y. Kozai intimates that preparing green tea by boiling 
does dissipate the aroma. As to the properties of tannin, 
it is an astringent remarkable for its* strong affinity for the 
albuminoids ; hence, if taken in excess, it may, by pre- 
cipitating the ferments of the digestive fluids, cause 
indigestion. 

The account of the chief Japanese methods of 'manu- 
facture is of more interest and instruction to the European 
planter. 

We may premise that there are two (main) kinds of 
tea, viz. black and green. In the manufacture of black 
tea there are four essential processes, viz. (i) withering ; 
(2) rolling, (3) fermenting, (4) drying. In the manufacture 
of green tea, the fermenting is omitted, and in Japan (for 
some kinds of green) the rolling also. 

For the mantifacture of black tea there is no real 
difference between the Japanese method and that prac- 
tised, by English planters in Bengal. The fresh picked 
leaf (<>. tips of the young shoots) must be first withered, 
or the petioles and leaves break under the rolling ; the 
■exposure of an hour or two in strong sun withers the leaf 
sufficiently ; if there is no sun, the leaf must be witheied 
by the aid of fire-heat. The rolling is done, even in 
Japan, by the aid usually of a box, and in Bengal often 
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I by steam-power (and very roughly). The juices are thus 
' expressed, and the leaf given a “ nice ” twist, i.e. a twist 
pleasing to the fancy of the tea purchaser. What perhaps 
renders rolling so essential in the manufacture of black 
fea (for it is not esssential in the manufacture of green), 
is that it masses the leaf in a state conducing without 
delay to fermentation. Neither Y. Kozai nor the best 
Bengal authorities like to lose the juices more than can 
be helped. He also hazards the view that, by rolling, 
the juice is expressed from tlie cellular tissues of the 
leaves and impregnated upon their surface ; thus is pro- 
duced fine aroma, and the leaves are more easily infused. 
Fermentation is the most important point in the manu- 
facture of black tea, and by it (^fide Y. Kozai) the leaves 
lose their raw smell, and the tea acquires its fine flavour. 
The fermentation is really only carried a very little way : 
Y. Kozai says it should be allowed, in a temperature 
of 104* F., to proceed only for about an hour. He 
thinks the p rocess is a true fermentation, because if per- 
mitted to run too far the tea acquires an acid taste. 
He thinks it probable that the ferment is caused by a 
living organism, but he adduces very slight ground for 
•this opinion ; and it has, in fact, been questioned whether 
there is any true fermentation in the process at all. But 
the English tea-makers are agreed with the Japanese in 
the importance of stopping the fermentation exactl^aSk 
the proper point by drying the tea, which is usually done 
by placing it first in the sun and turning it over till it is 
fairly dry, and then thoroughly drying it by fire-heat. 

The result of all the Bengal experience is that the 
black tea is at least as good when these four processes 
are done simply and rapidly, as when . much labour and 
time are expended in complicating them. In the early 
days of tea manufacture by Anglo-Indians, great pains 
were taken to imitate with tedious minuteness the careful 
hand-processes (and repetitions of portions of the pro- 
cesses) as practised in China ; but all planters now follow 
rapid short cuts to the finished tea. 

The manufacture of green tea is nothing more than 
drying the leaf ; it is so little practised in British India 
as to be of no commercial interest there, but Y. Kozai 
describes in detail three kinds of green tea manufactured 
in Japan. 

(1) Japanese (not China) green tea. In this, the leaf is 
steamed in order to remove the raw flavour ; it is then 
rolled and fire-dried, the two last processes being usually 
done together. 

(2) Chinese green tea. In this, the leaf is roasted (while 
stirred with a stick) in an iron pan over a fire, then rolled 
a little, then roasted again ; these processes being re- 
peated even six or eight times, and the tea is then finally 
dried off. 

(3) Flat tea, the highest class tea of all. For this tea, 
the shrubs are usually kept shaded for three weeks before 
picking, so that the leaf is partly etiolated. The choicest 
leaves are selected before the manufacture is commenced. 
They are steamed, btj^si^er rolled ; nor, indeed, touched 
by hand at all, but cardffilly turned by the aid of abamboo 
stick. After sufficient steaming they are simply dried. 

The author finds by analysis that there is *30 per cent, 
more theine in etiolated leaves than in the leaves of the 
same plants grown in the light. He tried many experi- 
ments to test the chemical effect of the manufacturing 

G 
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processes. Among other tables given by him is the 
following ; a quantity of leaf was divided into three 
portions, whereof one portion is A, another portion is 
manufactured into green tea B, the third portion Jls 
manufactured into black tea C. Y. Kozai analyzses A, 
B, C, and finds — 


• 

A. 

B. 

c. 

Crude protein 

37-33 

37*43 

38*90 

Crude fibre 

10-44 

10-06 

10-07 

Ethereal extract 

649 

5-52 

5*82 

Other nitre^en-free extract 

27-86 

3**43 

35*39 

^\sh ••• ••• ••• 

497 

4*92 

4*93 

Theine 

3-30 

3*20 

3*30 

Tannin 

12-91 

10-64 

4-89 


He remarks that the general result of the green-tea 
manufacture is merely to dry the leaf ; the black-tea 
manufacture alters materially its chemical constitution. 
The principal change is the remarkable diminution of the 
tannin. He does not explain how this is brought about, 
nor is it easy to see how the incipient fermentation shoulii 
affect the tannin. 

The only teas exported to Europe from Japan are of 
TSw class ; they are frequently “ faced,” and sometimes 
mixed with the leaves of various Japanese plants. Any 
plentiful leaf, not too unlike the leaf of tea, will do for this 
adulteration ; the leaves actually employed are (Y. Kozai 
assures us) all harmless, and several contain tannin, but 
none of them any theine. As to the “ facing,” he says 
it can hardly be called adulteration; the quantity of 
Prussian blue employed to improve the appearance of 
green tea is (according to Y. Kozai) about o'ooi per cent, 
the weight of the tea, perfectly innocent, and pleasing to 
a purchaser. 

The author concludes with an account of the different 
ways of taking tea in Japan, with some analyses of the 
prepared liquor. 

(1) In the case of flat tea, or of the very finest quality 
of Japanese green tea, the tea is ground to fine powder, 
and the whole infusion drunk. 

(2) In the case of superior {i.e. from the Japan point of 
view) tea, the leaves are infused for two minutes in water 
at izo'-iso* F. 

(3) In the case of a medium tea, the leaves are infused 
for one minute in boiling water. 

(4) In the case of inferior tea, the leaves are boiled in 

water. ' 

The object to be aimed at in the preparation is to get 
the largest possible quantity of theine without dissipating 
the aroma, and accompanied by only a moderate amount 
of tannin. Y. Kozai gives analyses to show that this is 
effected (in the case of superior teas) by the infusion in 
water at 120'’- 150'’ F. for two to five minutes. By 
superior teas, he understands teas worth five to seven 
shillings a pound in Japan. It is probable, therefore, that 
the highest class teas we ever have to deal with in 
England come under the medium teas of Y. Kozai, which 
require infusion in boiling water — for one minute at least 
The majority of English people like a good deal of chicory 
with their coffee, and probably a majority also like a good 
deal of tannin with their tea ; and to them the analyses 
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and recommendations of the Japanese writer are of small 
importance. 

The paper will be of more use as food for reflec- 
tion to the Anglo-Indian planter than as direct instruc- 
tion. The palate- of the Englishman is as yet only very 
roughly educated in tea. There can be very few English- 
men who would .greatly prefer the superior teas of Japan 
and China to the ordinary Kumaon or Ceylon tea ; most 
persons used to drinking the latter would probably prefer 
it to the most expensive tea made — say China tea worth 
forty shillings per pound in China. The English planter in 
Bengal has a tea-garden of 200 acres (possibly still larger). 
His object is, by the aid of a steam-engine or other coarse 
help, to put his tea through — to keep his factory clear 
when he has a strong flush on. He has to carry the 
daily make through by the aid of uncivilized labourers 
and overseers. He must reduce every step of his manu- 
facture to a routine ; he must have no special tea separately 
and differently manufactured, and no current experiments. 
Few planters have made much profit by Pekoe ; and the 
green tea hardly exists commercially in India. There 
are no doubt many Englishmen who, having not a planta- 
tion but (literally) a garden with some tea in it in India, 
have manufactured, not unsuccessfully so far as the flavour 
of the tea is concerned, green tea. Pekoe, &c., but this has 
been a fancy article for their own drinking or for presents^ 
and has never been put in any quantity on the market. 
To plant successfully in India, the Englishman has to pro- 
ceed on a broad scale ; his large cost and high expected 
profit cannot be got out of the close superintendence of 
elaborate hand manufacture. Or, at least, it will be a long 
time before the public tea taste at home is sufficiently 
elevated to be willing to pay so large a price for such teas 
as would remunerate the English planter. F or the present , 
the object of the planter must be to produce the maximum 
quantity of tea that the English grocer can sell at is. 6 d. 
to 2s. 6 d. a pound. Hence to plan ters the utility of the 
paper of Y. Kozai must be mainly future. 


CATALOGUE OF BRITISH FOSSIL 
VERTEBRATES. 

A Catalogue of British Fossil Vertebrata. By Arthur 
Smith Woodward and Charles Davies Sherborn. 
Pp. i.-xxxv., 1-396. (London : Dulau and Co., 1890.) 

A WANT long felt by all students of the fossil Verte- 
brates of the British Islands has been supplied by the 
issue of the present volume, which, so far as we have been 
able to examine it, is noteworthy alike for the absence of 
misprints, the accuracy of the references, and the care 
which has been taken in the selection of the correct 
names for the various genera and species, as well as for 
the orthography of the names themselves. The last 
edition of the late Prof. John Morris’s “ Catalogue of British 
Fossils” was published as far back as 1854, and the ad- 
vances made by this branch of palaeontology since that 
date — and more especially during the last ten years — 
have naturally rendered that work quite out of date. It is 
true, indeed, that the first part of Mr. R. Etheridge’s 
Catalogue of the Fossiis of the British Islands,” and 
the British Museum C^albgues of Fossil Vertebrates, 
have afforded some assistance to students of this subject ; 
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but since the former deals with the Vertebrates of one 
particular epoch, while some of the latter include only 
such of the British fossil Vertebrates as are represented 
in the National Collection, they in no way cover the 
ground occupied by the present work. 

It is, of course, needless to say that the work before us 
is essentially a technical one, and therefore appeals only 
to students of this particular branch of science, or to 
those stratigraphical geologists to whom it is important to 
know the correct horizoti, localities, and nomenclature 
of the fossil Vertebrates of the British strata. So far as 
completeness and accuracy are concerned, the work is 
beyond criticism ; but we trust we shall not be accused 
of any carping spirit if we venture in the course of our 
notice to indicate a few points in which, according to our 
judgment, it might be improved. 

The greater part of the introduction is occupied by an 
entirely new and very valuable history of the chief col- 
lectors and collections of the fossil Vertebrate remains 
found in the British Isles. Then we have a careful ex- 
planation of the general plan of the work ; followed by 
some Judicious remarks as to the harm that has been 
done to the science by the publication of a host of un- 
defined names. When, however, the authors hold “a 
single University Museum” “responsible for no less 
than seventy meaningless terms,” we venture to think 
that the individual or individuals by whom such names 
were proposed should rather have been held responsible 
for the same. Following the introduction, a table (for 
which the authors are indebted to Mr. W. il. Brown) of 
the dates of publication of the fasciculi of Agassiz’s 
“ Recherches sur les Poissons fossiles ” will be found of 
especial value, as fixing the date of many genera of fossil 
fishes. Scarcely less valuable is the determination of the 
respective dates of appearance of the three parts in 
which Sir R. Owen’s well-known “ Odontography” was 
originally issued. 

In the table of the stratigraphical distribution of British 
fossil Vertebrate genera, which concludes the prefatory 
portion of the volume, we must take exception to the 
very insignificant deposit known as the “Forest-bed” 
being allowed to take rank as the Forest Bed Series, as 
though it were of equal importance with the Pliocene 
and Pleistocene ; under one of which it should have been 
included as the Forest-bed Stage. 

In regard to the plan of the work itself, the various 
genera and species are arranged alphabetically under the 
classes to which they respectively belong — a mode of 
arrangement in which the authors follow the Morrisian 
Catalogue. They depart, jiowever, from the latter in not 
mentioning the order to which each genus is commonly 
referred. Here,«we think, the innovation is not an im- 
provement, since in the case of stratigraphical geologists, 
who may have occasion to consult the work, it would 
often be an advantage to know at once to what large 
group any particular genus belongs \ and even a student 
of one particular class of Vertebrates may well be at a loss 
to know the ordinal position of a genus belonging to 
another class with which he is less intimately ac- 
quainted. 

It also strikes us that it would have been advisable to 
state the authority for regarding various genera and spe- 
ciq? as synonyms of others ; for, as it stands at present, 
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there is no evidence to show whether such references are 
made for the first time on the authority of the authors 
themselves, or whether others are responsible. Thus, 
under the head of Hyracotherium leporinum (p. 356) we 
find Pliolophus vulptceps given as a synonym, without 
any guide to the authority for such reference. In this 
particular instance we believe the identification of Plio- 
lophus with Hyracotherium was first made by Prof. 
W. H. Flower in his articloi “ Mammalia,” published 
in 1882 in the latest edition of the “ Encyclopcedia 
Britannica,” and some reference to this should have been 
made. 

On the whole, the authors appear to have exercised a 
wise discretion in not amending for the first time the 
spelling of such generic and specific names as are ojpviously 
incorrect according to a true Latinized orthography. We 
cannot, however, follow them in their refusal to accept 
emendations which have already been published in other 
works, more especially as they are not consistent in either 
adopting or rejecting such emendations. Thus, for in- 
stance, they adopt the name Macharodus (p. 366) as 
amended from the original Machairodus ; but they refuse 
to accept rElurus in place of Ailurus (p. 311), although 
the amended name has been published more than once.' 
Again, they retain Leiodon (p. 245) and Platecarpus^^ 
264), although the amended Uodon and Platycarpus havS 
been published — the latter, we admit, but recently. The 
authors seem, indeed, to have a rooted objection to the 
transliteration of the Greek « into the Latin i (as may be 
noticed in the root Cheir instead of Chir under the head 
of Pisces) ; but this transliteration, as every student of 
our Greek Testament knows, is just as binding as that of 
at into t?, or ov into u, and if the one change is rejected 
the others ought not to be adopted. 

As a rule, the authors have paid attention to the gender 
of generic names, which is too often neglected. They 
regard compound generic names as substantives, and, 
therefore, bring the gender of the specific name into 
accord with that of the terminal portion of the generic 
one. They state, however, on p. 395, that they have not 
followed this rule in regard to names ending in lepis,, 
where they have allowed the specific names to remain 
with the masculine termination. They appear to have 
adopted the same course with regard to the termination 
batis {Aetobatis, p. 9) ; but in the case of aspis the authors 
seem to have been unable to make up their minds, since 
on p. 79 we find Eukeraspis pustuliferus, while on p. 
129 we have Odontaspis cuspidata. 

As features of especial value in the work before us, we 
may notice that in every instance where it can be ascer- 
tained the place of preservation of the type specimens is 
indicated ; while all the recorded localities are given 
under the head of the various species. 

The compilation of a work like the present is a labour 
which only those who have had the misfortune to try it 
can fully comprehend, and the thanks of every student 
are therefore due to Messrs. Woodward and Sherborn for 
the production of a book which is absolutely Indispensable 
to all those who are engaged in the pursuit of this branch 
of pala:ontology. 

R. L. 

' See Flower, Proc. Zool. Soc., 1870. p. 75a ; and B!anford» “Fauna of 
Britiih India — Mammalia,^ p. 189 (t888)e 
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AN EPHEMERIS, 

Connaissance das Temps, Extrait <i Vusage des Scales 
d* Hydrographic et des Marins du Commerce. Pour^ 
Van 1891. (Paris: Gauthier- Villars et Fils, 1889.) 
'■p'HE Connaissance des Temps has, within the last few 
i- years, by successive improvements, been made 
quite the most convenient Ephemeris for general use. 
The information it contains is conveniently given, and 
almost excessive in amount ; and the result of course is 
that the pages of tabular matter are a good deal crowded, 
in order to make the annual volume of reasonable size. 
For travellers whether by sea or land it, like our own 
Nautical A imanac, is not, however, quite what is wanted. 
Much ^f the information it contains is of no use to 
them, and the size and weight of the book is excessive 
for their purposes. This appears to have come to the 
notice of the Ministry of Marine, who, in 1887, directed 
the publication of a pamphlet of extracts from the 
Connaissance containing the necessary information for 
Navigators and students for certidcates as Masters, a 
copy of which is now before us. , 

In making this effort to meet the wants of a very large ' 
class of practical men the French have but followed the 
exap iple of other countries. Some forty years ago the 
Prussian Government caused to be compiled a Nautisches 
Jahrbuch, which in its present form appears to be the 
best adapted of those we have seen for geographers and 
voyagers. It is manifestly copied, as to form, from the 
Nautical Almanac ^ avoiding all the matter useless to 
geographers, which is relegated to the well-known Berliner 
Jahrbuchj the contents are all given with an accuracy 
sufficient for the purposes for which it is intended : a 
thoroughly practical mind seems to have guided the whole 
arrangement, and the changes which seem desirable are 
but small. The American Government next published an 
American Nautical Almanac, which is practically a re- 
print of those parts of their larger Ephemeris which are 
supposed to be required at sea. It is needlessly accurate 
in its data, and needlessly bulky, but no doubt fulfils its 
object. And again, just before the French, the Austrian 
Government published at Trieste a Nautical Ephemeris 
founded on our Nautical Almanac, but almost identical 
in contents with that of the German Government before 
spoken of. This, it would seem, is published with the text 
and headings in more than one language. 

The French work approaches most nearly in type to 
the American : it is mainly a reprint. That part which is 
not so is the Ephemeris of the Moon, and here conveni- 
ence is sacrificed to a small gain of space. Not only 
are the pages crowded unduly, but the arguiAents (being 
at 1 2-hour intervals) are so far apart that interpolation 
becomes inconvenient. 

Before closing we would like to point out that while all 
these Governments have provided an Ephemeris for their 
Nautical men and Travellers which is meant to be 
specially suited to their limited wants ; England alone, 
which owns ‘ probably half the sea-going ships in the 
world, and furnishes no small proportion of the explorers, 
makes no special provision for them. It is not that there 
is no want felt : for there are several almanacs which, 
availing, themselves of the Nautical Almanac, give 
astronomical data, together with various other matters 
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useful to seamen. Our Nautical Almanac took its 
present form on the report of a committee of thp Royal 
Astronomical Society, to whom reference was made by 
the Admiralty in 1830. No great change has been made 
since then, and it is beginning to be thought time that its 
contents should be revised : if this is done, we trust it may 
be considered whether the wants of navigation and geo- 
graphy should not be specially taken into account. If we 
are right in believing that the Austrian Government have 
founded on our Nautical Almanac a ' publication which 
admits of all the tabular matter, which is so difficult and 
expensive to put in type, being combined with a text in 
varying languages, it might be possible by the adoption 
of a suitable form, to supply the wants of other nations 
as well as our own. Our Nautical Almanac in its present 
for.m is used, we believe, extensively by those maritime 
peoples who adopt Greenwich as a prime meridian, and 
it would, we think, not be difficult to arrange with their 
Governments for impressions suited to each language. 


OUR BOOK SHELF. 

The Wimshurst Electrical Influence Machine. By W. 
P. Mendham. (Bristol : King, Mendham, and Co., 
1890.) 

This little book, which partakes somewhat of the nature of 
a trade catalogue, briefly describes and illustrates the con- 
struction and action of the Wimshurst machines made by 
the firm of King, Mendham, and Co., and of the accessory 
pieces of apparatus needed for use with these machines 
m performing the antiquated experiments so much in 
vogue with the dabbler in frictional electrical science. 
The study of high tension electricity is coming to the 
front so much just now, that it is a great pity Mr. Mend- 
ham has not utilized his opportunity better, and given to 
the class of readers for whom this book is intended some 
notion of the many instructive and easily performed ex- 
periments on the disruptive discharge, and on electrical 
oscillations, which we owe to Hertz, Lodge, and others. 
The only concessions made to modern discoveries are in 
the descriptions of apparatus to show the action of the 
electric discharge on smoke, and of the Thomson 
quadrant electrometer. The latter, however, had. better 
have been left alone, for the description is too meagre to 
enable the action of the instrument to be appreciated, and 
the reader may be apt to imagine that the quadrants are 
intended to be connected up directly to the terminals of a 
Wimshurst machine. We need scarcely say this would 
be very hard on the instrument. H. H. H. 

Pawnee Hero-Stories and Folk-Tales. By Geutge Bird 
Grinnell. (New York ; Forest and Stream Publishing 
Company, 1889.) 

The Pawnees were at one tinAe what Mr. Grinnell calls 
“ a great people.” They roamed over a vast territory, 
and enjoyed considerable material prosperity. Now, 
their numoers are greatly reduced, and the few who re- 
main give a very inadequate idea of the vigour of the 
original stock. The author of the present book knew 
the tribe intimately twenty years ago. He used to camp 
and hunt with them in Nebraska, and at night they told 
him hero-stories and folk-tales which had been handed 
on to them from their forefothers. Many of the^e narra- 
tives he carefully translated and wrote down at the time ; 
and quite lately he visited his old friends for the express 
purpose of inducing them to extend his collection. They 
were eager to meet his wishes, and so he was able to 
bring together the stories which he has now published. 
Me claims that they are recorded exactly as he himself 
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heard them, and that they may therefore be regarded as 
faithfully reflecting the Pawnee character. As genuine 
documents, throwing light on the ideas and habits of a 
primitive people, the stories are of some scientific value ; 
and students of anthropology will find in them a good 
deal that is interesting and suggestive. Mr. Grinnell 
adds various notes, in which he gives much well-arranged 
information as to the history, racial affinities, and institu- 
tions of the Pawnees. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions ex^ 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications. ^ 

The Influences at Work in producing the Cerebral 
Convolutions. 

Dr, G, Jelgersma, of Meerenberg, has recently published 
two remarkable papers,^ in which he endeavours to explain 
the influence which leads to the production of the convolutions 
on the surface of the cerebrum and cerebellum. Many theories 
have been advanced to account for these. Several authorities 
have ascribed their presence to mechanical forces operating upon 
the brain from without^ whilst others have sought to explain 
them by the supposition of different degrees of growth-tension 
acting upon the brain-surface ; but in every case these theories, 
when submitted to the test, have broken down, in so far that it 
is impossible, by means of any of them, to show how it comes 
about that small animals have smooth brains, and large animals 
convoluted brains ; how, in short, we should find in the beaver 
— an animal remarkable for its intelligence — a cerebrum almost 
entirely smooth, and in the sheep — an animal, shall we say 
remarkable for its dullness? — a brain with a high convolutionary 
system. Jelgersma not only explains this, but makes the ap- 
parent discrepancy the strongest pedestal of support to his theory. 
Briefly put, his views are as follows : — 

The grey cortex of the cerebrum, which in different forms of 
the same animal group preserves a tolerably constant thickness, 
increases by surface extension. Now, if we extend the surface 
of a smooth- brained animal say four times, we must provide 
eight times as much white matter to fill the interior of the grey 
capsule, if we desire to keep the surface even ; or, to put it in 
different terms, if we lengthen out the radius of the brain say 
ten times, we acquire a surface extension one hundred times 
greater, and an internal capacity one thousand times greater. 
The geometrical law involved is simply this, that in the growth 
of a body the surface increases with the second^ but the interior 
with the third power of the radius.^ 

Such being the case, it is very evident, seeing that the propor- 
tion of internal white matter and external grey matter is in all 
cases a unifornt one, that in the evolution of a large animal out 
of a small animal, a disproportion between the grey capsule 
and the white core of the cerebrum must result. This is com- 
pensated for by the extended cortex placing itself in folds or 
puckers, and thereby reducing the capacity of the capsule to a 
degree which brings it into correspondence with the white con- 
tents. Consequently, ^*the formation of the convolutions and 
furrows is simply the result of^the tendency on the part of the 
superficial layer to increase by surface extension and of a mutual 
space-accommodation {Raumaccommodation) of the grey sub- 
stance and of the white conducting paths.’’ 

I have not written this short account of Jelgersma’s views — 
important though they be — simply for the purpose of giving 
them a wider circulation through the pages of Nature, but 
with the object of stating that the theory advanced has received 
independent testimony in its favour at the hands of my col- 
league, Prof. George F. Fitzgerald. For two years or more I 
have been engaged in a research bearing upon the growth of the 
cerebral hemispheres, and have constantly had occasion to ap- 

^ **t}ber den Bau des Saugethiergehirna/* Morpholcgisckes yahrbuch. 
June 1889 ; ** DasGehirn ohne Balken ; ein Beitrag zur Windungatheorie,’^ 
Neurohgisches Centralblatt^ March 1890. 

^ It is right to state, although, . indeed, Jelgersma does not mention it, 
that many years ag6 Baillarger ascribed the Increase of the convolutions 
with the increase in the site of the animal to the same geometrical law. 
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preciate the unsatisfactory nature of the current theories as to the 
formation of the convolutions of the brain. Consequently, in 
February last, before I had read Jelgersma’s first article, and 
before the appearance of the second, 1 explained to Prof. Fitz- 
> gerald, as far as I could, the conditions of cerebral development, 
and asked him if he could offer any geometrical explanation 
which would account for the appearance of the convolutions. 
The views which he then advanced were identical with those of 
Jelgersma, and further, they were expressed in very similar 
terms. I feel that this adds greatly to the weight of the 
hypothesis. ^ 

But Prof. Fitzgerald went further than Jelgersma, because the 
latter states that he is unable to explain why the fissures and 
convolutions should, within certain limits, assume the same for- 
mation in different animals. Fitzgerald, however, saw the im- 
portance of his theory in regard to the localization of function 
in different areas of the cerebral cortex. The surface extension 
of the cerebrum cannot be a uniform one : the bulgings out in 
the shape of the convolutions must necessarily be connected 
with the functions which the areas involved have to perform. 
Therefore if a given area of grey matter increases it must 
pucker out, unless an undue quantity of white matter grows all 
over the inside of the grey cortex, 

D. J. Cunningham. 
Anatomy School, Trinity College, Dublin, 

May 24. 

The Bourdon Gauge. 

From Prof. Greenhill’s letter on this subject in Nature, 
vol. xli. p. Si 7 » RS well as from that of a writer in Engineerings 
I gather that I did not succeed by my letter (Nature, vol^dL 
p. 296) in making quite clear the point of my explanation oHne 
action, since Prof. Greenhill argues that consideration of the 
longitudinal stresses in the walls leads to the conclusion that the 
tube would curl up under internal pressure rather than uncurl. 

Towards the top of the second column on p. 296 in my letter 
I used the words “ Consider now the eq^uilibrium of any portion 
. . . when the internal pressure is applied and before uncurling 
takes place.” Perhaps it would have been clearer to have written 
after the internal pressure has been applied/^ &c. In the 
last figure on the same page the tension T is that exerted by the 
outer wall ^ the already distended gauge it contracts, while 

p is the thrust of the inner wall, each on the part rc supposed 
solidified. 

I desire specially to emphasize the words italicized, for my 
niethod of explanation amounts to an artifice for taking the 
distension into account. It is because Prof. Greenhill has over- 
looked this that he arrives at an opposite conclusion, and wishes 
apparently to reverse the forces in the figure referred to. 

I hope to make this clear by putting the argument again in a 
slightly different form. 


C 



Starting, as before, with a tube of rectangular se(;tion, with the 
end Aa’ fixed and bb' free, we arrive at the uncurled condition 
bj taking the tube in imagination through the following series 

(i) Remove the ends Kh! and br’, and complete the annulus 
as indicated by the dotted lines of the figure. 
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(2) Now apply internal pressure. This distends the tube, 
stretching the roof and floor. The inner wall is compressed with 
a longitudinal thrust, and the outer wall stretched with a longi- 
tudinal tension, but the change in the diameter AB, or in the 
diameter aV, i^l be practically unobservable. 

The action on the original gauge and its enclosed fluid of the 
added part and its fluid, consists now of the forces indicated in 
the figure, and which amount, as 1 have in my previous letter 
pointed out, to a couple (counter *cIock-wise in the present 
figure). 

(3) Now replace the end^ at hs! and bb^ (this makes no 
difference in the equilibrium), and holding aa' fixed, remove the 
added part. 

The gauge will now uncurl, for we are removing the counter- 
clock-wise couple necessary to maintain equilibrium. Or, to put 
it in other words, the outer wall acb, on being released from the 
tension at b shortens, while the inner wall being released from 
the pressure at B' becames longer, thus causing the gauge to 
uncurl. ^ 

As to Gauss’s purely geometrical theorem, I fail to see how it 
is to be of any use in the analysis of the forces, which I take to 
be the real problem. All that Gauss says to us by his theorem 
is, Pure bending in your gauge means uncurling ; if, therefore, 
you can prove that the forces are such as to produce pure bend- 
ing, you prove that they produce uncurling.*^ But this is exactly 
what we cannot prove. Indeed, it is admitted that the bending 
is not pure. And it is, 1 think, of no use to urge, with Lord 
Rayleigh, that the bending is nearly fure on account of thq 
comparative inextensibility of the material, for that argument 
would apply equally to the gauge with both ends fixed, or to a 
complete annulus which obviously cannot uncurl. In fact, if we 
C0f»ld go back to Gauss and ask, *‘Is it any use showing that the 
Tending is * nearly pure’ ?” he would ask us what we meant by 

nearly,” and before we could answer that we should have to 
analyze the whole action. It is for these reasons that I consider the 
reference to Gauss’s theorem not only unfruitful but misleading. 

If we apply the method I have suggested to a tube of elliptical 
or other than rectangular section, we see that unless longitudinal 
stresses such as I have dwelt upon would exist in the walls were 
the annulus completed, the distended gauge will not uncurl on 
the removal of the added part, and the only reason for consider- 
ing the curvature of either wall in a plane perpendicular to the 
circular axis, is that such curvature may, on account of the pro- 
perties of the materia] by which it is able to distribute stress in 
different directions, lead to additions, to or subtractions from (and 
conceivably therefore reversals of) the longitudinal thrust or ten- 
sion that would exist in a tube of rectangular section. But this 
is obviously a question of the structure of the material and not of 
pure geometry. A. M. WORTHINGTON. 

K.N.E. College- Devonport, May 14. 


A Subject-Index and the Royal Society. 

The following brief account of an offer I have made to the 
Royal Society will, I think, prove of interest to the readers of 
Nature, and especially to those correspondents who have em- 
phasized the importance of a subject-index for the progress of 
science in all its branches. 

Upon the conclusion, last autumn, of five years’ work, during 
which my ‘‘Epitome of the Synthetic Philosophy” was com- 
piled, I commenced to look for some literary work which would 
be of undoubted practical service to science, and which would if 
possible aid its further development. The articles and numerous 
letters then appearing in your columns urging the importance of 
a subject classification of the memoirs arranged udder the authors’ 
names in the “ Royal Society Catalogue of Scientific Papers,” 
led me to discuss the advisability of my undertaking such a pro- 
ceeding with several friends upon whose judgment I could rely ; 
with the result that, one and all agreeing upon the value of such 
a work, I wrote to Sir G. G« Stokes, P.R.S. (to whom I was 
directed), offering to compile the manuscript of the greater por- 
tion of such a work upon the condition that, as soon as the manu- 
script was completed and approved by the Council of the Royal 
Society, the Society should guarantee all expenses of print and 
publicatioiw I was forced to say “the greater portion ” of such 
a work (“70 to 80 per cent.”), for examination of a large 
number of titles had shown me that a certain percentage of them 
could only be correctly indexed by specialists in their own de- 
partments, a fact which is emphasized when we call to mind 
that a title may be in any one of eight European languages* 
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After several interviews with Sir G. G. Stokes, and a some- 
what protracted correspondence, I agreed to arrange a sample 
index of some 2000 entries upon a plan suggested by him, and! 
warmly approved by that eminent bibliographer Dr. Garnett, 
of the British Museum, the plan being to take the leading word 
or words in the title of each paper, with a reference to the 
volume, page, author’s name, and number of the paper, in the 
Ro^al Society’s Catalogue, for subseauent arrangement in alpha- 
betical order; by which means the subject-key would occupy but 
a quarter of the bulk of the Catalogue as now published. It 
would extend — that is, approximately-— to three quartos of the 
size of the present volumes, in similar type, &c. 

In the early part of May this plan was discussed by the 
Catalogue Committee of the Royal Society, when the following 
resolution was passed: — “That the offer of Mr. Collins be 
declined, and that the President be requested to convey to Mr. 
Collins the best thanks of the Committee for the trouble which 
he has taken.” 

The foregoing account will be sufficient to show that, con- 
trary to an opinion expressed more than once in these pages, 
something more is needed than an offer to compile the subject- 
index. Were the manuscript now completed, and approved by 
the Royal Society, there would still be wanting a sum sufficient 
to bring it before the public. 

In conclusion, I should like to express my warm thank:> to 
Sir George Stokes for the kind and courteous way in which he 
has assisted me in my endeavour to develop what I am still con- 
vinced would be of immense service to science in all parts of the 
civilized world ; and not only to science, but to many industries 
besides. For would not the chemical manufacturer and the 
dyer profit by a complete list of all the papers that had been 
written on the coal-tar colours ; the agricuhurist, by knowing 
the researches which bad been undertaken to ascertain the 
nutritive powers of the bones and phosphates, and the fattening 
properties of the various cakes and foods ; the engineer, the 
analyses of iron and steel with their accompanying properties ; 
the physician, the physiological action of the various drugs ; 
and the electrician, all the papers, for instance, which had been 
written upon that little understood subject, induced cuirents? 
Finally, how many millions might have been saved in the con- 
struction of harbours all over the British Empire had all the 
scattered information upon the flow of water in rivers and tidal 
estuaries been so gathered together as to make reference possible, 
not to say easy? F. Howard Collins. 

Churchfield, Edgbaston. 


Stream Lightning. 

If a candle-flame is put between the poles of an electrical 
machine, while it is giving rough angular sparks, th6 discharge 
at once changes into a smooth single line of very easy curvature : 
it suggests the di'flerence between sinuous and stream lightning : 
it is not merely^ that the spark is as if shortened by the conduct- 
ing flame ; the whole nature of the discharge is changed. If the 
flame is held two inches beneath the poles, the spark will go 
down to it. W. B. Croft. 

Winchester College, May 30. 


Atmospheric Circulation. 

On March 9 and 10, 1887, the barometer rose to 30*92 inches- 
over Iceland — a very exceptional height for that locality at that 
time of the year. The United States daily maps of the northern 
hemisphere show that a storm \o the southward of this great 
anticyclone was carried westward a distance of over six hundred 
miles within twenty-four hours, in a manner similar to that in 
which West Indian hurricanes follow the course of the trade 
winds in August and September, although this storm was located 
in latitude 40'’ N., or in the usual situation of the anti-trades. 
Other instances of a similar character have been noted, but this 
one was unusually well defined, and throws much light upon the 
laws governing the atmospheric circulation. 

Lyons, N.Y;, May 20. M. A. Vkeder. 


Testing for Colour-Blindness. 

In answer to Prof. Lodge’s query (May 29, p. 160), why those 
concerned in testing for ^colour* vision do not avail themselves of 
instruments like Lord Rayleigh’s, having tainted some thousands 
in (his city, I may state that experience has shown that thyy aje 



June 5, 1890J 


NA TURE 




not suited for testing uneducated persons. A similar instrument, 
introduced by Chihret and Meyer, bf Paris, is to be. found in 
ophthalmic hospitals. 

I may further remark that I do not consider any test satisfac- 
tory unless made by an ophthalmic surgeon, as he alone is 
accustomed to deal with such people every day of the week, 
and can alone eliminate such errors as refraction-disease and 
stupidity. D. D. Redmond. 

14 Harcourt Street, Dublin, May 3. 


The Oreen Plash at Sunset. 

Your correspondents (vol. xli. pp. 495, 538) seem to imply that 
this phenomenon is only seen at sea, but I observed it on May 
17 while walking from east to west, near Worms Heath (War- 
lingham, Surrey). It had been an exceptionally fine day, since 
the morning, and about 8 p.m. there was not a cloud in the sky, 
except to westward, where strips of cloud were rapidly forming, 
and covering up the glow of sunset ; the sun had sunk behind a 
hill, when, suddenly, my companion and 1 both saw a flash of 
green light against the thickest cloud ; it lasted i or 2 seconds, 
just long enough for there to be no doubt about it. We com- 
pared it to the glare thrown by “green fire,” extending over an 
area whose diameter appeared about four times that of the moon. 

At 12 p.m. the same night it was raining. 

I think this observation definitely negatives the sea-wave 
theory, while the appearance was seen at least in association 
with the condensation of aqueous vapour. Perhaps the reason 
it was not bluish-gcccn was that this vapour absorbed the blue 
rays? T. Arckibald Dukes. 

16 Wellesley Road, Croydon, June 2. 


THE THEORY OF SCREWS} 

T H E book before us, a large octavo volume of over 
600 pages, gives in a connected form the results of 
Sir R. S. Ball’s investigation in the theory of screws, as 
contained in his “Theory of Screws’’ and a series of 
publications in the Proceedings and Transactions of the 
Royal Irish Academy. But as its scheme is that of a 
text-book on theoretical mechanics, it begins with a chap- 
ter on the postulates and methods of mechanics ; whilst 
chapter vii. is on the theory of moments of inertia; chapter 
viii. on impulsive forces capable of imparting to a rigid 
body a given state of velocity ; and chapter x., on kinetic 
energy, contains a number of propositions from analytical 
dynamics. Here expressions for the kinetic energy, for 
its change in consequence of an impulse, Lagrange’s 
equations of motion in generalized co-ordinates, Hamilton’s 
principle of least action, and various other propositions, 
are developed in the usual form — that is to say, without the 
use of screws. The rest of the book relates to the theory 
of screws and its applications. This alone, as forming 
the characteristic feature of the book, cohcerns us here, 
and of it we shall try to give an outline. 

In order not to be unintelligible to those who have no 
knowledge of Ball’s creation, it will be necessary to begin 
with the very elements of the subject ; and in order to 
form a just idea of the sc^e^ and importance of the new 
method, it will not be sufficient to give a sketch of the 
results obtained — it will be necessary to take a wider 
view of the subject.* We shall then be able to form some 
idea of the inherent capabilities of the theory. These I 
believe to be very great — very great indeed. One of its 
peculiarities lies in this, that all the results obtained in 
modern algebra and geometry, as distinct from analysis, 
seem to be directly applicable to it. 

Friends of synthetic geometry and of srraphical methods, 
too, will find here a wide field for investigations. Grass- 
mann’s “Ausdehnungslehre’Vhas already, been pressed 
into its service, and the theory of vectors and quaternions 

’ TheoretLsche Mechanik starrer Systeme aufXjrund der Methoden und 
Arbeiten, nod mit einem Vorworte von Sir Robert Ball, Royal Astronomer 
of Ireland-** Herauigegeben von Harry Gravelius. (Berlin : Georg Retmer» 
i889>) • 
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is easily applicable. Clifford, in fact, has generalized 
the latter theory into that of biquatemions to embrace 
screws. 

. Mr. Cartesius, to make use of Sir Robert’s personifica- 
tions, has been dethroned, and Mr. Anharmonic together 
with Mr. One-to-one reign in his place. 

Poinsot, whose investigations form the starting-point pf 
the theory of screws, has proved that a rigid ocray can 
always be transferred from one position to any other by a 
rotation about a certain perfectly determined axis, to- 
gether with a translation along this axis. These two 
I motions combine to a motion identical with that of a nut 
on a screw. It is completely determined if the angle 
through which the rotation takes place, together with the 
ratio of the translation to the rotation, is given. This 
ratio — the pitch ” oj the screw — characterizes the screw. 
As the motion does not at all depend upon the diameter of 
the screw, we may suppose this to become infinitely^mall, 
and then we have the notion of Sir R. Ball’s screw. 

A screw, therefore, is a line in space which has con- 
nected with it a certain pitch— /.^. a certain length, as the 
pilch is a linear maraitude. The compound motion con- 
sidered is called a “twist ’’ about a screw, and is known 
if the screw and the “amplitude” of the twist, i.e. the 
amount of rotation, is given. In the same way a system 
df forces can, according to Poinsot, always be reduced, 
and that in one way only, to a single resultant and a 
couple turning about the resultant ; and these two dis- 
similar parts Ball combines to a “ wrench on a screv^,” 
the line of action of the resultant force being the axis o^ 
the screw and the ratio of the moment of the couple to 
the force giving the “ pitch,” whilst the magnitude of the 
resultant force is callea the “ intensity ” of the wrench. 

We have thus a new entity — the screw — and its intro- 
duction forms the characteristic distinction of the theory. 
Connected with it is a kincmatical and a kinetic entity — 
the twist about a screw, and the wrench on a screw. 

If we now consider a rigid body under the action of any 
forces, then the latter combine at every moment to a 
wrench on some screw, whilst the motion itself is always a 
twist about some other screw. If the body is constrained 
in any manner, then the reactions due to the constraint 
will also at every moment combine to a wrench about 
some screw. 

The problem first to be solved is that of the com- 
bination of twists and wrenches. Let any two screws, a 
and / 3 , be given, then wrenches on them constitute together 
a system of forces, and therefore combine to a w^rench 
on some other screw, y, which has to be determined. If 
the ratio of the intensities of the two given screws be 
varied whilst the screws themselves remain unaltered, 
then the screw, y, of the resultant wrench also varies, and 
its axis describes a surface called the cylindroid. This is 
a ruled cubic surface which can be described as follows : — 
Let through a fixed line, /, a plane be drawn, and in it a 
circle be taken. Let a point, P, move uniformly in the 
circumference, whilst the plane itself turns uniformly 
about /, completing half a revolution whilst P describes 
the whole circumference. The perpendicular from P to / 
will then generate the cylindroid, and the screw on any 
generator will have a pitch equal to the length of the 
perpendicular from P to 4 The line / is a nodal line of 
the surface and perpendicular to all screws on it. All 
cylindroids are similar, and through any two screws one 
cylindroid can always be drawn. The projections of all 
generators on a plane, perpendicular to the nodal line, 
form a flat pencil in which each ray corresponds to one 
screw. Also to each point on the circle corres’ponds one 
screw. We may here mention that this generation ef the 
cylindroid stands in a very close relation to the plane re- 
presentation of the cylindroid which is given in chapter 
XX. For if A, B are the ends of the diameter of the 
above circle which is perpendicular to the nodal line 
hen to A and B correspond two generators of the cylin- 
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droid which meet at right angles. Let the corresponding 
screws be a and / 9 . Then if the circle when in a plane 
with a be turned about its diameter through a rieht angle 
it will be parallel to the plane of the pencil and may be 
taken to coincide with it. In this position we get the circle 
used in chapter xx. We recommend the reader to go 
through the first pages of this chapter when reading the 
third and fourth. 

To combine two wrenches 'on two screws, a and / 3 , 
we have to construct the'cylindroid coptaining the screws 
and the flat pencil spoken of. If on the two rays in this 
pencil which are the projections of a and 0 the intensities 
of the wrenches be set off (they are the forces which to- 
gether with couples constitute the wrenches), then their 
resultant gives not only the intensity of the resultant 
wrench, but it lies on the ray which is the projection of 
the sciew of the resultant wrench. From this follows at 
once : Any two wrenches on screws of a cylindroid com- 
bine to a wrench whose screw lies again on the cylindroid ; 
and conversely, a wrench on a screw belonging to a cylin- 
droid can be decomposed into two wrenches on any two 
given screws on the cylindroid. Also, on any three screws 
of a cylindroid wrenches can be determined which are in 
equilibrium. It need scarcely be stated that the ratios 
only of their intensities are determined ; but it is of inv 
portance to remember this. 

The above results for the composition of wrenches hold 
also for twists about screws, provided that their amplitudes 
<Hifh very small, in conformity with the well-known fact 
that small rotations are combined in the same manner 
as forces. For this reason Sir R. Ball has limited his 
investigations to cases where the twist velocities have 
infinitely small amplitudes. These include equilibrium, 
beginnings of motion due to impulses and small oscilla- 
tions. He also supposes the forces always to have a 
potential. Within these limits his results are of absolute 
generality. 

The remarkable analogy between forces and rotations 
which appears in analytical mechanics rather as an 
accidental, though interesting, circumstance, is raised in 
the theory of screws to a principle of paramount im- 
portance. 

If a rigid body acted on by a wrench receives a small 
twist, then the work done by the wrench is the product of 
the intensity of the wrench, of the amplitude of the twist, 
and of a geometrical factor which depends solely upon 
the two screws of the wrench and twist. Half this factor 
Ball calls virtual coefficient of the two screws.” If 
the screws meet it is proportional to the cosine of the 
angle between them ; if the pitches of both screws vanish, 
or more generally if their sum vanishes, it becomes the 
moment of the two lines on which the screws lie. It par- 
takes, therefore^ of the nature of both these quantities, 
and its analogies to the cosine especially are, in many ! 
cases, very marked. If the virtual coefficient vanishes, 
then no work is done by the wrench in consequence of 
the twist Now the virtual coefficient of two screws, 
a and depends symmetrically on both, hence if a wrench 
on a does no work when the biody is displaced by a twist 
about then also a wrench on (i does no work during a 
twist on a. For this reason two screws whose virtual 
coefficient vanishes are called reciprocal. 

An immediate consequence of the definition of reciprocal 
screws is this, that a screw which is reciprocal to two 
screws, a, is reciprocal to all screws on the cylindroid 
determined by a, / 3 . For a twist about any screw, y, on the 
cylindroid can be decomposed into two aoout a and / 3 ; but 
the wrench can do no work a|;ainst these, and therefore it 
can do nd work against a twist about y. 

It is also proved thdt through every point in space 
there pass a single infinite number of screws, which are 
reciprocal to a cylindroid. . These lie on the generators 
- of a cone of the second order. Similarly, all screws in a 
plane which possess the property in question envelop a 
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conic, and in chapter xxi. it is shown that this is always 
a parabola. 

Two screws which meet can be reciprocal only if 
the)r meet at right angles or if the sum of their pitches 
vanishes. This I'ives rise to one of the most powerful 
methods for finding reciprocal screws. Thus, as every 
line meets a cylindroid in three points, and there- 
fore cuts three screws on it, and as the cylindroid 
contains only two screws of equal pitch, it follows 
a screw, a, reciprocal to a cylindroid must cut one 
screw on it at right angles, and the two others which it 
meets must have equal pitches, viz. these must be equal 
and opposite to the pitch of a ; and from this, again, it is 
easily deduced that every line which meets one screw on 
a cylindroid at right angles cuts, besides, two others 
which have equal pitch ; for if on this line a screw be 
taken with a pitch equal to one of the two remaining 
screws which it cuts, it will be reciprocal to the 
cylindroid. 

Just as two wrenches on screws a and always combine 
to a wrench on a screw lying on a certain cylindroid, so 
three wrenches on screws a, / 3 , y, which do not lie on a 
cylindroid, combine to a wrench on a fourth screw which 
is connected with the three given ones, and which de- 
pends on the two ratios only of the intensities of the 
three given wrenches. 

The entirety of all the screws which are got by varying 
these ratios forms a system of a double infinite number of 
screws, which has been called a screw-complex of the 
third order. 

If any four screws belonging to such a complex are 
selected, then a wrench on one of them can be decom- 
posed into three wrenches on the others. It is also 
always possible to determine wrenches on the four screws 
whicn are in equilibrium, and the ratios of their intensi- 
ties alone are then determined. Similarly, five indepen- 
dent screws, i.e. screws which do not belong to a complex 
of lower order, give rise to a complex of order five, and 
six independent screws to a complex of order six. To 
this latter complex all screws in space belong, for in 
chapter v. it is shown that in general any wrench can be 
decomposed into six wrenches on six arbitrarily selected 
screws. A screw-complex of order two is nothing but 
a cylindroid, and a complex of order one consists of 
one single screw. That a complex of order six exhausts 
all screws in space, says only that the number of all 
screws is 00^, if 00^ denotes the number of points in a line, 
or the number of values which a single real variable, x, 
may assume. That the number of all screws is oo» is also 
at once evident if we consider that the number of lines 
in space is 00*, and that on each line we have a single 
infinite number of screws which are obtained by giving 
its pitch all possible values from — 00 to -f 00. 

There is an important theorem that the screws which 
are reciprocal to all screws in a complex of order n form 
themselves a complex of order 6 — n. 

One of the chief uses made of these results consists in 
the introduction of screw cp-ordinates, viz. six indepen- 
dent screws are selected as co-ordinate screws. Then 
the intensities of the components of a wrench on these 
six screws are taken as the co-ordinites of the wrench. 
In the same way the co-ordinates of a twist are obtained. 
Lastly, by the co-ordinates of a screw are understood 
the co-ordinates of a wrench of unit intensity on the 
screw, or those of a twist of unit amplitude about it. 
To get, then, the co-ordinates of any wrench on, or a 
twist about, a screw, the co-ordinates of the latter have 
only to be multiplied hy the intensity of the wrench or 
the amplitude of the twist Between these screw co-ordin- 
ates emsts, however, an, equation of the second degree, 
just as between the ordinary homogeneous point co- 
ordinates there exists a linear equation. A screw is 
thus completely determined by the^ ratios of its six co- 
ordinates, i.e. by five numbers, which again shows that 
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there are oo‘ screws in existence. Having established 
the notion of these co-ordinates, there are next given, in 
chapter v., expressions in terms of the co-ordinates for 
the resultant of a number of wrenches or twists, for the 
work done by a wrench on one screw during a twist on 
another, and so on. These expressions are much simpli- 
fied by selecting the screws of reference in a particular 
manner, viz. so that any two of them are reciprocal, and 
such a system of “ co-reciprocal ” screws is afterwards 
always used. 

The expression for the virtual coefficient of two screws 
is in general a lineo-linear function of the co-ordinates of 
both screws. But this is simplified for the special system 
of co-ordinate screws just mentioned, in reducing to an 
expression of six terms only, each bein^ the product of 
the co-ordinates of the two screws relating to the same 
co-ordinate screw into the parameter of this screw. This 
expression must vanish if the two screws shall be reci- 
procal. Hence the condition that a screw shall be 
reciprocal to a given screw is expressed as a linear 
equation between its co-ordinates, and it is important 
to add that every linear equation between its co- 
ordinates can be interpreted as meaning that the 
screw is reciprocal to some other screw. But one 
linear equation enables us to express one of the 
co-ordinates in terms of the others, so that all thej 
co-ordinates of all screws which are reciprocal to a given 
screw can be expressed in terms of five co-ordinates, in 
otherwords,a screw in a complex of order hveis determined 
by five co-ordinates. In the same way two linear equations 
limit a screw to a complex of order four^ and so on, till 
we come to five equations as determining one single 
screw ; which also shows that there is always one screw 
which is reciprocal to five given screws. 

We leave for the moment the line followed by Ball and 
Gravelius, in order to indulge in some very general specu- 
lations, in close connection with chapter xix., which seem 
best suited to give, in as short a compass as possible, a 
clear insight into the nature of the whole system of 
screws. 

We are accustomed to express the fact that the number 
of points in a plane is by saying a plane, or in fact 
any surface, is of two dimensions if we consider the points 
as elements. Space is, in the same sense, of three dimen- 
sions, whilst it is of four dimensions if we consider the 
lines as elements. 

We may extend this language, and say the aggregate 
of all screws forms a space of five dimensions, or as 
Clifford would have said, it is a five-way spread. _ If we 
now assume between the co-ordinates one equation, we 
may speak of the locus of screws whose co-ordinates 
satisfy this equation. It will be a four-way spread, or a 
space of four dimensions. This locus is called by Ball a 
screw-complex of order five and degree »*, if m is the 
degree of the equation. The complexes spoken of before 
are of the first degree. 

The geometrical theory of screws becomes thus identical 
with the geometry of a space of five dimensions, which 
latter we may call the screw- space. 

Let us consider now two such complexes of ist degree, 
one of order the other of order n. The first is de- 
termined by a set of 6 — w linear equations between the 
co-ordinates, the second by 6 — « such equations. All 
screws common to both have therefore to satisfy 
12 - m ~ n equations, and in case that this number is 
not greater than six, they will constitute a complex of 
order 6 — (12 -»* — «)■■ -j- » - 6. Thus a complex 

of order 4 and a complex of order 5 will have a complex 
of order 3 in common, whilst two complexes of order 3 
will in general have no 8,ci<ew in common, thouj^h 
they may have a single screw or a whole cylindroid m 
common. 

The geometrical theory of screws as the geometry pf a 
particular space of five dimensions is not a mere ex- | 
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tension of the ordinary Euclidian geometry. The six 
homogeneous co-ordinates of a screw are, as ^s already 
been mentioned, connected by an equation. This is of 
the foim R as I, where R is a quadratic expression of the 
*co-ordinates. All elements at infinity in our screw-space 
are given by the equation i » o or by R o. The 
absolute is thus a quadric locus, and therefore we ^ve to 
deal with non-Euclidian geometry. 

The advanU^e to the theory of screws to be derived 
from a stud^ of this geometry are apparent at every step. 
We may in our screw-spate conceive curves and 
surfaces of from i to 4 dimensions, by taking one or 
more equations between the co-ordinates. Of these, 
equations of the first degree determine the screw- 
complexes. But equations of the second degree, which 
determine quadric complexes, or as Ball calls them screw- 
complexes of second degree, are also constantly of use. 
Such an equation may be taken in a complex ofy>rder n. 
In the treatise before us they appear in congruences of the 
3rd and 6th order. We will ^ive here one illustration. 

Let Pit - . . pn be the pitches of the n co-reciprocal 
co-ordinate screws, and let oj, oy, . . . om be the co- 
ordinates of a screw a with pitch pa. Then is pa given 
by the equation 

Pa = + , ... + 

This equation can be made homogeneous by aid of 
R — I, and becomes 

^Pa — pt/s,p, 

where R also is sup^sed to contain n of the a only, the 
others being replaced by aid of the linear equations which 
determine the complex of order n. It follows that the 
absolute R = o is the locus of screws of infinite pitch, 
whilst 

A*X® + + . . . . = o 

is the locus of screws of zero-pitch. Both are quadrics. 

If we take a screw /3, we may form its polar with regard 
to any quadric. If we select the last quadric mentioned, 
the polar is 

A®I^l . . . . pnf^t$&n ~ O. 

But this equation is also the condition that a and /9 are 
reciprocal screws. In each complex the quadric of zero- 
pitch becomes thus of special importance, reciprocal 
screws being conjugate poles with regard to them. 

As we cannot directly realize a space of more than 
three dimensions, it becomes of importance to represent 
the elements in such a space by other elements in 
ordinary space, and, when possible, by elements in a 
plane. That this is always possible is clear. 

For instance, as all conics in a plane are 00-' in number, 
we have as many conics in a plane as there are screws in 
space, and we may therefore represent each screw by a 
conic in a plane. To screws on a cylindroid would then 
correspond all conics in a pencil. We might then speak 
of the cross-ratio of four screws as given by the cross- 
ratio of the corresponding conics in the penciL All 
screws belonging to a complex of order 3 would be 
represented by conics forming a net, i.e. by conics having 
a common polar triangle. 

We thus get a graphical representation in a plane, and 
can obtain our results by constructions in a plane. But 
the geometry of conics in a plane has scarcely been far 
enough developed to make general use of them, and for 
screw-complexes of lower order simpler representations 
may be foimd. Thus the screws on a cjrl\ndroid can be 
represented most conveniently by the points on a circle 
which stands in dose relation to the cylindrpid and mves 
rise to a graphical solution of problems relating to a body 
with two degrees of freedom. This is done in chapter xx., 
full of interesting detail. Again, screws in a complex of 
order 3, whose number is <x>^ can be represented by 
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points in a plane. This has been worked out in chapters 
xxi. and xxii. In fact, here the screw co-ordinates, three 
in number, are simply taken as tri-linear co-ordinates of a 
point. It follows at once that the locus of points with 
equal pitch must be a conic, the “ absolute ” being^ the 
locus of pitch 00, and one conic relates to zero-pitch. 
This latter may, without loss of generality, be made a 
circle. 

It is of interest to notice that for a screw-complex of 
order 3 the screws which have a given pitch form them- 
selves a quadric surface, f iz. they form one set of gene- 
rators on a hyperboloid, the other set of generators 
having pitch - and containing thus screws in the com- 
plex reciprocal to the others. 

Other quadrics enter the theory, especially one con- 
taining the locus of screws about which a body may twist 
without receiving kinetic energy, and which is, of course, 
imaginary ; and one connected with the potential. These 
last two determine the principal screws of inertia, of which 
more later on. 

For screw-complexes of order 4 no graphical repre- 
sentation is given. The difficulty lies here in this — that 
the dynamics require constantly metrical relations, and 
these are not very simple in the plane representation, by 
conics for instance. It is here that the non-Euclidian 
character of the geometiy comes out. 

These speculations are in close connection with the 
contents of chapter xix., where projective relations between 
two congruences of the same order are investigated. It is 
hfii^that Herr GraveliuS has more particularly introduced 
original work of his own in bringing Sir K. Ball’s Mr. 
One-to-one more prominently to the foreground. 

Up to this we have considered chiefly the geometry 
of systems of screws. It is now time to consider the 
kinematics of a rigid body and the action of forces on it. 

If a body is perfectly, free it can twist about every 
screw in space. As these can be decomposed into six 
twists about the co-ordinate screws, the body is said to 
have six degrees of freedom. If the body is constrained 
in any manner — and here the generality of the nature of 
the constraint has to be noticed —then it will not be able 
any longer to twist about all screws. But we have seen 
already if it can twist about n screws it can twist about 
ail screws belonging to the complex of order n derived 
from them. The freedom of a body is therefore fully 
characterized by the complex which contains all screws 
about which the body can twist. If this is of order /t, 
then the body has n degrees of freedom. An attempt to 
twist the body about any other screw will evoke a re- 
action due -to the constraint which will reduce to a wrench 
upon some screw. Such a wrench cannot do any work 
against a possible twist of the body, hence the screws 
on which wrenches of constraint are possible must be 
reciprocal to the screws which determine the freedom of 
the body ; they form, therefore, the reciprocal complex. 
We thus get the very general theorem about the equi- 
librium of a body. If a body has n degrees of freedom 
then it will be in equilibrium under the action of all 
wrenches on screws of a certain complex of order 6 — 
This complex may be called the complex of constraint. 

Again, if a body is subjected to an impulsive wrench 
upon a screw, 17, not belonging to the complex of constraint, 
it will begin to turn about some screw, a, called the instan- 
taneous screw. At the same time an impulsive wrench of 
constraint will be evoked. Conversely, in order to produce 
a twist on a as instantaneous screw we may apply an 
impulsive wrench on t), but with this we may combine a 
wrench on any .one of the screws belonging to the complex 
of constraint. As the latter is of order 6 — n, all screws 
derivable from these, together with the screw 1; will form 
a complex of order 7 — » This complex of order 7 — « 
and the ^complex of order n which determine the freedom 
have 7 — « + « - 6 =■ 1 screw in common (see above). 
This screw is called the reduced impulsive wrench. 
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We thus have proved if a body has freedom of order a, 
then there is always one and only one screw, 1;, in the com- 
plex which determines the freedom, such that an impulsive 
wrench on it makes any given screw, a, the instantaneous 
screw. The converse, also, is evidently true. Between the 
impulsive and instantaneous screw in the complex exists, 
therefore, a one-one correspondence, or, to express this 
differently, the complex of instantaneous and that of im- 
pulsive screws are projective. They are also coincident. 
But if we have two coincident projective spaces of « — i 
dimensions, then there are always n screws in one which 
coincide with their correspondents. This proves if a 
body has n degrees of freedom, then there exist n 
screws, and in general only zr, such that an impulsive 
wrench on one of them produces a twist on the same 
screw. These n screws — and the discovery is one of 
the triumphs of the theory — are called the principal 
screws of inertia, as they depend on the distribution of 
matter in the body. These screws are also co-reciprocal, 
and may therefore be taken as co-ordinate screws. They 
are a generalization of the principal axes of inertia in the 
ordinary theory ; and to show their importance it is suffi- 
cient to point to the importance of the principal axes of 
inertia in the ordinary theory of a free body, or of a body 
of which one point is fixed, and to remember the simpli- 
.fication obtained by taking them as axes of reference. 

For a free body the screws of inertia lie on the prin- 
cipal axes of the body which pass through the mass- 
centre, two on each, with pitches equal to the correspond- 
ing radius of gyration, taken positive for the one and 
negative for the other. The ordinary theory has no 
analogon to this if the body is constrained, excepting in 
the few cases where a point or an axis of the body is 
Axed, or where the body has plane motion only. 

It is in such generalizations that the theory of screws 
excels. It has given us here the best and simplest co- 
ordinates for all cases of the motion of a single rigid 
body acted on by any forces and constrained in any 
manner conceivable. 

We will now suppose that the co-ordinates thus pointed 
out are used, and find the instantaneous screw corre- 
sponding to any given impulsive wrench. Each com- 
ponent wrench produces a twist about its own screw, whose 
amplitude depiends in a very simple manner on the in- 
tensity of the iippulsive wrench ; so that the intensities 
of the component twists are known, and these give the 
resultant twist. 

We next consider the kinetic energy, T, of the body 
due to a twist on a screw, a. Let a,, u,, . . . be its com- 
ponents,^!, . . . the pitches of the co-ordinate screws, 
and d the twist velocity. It is then shown that, M being 
he mass of the body, 

T = -t- . . . + 

Denoting the expression in the brackets by we 
have T The quantity is a length ; the 

expression for T is therefore of the same form as that for 
the rotation of a body about an axis with angular velocity 
(i, the radius of gyration being replaced by Uaty/2. This 
last expression deserves a name. If we fidopt Clifford’s 
word spin-radius,” instead of radius of gyration, the 
name twist-radius suggests itself as suitable for Ua or 

UaJ 2. 

We now come to consider the problem of small oscilla- 
ions. Let there then be a body of n degrees of freedom 
n a position of equilibrium under a system of forces which 
have a potential V. Let A denote the complex defining 
the freedom. If the body be displaced by a small twist 
about a screw, a, belonging to the complex A, then the 
forces are not any longer in equilibrium ; hence they will 
give rise to a wrench oq some screw X. This wrench 
may be combined with any wrench of constraint ; but just 
as in case of impulsive wrenches there is one single screw 
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X belonging to the complex A, hence now also we have 
in the complex A a one-one correspondence between the 
screws a and the screws X. There are therefore, again, 
n screws o, which coincide with their corresponding 
screws X. These have got the name of principal screws 
of potential.” They depend on the system of forces or on 
the potential V, just as the screws of inertia depend on the 
distribution of matter. These n screws, again, are co- 
reciprocal. They have the property that a twist about 
one of them evokes a wrench on the same screw, the 
wrench being due to the applied forces. To show the 
importance of these principal screws of potential it will 
be sufficient to remark that the potential is, under the 
circumstance explained, a homogeneous function of the 
second degree of the n co-ordinates by which the dis- 
placement is defined. This function becomes the sum of 
tt terms containing the squares only of the co-ordinates 
if the principal screws of potential are taken as co-ordinate 
screws. 

Now, suppose that the body has been displaced by a 
twist about a screw a, this could be done by a wrench upon 
the screw tf, which as impulsive screw corresponds to a as 
instantaneous screw. At the same time this displacement 
calls'a wrench on a screw X into play due to the potential 
V. To every screw « corresponds thus one screw 17 and 
one screw X. Hence the latter are also connected by a 
one-one correspondence, and there are therefore n screws 
a such that the corresponding screws >7 and X coincide. 
The screws a thus obtained are called ‘‘ harmonic screws.” 
They possess this property : A twist about a harmonic 
screw evokes a wrench which in its turn tends to produce 
a twist on the original harmonic screw. Hence if the 
equilibrium is stable this wrench will tend to twist the 
body back to the position of equilibrium, and thus pro- 
duce small oscillations about the harmonic screw. From 
this we get the following theorem, distinguished again by 
its great generality : — 

If a rigid body having n degrees of freedom is in a 
position of stable equilibrium under the action of a system 
of conservative forces, then it can, on being disturbed, 
perform n distinct oscillations, which consist each of a 
twisting about a single screw. Every other oscillation is 
a combination of these. 

These are the chief results which so far have been 
obtained by the theory of screws as applied to a single 
rigid body. They form the contents of chapters vi. to 
xii. These general results are, in the next six chapters, 
applied and considered more in detail for each of the six 
possible cases of degrees of freedom which a rigid body 
may have. Then there follow four chapters on graphical 
methods, already referred to. 

All the former investigations relate to one single rigid 
body. But Sir R. Ball, in 1881, published a paper in 
which he extends his theor)r to systems of rigid bodies by 
a method as beautiful as it is suitable to the purpose. 

The bodies, of which we suppose there are /*, are taken 
in a definite order. Every body of the system will at 
every moment twist about some screw. We thus get a 1 
et of II screws, about which at any moment the bodies ' 
twist. If we take two. consecutive twists, then their 
resultant depends only on the ratios of the two amplitudes, 
and conversely (he screw of the resultant determines this 
ratio. If the screws about which two consecutive bodies 
twist are given, and also the screw on which their re- 
sultant lies, then the amplitude of the first twist deter- 
mines that of the other. If, therefore, the screws about 
which the n bodies twist at any moment are given, and 
besides the /* - 1 screws on which the resultant twists of 
consecutive bodies lie, then the amplitude of the first 
determines that of every other twist. The set of 2^1 - i 
screws thus obtained is called a screw-chain, and it 
is said that the system of bodies twists at any moment 
about a certain screw-chain. 

In case of systems of rigid bodies, the screw-chain has 
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to be considered as the fundamental entity, which takes 
the place of a screw in case of a single body. 

In a finite number of bodies we get a screw-chain of a 
finite number of screws. These will, in the screw-space 
of five dimensions, be represented by a finite group of 
•points (elements). If, however, the number of bodies 
increases and becomes infinite, as in the case of the 
molecules of a fluid, this group of points may form a 
continuous locus of one or more dimensions. We may 
thus get, instead of screw-chains, continuous curves and 
surfaces of screws, and their geometry will be that of a 
group of points in five-dimensional non-Euclidian space. 

This suggests an enormous field for investigation, and 
it is of interest to see that every progress in the algebra 
and geometry of such a space must indicate also progress 
in dynamics. 

But these are speculations far beyond the contents of 
the book under review. 

All results obtained for twists can at once be transferred 
to wrenches. Accordingly a system of forces acAng on a 
system of bodies can be reduced to a wrench upon a 
screw-chain. 

There are reciprocal screw-chains, screw-chains of 
inertia, complexes of screw-chains, complexes of freedom 
and of constraint, and complexes reciprocal to them. In 
fact, the screw-chain seems now to take in every respect 
the place of the screw in the theorjr of a single body. 
These screw- chains in their kinematical and dynamical 
applications to systems of rigid bodies form the contents of 
the chapters xxiii. and xxiv. 

The last two chapters in the book give Sir R. Ball’s 
theory of content, in which the author tries successful 
to overcome the difficulty which offers itself in the de- 
termination of metrical relations without any reference to 
measuring a length. By “content” is understood the 
aggregate of all elements in what Clifford called a three- 
way spread. The investigation is carried on quite alge- 
braically by aid of the methods of Grassmann’s “ Aus- 
dehnungslehre.” In the book before us this is worked out, 
partly with reference to Clifford’s theory of biquaternions, 
and ends with the introduction of Clifford’s vectors in 
non-Euclidian space. 

It will be asked what progress in the science of dyna- 
mics, and through dynamics in natural philosophy, has 
I been made by Ball’s creation. The theory of screws is 
I a mathematical speculation full of life, full of interest and 
j charm for the mathematician who likes to find new 
I physical interpretations for geometrical and algebraical 
’ results and .methods. The physicist, however, may say 
I that the theory does not increase our power over Nature, 
j But I am inclined to think that when further developed it 
will be a great, perhaps a very great, help to progress. 

I Does not every molecule of a fluid having rotational 
I motion twist about some screw } And does not a vortex- 
I line suggest a screw-chain containing an infinite number 
of elements ? 

The theory of screw-chains, containing a finite number 
of elements belonging to a system of bodies with one 
degree of freedom, seems to indicate a truly scientific 
classification of mechanisms, and may conceivably render 
great aid i% the invention of mechanisms which answer 
a given purpose. 

The essentially geometrical character of the new method 
seems particularly well adapted to give graphical solu- 
tions of dynamical problems, and thus a “ graphical 
dynamics ” appears to find here a sound foundation. In 
this direction much has been done already, but^ much re- 
mains to be done. Also the restrictions of infinitely small 
amplitudes of the twists has to be broken ^through, and 
the infinitesimal calculus has to be pressed into the 
service. • 

Meanwhile, we congratulate Sir Robert Ball on the 
results which his persevering labours have achieved, and 
Herr Gravelius on the courage which led him to under- 
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take the task of writing a text-book on this subject, and 
on the success with which he has accomplished it. The 
book ought to give a great impulse to the study of this 
theory, and to enlist many friends in its service. 

O. Henrici. 


THE SIXTH SCIENTIFIC CRUISE OF THE 

STEAMER « HY^NA ” WITH THE LIVER- 
POOL MARINE BIOLOGY COMMITTEE, 

'^HE Liverp<ral Salvage Association having kindly 
placed their s.s. Hyana once more at the disposal 
of the Liverpool Marine Biology Committee, a four-days’ 
dredging cruise was arranged and successfully carried 
out at Whitsuntide. The old gunboat left the Mersey 
on Friday, May 23, and steamed to the Menai Straits. 
Some of the party spent the afternoon and evening 
collectihg on the shore at Puffin Island, off which the 
Hycena was anchored for the night. On the following 
morning, after a few hauls of the dredge near Puffin 
Island, and between Penmon Point and Beaumaris, and 
again off Port Dinorwic, the steamer went through the 
straits to Carnarvon Bay, and commenced working along 
the southern coast of Anglesey. 

The dredges and various kinds of tow-nets, surface and, 
bottom, were used at intervals. Mr. W. E. Hoylf’s deep- 
water closing net, which has now been modided so that 
its movements of opening and closing are effected by the 
p^s^ge of an electric current, was experimented with 
irequentl)r during the cruise— not so much with the object 
of collecting specimens, as for the purpose of detecting 
and remedying any possible defects in the construction, 
and of guarding against conditions which might interfere 
with the proper action of the apparatus. On the whole 
the net worked satisfactorily, the causes of occasional 
failures were discovered, and when the improved form of 
frame used by the Germans has been adopted, the 
apparatus will no doubt be a most useful addition to the 
implements of the marine biologist. 

The Hyana anchored for the night in a small rocky bay, 
Porth Dafarth, on the south side of Holyhead Island, 
Anglesey, and half the party of over twenty biologists were 
landed to sleep on shore. After dark those who remained 
on board commenced tow-netting by electric light, and re- 
peated with some modifications the experiments which 
had been made during the last two cruises of the Hyana 
at the Isle of Man (Nature, vol. xxxviii. p. 130, and 
vol. xL p. 47) in 1888 and 1889. The large arc lamp was 
hoisted over the side of the ship so as to throw a strong 
glare on the water, and Edison-Swan incandescent lamps 
were sent down to the bottom in tow-nets which were 
hauled up at intervals. Comparatively few Cumacea, 
Amphipoda, and Schizopoda were obtained this time, but 
shrimps and young fishes were— for the first time in our 
experience — attracted by the light to the surface, and 
some of them were caught and preserved. One of the 
ship’s boats was kept in the area illuminated by the arc 
lamp, and by leaning over her side the small objects in the 
surface-layer of water could be most distinctly seen, and 
particular animals picked out and captured with a hand- 
net as they darted about in the neighbourhood of the light. 

Two of the party got up at 3 a.m., and took a surmce 
tow-netting about dawn, which was afterwards found to 
contain a much greater number of Copepoda, and more 
variety, than any of the other tow-nettings, either day or 
electric light, surface or bottom. Amongst other interest- 
ing things it contained a large number of Peitidium 
depressum^ which had not been taken at all during the 
day, and on|y in very small numbers with the electric light 
bottom net. This same species has recently been taken 
in quantity at Puffin Island by leaving a tow-net out all 
night attached to a buoy. It is usually found sticking on 
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Laminaria in the day-time, but evidently comes to the 
surface in abundance late at night or early in the morning. 

The following day was spent in steaming slowly about off 
the southern coast of Anglesey, dredging and tow-netting 
at frequent intervals. The surface life was found to be 
very poot— comparatively few Copepoda and almost no 
representatives of other free-swimming groups being 
obtained ; but Mr. Thompson noticed the relative abund- 
ance in all the tow-nettin^s, both surface and bottom, 
during the day, and also with the electric light, and at 
dawn, of unusually large specimens of Dias longiremis, 
and also the prevalence of the somewhat uncommon 
Isias clavipes in all the surface gatherings, though none 
were taken in the bottom ones. 

The dredging results were fairly good : some very 
fine sponges were obtained, and Ascidians were plen- 
tiful. One patch of rich ground was discovered near 
Rhoscolyn Beacon, where Comatula was brought up in 
abundance along with various Tunicata, Holothurians, 
Nudibranchs, Zoophytes, Polyzoa, and large sponges. 
After dark, in Porth Dafarth, the electric lights were 
again used for a couple of hours. This time the large 
arc lamp was taken to the stem and suspended close to 
the surface of the water, but as it was not working steadily 
one of the incandescent submarine lamps was lowered 
over the side and kept a few inches under water, and this 
proved most effective in attracting animals to a stationary 
tow-net or a hand-net beside it. On the fourth day the 
Hyana returned through the Menai Straits to Liverpool. 
As usual the specimens collected have been distributed 
to specialists, and the detailed reports upon the various 
groups will appear in the next volume of the “ Fauna 
of the Liverpool District.” W. A. Herdman. 


W. S. DALLAS, 

T he death -of this genial and accomplished man will 
awaken feelings of no ordinary regret, not only 
among geolcgists, but among naturalists all over the 
country. For two-and-twenty years his tall, handsome 
person has been the most familiar figure at the rooms of 
the Geological Society in Burlington House. Always at 
his post, with a pleasant smile of welcome, ever ready 
with assistance from his large treasures of knowledge and 
eimerience, knowing more intimately than anyone »se the 
afmirs and traditions of the Society, proud of its history 
and keenly sensitive for its scientific reputation, he had 
come to M looked upon as a kind of genius loci — the 
living embodiment of the Society’s aims and work. 

Of those who knew Mr. Dallas only in his later years, 
and saw his whole-hearted devotion to the geological 
labours intrusted to him, probably few were aware that 
he was not always a geologist. He began life with 
zoological inquiries, and devoted his attention more 
especiall;^ to insects. His early papers appeared in the 
Transactions of the Entomological Society, but he pre- 
pared also a Catalogue of the Hemipterous Insects in 
the British Museum, which was published as far back as 
the years 1851-52. Yet he dicLnot confine himself to one 
branch of zoology; on the contrary, his reading and 
knowledge ranged over a wide domafn-ip natural history. 
In the year 1856 he published his “ Natural Historjr of 
the Animal Kingdom,” bv far the best work of the kind 
in its day, which rendefea important service to biology, in 
making the study of living forms more attractive, and in 
providing for that study a much more accurate ground- 
work than bad ever bmore been obtainable. The value 
of his labours was recognized not long afterwards bv his 
being appointed Curator of the Yorkshire Philosophical 
Society’s Museum at York— an office which he held for 
ten vears, until in 1868 he obtained the post which he 
held up to the last — that of Assistant Secretary. Librarian, 
and Curator to the Geological Society of London. 
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After his return to reside in London he found the 
duties of the office he had undertaken so engrossing, and 
the cares of domestic life so exacting, as to leave him 
little or no spare time for original inquiry. He devoted 
such leisure as he could command to translating, 
editin£[, and other scientific labour of a literary kind. 
Biologists will especially remember the appearance of 
his translation of Fritz Muller’s ** Facts and Arguments 
for Darwin,” shortly after the beginning of the controversy 
aroused by “ The Origin of Species.” His wide range of 
knowledge in natural science, and his literary tact and 
experience, made him an unrivalled editor of a scientific 
periodical. The volumes of The Quarterly Journal of the 
Geological Society for the last twenty years will remain as 
a memorial of the accuracy, skill, and punctuality of his 
work. It will be difficult to find another assistant secretary 
so deft and helpful as he : it will be,^ however, still harder 
to discover one who to ample scientific acquirements and 
long experience will unite a nature so gentle and kindly as 
his, and a character so honourable and sincere. Mr. 
Dallas may be said to have died in harness. Though for 
some time he had been growing gradually feebler, he 
attended the evening meeting of the Geological Society 
only a fortnight ago. But the hand of death was then 
visibly upon him. Two days afterwards he was struck 
down with paralysis, and, after lingering a week, died on 
the morning of May 28, at the ag^e of sixty-six. Last 
Monday his associates of the Geological Society laid him 
in his grave in the Norwood Cemetery. A. G. 


NOTES. 

Besides the death of Mr. W. S. Dallas, the Assistant- 
Secretary of the Geolcgical Society, the ranks of the geo- 
logists of this country were further thinned last week by the 
loss of another well-known and most esteemed student of 
geology — Mr. John Gunn, of Norwich. Though not distin- 
guished as a writer on geological subjects, he has long been 
looked up to as the chief authority on that most interesting 
deposit — the Cromer Forest-bed ; and as the most indefatigable 
and successful collector of its organic contents. He had, more- 
over, an extensive knowledge of all the geological formations j 
of East Anglia. He was, likewise, fond of antiquarian re- 
searches, and in early life did good service a mong the archseo- 
logical and ecclesiastical antiquities of his county. But while 
always eagerly seeking fresh information and gathering a vast 
store of facts in many departments of inquiry, he refrained from 
rushing frequently into print, while on the other hand, with 
generous self-abnegation, he was ever ready to place his mate- 
rials at the service of science and the public. Every honest 
inquirer was always welcome to any information or assistance 
he could give. After amassing a magnificent suite of fossils, 
illustrating especially the mammalian life of Pliocene time in 
England, he presented it to the Norfolk and Norwich Museum, 
where it forms one of the most attractive and instructive features 
of the collection, and fills what is called after him the “Gunn I 
Room.” Mr. Gunn had reached his eighty-ninth year, 

Wb are glad to gather from the statement made in the House 
of Commons on May 22 by Sir John Gorst, in reply to a ques- 
tion from Sir Henry Roscoe, that the new regulations which 
will shortly be issued by the Civil Service Commission for the 
competitions for admission to the higher branch of the Indian 
Civil Service are, in the opinion of Sir John Gorst, likely to 
satisfy the desire which is widely felt at the Universities and 
elsewhere that they “shall secure more equal prospects of suc- 
cess for those whose chief studies have been in science than are 
at present accorded in these competitions.” Those who are 
interested in this important educational question will be glad that 
fSir Henry Roscoe has directed the attention of the authorities at 
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the India Office to this matter^ and they will hope that if the new 
r^ulations are not found to satisfy the necessities of the case, 
he will continue his exertions. We do not wish to be prophets 
of evil, but experience unfortunately shows that the Civil Service 
Gommissioners are by no means likely to put science subjects on 
anything like a fairly equal footing with classics except under 
considerable pressure from public opinion. It will therefore 
be important that prompt combined action shall be taken 
in support of Sir Henry Roscoe by those who have interested 
themselves in the question, if the new regulations do not prove 
to be of a satisfactory character. If the present opportunity of 
securing that the conditions of admission to this important 
service be put on a proper footing be lost, it may be long before 
another occurs. Such action has, however, succeeded in other 
cases, and ought to do so in this case also. 

In moving the Education Estimates on Tuesday evening, Sir 
W. Hart Dyke gave an elaborate and most careful account 
of the new Code, the leading provisions of which we have 
already discussed. Among the speakers who took part in the 
subsequent debate or conversation was Sir Henry Roscoe, who 
congratulated the Vice-President on having for the first time 
carried out some of the recommendations of the Royal Com* 
mission on which he had had the honour to serve. He welcomed 
fhe proposal to give a grant for manual instruction. He was 
also pleased to learn that the Vice-President took to heart one 
of the recommendations which laid the foundation for technical 
instruction — a foundation which many of them for a long 
had hoped would be laid. It was gratifying to learn that already 
great progress had been made in several of the larger towns 
with regard to technical instruction. He hoped that the ques- 
tion of drawing would progress. He thought the specialization 
of science ought not to be made before the fourth standard* 
The question of training teachers was one which referred to 
probably the most important portion of the Code. He welcomed 
all that it was proposed to do. He believed that the new Code 
would mark an era in the educational progress of the country* 
Mr. Mundella, in the course of a short speech, said he had risen 
only to express his thanks to the Vice-President of the Council 
for the liberal provisions of his Code. He regretted, however, 
that these provisions had not been somewhat extended. Why had 
the Vice-President not gone somewhat further with respect to 
the recommendations of the Royal Commission as to raising the 
standard of age, and extending the school life of the child? 
They might make the best and most liberal arrangements 
for education, but if the child’s school life was to end at 
ten years of age, they were wasting their money. In 
large towns there were thousands of children who 
went to full-time labour after the fourth standard. In 
many rural districts, especially in the west, the second 
standard was the half-time standard, and two years ago that had 
been the case in Bradford. Why could not the right hon. 
gentleman screw up his courage and adopt the recommendation 
of the Royal Commission, and do for England what was done 
in Scotland? They should have a minimum standard for half- 
time. He hoped that later on the right hon. gentleman would 
be able to announce that he had made some provision for meeting 
the suggestions which had been offered with regard to raising the 
age at which the school life of the child should end, and raising 
the full and half-time standards. 

A Deputy Linacre Professor of Human and Comparative 
Anatomy is to be appomted at Oxford. He will* hold office 
during the continuance of Prof. Moseley’s illness. Candidates 
must send in their applications on or^fore June 21. • 

Good progress has been made with the arrangements for the 
fifty-eighth annual meeting of the British Medical Association,^ 
under the presidency of Dr. W. F. Wade, senior physician to 
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the Birmingham General Hospital, to be held in Birmingham 
on July 29, 30, and 31, and August i next. There will be three 
addresses — an address in medicine, by Sir W. Foster, M.D., 
M.P., of Birmingham ; an address in surgery, by Mr. Lawson 
Tait, of Birmingham ; and an address in therapeutics, by Dr. 
William Henry Broadbent, of London. The scientific part of 
the meeting will be carried on in twelve sections. It is now 
fifty-six years since the Association first held its meeting at 
Birmingham. 

At a meeting of the Dondon Committee of the Edinburgh | 
Exhibition on Tuesday, Mr. S. Lee Bapty, the general manager 
of the Exhibition, said the visitors during the first month had num- 
bered 470,000. This was largely in excess of his most sanguine 
anticipations, and was all the more remarkable considering the 
state of the weather during roost of the month. If the same 
number of visitors continued each month till October, there 
wouI(f be a total of over four millions. A very important ex- 
hibit of electrical appliances from forty manufacturers in France 
had just arrived, and these would be on view at the time of the 
approaching visit of the Lord Mayor and Sheriffs of London to 
Edinburgh. 

At the meeting of the Society of Arts on May 15, Mr. C. 
Washington Eves read a valuable paper on Jamaica and its 
forthcoming Exhibition. Apparently there is good hope thflt 
the Exhibition will be a decided success. The exhibits will be 
divided into six groups — raw materials ; implements for obtain- 
MMg raw materials ; machines and processes used in preparing 
and making up the raw materials into finished products ; manu- 
factured goods ; educational appliances ; fine arts, literature, and 
science. The section devoted to science will include maps and 
charts of the West Indies, and objects relating to engineering, 
sanitation, gas, electricity, astronomy, and anthropology. After 
the reading of the paper there was a discussion, in the course of 
which Mr. Morris, of Kew, said there was every indication that 
makers of machinery and others would send out appliances, and 
there was but little doubt that immense good would result to the 
island from the Exhibition. 

The last Friday evening discourse at the Royal Institution 
will be given on June 13, by Prof. Silvanus P. Thompson. The 
subject will be “ The Physical Foundation of Music.’* 

The authorities of Wadham College, Oxford, announce that 
in the election to one of several exhibitions which are open to 
competition preference will be given to any candidate who shall 
undertake to read for honours in natural science from the time 
of his admission into College, and to proceed to a degree in 
medicine in the Univer^ity of Oxford. 

The American Naturalist states that the Marine Biological 
Laboratory at Boston, U.S. A., has issued a satisfactory annual 
report. The laboratory was crowded last i^ummer, and the 
trustees appeal for donations to the amount of 7000 dollars for 
additions to the building, an increase in the library, and a 
steam-launch. 

The Botanical Society of Regensburg — oje of the oldest 
societies of the kind in Germany — celebrated its hundredth 
anniversary on May 15. 

The late Herr M. Winkler, of Gorlitz, has bequeathed his 
fine herbarium, comprising 150,000 specimens, and his botanical 
library, to the Botanical Garden at Breslau. 

The members of the German and Austrian Alpine Club have 
elected a scientific committee, consisting of Prof. Penik, Vienna, 
Dr. Finsterwalder, Munich, Councillor Hann, Vienna, Prof. 
Partsch, Breslau, and Prof. Richter, Graz. This committee 
will investigate scientific questions relating to the Alps, devoting 
especial attention to glaciers and mountain streams. The results 
will be made known in the official publications of the Club. 
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The new Zoological Garden and Park at Rock Creek, 
Washington, to which we referred the other day, will be under 
the direction of Mr. W. T. Homaday. It is stated that Prof. 
Frank Baker will be prosector, and will have charge of the 
department of comparative anatomy in the United States 
National Museum. 

Telegrams received at New York on June 3 stated that 
shocks of earthquake had been felt at Lima on the previous 
morning. The earthquake was one of th^^ severest that had 
been experienced there for years. There were three distinct 
shocks. 

We learn from Science that the Princess Louise^ which arrived 
at Victoria, B.C., from Skidegateand way ports, on the evening 
of April 24, brought news that on February 24 an earthquake 
shock was felt on all the islands around Skidegate, especially on the 
west coast of Queen Charlotte Islands, where a few old shanties 
were levelled to the ground. The totem -poles of the Indians 
shook like leaves, and in some places the earth was cracked. 
The shock lasted for about thirty seconds, during which time the 
Indians were wild with fright. A number of them ran to the 
church and crow*ded in. Since that time there have been about 
twenty different shocks, the last one being on April 12, 
although none was nearly so severe as the first. A very slight 
shock was felt at Skeena. 

Dr. David P. Todd, writing to the Nation from the U.S.S. 
Pensacola^ at Ascension, on March 16, refers in terms of high 
appreciation to the work done in meteorology by his colleague 
Prof. Abbe. A **nephoscope*' was specially constructed for the 
Expedition on board the Pensacola. Prof. Abbe has elaborated 
a method for the use of this instrument in determining the actual 
height and velocity of clouds by combining observations made 
when the vessel or observer moves successively in two different 
directions, or with two different velocities ; and he calls this the 

aberration method,” to distinguish it from ordinary parallax 
methods. His main work has been a determination of the 
motions of the atmosphere from a study of the lowest winds and 
the successive strata of clouds ; and, to this end, he has main- 
tained daily observations with the nephoscope at sea, and when 
possible on shore. The visible clouds, he concludes, give little 
or no information as to the motions of the atmosphere in the 
widest sense, but prove that the atmosphere is everywhere 
divided into local systems of currents, so that we have winds 
circling around a storm-centre, a high barometer, an ocean, or a 
continent ; and, at least in the Atlantic, have no winds that 
circulate exactly as they would do on a rotating, uniform, smooth 
globe. The angles of inflow and outflow have been determined 
for three or four successive strata of air in mid- Atlantic ; also 
the relations of the cloud-appearances to distant storms, squalls 
rains, and changes of wind, with such accuracy that on many 
occasions predictions of such phenomena have been made and 
verified. 

Mr. S. H. C. Hutchinson, Meteorological Reporter for 
Western India, has written an excellent ** Brief Sketch of the 
Meteorology of the Bombay Presidency in i^SS-Sq.’* The meteoro- 
logy of that year was characterized, Mr. Hutchinson says, by 
strongly marked deviations from the weather conditions of an 
average year. Of these, the most noteworthy were, a general 
^ rise of abnormal barometric pressure for a considerable period, a 
general deficiency of rainfall in September, and the scanty rain- 
fall throughout the year. Mr. Hutchinson points out that all 
these variations are of much practical importance, and, from a 
scientific point of view, of considerable interest, inasmuch as 
they confirm the laws or principles deduced from the meteoro- 
logical data of many past years. These laws or principles are, 
that the rainfall is deficient when barometric pressure is above 
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the normal height, and excessive when the barometric pres* 
sure is lower than usual ; that at or about the epochs of 
minimum soiar spotted area, high abnormal barometric pressure 
movements make their appearance, and that at or about the 
epochs of maximum solar spotted area, abnormally low pressure 
movements take place in India and over greater part of the 
tropics ; that cyclones are formed in the trough of a relatively 
minimum barometric pressure ; and lastly, that the number of 
atmospheric disturbances is great at the epoch of minimum sun- 
spots* 


In Dr. A, Petermann's Mitteilungen (Heft v., 1890), Dr. A. 
Supan gives some particulars respecting Emin Pasha's meteoro- 
logical journal, which will shortly be published. The registers 
extend from August i, 1881, to February 27, 1890, and, omitting 
the interruptions, contain observations for seven years and ten 
months. They are said to have been taken with great care, and 
may be divided into three periods : August 1, 1881, to April 24, 
1885, Lado ; July 13, 1885, to December 5, 1888, at Wadelai ; 
and March i to December 4, 1889, during the march with 
Stanley to the coast. On the latter date Emin Pasha met with 
his serious accident, but so great was his desire to continue the 
observations, that he resumed them on January S, 1890, in the 
German hospital at Bagamoyo. Dr. Supan regrets the non- 
publication of Mackay’s observations at Rubaga (Uganda), 
which were sent to the Royal Geographical Society in 1886, as 
they promise to be the most important contribution to the 
climatology of the interior of tropical Africa. 

A CHEAP bunsen burner is being sold by Messrs. John J. 
Griffin and Sons, which possesses many advantages over the 
ordinary burner, with central gas jet constructed so that the gas 
and the air may be simultaneously regulated. In the new patent 
burner the gas passes into the tube through a way cut in the side 
of the tube, which is therefore open from top to bottom. Such 
an arrangement is a considerable improvement, inasmuch as 
there is no jet to become choked. The burner can also be 
easily taken apart in order to clean the tube when corroded. To 
regulate the flow of gas under varying gas pressures small mov- 
able disks are provided, which, however, are little better for the 
purpose than the older method of rotating a cylinder concentric 
with that containing the air-inlets. Combinations are also made in 
which each burner can be regulated or extinguished separately, 
thus rendering them very suitable for combustion furnaces. 


An elaborate Report on the Natal forests, by Mr. H. G. 
Fourcade, has just been issued. He arrives at the following 
conclusions :—(l) The Natal forests, more particularly the 
timber forests, are well worth preserving, whether from an 
economic or climatic point of view, and the Government alone 
is competent to undertake the work. (2) The condition of the 
forests is, for the most part, lamentable, and the result of past 
abuses ; their destruction is proceeding apace, and the following 
measures are recommended to insure their preservation and 
utilization to the best advantage ij^a) The survey and demarka- 
tion of the principal forests, {jk) Their protection from fires, from 
depredations, from destruction by natives or cattle, by means of 
suitable measures, such as the clearing of fire-belts, the esta- 
\ blishment of small wattle plantations, the prohibition of wattle- 
cutting and cattle-grazing, with the aid of proper supervision 
and special legislation, (r) The closure of the forests pending 
survey, demarkation, and settlement. {d) The adoption of 
sound methods of forestry to secure a steady yield, improvement 
of the forest, and most profitable management, {e) The utiliza- 
tion of colonial woods for railway sleepers. (3) Plantations of 


conifers and hard woods, designed to supply the future require- 
ments of the country, can be made profitably along railway lines 
Mn the upland and the midland districts. (4) The most urgent ^ 
/ work of^a Forest Department in Natal would be to save what is 
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left of the native forests, and plantation work should be deferred 
till it can be undertaken without detriment to the progress of 
survey and demarkation. 

I In the new number of the Zoologist there are some interesting 
I notes, by Mr. R. J. Ussher, on crossbills in the county of 
Waterford. This spring he has had exceptionally good oppor- 
tunities of observing the breeding habits of these birds, as four 
of their nests were found in. his neighbourhood, three of them 
I being within fifteen hundred yards of his house. Of the four 
' male birds, three were red, or red interspersed with brown. 
One had yellow plumage, similar to that of a specimen which 
Mr. Ussher presented last year to the British Museum. This 
bird had all the appearance of having arrived at full maturity, 
being large, active, vigilant, and with mandibles conspicuously 
crossed. When Mr. Ussher climbed to the nest, both male and 
female perched within four feet of him, calling excitedly.” 
** On April 17,” he says, '’these crossbills were seen to carry 
bits of something in their mouths to the nest, as if to feed their 
young. The nature of the food has not been ascertained, but is 
suspected to be largely composed of the green opening buds of 
the larch, on which I have repeatedly seen the male feeding — 
e.g.^ on April 4.” Mr. Ussher thinks that crossbills are on the 
increase in Ireland at present. 

In the Journal of the Bombay Natural History Society (vol. 
iv. No. 3) Mr. E. Giles records a curious fact which ought to 
have some interest for entomologists. In June 1888 he was stands 
ing one morning in the porch of his house, when his attention 
was attracted by a large dragon-fly of a metallic blue colour, 
about 2^ inches long, and with an extremely neat figure, who 
was cruising backwards and forwards in the porch in an earnest 
manner that seemed to show he had some special object in view. 
Suddenly he alighted at the entrance of a small hole in the 
gravel, and began to dig vigorously, sending the dust in small 
showers behind him. I watched him,” says Mr. Giles, " with 
great attention, and, after the lapse of about half a minute, when 
the dragon-fly was head and shoulders down the hole, a large 
and very fat cricket emerged like a bolted rabbit, and sprang 
several feet into the air. Then ensued a brisk contest of bounds 
and darts, the cricket springing from side to side and up and 
down, and the dragon-fly darting at him the moment he alighted. 
It was long odds on the dragon-fly, for the cricket was too fat 
to last, and his springs became slower and lower, till at last his 
enemy succeeded in pinning him by the neck. The dragon-fly 
appeared to bite the cricket, who, after a struggle or two, turned 
over on his back and lay motionless, either dead, or temporarily 
senseless. The dragon-fly then, without any hesitation, seized 
him by the hind legs, dragged him rapidly to the hole out of 
which he had dug him, entered himself^ and pulled the cricket 
in after him, and then, emerging, scratched some sand over the 
hole and flew away. Time for the whole transaction, say, 
three minutes.' 

A Catai.OGUE of the Birds in the Provincial Museum, 
N.W.P. and Oudh, Lucknow, has been printed by order of the 
Museum Committee. Like the previous catalogue, it records 
the purely Indian birds in the Museum, now 783 in number, 
represented by 5360 specimens. Mr. George Reid, who is in 
honorary charge of the natural history department of the 
Museum, says no pains have been spared to make the work both 
accurate and complete. It contains, he believes, in a con- 
venient form, all the information requisite to enable workers at 
a distance to avail themselves, if necessary, of the contents of 
the Museum ; while it places in the hands of all an absolutely 
trustworthy record of localities for a considerable number of 
species, and so contributes to an accurate knowledge of their 
geographical distribution, which, after all, is, or ought to be, the 
primary object of all local catalogues.” 
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Mr. L. Fletcher, F.R.S., contributes to the current num- 
ber of the Mineralogical Magazine a valuable paper on the 
meteoric iron of Tucson. The other contents of the number, 
in addition to abstracts and a review, are : —The hemimorphism 
of stephanite : the crystalline form of kaolinite, by H. A. Miers; 
on zinc oxide from a blast-furnace, by J. Tudor Cnndall ; on 
zinc sulphide replacing stibnite and orpiment — analyses of | 
stephanite and polybasite, by G. T. Prior ; index to minerdogical | 
and petrographical papers, by H. A. Miers. 

The Marine Biological Association of the United Kingdom ^ 
has issued the third number of its Journal, and we need scarcely 
say that the papers present a record of much valuable work. The 
following are the contents : — The Director’s Report, No. 3 ; the 
sense-organs and perceptions of fishes, with remarks on the 
supply of bait, by W. Bateson (with plate) ; notes on oyster , 
culture, by Dr. G. Herbert Fowler (with plate) ; the generative.! 
organs of the oyster, by Dr. P. P. C. Hoek — abstract by G. C. j 
Bourne (with plates) ; letter on oyster culture, by Lord Montagu 
of Beaulieu ; flora of Plymouth Sound and adjacent waters (pre* 
liminary paper), by T. Johnson (with a woodcut) ; report of a 
trawling cruise in PI.M.S. Research off the south-west coast of . 
Ireland, by Gilbert C. Bourne ; notes on the Echinoderms col- | 
lected by Mr. Bourne in deep water off the south-west coast of 
Ireland in H.M.S. Research^ by Prof. F. Jeffrey Bell j anchovies 
in the English Channel, by J. T. Cunningham (with an illustra- | 
tion in the text) ; notes and memoranda (with plate) ; and price 
ff&t of specimens. In his Report, Mr. G. C. Bourne men- 
tions that Dr. Dohrn, the founder and Director of the Naples 
Zoological Station, writing to Prof. Ray Lankester about the 
choice of a site for the laboratory of the Marine Biological 
Association, said that the source from which the sea-water was 
derived was not of so much importance as the size of the storage I 
reservoirs, for no water that could b e drawn from the sea would « 
be as suitable for hatching and rearing delicate marine organisms 
as that which had been for some time in the reservoirs. Our 
experience,” says Mr. Bourne, ** proves the wisdom of Dr. • 
Dohm’s advice.” 

Messrs. Friedlander and Son, Berlin, have issued two 
numbers of Ahhandlungen und Berickte of the Zoological 
and Anthropological Museum of Dresden. The first number 
includes an elaborate report, for the year 1887, of the ornitho- 
logical stations in the Kingdom of Saxony, by A. B. Meyer and 
F. Helm ; a paper on Sus celcbensis^ by A. Nehring; Lung 
Ch’iian-Yao, or old Celadon porcelain, by A. B. Meyer ; 
Coleoptera collected in the years 1868-77 during a journey 
in South America by A. Stiibel, arranged by T. Kirsch ; and 
an obituary notice of T. Kirsch, by A. B. Meyer. The second 
number consists of a monograph, by Dr. K. M. Heller, on ^*Der 
Urbiiffel von Celebes : Anoa depressicornis (H. Smith).” Both 
numbers are admirably printed and illustrated. 

Messrs. William Wesley and Son have issued No. loo of 
their ” Natural History and Scientific Book Circular.” It con- 
tains a list of works relating to entomology an^ botany. 

Messrs. Joseph Torrev, Jun., and Edwin H. Barbour, 
in a letter dated Iowa College, Grinnell, May 9, have sent to 
Science an account of a remarkable meteor, or meteoric shower, 
which passed over the State of Iowa on Friday, May 2, at 
5.40 p.m. In spite of the brightness of the sun, shining at the 
time in a nearly cloudless sky, the light of the meteor was very 
noticeable.. Its great size, powerful illumination, discharge of 
sparks, comet-like tail ^ to 5^ in length, and the great 
train of^ smoke which marked its course for fully ten 
minutes after its passage, made a strong and lasting impression 
on UjjC minds of all who saw it. Unfortunately the clamour over 
an exciting game* of ball prevented the many members of the 
^ college who saw it from making as careful observations as they 
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would otherwise have done ; so it was impossible to tell whether 
its passage was accompanied by sound or not, but farmers in the 
neighbourhood report a faint hissing noise. It appeared to 
enter the atmosphere about 20® to 30® south of the zenith, 
and descending at an angle of about 50® to 60®, passed 
below the horizon^ north-north-west of Grinnell. By tele- 
graphing, one small meteorite, weighing one-fifth of a pound, 
and several fragments from a 70-pound one, were secured, and 
analyses and microscopic sections at once made. They contain 
a large amount of metal for the stone” class of meteorites. 
The following is the analysis of the matrix of the yo-pound 
meteorite: silica, 47*03; iron oxide, 29*43; oxide aluminium, 
2*94; lime, I7‘S8; magnesia, 2*96; total, 99*94. 

Mr. George F. Kunz, writing to Science from New 
York on May 8 about the same meteor, says it was seen 
over a good part of the State of Iowa at 5.15 p.m 
standard western time. According to his account, the pas- 
sage of the meteor was accompanied by a noise like that 
of heavy cannonading or thunder ; and many people rushed to 
the doors, thinking it was the rumbling of an earthquake. The 
meteor exploded, he says, about eleven miles north of Forest 
City, Winnebago County, in the centre of the northern part of 
Iowa, lat. 43® 15', long. 93® 45' west of Greenwich, near the 
Minnesota State line. The fragments were scattered over a 
considerable surface of ground, and a part of the main mass was 
believed to have passed down into Minnesota. Up to the time 
at which Mr. Kunz wrote his letter, there had been found masses 
of 104 pounds, 70 pounds, and 10 pounds, and a number of 
fragments weighing from one to twenty ounces each. The 
pieces are all angular, with rounded edges. Mr. Kunz 
says the meteor is apparently of the type of the Parnallite 
group of Meunier, which fell February 28, 1857, at Par- 
nallee, India. ” The stone is porous, and when it is placed in 
water to ascertain its specific gravity, there is a considerable 
ebullition of air. The specific gravity, on a fifteen-gramme 
piece, was found to be 3*638. The crust is rather thin, opaque 
black, not shining, and, under the microscope, is very scorious, 
resembling the Knyahinya (Hungary) and the West Liberty 
(Iowa) meteoric stones. A broken surface shows the interior 
colour to be gray, spotted with brown, black, and white ; the 
latter showing the existence of small specks of meteoric iron 
from one- tenth to four-tenths of a millimetre across. Troilite is 
also present in small rounded masses of about the same size. On 
one broken surface was a very thin seam of a soft black substance, 
evidently graphite (?), and soft enough to mark white paper ; a 
felspar (anorthite ?) was also observed, and enstatite was also 
present.” Mr. Kunz points out that this is the fourth meteorite 
that has been seen to fall in Iowa. The other three falls were as 
follows : at Hartford, Linn County, February 25, 1847 ; at West 
Liberty, Iowa County, February 12, 1875 1 great fall of 

siderolites at Estherville, Emmet County, May 10, 1879, which 
fall comprised over two thousand pieces weighing from a tenth 
of an ounce to 400 pounds. 

A VALUABLE contribution to the study^of the natural causes 
which check the tendency of plants and animals to increase in 
too great numbers appears in a recent issue of the Bulletin of 
the Moscow Naturalists (1889, No. 3). It is by Mr. Alexander 
Becker, whose ideas on the subject are based upon direct obser- 
vation. For several years, various species of grasshoppers ap- 
peared in great quantities in South-East Russia (about Sarepta), 
but then came one year of sodden death for most of them : they 
were seen sitting motionless on the grasses, and dying. A few 
years ago the butterfly, Melilhaa Pheebe^ var. atherea^ appeared 
in immense numbers, and it was expected that in the following 
year it would be still more numerous, but in reality it became 
exceedingly rare. The like was true of Zegris eupheme^ which 
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suddenly became most numerous in 1883, and disappeared in 
1884 \ ^ven in 1883 its caterpillars could hardly be found on the 
plants they usually feed upon. Some hostile influence had pre- 
vented its further multiplication. Similar facts have been ob- 
served in the case of Mammalia as well. The Spermophilus 
citillus is usually met with about Sarepta ; but sixty years ago 
it suddenly disappeared in the course of one summer — probably 
succumbing to some contagious disease. During the followin 
years it could hardly be founds but [by and by it multi 
plied again to such an extent that each inhabitant of Sarept 
had to undertake to kill every year a certain number of th 
Spermophilus. Their numbers were diminished, but still the; 
are very numerous in the steppes, thus illustrating the smai 
importance of even a systematic attempt at extermination, a 
compared with the importance of natural checks. Many bird 
suddenly appear in great numbers, and as suddenly disappear 
The Merula rosea for several years nested in very great numbers a 
Sarepta. Mr. Becker also mentions interesting facts as to a yelloii 
dust which spread over Saratoff in April 1864, and must hav< 
been brought from Central Asia. Under microscopical ex« 
amination, it was found to contain a great number of germs and 
Infusoria. The seeds of Typha stenophylla^ which formerly was 
never found at Sarepta, must have been imported quite recentl) 
by wind, either from Caucasia or Siberia. In the course of on< 
summer this pretty plant became numerous in a pond in th< 
Ergheni Hills, but it disappeared next year. As a rule, a de 
crease of all kinds of insects is noticed about Sarepta, and i 
can be explained only by the general conditions of weathei 
resulting in indifferent crops, and a general diminution of hay 
crops in the surrounding steppes. 

A COMPREHENSIVE paper upon the simpler derivatives o; 
hydroxylamine, NH^OH, by Drs. Behrend and Leuchs, will b< 
found in the current number of Liebigs Annalen (p. 203). The 
great interest with which hydroxylamine derivatives have recentl) 
been invested by the discovery among them of geometrical 
isomers, and the considerable importance of hydroxylamine as a 
reagent for investigating the constitution of organic compounds, 
rendered it very desirable that something more definite should 
be ascertained regarding the compounds obtained by replacing 
the hydrogen of hydroxylamine by simple organic radicles, than 
the few isolated facts hitherto acquired. There are five types of 
derivatives possible, which are classified as follows, R repre- 
senting a monad radicle ; HjN — OR a*monalkyl, RHN — OH 
^-monalkyl, RHN— OR a-dialkyl, RjN— OH /8-dialkyl, and 
RjN — OR trialkyl hydroxylamine. In the case of the radicle 
benzyl, C^Hu — CH^ — , a complete series of such compounds have 
been prepared and fully investigated. The first member of the 
series, «-benzylhydroxylamine, HjN — OC7H7, was prepared 
some time ago by Janny, and Drs. Behrend and Leuchs utilized 
Janny^s reaction, improved very considerably in its details, in 
order to prepare this substance in quantity. The reaction con- 
sists in warming h3rdrochloric acid with the benzyl derivative of 
the well-known acetone compound of hydroxylamine, acetoxin, 
(CH8 )jC~NOH. Its course may be represented by the equation 
(CHa)aC.~NOC7Ht + HCl -f H ,0 = HjN— OC7H7 . HCI + 
(CH8)jCO. The hydrochloride thus obtained crystallizes in 
large, flexible, lustrous plates, which sublime at 230^-260® C. 
without fusion. The free base itself, a-benzylhydroxylamine, 
— OC7H7, is a liquid which cannot be distilled at the 
ordinary pressure without decomposition, but at a pressure of 
30 mm. distils unchanged at Ii8®-ii9®. It may also be safely 
distilled in steam, a-dibenzylhydroxylamine, H(C7H7)N — 
0(C7H7), is readily obtained from the mono-compound just 
described by the limited action of benzyl chloride. It is dso 
liquid at the ordinary temperature, and more difficultly volatiliz- 
able even in steam than the monp-compound. Its h)rdrochloride 
crystallizes well from alcohol in glittering needles. The di- 
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compound is readily transformed by further action of benzyl- 
chloride into tribenzylhydroxylamine, — OC7H7. The 

tri-compound is likewise a liquid, and is not volatile without 
decomposition even in vacua. Its hydrochloride is readily and 
completely decomposed by water. The / 3 -mono-compound, 
(C7H7)HN — OH, is obtained by boiling the a-di-compound with 
concentrated hydrochloric acid, or heating the two together in a 
sealed tube to 130*. (C7H7)HN— 0(C7H7) . HCI -f HCl = 
C7H7HN— OH . HCl -I- C7H7CI. The free base, which is 
liberated as an oil upon addition ot sodium carbonate solution 
to the concentrated solution of the hydrochloride, crystallizes 
on standing, and gives well-developed crystals on recrystalliza- 
tion from petroleum-ether. It also reduces Fehling’s solution, 
in these two points differing markedly from the liquid a-mono- 
compound. The /8-di-compound is best obtained by boiling 
hydroxylamine hydrochloride, benzyl chloride, and sod| crystals 
with alcohol for an hour, using a reflux condenser. On cooling, 
crystals of the solid base are deposited, which melt at I 23 ^ The 
preparation of this complete series shows in a very striking 
manner the different effects of substituting alkyl radicles for the 
hydrogen attached to nitrogen or for the hydroxylic hydrogen. 
The a-com pounds are both liquids, while the / 3 -derivatives are 
solids. The alkyl radicle replacing hydroxylic hydrogen is also 
^very much more easily detached by the action of hydrochloric acid 
than that attached to nitrogen. It is also interesting to note 
that the basic character of hydroxylamine diminishes with the 
number of alkyl radicle groups introduced. » ^ ^ 

The additions to the 2 k>ological Society’s Gardens during the 
past week include a Masked Parrakeet {lyrrhulopsis personatay 
from the Fiji Islands, presented by Mr. Geo. Lawson ; a Lanner 
Falcon (Falco lanarius)^ European, presented by Miss Marjorie 
Barnard ; three Common Vipers ( Vipera berus)^ British, pre- 
sented by Mr. A. W. Cotton ; two Andaman Starlings {Sturnia 
andamanensis) from the Andaman Islands, three Ceylon Fish- 
Owls {Kelupa ceylonensis) from Ceylon, six Tufted Ducks 
{Fult^ila ertstata 3 <J 3 9 )i European, purchased ; a Great 
Bustard {Otis tarda 9 ), European, received in exchange ; two 
Japanese Deer {Cervus sika 6 6)$ two Barbary Wild Sheep 
{Ovis tragelaphus <J 9 ), aBurrhel Wild Sheep {Ovisburrkel 6 
born in the Gardens. 


OC/F ASTRONOMICAL COLUMN. 
Objects for the Spectroscope. 


Sidereal Time at Greenwich at 10 p.m. on June 5 =» 
I4h. 57m. 6s. 


Name. 

M.g. 

Colour. 

R.A 1890. 

Ded. 1890.- 

{xl O.C. 4^45 ••• ••• 
12/ O.C. ••• — • 

(3) 34» Bw™- . - 

(4) 7^ Sen^ntis * 

(5) u Virginis 

(6) R Ursce Majoris ... 

1 1 

Reddish-yellow. 

Reddish-yellow. 

Whitish-yellow. 

Reddish. 

h. in. s. 
xs 0 54 
IS 3 24 
14 55 50 
X5 20 41 
14 37 18 
10 36 51 

• / 

•f 2 a 
+ 56 XI 

-f 66 22 
+»5 49 
- 4 49 

+69 2 X 


Remarks. 

(1) The spectrum of this nebula has not been recorded. In 

the General Catalogue it is described as : Very bright 1 Pyciiy 
large ; round ; pretty suddenly much brighter in the middle to 
a nucleus ; following of two.” The companion is appwently 
very faint. , . , . ^ ^ 

(2) This is a bright oval nebula under the b6dy of Draco. 
Smyth states that it w rather faint at the edges, but not so as 
to obscure the form.” The General Catalogue description is 
‘•Very bright; considerably large; pretty much extended* in 
the direction 146** ; gradually brighter in the middle. * In 1848 
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Lord Rosse observed a loDgitudinal rift, but this has not been 
confirmed by later observations. According to Dr. Hoggins, 
the spectrum is continuous, but it is not at all unlikely that 
further observations may show that it is not entirely so. The 
whole nebula appears to resemble that in Andromeda, even to 
the dark rift, and we now know that the spectrum in that case is 
not perfectly continuous. Intending observers of this class of 
nebula spectra will do well to examine the spectrum of Comet 
Brooks, which was referred to in last week’s notes. The spec- 
trum of the coniet is apparently continuous at first sight, but 
careful observation shows bejrond question the existence of the 
usual flutings of carbon. These flutings may also be expected 
in the nebulae having so-called continuous ” spectra. 

(3) D’ Arrest likens the spectrum of this star to that of R 
Pcgasi, but Duner thinks it more like a Herculis. All the 
bands 1-9 are very strongly marked, and are wide and dark, j 
Observations similar to those suggested for other stars of the 
group are required. 

(4) Afcording to Vogel, this star has a well-marked spectrum ; 

of the solar type, but Duner classes it with stars of Group II. 
He states that the bands 1-8 are seen, but that they are narrow 
and not very dark, 4 and 5 appearing as lines. He also suggests 
that the spectrum is an intermediate one between Group II. and 
Group HI. As I have painted out on previous occasions, it is i 
these intermediate stages which require a detailed study. It is | 
pretty certain that the passage from one group to another will | 
not be abrupt, but that there will be intermediate stages between ! 
each successive two. The star in question is probably slightly *1 
less advanced in condensation than Aldebaran. ! 

(5) This is a star of Group IV. (Konkoly), but in addition to = 

the hydrogen lines, D and b are distinctly visible. The usual j 
observations are required. | 

(6) The range of this variable is from 6‘0-8*i at maximum to | 
13*2 at minimum, in a period of about 302 days. The increase | 
of light is very rapid, whilst the decrease is slow and irregular 
(Sawyer). The spectrum is a fine one of Group II., the bands 
i~9 being wide and dark ; 7 and 8 are especially remarkable 
(Duner). The usual bright lines which are now expected to 
appear at the maxima of stars of this class should be looked 
for. The maximum will occur about June 12. 

A, Fowler. 


of rotation in 24 hours, and 
the different years : — 

n the number of measures made in 

4. 

V. 

i cos 4. 



o^ ... 

1-98 ... 

I4''l4 ... 

*4°*4 ... 

107 

15*0 ... 

I -85 ... 

1319 ... 

13-66 ... 

104 

30-0 ... 

1-58 ... 

II'3* ••• 

13-06 ... 

104 

45'o ... 

1-19 ... 

8-48 ... 

11-99 ... 

106 

6o’o ... 

0-74 ... 

53* ... 

10*62 ... 

107 

74-8 ... 

0 54 ... 

2*45 

934 ... 

107 

These values 

of deduced from spectroscopic observations. 


show that the equatorial zone of the solar surface has a shorter 
time of rotation than zones in higher latitudes, the results agree- 
ing with those found from sun-spot observations. The advantage 
of the method used by Prof. Duner, however, lies in the fact 
that it allows observations of rotation to be made in the neigh- 
bourhood of the poles. A comparison of the spectroscopic and 
the spot observations shows that the former gives a slightly 
smaller velocity of rotation than the latter. 

It may be remembered that the work done under the direction 
of Prof. Rowland at Baltimore showed that *‘the absorbing 
layer of gases by which the Fraunhofer lines are formed does 
not behave like the sun-spots, but is slightly retarded at the 
sun’s equator,*' 

PuLKOVA Observatory. — The magnificent volume issued 
in commemoration of the jubilee of the Pulkova Observatory 
has been received. In the volume an account is given of the 
30-inch refractor and the Astro-physical Laboratory, and the 
twelve plates which illustrate it are worthy representations of an 
enviable reality. It is hardly necessary to say that the history 
of the Observatory is fully delineated, and that technical descrip- 
tions of the instruments are given, whilst Hermann Struve gives 
a long account of the determination of the instrumental constants. 
A rhufui is also given of the work done in the Astro-physical 
Laboratoiy, and a comprehensive bibliography of the various 
astronomical, geodetical, and other studies that have been 
completed. Indeed, the whole of the splendidly finished work 
is a fitting memento of the jubilee that it celebrates. 


Actinic Light of the Solar Corona. — Prof. Frank H. 
Bigelow, in Bulletin No. IS of the United States Scientific 
Expedition to West Africa, dated April 19, 1890, gives an 
interesting note on the law of distribution of the actinic light of 
the solar corona. His paper on ** The Solar Corona, discussed 
by .Spherical Harmonics,” noted in Nature, vol. xli. p. 595, 
assumed that the surface distribution of the electro-magnetic 
potential was expressed by C cos the constant representing 
the maximum, and 0 the angular distance from the coronal pole ; 
the visible lines of the corona being shown to coincide in direc- 
tion with the lines of force generated under these conditions. It 
is now suggested that the corresponding equipotential lines 
denote the position and direction of the surfaces of iso-actinism 
as referred to the same pole, or, in other words, that the actinic 
brightness is directly proportional to the potential. From the 
discussion it follows that the poles become the critical points for 
examination as to the actinic intensity of the corona ; the sky in 
the neighbourhood should also be examined with great care ; 
these two results, combined with the visible linear distance of 
the contour of merging of the polar rays in the sky light, in 
terms of the radius of the sun corrected from the covering lunar 
disk when taken in combination with the formula for these 
surfaces, will enable the whole of the coronal light to be 
discussed as simple phenomena. 

On THE Rotation OF the Sun.— Prof. N. C. Dun^r has 
made a series of observations of the displacement of lines in the 
spectrum at the eastern and western ^ges of the sun for the 
purpose of deducing the time of rotation (Astr, Nack,^ 2968). 
The observations were made from 1887-89 wilh a Rowland 
grating spectroscope of high power attached to the refractor of 
Lund Observatory, the distances between several lines in the a 
group of the solar spectrum at opposite edges of the sun being 
micrometrically determined. The results of the measures are 
given in the following table, where ^ is the heliocentric latitude 
of the points on the sun’s edge, v the velocity in kilometres with 
which the point on the edge approaches the earth, ( the angle 
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Telluric Lines ok the .Solar Spectrum. —M. J. Jans- 
sen presented a note to the Paris Academy, on May 27, relative 
to some results he has obtained during a stay in Algeria, where 
he has been for about four months investigating the action of 
the atmosphere on the solar spectrum by means of photographs 
taken when the sun is on the meridian and horizon. The photo- 
graphs were taken with the aid of a Rowland’s grating, an^ iso- 
chromatic plates were used in order to obtain records of the 
less refrangible portions of the s|>ectruin. The work is not yet 
finished, but M. Janssen notes that, without the purity of the 
heavens in Algeria and the continuance of favourable days, it 
would have been impossible to obtain any results. 

Brooks’s Comet {a 1890). — The following ephemeris com- 
puted by Dr. Bidschof is given in Astronomisehe Nachrichten^ 
No. 2969 : — 

1890. R.A. Decl. Log r. Log A. Bright- 

h. m. s. o / 

June4...i8 56 29 ...-f6o 46 8 ... 0*2816 ... 0*1958 ... 3*57 

5.. . 48 o ... 61 28*7 

6.. . 39 9 ... 62 7 9 ^ 

7.. . 2954... 6244-3 

8.. . 20 17 ... 63 17-8 0-2820 ... 0-1978 ... 3-53 

9.. . lo 20 ... 63 48-1 

10.. . o 3 ... 64 15-1 

11.. .17. 49 30 ... 6438-7 

12.. . 38 44 ... 64 58-6 ... 0-2827 ... 0-2027 ... 3-44 

13.. . 27 48 ... * 65 14-8 

14.. . 1644... 6527-5 

15.. . 5 37..- 6536-6 

16. . .16. 54 31 ... 65 42-1 ... 0-2837 •• 0-2102 ... 3-31 

17.. . 43 *9 - «5 440 

18.. . 32 35 ... 65 42-6 

19.. . 21 53 ... 65 37-7 

20.. . II 25 ... 65 29-5 ... 0*2849 0-2200 ... 3*15 

The brightnew at discovery htsjieen taken as unity. 
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NEWTON'S INFLUENCE ON MODERN 
GEOMETRY. 

T N the appendix to his *^Ari thmetica Universalis” Newton states 
that a study of the ancient philosophers had led him to the 
inevitable conclusion that those early pioneers of science had, ^ 
introduced geometry in* order to escape from needlessly long and 
laborious calculations. So, too, the author of the Principia” 
had a predilection for graphic as distinguished from analytic 
methods. Indeed, anyone who has perused that great work will j 
readily endorse the truth of this assertion. Yet Newton was | 
born some forty years after the death of Vi6te and only eight 
before that of Ren^ Descartes, whose writings gave such a 
wondrous impulse to analytical studies. 

During the closing period of the seventeenth, and nearly the 
whole of the eighteenth century, analysis reigned supreme ; 
whilst graphic methods languished from the wilful neglect, nay 
even undisguised contempt, of the new philosophers. But at 
length men grew weary of abstract thought, and, as. was quite 
natural after an undue pursuit of one branch of science to the : 


exclusion of all others, a strong reactionary current in favour of 
concrete geometrical studies supervened. Then, as now, the 
question of the respective merits of the two methods gave rise 
to serious, not to say heated, controversy. But why sane people 
should quarrel and then fall out over a purely mathematical 
mflerence of this sort is quite as incomprehensible to a sober- 
minded critic as the passionate resistance shown to the postal 
reforms of Sir Rowlana Hill was to the placid and imperturbable 
mind of Lord Melbourne. 

The general weariness of the scientific mind, brought on by 
an excess of analytical work, prepared the way for a great 
revival of the graphic cuUe. Cafnot, following to a certain 
extent the previous example of Simpson, courageously resolved 
to continue the work of Pascal, Newton, and Desargues. In 
consideration of his treatises on projective geometry and the 
theory of transversals, Carnot has a definite claim to be deemed 
the leader of this modern insurrection against the excessive use 
of analysis. Contemporary with him we fihd Monge, one of 
whose pupils, Poncelet, may be justly termed the author 
excellence of modern methods. Since Poncelet's time the further 



development of the system has • been confined for the most part 
to Germany and Switzerland, under the guidance of such leaders 
as Steiner and Staudt. But, •unfortunately, Staudt undertook 
the arduous,- if* not impossible, task of expounding projective 
geometry without Ihe aid of diagrams, in regard to which 
Hankel well remarks, ^‘that such an attempt was possible only 
in Germany, the land of scholastic methods and scientific 

pedantry.” . 

Strange to say, Culmann, who was nothing if not a practical man 
of science^ presupposes a knowledge of Staudt's geometry in all 
who would rightV understand his own epoch-making work on 
graphic statics.^ Luckily, however, it is possible to understand 
every line of Culmann without having read a single wofd of 
Staudt. Now it is precisely the object of this paper to show 

* Publiihed in the year 1864, not, as was recently stated in a ^ntemporary, 
in x866. The date is of importance when discussing prionpr of discovery in 
the matter of reciprocal figures ; for MaxwelKs paper on the subject in the 
Philosophical Maganne was also published in 1864. The question cannot, 
however, be discussed in a footnote. 
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that, in some of its more salient features, this so-called Geometrie 
der Lage is but a luxuriant offshoot of Newton’s Principia,” in 
illustration of which we will here proceed to prove how the 
general methdff of constructing a conic, five points on which arc 
given, may be deduced from the similar proposition in Newton. 
Further, in order to make the connection between Newton and 
Staudt more apparent, it will be advisable first to give the 
modern solution of the problem, and then show how the same 
solution can be geometrically deduced from Newton’s principle. 

Solution. — Take any two of the given five ^ints, for 
instance S and (Fig. i), as centres of projection. Through a 
third point. A, draw any two lines u and fij. Then, from the 
centre Sj, project the remaining two points B add D by rays 
S^B and SxD intersecting line points and 

Similarly, from the second centre S, project the same two 
points B and D by rays intersecting the line i# in ^ and d. Join 
bl\ and ddx% meeting in the centre of perspectivity, of the 
lines u and 

Then, to find a sixth point on the curve, draw any ray through 
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Sg, intersecting u and in k and ; and project ^ from S and 
l\ from Si by rays meeting in K, a point on the required curve., 
Proof. — Newton has solved this problem for a particular 
case, of which we will now give a short account^ and thence 
deduce the more general modern method just described. 

Case I. — Let ABCD (Fig. 2) be a quadrangle inscribed in hn 
ellipse, and P a point on the ellipse outside of the quadrangle ; 
then, if PS and PQ be two chords meeting the sides of the 
quadrangle in S and T, R and Q respectively, the ratio 

PR^PQ 
^PS . PT 

will be constant for all positions of P. For, in the first instance. 
Jet PR and PQ be partdlel to the side AC, PS and PT parallel 


or, by subtraction — 


wherefore — 


PQ . RR' _ PQ/PR - RR'\ 
PS". TT' PS\P r - TT7 
^ . PR' . 

PS . PT' ' 


1^' ^ PT' 
PR Pf ' 


(S) 


yi-.-. 



Fig. a. 

to the adjacent side AB, whilst the opposite sides AC and BD 
are parallel to each other. Owing to the parallelism of the sides 
AC and BD, a line bisecting those sides will be a diameter of 
the ellipse, bisecting the line RQ in O. The line PO will be 
the ordinate of P parallel to the axis conjugate of this diameter. 

Now produce PO to K, making OK equal to OP ; then K 
will be a point on the ellipse, wherefore — 


But 

therefore- 


LQ 

AQ 


_QK ^ 
QB 


= e;)‘ 


a constant ratio. 


PR = QK, PS = Aq, PT = QB ; 
PQ . PR _ PQ QK 


PS . FT AQ . QB’ 


a constant. 


Case II.— When BD^ and AC are not paralleli draw BD 
parallel to AC, meeting the conic in D and the line PST in T. 
Join CD, intersecting PQ in R and DjN, a line parallel to PQ, 
in M. Then, by sim ilar triangles — 

BT or PQ _ D,N 

TT' BN 

also— 

R'R _ D,M . < 

, ^ • 


(0 


AQ or PS 
whence, by multiplication — 

PQ^RR' _ DjIJ 

PS . TT' AN 


AN 


DjM 


BN 


(*) 


( 3 ) 


(4) 


But, by Case I., since D, is anoint on the ellipse and similarly 
situated with respect to M and N as P is with respect to R and 
Q, we have — 

PQ . PR _ D,N . D,M 

, psTpt an . bn * ' ■ ' 

Hence, from equations (3) and (4) — 

PQ . RR' PQ . PR . 

PS . Tr “ PS . PT ' 
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Thus, the lines R'T' and RT are parallel ; so that, in order to 
construct the ellipse, it is necessary to divide the two lines PT 
and PQ by a series of parallel lines, meeting them in points T 
and R, which, being projected from the centres 
B and C respectively, will determine, by means 
of the points of intersection of corresponding 
rays, any number of points on the required 
conic. ^ 

Such is Newton's method of constructing a 
conic five points on which are given. We will 
nowproceed to prove the intimate connection 
existing between it and the more modern 
method illustrated in Fig. i, the discovery of 
which has been sometimes attributed to Pascal. 

It will be observed that when, as in Fig. 2, 
the lines PT and PR are drawn parallel to the 
adjacent sides AB and AC, the rays R'T' and 
RT are parallel (5) ; and that, therefore, the 
centre of perspectivity of the punctuated lines 
PT and PR lies at an infinite distance. When, 
however, the lines PT and PR are shifted into 
the positions PT' and PR' (Fig. 3), being then 
no longer parallel to the adjacent sides branch- 
ing from A, the points DEO on the ellipse arc 
projected from B upon line PT' in and 

from centre C upon the line PR' in 
Now, in order to demonstrate the methc^ 
given at the beginning of this paper, it is 
necessary and sufficient to show that the lines 
joining di and ei and Oi and ^1', all 
meet in one and the same point, S ; or, in 
other words, that the punctuated lines PT' and PR' are in 
persjpective. 

Thus, if the transversal Oid^ be drawn parallel to PT, we 
have — 

oe f/B ' OxCq <P * 

and, if the transversal Oy} be drawn parallel to PR', we have — 




^iP 


wlierefore, multiplying together the right and left hand members 
of the last three equations, we obtain — 


oe dii 


eV 


.... (6) 


Again, if be drawn parallel to AC or PR, we have — 


Old _ si 


Old 


<r'P 




Let 

then, by eq. (7), 


' dd /P • 


iL 

7 f 


o^e* 

oe 




dd^ 

od 


/I, a constant ; 


oe 


si, 

Jp’ 


(7) 


( 8 ) 


and, from equations (6) and (8), 


^ l ^oB ^'P sF 
0x€\ n dF * tF* si 

«V,B iP . 
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By a similar process of reasoning it can be shown that 


wherefore — 

" o{dr 

so that the lines and must meet in the same point on 
line which point of conveig[ence is therefore the centre of 
perspective, S. 


The perspectivity of the punctuated lines PT' and PR' may 
be deduced from the projective relations of Fig. 3 by means of 
the following two well-known theorems of projective geometry. 
Theorem I. — If the correlative or coharmonic points a and 
*of the punctuated lines u and (Fig. 4) coincide with their 
common point of intersection, forming what may be termed a 
coharmonic point, the lines u and are in perspective. For, 
let bb^ and cc^ be any other two pairs of coharmonic points, and 
meet m the centre S ; then S will be the centre of perspectivity 
of the two lines u and ; seeing that in a harmonic or other 
system of ratios, any three mem&rs ef a compound proportion 



Fig. 3. 


consisting of four terms suffice to determine the fourth or un- 
known term. Then, this fourth point, being known and taken 
in conjunction with any pair of the other three known terms, 
will serve to determine a fifth ; and so on ad infinitum. 

Theorem II. — Similarly, if in Fig. 5 any pair of coharmonic 
rays Sa and of two different pencils lyin^ in the same plane 
are coincident or coperspective, the two pencils will be perspec- 



S 

Fig. 4. 


tive of the same line, and consequently perspective of each other. 
For, let the coharmonic rays and meet in a point B, and 
the rays Sr and in C ; then the line BC will be perspective 
of each pencil ; seeing that, if three coharmonic rays of the 
pencils meet upon the line BC, it necessarily follows^'that a 
fourth pair of such rays will meet upon the same line. 

Now jit will be observed that lines PT and PR (Fig. 3) are in 
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perspective, being projected from infinity on the right of the 
figure. So also are lines PT and Pl^ as projected fronv 
centre B, and lines PR and PR' as projected from centre C. 
Further, the point P is a coharmonic point common to lines 


S 



Sf, 

Fig. S' 


FT'_ and PR' as projected from centres B and C respectively f 
for it will be seen that P does not change its position when pro* 
jected through centre B from line PT to line nor does it 
change when projected, first from infinity parallel to dd', ed, &c. 
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from line PT to line PR, and thence through centre C upon line 
PR'. Moreover, the point P is the point of intersection of lines 
PT' and PR'; wherefore, by Theorem I., the lines PT' and 
PR' are in perspective. 

In order to find the centre of perspectivity of lines PT' atid 
PR', we have the point k on line PT correlative of the point at 
infinity on PT', k being determined by drawing parallel to 
PT. The point on PR', correlative of k on PT, is found as 
before by projecting k first upon PR in k' and thence upon PR' 
in Thus, the required centre of perspectivity must lie some- 
where on the indefinite lin» joining with the point at infinity 
upon PT. Agaifi, the point on PR corresponds to the point 
at infinity on PR', to point i on PT, and to point on PT ; 
hence the sought centre mu^^t lie somewhere on the indefinite 
line joining to the point at infinity on PR'; wherefore it 
coincides with the intersection of lines t\S and 

Similarly it can be shown that the lines PT and PR' are in 
perspective : for the line drawn from C, the centre of projection 
for lin^ PR', to Soo> centre of projection for line PT, or, in 
other words, the line drawn from C parallel to &c., is a 

coharmonic ray common to both lines ; therefore, according to 
Theorem II., the lines PT and PR' are in perspective. The 
corresponding centre of perspectivity is determined as follows. 
When the line oo\ moving parallel to itself, passes to infinity, 
or, in other terms, when the points 0 and o* pass to infinity on 
'lines PT and PR, the ray O' takes up the position CF, parallel 
to PR. Hence, F is the point on line PR' corresponding to 
infinity on PT ; wherefore the required centre must He somr • 
where on the line through F parallel to PT. But i is the point 
on PT corresponding to infinity on PR' ; therefore the centre 
must lie somewhere on the line through i parallel to PR', 
c Kence we conclude that it must coincide with the point of inter- 
section of lines FG and iG. 

In this short paper we have made an honest attempt to trace 
one filament of the great stream of modern science to its original 
source. The space at our service may not admit of much more. 
Still, such a study, however limited its scope may be, is in- 
teresting, not only on account of the novel nature of the demon- 
strations which the proof of connection involves, but even more 
because of the reflex light thus cast upon recent invention. 

Robert H. Graham. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — The Observatory Syndicate Report as fol- 
lows ; — 

That they have considered the proposal made in the Report 
of the Newall Telescope Svndicate for the purchase of an acre 
or an acre and a half of land adjoining the grounds of the 
Observatory for the erection of the Newall telescope and its 
appurtenances, and they are of opinion that, m view of possible 
future requirements of the Observatory, it will be desirable to 
secure now the larger area — namely, an acre and a half. 

They have consulted the Bursar of St. John's College, and 
have learnt that the College is willing to sell to the University 
an acre and a half at the price of >^250. Further, Prof. Adams 
has ofiered to contribute ;^ioo towards expenses. 

Under these circumstances the Syndicate recommend that 
Prof. Adams's generous offer be accepted, and that the Vice- 
Chancellor, on behalf of the University, be empowered to enter 
into an agreement with St. John’s College for the purchase of an 
acre and a half of land adjoining the grovuds of the Ob- 
servatory. 

SOCIETIES AND ACADEMIES. 

London. 

Royal Society, May i.—" Photographic Determination of 
the Time- relations of the Changes which take place in Muscle 
during the Period of so-called ^Latent Stimulation.’" ByJ. 
Burdon Sanderson, F.R.S. 

It is how forty years since Helmholts published his funda- 
mental experiments on the time-relations of muscular contrac- 
tions.> The purpose of this investigation was to ascertain the 
periods, and stages in which the energy of muscle rises and sinks 
after instantaneous stimulation " ; the word energy being defined 
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as the "mechanical expression of activity"; and one of the 
most important conclusions of the author was that, in the muscles 
investigated by him, contraction does not begin until nearly one 
hundredth of a second after excitation. This interval has, by 
subsequent writers, been called the period of "latent stimula- 
tion." 

Helmholtz subsequently (1854) showed, by experiments of 
surpassing ingenuity, that during this period an electrical change 
of very short duration occurs, which culminates at about one 
two-hundredth of a second after excitation. * The fact discovered 
by Helmholtz was further investigated by Bernstein in 1866, 
with the aid of the repeating rheotome, and subsequently (1875) 
by du Bois-Reymond, whose statement of the actual time- rela- 
tions of the electrical response to an instantaneous excitation of 
the gastrocnemius of the frog is embodied in a curve which 
denotes that the muscular surface becomes negative to the 
tendon about three thousandths of a second after excitation, 
that this effect culminates at seven thousandths of a second, and 
that it is immediately followed by a change of opposite sign, 
which culminates at about ten thousandths. 

By a new method — that of photographing in succession ihe 
mechanical and electrical responses in muscle on a rapidly 
moving sensitive surface — the author has shown that the 
mechanical response occurs much earlier than has been hitherto 
supposed ; and that it is, in fact, simultaneous with the electrical 
change atove described — that is, with the so-called negative 
variation. 

The method consists in projecting the movement to be re 
corded, whether of the muscle or that of any instrument which 
serves as an index of change, on a vertical slit on which the 
vibrations of a tuning-fork and the motion of a signal are also 
shadowed. Immediately behind the slit is a photographic plate, 
which is carried by an equilibrated pendulum. The approxi- 
mately uniform rate of motion of the sensitive surface which 
receives the light-written record is about one metre per second, 
but is determined in each experiment by reference to the rate of 
vibration of a tuning-fork. 

In the experiments on direct excitation, the muscles used were 
the gastrocnemius and sartorius of the frog. In the former the 
movement of contraction was communicated to a light index, 
which was supported by a fine spring. One end of the index 
rested on the muscle, while the other occupied the front focus of 
a projection apparatus, the slit being in the other focus. When 
the sartorius was used the surface of the muscle was itself 
brought for a moment into the focus, at the seat of excitation. 
The unavoidable exposure of the structure to the electric light, 
which this method involved, lasted scarcely more than a second. 
In successful experiments, the interval between excitation and 
the beginning of the contraction was 2^ thousandths ( = of 
a second. 

For measurement of the delay in indirect excitation, the gas- 
trocnemius (with the index) only was used, the exciting electrics 
being applied either at 12 or at 37 mm. from the muscle. The 
results were not so constant. Corrected for loss of time by pro- 
pagation along the nerve, the intervals between excitation and 
beginning contraction varied from 0*0025" to 0*0035". 

In the experiments for determining the time after excitation at 
which the electrical response begins and culminates, the capillary 
electrometer was used, as in the author’s experiinents on the 
heart and on the leaf of Dionaa, as a signal, but with much 
improved apparatus for recording. 

In the gastrocnemius of the frog, the electrical response to an 
instantaneous stimulus is indicatea b^ a sudden movement of the 
mercurial column of so short a‘ duration, that to most persons it 
is invisible. Its photographic expression is that of a spike pro- 
jecting from the dark larder of tne part, of the plate which is 
unprotected by the mercurial column. The electrical inter- 
pretation of this spike is that between the contacts two electrical 
changes of opposite sign and not more than one two-hundredth 
of a second in duration have immediately followed each other, 
or, more explicity, that the spot excited became, for about 
o 0005", first negative, then for a similar period positive, to the 
other contact. 

In the muscle (the leading off contacts being on the Achilles 
tendon and muscular suHmee respectively, and the nerve excited 
at a distance of xa mm.) the electrical response begins at 0*004" 
and culmioates at about 0*012" after excitation. Deducting the 
delay to transmission.along the nerve, we have, as the time 
between excitation and response, o*oo35"« It is thus seen that 
the electricsl response, instead of preming the mechanical^ is 
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contemporary with it. The electrical change may therefore so 
far concerns the time at which it occurs in muscle, be im- 
mediately connected with that sudden change of the elastic 
properties of muscle of which the contraction is the sign. 

The author exhibited at the Society photographs in proof of 
all the facts above stated. Further details, particularly those 
relating to the character of the ** electrical response’* to in- 
stantaneous stimulation, for whidi the photographic method of 
recording the movements of the capillary electrometer on a 
rapidly moving surface has afforded new lacilities, will be the 
subiect of a later communication. 

Anthropological Institute, Mw 13. — Dr. J. G. Garson, 
Vice-President, in the chair. — Mr. Francis Gallon exhibited a 
new instrument for measuring the rate of movement of the 
various limbs. The method adopted was explained by referring 
to the action of a spring measuring-tape. When the end of one 
of these is pulled out and then let go, it springs sharply back, 
the tape running cleanly through a slit. If it runs back more 
quickly than the hand could follow it, then, if the end of the 
tape be retained in the hand that gives the blow, the tape 
will run through the slit at the exact rate at which the blow is 
given. The hand need not be near the tape ; it may be con- 
nected with it by a long thread, and the instrument will thus be 
guarded from injury. The thread, during part of its course, is 
arranged to travel vertically, and passes through a small inverted 
cone which is fixed to it ; it then passes loosely through a 
cylindrical bead of white ivory, the lower end of which rests 
on the base of the cone. When the moving thread is suddenly 
arrested, the bead is tossed up to a height dependent on the 
velocity of the thread at the time and place when it was stopped. 
The momentary pause of the white bead when it ceases to 
ascend, and before it begins to descend, enables the height it 
has attained to be read off upon an appropriate scale, which 
tells at how many feet per second the thread was moving at the 
time it was checked. — Dr. G. W. Leitner read a paper on the 
ethnographical basis of language, with special reference to the 
customs and language of Hunza. The Hunzas are nominal 
Mohammedans, and they use their mosques for drinking and 
dancing assemblies. There is little restriction in the relation 
of the sexes, and the management of the State, in theory, is 
attributed to fairies. No war is undertaken unless the fairy 
gives the command by beating the sacred drum. The people 
are not true Mohammedans, but represent what is still left of 
the doctrine of the Sheik-ul-JabI, or the Ancient of the 
Mountain, the head of the so-called Assassins. The language 
of the Hunzas is one of the most primitive, and has not yet 
emerged from the state in which it is impossible to have such 
a word as ‘•head,” as distinguished from “my head,” or “thy 
head, or “his head;” for instance, ak is “my name,” and tk 
is “his name.” Take away the pronominal sign, and k alone 
is left, which means nothing. Aus is “my wife,” and gtis 
“thy wife.” The s alone has no meaning, and in some cases 
it seemed impossible to arrive at putting anything down cor- 
rectly ; but so it is in the initial stage of a language. In the 
Hunza language that stage is important tp us as members of the 
Aryan group, as the dissociation of the pronoun, verb, adverb, 
and Conjunction from* the act or substance only occurs when the 
language emerges beyond the stage when the groping, as it 
were, of the human child between the vietim and tuum^ the 
first and second persons, approaches the clear perception of the 
outer world, the suum^ the third person. — Mr. A. P. Goodwin 
read some notes on the natives of the interior of New Guinea, 
and exhibited a fire-stick. — Mr.dG. F. Lawrence exhibited two 
crania from the Thames. 

Geological Society, • May 21.— Dr. A. Geikie, F.R.S., 
President, in thfc chair. — The following communications were 
read : — On some Devonian and Silurian Ostracoda from North 
America, France, and the Bosphorus, by Prof. T. Rupert Jones, 
F.R.S. After the reading of this paper Dr. Hinde said he 
wished to express the obligations of geologists to Prof. Jones 
for the excellent work wrhich he had done amongst the Entomo- 
straca ; and particularly on the present occasion, for the clear 
manner in which he had explained the wide distribution of some 
of the species. The President alluded to the long yearn of 
arduous*labaurwfaich Prof. Jones had bestowed oh these minute 
fossils, and to the interesting results be had obtained from them. 

— On the age, composition, and structure of the plateau-grails 
of East Be^shire and West Surrey^ by the Rev. Dr. A. Irving. 
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— Further note on the existence of Triassic rocks in the English 
Channel off the coast of Cornwall, by R. N. Worth. — On a new 
species of Coccodus (C. Lindstromi^ Davis), by J. W. Davis. 

Paris 

Academy of Sciences, May 27. — M. Hermite in the chair» 
— Note on the works of M. Louis Soret, by M. A. Cornu. — 
On the recent work done in Algeria, by M. J. Janssen (see Our 
Astronomical Column). — On meteorological observations made 
at mountain stations in Europe and the United States, by M. H. 
Faye. The author discusses some observations of temperature 
at various altitudes during cyclones and anticyclones, and the^ 
conclusions arrived at by M. Ilann at Vienna, and Prof. Hazen 
in the United States, with respect to the variations found.^On 
the Turonian flora of Martigues (Bouches-du-Rhone), by M. 
A. F. Marion. — On the automatic resolution and integration of 
equations, by M. H. Parenty. An extract of a memoir pre- 
sented by the author is given. — On the nutation of the 
axis of the earth, by M. Folie. — On the theory of heatrby M. 
Appell. — On the elliptical double refraction of quartz, by M. F. 
Beaulard.— On the conductivities of compounds of ammonia and 
aniline with the oxybenzoic acids, by M. Daniel Berthelot. One 
circumstance worthy of attention is that, in spite of the difference 
of conductivities of the three oxybenzoic acids, the conductivity 
of the mixture of equivalent parts of each acid and am- 
monia is almost the same for the three isomerides as for benzoic 
acid. The author has previously called attention to a similar 
iict in the case of salts of sodium. It is also noted that 
the conductivities of ammonium salts are superior to those of 
the corresponding salts of sodium. — Experiments on magnetiza- 
tion by single and double touch, by M. C. Decharme.vr* 
Researches on the dispersion of organic compounds (alcohols of 
the fatty series), by MM. Ph. Barbier and L. Roux. The- 
authors show — (1) In the alcohols of the fatty series that they 
have examined, the dispersive powers are continuous functions 
of the molecular weights, and, contrary to what occurs in the 
aromatic series, the dispersive pouters inertase with increase 
of molecular weight, (2) The long-chain isomeric alcohols,, 
primary and secondary, have sensibly the same dispersive power 
and obey the same laws ; but the primary alcohols studied, other 
than normal, possess less dispersive powers, without, however,, 
departing far from the values shown by long-chain alcohols*. 
(3) The abstraction of hydrogen is accompanied by a consi- 
derable increase in the dispersive power. — M. Ed. Grimaux 
discusses the formula and reactions of homofluorescein. — On 
the employment of artificial sea-water for the preservatioa 
of marine animals, particularly oysters, in great aquaria, by 
M. Edmond Perrier. The solution recommended contains 81 
grams sodium chloride, 7 grams magnesium sulphate, 10 grams, 
magnesium chloride, and 2 grams potassium chloride, dissolved 
in 3 or 4 litres of water. — Observations on submarine vision, 
made in the Mediterranean by means of a diving apparatus, by 
M. H. Fol. — Two new hermaphrodite Pdicypodcs^ by M. Paul 
Pelseneer. — On the chemical examination o( mineral waters 
from Malaysia ; the formation of tin ore, note by M. Stanislas 
Meunier. An incrustation from the hot spring of Azer-Panas 
possesses the following composition: SiO^, 91 *S; H^O, 7'5 ; 
SnOf* 0*6 ; Fe^Og, 0*2 ; and traces of alumina. This is the 
first instance of the present formation of a tin-ore.— Observa- 
tions on the structure of some ferruginous deposits of the 
Secondary rocks, by M. Bourgeat. — Discovery or a Turonian 
flora in the neighbourhood of Martigues (Bouches-du-Rhdne), by 
M. G. Vasseur. — On the emplo]^ment of copper salts as a remedy 
for the potato-dic^ase, by M. Aime Girard. The author demon* 
strates that a solution of sulphate of copper used as a preventive 
of the disease is very efficacious, and results in a gain in the 
quantity of the crop such as more than pays for the expense 
of treatment. Even when used purely as a curative agent, the 
yield of healthy potatoes is increased by 20*2 to 22*9 per cent. 

Berlin, 

Meteorological Society, Mays*— Prof. Schwalbe, President,^ 
in the chair. — Dr. Kiewel spoke on the diurnal periodicity of 
the wind with special reference to Dr. Sprung’s theory of the 
rotation of its direction. It appeared from his investi^tion that 
in addition to the influence of the sun’s radiation, the variations 
of barometric pressure also produce a distinct effect, as also dota 
the difference in the rate of the wind in the upper and lower ' 
layers of the atmosphere. A discussion followed, in which Dr.. 
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Sprung took part. — Dr. Wagner announced^ that arrangements 
had been made for endeavouring to take simultaneous photo- 
graphs of flashes of lightning at widely separated stations durii^ 
the approaching summer. It was hoped that by this means, if 
successful, it would be possible to obtain some idea of Uie 
spacial and dimensional relations of the flash. 

Physical Society, May i6. — Prof, du Bois-Reymond, 
President, in the chair.-^Dr. Kopsel exhibited and described an 
apparatus for the calibration or the torsion-galvanometer of 
Siemens and Halske. Th^e magnet which is used in that form 
of the galvanometer which is employed for technical purposes, 
frequently changes its magnetism in presence of other powerful 
mamets or currents, hence the instrument requires constant 
calibration and adjustment. Dr. Kopsel explained his method 
of effecting this with the help of a Clarke element. He further 
described a new form of resistance to be used in the measure- 
ment of very powerful electric currents. The older form, con- 
sisting of a brass tube filled with water, in communication with 
a reservoir of water, had proved useless in practice. The new 
resistances consist of nickel wires, surrounded by on insulating 
layer, inserted into a tube of lead and immersed in water. These 
wires were not rendered incandescent by currents of 80 to 90 . 
amperes, and have been proved to be practically useful. | 

Physiological Society, May 23. — Prof, du Bois-Reymond, | 
President, in the chair. — Prof. Falk gave an account of a case ; 
of a man who was found dead, and who must have died sud* ' 
denly. A post-mortem examination showed that all the tissms 
and organs were in a normal state with the exception of the 
pancreas, which was . infiltrated with blood. This he regarded 
^ the cause of death, although it is as yet impossible to si^gest 
now the lesion leads to death. Rupture of a blood-vessel in the 
pancreas is of rare occurrence. — Dr. Heymanshad recently tested 
Engelmann’s statement that the ureters contain ganglia at their 
upper and lower ends, but no nerves, employing the ureters of 
mice. Using gold chloride be observed, with low powers of the j 
microscope, nerve-fibres accompanying the blood-vessels which i 
surround the ureters. After removing the peritoneum and 
spreading out the excised ureters, he also found fine fibres 
between the muscle-cells, some of which appeared, under high 
magnification, to be attached directly to the muscle-cells. He 
was not able to make out that a nerve-fibril supplies each muscle- 
cell. — Dr. Bruhns gave an account of his researches on adenin 
and hypoxanthin, with a view to determining their chemical 
constitution ; in this he has not as yet been more than partially 
successful. During his researches he came across a compound 
of adenin and hypoxanthin, whose properties explain many 
opposing statements of the less recent authors. The silver salts, 
with picric acid of the above bases, are the ones most suited for 
discriminating between them. Their salts with mercury are 
also extremely interesting from a chemical point of view, owing 
to their close resemblance to the amido-compounds of mercury. 

— Prof. Zuntz described a modified form of intestinal fistula 
which he and Dr. Rosenberg had recently applied. 

Brussels. 

Royal Academy of Sciences, April 3. — M. Stas in the 
chair. — The following communications were made : — Researches 
on the volatility of carbon compounds, by M. Louis Henry. — On 
monocarbon derivatives, by the same autnor. — Reply to a note by 
General Liagre relative to M. Ronkar’s work *‘On the Mutual Im- 
pulse between the Crust and Interior of the Earth on account of 
Internal Friction,’’ bvM. Folie. The criticism referred to appeared 
in Bulletin No. 3 ot this year, and in reply it M. Folie ad- 
duces proofs of ^urnal nutation. — On the extent of the curative 
action of hypnotism : hypnotism applied to alterations of the 
visual organ, by M. J. Delboeuf, with the collaboration of M. 

J. P. Null and Dr. Leplat. An extended account is given of 
the treatment of a patient suffering from an eye-disease which 
was completely cured by hypnotism. — A new Nematoid of a 
Galago from the coast of O^ea, by M. P. J. Van Beneden. 
— Note on the law existing between unit of variation of vapour 
tension and aWlute temperature, by M. P. De Heer. — On the 
structure of the equatorial bands of Jupiter, by M. F. Terby.— 
On the thickness of the earth’s crust deduced from diurnal 
nutation, by M. E. Ronkar. From an extended investigation 
it is concluded that the thickness of the earth’s crust does not 
exceed of the radius.— On the mutual impulse between the 

crust and interior of the earth on account of internal friction 
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(second note), by the same author. — Experimental methods for 
determining whether polarized light, of which the plane of 
polarization is in vibration, exercises any influence on a magnetic 
field, by M. H. Schoentjes. — Experiments on the absence of 
bacteria in the ducts of plants, by M. Emile Laurent. 

Stockholm. 

Royal Academy of Sciences, May 14. — On the discovery 
of Tertiary volcanic rocks near Lake Dellen in Helsingland 
and Lake Mien in Smaland, Sweden, by Dr. N. O. Holst 
and Dr. F. N. Svenonius. Specimens exhibited and commented 
upon by Baron A. E. Nordenskidld. — Report on an entomo- 
logical tour in Norrland and Jemtland, chiefly for the study of 
the Poduridae of these countries, by H. Schott. — Some observa- 
tions on the distribution of the sexes in the galls of Andricus 
ratnuli^ by Prof. C. Aurivillius. — On the GraptoUthidae of the 
island of Gotland, by Dr. G. Holm. — On the employment of 
indefinite determinants within the theory of linear differential 
equations, by H. von Koch. — Invariant expressions for the 
generalized substitution of Poincare, by F. de Brun. — On a 
generalization of the functions of Klein of the third family, by G. 
Cassel. — The form of the integrals in linear differential equations, 
by A. M. Johanson. — Contributions to the knowledge of the 
Chlorophyceseof Sweden, by O. F. Andersson. — Helminthological 
researches from the west coast of Norway, Part I.,<;estoda, by 
Dr. E. Ldnnberg. — Some Muriceidae cf the genera Acantho- 
gorgia, Paramuricea, and Echinomuricea in the Zoological 
Museum of Upsala, by T. Hedlund. 
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THURSDAY, JUNE 12, 1890. 

ELECTRIC VERSUS GAS LIGHTING. 

H^clairage ^lectrique actuel dans Difflrents Pays. By 
■ Jules Couture. (Paris : J, Michelet, 1890.) 

I N this, the second edition of this pamphlet, a com- 
parison is made between the prices of lighting by 
electricity and gas at Milan, Rome, Paris, Tours, Manosque, 
Perpignan, Marseilles, and New York. In Milan, the 
electric energy is either charged for by a fixed rate per 
lamp per year, plus a payment for each hour during 
which the lamp is turned on (the fixed annual rate and 
the hourly payment depending on whether the lamps be 
of 10 or of 16 candles), or the payment may be made to 
depend entirely on the consumption. In the latter case, 
however, the hourly payment per lamp diminishes with 
the number of lamps employed in the building, the rate 
per hour varying from 6 centimes for a lo-candle lamp 
if there be not more than 40 lamps, to 3J centimes per 
lo-candle lamp if the number exceed 151. The incan- 
descent lamps at Milan app>ear to require 6 watts per 
candle, and are therefore evidently specimens of the old 
Edison lamp ; at the present day, however, there are 
lamps that can be incandesced with 40 per cent, less 
power, and still have a long life. In comparing the price 
of lighting by electricity and gas, M. Couture assumes 
that one Bengel gas-burner consuming 105 litres of gas per 
hour gives 10 candles. This is equivalent to 5*9 cubic 
feet per hour for 16 candles. Now a good Argand burner 
with London gas will give i6 candles for a consumption 
. of 5 cubic feet per hour, whereas a common burner will 
not give more than 5 or 8 candles. M. Couture’s typical 
burner and the Milan gas must therefore be good, where- 
as, as already mentioned, the incandescent lamps em- 
ployed in Milan must be of an old character. Neverthe- 
less, since electric lighting is supplied at 9 centimes per 
hour for a 16-candle lamp, and at 5*6 centimes (or about 
one halfpenny) in buildings using many lamps, the Milan 
Gas Company thought it wise to drop their price from 
36 to 25 centimes per cubic metre of gas in the regions of 
the town supplied with electricity. For the benefit of 
readers who may study the copious information contained 
. in this French treatise, we may mention that the London 
price of 2s. td. per 1000 cubic feet of gas is equivalent to 
almost exactly one penny per cubic metre. 

In Rome, the Anglo- Roman Gas Company have utilized 
alternate-current transformers to distribute electric energy 
throughout the town from an electric station with 2700 
horse-power, constructed oh their own grounds, and have 
thus avoided the erection of expensive central stations in 
the town itself, 'f he price charged is 8 centimes per hour 
for a 16-candle glow-lamp, and this M. Couture regards 
as a very remunerative one. It represents about 2i times 
the cost in Rome of lighting with improved 16-candle 
Wenham gas-burners. M. Couture speaks of the two 
dynamos employed there as being the largest in the 
world, but, as they are only of some 500 horse-power each, 
it is clear that the author has not heard of the dynamos 
at Deptford, one of which has been running for some time, 
and which produces 1 500 horse-power. Indeed, M. Couture 
is wonderfully silent about the electric lighting of towns , 
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in England, and makes no reference whatever to the 
prices charged for electric energy at various places in this 
country, or to the regulation of these prices by the 
systematic action of the Board of Trade. 

Various installations employing transformers are re- 
ferred to, amongst others that at Tours, and it is men- 
tioned that the new price charged there for electric energy 
is only about 30 per cent, more than for an equivalent 
amount of gas. The only reference to electric light- 
ing in Great Britain is to the first use of transformers 
when the Metropolitan Railway stations at “ Edgard 
Road” and “Olgate” were experimentally lighted in 
1883 ; and of the large amount of electric lighting work 
that has been carried out on the Continent by English 
engineers nothing is said, if we except the stateq^ent that 
** Badkok ” and Wilcox boilers are used at Marseilles and 
at other towns. The value of the book, which is consider- 
able, would have been increased if some reference had 
been made to “ Sir Siemens ” and “ Sir Crompton,” since 
certain large towns abroad, not mentioned in this book > 
owe their electric lighting to the exertions of these firms. 

Formerly, electrical companies maintained installations 
at a loss, for the sake of advertiseihent ; while gas com- 
panies, to avoid losing the streets that were lighted, have 
continued the lighting for a return less than the.cost 
price. The financial results of electric supply companies 
have often not been sufficiently prosperous to enable 
interest to be paid upon the capital invested, but the 
same may be said of many gas companies in the early 
days of their existence. At Dijon, a central electric sta- 
tion has been rendered commercially impossible by the 
Gas Company dropping their price from 45 to 25 centi- 
metres per cubic metre when they heard that the erection 
of one was contemplated. 

The Marseilles Gas Company was the first gas com- 
pany to establish a central station for the purpose of 
ascertaining the conditions under which the new method 
of lighting could be advantageously used in conjunction 
with gas and oil. Since 1881, when the Marseilles Gas 
Company first took up electric lighting, they have gradu- 
ally extended their operations, so that to-day the electric 
lighting of the town is considerable. At the rates 
charged, it is 20 per cent, dearer to obtain 10 candles 
for 1000 hours in the year by electricity than with a good 
gas-burner ; but if the time of lighting be extended to 
2000 hours, electric lighting is only 6 per cent, dearer 
than gas lighting, and in the case of a 10-candle lamp 
lighted for 3000 hours in the year, electricity and gas 
come out equal in price. Consequently, if the gas be 
burnt in common burners, or if governors be not em- 
ployed to keep the pressure of the gas constant, lighting 
with gas will actually be dearer in Marseilles than by 
means of electric glow-lamps. However, as the author 
points out, it is very important to see that a lo-candle 
'low-lamp really gives an illumination of 10 candles, since 
t is by the lamp, and not by the light, that the charge is 
made. 

Electricity is, of course, now being much • used where 
gas was formerly employed, but an interesting^example is 
given in this book of electricity being resorted to for the 
ighting of a town in which gas could not be adopted. 
Manosque, in the Basses Alps, was lighted, up to 1888, 
with oil, the municipality not being able to introduce gas, 
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as nearly all the houses had cellars under the public 
street ; but for the last two years the town has been 
lighted by means of electricity. The price charged is 
either at a fixed rate per month, independently of the 
number of hours the lamp is lighted, or the consumer 
can pay for the actual time the lamps are used at the rate 
of 5J centimes per hour for a i6*candle lamp, 4 centimes 
for a lo-candle lamp, and 3J centimes if the lamp be of 
8 candles. It is interesting to notice that this charge of 
5^ centimes per hour for a i6-cnndle lamp is almost 
exactly equivalent to %d, per Board of Trade unit — the 
legalized rate for London. 

At Perpignan, the prices per hour per lamp are the 
same as at Manosque, but if the lighting be charged at a 
fixed raje per month, the rate for a lo-candle lamp is 
either 3i or 6 or 8 francs per month, depending on 
whether the lamp is put out every night at 10 o’clock 
or at midnight, or is left alight all night. 

In Paris, gas costs 30 centimes per cubic metre, or, 
roughly, yj. (>d. per icoo .cubic feet, while, for a lo-candlc 
glow-lamp, 4'8 centimes per hour is charged ; the user 
has also to pay an annual subscription of 4 francs, and 
he has to replace his lamp after 1000 hours at a cost of 
4 francs. With these figures the author concludes that 
electric lighting with glow-lamps is 40 per cent, dearer 
tLan lighting with gas. 

The largest single electric installations of art'-Iamps is 
at Brooklyn, in America, where the Thomson-Houstin 
Company supply current for 1325. The following the 
author gives as the prices paid per hour for the current 
for one arc-lamp : — 

Detroit 29 centimes. 

Paris 40 ,, 

Milan 44 ,, if burning all night. 

,, 50*2 ,, ,, only until midnight. 

Marseilles ... 52*5 ,, burning only until midnight. 

To enable a comparison to be made, we have ascertained 
that the yearly price charged for the arc-lamps on the 
Parades of the English watering-places is equivalent to 
about 35 centimetres per arc-lamp per hour. 

M. Jules Couture concludes his treatise in a very judi- 
cious manner as an old director of the Marseilles Gas 
Company : — “ Little Jack Gas lives still, and will continue 
to live, I hope, for a long time yet. To prolong its exist- 
ence, gas will not hesitate to inscribe on its banner, 

‘ Gas-Electricity,’ because its advocates are not at all 
adverse to progress.” 

The treatise forms a handy reference-book for those in- 
terested in the progress of electric lighting. It would have 
been well, however, if the author had given the price of 
electric energy in the various towns, instead of the price per 
ampere or the price for the current for a particular lamp. 
Constant reference is made to the supply of the light “ au 
moyen de compteurs” in the various towns. Electrical 
engineers would have gladly welcomed some information 
as regards the character and the behaviour, satisfactory 
or otherwise, of the meters employed. We have already 
said that we think statistics of electric lighting in Great 
Britain might well have been added, seeing that it is now 
nearly two years ago since the Englishman’s backward- 
ness in taking up electric lighting began to disappear. 

In justice to the consumers of gas, more stress should 
have been laid on the fact that ordinary gas-burners are 
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very inefficient things. It might, for example, have been 
pointed out that, while as much as 6 candles per cubic 
foot of gas consumed per hour can be obtained with a 
Welsbach or with an albo-carbon burner, as little as 3 of 
a candle per cubic foot consumed per hour is the meagre 
efficiency of certain twopenny-halfpenny nondescript 
burners. And if such a nondescript burner be un- 
governed, as it probably will be, since people who have 
not the sense to buy good gas-burners are not likely to 
buy governors for them, then, when the pressure of the 
gas rises in the mains, the burner will not give more than 
^ a candle per cubic foot. So that a burner passing 5 
cubic feet of London gas per hour may give any illumina- 
tion from 3 to 30 candles, depending on the nature of the 
burner. 

In dealing, therefore, with the vexed question of the 
relative cost of lighting with electricity and gas, we 
must remember that, apart from glow-lamps causing 
much less damage than gas to books and decorations of 
rooms, lighting with glow-lamps at %d. per Board of Trade 
Unit costs no more than lighting with ungoverned common 
gas-burners using gas at 2.s. 6d. per thousand cubic feet. 
On the other hand, lighting with glow-lamps costs about 
3 times as much as lighting with governed Argand 
burners, and 4 or 5 times as much as using albo-carbon 
or Welsbach burners. 


A TEXT- HOOK OF GEOLOGY. 

The School Manual of Geology. By J. Beete Jukes, 
F.R.S. Fifth Edition. Edited by A. J. Jukes- 
Browne, B.A., F.G.S. (Edinburgh : A. and C. 
Black, 1890.) 

T he title and success of this handy little book lead 
one to inquire how far and where geology is taught 
in schools. There is no doubt that the subject has for 
scholars, particularly in the country, the strongest fascina- 
tion ; and the fine museum of Marlborough is an example 
of how “ natural history ” studies may be kept alive in 
seats of youthful learning. But it would be interesting 
to know how many schools, excluding special evening- 
classes, can give such a work as this a place in their 
curriculum, and thus carry back the history of England, 
Rome, and Greece to the earliest dawn of life upon the 
globe. The preliminary training for the appreciation of 
geological features such as every lad can see around him 
need not be excessively severe ; the mere appreciation is 
at first the great thing — the knowledge that/there is some- 
thing to be learnt in road-side quarries, in familiar 
tiollows of the hills, beside v/hich the “ Dictionary of 
Antiquities ” seems like a fashion-book of yesterday ; 
while at the same time, perhaps, the kinship of the 
boy with his favourite classic hero becomes something 
more real and inspiriting in face of the enormous past 
beyond them both. 

While the work before us is a concise and convenient 
text-book, we suspect that, from mere force of circum- 
stances, it aims more at the individual student than at 
the school-boy and the class. Just as William Smith, at 
he beginning of the century, pleaded for geology as a 
study advantageous to land-owners, so the editor appeals 
n his preface to the practical good sense of parents. The 
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•claims of education in natural history as a means to 
individual and mutual happiness are perhaps too well 
known to need assertion ; at any rate, it is not fashionable 
to put them forward. 

For schools, one would like in this book a little more 
of the breath of the open country, such as appears in the 
few lines descriptive of the Cottes wolds ; but the direct 
appeal to Nature in chapter ix. is very refreshing and 
characteristic of the author. Where, indeed, the work 
has been altered from the first edition of 1863, it is in 
matters of more recent discovery, its tone being fully 
preserved. Some little notes have gone, such as that on 
the difficulties of the Welsh “ 11 ” on p. 216 of the original 
(p. 261 of the present edition is more serious) ; but the 
references to history and familiar authors remain, even to 
Wilkie Collins, while the introduction of derivations has 
been considerably and interestingly extended. Quaint 
effects in such matters cannot always be avoided, as in 
the following (p. 247), “ Illaenus {squint-eye) Davisii {after 
Mr, Davis),” 

It is difficult in such a book to deal with rival theories ; 
but the discussion of coral-islands, carried over seven 
pages, scarcely does justice to Darwin’s position, and 
is certainly not complete — as in accounting for the atoll — 
in its statement of more recent views. Nor can we con- 
sider the treatment of the specific gravity of the earth 
(p. 8) as altogether beyond question, accepting as it does 
the continuous compressibility of crystalline bodies. 

To come to small matters, the use of “ potash ” in 
different senses on pp. 46 and 48 may mislead the tyro ; 
the spelling “ tachylitc ” is adopted for “ tachylyte ” ; and 
“ Protospongia fenestella” for “fenestrata” occurs on 
both p. 238 and p. 239. On p. 329 we have, freshly 
inserted, the Pterodactyl from Owen’s “ Palaiontology.” 
This figure, arising from the difficulty of interpreting 
some of the earlier specimens, still appears in well- 
regulated text-books, but is sometimes accompanied with 
warning foot-notes ; here it is aggravated by having its 
digits numbered, and the existence of a fifth, “answer- 
ing to the little finger in our own hands,” is distinctly 
stated in the text But the other woodcuts are numerous 
and effective ; and we have a few bold drawings of natural 
features as they actually appear, which always appeal 
strongly to the untrained observer. It is too much to ask 
for full-page sketches of our British scenery ; but we look 
back in this matter somewhat regretfully on that earlier 
work of Jukes, the “ Popular Physical Geology,” illus- 
trated by Du Noyer, and published with undoubted spirit 
by Reeve and Co. in 1853. G. C. 

DUR BOOK SHELF. 

Magnetism and Electricity. By W. Jerome Harrison, 

KG.S., and Charles A. White. (London: Blackie 

and Son, 1890.) 

We note one or two features in this work which make it 
worthy of ccrnimendation ; for example, the authors have 
avoided speaking of magnetic or electric fluids, and have 
endeavoured to bring out the fact that these forces are 
but “ states or affections of matter,” and their endeavour 
is much to be praised. It is also good to see an intro- 
ductory chapter on “ Matter and Force,” and a special 
chapter on “ Potential,” about which elementary students, 
as ajrule, know very little. Most of the diagrams, how- 
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ever, arc of the stock kind, and with the exception of the 
above points the book possesses nothing to distinguish it 
from many other elementary manuals dealing with the 
l*same subject 

Science applied to Work. By John A. Bower. (London : 

Cassell and Co., 1890.) 

There is much that is praiseworthy in this little work; it is 
an easy introduction to mechanics, and free from all mathe^ 
matical formula, is written in very clear language, and 
deals entirely with the mechanics of every-day life. The 
book has been designed especially for the artisan section 
of the National Home Reading Union, and will doubtless 
be a means of eradicating the rule-of-thumb work which 
is still characteristic of a large proportion of the. artisan 
community. Many hints are given for making sy^ple ap- 
paratus to demonstrate the principles laid down, the ap- 
plications of these principles are well pointed out, and the 
work altogether meets the requirements of the class for 
whom it is intended. 


LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex* 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the zvriters of rejected 
manuscripts intended for this or any other part of NATgRE. 
No notice is taken of anonymous communications,^ • 

Testing for Colour-Blindness. 

Dr. Oliver Lodge asks (May 29, p. 100) why those in- 
terested in testing for colour-vision do not employ Lord Ray- 
leigh’s arrangement, in which yellow is matened by certain 
proportions of red and green. 

This suggests to me a difficulty I have felt for many years. I 
am partially colour-blind, and have the usual difficulty in seeing 
I whether a fuchsia or a Pyrus Japonica is in flower or not. I 
I have noticed that many persons speak of flowers such as Lychnis 
ftos-fovis^ or Epilobium angustifolium^ &c., as being red. I 
should unhesitatingly class them among blue or purple flowers. 
They give me no suggestion of red, but I observe that when thev 
are coloured in botanical works, such as Sowerby’s Botany/* 
&c., they are painted of a decidedly reddish colour, and not as 
they appear in Nature. I used to attribute this to carelessness, 
but it is now evident to me that two colours which when placecl 
side by side appear identical to normal vision do not appear at 
all identical to the colour-blind. Doubtless pigments could be 
found which would produce similar impressions on both orders 
of vision, but this is only a matter of chance. An investigation 
on these lines might give useful information. 

On the question of flog signals, I would observe that though 
I can make nothing out of the ordinary dull greens, reds, and 
browns, and am ready to believe anything that is told me about 
them, my impressions of scarlet and orange are intensely distinct 
and vivid. Scarlet (and especially orange scarlet) is the most 
vivid and beautiful colour w hich I know, and utterly unlike any 
other ; it becomes nearly black in very faint twilight. I could 
recognize a flag of scarlet or orange under any possible circum- 
stances and at almost any distance. If danger flags had this 
colour they would perfectly suit the ordinary colour-blind, and 
could never be mistaken for green. 

On the subject of night signals I cannot make a useful sug- 
gestion. Green lights are very disltnct, but they appear to me 
a$ a poor blue with very little power in them. Red lights are 
distinct enough compared side by side with ordinary yellow 
ones, but seen alone under un&vourable circumstances there is 
nothing to catch the eye or the imagination, and they might 
easily be mistaken for yellow or ordinary lights. 

London, June 9. Latimer Clark. 


Coral Reefs — Snail Burrows. 

In regard to Dr. von Lendenfeld’s letter (May 29, p. 100) it 
may suffice for me to say that I had not seen his reviews of 
Darwin’s ** Coral Reefs in the periodicals which he names (for I 
find it impossible to keep level with the advancing flood of 
scientific literature), and that if his reply ** considerably modifies 
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the meaning ” of what I wrote, 1 must leave it to others to settle 
whether this be in a favourable or an unfavourable sense. 

Turning to another matter : in reference to an interesting 
paragraph on p. no concerning the excavation of rock by snails, 
a subject on which I once wrote ( 1869, 1870), may I 
ask whether any of the readers of Nature are acquainted with 
instances of these burrows occurring in non-calcarcous rocks ? 
All which I have seen were in limestone, and, as I believe, 
always in a pure variety. Hence, in the case of snails, one 
would suspect that the excavation was mainly due to chemical 
action. * T. G. Bonney. 


Coral Reefs, Fossil and Recent. 

I SUPPOSE it will be expected of me that I should answer the 
two objections raised by Captain Wharton (May 22, p. 81), viz. 
( I) that he knows of no steep submarine reef-slopes exceeding 
4000 feet in height ; and (2) that the lagoons could not be so 
shallow as they are if we assumed any extensive positive shifting 
of the coast-line. 

From the statements in the literature on the subject, concern- 
ing point (l), I select the following three : — 

Captain Fitzroy found at the Keeling no bottom 2200 yards 
from the breakers with a line 7200 feet long (Darwin, Coral 
Reefs ”)• 

Bourne says in his account of Diego Garcia (Proc. Roy. Soc., 
vol. xliii.), that the Maldives, Laccadives, and the Chagos 
rise from a bank 1000 fathoms below the surface very abruptly. 

Heilprin (‘‘ Bermudas ”) states that the Bermudas rise abruptly 
out of a depth of 12,000 to 13,000 feet. 

•Cc^ceming point (2), I cannot see why the gentle inward 
slopes of atolls should not be in harmony with the subsidence 
theory. It must be borne in mind that the shifting of the coast- 
line is both slow and oscillating. Positive and negative shift- 
ings alternate. The latter predominates on the whole. Dr. 
Murray says that in shallow water the accumulation of material 
exceeds the removal by solution. I have professed my accord- 
ance with this view in my previous letter. Particularly in an 
inclosed or partially inclosed lagoon, sheltered from ocean 
currents, this hlliiig-up process will be a rapid one. We can 
easily conceive that it will balance the subsidence until the 
lagoon becomes so shallow as to impede the life of those 
organisms whose skeletons form the raising-up deposit. If there 
is any oscillatory negative shifting of coast-line, the dry rim will 
rise, and extend horizontally, and afford to the atmospheric 
agencies a larger surface wherefrom material can be washed into 
the lagoon. 

On the whole, if there is anything difficult to explain, it is 
that the lagoons are as deep as they are. Deep lagoons are, 
how’ever, not common, and are generally only met with in large 
and interrupted atolls. Perfectly dry central depressions (with 
deposits of gypsum and the like) arc by no means infrequent in 
very small atolls. The general proportionality of the depth and 
the horizontal extent of the lagoons is perfectly in accordance 
with the subsidence theory. It supports no other theory better 
than this one. R. von Lendenfeld. 


Photographs of Water Drops. 

In Nature of May 22 (p. 95) there is an account given of 
the discussion following Mr. C. V. Boys’s demonstration of his 
photographs of falling water drops at the meeting of the Physical 
Society. In the course of this discussion, Lord Rayleigh, who 
was naturally much interested in the subject, remirkcd that it 
had never occurred to him that it would be possible to get 
enough light from a single spark to photograph the dr^s as 
Mr. Boys had done. And Lord Rayleigh believed Mr. Boys’s 
success was owin^ to the fact of his using no lenses, which would 
absorb the ultra-violet rays. 

With reference to this, it might, perhaps, be interesting to 
mention that I succeeded very well, some years^ ago, in photo- 
graphing water drops, falling through air, with sin^^e sparks, the 
light of the spark passing two ^lass lenses and the objective of a 
camera which gave ma^ified images. My photographs (copies 
of which appeared in the Anfialen dtr Physxk und Chemie^ voL 
XXX., 1887) show all the forms obtained so very beautifully by 
Mr. Bt^s. From photographs taken at different depths below 
the ori^ of the tulib I could measure the periodic time of the 
elliptical vibrations and of the vibrations according to the next 
n^^g^ spherical harmonic, and show that the ratio of these two 
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periodic times agreed very closely with the formulae given by 
Lord Rayleigh in the Proc. Roy. Soc., 1879. The amplitudes 
had no influence upon the periodic times. 

Richmond, Surrey, June 6 . P. Lenard. 


THE CLIMATES OF PAST AGES> 

I. 

I T happens sometimes in the history of science that a 
few striking facts lead to the building up of a far- 
reaching theory, which at first satisfies us, and with 
which, without being rigorously critical, we endeavour to 
bring the further results of experience into conformity. 
But contradictions and difficulties gradually manifest 
themselves, and go on accumulating, until at last we are 
convinced that we have built on an unsure foundation, 
and that the edifice that we have raised upon it must be 
utterly pulled down. Then follows a period of discussion 
and collection of further evidence, during which we ab- 
stain from any attempt to substitute new and more 
correct explanation for that which we have abandoned, 
until by assiduous labour we shall have prepared a 
broader and more stable basis for the superstructure. 

' In such a stage of transition, the old ground aban- 
doned, the new not yet won, is our knowledge of the 
climatic conditions of our earth in bygone ages. In the 
far north a rich mass of fossilized plants and coal-beds 
had been found in the Carboniferous formation. Reef- 
building corals, such as to-day live only in tropical seas, 
were yielded by the Carboniferous limestone and the 
Silurian formation up to 80° of northern latitude ; and many 
of the species were found to range, without any essential 
change of form, from arctic to temperate, nay in some 
cases even to equatorial regions. From a small number 
of data such as these it was hastily concluded that, under 
the influence of the internal heat of the earth, a warm 
uniform climate must have prevailed generally from the 
pole to the equator, while a sultry atmosphere, heavily 
charged with water vapour and carbonic acid, prevented 
the sun’s rays from reaching the earth or in any case from 
exercising any considerable influence on it. As a conse- 
quence, the existence of climatic zones or of a distribu- 
uon of the fauna and flora in such zones was denied. It 
was held that with the beginning of the I’ertiary era a 
polar cooling first set in, and that it increased during 
its passage, until the present distribution of heat was 
brought about as the final result of this long-continued 
process. 

The falsity of these assumptions is now pretty generally 
recognized, and the number of their adherents diminishes 
daily. It would lead us too far afield were we to follow 
out the hypothesis into all the details of its ofttimes fan- 
tastic errors, and to note their individual failure. It will 
be more to the purpose if, in the first place, we test the 
methods by which we arrive at conclusions on the tem- 
perature conditions of past ages, in order that we may 
thus gain a knowledge of what these really were and of 
the better-grounded attempts to explain them. 

Among the more important data for judging of the 
climate of a past epoch, is the character of its plants and 
animals, on the assumption that these various oiganisms 
must have lived under nearly the same conditions of 
temperature as their nearest relatives now existing. This 
kind of reasoning has been very extensively applied, and 
within certain limits its validity cannot be gainsaid. If, 
for instance, in a comparatively recent deposit of the 
Pleistocene period in Central Europe, we find remains of 
the arctic willow, the dwarf birch, the white dryas, together 
with such mammals as the lemming, the musk-ox, the 

■ TraiMlatlmi of « Leciura deUvwcd by th. kt« Dr. M. Ntumayr before 
the Sodeiy for the Diuemiaetion of Matiuml Sdenoe, at Vienna, on January 
% 1889. 
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glutton, the arctic fox, and also certain snails which, at 
the present day, live in Lapland or the higher Alps, we 
may safely conclude that a severe climate formerly pre- 
vailed there. An example of the opposite kind is afforded 
us by the later Tertiaries, which belong, indeed, to a con- 
siderably earlier but still not very remote period. Here 
we find, in our own neighbourhood, a flora of plants with 
evergreen coriaceous leaves, such as now grow in the 
warmer parts of the Mediterranean area, and we are quite 
justified in concluding that a higher temperature was once 
here prevalent. But, although in many cases such con- 
clusions are well founded, a universal extension of this 
kind of reasoning leads to deceptive results, and the whole 
method must be applied with the greatest caution. 

In the first place, we must bear in mind that, even at 
the present day, some forms that are nearly related to 
each other live under very diverse conditions. Antelopes, 
for instance, are for the most part animals characteristic 
of warn regions, and yet a kind of antelope, the chamois, 
lives in a very severe climate in the high mountains of 
the temperate zone. The arctic fox lives in the far north 
beyond the polar limit of trees, the Fennec in the burning 
African desert, and yet the two are nearly related to each 
other. The elephant and rhinoceros are at the present 
time peculiar to hot countries, and yet we know from un- 
mistakable evidence that species of both these genera 
prevailed in Europe and Northern Asia in the cold Pleis- 
tocene climate. We have similar instances among marine 
animals, and we may adduce a whole series of cases in 
which a group of forms is predominantly peculiar to a 
certain kind of climate, but have individual representa- 
tives living under totally different conditions. The 
molluscous genera Valuta and Teredra, for example, 
are among the most characteristic inhabitants of warm 
seas, but each of them has a representative in the icy 
waters of the Magellan’s Straits. And among land 
plants we have the remarkable fact that many forms of 
the north temperate zone, when they have been trans- 
planted or have escaped to far warmer regions, have 
extended in an extraordinary manner, and locally to such 
an extent that they have overpowered and displaced the 
indigenous flora, as has occurred with the most diverse 
species of European weeds when transported to foreign 
countries. 

On the whole, we are inclined to infer that, with the 
exception of the Pleistocene fauna and flora, the animal 
and plant remains of past ages, in their generality, point 
to a warmer climate than that which we now experience ; 
and in point of fact, several very striking items of evidence 
lead to that conclusion. The most important is the very 
great extension of reef-building corals in the older 
deposits, while their modem representatives are restricted 
to the warmer seas. 

Many other instances of the same kind may be quoted, 
while in other cases similar conclusions have been 
somewhat uncritically based on insufficient evidence. 
Thus, some have inferred the prevalence of a high 
temperature from the abundance and occasional great 
size of the chambered-shelled Cephalopoda, solely because 
the last existing representative of this once widely 
distributed group, *tbe well-known Nautilus, happens to 
live in a warm sea. This conclusion is quite unjustifled, 
for it is obvious that the many thousands of extinct 
species must have lived under very varied conditions ; 
and if we are to infer, from the great size of these 
creatures, that they lived in warm seas, we ignore the 
fact that the largest Cephalopoda of the present day, the 
cuttle- Ashes, are most prevalent in the northern part of 
the temperate zone. 

But even when we have excluded all such evidently 
erroneous cases, the number of those in which fossil 
forms do really present the characters of types highly 
characteristic of warm regions is very considerable. ^ It is 
true,*that the opposite case sometimes presents itself, 
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though less frequently. Thus, in all the older formations, 
a group of Bryozoa, the Cyclostomata, is extensively 
distributed, but it is now especially preponderant in the 
’circumpolar seas. The molluscous genus Astarie, so 
common and widely distributed in Mesozoic deposits, is 
at the present day entirely restricted to cold seas ; and 
there also occurs the last representative of the once widely 
spread genus Cyprina. The Brachiopodous genus 
Rhynchonella, common in the Silurian formation, and 
especially abundant in the Jurassic and Cretaceous 
formations, is now a form of high northern latitudes, and 
the Squaloid genus Selac/te, now restricted to the seas of 
Greenland, occurs in Cretaceous deposits in much more 
southerly latitudes. 

Such instances, and they are far from singular, teach 
us, unmistakably and assuredly, that animal an^ veget- 
able types are not unchangeable in respect of the external 
conditions of their existence, and especially of tempera- 
ture, but that they are capable of accommodating them- 
selves to changed circumstances. Whether, then, we 
infer that reef-building corals formerly lived in cooler 
waters, or that Cyclostomoid Bryozoa frequented warmer 
waters than at the present day, or Anally that both have 
changed their habit of life, the conclusion is overwhelm- 
ingly forced upon us that organisms continually adapt 
themselves to changed temperatures, and in a far higher 
degree than has generally been supposed. 

In connection with this, we may notice a very remark-* 
able circumstance, viz. the great vitality, adaptability, and 
toughness of the organisms of the temperate and especially 
the north temperate zone, when transported to other parts 
of the globe. Just as European man carries on a success- 
ful struggle with the children of all other zones of the 
earth, so also do the animals and plants indigenous to 
Europe, and especially those of its central and northern 
parts. As already remarked, when they arc transplanted 
to foreign countries, they extend rapidly, and often drive 
out the indigenous forms ; English naturalists who have 
had most opportunities of observing these relations in their 
colonies, speak expressly of the great aggressiveness of 
North European organisms. 

At the present time, when the dissemination of the 
most diverse forms is brought about in the highest degree 
by world-wide human intercourse, such displacements 
present themselves in a particularly striking manner, and 
yet similar processes must have gone on, more slowly 
indeed, but on a far greater scale, for many millions of 
years. At some given epoch, a certain assemblage of 
organic forms appears in moderately cold regions, from 
which colonists wander away southwards ; these gradually 
adapt themselves to the new local conditions, and spread 
still further, until, at last, their further progress is stayed 
by some natural barrier. They become acclimatized 
under the new conditions and the higher temperature, 
and become enfeebled ; but in the meantime new forms 
have been developed in their former home, which in their 
turn pursue the same course and suffer the same fate ; 
and thus the southern types always display a certain 
relationship fb the older forms of the northern region, 
without any change having supervened in the tempera- 
tures of their respective stations. 

We now see with how great caution we must proceed, 
when we attempt to draw any inference as to the tem- 
perature of former ages from the relationship of species, 
stratigraphically remote, with those of the existing organic 
world. The danger of error is here very great, and it is 
the greater and more menacing, the older the ‘deposit the 
climatic conditions of which are in question ; pbviousl^, 
the probabilit]r of a change having taken place in organic 
constitution with regard to temperature is the greater, the 
more remote the epoch with which we are dealing. . 
While, therefore, we may deduce conclusions having 
some claim to probability, on the climatic conditions of 
Pleistocene and Tertiary times, even in the Mesozoic 
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deposits such conclusions become doubtful, and quite 
untrustworthy when we are concerned with Palaeozoic 
times. We must, indeed, admit that as the result of 
more searching criticism, and the increased knowledge of* 
the facts which the labours of many years have now 
amassed for us, we are not in a position to answer that 
most important and fundamental question whether a 
continuous and universal cooling of terrestrial climate 
has or has not been progressing from the time of the 
earliest stratified deposits down to the present day. 

The difficulties with which we have to contend in 
dealing with this problem may be illustrated by a very 
significant example. The fact has already been noticed 
that reef-building corals occur only in warm seas, in 
which, throughout the year, the surface-temperature 
never sinks below 20° C. If now we compare the 
geographical distribution of the reef-building corals of 
the older formations, we find in very early times, in 
Silurian and Carboniferous deposits, the remains of such 
corals beyond the Arctic circle ; at a much later period 
in the Jurassic formation, we find that they reach only to 
North Germany and to Southern England ; during the 
second half of the Cretaceous formation, they do not 
pass the northern limit of the Alps and the mountains 
of Southern France, and their northern limit in the first,, 
half of the Tertiary era is nearly the same. At the 
beginning of the second half of the Tertiary era, we 
fin^l them but scantily represented on the northern bound- 
"hry of the Alps, and abundant only in Southern Europe ; 
and in the latest subdivisions of the Tertiaries, in Pliocene 
times, they have almost disappeared from Europe. 

From these facts it might seem almost a manifest con- 
clusion that there has been a continuous fall of tempera- 
ture since Silurian times, in consequence of which reef- 
building corals have retrograded through some fifty 
degrees of latitude ; nevertheless, on closer examination, 
we find that such an inference would be altogether pre- 
mature. In the first place, the Pala:ozoic corals differ 
very essentially from those that now exist, and therefore 
their requirements in respect of warmth may have been 
totally different ; further, we have no knowledge of any 
coral reefs in the far north in all the older formations ; 
and between the Carboniferous and Jurassic formations 
which we have cited, there intervene the Permian and 
the Trias in which we know of no reef-building corals so 
far north ; the most northerly representatives of the group 
in Permian times appear in North-Western India, those of 
Triassic times in the Alps. We are therefore absolutely 
ignorant whether these changes of distribution, supposing 
them to have depended on the temperature, are not to be 
ascribed to alterations in the distribution of temperature, 
while there may have been no continuous cooling. Lastly, 
it is by no means definitely ascertained that the position 
of the earth’s axis has always been the same as at pre- 
sent ; indeed, there are in the course of geological time 
certain definite epochs pointing to such a displacement 
of the poles, of which we have yet to gather the meaning. 
It ma^ therefore be the case that those parts of the earth 
at which we find Silurian and Carboniferous corals in the 
neighbourhood of the pole, were much nearer the equator 
in those early times than they now are. 

Similar difficulties present themselves in all our attempts 
to arrive at far-reaching conclusions by this method, and 
thus we are admonished how great caution must be 
exercised in the face of so many sources of error. 
Another method, by means of which it has been sought 
to attain -some holding ground for determining the 
climatic characteristics of early times, is that, leaving 
out of ednsideration the conditions under which nearly 
t^lated organic types exist at the present time, we should 
simply regard the extent of the geographic distribution of 
extinct organisms, and from their wide distribution con- 
clude the existence of a uniform climate over very great 
jSread, nay even over the entire globe. But in such an 
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attempt the risk of over-estimating the facts is imminent,, 
and especially is this true in the case of marine organ 
isms ; in a former state of our knowledge, we might well 
have believed that ancient forms of life had a wider distri- 
bution than such as now exist, since our knowledge of the 
tenants of the present seas related almost exclusively to 
those of shallow water and the coasts, many of which have 
a restricted range. But from the epoch-making deep-sea 
soundings of the last decennia, we have learned much of 
the inhabitants of the depths of the ocean, and have 
become aware that they possess much the same characters 
in all parts of the world ; so that, in this respect, there is 
no essential difference between the present and former 
ages. As a fact, we have ascertained, from the distribu- 
tion of organic life, that climatic zones existed in most of 
the early periods, and that this has not been done in some 
cases may be simply ascribed to the fact that they have 
not yet been rightly investigated. 

Side by side with the diverse indications afforded us by 
the animal and vegetable worlds, regard must be had to the 
petrographic characters of the old deposits. We have rocks 
which have issued from the interior of the earth and have 
solidified from the fluid state, others have been deposited 
from water, and in the formation of others, again, ice has 
played an important part, and this mode of formation is 
generally recognizable by well-marked characters. For 
our present purpose, only such masses are important as 
have been transported by ice and thus brought to their 
} present position, for these alone furnish us with con- 
clusions as to temperature conditions ; they inform us 
that, whenever they occur, the cold has been, at least at 
times, sufficiently ^reat to freeze large masses of water. 

The marks of ice action are well known. A moving 
glacier polishes and scores or scratches its rock floor, and 
carries with it fine silt, sand, great and small stones, and 
I , even mighty boulders, and deposits these materials in its 
I moraine, without sifting them according to magnitude, as 
in the case of transport by water. Polished and grooved 
rock surfaces, scratched pebbles, and deposition without 
stratification in a confused mixture of silt, sand, coarse 
pebbles, and enormous blocks, are the indications of 
glacier deposits ; in the identification of which, neverthe- 
less, great caution is necessary. If a glacier reaches the 
sea or a great lake, under certain conditions, masses of 
I ice may be floated away to great distances, carrying with 
them the enclosed stones and boulders, and often deposit 
them when thawed out of the iceberg, on the sea-bottom 
at great distances from their place of origin. Thus the 
deep-sea investigations of the Challenger show that, in 
high southern latitudes, in the deep sea and far from any 
coast, numerous stones lie scattered on the fine silt of the 
ocean-floor, and these can have reached their present 
position only by such means of transport. Such indica- 
tions are, however, not quite undeceptive, since it some- 
j times happens that stones are transported in the roots of 
I trees which are carried by rivers into the sea ; but this 
kind of transport is operative only to a very small extent. 
When, however, we find in old formations water-formed 
deposits of fine clay or sancf extending over great areas, 
in which numerous great stones and boulders are pro- 
miscuously intermingled, we may ihfer that they have 
been transported by floating ice, especially when the 
stones moreover are scored. 

We have now learned what are the most important 
indications from which we may draw inferences as to 
the climatal conditions of past ages, and_ we have en- 
deavoured to ascertain how far, and within what limits, 
such inferences are legitimate. Our next task will 
naturally be to apply the conclusions thus established to 
the phenomena which we meet with at diflerent epochs of 
the past, and to form a conception of the climatic relations 
of those times, and of the conditions depending on them. 
It would, however, lead us too far afield were we to discuss 
each period in detail, and we must restrict ourselves to a 
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hasty sketch of a few especially important formations that 
have been closely studied. 

We pass over the oldest deposits, for the interpretation 
of which but few points of vantage present themselves, 
and we shall fix our attention on the upper half of the 
Carboniferous formation, the so-called Coal-measures. It 
has received this name because in many countries it 
contains those thick beds of fossil fuel which have become 
an indispensable factor of modern industries, and without 
which the actual status of our social and political con- 
dition could not have been attained. So great is the 
quantity of the fuel herein stored, that all that is furnished 
by other geological formations, tdken together, falls far 
short of it. There is much difference of opinion as to 
the mode in which coal has been formed ; but whatever 
disagreement there may be in matters of detail, this 
much is certain, that we have in coal the altered remains 
of a land-vegetation, which, partly at least, flourished in 
swamps. Of course the formation is not all or even 
chiefly coal ; even where it is richest in coal, by far the 
greater part of the formation consists of shale, sandstone, 
and conglomerate, and the coal-beds are here and there 
interstratified, forming but a fraction of the total thickness. 
We may picture to ourselves the building up of the 
formation by supposing that a plain or depression was 
sometimes covered with water, sometimes dried up. 
When flooded, chiefly with fresh and but rarely with 
sea-water, beds of shale or sandstone were deposited ; 
when dry, land or swamp plants sprang up, and their 
decayed remains furnished the material of coal. Then 
followed another period of inundation, and thick beds 
•of shale, sandstone, and conglomerate were again de- 
posited 

The vegetation that in its decay formed our beds of 
coal was of a peculiar character. As yet there existed 
no trees (with true foliage) and no flowering plants. A 
monotonous growth of plants with stiff leaves then 
clothed our continents. A great part in it was played by 
Calamites, great plants which no longer exist, and whose 
nearest relatives are the mares' tails so often met with in 
marshy ground ; another important type was that of the 
Lepidodendra, large trees whose forked stems were covered 
with leaf scars arranged in a regular geometrical pattern, 
and the branches of which were clothed with short, 
stiff, grass-like leaves ; and most important of all, the 
Sigtllarias, the unbranching and twigless stems of which 
were marked with leaf scars in perpendicular rows and 
scalc-Iike leaves. Both of these are long since extinct ; 
and only the insignificant club-mosseS of our present 
flora recall to us the varied gigantic forms of that distant 
age. H. F. B. ! 

( To be continued.) 


LIGHTNING AND THE ELECTRIC SPARK.^ \ 

A t' a date at least as remote as 600 years b.c. the 
Greek philosophers were acquainted with a curious 
little fact to which the modeAi science of electricity owes 
its name. They knew that a piece of amber ifj'KtKrpov) 
when rubbed againfet some suitable substance acquired 
a temporary attractive power, in virtue of which it became 
capable of lifting and holding light objects, such as dry 
leaves or pieces of straw. But another remarkable effect 
which often attends the friction of amber was for many 
centuries altogether overlooked. In A D. 1708 it was first 
noticed by Dr. Wall that a piece of strongly excited amber 
emitted sparks, which were accompanied by crackling 
sounds, and these he had the sagacity to compare to 
thunder and lightning. 

It must be confessed that the recognition of any re- 
semblance between the microscopic scintillations thus 

* Extracted froma lecture on ** Electrical Phenomena in Nature."deUvcred 
by Mr. Shelford Bidwell, F.R.S., at the London Institution on February 10, 
tfso. 
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produced and the brilliant lightning flash imposed a some^ 
what severe strain upon even the scientific imagination, 
^nd a few years later Stephen Gray, in reference to the 
same comparison, expressed the hope that there might 
be found out a way to collect a greater quantity of the 
electric fire" than was then possible. His hope was 
realized by the subsequent improvement of electrical 
apparatus, and especially by the invention of the Leyden 
jar ; and the effects obtainable* by the means now at our 
command amply justify the speculations of Wall and 
Gray. The essential identity of the artificial electric 
spark with the natural lightning flash was conclusively 
established by the experiments of Franklin, and in these 
j days it has become a mere common-place, familiar to 
I everyone. 

i There are generally said to be two kinds of lightning 
I flash, which are known as forked lightning and sheet 
I lightning, the former being dangerous and destructive, the 
' latter harmless. To these is sometimes added a third 
! class, called ball lightning. The lightning flash of artists 
which is familiar to us from innumerable pictures, and of 
which the venomous-looking zigzag now projected upon 
the screen (copied from an engraving) is a fair example, 

I has no existence in nature. It is simply an artistic fiction 
:*or symbol, like the conventional representation of a 
' galloping horse, which, in the severe language of Mr. 

! Muybridge, resembles nothing to be found in the heavens 
I above or in the earth beneath. The absurdities commoRly* 
perpetrated in depicting animals in motion have been 
fully exposed by Mr. Muybridge with the assistance of 
photography. So, too, it is photography that has given 
the coup de grdee to the traditional forked lightning. 
Within the last few years an immense number of photo- 
graphs of lightning flashes have been made. The 
Meteorological Society has formed a collection of these, 
containing about 200 examples, which, by the kindness of 
Mr. Marriott, the Secretary of the Society, I have had an 
opportunity of examining carefully. Not a single instance 
ol the artistic lightning flash is to be found among them. 
The great majority bear a close resemblance to the sparks 
of our electrical machines : a few are distinguished by 
peculiarities which, though at first sight a little difficult to 
account for, can generally be explained and even imitated 
artificially. 

What may be called a typical lightning flash is a 
stream of light which follows a sinuous and wavering 
course, very like that of a river as shown upon a map. 
[Several photographs of this kind of flash were exhibited by 
me.ans of the lantern.] The next slide is a photograph of 
a machine- spark, about 3^ inches in length. The two 
kinds of discharge are so much alike in their general 
character that if it were not for the surroundings it would 
be hard to tell which was the lightning and which the 
artificial spark. 

The variations upon the normal type of flash, which the 
Meteorological Society’s photographs show, have been 
classified as mmified or branched lightning, beaded 
lightning, me^dering or knotted lightning, ribbon light- 
ning, and, lastly, dark lightning. 

Branched lightning is again strikingly suggestive of a 
river in a map ; not a simple stream, however, but one 
into which a number of tributaries flow. [Photographs 
were shown.] Sparks having branches of just the s.'ime 
character are easily produced by a large electrical 
machine. To obtain the effect well, the negative terminal 
should be made much larger than the positive, and the 
two should be separated so far that a spark will only just 
ppss between them. According to Faraday, a<ramined, 
or as he sometimes calls it a “brushy,” spark occurs 
when the whole of the electricity has not been discharged, 
but only portions of it, more or less, according to circum- 
stances. It is a “ dilute ” spark, generally passing to air 
or other badly conducting matter (“ Exp. Res.," § 1448). 
When therefore a ramified flash occurs^ we may reason- 
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ably conclude that the discharge is partial and broad and sometimes narrow. I have to thank Mr. 
incomplete. Clayden for an excellent specimen of the broad kind, 

In beaded lightning there occur a number of bright which was taken by himself last summer, and is repro- 
spots, giving the flash the appearance of an irregular duced in Fig. 2. The Thunderstorm Committee are of 
string of lustrous beads. This phenomenon Is sometimes opinion that this peculiar structure may possibly not exist 
well shown in photographs of the machine spark, in nature at all, the effect being produced only in the 
especially when the quantity of electricity passing is in- photographic camera. It is noteworthy that, in nearly if 
creased by using very large Leyden jars. Under these cir- not quite every case when broad ribbons have been 
cumstances the path of the discharge is often found to obtained, the camera was held in the operator’s hand, a 
contain at irregular intervals certain small and abrupt V- fact which naturally suggests the idea that the widened 
shaped indentations, and these, especially when seen image of the flash may be due to unsteadiness. It may 
end-on,” appear to be more luminous than other portions be objected to this explanation that the duration of a 
of the flash. Probably, therefore, in a beaded flash the lightning flash is so exceedingly brief as to preclude the 
quantity of electricity passing is more than ordinarily possibility of any material movement during the time 
great. that its image is upon the sensitive plate. But such an 

Sometimes a lightning flash appears to take a very { objection is not unanswerable. It has often been observed 
circuitous and roundabout path, perhaps forming a that a lightning flash may be followed by one or more 
nearly closed loop, or even a complete knot. Such is other flashes in rapid succession, all taking precisely the 
what the Thunderstorm Committee of the Meteorological same path as the nrst. If then the camera were in motion 
Society have called meandering ” lightning. This re- a series of such flashes might impress themselves side by 
markable effect is no doubt the result of an optical illusion, side upon the photographic plate, being so near together 
and occurs when the general direction of the flash (or of as to give the appearance of a single wide and flattened 
part of it) is either towards or away from the observer. | flash.* Moreover, though the true lightning flash is 

I practically instantaneous it sometimes has a phosphores- 
ceot glow aloog Its track, which lasts for at least a large 
fraction of a second. This phosphorescence would tend 
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Fio. I. 

The different parts of the flash which seem to approach 
or to cross one another may in fact be miles apart. This 
explanation may be simply illustrated by means of the 
shadow of a properly bent wire. I have here a wire 
which is bent in such a form as to imitate a common 
type of flash or machine spark. When hqjd transversely 
to the beam of the electric light its shadow is seen to 
represent fairly well the form of an ordinary sinuous 
flash ; but if it is turned round so that its length is in the 
direction of the beam of light, the shadow presents an 
intricate appearance of loops and knots. Fig. i is from 
one of the most remarkable photographs of lightning 
flashes that I have seen. It was taken at Cambridge on 
June 6, 1&S9, by Mr. Rose, of Emmanuel College, and I 
am indebted for this copy to the kindness of Mr. W. N. 
Shaw, who described it at a recent meeting of the 
Physical Society. Among its many interesting features 
I will at present only direct your attention to the compli- 
plicated knot which occurs in the upper part of the 
flash. - 

' Many photographs of lightning have a curious flat and 
nblDPn-like appearance. Such ribbons are someti mes 
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to connect the separate images into a uniform whole, and 
add to the ribbon-like appearance of the resulting picture. 
Dr. Hoffert has been kind enough to give me a copy of 
an exceptionally interesting photograph® which illus- 
trates this explanation. The camera was held in the 
I ^and, and moved horizontally to and fro at the rate of 
^ about once in three-quarters of a second. The move- 
ment was continued until a flash was observed, when the 
lens was at once covered. The plate after development 
showed no less than two triple flashes and one double 
i flash, eight in all, the whole of which, paust have occurred, 

I Dr. Hoflert thinks, within a little more than a second, 
j forming a connected system of discharges which would 
I appear to the eye as one. The several sets of flashes in 
the photograph are all joined together more or less per- 
fectly by horizontal luminous streaks, which, though they 
may not impossibly represent a continuous brush-like 
discharge, are more probably due to phosphorescence of 
the oxygen of the air, oxygen, especially m the form of 
ozone, being a phosphorescent substance. If in taking 
Dr. HofferTs photograph the camera had been moved 

* It bw been eotnied out bjr'Prof. S. P. Thomfwon that the path of the 
diKbarae* miaht be chifted by the wind to a aufficient extent to produce the 
ribbon-BkeefiSct, even If the camera were perfectly ateady. 

® A good rcpnduction of ihie phologrimb m given in the /’A*/. Mag. 
(>£89). end in ihe Prcceedinga of the Phys. Soc., vol. x. p. 176. 
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slowly instead of quickly, I think it is clear that the 
appearance of one or more ribbon-like flashes, like those 
in Fig. 2 , would have been produced. 

But the photograph of a flash may possibly assume a 
distinctly broadened form, perhaps more suggestive of a 
flattened wire than of a ribbon, when the camera is 
absolutely steady. In such cases it will generally (per- 
haps always) be seen that one edge of the imsge is sharp 
and clear, while the other is ill-deflned and hazy. I have 
succeeded in imitating this effect very well in photo- 
graphs of the machine spark: it is obtained when the 
light does not fall perpendicularly, or nearly so, upon the 
sensitive plate, and is no doubt due to successive reflections 
between the surfaces of the lens. [Exhibited.] 

Lastly, we have to consider the so-called “dark 
flash.” It occasionally happens that, on developing a 
photographic plate which has been exposed during a 
thunderstorm, the image of a lightning flash comes out 
black instead of white. Fig. i presents a striking in- 
stance of this phenomenon. Black ramifleations are 
seen to proceed outwards on both sides of the main 
bright flash ; there is also what appears to be an in- 
dependent black flash which starts from the top of the 
picture and_ crosses the bright one near the knot. The 
origin of this strange appearance was for a long time a 
mystery. No one had ever seen a dark flash with the 
unassisted eye, and the question arose, whether the dark 
images in the photographs really represented a hitherto 
unobserved physical effect which occurred in the air 
itself, or whether, owing to some optical or chemical 
action taking place inside the camera or upon the sensi- 
tive plate, the impression of a luminous flash became 
converted into a dark one. There is no need to discuss 
the several ingenious hypotheses which were suggested 
in explanation of the anomaly ; it is sufficient to say that 
the mystery was completely cleared up a few months ago 
by the experiments of Mr. Clayden. The fact, as de- 
monstrated by him, is shortly this. If the' lens of the 
camera be covered the moment after a flash has occurred, 
the developed image will always come out bright, feebly 
or strongly according to circumstances. If, however, 
the plate be exposed after a flash has acted upon it, 
either to the continued action of a feeble diffused light or 
to the powerful glare arising from one or more subsequent 
flashes, then on development the image of the original 
flash will probably come out black. The effect is there- 
fore not a meteorological or physical one, but purely 
chemical. It can be obtained not only with a lightning 
flash, but also with a machine spark, or even with an 
ordinary flame. It is merely necessary that the plate 
should be exposed to the action of a certain amount of 
light after it has received the impression and before 
development. 

Some photographs which I have made of machine 
sparks fully confirm this explanation of Mr. Clayden’s.^ 
The room was illuminated by a single gas-jet, and the 
background was a white screen with a black post in the 
middle of it (see Fig. 3). • Two series of sparks were 
passed between the ball terminals of an electrical machine 
and photographed^ After the first series were taken, the 
lens was left uncovered for half a minute ; then it was 
capped, the camera shifted slightly, and the second series 
taken ; the lens was again left open for half a minute, 
and the plate afterwards removed from the camera and 
developed. It will be seen that while the second series 
of sparks come out bright in the natural way, the first 
series have been reversed and blackened by the action 
for one minute of the li^ht reflected from the white screen 
upon the undeveloped image. Exposure to the diffused 
light for half a minute only was not in this case suflScient 
to cause reversal. 

These experimental results make it almost certain that 
the flash in Fig. i was really a double one. The first 
flash was comparatively feeble, and possesse d the lateral 
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ramifleations characteristic of an incomplete dischaige. 
The second, which probably occurred immediately after- 
wards, was a powerful one without ramifications, and 
followed accurately the main path traced out by the 
other. The glare arising from this second disenarge 
caused the photographic reversal of the ramifications 
belonging to the first. 

Everyone must have noticed the proverbial quiver of a 
lightning flash. This peculiar effect is often due to the 
multiple discharge of which we have already spoken. 
Sometimes, however, I believe the phenomenon is a 
purely subjective one, depending upon a certain physio- 
og^cal reaction of the optic nerve. If we gaze M a bright 
flame which is suddenly uncovered and immemhtely ex- 
tinguished, then after a very short interval of darkness a 
distinct but transient image of the flame will reappear ; 
and it is even possible that after another brief interval a 
second after-image of the flame may be seen. It is, 
however, by no means easy to detect these appearances 
without considerable practice, because they belong to a 
class of impressions which we habitually train ourselves 
to disregard. But by means of a little device which I 
published a few years ago, the phenomenon may be 
easily demonstrated to almost anyone. 

* The beautiful effects produced by the rotation of a 
vacuum tube when illuminated by a series of discharges 



Fig. 


from an induction coil, are well known. The tube is 
generally attached to a horizontal axis, which is turned 
rapidly by means of a multiplying wheel ; the images 
due to successive discharges, which, if the tube were at 
rest would be superposed, are thus caused to occupy 
different parts of the retina, and the result is the appear- 
ance of a gorgeous revolving star. But if the tube is 
caused to rotate very slowly, making about one turn in 
two or three seconds, there occurs a different and very 
curious phenomenon. The luminous images of the tube 
are almost superposed, forming a bunch which is slightly 
spread out at the ends. But about 40® behind the bunch, 
and separated from it by an interval of darkness, comes a 
ghost. This ghost is in shape and size an exact repro- 
duction of the tube ; it is very clearly defined, and is of a 
uniform bluish-grey tint. If the rotation is stopped, the 
ghost still moves slowly on, and after the lapse of about 
half a second disappears in coalescing with the luminous 
tube. The phenomenon of the ghost is clearly due to a 
succession of after-images, which are perceived a short 
time after the retina has been impressed by (he flashes 
from the vacuum tube ; and a similar physiological 
action, I think, explains— at least in some cases — the 
apparent reduplication of a flash of lightning. 

Within the last year or two there has been a great deal 
of rather lively controversy concerning the protection of 
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buildings from the destructive effects of lightning. The 
controversy originated in some lectures on lightning con- 
ductors, delivered by Prof. Oliver Lodge at the Society^ 
of Arts in 1888 ; it was continued at the Bath meeting of* 
the British Association, and it culminated in a paper, also 
by Pr. Lodge, read last year at the Institution of Electri- 
cal Engineers, in which, after stating that “ the old views 
on the subject of electrical conduction are hopelessly and 
absurdly and dangerous!}* inadequate,’' the author ex- 
pressed the opinion that it was “ time that the prophets 
of the old superstition were sla’.ightered by the brook 
Kishon.” In the animated discussion which followed. 
Dr. Lodge’s views were ably opposed by Mr. Prcece and 
others, and the question can hardly yet be considered as 
definitely settled. Time will not admit of an adequate 
review ^f the arguments which were employed on the | 
two sieves, but, considering its great practical importance, 

I think it will be of interest to give a very short statement 
of the matter in dispute, which I will illustrate by copies 
of Dr. Lodge’s diagrams and apparatus. 

Ever since the time of Franklin it has been customary 
to make use of long pointed metallic rods for the purpose 
of protecting important buildings from damage by light- 
ning ; and the “ older electricians,” as Dr. Lodge calls 
them, have always taught that, if the rod were well made,* 
of sufficient size and height, and properly connected to 
earth, it afforded practically perfect security over a cer- 
/ai»; limited area. The function of the rod was supposed 
to be not so much to receive the shock of a lightning | 
flash as to prevent a flash from occurring at all in the 1 
neighbourhood of the protected building : this it did by ; 
promoting the silent discharge of electricity between the i 
cloud and the earth through the point of the rod. 

The lower of these two tinfoil-covered boards repre- 
sents the earth, and the upper one a cloud ; the upright 
metal rod with a ball at the top of it is supposed to be a 
church, or other building, erected upon the earth. Charg- 
ing the apparatus by means of the electrical machine, we 
get a series of strong flashes between the cloud and the 
church, every one of which might do terrible damage. If 
now we place near the church another rod, with a needle- 
point at its end, to serve as a lightning-conductor, the 
flashes at once cease : however vigorously we work the 
machine, there is no longer any visible effect. The fact 
is, that the electricity is silently and harmlessly discharged 
as quickly as it is generated. In such a case as is at 
present represented by the model, the efficacy of a light- 
ning conductor would be complete. This is what Dr. 
Lodge calls the case of “ steady strain,” and is that 
indicated in his first diagram [exhibited], where the 
charged cloud above the church spire is supposed to have 
moved into its present threatening position from a dis- 
tance. According to Dr. Lodge, this is the only kind of 
lightning discharge which was ever contemplated by the 
older electricians. 

But suppose that a harmless uncharged cloud which 
might be hovering over the church were suddenly to re- 
ceive an overflowing charge of electricity by a flash from 
another more distant cloud. There woulu then be no 
time for any gradual relief of the strain by a silent dis- 
charge through the lightning conductor, and either the 
conductor itself or the church would infallibly be struck 
by a flash from the overflowing cloud. 

By altering the connections between the model and the 
electrical machine,* we can easily imitate this condition 
of things. The tinfoil-covered boards now remain abso- 
lutely uncharged until the moment when there is a spark 
between ^e terminals of the machine : then they are 
suddenly chained, and a flash instantly passes between 
the cloud and the church. Placing the needle-pointed 
lighthiog conductor beside the ' church, we now find that 

The tinToil-covered boards were connected with the outer coatings of the 
L^deajars, their inner coatings being in connection with the terminals of 
the machine. 
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it is powerless to prevent the flashes : they go on just as 
rapidly as before, striking either the conductor or the 
church, or sometimes both at once. This case, which, 1 
think. Dr. Lodge was undoubtedly the first to call atten- 
tion to explicitly in connection with thunderstorms, is 
called by him the case of “ impulsive rush.” The occur- 
rence of an “impulsive-rush” flash, then, cannot be 
warded off by a lightning conductor. The most that a 
conductor can do is to divert the main shock of the dis- 
charge from the building to itself. But even so the 
lightning may do considerable damage, for, as Dr. Lodge 
says, “ it is hopeless to pretend to be able to make the 
lightning conductor so much the easiest path that all others 
are protected. All possible paths will share the discharge 
between them, and lots of apparently impossible ones.” 
Moreover, not only is the lightning conductor itself, when 
struck, liable to spit off sparks laterally, however good 
its earth connection may be, but other metallic bodies in 
the neighbourhood may do the same, whether such bodies 
are insulated or not. 

The moral appears to be this. In all cases of steady 
strain in which a charged cloud descending from thc> 
upper regions of the air, or approaching from a distance, 
might inflict serious injury upon an unprotected building, 
a well-designed and properly earth-connected lightning- 
rod is an absolute safeguard. In a case of “impulsive 
rush,” the rod may often be of use in bearing the brunt of 
the discharge, though sometimes the lightning will take 
no notice whatever of it, striking the building and alto- 
gether neglecting the rod ; and it is even possible that a 
high rod might attract a destructive discharge which 
otherwise would not have occurred at all. Although, 
therefore, a lightning-rod is in many cases, probably in 
a very large majority, of the greatest service, it cannot 
be depended upon as affording perfect immunity from 
risk ; and the assumption which has universally been 
made by the “ older electricians,” that damage by light- 
ning is in itself conclusive evidence of some imperfection 
in the conductor, is an unfounded one. 

In conclusion, it may not be out of place to say a word 
or two on the subject of personal danger from lightning. 
The spectacle of a severe thunderstorm, magnificent as it 
is, is no doubt calculated to inspire a certain amount of 
alarm. But statistics show clearly enough that, at least 
in this country, its bark is worse than its bite. It appears, 
from a paper published last year by Inspector- General 
Lawson, that the number of deaths caused by lightning 
in England and Wales from 1852 to 1880, as recorded in 
the returns of the Registrar-General, were 546, or rather 
less than 19 per annum. The average population during 
that period may be taken as 22 millions ; it follows, there- 
fore, that the average annual death-rate from lightning 
was considerably below i per million of the population. 
The risk of a fatal lightning stroke in any individual 
case is therefore exceedingly small. 


SPORTS.^ 

I T is highly desirable that we should attach a definite 
signification to this word. Among gardeners it may 
mean many things, whilst, among botanists, it is restricted 
to cases of bud-variation as distinguished from variation 
from seed. In this note we shall use the word in its 
botanical sense, as applying to a special illustration of 
that tendency to vary which is common to all living 
beings. We shall, however, gain a clearer idea of what 
true sports are by the elimination of certain things which 
are not sports, though often called so. In the first place 
they are not seedling variaUons. Out of a hundred seeds 
of Lawson's Cypress that hre sown it is possible, I suppose, 

r Reprinted from Garden and Forett* The article contains the substance 
of an unwntten address lately given to a society of gardeners. 
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to ten more or less distinct varieties, besides others 
which are more or less indistinct. The great variability 
of this species is now well known, and the seedlings of 
Abies suoalpina, Engelmann {A. lasiocarpa of Hooker), 
furnish another illustration of the same tendency. These 
seedlings may be the result of cross-fertilization between 
varieties, or they may be reversions to an earlier con- 
dition ; at an5r rate, of whatever nature they are, they are 
not “ sports " in the sense here intended. 

Next, sports are not mere stages of growth. Most 
plants put on a different appearance at various periods or 
stages of their growth, and sometimes these changes 
are very remarkable. The Retinosporas of our gardens 
furnish us with excellent illustrations. Retinospora (or 
more strictly Thuya) pisifera exhibits during its growth 
very different appearances in its foliage. There is the 
squarrose form and the plumose form, the golden form, 
the silver form, the pendulous form, the thread-like form, 
the upright form, and perhaps others. All these, how- 
ever, are not separate entities ; they may all occur on the 
same bush. If cuttings or if grafts be taken from the 
sporting branches they may be reproduced almost in- 
definitely. 

Barring the mere colour variation, these forms are but 
stages in the growth of the plant, occurring with more or 
less regularity and in greater or less degree of prominence 
in all the individuals of the species, as may be inferred 
from watching the growth of seedlings in a seed-bed. 

Other illustrations of variations arising during growth 
are afforded by the differences often observable in the 
foliage on the flowering branches as contrasted with that 
on those branches which bear no flowers. The common 
Ivy furnishes an illustration. The short contracted shoots 
of the Laburnum, or the Apple, known as “ fruit spurs,” 
constitute other examples. 

Another form of variation in flowers is that connected 
with difference of sex. A “ pin-eyed ” Primrose does not 
greatly differ in appearance from a “ thrum-eyed ” one, 
yet the difference between them is precisely of the same 
character as that between the variously formed flowers 
of some species of Catasetum and Mormodes. So utterly 
different are the male and female flowers of some of these 
species that they were at first placed by very competent 
botanists in different genera. It was only when the 
Protean plants produced all the forms of flowers on 
one and the same spike, that it was seen that, so far 
from belonging to different genera, they did not even 
belong to different species. It was left to Darwin to 
show what this paradoxical variation really means ; and 
now, when we meet with a case of the kind, we say, 

‘‘ Ah ! yes ; only a sexual form,” just as if we had known 
all about it from our earliest years, and very possibly, in 
our haste, mixing up, or, at least, not discriminating 
cases of a different nature. But this is not what we 
propose to discuss just now ; we simply say that these 
cases, though often so designated, are not sports, at least 
in our acceptation of the term. 

What, then, are sports ? We have already character- 
ized them as “ bud-variatiogis,” but we must give some 
further indication of their peculiarities : First, as to the 
suddenness of thei^ production. A tree or a shrub, all on 
a sudden and without any cause that is apparent to the 
eye, will put forth a bud, which, as it lengthens into a 
shoot, displays leaves of a different character from any that 
the |)lant has hitherto produced, which have no definite 
relation to any particular stage of growth ; and which are 
quite different from any that under ordinary circumstances 
the plant in question has produced or is likely to produce 
in future. In short, the occurrence is sudden and un- 
foreseen. Gardeners, of course, avail themselves of these 
variations. They remove them, bud them, graft them, 
strike them from cuttings, or, in some way or another, 
endeavour to perpetuate the variety, and thus have 
originated many of our cut-leaved Beeches, Maples, and 
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Limes. Thus, too, may have originated some of our 
weeping trees and some of our pyramidal shrubs, though, 
for the most part, these have, as I believe, originated as 
seedling variations. 

• Not only do these variations occur suddenly, but they 
are very local in their manifestation. One particular 
shoot “ sports,” while all the rest remain in their normal 
condition. It is very different in the case of seedling 
varieties, where the whole system of branches and leaves 
is more or less affected. , 

Another and a most remarkable feature about these 
sports is, that they sometimes occur simultaneously in 
widely different localities ; thus the same sport of a 
Chrysanthemum “ turns up ” about the same time, not 
only in different nurseries in this country, but also on 
the Continent. This may be because all the plants in 
question have originated from one and the same stock. 

These, then, are the special characteristics oPa true 
sport. Illustrations could be given by the hundred ; but 
neither time nor space permit, nor, indeed, for our present 
purpose, is it requisite to do so. Whoever will investi- 
gate the cause of these sudden outbursts of local varia- 
tion must, of course, sedulously examine each case for 
himself according to the measure of his ability and of his 
opportunity. The circumstances, the history, the progress, 
•the anatomy of each particular sport must be investigated, 
both absolutely and in relation to similar outgrowths in 
other plants. Until this is done — and it has not been 
done yet — any explanation as to the cause of the phesjio- 
menon must be a matter of speculation. . Still, we cannot 
help guessing, and though we may be wrong in our sur- 
mises, at least the process does good by setting us ob- 
serving and thinking. Observing and thinking are pro- 
cesses valuable to all of us, but in a particular degree to 
those who practice the cultural arts. And so it happens 
— or, at least, we will hope so — that although the causes 
which have been assigned for these changes are various, 
some, perhaps, utterly wrong, others partially so, and all 
more or less inadequate to explain the whole of the phe- 
nomena, yet some advantage may accrue from the dis- 
cussion. An indirect benefit is better than none at all, 
and anything which enforces us to take some measure of 
the extent of our own ignorance is likely to be beneficial. 
We should never be a bit the better if we simply acknow- 
ledged our ignorance, as, indeed, we needs must do in any 
case, but directly we attempt to find out in what par- 
ticulars and in what degree we are ignorant, then there is 
some hope that some portion of our “ nescience ” may be 
dispelled. Under this impression we may allude to one 
or two of the assigned causes of sporting. External 
causes are those which the gardener most generally in- 
vokes. For him a sport is usually the consequence of 
some alteration in the nutrition of the plant. It gets too 
much or too little food, or the food is not of a suitable 
character — containing too much of one thing, too little of 
another, or the climate is charged with the results ob- 
served. It is very convenient to have the weather to 
blame ; it may be too hot or too cold, too moist or too 
dry, too brilliant or too obscure ; or the soil may be at 
fault, the draftiage may be defective, the earth not suffi- 
ciently aerated, its temperature too high or too low. Com- 
bined action of some of these conditions is, of course, 
possible, intermittent action equally so, whilst we, in this 
country, are abundantly familiar, first with one thing in 
the way of the weather, and immediately afterward with 
another. It is, therefore, not surprising if some gardeners, 
without troubling themselves much to see how the ex- 
planation fits the facts, do attribute “sports” to such 
causes as we have mentioned. To our thinking, the ob- 
jections to this kind of explanation are fatal. * External 
circumstances are, no doubt, potent enough to effect very 
great changes indeed. We are daily witnesses of them ; 
but they do not produce the kind of change which wV 
know as “ sports.” On the contrary, sports occur some- 
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times when no alteration of external conditions is per- 
ceptible, and they do not occur when such alterations are 
very apparent. Or, again, they appear in one place under 
one set of circumstances, and at another place, simul- 
taneously, under a different state of affairs ; and although 
all the plants growing together have been exposed to the 
changed conditions of life, the sporting tendency shows 
itself in one particular plant only, and in one particular 
part of that plant, generally only in one bud. With all 
respect, then, for those who hold these views — and one at 
least of our most experiehced and eminent plant-growers 
has lately publicly advocated them — we venture to think 
external causes, however adequate they may be in some 
cases, are inoperative in such cases as we are considering. 

A better explanation is that offered by Darwin, by 
Naudin and others, according to which sports are due to 
a dissociation of mixed elements, a reversion to the 
character possessed by one or other of the ancestors of 
the plant, perhaps one or two, perhaps an indefinite 
number of generations ago. Let us recall for a moment 
what a very composite thing a plant is, even such a one 
as we call a simple plant. At first it is neutral and homo- 
geneous, a mass of protoplasm, but the homogeneity of 
protoplasm is a thing of the past. We do not believe in 
it now. On the contrary, we believe in frameworks and 
interstitial fluid, in granules and fibres, in some parts that 
are alive, others that are dead ; some that are stable ana 
immutable, others that are mobile and changeable ; in 
short, we have come to the conclusion that, physically 
• arid mechanically, as it was previously known to be 
chemically, protoplasm is very much “ mixed.” 

Again, another of our old beliefs has been dissipated. 
Once we were taught that the cells of plants were closed 
bags without apertures, and that, while the fluid passed 
from cell to cell by osmosis, there weic no visible pores, 
and no means of transmitting anything more solid than 
cell-sap. The passage of protoplasm from cell to cell was 
not then thought of as possible. But Mr. Walter Gardiner 
has changed ail that. He and others who have fol- 
lowed in his steps have taught us how to see the pores 
in the cell-walls, how to see the passage of protoplasm 
through those pores from cell to cell, and how com- 
placently to employ the phrase “ continuity of proto- 
plasm ” in a manner that gives us, at present at least, 
great satisfaction. These modern discoveries of the 
composite nature of protoplasm, and of its passage, at 
certain times and under certain conditions, from cell to 
cell, seem to us to furnish a clue to the explanation of 
so.Tie of these cases of sporting, as they do also in the 
case of some of those curious cases in which the stock 
seems to influence the scion, or the scion the stock, in 
cases of grafting. 

Again, in the life-history of a plant there are several 
stages. There is the neutral stage, when it is, at any 
rate, so far as sex is concerned, an epicene. Then there 
is the sperm stage, when our plant consists of a mass of 
neutral matter, a particular portion of which is developed 
into sperm-cells, or into what will ultimately produce 
them. At another time the neutral cells of one portion of 
the general plant-mass develop into germ er female cells, 
or it may happen that both sperm and germ cells may be 
developed at one and the same time, when the plant has, 
of course, a three-fold constitution. 

All these modifications occur in the course of the life of 
each individual plant. But each individual plant is, 
necessarily, compounded of elements derived from its two 
parents, so that, for illustration sake, if we may consider 
the original stock to consist of three portions — neutral, 
male, and female, respectively — it is obvious that in the 
first generation there would be six component elements ; 
in the second, twelve ; in the third, twenty-four, and so 
on. Who can count the generations of plants? It is 
' enough for our purpose if we succeed in showing clearly 
the composite nature of plants. 
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This being granted, it will not seem remarkable that 
occasionally a partial separation takes place, just as a 
scum may rise to the surface of some mixed fluid, or a 
sediment fall to the bottom of another. This illustration 
may, perhaps, serve to suggest the reason for the separa- 
tion of mixed elements in plants ; but that is too specula- 
tive a matter for us to enter upon here. It will be better 
for our present purpose to note one or two examples of 
dissociation of mixed characters wherein both the fact 
and its explanation are clear. One of the most interesting 
is that narrated by Mr. Noble, the originator of the white 
form of Jackman’s Clematis. Noble’s Clematis, as we 
may here shortly call it, is the result of a cross between 
Jackman’s Clematis and C. patens. Soon after this 
Clematis was sent out, some dissatisfaction arose because, 
instead of producing flowers of good form and purity of 
colouring, more or less misshapen blooms of an un- 
attractive appearance were formed. The matter was 
mysterious. The raiser was blamed by those who did 
not know that he is a highly competent man in his 
business, and one whose integrity is beyond question. 
The plant was condemned. Fortunately, however, the 
edict was not carried out in its entirety — some specimens 
were left. These were watched, and in due time afforded 
the explanation of the mystery. Jackman’s Clematis 
flowers in the autumn on shoots formed during the spring 
and summer — on the new wood, as gardeners say, just as 
happens with a Rose. Clematis patens flowers in spring 
on shoots that were formed during the previous summer, on 
the “ old wood,” in gardening phrase. Now, when Noble’s 
Clematis came to be scrutinized, it was found that it pro- 
duced two kinds of flowers. Those which expand in spring 
are solitary, semi-double, never white, but bluish-gray, 
like those of C. patens. Those which unfold in autumn 
are produced in pairs and are single, like those of C. 
yackmanni, but white. In the spring no flowers of the 
Jackman type are ever seen, and when the old wood is 
cut away, and only new wood thus suffered to produce 
flowers, no blooms of the patens character are seen, but 
only those of the Jackman type. 

Another very interesting case of unmixing, or, if it be 
preferred, of partial mixture, is aflbrded by Neubert’s 
Berberis. This is a hybrid between the evergreen pinnate- 
leaved Mahonia and the deciduous simple-leaved Berberis 
vulgaris, and jt bears leaves some of which are inter- 
mediate in appearance, while others are like those of one 
or of the other of its parents. 

The two illustrations above given are instances of the 
results of cross-fertilization, in which the whole process 
has, so to speak, taken place under our own eyes. But 
for how many centuries has the4JChrysanthemum, we will 
say, been crossed and recrossed and crossed again ? 
This process of crossing seems destined to come to an 
end, because the flowers, after a time, become sterile, 
owing to the fact that the stamens and pistils, one or 
both, arc imperfectly or not at all developed. Seedling 
variations in such cases must become more and more rare 
as the process of sterilization becomes more and more 
marked. If new seedlings jire desired, raisers will have 
to go back to less highly modified flowers-^^-to flowers, 
that is, which are more nearly in ^their original con- 
dition. But although the production Of varieties in the 
Chrysanthemum by fertilization is thus limited, the 
development of sports by bud- variation may, and prob- 
ably will, still go on, to the delight of the grower and the 
interest of the student. It must, however, be said that 
at least in the case of the Chrysanthemum the change 
is sometimes, very slight, depending solely on the 
presence of colouring matter in some cases and on its 
absence in others. The form of the flower and of the 
foliage in many of these Chrysanthemum sports is in no 
wise different from that of. the parent plant. This is only an 
illustration of the fact that all degrees of combination or of 
dissociation, as the case may be, may be expected to occur. 
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Is there any commingling of the elements of stock and 
of scion in the case of grafts ? Botanists and gardeners, 
almost without exception, have asserted that there is 
none. Place on a sheet of wet blotting-paper, which 
may represent the stock, a drier piece of the same sub- 
stance, which may represent the graft, and there will be 
a passage of the fluid from the lower to the upper paper, 
but there will be no mixture of the constituents of the 
two. 

We have always wondered, if there were no reciprocal 
influence of stock on scion, why grafting is practiced at 
all, because we cannot understand the acknowledged ad- 
vantages of the practice except upon the supposition of 
some modification being exerted. Gardeners triumphantly, 
as they were quite justined in doing, pointed to the millions 
upon millions of cases where no such modifications are 
visible. Botanists pointed to the closed cells from whose 
cavities only the thinnest of liquids could exude and per- 
meate through the walls of adjoining cells. This was 
before the days of “ continuity of protoplasm,” as above 
mentioned. Now that we know that not only water, but 
protoplasm itself, may, under certain circumstances, pass 
from cell to cell, the difficulties in the way of conceiving 
that any influence could be exerted on the scion by the 
stock, or vice versd, are very materially lessened, if not 
entirely removed. 

But before the time we speak of, there were some 
alleged facts which, provided the history given were true, 
could only be explained on the supposition of the com- 
mingling of elements by grafting and subsequent separa- 
tion. In other words, the possibility of graft-hybridization 
must be assumed. Whether it has been proved is another 
matter. 

One of the strongest cases in its favour that we know of 
is that of the famous Adams’s Laburnum {Cytisus Adatni). 
We cannot go into detail as to the history of this extra- 
ordinary tree. It must suffice to say, that it is stated to 
have originated from the implantation of a bud of the 
dwarf, shrubby, lilac-flowered Cytisus purptircus on to the 
common Laburnum. Be this as it may, we have in our 
gardens on this side of the Atlantic trees which every 
year astonish the beholder by producing, together with the 
foliage and flowers of the Laburnum, tufts of Cytisus 
purpureus and all sorts of intermediate conditions between 
the two. If the stock exerted no influence on the scion, 
the buds should be pure Cytisus purpureus and pure C. 
Laburnum, without any intermediate forms. It would lead 
me too far to give other illustrations of the production of 
shoots of an intermediate character between stock and 
scion. Many such are on i^cord, and many have come 
under my own notice. It must suffice for me to show 
that whilst we may, with a very great amount of prob- 
ability, attribute the existence of some sports to the 
" un-mixing ” of elements blended by means of cross- 
fertilization, whether between species (hybrids) or between 
varieties (cross-breds), we may, likewise, but with a less 
degree of probability, attribute the existence of others- to 
a similar dissociation in the case of grafted plants. 

Obviously the latter case$ must be much less numerous 
than the former, and are purely artificial productions, 
not likely to occur in Nature. 

Other assigned (Causes appear to me to pertain rather 
to variation in general than to that limited, localized form 
of it which is here considered as bud- variation, and may 
be here passed with the mere mention. 

Maxwell T. Masters. | 

A NE W, SCIENTIFIC SERIAL.' 

T he imposing series of four octavo volumes before us 
is the embodiment of the first five years’ work in 
the new Museum of the Austrian capital. Of the nature 

t ** Annalen der k.k. Naturhistoriichen HofmuMums. Wien." Bd. 

1886-39. (Wien, Alf. H Cider.) 
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and plan of the building itself our readers have already 
been made aware ; the collections housed within ft are 
rich in types and specimens of priceless value, and its 
affairs are administered by a large and efficient staff of 
Specialists, many of whom have attained a world-wide 
reputation. The directorship lies in the hands of Dr. 
Franz Ritter von Hauer. 

Each of these volumes consists of four parts, and 
embraces one }^ear’s work. The parts are issued 
quarterly, their limitation in size being determined by 
the progress of work in hand. The first part of the 
first volume, issued early in the year 1886, is exclusively 
a “ Jahresbericht ” for the preceding year. It has already 
received' notice in our pages (Nature, vol. xxxiii. p. 424)- 
While for the most part a report of work done, it 
contains information concerning the Museum itself, to- 
gether with a list of names of the officers and staff, and 
of the various donors, correspondents, and persens who 
studied in the Museum during the year, as of those to 
whom material had been lent, together with references to 
published works in the production of which the resources 
of the Museum had been utilized. Of the remaining 
fifteen parts, each contains one or more special treatises, 
together with “notices” of a miscellaneous character, 
correspondence, personalia, and administrative detail, 
iwith acknowledgments of acquisitions. The four volumes 
make up a total of over 1900 pages of closely printed 
matter, with 80 plates and numerous woodcuts. The 
illustrations are, for the most part, highly satisfactory ; we 
would,however,have preferred the substitution of ordinhrjT 
lithographs for the photographs of Ophiurids described 
in vol. ii. ; the latter are too indefinite and unsatisfactory. 
Excluding the notices and miscellanea, which monopolize 
collectively 22 per cent. (415 pp.) of the printed sheets, 
there remain 1532 pages of a more solid nature, which 
make up the bulk of the collective volumes. These bear, 
in all, 55 treatises ; some of them, as our pages have 
already borne testimony (Nature, vol. xxxv. p. 204), are 
lists of types and specimens in the Museum, others are 
elaborate monographs dealing with highly involved struc- 
tural detail. The Museum is divided into five departments, 
each having its own working staff, and the published works 
bear the following ratio : zoology, 23 ; mineralogy with 
petrography, 1 3 ; geology with palaeontology, 9 ; botany, 7 ; 
anthropology and ethnologj’, 3. As might be expected from 
this list, many new species of organic beings have been de- 
scribed. We find much to admire in some of the mono- 
graphs ; and especial attention is demanded by those 
devoted to the ethnology of the South Sea Islanders, by 
Dr. Otto Finsch, and to the artistic products of the 
Dyaks, by Prof. Alois Raimond Hein. These memoirs 
extend over the greater portion (240 pp.) of an average 
volume, and they are amply illustrated ; the information 
contained in them is of inestimable value, the illustrations 
are of rare merit, and it would be difficult indeed to sur- 
pass the coloured representations of Papuan handiwork 
which adorn the pages of Dr. Finsch’s important com- 
munication. These monographs are based upon the 
collections in the Vienna Museum, and upon perusal of 
them we knoav not upon which of their acquisitions most 
to congratulate our Austrian con/r^res—rthose of types of 
Nature’s productions, or those of objects of human artifice. 
Moreover, the appearance of the memoirs cited, now that 
the South Sea Islanders are receiving renewed attention, 
is most timely ; and their value is greatly increased by the 
fact that the peoples to whom they relate are becoming 
demoralized and demolished by the advance of “ civiliza- 
tion.” 

The Museum whence these Annalen emanate was 
opened to the public in August 1889 by “ His Apostolic 
Majesty the Emperor” ; and an account of the ceremony, 
with its attendant honours, is to be found in voL iv. ’Hie 
pages of the journal show the custodians of the institu* 
tion to be fully alive to the value of their charge. The 



158 


NA TURE 


[June 12, 1890 


journal itself not only^ serves them ns a catalogue, but 
as a medium for publication of investigations into struc- 
ture, such as the officers of our own National Museum 
are in the habit of contributing to the Proceedings of our 
Learned Societies and to other private journals. TJbe 
authorities of the Austrian Museum might, at first sight, 
appear to be ahead of us in the possession of their re- 
cognized official Annalen ; and there are those among 
us who would desire the founding of a similar official 
journal with its attendant restrictions for our own National 
Museum. We are very ‘doubtful of the advisability of 
such a step, supposing the trustees were willing to under- 
take it As matters stand, the excellent official cata- 
logues which emanate from the building in Cromwell 
Road fulfil the public demands, and suffice for all pur- 
poses of nomenclature which it is a leading function of 
Its authorities to control. The supplementary work, with 
the putr>lication of which the members of its staff have 
so long honoured outside bodies, is voluntary. The pro- 
gress of science in Britain is unique in the extraordinary 
degree to which it has been furthered by private enter- 
prise ; in contributingtothe work of our Learned Societies 
and of those self-supporting institutions to which we have 
alluded, our Museum officials are encouraging an essen- 
tially national system, and fouering a love of science for 
its own sake. For these if for no other reasons, we, 
would not desire the extension of the Austrian system 
to our own land. 

We cannot close this notice without commenting upon 
'ih# growing desire to found journals in connection with 
departments of our native Universities and Colleges. 
From what we have said, we could hardly be expected to 
approve of this movement, especially as the interests of 
such journals are apt to centre in individual aggrandize- 
ment, and as the necessity for their continuity may lead 
to the publication of that which the literature of the 
sciences might well be spared. We have journals 
ample for our needs, provided sufficient care be exer- 
cised in the selection of their contents. Better far to 
improve and to extend these, than to tolerate that which 
in them may be least desirable, adding thereto a “ litera- 
ture ” which can only ill compare with that of the last 
generation of British naturalists. 

We note that the Viennese have as yet succeeded in 
effecting an interchange of publications with but few of 
our leading Societies, and that their Anna/en are not yet 
to be found, in a large number of our University and 
other leading libraries. With respect to this, comparison 
with foreign countries does not redound to our credit. 
We can strongly recommend the journal on its merits ; 
and, if the standard of its early volumes be maintained, 
no working scientific library will be ere long complete 
without it. G. B. H. 


NOTES. 

The programme for the Leeds meeting of the British Asso- 
ciation has been issued. The first general meeting will be held 
on Wednesday, September 3, at 8 p.ni., when F*^of* W. H. 
Flower will resign the chair, and Sir Frederick Abel, President- 
Elect, will assume the Presidency and deliver an address. On 
Thursday evening, September 4, at 8 p.m., there will be a 
soiree; on Friday evening, September 5, at 8.30 p, m., a dis- 
course on “Mimicry,” by Mr. E. B, Poulton, F.R.S. ; on 
Monday evening, September 8, at 8.30 p.m., a discourse on 
“Quartz Fibres and their Applications," by Prof. C. Vernon Boys, 
F'.R.S. ; on Tuesday evening, September 9, at 8 p.m. a aoirie ; 
and on Wednesday, September 10, the concluding general meet- 
ing will be held at 2.30 p.in. The Vice-Presidents are the Duke 
^ of Devonshire, the Marquis of Ripbn, the Earl Fitzwilliam, the 
Lord Bishop of Ripon, Sir Lyon Pla^air, the Right Hon. W. 
L. Jackson, M.P., the Mayor of Leeds, Sir James Kitson, and 
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Sir Andrew Fairbairn. The following are the Presidents of the 
various Sections — Mathematical and Physical Science^ 

Mr. J. W. L. Glaiftberi F.R.S. B.— Chemical Science, 
Prof. T. E. Thorpe, r.R.S. C. — Geology, Prof. A. H. 
Green, F.R.S. D.~Biology, Prof. A. Milnes Marshall, 
F.R.S. E. — Geography, Lieut. -Colonel Sir R. Lambert Play- 
fair. F. — Economic Science and Statistics, Prof. Alfred 
Marshall. G. — Mechanical Science, Captain A. Noble, F.R.S. 
H. — Anthropology, Mr. John Evans, V.P.R.S. The local 
secretaries are Mr. J. Rawlinson Ford, Mr. Sydi>ey I^upton, 
Prof. L. C. Miall, and Prof. A. Smithells, and the local 
treasurer, Mr. E. Beckett Faber. 

The annual meeting for the election of Fellows of the Royal 
Society was held at the Society’s rooms in Burlington House, 
on June $, when the following gentlemen were elected : — Sir 
Benjamin Baker, Robert Holford Macdowall Bosanquet, Samuel 
Hawkesley Burbury, Walter Gardiner, John Kerr, LL.D., Arthur 
Sheridan Lea, D.Sc., Major Percy Alexander MacMahon, R. A. , 
Rev, Alfred Merle Norman, Prof. William Henry Perkin, Prof. 
Spencer Umfreville Pickering, Isaac Roberts, David Sharp, 
M.B., J. J. Harris Teall, Richard Thorne Thorne, M.B., 
Walter Frank Raphael Weldon. 

Last Saturday the Royal Observatory was inspected by the 
Board of Visitors. By invitation of Sir G. G. Stokes, the 
chairman, about 250 ladies and gentlemen interested in astro- 
nomy attended to see the instruments and methods employed in 
the Observatory. 

In the House of Commons, on Tuesday, Mr. A. Acland 
moved that the sum of ;i^3So,ooo, which the Government pro- 
pose to use for the extinction of the licenses of public-houses, 
should be applied in England for the encouragement of agri- 
cultural, commercial, and technical instruction, and in Wales 
for like objects. This ingenious scheme did not commend itself 
to the Chancellor of the Exchequer. The Government, he said, 
“admired the enthusiasm of the hon. gentleman, but could not 
assent to his proposal." 

It is announced that the Committee of Council on Education 
have decided, with the sanction pf the Treasury, to allocate a 
fixed sum every year, in the vote for the Science and Art 
Department, for grants in aid of technical in.struction given 
under the Technical Instruction Act. The sum allocated 
for the financial year 1891-92 will be ;^5ooo. A grant 
in aid will not necessarily be equal to, and in no case will it 
exceed, the amount contributed by the local authority out of the 
rates. Each grant will be computed, as far as possible, on the 
basis of the amount of the rate spent on subjects of technical 
instruction other than those for which the Science and Art De- 
partment gives aid under the Science and Art Directory. The 
application from the local authority, which must be sent in before 
the end of April in each year, should therefore give a certified 
statement, with the necessary extracts from the accounts of the 
preceding year, showing how the rate raised has been expended, 
and especially how any portion may have been applied to 
instruction in subjects for which grants arc not made under 
the Science and Art Directory. 

In the course of the discussion on Mr. Acland’s proposal, 
Mr, Mundella commented severely on the fact that the sum 
to be allocated under the Technical Instruction Act for the 
financial year 1891-92 would be only jCSOOO. There was not a 
canton in Switzerland, he declared, that would not be asham ed 
of such a paltry provision for technical education. Mr. Goschen 
replied that he had himself been struck by the smallness of the 
sum, “but it was the result of the comparatively small demand 
made by the local authorities. There was every disposition on 
the part of the Government to meet to the full the requirements 
under the Act." 
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The Science and Art Depsxrtinent announces that it wil 
make grants for the encouragement of instruction in drawing 
and of manual training in classes connected with elementary 
schools and in organized science schools. The instruction 
must be (a) in the use of the ordinary tools used in handicrafts 
in wood or iron; (^) given out of school hours in a properly 
fitted workshop ; and (r) connected with the instruction in 
drawing — that is to say, the work must be from drawings to 
scale previously made by the students. The instruction may be 
given by one of the regular teachers of the school if he is sufii- 
ciently qualified ; if not, he must be assisted by a skilled artisan. 
The work of the class will be examined by the local inspector 
of the Department, accompanied, if necessary, by an artisan 
expert, on the occasion of his visit to examine in drawing. If 
it appears that the school is properly provided with plant for 
instruction, and that the teaching is fairly good, a grant of 6^., 
or, if excellent, of 7.?., will be made for every scholar instructed, 
provided {a) that he has passed the fourth standard ; (h) that he 
has received manual instruction for at least two hours a week for 
twenty-two weeks during the school year; (r) that a special 
register of attendance is kept ; and (d) that each scholar on 
whom payment is claimed is a scholar of the day school and has 
attended with reasonable regularity. The grant maybe reduced 
or wholly withheld at the discretion of the Department, if it 
appears that the plant is in^ufiicient or that the instruction is not 
good. 

Australian educational legislators appear to be reconsidering 
the policy of the payment by results system, and in some in- 
stances, at least, to have come to the conclusion that it must be 
abolished. The Minister of Education in Victoria is said to 
have a measure drafted with the object of substituting fixed 
salaries for school teachers for the system of payment by results. 

At the annual general meeting of corporate members of the 
Institution of Civil Engineers, on June 3, it was pointed out in I 
the Report that the meeting was held on the sixty-second 
anniversary of the incorporation of the Institution by Royal 
charter. At that time the number of members was 156, and the 
gross annual receipts were close of the past 

financial year the number of members was 5872, and the gross 
receipts for the twelve months amounted to /’22,478. This 
increase — thirty-seven fold in numbers and fifty-fold in revenue 
— sufficiently indicated the position which the Institution had 
taken in connection with the profession it was designed to 
promote. At the same lime the members were reminded that 
a large rate of increase was by no means desirable. 

At the beginning of May it was found at Ilowieloun that the | 
supply of water from Loch Coulter had been interfered with on 
ten successive nights. On an examination being made each 
morning, a number of eels were discovered in the sluice, where 
the water is 10 feet deep. Thirty altogether were obtained, all 
of them proving to be females. One of these, 32 inches in 
length, and weighing about 2 pounds, was examined. The 
ovary, which was about 12 inches long in situ^ and about 30 
inches long when unravelled, was calculated to contain 10,077,000 
eggs in various stages of development, some, 0*25 mm. in dia- 
meter, being nearly ripe. There is little doubt that these eels 
formed part of a band migrating to the sea (the smaller speci- 
mens escaping and the larger being caught) ; and judging from 
the condition of the ovary, it would appear that they were 
impelled by the instinct of reproduction. 

The Medical Section of the French Association for the Ad- 
vancement of Science proposes to discuss thoroughly, at the 
approaching meeting at Limoges, the various questions relating 
to influenza. 

The visit of the Iron and Steel Institute to the United States 
in the* autumn is likely to be in every way most successful. 
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There will be three different sets of meetings — the meetings of 
the American Institute of Mining Engineers, which take place in 
New York on September 29 and 30 ; the meetings of the Iron 
aficl Steel Institute, which take place in the same city on Octo- 
ber I, 2, and 3 ; and the international meeting promoted jointly 
by those two Societies, which will take place about the middle 
of October at Pittsburg. The excursions which have been 
planned by the American Reception Committee, of which Mr. 
Andrew Carnegie is chairman, provide for about 3000 miles of 
free transportation through the United States. The principal 
excursions will take place to the iron ore and copper regions 
of Lake Superior, to Philadelphia, Harrisburg, and Chicago, 
where there are large iron and steel engineering works to be in- 
.spected, and to the new iron- making district of Alabama. 
About 300 members of the Iron and Steel Institute and too 
German ironmasters have intimated their intention oMaking 
part in the meetings ; and already many have booked passages 
in the Hamburg-American Company’s steamer Nonnannia, 
leaving Southampton on September 12. The meetings and 
excursions will last altogether over a month, and will practically 
embrace every point of interest in the United States within a 
distance of 1500 miles of New York. Papers have been pro- 
mised for the meetings by Sir Lowthian Bell, Sir Nathaniel 
l^arnaby, Sir Henry Roscoe, and others. Among those who 
have intimated their intention of being present at the meetings 
are Sir James Kitson (President of the Institute), I.ord Edward 
Cavendish, Sir John Alleyne, Sir James Bain, Mr. Hingley, • 
I M.P. (President of the Iron Trade Association), Mr. Theodore 
Fry, M.P., Sir J. J. Jenkins, Sir Thomas Story, Mr, Windsor 
Richards, Mr. Snclus, F.R.S., and Mr. Edward P. Martin. 

In the House of Commons, on Monday, Mr. Norris and Sir 
Henry Roscoe put questions to Mr. Chaplin with regard to the 
change made by him in “the muzzling order.” Mr. Chaplin 
explained that the collar had been substituted for the muzzle 
only in those districts in which rabies had, it was believed, 
cea=ed to exist. The number of cases of rabies during last year 
was 340. The muzzling order had never at any time been ex- 
tended to the whole kingdom, and there were no statistics to 
show what the effect of the order would be if it were made 
universal. From the progress made already, he anticipated 
that rabies might be effectually dealt with without any necessity 
for so stringent a measure. 

In January of the present year two samples of compressed or 
tablet tea were presented to the Museum of the Royal Gardens, 
Kew, by Colonel Alexander Moncrieff. In the new number of the 
Bulletin the letter with which these samples were accom- 
panied is printed ; and much interesting information as to the 
making of compressed tea is brought together. Repeated 
attempts have been made to introduce compressed tea into this 
country, but never with complete success. “A few years ago,” 
says the Kew Bulletin^ “two companies were formed for working 
it, and at the present time there is a company in London which 
deals exclusively in this article, a sample of wh’ch is in the Kew 
Museums. It is claimed for this tea that it has many advantages 
over loose tea, the chief of which is that the leaves licing sub- 
mitted to heavy hydraulic pressure all the cells are broken, and 
the constituents of the leaf more easily extracted by the boiling 
water, thus effecting a considerable saving in the quantity re- 
quired for use. Its great advantages over loose tea, however, 
would seem to be its more portable character, and in the case of 
long sea voyages, or for use in expeditions, the reduction of its 
bulk to one-third. The compression of tea into blocks further, 
it is said, constitutes a real and important improvement in the 
treatment of tea. These blocks weigh a quarter of a pound 
each, and are subdivided into ounces, half ounces, and quarter 
ounces; this insures exactitude in measuring, and saves the 
rouble, waste, and uncertainty of measuring by spoonfuls. It 
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also insures uniformity in the strength of the infusion. By 
compression it is claimed that the aromatic properties of the leaf 
are retained for a much longer period, at^d that it is better 
preserved from damp and climatic changes.’^ * 

Besides the paper on compressed tea, the Kew BulLtin 
for June contains a valuable catalogue of timber trees of the 
Straits Settlements. Among the late Dr. Maingay*s botanical 
collections — which were acquired for Kew— was a herbarium of 
the woody plants of the Eastern Indian peninsula, a large pro- 
portion of which were new to science. These were accom- 
panied with a series of careful note-bool^s containing descrip- 
tions drawn up from fresh specimens, with the native names. 
The whole material has been worked up at Kew in the prepara- 
tion by Sir Joseph Ho oker of the Flora of British India,*' and has 
prove^ the Bu/Uftn says, **of inestimable value.” In the list 
now printed botanical identifications are given to the native 
names comprised in Dr. Maingay*s catalogue. In the same 
number of the Keiv Bulletin there is an interesting correspond- 
ence, in which attention is drawn to the growing of cotton in 
West Africa, and especially to an attempt which has lately been 
made to introduce and cultivate experimentally in that region 
the best forms of Egyptian cotton. ^ 

The Manchester Guardian says that many students of science 
in Lancashire will learn with satisfaction that the Council of the 
Manchester Literary and Philosophical Society have at last been 
• alJle to make arrangements for the cataloguing of the Society's 
unique library. This includes, amongst much other rare and 
valuable material, the publications for a long series of years past 
of several hundred foreign Academies and learned Societies. 

The ‘‘Association pour la Protection des Plantes "held an 
interesting exhibition at Montpellier during the recent centennial 
celebration. This Society, which is now seven years old, aims 
at the protection of Alpine plants, especially in Switzerland, 
where many species have been all but destroyed by the depreda- 
tions of plant-dealers. Among its members are many well- 
known English men of science. It is doing good work in 
establishing Alpine botanical gardens, where rare species are 
preserved. 

A BOTANICAL school-garden has recently been instituted in 
Breslau by the magistracy, for regular supply of plants to the 
schools of the place, and for enabling teachers to make observa- 
tions on the spot with their pupils. The cost of the arrangement 
is about ^300. Private schools share the advantages on payment 
of an annual subscription. < 

German papers announce the death of Dr. Anton Felix 
Schneider, Professor of Zoology and Director of the Zoological 
Museum at the University of Breslau. 

The measurement of the Rhone glacier in a comprehensive 
and systematic way has been carried on since 1874 by the Swiss 
Alpine Club, and the abundant data obtained will shortly be 
published in separate form. It appears that the glacier was in 
recession till 1888, but since last year it has been advancing. 

Two violent shocks of earthquake were felt at Sofia on June 
7, at half-past 6 a.m. The seismic disturbance was accom- 
panied by subterranean noises. Its direction was from south to 
north. No damage seems to have been done. 

A large water-barometer is now in use in the Saint 
Jacques Tower, Paris. The glass tube— the longest that has yet 
been made— is I2 metres 69 centimetres long. The diameter is 
2 centimetres. Special openings in the tower were required to 
- allow it to be put in its place. It is connected with a registering 
apparatus, and it is proposed that a photographic apparatus shall 
bef%ssociated with it, in order that the thermometrical readings of 
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the water in the barometer may also be obtained. The instrument 
is a very curious one, and may render many services in conse- 
quence of its considerable sensitiveness. During thunderstorms 
it is especially active. 

Mr. R. H. Scott has contributed a note on thunderstorms 
to Longman's Magazine for June, showing various peculiarities 
in their behaviour in this country and abroad. These storms 
are generally divided into two groups: (i)heat thunderstorms 
(the summer type), and (2) cyclonic thunderstorms, which occur 
principally in autumn and winter. The frequency of the storms 
is much greater in low latitudes than in high, and their energy 
is materially moderated by the dampness of the climate, hence 
our own comparative immunity from them. Certain districts 
also appear more liable to storms than others ; the damage by 
hail, which frequently accompanies electrical discharges, appears 
to be greater in Huntingdonshire and neighbouring counties 
than in other parts of England. From an extensive inquiry by 
the Berlin Statistical Office, published in 1866, it appears that 
houses with thatched roofs are struck by lightning much more 
frequently than slated houses, while houses in towns are less 
frequently affected than those in the country. 

Fohn winds, it is now known, are due to the descent from a 
mountain region of locally heated air- currents, when minima are 
passing. The fohn phenomena of Greenland have been lately 
studied by Herren Paulsen and Hann {Met. Zeitsch.). Over 
the ice-covered interior in winter (they represent) lies a baro- 
metric maximum, and before minima approach from the west, 
the phenomenon of increase of temperature with height occurs, 
as in the Alps. The masses of air on the plateau, cooled by 
radiation, sink as local cold valley winds, by the fjords. But 
when an approaching depression from the west sets the air in 
more general motion, the milder air from higher portions of the 
anticyclone comes down into the fjords as a warm east wind 
the fohn. The movement extends as the minimum comes 
nearer, and the warming effect is not confined to the fohn 
localities. On one side of the mountain precipitation occurs, 
causing diminished cooling of the rising air, and thereby a 
continuance of the fohn on the other side. 

The new number of the Journal of the Bombay Natural 
History Society (vol. v. No. i) contains a valuable paper, by 
Mr. G. W. Vidal, on the venomous snakes of North Kanara. 
It has been said that no case of the bite of the Kchis having 
proved fatal is known. Mr. Vidal thinks that at the present 
day this statement can hardly need refutation. There is no 
doubt, he says, that the Echis is a far more potent factor in 
swelling the mortality of the Bombay Presidency than any other 
venomous species, and it seems to him important that this fact 
should be more generally known and recognized than it has been 
hitherto. In all those districts — such as Sind and Ratnagira 
where the Echis is known to abound, the average mortality from 
snake-bite is markedly high, whereas the mortality is insigni- 
ficant in districts where the Echis is either rare or absent. 

At the meeting of the Linnean Society of New South Wales 
on April 30, Mr. R. Etheridge read a paper on the question 
“Has man a geological history In Australia?” The general 
want of satisfactory evidence of man's existence in Australia 
during Post-Tertiary times was commented on, and the various 
opinions which have been given on the subject were passed in 
review. A portion of the human tooth found in the Wellington 
Breccia Cave by the late Mr. Gerard Krefft was described, and 
the question of its value as evidence, from what is known of its 
history, was discussed. After considering all the evidence at 
present forthcoming, the author arrived at the conclusion that 
the matter could hardly be summed op better than by the very 
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reasonable and often correctly applied Scotch verdict of “not 
proven.” 


In the annual address, delivered lately by Colonel J. Water- 
house, President of the Asiatic Society of Bengal, and now printed, 
he speaks highly of the work done by Indian museums and kindred 
institutions, lie says they are exerting “a great educational 
influence ” on “the teeming masses ” of India, Native visitors 
are beginning “ to take a really intelligent interest in the collec- 
tions.” Colonel Waterhouse urges that the work of local 
museums should be confined to the illustration of local products. 
If objects from other districts are admitted, the name of their 
place of origin should, he thinks, be distinctly marked upon 
them, and they should be kept apart from the local collections. 

The U,S. Department of Agriculture has issued an elaborate 
Report on the English sparrow (Passer domesticus) in North 
America. The Report has been prepared, under the direction 
of Dr. C. Hart Merriam, ornithologist to the Department, by 
Mr. Walter B. Barrows, assistant ornithologist. Dr. Merriam 
claims that it is “ the most systematic, comprehensive, and im- 
portant treatise ever published upon the economic relations of 
any bird.” The new immigrant into the United States is 
accused of an enormous number of offences ; and no one who 
studies the evidence brought together in this Report will be dis- 
posed to say that his evil deeds have been exaggerated. The 
climatic and other conditions of America have suited the sparrow 
to perfection, and he has exercised freely all his powers of doing 
mischief. The evidence set forth relates to the importation, 
spread, increase, and checks on the increase of the bird ; the 
injury done by him to birds, blossoms, and foliage ; the injury 
to fruits, garden-seeds, and vegetables ; the injury to grain ; and 
the relations of the sparrow to other birds, and to insects. All 
sorts of suggestions for the destruction or abatement of the 
nuisance are carefully considered. There is also interesting 
evidence as to the sparrow in Europe and Australia. 


A PAPER upon the atomic weight of magnesium and the 
properties of the pure metal obtained by distillation in vacuo is 
communicated to the current number of the Afncrican Chemical 
yournal by Messrs. Burton and Vorce, of Cleveland, U.S. 
When an attempt is made to distil magnesium in an ordinary 
hard potash glass tube it is found that the vapour of the metal 
attacks the glass in a remarkable manner, a black voluminous 
substance being formed which evolves a spontaneously inflam- 
mable gas on treatment with an acid. This black substance is, 
in fact, magnesium silicide, Mg^Si, and the explosive gas silicon 
tetrahydiide, SiH4. When the silicide is brought in contact 
with dilute acid there remains, after the liberation of silicon 



hydride and conversion of the magnesium into a salt of the acid 
employed, a quantity of a yellow substance which possesses the 
properties of the lower oxide of silicon described by Mabcry. 
Hence it is not possible to use tubes entirely of glass for the 
distillation of magnesium. But by lining the interior of the 
heated portion of the tube with an inner tube of thin sheet-iron, 
magnesium not alloying with iron, the distillation can be con- 
ducted with perfect safety. The magnesium was packed in the 
iron tube in the form of small pieces of ribbon, and the iron tube 
then placed in an outer glass tube closed at one end and about 
twice the length of the iron tube. The other end was afterwards 
drawn out and connected with a Sprengel pump, and the tube 
exhausted. The apparatus was then laid in a combustion furnace 
and the tube heated, the closed end near which the iron tube and 
its mi^gnesium contents had been placed being heated much*more 
strongly than the end nearest the pump. When the iron tube 
became heated to bright redness the magnesium commenced to 
volatilize and sublime into the relatively cooler portion, forming 
at first a black mirror of silicide upon the glass, which protected 
it from further corrosion. After continuing the heating for about 
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an hour in the case of the distillation of about ten grams of 
metal, the gas was shut off, and the whole allowed to cool very 
slowly so as to prevent fracture of the glass, the vacuum being 
maintained as perfect as possible until quite cold. The distilled 
magnesium was similarly redistilled three times, the product of 
the fourth distillation alone, in which no traces of imparities 
could be detected by analysis, being employed in the atomic 
weight determinations. The magnesium was generally deposited 
in the form of a thin crystalline bar *of pure white metal which 
readily separated from the coating of silicide, but in certain of 
j the distillations beautiful isolated crystals of considerable size 
' were formed. Weighed portions of the metal thus purified were 
converted to the nitrate by means of purified nitric acid diluted 
with water also specially purified and recently redistilled in a 
platinum apparatus. The nitrate was then ignited to oxide, first 
over a sand-bath, and finally to constant weight at the^ighest 
temperature of a muffle furnace. From the relation between the 
weights of metal taken and oxide produced in ten experiments, 
the mean value of the atomic weight of magnesium if O = i6 
was found to be 24*287; if O = IS'9S, Mg = 24*211. The 
highest value found when O = 16 was 24*304, and the lowest* 
24*271. The crystals of magnesium obtained during the distil- 
lation were very perfect hexagonal prisms showing no planes but 
those of the primary prism 00 P, primary pyramid P, and basal 
plane oP. From measurements of the angles the axial latio 
a : c = I : 1*6202, which agrees tolerably well with the rajio^ 
given by Des Cloizeaux from the measurement of crystals ob- 
tained by Dumas in 1880. Magnesium is therefore isomorphous 
with zinc and beryllium, which latter metal it very closely 
resembles in its angular measurements and the ratio of its 
axes. In case of Zn, a : c ^ i : i *3564, and for beryllium, 
a : r = 1 ; I *5802. 

The additions to the Zoological Society’s Gardens during the 
past week include two Oak Dormice (Afj'oxus dryas\ Central 
European, presented by Lieut. -Colonel G. M. Cardew ; a 
Vulpine Phalanger (Phalangista vulpina 6 ) from Australia, 
presented by Mrs. Waterson ; a Silver-backed Fox (Cams 
chama <S) from South Africa, presented by Captain II. D. 
Travers, R.M.S. Tartar; a Great Kangaroo (Macropus gigan- 
tens 9 ) from Australia, presented by Mr. Henry Irving, F.Z.S. ; 
a Ring-necked Parrakect (Palaornis torquatus ) from India, 
presented by Mr. Arthur O. Cooke ; a West African Love Bird 
(Agapornis pullaria) from West Africa, presented by Mrs. 
Fell; a Chinese Bulbul (Pycnonotus sinensis) from China, pre- 
sented by Lieut. -General Sir H. B. Lumsden, K.C.S.I., F.Z.S. ; 
three Common Peafowl (Pavo cristatus S 9 et juv.) from India, 
presented by Mrs. Francis Leighton ; a Common Kestrel 
(Tinnunculus a/audarius), British, presented by Mr. C. 
Ashdown, F.Z.S. ; a Loggerhead Turtle ( Thalassochelys caouana) 
from the Atlantic Ocean, presented by Miss Beatrice Fort ; a 
Grey Monitor ( Varanus griseus) from the Sahara Desert, pre 
sented by Dr. John Murray ; a Hawk-headed Parrot (Deroptyus 
accipitrinus) fiym Brazil, deposited ; a Vociferous Sea Eagle 
(Haliacius vocifer) from West Africa, a Red* crowned Pigeon 
(Erythranas pulcherrima) from the Seychelles, purchased; a 
Japanese Deer (Cervus sika <5), two Bennett’s Wallabys 
(llalmaturus bennetti d d )» a Vulpine Phalanger (Phalangista 
vulpina d)> a Peacock Pheasant (Polyplectron chinquis)^ a 
Swinhoe’s Pheasant (Euplocamus swinhoii)^ four Spanish BIqie 
Magpies (Cyanopolius cooki)^ bred in the Gardens. 

OUR ASTRONOMICAL COLUMN 

Objects foe the Spectroscope. 

Sidereal Time at Greenwich at lo p.m. on June 12 
15h. 24m. 228* 
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Name. 

Mag. 

Colour. 

R.A. 1890.] 

Decl. 2890. 

•(1)0.0. 40^7 

(2)0.0. 4234 ••• ... 

<3) .r Serpentis 

(4) 8 Boiitis ... ... ... 

(5) a Coronse 

(6) W Cygni ... ... 

4 

3 

2 

Var. 

White. 

^ Bluish. 
Reddish-yellow, 
yellow. 
Bluish-white. 
Reddish. 

h. m. s. 

15 13 57 

16 39 51 
43 48 : 

15 ri 6 

15 30 0 ; 
21 3 » 53 i 

+ s ’<5 
-f24 0 
-hiS 29 

+33 44 

+ »7 S 
+44 S 3 

^Remarks. 


(1) Tin’s is a long white nebula in Draco which was described 
by Sir John Herschel as a superb ray nebula/* The G.C. 
description is : Considerably bright ; very large ; very much 
extended in the direction 155'^ ; at first very gradually, then 
pretty suddenly brighter in the middle, where there is a nucleus.’* 
In Herschers 20-foot reflector it was seen to be 7^' long. The 
spectrum of the nebula has not been recorded. 

(2) 4^his is one of the planetary nebula?, and according to Dr. 
Huggins its spectrum shows the three bright lines usually seen 
in nebulce. He also noted that F was the faintest line, and that 
there was a faint continuous spectrum. The spectrum was re- 
observed by Vogel in 1872, and he observed two additional 
lines near wave-lengths 51S and 554. It is important that these 
lines should be confirmed, and comparisons made with the (lutings 
of carbon and manganese at 517 and 558 respectively. The 
existence of these lines will further tend to prove the connection 
between comets and nebulfe, for two bands in these positioAs 
have frequently been observed in cometary spectra. It is not 
improbable that a third cometary band, near \ 468, may also 
appear in the nebula, as a line near that position (\ 470) has 
b^en recorded by Dr. Copeland and Mr. Taylor in other nebulae. 
Unfortunately, a rather large aperture is required for this obser- 
vation ; with a lo-inch refractor I have not been able to more 
than glimpse the additional lines seen by Vogel. The G.C. 
description of the nebula is: ‘‘A planetary nebula; very 
bright ; very small ; round ; disk and lx)rdcr,** It is not ad- 
visable to employ a cylindrical lens in searching for faint lines, 
even though the nebula is a small one. 

(3J Vogel describes this star as a fine one of Group II., but 
DuncT states that the bands are narrow, 4 and 5 being little 
more than lines. lie also notes that the spectrum approaches 
Class ll.a (Group III.), It is therefore probable that the spec- 
trum is an intermediate one, and will show some of the lines 
characteristic of Group III. Any differences in these lines, 
either in positions or relative intensities, from those seen in stars 
like the sun, should be noted, as they will form valuable criteria 
for the subdivision of the Class II. a stars of Vogel into two 
groups — one of increasing temperatures (Group III.), and the 
other decreasing (Group V.). 

(4 and 5) The first of these has a spectrum of the solar type, 
and the second one of Group IV. (Gothard). The usual 
observations are required in each case. 

(61 The range of this variable is very small — 5*8-6 *2 at 
maximum to 6 7-7 *3 at minimum — and it will be interesting 
to observe if any changes in spectrum take place at maximum 
similar to those which occur in stars of greater range with the 
same type of spectrum. The general spectrum is a “very fine’* 
one of Group 11., but so far no variations with change of magni- 
tude have been noted. The period is given by Gore as 120-138 
days, and there will be a maximum about June 21. 

The Spectrum of Comet Brooks (a 1890). — I made 
further observations of this comet on June 6 and 7, and found 
that it had become considerably brighter since ^my last observa- 
tion (Nature, vol. xlii. p. 112). I’he tail was also slightly 
extended. The principal spectroscopic change noted was a 
diminution in the brightness of the continuous spectrum rela- 
tively to the carbon (lutings, making the latter more distinct. 
There was no change in the positions of the bands, and as the 
comet has now passed perihelion, it is not likely that it will go 
through any of the higherdemperaturc stages. As its distance 
from the sun increases, it should be observed for the cooler 
stages. The first decided change, according to Mr. Lockyer’s 
investigations, should be the replacing of the present **hot 
carbon ” spectrum for that of “cool carbon,” the criterion for 
which is a dating near X 483. This, again, should be replaced 
by a spectrum consisting mainly of a line in the position of the 
chief nebula line (X 500), 

In connection with the observations of the comet, I have also 
made observations of the spectrum of the nebula G.C. 4058 
(ace notes for June 5), I found that the spectrum of the nebula 
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was irregularly continuous, with a very decided maximum of bright- 
ness coincident with the carbon dating near X 517. There were 
also other brightnesses, the positions of which are not yet deter- 
mined. The whole spectrum is strikingly simitar to that of the 
comet, and as the two obj'ects are not far removed from each 
other, this is a good opportunity for observers to satisfy them- 
selves that comets and nebulse are intimately connected. 

A. Fowler. 

The Planet Uranus. — M. Perrotin, of Nice Observatory, 
has made some observations of dusky bands on Uranus, similar 
to those that are seen on Jupiter ( Vierieljahrsfchrift des Astro^ 
nomische Gesellsckaft), The following are some values found 
for the position-angle ; — 

i88gr 31 May 13 

*♦ 35 

I June 20 

7 M 30 

The mean value is 24^*5, or about 10® from the plane of the 
orbit of the satellites, from which it would appear that the 
plane of the Uranian equator differs little from the trend of the 
satellites. M. Perrotin also found that the direction of the bands, 
according to repeated measures, coincided with the longest dia- 
meter. The bands do not appear always to have the same aspect, 
but vary in number and in size in different parts of the surface. 
This unequal distribution will, it is hoped, afford a means of 
accurately determining the time of rotation. The oblateness 
deduced from the measures is said to be not less than qV- 

Mr. Tf.bhutt’s Observatory. — We have received the 
Report of this Observatory for the year 1889. A consider- 
able amount of extra-meridian work has been done during the 
year, observations having been made of some minor planets, 
phenomena of Jupiter’s satellites, and occultalions of srnri by 
the moon. Barnard’s comet {a 1889) and Davidson’s comet 
{d 1889) were observed on eight occasion.^, and Brooks’s comet 
{e 1889) on two occasions. The comparison observations that 
were made have been reduced, and sent to Astronomische 
Nachrichten. Brorsen’s periodical comet was carefully searched 
for, with the help of Dr. Lamp’s ephemcris, on December 21 
and 25, 1889, and again on January 18, 20, and 22, but without 
success. Comparisons have been made, both of n Argvis and 
R Carinae, with the neighbouring stars, and it is noted that the 
former star has not sensibly varied in its lustre since the an- 
nouncement of its sudden increase of magnitude between April 
1887 and May 1888. A satisfactory determination of a maxi- 
mum of the latter star was made in June 1889, and its period 
determined as 312 days. 

New Asteroid, — A minor planet of the 13th magnitude 
was discovered by M. Charlois at Nice on May 20. This brings 
the number up to (^- 

CORAL REEFS AND OTHER CARBONATE OF 
LIME FORMATIONS IN MODERN SEAS. ^ 

vast organic accumulations known as coral reefs are, 
^ undoubtedly, among the most striking phenomena of 
tropical oceanic waters. The picturesque beauty of coral atolls 
and barrier reefs, with their shallow placid lagoons, and their 
wonderful submarine zoological and botanical gardens, fixed at 
once the attention of the early voyagers into the seas of equa- 
torial regions of the ocean. ^Questions connected with the 
peculiar form, the structure, the origin, and the distribution of 
these great natural productions have, from the very outset, 
puzzled and interested all those who delight in the study of 
natural things. In this communication we propose to point out 
and discuss some of the more general phenomena of oceanic 
deposits, with special reference to the functions of corals and 
other lime- secreting organisms, and the accumulation of their 
dead shells and skdetons on the floor of the great oceans. 

Coral reefs are developed in greatest perfection in those ocean 
waters where the temperature is highest and the annual range is 
least. It may be said that reefs are never met with where the 
temperature of the surface waler^ at any time of the year, sinks 
Ijelow 70® F. f and where the annual range of temperature is 
greater than 12® F. Bermuda, which is the coral island the 
mrthest removed from the equator (lat. 32® N.), and one or two 
other outlying reefs, may pe, in a sense, exceptions to this 

* Paper read on December 2, 1889, before the Royal Society of Edihburgh, 
by John Murray, LL.D., Ph.D., and Robert Irvine, F.C.S. 
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stateme^ti for in these exceptional cases the temperature of the 
ocean water appears occasionally to fall to 66'’ or 64® F., and 
there is a wider annual range than 12® F. This condition of 
high temperature with small range in the temperature of the 
water is only to be met with in the middle and western portions 
of the Atlantic and Pacific Oceans and the central parts of the 
Indian Ocean ; consequently, coral reefs flourish along the 
eastern shores of the continents, where the coasts are bathed by 
currents of pure oceanic water coming directly from the open 
sea ; while, on the other hand, they are absent along the western 
shores of the continents, where the water is colder and the annual 
range is very much greater — for instance, off the western coasts 
of America and Africa, The Challenger observations have also 
shown that the layers of warm surface waters are much thicker 
towards the western parts of the great oceans ; consequently, 
reef-forming organisms flourish at a greater depth along the 
eastern shores of the continents than in positions further to the 
eastward in the open ocean, where the warm layer of water — 
over 70° F. — is much thinner. Throughout the temperate and 
polar regions there are no coral reefs. This is all the more re- 
markable, seeing that organisms belonging to the same orders, 
families, and even genera as those which build up coral reefs 
flourish throughout colder, and even in polar, seas. In these 
colder seas the representatives of the reef-builders either do not 
secrete carbonate of lime in their body- walls, or, if they do so, 
the shells or skeletons are much less massive than in tropical 
waters. An attentive examination of the animals procured by 
the dredge and trawl from all depths shows that in descending 
into deeper water in equatorial regions the amount of carbonate 
of lime secreted by the animals living on the sea bottom be- 
comes less with increasing depth, and all the calcareous struc- 
tures of the organisms become less massive with the descent 
into the deeper and colder water of the abysmal regions. This 
remark does not, of course, apply to the shells and skeletons 
of surface organisms which have fallen to the bottom from the 
surface waters. ' 

Still another illustration of the same fact is furnished by the 
study of the pelagic organisms collected in the surface and sub- j 
surface waters by means of the tow* nets. In the warmest tropical j 
waters there are numerous species of Pteropoda, Ileteropoda, j 
Gasteropoda, Foraminifera, and Coccospheres and Rhabdospheres 
(calcareous Alga*), which lead a purely pelagic existence, and ' 
secrete carbonate of lime shells. Mr. Murray estimates from 
his tow-net experiments that at least 15 tons of carbonate of lime 
exists in this lorni at any moment of time in a mass of tropical j 
oceanic water i square mile in extent by 100 fathoms in depth. ^ j 
The number of species and individuals of these lime-secreting ' 
organisms decreases and the shells become less massive with a 
wider removal from the equator and an approach to the colder 
water of the poles, till we find in the surface waters of the polar 
regions only one or two thin-shelled Pteropods, and one, or at 
most two, dwarfed species of pelagic Foraminifera, It would 
appear then that organisms, as a whole or individually, arc able 
to, and actually do, secrete more lime in regions where there is 
a uniformly high temperature of the ocean water than in those 
regions where there are great seasonal fluctuations of tempera- 
ture, or where there is a uniformly low temperature of the water, 
as in the polar regions and in the deep sea. In temperate seas 
more carbonate of lime is secreted in the warm summer months 
than during winter months. Indeed, a high temperature of the 
sea water is m ^re favourable to abundant secretion of carbonate 
of lime than high salinity. 

An examination of the deep-sea deposits collected by the 
ChoUlenger and other expeditions in all oceans shows that, after 
the death of the pelagic organisms above referred to, their cal- 
careous shells are rallied down 011 the ocean's bed, and there 
make up the larger part of the deposits known as Pteropod and 
Globigerina oozes, as well as a very considerable part of nearly 
all other marine deposits. If we take the samples of deep-sea 
deposits collected by the Challenger a guide, then the average 
percentage of carbonate of lime in the whole of the deposits 
covering the floor of the ocean is 36*83, and of this carbonate of 
lime, it is estimated that fully 90 per cent, is derived from 
the remains of pelagic organisms that have fallen from the sur- 
face waters, the remainder of the carbonate of lime having been 
secreted by organisms that live on or attached to the bottoin. 

If coral muds and sands, together with Pteropod and Glohi- 
gerina oozes, be considered, then it is estimated that these con- 

• Murmy, •‘Structure and Origin of Coral Reefs," Proc.*Roy. Soc. Edin., ^ 
1880^ p.»5o8. < 
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lain an average percentage of 76*44 of carbonate of lime, and 
cover about 51,859,400 square miles of the sea bottom. We 
have little knowledge as to the thickness of these deposits ; still 
such as we have goes to show that in these organic calcareou& 
ocncs and muds, we have a vast formation greatly exceeding in 
bulk and extent the coral reefs of tropical seas ; they are most 
widely di.stributed in equatorial regions, but some patches of 
Globigerina ooze arc to be found even within the Arctic circle 
in the course of the Gulf Stream. The following table shows 
the estimated area of the various kinds of deposits, with the 
average depth, and average percentage of carbonate of lime in 
each : — 

Table shaving the Estimated Area^ Alean Depths and Mean 
Percentage q/ CaCOs of the different Deposits. 



Depositfs. 

Arc.'i, square 
miles. 

j Mean 
i depth 
in 

fathoms. 

Mean per 
cent, of 
C*C 03 . 


• Red clay. 

50,289,600 

2727 

670 

Oceanic 

. Radiolarian ooze. 

2,790,400 

2894 

4‘oi 

Oozes and 

Diatom ooze. 

10,420,600 

,477 

22*96 

Clay. 

1 Globigerina ooze. • 

47,752,500 

1996 

64-53 


- Pteropod ooze, 
f Coral sands and 

887, 100 

1118 j 

7926 

l^rrigenous 

Deposits. 

i muds. 

j Other terrigenous 

3,219,800 

710 

i 

8641 

! deposits, blue 
muds, &c. j 

27,899,300 

1016 j 

' 1 
: 

I 9 - 2<4 



One of the most remarkable facts discovered by the Challenger 
Expedition is that, although the dead shells of these pelagic 
j organisms are rained down on the sea bottom, and in shallower 
I depths accumulate so as to form calcareous deposits of immense 
i extent, still, in other contiguous but deeper areas, these shells do 
j not accumulate on the bottom, being wholly removed either 
I while falling through the water, or shortly after reaching the 
I ocean’s floor. The pelagic organisms arc as abundant in the 
surface waters over the one area as over the other, the only ap- 
parent difference in the conditions being one of depth. In the 
shallowest deposits of the open sea, shells, representative of 
nearly all the lime-secreting surface organisms, are U) be found 
in the deposits. With increasing depth the more delicate ones 
disappear from the bottom, till, in 1800 or 2000 fathoms, it is 
rare to find more than traces of Heteropod, Pteropod, or the 
more delicate pelagic Foraminifera shells in the deposits, while 
these same delicate shells occasionally make up fully one-half of 
the carbonate of lime that is present in depths of 700 or xooo 
fathoms. Again, in the still greater depths of 3C00 and 4000 
fathoms and deeper, the Foraminifera, Coccoliths, and Rhabdo- 
liths are either wholly removed, or are represented only by 
the broken fragments of the thickest and most compact shells, 
like Piilviftulina mcnardii^ Spharoidina dehiseens^ or Globigerina 
conglobata. 'rhis gradual decrease in the quantity of carbonate 
of lime in the deposits with increasing depth is well illustrated 
in the following table, showing the percentage of lime in the 
samples of deep-sea deposits collected by the Challenger towards 
the central parts of the ocean basins, away from the immediate 
influence of the debris from continental land or volcanic islands. 

The organic oozes, including the red clays and the coral 
deposits, make a total of 231 samples, and are arranged as- 
follows, showing the percentage of carbonate of lime in relation 
to depth : — 


14 cases 

under 500 

fathoms. 

m. p.c. 

86-04. 

7 


from 

500 to loco 

II 

II 

66-86. 

24 

,> 

If 

1000 to 1500 

, 1 

II 

70-87. 


ff 

II 

1500 to 2000 

II 

II 

6955- 

68 

ft 

II 

2000 to 2500 

II 

II 

4673- 

65 


1 1 

2500 to 3000 

,, 

II 

17-36. 

8 

II 

II 

3000 to 3500 

II 

II 

• 0-88. 

2 

If 

If 

3500 to 4000 

If 

II 

0-00. 

I 

fl 

over 

4COO 

II 

II 

•trace. 


The fourteen somples under 500 fathoms are chiefW coral muds- 
and sands, and the seven samples from 500 to 1000 mthoms con- 
tain a considerable quantity of mineral particles from continents 
or volcanic islands. In all the depths greater than 1000 fathoms * 
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the carbonate of lime is mostly derived from the shells of pelagic 
organisms that have fallen from the surface waters, and it will be 
noticed that these wholly disappear from the greater depths. 
These figures are derived from a study of the Challenger de- 
osits alone, but they are confirmed, as to the general resrJt, 
y an examination of the deposits collected by the U.S.SS. 
Tuscarora and Blake^ by H.M.SS. Egeria and Investigator^ the 
ships of the Telegraph Construction and Silvertown Companies, 
and other ships. One other peculiarity as to the distribution of 
carbonate of lime organisms on the ocean’s floor may be noted. ' 
Where these calcareous shells are most abundant on the surface, 
as in the tropics, the remains of the dead shells are as a rule 
found at greater depths on the bottom than in temperate or 
polar regions, where they are relatively much less abundant in 
the surface waters. 

In his paper on the origin of coral reefs, published many 
years ago, Mr. Murray pointed out that sea-water, rushing in and 
out of the lagoon twice in the twentyTour hours, would take up 
and carry away large quantities of the carbonate of lime which, 
in thd^ibrm of coral sand and mud, covers the bottom of these 
shallow basins. Just as the surface shells are dissolved by falling 
through the layers of ocean water, so in this case the dead coral 
fragments are dissolved by'the sea-water that continually passes 
over them ; in this way, chiefly, he accounted for the formation 
of lagoons in atolls and barrier reefs. 

During the past few years a large number of experiments 
have been carried on at the Scottish Marine Station for Scientific 
Research, with the view of throwing some additional light qn 
the oceanic phenomena referred to in the preceding paragraphs, 
in so far as these relate to the secretion and solut ion of carbonate 
of lime under varying conditions. Those dealing with the 
SQcretion of carbonate of lime by oiganisms will be considered 
in the first place, and afterwards those treating of the solution 
of the dead carbonate of lime shells and skeletons will be 
discussed. 

A brief account of some of the experiments will show the 
nature of the investigations, and indicate the results which have 
l^en obtained in so far as they bear on the subject with which 
we are dealing. 

Experiment i. A number of laying hens were shut up in awooden 
building, all ordinary sources of lime being withheld. In a few 
days the eggs, in place of a calcareous shell, had only a mem- 
branous covering. Thereafter sulphate, phosphate, nitrate, and 
silicate of lime were successively added to their otherwise lime- 
less food, and from all these salts they were enabled to form 
normal shells for their eggs consisting of carbonate of lime. 

From the investigations of Irvine and Woodhead it is believed 
that the lime salts in passing through the blood assume the form 
of phosphate, which is carried to the point of secretion, where it 
is decomposed and deposited as carbonate. When magnesium 
and strontium salts were added to the hens’ food the eggs became 
membranous and shelless. 

Ex, 2. Artificial sea-water was prepared, from which car- 
bonate of lime was rigidly excluded. In this water crabs after 
eedysis produced the u.sual exo-skeleton of carbonate of lime 
from the lime salts, other than carbonate, present in the water. 

Ex, 3. The artificial sea-water of Ex. 2, which was perfectly 
neutral before the introduction of living crabs, in the course of a 
short time became distinctly alkaline in character. This was 
found to be due to the decomposition of their effete nitrogenous j 
products, and the formation of c.irbonatc of ammonia, and j 
ultimately of carbonate of lime. i 

Ex, 4 and 5. Sea water was mixed with urine and kept at a 
temperature ranging from 60® to So'’ P". After a time the whole ! 
of the lime present in the sea-water was thrown down as j 
carbonate and phosphate. j 

Ex, 6 , A number of small crabs were placed in two litres of j 
ordinary sea- water, and were fed with mussel flesh. This water 
was not renewed, the effete matters from the crabs passing into 
it. After a few days the crabs died ; the water being then in a 
putrid condition was set aside at a temperature of from 70® to 
80® F., when it was found that practically the whole calcium in 
the sea-water had been thrown down as carbonate of lime. 

Ex 7. We obtained absolutely fresh ^Miquor” from a number 
of living oysters, and examined it before decomposition had 
begun. It^ppeared to be a mixture of lymph with unchanged 
sea-water. The specific gravity was I'oaj, indicatinj a con- 
siderable admixture of fresh or river water. This liquor con- 
tained 0*1889 grammes per litre of total lime in excess of that 
present in sea-water ot the same specific gravity, and its 
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alkalinity was equal to 0*2581 grammes per litre in excess of 
sea-water of the same specific gravity. 

Thus we had in this liquid an accumulation of total lime (in 
excess of that present in sea-water) amounting to 0*1889 grammes 
per litre, the greater part of which was in the form of carbonate 
in solution, presumably in an amorphous or hydrated condition. 
Apparently this is due to the^ direct secretion of carbonate of 
ammonia by the cells of the living animals, which, reacting on 
the sulphate of lime in the sea -water, is capable of throwing out 
nine-tenths of the soluble calcium salts present, in the insoluble 
condition of carbonate. The oyster liquor was found to contain 
saline ammoniacal salts in enormous excess over that which is 
present in ordinary sea-water. 

Ex, 8. A similar experiment was made with the liquor taken 
from living mussels. The results coincided with those obtained 
in Ex. 7. 

Theoretically urea plus two molecules of water will give 
carbonate of ammonia. If, therefore, this substance be a 
stage in the formation of urea, it is not unnatural to suppose 
that in shell-forming animals the shell-formation may take place 
at this stage without the formation of urea at all. In these 
experiments the usual method for the estimation of saline and 
albuminoid ammonia could not be followed, and we made use 
I of the following simple adaptation by which we obtained con- 
I cordant results. 

I Absolutely pure potash was added to a measured and care - 
! fully filtered portion of the sea-water under examination, and 
j the precipitate formed removed by filtration. The clear filtrate 
was then Nesslerizcd in the usual manner. We had thus an 
accurate means of determining between the actual ammoniacal 
salts and the albuminoid matter, both of which are, as a rule, 
present in sea-water according to the amount it carries of living 
and dead organisms. To satisfy ourselves that the addition of 
pure potash to a fluid containing albuminoids alone does not 
give rise (immediately) to the production of saline ammonia, we 
treated pure albumen taken from a newly laid egg in this 
manner, as also urea, without obtaining any trace of ammoniacal 
reaction. 

These experiments show the alteration in the constitution of 
the lime salts in sea-water, both by the decomposition of effete 
matters thrown into the sea by animals, as also by the secretion 
of carbonate of ammonia by the cell action of the animals. 

Sea-water collected among the coral atolls of the Louisiacle 
Archipelago, received from Captain Wharton, F.R.S., Hydro- 
grapher to the Admiralty, contained per million parts — 

Saline ammonia ... ... ... ... ... 0*48 

Albuminoid ammonia ... ... o*i8 

0*66 

whilst water collected by the Challenger in the North Atlantic 
(lat. 30® 20' N, long, 36^ 6' W.) contained — 

Saline ammonia ... ... ... ... ... 0*26 

Albuminoid ammonia ... ... o'i6 

0*42 

and water from the German Ocean near land contained — 

Saline ammonia ... ... ... ... ... 0*13 

Albuminoid ammonia 0*13 

o 26 

This is exactly what we were led to expect from the experi- 
ments enumerated — the greatest amount of saline ammonia 
being present where the greatest animal life activity existed, as 
in the waters from the coral sea ; and least in the German 
Ocean winter water where it was at its minimum. 

Thus the whole of the lime salts in sea-water may, under these 
circumstances, be changed into carbonate, and in this way may 
he presented to the coral and shell builders in the form suitable 
for their requirements. 

The temperature of the water is of great importance in this 
reaction. In cold water, of which the great bulk of the ocean 
consists, the decomposition of nitrogenous organic matter is 
retarded, whereas in tropical surface waters it proceeds with 
great rapidity. Thus coral-reef builders and pelagic organisms 
may not only benefit by the decomposition arising from their 
own effete matter, but also from the undecomposed nitrogenous 
matter carried to equatorial regions from the cold water of the 
deep sea, or from polar regions. 
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The^ quantity of carbonate of lime normally present in sea- 
water is exceedingly small ; and the opinion hitherto held seems 
to have been that lime-secreting organisms must pump enormous 
quantities of sea-water through their bodies in order to be able 
^ to separate out a sufficient quantity to form their shells and 
skeletons. 

Ilischoff, in his “Chemical and Physical Geology,” vol. i. 
p. 1 80, estimates that oysters in this way have to deal with an 
. amount of sea-water equal to from 30,000 to 7Sf000 times the 
weight of their shells. It seems more probable that the re- 
actions indicated by our experiments render the whole lime salts 
in sea- water available for coral polvps to build up their structures. 
In polyps, which unlike the higher animals have no true cir- 
culatory system, and where the animal is immersed in sea-water, 
it is hardly possible to account for the enormous secretion of 
carbonate of lime in the manner indicated by Hisclioff ; but if 
the conclusion we have arrived at be correct, and such animals, 
in place of secreting urea, secrete carbonate of ammonia, then 
we have a perfectly reasonable explanation of the phenomenon 
of coral formation. 

As a laboratory experiment, when carbonate of ammonia is 
added to sea-water, the greater proportion of the calcium in 
solution is after a time thrown down as carbonate of lime ; 
whilst the magnesium salts remain in solution. So that if the 
reaction above indicated be that which takes place in sea-water, 
then to this circumstance may be due the fact that carbonate of 
magnesia is almost wholly absent from coral reefs and deep sea 
calcareous formations. 

That the amount of nitrogenous organic matter in a state of 
suspension and solution must be enormous will appear evident 
when it is remembered that the floor of the ocean, almost 
throughout its whole extent, is covered with living animals ; 
that the surface of the sea and shallow waters off the coasts are 
crowded with plants and animals down to a depth of several 
hundred fathoms. (The Challenger experiments have shown 
that some species of animals flourish in the intermediate depths 
^ of ocean water from the surface to the bottom.) The waste 
products arising from the functional activity of these organisms, 
and the nitrogenous products arising from the decomposition of 
their dead bodies, must work continual changes on the internal 
constitution of sea- water salts, varying according to their amount, 
the temperature, the sunlight, and other conditions. It has been 
shown that ammoniacal salts are to be found everywhere in the 
ocean, but much more abundantly in warm tropical waters than 
in colder seas — a result no doubt due to the rapid decomposition 
of the nitrogenous organic matter present at a high temperature, 
and its retardation in colder water. The ammonia of the air, 
and all nitrogenous substances carried from the land to the sea, 
must also effect changes in the internal constitution of sea- 
water. Indeed, the peculiar pelagic fauna and flora met with 
in all regions of the ocean, where it is affected by river and 
coast waters, are as different in relation with the internal con- 
stitution of the sea- water salts as with the lower salinity which 
prevails in these circumstances. 

It is well known that organic substances in the presence of 
alkaline and earthy sulphates become oxidized at the expense of 
the oxygen of these salts, with the production of carbonic and 
hydrosulphuric acids, the latter on oxidizing producing sulphuric 
acid. The greater part of the organic carbon, which it has been 
pointed out is of enormous amount, must apparently be thus 
oxidized, producing an equivalent amount of carbonic and sul- 
phuric acids. The effects of this reaction are likely to be more 
marked in the deeper parts of the ocean, where the motion of the 
sea-water must be extremely slow,*and where consequently the 
effete products accumulate ; in this way the larger amount of 
. lime and carbonic acid aivi the less amount of oxygen in solution 
// in such waters is to be accounted for. Not only so, but the 
/ vtry existence of such a relatively large quantity of sulphate of lime 
in sea- water goes far to prove that this reaction must continually 
take place, seeing that sulphuric acid cannot exist in a Tree state 
in the presence or carbonate of liqne. Thus it is probable that 
the quantity of sulphate of lime in solution in the ocean is only 
limited by the amount of oigonic decomposition which takes place 
in its waters. On the other hand, if marine organisms procure the 
whole of their carbonate of lime from the sulphate of lime by the 
reaction of ammoniacal salts, then the amount of lime that may 
be secreted from ocean waters is likewise limited by the amount 
of organic matter undergoing this oxidation process in the ocean. 

Gmelin, in his “Chemistry,” vol, ii. p, 191, refers to this 
decomposition as follows « 
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“ In hot climates, as on the west coast of Africa, where the 
water of rivers charged with organic matter mixes with sea- 
water, hydrosulphuric acid, sometimes to the extent of 6 cubic 
inches to the gallon, is found in sea-water, even at a distance of 
27 miles from the mouth of the rivers.” 

This is also confirmed from samples of water which we have 
received, taken from the roadstead of Monte Video by the 
telegraph ship Seine. 

If now we turn our attention to the solution of dead carbonate 
of lime in shells and coral skeletons by^the action of sea-water, 
it will be found that the rate of this solution varies greatly 
according to the conditions in which these remains are exposed 
to the solvent power of the water. A large number of experi- 
ments have been conducted with the view of determining the 
solubility of carbonate of lime under its different conditions. It 
may be pointed out that the normal amount of carbonate of lime 
dissolved in sea- water is very small, strikingly so (0*1200 grammes 
per litre) when compared with the vast amount of this subs^nce 
continually being secreted from the sea by organisms. Sea-i^ter 
can, however, take up 0 6490 grammes per litre of carbonate of 
lime in an amorphous (or hydrated) condition, forming a clear 
supersaturated solution, but after a time not only the excess so 
added is thrown down, but also sometimes a portion of that nor- 
mally present in the water itself. It would thus appear that it 
is unable permanently to retain in solution more of this substance 
than is usually found present in sea-watcr. This peculiarity of 
sea-water, after taking up a large amount of amorphous car- 
borAte of lime, and throwing it out in a crystalline form, accounts 
for the filling up of the interstices of massive corals with crystal- 
line carbonate in coral islands and other calcareous formations, 
so that all trace may ultimately be lost of their original organic^ 
structure. These experiments show a great diversity as to the 
amount of carbonate of lime which will pass into solution in sea- 
water from various calcareous structures in a given time. As a 
rule, the more definitely crystalline the substance is, the less it is 
soluble. Calcspar is less soluble than massive varieties of coral, 
and these again less than the more porous varieties. We have 
already indicated that amorphous or hydrated carbonate of lime 
is (in that condition) much more soluble than any other form of 
the substance. The rate of solution is also much greater when 
the water is constantly renewed, than when the same water 
remains in contact with carbonate of lime. The water quickly 
becomes saturated and unable to exert further sc I vent action. 
In this connection we found that different samples of sea-water 
from different localities possessed very different solvent powers. 
Especially was this the case between summer and winter waters, 
the former having distinct solvent action on coral skeletons, 
whilst with the latter there was hardly any. The lower specific 
gravity of winter waters may be regarded as to some extent 
reducing their solvent power, but this is more probably to be 
attributed to the absence of free carbonic acid — that is, carbonic 
acid in excess of what is required to saturate the free base in the 
sea-water as normal carbonate. To test this point, carbonic 
acid w^as added to one of these winter waters (which had no 
solvent action on coral), the quantity added not being sufficient 
to destroy its alkaline character. It was found that in these 
circumstances an appreciable amount had been dissolved. 

This appears to indicate that there is more carbonic acid in 
summer than in winter waters in our latitudes, due probably to 
the increased activity of animal life. Mr. Buchanan^s observations 
on board the ChaUenger show that the carbonic acid present in 
sea- water, over and above that necessary to form normal carinate 
of lime, was subject to great variations. It appears that this is a 
mu^moreeffectiveMient in the removal of carbonate oflime shells, 
&c., than the solvent power of sea-water itself (although artificial 
sea- water quite free from carbonic acid dissolves carbonate oflime). 
Buchanan’s observations have also shown that carbonic acid as a 
rule is more abundant in bottom than in surface waters ; and 
Reid’s experiments show that carbonated sea- waters under bigh 
pressure take up more carbonate of lime than that at a normal 
atmospheric pressure. The fact that carbonic acid is more- 
abundant in deep waters is evidently connected with the rwpira- 
tion, and also the decay, of the animals which live and me on 
the ocean floor; and also with the decay of those which fall 
from the suiface. The water filling the deeper hollows has also 
in its passage to the equator passed over thousands of square 
miles of this floor covered with living animals, and as this water 
has a very slow motion, and is but slowly renewed, we would 
expect an accumulation of carbonic acid and deficiency of o^gen 
in these abysmal depths. When, therefore, carbonate of hme- 
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secretin^ animals die at the surface of the water and their bodies 
fall to the bottom^ the shell is exposed to solution from the 
action of the sea-water through which it passes, and it may be 
to that of carbonic acid produced by the decomposition of its 
own organic matter. If the shell be thin, as in the casd of 
Heteropods and Pteropods, it may be wholly removed before 
reaching the bottom, but the thicker shelled varieties tend to 
accumulate even in depths of 2000 fathoms, where they are soon 
covered up by other shells ; and being surrounded by sea-water 
already saturated with carbonate of lime, are preserved from 
solution, and form vast beds of calcareous ooze. It is found that 
the amount of carbonate of lime present in such ooze is greater 
or less according to the depth of water through which the shells 
pass from the surface to the bottom, and also to the slow re- 
newal of the water in contact with these great lime deposits. In 
the red clay area the carbonate of lime is almost entirely absent. 
The deeper waters which cover such areas are more active in the 
removal of carbonate of lime, not only because of the larger 
amocr.it of carbonic acid they contain, but doubtless to the 
deoxidation of alkaline sulphates by organic matter, which, we 
have already pointed out, gives rise to sulphuric acid, &c. At 
the same time account must be taken of the great pressure at 
such abysmal depths, and the fact that the substance of the shells 
being less compressible than sea- water, they would fall more 
slowly, and hence would be longer exposed to the action of the 
deeper layer of water than those near the surface. 

What calcareous remains do reach the ocean floor at such 
abysmal depths represent the hardest and crystalline varieties* of 
carbonate of lime which resist the solvent action of sea-water to 
the greatest extent. 

In this way we appear to have a perfectly rational explanation 
of the partial disappearance of carbonate of lime shells from the 
shallower depths, and their total disappearance from all the 
greater depths of the ocean. It is to be observed that all those 
shells in which a considerable quantitv of organic tissue is asso- 
ciated with the carbonate of lime disappear in solution more 
rapidly than the shells of the Foraminifera, which contain little 
organic matter. (During the whole of the ChalUn^^er cruise only 
two bones of fishes, other than the otoliths and the teeth, were 
dredged from the deposits, and all traces of the cetacean bones 
were removed, except the dense ear-bones and dense Ziphtoid 
beaks.) The remains of crustacean animals were almost wholly 
absent from deep-sea deposits, with the exception of Ostracode 
shells and the hard tips of some claws of crabs. 

Turning now to the lagoons and lagoon channels of coral 
islands, it is believed that large quantities of carbonate of lime 
are in the same way being dissolved from these shallow basins as 
well as from the deposits of the deep sea, but under somewhat 
different circumstances. In the case of a shell falling to the 
bottom of the sea, it is continually brought in contact with new 
layers of water, which has the same effect as if a continuous 
stream of water were passing over the shell. In the case of the 
lagoons this last is what takes place. The water which flows in 
and out of the lagoons twice in twenty-four hours passes over 
great beds of growing coral, and from all the observations we 
have is largely charged with carbonic acid, owing probably to 
the large number of living animals on the outer reef over which 
the water passes on its way to the lagoon. This water passes 
continually over the dead coral and sand of the lagoon, and takes 
up and removes large quantities of carbonate of lime in solution 
(as well as suspension), for in these lagoons the spaces covered 
by dead coral dibris alwajrs greatly exceed the patenes of growing 
coral. Owing to the fact that the water of the lagoon is con- 
tinually in motion, and constantly renewed, tl^ layer in contact 
with the bottom of coral sand can never b&ome saturated or 
unable to take up more lime, as is apparently the case in the 
layers of water in contact with the Globigerina ooze and other 
calcareous deep-water deposits. 

From the foregoing discussion and observations it is evident 
that a very large quantity of carbonate of lime is in a continual 
state of flux in the ocean ; now existing in the form of shells and 
corals, but after the death of the animals passing slowly into 
solution, to go again through the same cycle. 

On the 'whole, however, the quantity of carbonate of lime that 
is secreted by animals must exceed what is re -dissolved by the 
action of sea-water, and at the present time there is a vast 

« pcumulation of carbonate of lime going on in the ocean. It 
as teen the same in the past, for with a few insignificant ex- 
ceptions all the Carbonate of lime in the geological series of 
rocks has been secreted from ^ea-water, and owes its origin to 
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organisms in the same way as the carbon of the carboniferous 
formations ; the extent of these deposits appears to have in- 
creased from the earliest down to the present geological period. 

At the present time most of the carbonate of lime carried to 
the ocean by rivers has been directly derived from calcareous 
stratified rocks formed by organic agency in the sea in earlier 
geological ages, but the calcium in these formations was in the 
flrst instance derived from the decomposition of the lime-bearing 
silicates of the earth’s original crust, and this decomposition, 
which is still going on in the sea and on the land surfaces, is a 
continuous additional source of carbonate of lime. 

In considering the analyses showing the average composition 
of sea salts, one is struck with the relatively small quantity of 
those very substances which are extracted so largely from sea- 
water by plants and animals, viz. carbonate of lime and silica. 
Siliceous deposits are of vast extent, yet silica occurs merely in 
traces in sea-water ; carbonate of lime deposits are of vastly 
greater magnitude, yet carbonate of lime makes up only ^Jiyth 
part of the saline constituents of sea-water, and only uTiWh part 
of the whole bulk of sea-water. Sulphate of lime is ten times 
more abundant than the carbonate in sea-water ; on the other 
hand, the river water that is poured into the ocean contains 
about ten times as much carbonate as it does of sulphate of 
lime.^ 

The total amount of calcium in a cubic mile of sea-water is 
estimated from analyses to be 1,941,000 tons, and the total 
amount of calcium in the whole ocean is calculated^ at 
628,340,000,000,000 tons. The total amount of calcium in a 
cubic mile of river water is estimated at 141,917 tons, and the 
total amount of this element carried into the ocean from all the 
rivers of the globe annually is estimated at 925,866,500 tons. At 
this rate it would take 680,000 years for the river drainage from 
the land to carry down an amount of calcium equal to that at 
present existing in solution in the whole ocean. Again, taking 
the Chalhnger deposits as a guide, the amount of calcium in these 
deposits, if they be 22 feet thick, is equal to the total amount of 
calcium in solution in the whole ocean at the present time. It 
follows from this that if the salinity of the ocean has remained 
the same as at present during the whole of this period, then it 
has taken about 680,000 years for the deposits of the above thick- 
ness, or containing calcium in amount equal to that at present in 
solution in the ocean, to have accumulated on the floor of the 
ocean. From the data here furnished a number of other inte- 
resting speculations might be indulged in, relating to the amount 
of carbonic acid that has been abstracted from the atmosphere 
and fixed in carbonate of lime deposits ; the total amount of dis- 
integration of lime- bearing siliceous rocks measured in terms of 
the calcium at present existing in solution in water and fixed in 
calcareous deposits ; the relative proportions of ^bslanccs secreted 
from the ocean as compared with other materials derived from 
the direct disintegration of the land-forming deep-sea deposits ; 
and the apparent accumulation of carbonate of lime formations 
towards the equatorial regions of the globe. These various 
matters will, however, be discussed in another place. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — The event of the week has teen the achieve- 
ment of Miss Philippa Garrett Fawcett, of Newnham College, 
who, in Part I. of the Mathematical Tripos, is declared to be 

above the Senior Wrangler,'’ Mr. Bennett, of St. JohnV. 

Mr. Sedley Taylor, the delegate from Cambridge to the 
Sexcentenary Festival of the Montpellier Universit)r, in a letter to 
the Vice-Chancellor on the subject of his; mission, writes: — 
•• We had the great satisfaction of seeing Prof, von Helm^ 
holts, Delegate of the University of Berlin, publicly received 
with much cordiality, and of learning that, on account of his 
optical researches, which have given such a beneficent impulse to 
modem ophthalmology, he was subsequently made the object of 
a special ovation by the Medical Faculty for which the Uni- 
versity of Montpcfllier has long been famous.” 

Dr. Butler, Master of Trinity College, was on June 2 again 
elected to the office of Vice-Chancellor for the ensuing academical 
year. 

The John Luces Walker Reieerch Studentship in Pathology 
is vacant by the retignaUpnVbf Dr. William llunter, of St. 
John’s College, recently elected to a Research Scholarship in 

* Murray, “ Total Rainfall-of the Globe,*' Scot. Ge^gr. Mag, 1887. 
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Sanitary Science by the Grocers* Company. The election will 
take place about August 26. Candidates are requested to apply 
to Prof. Roy, 2 Wollaston Road, Cambridge, for information. 
The Studentship is of the annual value of ;^2oo, or of such 
larger sum, not exceeding ;^3oo, as the managers shall from time 
, to time determine ; and is tenable for three years. The Student 
is required to devote himself during the tenure of the Studentship 
to original pathological research. Dr. Hunter’s tenure has 
been marked by his elaborate and valuable researches on i^er- 
^ nicious aucemia. 

The Professor of Mineralogy (Prof. Lewis) proposes to give a 
course of elementary lectures on crystallography in the long 
vacation, beginning on Tuesday, July 8, at 9 a.m. There will 
also be a practical course on crystallography given by the 
Demonstrator, beginning on the same day. Fees for lectures 
ij. ; for demonstrations £2 2s, 

The Special Board for Biology and Geology have nominated 
Miss L. Ackroyd (Newnham College) to occupy the University 
table at the Laboratory of the Marine Biological Association for 
one month during the year 1890. 

The Mechanical 'Workshops Enquiry Syndicate were on 
Thursday, June 5, empowered by a large majority of the Senate 
to inquire into the conditions and expense of establishing a 
dehnite school of engineering in the University. 

The number of persons matriculated during the current aca- 
demical year was on May 29 brought up to 1027, the largest 
number on record. 

At a meeting of the Couneil of the Cambridge Philosophical 
Society on Monday, June 2, it was decided, in accordance with 
the Reports of the adjudicators. Sir W. Thomson, Lord Rayleigh, 
and Prof. G. II. Darwin, to award the Hopkins Prize for the 
period 1883-85 to W. M. Hicks, F.R.S., for his memoir upon 
the “Theory of Vortex Rings (Phil. Trans., 1885) and for his 
earlier memoirs upon related subjects ; also to award the 
Hopkins Prize for the period 1886*88 to Horace Lamb, 
F.R. S., for his paper on “Ellipsoidal Current Sheets” (Phil, 
"frans., 1887) and for his numerous othei papers on mathematical 
physics. 

Prof, J. J, Thomson announces that a course of demonstra- 
tions in practical physics, suitable for students who intend taking 
the Natural Sciences Tripos after passing Part I. of the Mathe- 
matical Tripos, will be given during the Long Vacation in the 
Cavendish Laboratory on Mondays, Wednesdays, and Fridays, 
at 10 a.m., commencing July 9. Students wishing to attend 
the course are requested to send in their names to Prof. Thomson 
before the end of the term. 

The Observatory Syndicate publish in the Reporter (June 10, 
1890) their record of proceedings for May 27, 1S89, to May 26, 
1890. The astronomical work of observation and reduction has 
been steadily carrried out, and the report is not marked by any 
eventful feature. 

Dr. D. MacAlistcr and Prof. Roy have been appointed to 
represent the University at the Tenth International Medical 
Congress at Berlin. 

The General Board of Studies, with a view to recruiting the 
finances of the University, especially in the scientific depart- 
ments, propose to raise the examination and other fees payable 
by students. As a commencement they propose that the aggre- 
gate fees to be j^aid for the six M. B. examinations be raised from 
eight guineas to twelve. 

SOCIETIES AND ACADEMIES. 

London. 

Royal Society, Junes. — “Account of Recent Pendulum 
(Jperations for determining the Relative Force of Gravity at the 
Kew and Greenwich Observatories.” By General Walker, 

► C.B., F.R.S., LL.D. * 

It is well known that a series of pendulum observations was 
carried on in India, during the years 1865 to 1873, with two in- 
variable pendulums, the proi^rty of the Royal Society. The 
Observatory of the Royal Society at Kew was chosen as the base 
station of the operations, and the pendulums were swung there 
before being sent out to India, and again on their return from 
India. With a view to connectin||[ the observations with those 
} which had already been taken With other pendulums in other 
parts of the world, it was intended, on the return of the pendu- 
lums from India, to swing them at the Royal Observatory at 
Greenwich, which was a well-established pendulum station, ob- 
served at by General Sir Edward Sabine, the Russian Admiral 
Liltke, and others. But w’hen the time arrived for making the 


observations at the Greenwich Observatory, such extensive pre- 
parations were being made there for the equipment of expeditions 
for the observation of the approaching transit of Venus that no 
room was available for the pendulum operations. It was, there 
fore, decided to make the connection with Kew by swinging at 
Ke^ Kater’s convertible pendulum, for determining the absolute 
length of the seconds’ pendulum, which bad been swun^ 40 years* 
previously at Greenwich by General Sabine. This being done, 
the length of the seconds* pendulum at Kew was found to be 
0*0027 of an inch greater than the length which had been pre- 
viously determined at Greenwich, and consequently that the 
daily vibration number was three vibrations greater at Kew than 
at Greenwich. The difference, however, was far too large to be 
admissible, as the Observatories are nearly in the same latitude, 
and differ very slightly in height. 

In 1881, Colonel Herschel, R.E., was deputed by the Secre- 
tary of State for India to take pendulum observations at the 
two Observatories, and at the old pendulum station in i.ondon, 
and also at some stations in America, with a view to improving 
and strengthening the connection between the observations in 
India and those in other parts of the world. On completing his 
work in America, he handed over the three pendulums which he 
had employed to officers of the United States Coast and Geodetic 
Survey, by whom they were taken round the world, and swung 
at Auckland, Sydney, Singapore, Tokio, San Francisco, and' 
finally at Colonel Herschel’s terminal station at Washington. 

But when the observations came to be finally reduced, it was 
found that the difference between Colonel Herschei’s results at 
Ke'i^ and Greenwich, as shown independently by the three 
pendulums, had an extreme range of about seven vilirations in 
the daily vibration number. The cause of these differences was 
mysterious and inexplicable, and there was no alternative but to.^ 
swing the pendulums a second time at the two Observatories. 

I he revisionary work was undertaken by the Observatory staff 
at each place, in such intervals of leisure as they could obtain 
from their regular operations. The final results, by the three 
pendulums, make the vibration number at Kew in excess of that 
at Greenwich by 1*56, 1*50, and 0*59, giving an average excess 
of 1*22. 

The correction to this quantity for the excess of height of the 
Greenwich over the Kew Observatory is - 0*58. Thus, the 
revisionary operations, reduced to the mean sea-level, make the 
excess of Kew over Greenwich = 0*64 of a vibration, which 
may be accepted as very fairly probable. 

Royal Microscopical Society, May 21. — Mr. James 
Glaisher, F.R.S., Vice-President, in the chair. — Mr. Mayall 
referred to the donation, by the Messrs. Trainini Bros., opticians 
of Brescia, of an early form of achromatic microscope objective, 
constructed by the late Bernardini Marzoli, Curator of the 
Physical Laboratory of the Lyceum of Brescia. The objective 
was a cemented combination, and was described and figured in the 
“Commentari della Accademia di Scienze” of Brescia in 1808. 
This and other works and documents in proof of its authenticity 
were exhibited. — Mr. Mayall exhibited on behalf of Mr. P. 
Vallance an eye-piece similar to that shown at the previous 
meeting by Mr. Goodwin. It was one of two constructed by 
Mr. Murrell nearly forty years ago, and was provided with a 
screw which enabled the compound eye lens to be adjusted with 
reference to the field lens through a space of nearly ^ inch. 
— Mr. E. M. Nelson read a paper on micrometers, in the course 
of which he described a new micrometer made for him by Messrs. 
Powell and Lealand. The subject was illustrated by a drawing 
upon the board, and the micrometer attached to a microscope 
and lamp was handed round. — Mr. Thomas Comber's paper 
on a simple form o&heliostat, and its application to photomicro- 
graphy, was read. Apart from the question of the extreme 
simplicity of the heliostat, which was mainly due to limiting the 
cflcction of the mirror to the polar direction and deflecting the 
pencil in the horizontal direction in the axis of the microscope,, 
by means of a fixed mirror placed at half the angle of the 
latitude above the heliostat mirror, Mr. Comber had rendered 
important service to photomicrography by showing how the 
heliostat might be placed close to the microscope so that the 
error due to slight inaccuracy of the adjustment of the .heliostat 
might escape the optical leverage which took place when the 
reflected beam was made to travel through a considerable spice. 

Paris. 

Academy of Sciences, June 2.— M. Hemiite in ihe chair. 

— On the application of a double plane mirror to the precise 
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measurement of stellar distances, by MM. Loewy and Puiseux* 
In previous communications the authors have developed^ the 
theory of the optical system formed by a double plane mirror 
cut out of a single block of glass in the form of a prism, and 
placed in front of the object-glass of an equatorial. The pro^r- 
ties of the apparatus are now demonstrated, and a practical 
method of observation deduced. — On the reduction of sulphates of 
the alkalies hj^drogen and by carbon, by M. Berthelot. — ^The 
author discusses in detail the mechanism of the reactions taking 
place in these reductions, with especial reference to the condi- 
tions obtaining during the process of manufacturing sodium 
carbonate. The equatidn K.SO4 + 4H, = K,S -»• 4H,0 ex- 
presses approximate^ the final state of the system, but does not 
at all represent the course of the reaction, which is probably as 
follows ; — 

(i)K,S 04 + 4Ha = KHS + KOH + 3H,0; 
the KHS then decomposes. 

(2) 2KHS = K,S -I- H,S, 
and the H,S reacts with the KOH. 

(3) KOH -h H,S = KHS + H,0. 

Equations (1) and (3) represent exothermic reactions, (2) is 
the expression of an endothermic dissociation which takes place 
at the temperature of reduction. In addition to the above an 
exothermic reaction takes place between the alkaline sulphide 
and water vapour, thus — 


be 192*75 (H ss i) ; Seubert’s va^e is Ir = 192*744. — On the 
oxides of mai^anese obtained in 'the we^ way ; second part — 
manganous acid, by M. A. Gorgeu. — On some new double 
iodidM of bismuth and potassium, by M. Ch. Astre. There are 
now five of these double iodides known — ^namely, (Bil.i., KI ; 
(Bil,)» aKI, 2H,0 ; (Bil,)„ 3KI, 2H,0 ; (BiQ^ 4KI ; and 
(Bil,)^ 6KI ; of which the three latter are new, and form the 
subject of the present paper. — On soda-alum, by M. £. Auge. 
The properties of this body are incorrectly described in text- 
books. The author contrasts the observed properties with the 
properties attributed to the compound by most authors. — The 
bouquet of ferinented drinks, by M. Georges Jacquemin. — New 
researches on the origin of omphalocephalic monsters, and on 
the primitive duality of the heart in the embryos of Vertebrata, 
by M. Dareste. — On the arrangement of the collections of molluscs 
at the Natural History Museum, by M. Edmond Perrier. — On 
the development of blastodermic layers in Gi^yriea tubicola 
(Phoronis Sabatteri, nov. sp.), by M. Louis Koule. — On the 
androgynous castration of tne Muscari comosum. Mill. , by the 
Ustilago Vaillantiiy Tul., and some remarkable phenomena 
accompanying the parasitic castration of the Euphorbia, by M. 
Ant. Magnin. — On the seleolithic syenite of Montreal, and on 
the endomorphous and exomorphous contact modifications of this 
rock, by M. A. Lacroix. — Action of soluble substances pro- 
duced by microbes on inflammation, by MM. Charrin and 
Gamaleia. 


(4) KjS + HjO = KHS + KHO. ^ 

The reduction by hydrogen takes place at a comparatively low 
temperature. With respect to the action of carbon upon the 
/ilkaline sulphates, it is shown that solid carbon even at a very 
bright temperature fails to react with the sulphate, but that car- 
bonic oxide at a bright red heat reduces the salt according to the 
equation — 

(5) K2SO4 + 4CO = K,S + 4COj, 

the reaction being markedly exothermic. — Note by M. Blandiard 
accompanying the presentation of a work on the “ Actions of 
the Products secreted by Pathogenous Microbes." — On the 
fossil Hippopotami of Algeria, by M. A. Pomel.^ The genus 
Hippopotamus has been represented in Algeria at diflerent times 
during the Quaternary period, and the author describes the 
order in which the types succeeded each other. Of four species, 
two are said to be certainly special, and probably also a third, 
whilst the last is almost unknown. — Observations of Brooks’s 
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comet (a 1890) made with the Brunner equatorial at Toulouse 
Observatory, by M. E. Cosserat. Observations of the posi- 
tion of the comet, extending from April 28 to May 14, are 
given. — On the curve representing diffraction phenomena, 
by M. Ernest Cesaro. — On the characteristic equation of nitro- 
gen, by M. Ch. Antoine. Some experiments by M. Amagat 
on the compression of nitrogen between 39*5 and 421*1 atmo- 
spheres are used to calculate the value of ^ : , where / is 

the pressure, and v the volume of a gas. Taking D = 2*830 
-h 0*00191/^***, which, however, can only be taken as a first 
approximation, the mean value found is 3*10. — On the ballistic 
electrometer, by M. Gouy. — The month of May 1890 at the Ob- 
servatory of the Parc de Saint-Maur ; the cold of June I, by 
M. E. Renou. The month of May was remarkable for low mean 
pressure, viz. 753 mm. at an altitude of 49*38 m. The mean 
temperature was 14^*0, or 0^*7 above the average of other years. 
On June i the minimum thermometer 2 metres above the ground 
registered 2® *7, and the ground thermometer registered 3’*3 
below zero at sunset. — On the determination of the molecular 
weight at the critical point, by M. Philippe A. Guye. M being 
the molecular weight of any l^y, the critical coefficient (the 
relation of the absolute critical temperature to the critical pres- 
sure), and R the specific refractive power, given by the formula 

of Lorentz and Lorenz, we have M = i *8 . The author 

shows the agreement of the results obtained by calculation 
with those experimentally determined, and claims that his 
method shonld rank with the vapour-density and cryosco- 
pic methods of determining moiecular weights. — On the 
chloro-salts of iridium, and the atomic weight of this element, 
by M. A. Joly. The double chlorides of iridium and potas- 
eiom and iridium and emmoniqm are described, and from the 
remits of their analyses the ntomic weight of Ir is found to 
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BRITISH AND ORIENTAL CICADIDM. 

Monograph of the British Cicadce^ or Tettigidce. By 
G. B. Buckton, F.R.S. Illustrated by more than Four 
Hundred Coloured Drawings. (London: Macmillan 
and Co., 1890.) 

A Monosiraph of Oriental Cicadidcc. By W. L. Distant. 
(Calcutta : Indian Museum. London : H. S. King and 
Co. 1890.) 

T he insects forming the family of the Cicadidae of 
Westwood are among the largest of the Homoptera, 
and by far the largest number of the known species are to 
be met with in the warm regions of the world. Some fifty 
years ago but one species of this family seems to have 
been recorded from Great Britain — it was found in the 
New Forest, and figured by Curtis as Cicada anglica. 
Curtis thought it did not sing, because a specimen kept in 
confinement by Mr. Dale for two or three days was mute. 
Kirby and Spence, however, were informed that it was 
very noisy, and, adds Prof. Westwood, “analogy would lead 
to the belief that it does sing, the drums of C. orni not 
being comparatively larger.” Weaver found the pupa-c tsc 
of this insect attached by the legs to the stem of a fern. 

Great have been the changes within the last half- 
century, during which all the above-mentioned well- 
known names, but that of the respected Professor of 
Zoology at Oxford, have been numbered among those of 
the dead ; and now the number of the species of the 
“ British Cicadse ” — using this word, however, in a wider 
sense — is about 230. Mr. G. B. Buckton, F.R.S., so 
well known for his excellent monograph of the British 
Aphidae, has published the first two parts of an illus- 
trated monograph of our native “ froghoppers and 
grassflies.” 

Although not of large size, like their tropical brethren, 
our native species are of great interest, and as to this 
date there has been no serious attempt to publish an 
adequately illustrated history of even the European forms, 
the appearance of this monograph is all the more wel- 
come, and its publication will, no doubt, very greatly 
facilitate the study of these insects. 

It is proposed that this monograph shall be published 
in eight quarterly parts, and these will be illustrated by 
about eighty coloured plates. Part i was issued in 
January, and Part 2 in April of this year. 

The monograph opens w^th an introduction, in which 
the author tells us that he proposes to treat his subject 
under the following heads : Etymology, and the ancient 
notices of the Cicada or Tetix ; classical allusions and 
poetic myths relating to them ; a biographical sketch of 
the writings and investigations of authors who have con- 
sidered the subject ; a terminology and description of the 
parts available for classification ; general remarks as to 
their life-history, reproduction, &c. ; diagnosis of species, 
accompanied by coloured representations of the British 
species of these insects ; notes on variation and distribu- 
tion ; remarks as to thS probable antiquity of the group, 
as shown by their remains in the rocks, amber, ond fossil 
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I resins ; and, in addition to all this, in an appendix, there 
' is to be a bibliographical list of the chief modern authors 
who have studied the Cicadae ; and a short list of an- 
cient and modern quotations, for reference and for use by 
the curious. Certainly, we have here the programme of 
a very large and entertaining volume. 

We would suggest that Mr. Buckton should not limit 
his bibliographical list to the “ chief authors who have 
studied the group,” but that he should, if even at the cost 
of cutting out some of the folk-lore, make this list a com- 
plete one. Indeed, if we are to judge of the promise by 
the present performance, it would perhaps be wiser for 
the author to dwell more on the descriptive and biblio- 
graphical portions of his work, than on those appertain- 
ing to the literature thereof, for no small research, of a 
peculiarly special character, would be necessary before one 
could successfully write the history of the ancient notices of 
the Cicadas, recall all the classical allusions that have been 
made to them, or even give an account of the early scien- 
tific writings about them. We agree with the author, that 
“ the ordinary scope of a monograph is the description of 
jfthe forms, life-history, distribution, &c., of the species 
contained in it,” and hence we regret that he should have 
added so much to his labours by venturing, in this volume, 
on other fields of research, with which there seems tc^be 
some proof that he has not been so familiar. Thus, on 
p. iii. of the introduction we read that “ the first English 
author who wrote on the Cicada was Dr. Thomas Moufat, 
or Mouffet, an English physician, who flourished in the 
reign of James 1 . In 1634 he wrote, in folio, a curious 
Latin treatise on zoology, having for its title, * Insectorum 
sive minimorum Animalium Theatrum.’” On p. wt. we 
find a short account of this book, which is said to be 
“ somewhat rare ” ; it is therefore reasonable to conclude 
that Moufet’s volume was in our author’s hands, but, if 
so, he could never have read over the dedicatory epistle, 
from which he, however, quotes, with any care. If we 
are able to judge by his spelling of Moufet’s name, even 
the title-page was not carefully examined. A glance at 
Hagen’s “ Bibliotheca Entomologica,” or at Burmeister’s 
“ Manual of Entomology,” would have guarded the 
author from a great many mistakes. 

Moufet was a physician living in London ; he was born 
in 1550, and, according to Burmeister, he died in 1604. 
From the little known of him, it does not appear that he 
was an entomologist. His little volume, “ N osomantica,” 
treating of the prognosis of disease, was published in 
1588, and he died “in poverty.” Conrad Gesner had 
laboured hard to complete his “ Historia Animalium ” by 
a history of insects, based on Wotton, but he died before 
he had madeenuch progress with it. Pennius took up the 
subject, worked at it for 15 years, and then too died, 
leaving many drawings and fragments of descriptions .in 
manuscript ; whereupon Moufet tells us he arranged 
these descriptions in order, added to them the light of 
oratory which Pennius wanted, and so constructed” 
the history referred to. Bom during the reign of Mary, 
Moufet flourished in the days of Elizabeth, and died at 
or about the time King James ascended the throi^e. In 
1634, when the work of Wotton (of Oxford), Gesner, and 
Pennius first saw the light, as “wove together” by 
Moufet, Charles I. was on the English throne ; and, as 
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can be read in the “ Epistola," not of Moufet, but of Sir 
Theodore de Mayerne, in which he dedicates the work 
to the illustrious Sir William Paddy, Moufet constructed 
the “ History ” hoping to acquire fame by dedicating his 
compilation to the Virgin Queen ; but she, as Hume 
notes, was no great lover of literary or scientific men, and 
the dedication appears not to have been accepted, and 
shortly after her death Moufet also died. “ Great poverty 
at home ” then delayed Ihc publication, so the book lay 
for a long time in obscurity, until it was offered to Sir T. 
de Mayeme by Moufet’s apothecary, Damello. It lay 
even then in de Mayerne’s library for a long time, sub- 
ject to the attacks of moths and cockroaches,” and that 
through no fault of his, “but the printers demanded 
too nvjch money.” In the month of May 1634, dedi- 
cated to no sovereign, but to the “ever illustrious 
Paddy,” and having been approved of by “Guliel. 
Bray, of Lambeth Palace,” it was published in London 
by Hope. 

Remembering who wrote the “ Epistola,” it is funny to 
find Mr. Buckton writing, “ Moufat was a true naturalist, 
and well loved the subject of which he treated. In hi* 
Epistola he dilates on the pleasure, &c., felt by the 
operator, &c.” Instead of Moufet one should read Th. 

I de* Mayerne, and the operator was William Paddy, and 
whoever may have been the Frenchman referred to in 
this same paragraph, assuredly it was not Rdaumur, for 
he was not born until half a century after the publication 
of Moufet’s work. Perhaps enough in the way of criti- 
cism has been written about this subject, but it seems 
right to call attention to the numerous errors of transla- 
tion from Moufet’s Latin text, which errors are the more 
to be deplored as the translation given in the Rev. Edw. 
Topsel’s “ History of Animals,” published in 1658, is 
fairly accurate, and could have been easily referred to. 
In referring to the text where Moufet writes about 
the song of the Cicadse, Mr. Buckton deplores (p. xii.) its 
want of clearness, and even ventures to emend it, but 
Moufet’s text is not correctly quoted, and in the transla- 
tion the whole sense of the original is quite lost. Moufet, 
no doubt, omitted the word XaXurrepat' from his quotation, 
but the words cited by Athenaeus mean, “ I have never 
seen one more loquacious, no, neither a Cercopia, nor 
a jay, nor a nightingale, nor a Tettiga, nor a turtle- 
dove.” 

Moufet may or may not have been disgusted with the 
luxury of his day, and possibly partook of the Puritanic 
spirit of the age (p. xxi.), but he could not have intended 
that the word “ magistrae ” should have been translated i 
(even with a ?) as mistresses”: the whole of the trans-, 
lation here is indeed curious ; the “ healtlf-giving diet of 
one’s forefathers,” is interpreted to mean the “health- 
giving tables of the better sort ” 1 

Leaving this portion of the subject, we pass on to briefly 
notice the diagnoses of the species and the coloured 
plates. We trust that we are not hypercritical if we 
suggest that the student should have had some clue to 
the classification adopted in this portion of the work ; 
such may be given in the introduction, but, if so, we 
presume it will have to explain the sequence of the 
species and genera in the text, which surely ought to 
have explained itself. Thus, under the beading, B'ritish 
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Cicadse, comes the genus Cicadetta, and this is followed 
by “ II. Membracidae, St&l.,” with two genera, Centrotus 
and Gargara, after which we find “ Fulgorinae, Sthl.,”' 
with III. Tettigometridae, IV. Issidae, and V. Cixiidae ; 
but the next group, the Delphacidae, is not numbered, so 
there is no help given one from the name-endings, or the 
numerals, or, we may add, the typography, as to what 
Mr. Buckton regards as a family, or a sub-family, nor 
can we be quite sure always even of the names that he 
would adopt for the forms described, as, for example, the 
species given on pp. 28 and 29. 

We have thus pointed out a few of the blemishes that 
to some slight extent mar the early pages of this important 
and interesting work, and the literary student could easily 
point out many more in the already published pages ot 
the introductory chapter, still this part is of but secondary 
value to the entomologist, and a little more attention to 
the part containing the diagnoses of the genera and 
species, and the recording the habitats of all the British 
forms, are points that can be easily attended to in the 
future parts. Of 41 species of the genus Liburnia re- 
corded as British, twenty-seven have no British habitat 
quoted, unless, indeed, in some few cases, such phrases 
as “ common on marshy lands,” “uncommon in England,” 
and “ from Mr. Douglas’s collection,” are to be regarded 
as such. 

The figures arc drawn on stone by the author : those 
of the perfect insects enlarged are very characteristic and 
pretty, those of the anatomical details would be improved 
by a little more distinctness in their outlines. 

While the British Cicadse are thus being monographed 
by Mr. Buckton, those of the Orient are being mono- 
graphed by Mr. W. L. Distant, the first two parts of a 
“Monograph of Oriental Cicadido:” having been published 
by order of the trustees of the Indian Museum, Calcutta. 
Part 1 . is dated July 1889, and Part II. December 1889. 
They are in large quarto, each containing twenty- four 
pages and two plates. We have no words but those of 
praise for this splendid work, which the trustees of the 
Indian Museum are to be warmly congratulated on pub- 
lishing. Mr. Distant leaves us in no doubt as to the forms 
of which he treats : they belong to the sub-order of the 
Homoptera, and to the family of the Cicadidae ; for this 
family he adopts two divisions — the sub-families Cicadinse 
and the Tibiceninae— while the diagnoses of the genera 
and the species leave nothing to be desired. The typo- 
graphy is excellent. A word of commendation is also 
due to Mr. Horace Knight, to whom the drawing of the 
figures from nature has been intrusted ; one figure on 
each plate of a species of each genus is represented in 
colours. 

Mr. Distant proposes in this work to fully describe and 
figure all the species known from continental India and 
Ceylon, the islands In the Bay of Bengal, in Burma, 
Tenasserim, the Malay Peninsula, the length and breadth 
of the Malayan Archipelago, including, but extending 
eastward of. New Guinea ; and, lastly, Eastern Asia, in- 
cluding China and Japan. Thus this monograph will 
include all the Oriental qfiecies. We ithtst the author may 
bring this work, so ausffloiotisly commenced, to a success- 
ful issue. ■ ■ 
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MACHINE DESIGN. 

'The Elements of Machine Design. By Prof. W. Cawthorne 
Unwin, F.R,S. (London and New York : Longmans, 
Green, and Co., 1890.) 

r HIS is the eleventh edition of an excellent and 
most useful book for engineers and students in 
the engineering departments in our technical colleges. 
Prof Unwin is so well known in the profession 
that any work of his is sure to receive full attention 
and careful study ; for even in the present day one un- 
fortunately often sees machinery and engineers’ tools, 
the design and construction of -which give us cause to 
wonder how they manage to work at all. The author is one 
of those Professors whose books are eagerly sought after 
by practical men for guidance. To say this is to say very 
much indeed, for engineers have to make their machines 
“ pay ” and creditable to themselves ; a bad machine tool 
in a shop is very soon found out by the repairs it requires, 
and the quality of the work it can produce. 

In this, the new edition of the work, the author has 
found it necessary to divide the book into two parts, the 
first of which is now before us. It deals principally with 
the general principles of design, fastenings, and trans- 
missive machinery. 

The author, well knowing the conditions of every-day 
■work in the drawing office and shops, has, we are glad to 
observe, used throughout the standard English units of 
weight and length. Another .good point is that the 
mathematics used in the calculations are well within the 
range of the average engineer ; at the same time accuracy 
is obtained in the results, although useless refinements 
are omitted. 

In the chapters on rivetted joints, and the one on 
journals and the friction of the same in their bearings, 
the experimental results obtained from experiments in- 
augurated by the Institution of Mechanical Engineers 
are fully described and the results tabulated ; and they 
are embodied in the chapters in many useful forms 
suitable for the guidance of engineers. Under the head- 
ing of rivetted joints, it may be interesting to observe 
that the question of punching versus drilling steel or iron 
plates has solved itself in, at any rate, one first class 
bridge works in the north, and in this particular works 
the invariable practice is to drill all the holes throughout 
the bridge work because it is cheaper, with suitable 
machinery, to do so. On p. 97 the author does 
not say whether his remarks apply to boilers as well 
as other constructions, but to punch an iron boiler-plate 
is considered bad practice^ and a punched steel plate, 
even if it is annealed afterwards, certainly comes under 
the same head. • 

In most of the locomotive works in this country 
the boilers are drilled, finally, after all the plates are 
in position, the barrel being fitted to the fire-box casing 
after each portion has been drilled; and certainly no 
good locomotive builder would use a punched steel plate 
in a boiler, even after annealing. One eminent locomotive 
superintendent, we believe, uses punched steel boiler shell 
plates ; this is probably the only exception in this country, 
and is generally considered risky and not sound practice. 
On p. 140 the ssrstem of applying the direct stays to the 
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crown of locomotive fire-boxes might have been added 
and illustrated with advantage. 

The illustrations are particularly good, and all represent 
good practice. The thanks of engineers are due to 
Prof. Unwin for placing within their reach a volume 
in which theory and practice are judiciously treated to 
their great advantage. N. J. L. 


OUR BOOK SHELF. 

Investigation of the Fur-Seal and other Fisheries of 
Alaska. Report from the Committee on Merchant 
Marine and Fisheries of the House of Representatives. 
(Washington : Government Printing Office, 1889.) 

The fisheries of Alaska are among the great questions 
of the day, and those of our legislators who wish to take 
part in the inevitable debate on the subject will do well 
to possess themselves of the present volume, and digest 
the large amount of information that it contains. As is 
well known, the fur-seal fisheries of the Northern Pacific, 
which supply the ladies’ jackets so much prized in Europe, 
are rented by the Alaska Commercial Company, and 
'produce a considerable revenue to the United States. It 
is therefore a standing grievance among our American 
friends, that, as shown by the testimony collected in the 
present Report, the number of seals on the Prybilog’ 
Islands, whence the principal supply is derived, ‘*has 
materially diminished during the last two or three 
years.” This is attributed to the fact that a large num- 
ber of British vessels, manned by expert Indian seal- 
hunters,” have frequented Bering’s Sea, and destroyed 
** hundreds of thousands of fur-seals.” It is shown that, 
of the seals thus killed on the ocean, not more than one in 
seven is secured, because a wounded seal sinks so quickly. 
Thus, for every thousand seal-skins realized by the British 
sealing-vessels, some seven thousand seals are killed. 
Now, during the three years 1886-88, it appears that the 
I number of what the Americans call illicit skins ” secured 
by the British traders was over 97,000, so that, if these 
calculations are correct, it follows that nearly three- 
quarters of a million of fur-seals were destroyed by British 
vessels during that period. American citizens, we are 
told, ** have respected the law, and have made no attempt 
to take the seals.” 

While we fully sympathize with the Americans in their 
view that the fur-seal is a most useful animal, and deserves 
protection by special legislation, it seems to be doubtful 
whether they have any right, in their praiseworthy efforts 
in this direction, to turn a large tract of the Northern 
Pacific into a mare clausum f without obtaining ^e 
consent of other nations. But the arguments by which 
they justify this somewhat strong proceeding are fully set 
forth in the present volume, and deserve special study. 
We may also commend Mr. Dunn’s Report as containing 
a large amount of information on the history and habits 
of Callorhinui ursinus^ and some excellently drawn illus- 
trations of wfiat the Americans consider to be the only 
legitimate method of obtaining this animal’s skin. 

Fond Life: Algce and Allied Forms. By T. Spencer 
Smithson. (l.ondon : Swan Sonnenschein and Co., 
1890.) 

**The Young Collector” series, to which this hand-book 
belongs, deals generally with classes of objects which can 
be permanently preserved. The present voluihe describes 

} )lants which, as the author says, “ are not w^U adapted 
or preservation.” His task, therefore, has been to give 
an account of the structure and habits of these plants, 
and to explain how they may be procured in the best 
form for ooservation. He begins with information about 
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the apparatus recjuired, then treats of the Algae as a 
class, and the main divisions into which they have been 
separated by botanists, and in most of the remaining part 
of the book describes species, “ choosing as types of each 
genus such species as are most likely to be met with, and 
leaving out those which are either rare or possess few 
points of interest for the beginner.” Mr. Smithson him- 
self points out that the volume leaves much to be sought 
elsewhere ; but, if used intelligently, it will do sound work 
by preparing the way for jvider study. 

Rambles and Reveries of a Naturalist. By the Rev. 

William Spiers, M.A., F.G.S., &c. (London : Charles 

H. Kelly, 1890.) 

Mr. Spier-S does not profess to give in this little book a 
full account of any one of the subjects with which he 
deals. His aim has been “ to awaken or to stimulate a 
love for*'Nature in the minds of some who may not as 
yet have suspected what wondrous and ever-varying 
beauty lies everywhere about us, in ditch and pond, in 
rock and stone, in river and sea, on earth and in the 
skies.” With this end in view, he describes, in a series 
of short sketches, various phenomena which he himself 
has had opportunities of observing ; and he does his 
work so well that to a good many readers his book may 
be of considerable service. There is nothing new orf 
brilliant in Mr. Spiers’s descriptions ; but they are fresh 
and clear, and display not only a genuine love for Nature, 
)>ut»a capacity for appreciating the scientific significance 
of many different orders of facts. Besides other essays, 
the volume includes papers on seaweeds, rambles in 
Cornwall, a visit to the Channel Tunnel, St. Hilda’s 
snake stones, tiny rock-builders, and an evening at the 
microscope. 

Sketches of British Sporting Fishes. By John Watson. 

(London : Chapman and Hall, 1890.) 

A PREFATORY note to the “ Sketches ” tells us that “ the 
subject-matter has, for the most part, been gleaned 
directly from the waterside, and should be looked upon 
more as the notes of a naturalist than the jottings of an 
angler.” Accordingly, it was with anticipation of interest 
that we turned to the opening chapter, on salmon. 

So little is known of the natural history of the salmon, 
and so great is its value, both for sport and for food, that 
we eagerly scan the pages of a naturalist and an angler 
who may tell us what he has seen and knows. Mr. 
Watson has nothing to tell us. He disposes of the 
salmon in 12 pagesj and the impression produced upon 
us is that his acquaintance with that noble fish is confined 
to the fishmonger’s slab, and to the dinner-table. 

The chapter on trout is little more satisfactory. That 
on grayling is by another hand. 


LETTERS TO THE EDITOR. 

\The Editor does not hold himself responsible for opinions ex~ 
pressed by his correspondents. Neither eq,n he undertake 
to return, or to correspond with the writers of rejected 
manuscripts intended for this or any other part (j/” Nature. 
No notice is taken of anonymous communications.} 

Coral Reefs, Fossil and Recent. 

Dr. von Lendenfeld has (June 12, p. 148) quoted cases to 
contest my statement that there are no coral reefs whose slopes 
are known to descend steeply to greater depths than about 
4000 feet. 1 must take these seriatim. 

(i) “Fitzroy’s no-bottom sounding of 7200 feet at a distance 
of 6600 feet from the breakers at Keeling Island.” 

I hope 1 shall not be misunderstood when I say that I cannot 
accept this as conclusive evidence. Experience daily shows us 
how little confidence can be placed in a single deep sounding, 
taketkiwfore the days of suitable apiiaratus, and with no descrip- 
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tion of the means employed, either to fix the position exactly, or 
to obtain the cast. It may be correct, but on the other hand it 
may not be. 

(2) ** Maldives, &c., rise from a bank of looo fathoms very 
abruptly.*’ 

I cannot find any deep soundings near these groups at all. 
One sounding of 1243 fathoms at a distance of 10 miles is the 
closest. 

(3) Bermudas rise abruptly out of a depth of 12,000 to 
13,000 feet.” 

There is only one sounding of 12,000 feet anywhere near 
Bermuda, and as that is six miles from the nearest shallow 
water, the isolated Challenger Bank, it represents a slope of 
only 19*. 

In point of fact, very few slopes of coral formations have yet 
been accurately measured. Among the most remarkable that I 
know are : — 

Bougainville Reef in Coral Sea, which drops perpendicularly 
from the water-level to 360 feet ; at a mean slope of ^76® to 780 
feet ; and at 53® to 1500 feet. 

Dart Reef, in same sea, has a mean slope of 64® to 1200 feet. 

Macclesfield Bank, a so called, drowned” atoll, in China 
Sea, has a mean slope of 51® to 4200 feet, and possibly more. 

The existing conditions of the steep outer slopes of atolls are 
sufficiently astonishing. All I wish to maintain is that we 
should argue upon proven facts, and not assumptions, which 
tend to exaggerate difficulties, and to lead us astray. 

With regard to Dr. von I^endenfeld*s explanation of the 
limitation of depths of lagoons, I must await a better before 
I am convinced. My point is that it is very remarkable that no 
matter how vast the lagoon, and how deep the steep outer 
slopes, no lagoon has more than a certain depth, and that such 
a limited depth that isolated coral heads can spring out of it ; 
and I cannot make this general fact fit with a general theory 
of subsidence, even when varied by occasional elevations. 

The drowned ” atolls are no deeper than others whose rims 
are at the surface ; Great Chagos Bank, and Suadiva Atoll 
in Maldives. W. J. L. Wharton. 

June 14. 


ELECTRO-MAGNETIC RADIATION} 

I N order to discover whether actions are propagated in 
time or instantaneously, we may employ the prin- 
ciple of interference to measure the wave-length of a 
periodic disturbance, and determine whether it is finite 
or no. This is the principle employed by Hertz to prove 
experimentally MaxwelBs theory as to the rate of propa- 
gation of electro-magnetic waves. In order to confine 
the experiments within reasonable limits we require short 
waves, of a few metres* length at most. As the highest 
audible note gives waves of five or six miles long, and 
our eyes are sensitive only to unmanageably short waves, 
it is necessary to generate and observe waves whose fre- 
quency is intermediate between them, of some hundred 
million vibrations per second or so. For this purpose we 
may use a pair of conducting surfaces connected by a 
shorter or longer wire, in which is interposed a spark-gap 
of some few millimetres* length. When the conductors 
are charged by a coil or electrical machine to a suf- 
ficiently high difference of potential for a spark to be 
formed between them, they discharge in a series of oscil- 
lations, whose period for systems of similar shape is 
inversely proportional to the linear ^dimensions of the 
system so long as the surrounding medium is unaltered. 
When the surrounding non-conducting medium changes, 
the period depends on the electric and magnetic specific 
inductive capacities of this medium. Two such systems 
were shown: a large one, whose frequency was about 
60 millions per second ; and a small one, whose frequency 
was about 500 millions ^ per second. The large one con- 
sisted of two flat plates, about 30 cm. square and 60 cm. 
apart, and arranged in the same way as is described by 
Prof. Hertz in Wiedemanffs Annalen^ April 1888. The 

‘ Friday Evening Lecture deliversd at the. Royal Inititution, on March 
ai, by Pro£ G. F. rttrgerald, F.R.S. 
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smaller vibrating system consisted of two short brass 
•cylinders terminating in gilt brass balls of the same size, 
-and arranged in the same way as the smaller system de- 
scribed by Prof. Hertz in Wiedemann's Annalen, March 
1889. This latter system was placed in the focal line of 
a cylindrical parabolic mirror of thin zinc plate, such as 
that described by Prof. Hertz in this paper. 

These generators of electro-magnetic oscillations may 
be called electric oscillators, as the electric charge oscil- 
lates from end to end. A circle of wire, or a coil in 
which an alternating current ran, or, if such a thing were 
attainable, a magnet alternating in polarity, might be 
called a magnetic oscillator. A ring magnet with a 
closed magnetic circuit is essentially an electric Oscillator, 
while a ring of ring magnets would be essentially a mag- 
netic oscillator again. The elementary theory of a mag- 
netic oscillator can be derived from that of an electric 
oscillator by simply interchanging electric and magnetic 
force. Electricity and magnetism would be essentially 
interchangeable if such a thing existed as magnetic con- 
duction. The only magnetic currents we know are mag- 
netic displacement currents and convection currents, such 
as are used in unipolar and some other dynamos. It is 
in this difference that we must look for the difference 
between electricity and magnetism. 

In order to observe the existence of these electro-mag- 
netic oscillations we can employ the principle of reson- 
ance to generate oscillations in a system whose free 
period of oscillation is the same. A magnetic receiver 
may be employed, consisting of a single incomplete circle 
of wire broken by a very minute spark-gap, across which 
a spark leaps when the oscillations in the wire become 
sufficiently intense. In order that a large audience may 
observe the occurrence of sparks, the terminals of a gal- 
vanometer circuit were connected, one with one side of 
the spark-gap, and the other with a fine point which could 
be approached very close to the other side of the spark- 
gap. It was observed that, when a spark occurred in the 
gap, a spark could also be arranged to occur into the 
galvanometer circuit, and, with a delicate long-coil gal- 
vanometer (that used had 40,000 ohms resistance), a very 
marked deflection can be produced whenever a spark 
occurs. This arrangement we have only succeeded in 
working comparatively close to the generator, because 
the delicacy required in adjusting the two spark-gaps is 
so great. It can, however, be employed to show that the 
sparks produced in this magnetic resonant circuit are due 
to resonance by removing this receiver from the generator 
to such a distance that sparks only just occur, and then 
substituting for the single circuit a double circuit, which, 
except for resonance, should have a greater action than 
the single one, but which stops the sparking altogether. 
An electric receiver was also used, which was identical 
with the generator, and had a corresponding, only much 
smaller, spark-gap between the two plates. When the 
plates are connected with the terminals of the galvano- 
meter, upon the occurrence of each spark the galvano- 
meter is deflected. It is not so easy to obtain sparks 
when the plates are connected with the galvanometer as 
when they are insulated, and it is this that has limited 
the use of this method of observation. By making the 
first metre or so of the wires to the galvanometer of 
extremely fine wire, so as to reduce their capacity, we 
have found that the difficulty of getting sparks is less 
than with thick wires. We have not observed any effect 
-due to the thickness of the wires after a short distance 
from the receiver. 

In the case of the small oscillator, a receiver exactly 
-like the one described by Prof. Hertz in his second paper 
already quoted was placed in the focal line of a cylindrical 
•parabolic mirror, and its receiving wires were- connected 
with the wires leading to the galvanometer by some very 
•fine brass wire. With the large-sized generator and re- 
ceiver, which were placed about 3 metres apart, it was 
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shown that the sparking was stopped by placing a thin 
zinc sheet so as to reflect the radiations from a point close 
behind the receiver. By means of a long india-rubber 
4 ube hung from the ceiling, it was shown how, when 
waves are propagated to a point whence they are reflected, 
the direct and reflected waves interfering produce a 
system of loops and nodes, with a node at the reflecting 
point. ' It was explained that these nodes, though places 
of zero displacement, were places of maximum rotation, 
and that the axis of rotation wds at right angles to the 
direction of displacement. It was explained that an 
analogous state of affairs existed in the electro-magnetic 
vibrations. If the electric force be taken as analogous to 
the displacement of the rope, the magnetic may be taken 
as analogous to its rotation, and the two are at right 
angles to one another. In the ether the electiic node is 
a magnetic loop, and vice versd. Though the 4wo are 
separated in loops and nodes, they exist simultaneously 
in a simple wave propagation, just as in a rope when 
propagating waves in one direction the crest of maximum 
displacement is also that of maximum rotation. It was 
explained that by placing the reflector at a quarter of a 
wave-length from the receiver this would be at an electric 
loop, and have its sparking increased. It may thus be 
Lshown that there are a series of loops and nodes pro- 
duced by reflection of these electromagnetic forces, like 
those produced in any other case of reflected wave- 
propagation. This was Hertz’s fundamental experiment, 
by which he proved that electro-magnetic actions are ^ro* 
pagated in time, and by some approximate calculations 
he verified Maxwell’s theory that the rate of propagation 
is the same as that of light. It follows that the lumini- 
ferous ether is experimentally shown to be the medium to- 
which electric and magnetic actions are due, and that the 
electro-magnetic waves we have been studying are really 
only very long light waves. 

A rather interesting deduction from Maxwell’s theory is 
that light incident on any body that absorbs or reflects it 
should press upon it and tend to move it away from the 
source of light. Illustrating this, an experiment was 
shown with an alternating current passing through an 
electro-magnet, in front of which a good conducting plate of 
silver was suspended. When the alternating current was 
turned on the silver was repelled. It was explained that 
as the silver could only be affected by what was going on 
in its own neighbourhood, and that if sufficiently powerful 
radiations from a distant source were falling on the 
silver, it would be acted on by alternating magnetic 
forces, this experiment was in effect an experiment on 
the repulsion of light, which was too small to have been 
yet observed, even in the case of concentrated sunshine. 
These slow vibrations are not stopped by a sheet of 
zinc, though much reduced by a ma^etic sheet like tin- 
plate, though the rapid ones are quite stopped by either — 
thus showing that wave-propagation in a conductor is of 
the nature of a diffusion. 

In all cases of diffusion where we consider the limits of 
the problem, terms involving the momentum of the parts 
of the body must be introduced. It appears from ele- 
mentary theories of diffusion as if it were propagated 
instantaneously, but no action can be propagated from 
molecule to molecule, in air, for instance, faster than 
the molecules move, z.«. at a rate comparable with that 
of sound. In electro-magnetic theory corresponding 
terms come in by introducing displacement currents in 
conductors, and it seems impossible but that some such 
terms should be introduced, as otherwise electro-magnetic 
action would be propagated instantaneously in conductors. 
The propa^tion of light through electrolytes, and the 
too great t^sparency of gold leaf, point in the same 
direction. ^ 

The constitution of these waves was then considered, 
and it was explained that if magnetic forces are analc^ous 
to the rotation of the elements of a wave, then an ordinary 
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solid cannot be analogous to the ether because the latter appears how one gains the quarter-period on the other, 
may have a constant magnetic force existing in it for any The outflow of the waves was exhibited by causing tho 
length of time, while an elastic solid cannot have con- images to succeed one another rapidly by means of a 
tinuous rotation of its elements in one direction existing zoetrope, in which all the light is used and the succession 
within it. The most satisfactory model, with properties of images formed by having a separate lens for each 
quite analogous to those of the ether, is one consisting of picture and rotating the beam of light so as to illuminate 
wheels geared with elastic bands. The wheels can rotate ^ the pictures in rapid succession. 

continuously in one directionn, and their rotation is the | As the direction of flow of energy in an electro-magnetic 
analogue of magnetic force. The elastic bands are stretched I field depends on the directions of electric and magnetic 
by a difference of rotation of the wheels, and introduce | force, being reversed when either of these is reversed, it 
stresses quite analogous to electric forces. By making the I follows that in the neighbourhood of the oscillator the 
elastic bands of lines of governor balls, the whole model ’ energy of the field alternates between the electric and 
may have only kinetic energy, and so represent a funda- ; magnetic forms, and that it is only the energy beyond 
mental theory. Such a model can represent media differ- about a quarter of the wave-length from the oscilllator 
ing in electric and magnetic inductive capacity. If the which is wholly radiated away during each vibration. It 
elasticity of the bands be less in one region than another, follows that in ordinary electro-magnetic alternating cur- 
such a,, region represents a body of higher electric in- ! rents at from loo to 200 alternations per second, it is only 
ductive capacity, and waves would be propagated more the energy which is some 3000 miles away which is lost, 
slowly in it. A region in which the masses of the wheels If an electro-magnetic wave, having magnetic force com- 
was large would be one of high magnetic inductive parable to that near an ordinary electro-magnet, were 
capacity. A region where the bands slipped would be a producible, the power of the radiation would be stu- 
conducting region. Such a model, unlike most others . pendous. If we consider the possible radiating power of 
proposed, illustrates both electric and magnetic forces and I an atom by calculating it upon the hypothesis that the 
their inter-relations, and consequently light propagation. ' atomic charge oscillates across the diameter of the atom, 
In the neighbourhood of an electric generator the we find that it may be millions of millions of times as great 
general distribution of the electric and magnetic forces i&' as Prof. Wiedemann has found to be the radiating power 
easily seen. The electric lines of force must lie in planes | of a sodium atom in a Bunsen burner, so that, if there is 
passing through the axis of the generator, while the lines I reason to think that any greater oscillation might disin- 
^oPmagnetic force lie in circles round this axis and perpen- ' tegrate the atom, it is evident that we are still a long way 
dicular to the lines of electric force. It is thus evident ' from doing so. It is to be observed that ordinary light- 
that the wave is, at least originally, polarized. To show ‘ waves are very much longer than the period of the vibra- 
this, the small-sized oscillators with parabolic mirrors tion above referred to. Dr. Lodge has pointed out that 
were used, and a light square frame, on which wires quite large oscillators in comparison to molecules — namely, 

e arallel to one direction were strung, was interposed j about the size of the rods and cones in the retina — arc of 
etween the mirrors. It was shown that such a system of ^ the size to resound to light-waves of the length we sec, 
wires was opaque to the radiation when the wires were and so might be used to generate such waves. This 
parallel to the electric force, but was quite transparent seems to show that the electro-magnetic structure of an 
when the frame was turned so that the wires were parallel atom must be more complicated than a small sphere or 
to the magnetic force. It behaved just like a tourmaline | other simple shape with an oscillating charge on it, for 
to polarized light. It is of great interest to verify experi- : the period of vibration of a small system can be made 
mentally Maxwell’s theory that the plane of polarization | long by making the system complex, e.g. a small Leyden 
of light is the plane of the magnetic force. This has been ' jar of large capacity with a long wire wound many times 
done by Mr. Trouton, who has shown that these radia- i round connecting its coats, could easily be constructed to 
tions are not reflected at the polarizing angle by the | produce electro-magnetic waves whose length would bear 
surface of a non-conductor, when the plane of the ' the same proportion to the size of the jar as ordinary 
magnetic force in the incident vibration is perpen- ' light-waves do to an atom. The rate at which the energy 
dicular to the plane of incidence, but the radiations ; of a Hertzian vibrator is transferred to the ether is so 
are reflected at all angles of incidence when the plane great that we would expect an atom to possess the great 
of the magnetic force coincides with the plane of ! radiating power it has. This shows, on the other hand, 
incidence. Thus the long-standing dispute as to the j how completely the vibrations of an atom must be forced 
direction of vibration of light in a polarized ray has j by the vibrations of the ether in its neighbourhood, so 
been at last experimentally determined. The electric and j that atoms, being close compared with a wave-length, are, 
magnetic forces are not simultaneous near the oscillator. | in any given small space, probably in similar phases of 
The electric force is greatest when the electrification is j vibration. It is interesting to consider this in connection 
greatest, and the magnetic force when the current is with the action of molecules in collision as to how far the 
greatest, which occurs when the electrification is zero : forces between molecules after collision is the same as 
thus the two, when near the oscillator, differ in phase by before. In the same connection the existence of intra- 
a quarter of a period. In the waves, as existing far from atomic electro-magnetic oscillations is interesting in the 
the oscillator, they are always in the sam^ phase. It is theories of anomalous dispersion. An electro-magnetic 
interesting to see how one gains on the other. It maybe model of a prism with anomalous dispersion might be 
worth observing, again, that though what follows deals constructed out of pitch, through which conductors, each 
with electric oscillators, the theory of magnetic oscillators with the same rate of electro-magnetic oscilla.tion, were 
is just the same, only that the distribution of magnetic dispersed. In theories of dispersion a dissipation of 
and electric forces^ must be interchanged. Diagrams energy is assumed, and it may be the radiation of the 
drawn from Hertz’s figures published in Wiedemann's induced electro-magnetic vibrations. These can evidently 
for ][anuary 1889, and in Nature, vol. xxxix. never be greater than the incident electro-magnetic vibra- 
p. 451, and in the Philosophical Magazine for M^rch tion, on account of this radiation of .their own energy. 
18^, were thrown on the screen in succession, and it was In some theories a vibration of something much less than 
pointed qut how the electric wave, which might be likened the whole molecule is assumed, and the possibility of 
to a diverging whirl ring, was generated, not at the oscil- intra-atomic electro-magnetic oscillations would account 
lator, but at a point about a <|uarter of a wave-length on for this. Some such assumption seems also required, m 
each side of the oscillator, while it was explained that the order to explain such secondary, if not tertiaiy, actions 
‘ magnetic force wave starts from the oscillator. It thus as the Hall effect and the rotation .of the plane of polarize- 
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tion of light, which are, apparently at least, secondary 
actions due to a reaction of the matter set in motion by 
the radiation on this radiation. 

Some further diagrams were exhibited, plotted from 
Hertz’s theory by Mr. Trouton,to whom much of the matter 
in this paper is due. They are here reproduced, and show 
eight simultaneous positions of the electric and magnetic 
waves during a semi-oscillation of an electric oscillator. 
The dotted line shows the electric force at various points, 
and the continuous line the magnetic force. In the Hrst 
diagram the magnetic force is at its maximum near the 
origin, while the electric force there is zero. In the 
second the magnetic energy near the origin has partly 
turned into electric energy, and consequently electric 
force begins. The succeeding figures show how the 
magnetic force decreases near the origin, while the 
electric force grows, and the waves already thrown off I 
spread away. The change of magnetic force between \ 
Figs. 4 and 5 is so rapid, that a few dashed lines, showing : 
interpolated positions, are introduced to show how it ; 


proceeds. It will be observed how a hollow comes in the 
line showing electric force, which gradually increases, 
and, crossing the line of zero force at about a quarter of a 
wave-lejigth from the origin, is the source of the electric 
wave, which, starting with this odds, picks up and remains 
thenceforward coincident with the magnetic wave. From 
this origin of electric waves they spread out along with 
the magnetic waves and in towards the origin, to be 
reproduced again from this point on the next vibration. 
These electric and magnetic fSrces here shown as co- 
incident are, of course, in space in directions at right 
angles to one another, as already explained. The corre- 
sponding diagrams for a magnetic oscillator are got by 
interchanging the electric and magnetic forces. 

A further experiment was shown to illustrate how 
waves of transverse vibration can be propagated along a 
straight hollow vortex in water. It was stated that what 
seemed a possible theory of ether and matter was that 
space was full of such infinite vortices in every direction, 
and that among them closed vortex rings represented 



matter threading its way through the ether. This hypo- 
thesis explains the differences in Nature as differences of 
motion. If it be true, ether, matter, gold, air, wood, 
brains, are but different motions. Where alone we can 
know^what motion in itself is*-that is, in our own brains — 
we know nothing but thought. Can we resist the con- 
clusion that all motion is thought? Not that contradic- 
tion in terms, unconscious thought, but living thought ; 
that all Nature is the language of One in whom we live, 
and move, and have our being. 

THE CLIMATES OF PAST AGES. 

II. 

W £ need not enter on a detailed description of the 
other vegetable types of the Coal-measure forma- 
tion ; we can only note the abundant occurrence of tree- 

Translation of a Lecture delivered by the late Dr. M. Neumayr before 
the Society for the Dissemination of Natural Science, at Vienna, on January 
i 889.« Continued from p. 151. 
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I ferns, and the existence of not very numerous conifers, 

I which amid this strange vegetation are the forms most 
j nearly related to those of our present world. 

1 The geographical extent of this typical flora was 
j extraordinarily great ; we trace it from the shores of the 
I Atlantic through the northern half of the Old World to 
China, and it is also greatly developed in the eastern half 
of the United States. There, and in China, are the 
greatest developments of beds of coal. Besides these, we 
find similar deposits with nearly the same vegetation in 
the far north, in the American ^olar archipelago, in Spits- 
bergen, and Nova Zembla. It is these facts that have led 
to the conclusion, already mentioned, that in the Carboni- 
ferous period a uniform climate prevailed from the equator 
to the pole, together with a dense atmosphere rich in 
carbon-dioxide, and impenetrable to the solar rdys. And 
I yet a simple examination of the facts assures us that all 
I these suppositions are groundless. In so far as regards 
I the character of the flora, we really know nothing of the 
temperature requisite to the Calamites, Lepidodendra,’’ 
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Sigillariae, and other extinct types. Conifers grow now in 
very severe climates, and only the tree-ferns really indicate 
warm climatic conditions. At the present day their chief 
development is in the tropics, and they require, not indeed 
great heat, but the absence of frost. We do not, however, 
know that this was equally the case in former ages ; in 
the Carboniferous period, the highest division of the 
vegetable kingdom, now so dominant, the flowering 
plants, were either non-existent, or were sparsely repre- 
sented only by a few early forms, and it is by no means 
improbable that these types in their gradual extension 
have exterminated the tree-ferns in the colder regions to 
which they formerly extended, and that these latter have 
lost the power which they once possessed of withstanding 
frost. 

Another fact that has been adduced to prove the 
formei prevalence of a warm climate, is the great thickness 
of the beds of coal, which, it was assumed, could only 
have been formed by a luxuriant vegetation stimu- 
lated by a high temperature. But this also is incorrect ; 
remarkably rich plant-growths are to be met with also in 
countries with very severe climates, and indeed few 
countries surpass, in this respect, the inhospitable Terra 
del Fuego, with its impenetrable beech forests. More- 
over, there is no good ground for the assumption that ^ 
luxuriant growth of plants is necessary for the formation 
of thick beds of fossil fuel. At this present time we 
kj^ow of but one mode in which vegetable remains 
"accumulate in thick beds, and thus exhibit to us the 
first step of the process of coal formation : this is the 
formation of peat, which, as is well known, is effected by 
the most inconspicuous and poorest of plants, viz. certain 
kinds of mosses. It is not in the towering primaeval 
forests of India and Brazil, nor the mangrove swamps of 
tropical coasts, but in the moors of the sub-arctic zone, 
that plant-remains are now being stored up in a form 
that, in the course of geological ages, may become con- 
verted into beds of coal.- 

A closer examination of these conditions apprises us of 
certain important facts. The reason why great masses 
of vegetable remains do not accumulate in warm 
countries is that, in the presence of a high temperature 
the decaying plants decompose too rapidly, and speedily 
disappear ; it is only in a cold climate that they are 
preserved ; and we may therefore regard the existence of 
coal-beds as a proof that at the time of their formation 
a high temperature did not prevail. 

Out of the mass of baseless assumptions, then, this 
tolerably well-founded fact remains, that an arborescent 
vegetation of the Carboniferous period presents itself in 
76“ of northern latitude, whereas, at the present day the 
northern limit of tree-growth nowhere exceeds 72° ; and 
if we assume that there has been no displacement of the 
earth’s axis of rotation, we must conclude that in these 
high latitudes the mean temperature of the year was 
formerly some degrees warmer than at this present time ; 
in the temperate zone we may infer, with some probability, 
a cool climate with moderate heat in the summer and 
cold in the winter, and with but little frest ; in fact, an 
insular climate, such as our knowledge of the distribution 
of land and sea in that age presupposes. 

So far we have regarded only tne conditions obtaining 
in the north temperate zone and the polar regions. 
These, however, show certain peculiarities of distribution. 
The greatest coal deposits are all in the temperate zone, 
and chiefly concentrated in its middle and northern 
regions. .The most northerly of the great deposits of 
the productive Coal-measures are those of Scotland, the 
most southerly those on the border of the central plateau 
of France ; such as lie further north or south are of little 
importance. In North America, it is true, they extend 
considerably further south, but none reach to the 30th 
'''^rallel of latitude : while, in the north, thev extend into 
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British North America. The coal of China occurs in the 
northern provinces, in Shansi, Shensi, and Honan. 

Thus we find that the greater deposits are restricted to- 
a zone of variable width, the southern limits of which are 
between 30“ and 45°, the northern between 50“ and 60'’ 
N. lat. ; beds of true coal of the same age are not indeed 
entirely wanting outside these limits, but they are rare ; 
as a rule we meet with only the characteristic plants, and 
these gradually disappear as we proceed further south. 
In a few instances they may be traced as far as Northern 
Africa and the peninsula of Sinai ; but between the 
tropics the typical flora of the coal formation seems ta 
fail entirely ; not a single instance of their occurrence can 
be cited ; and their first reappearance seems to be in the 
southern temperate zone in the coal-fields of Southern 
Brazil. 

For a long time it was very doubtful what explanation- 
should be given of this phenomenon, whether plant- 
bearing deposits of this age were altogether wanting in 
the tropical zone, or whether their development was of 
so different a character that we had failed to identify 
them, or finally whether it were due to some other cause. 
We cannot notice at length the gradual development of 
our knowledge on this head ; we can only sketch out the 
final results which have been yielded in the last few years. 
We know now, that in Southern Africa, in India, and 
Australia, there are extensive deposits of the same age 
as our productive Coal-measures, with abundant plant- 
remains, but that these differ very greatly from the 
contemporaneous growths of our own region. No trace 
is found of the forms characteristic of our Coal-measures, 
no Sigillariae, no Lepidodendrons, no Calamites. Ferns 
and true Equisetaceaj furnish by far the greater part of 
the flora ; and with these are associated a small number 
of conifers and Cycads. The commonest and most 
characteristic form of this flora is the fern genus 
Clossopteris, and accordingly the whole assemblage of 
associated plants has been termed the Clossopteris flora. 
When put in comparison with our European coal flora, so 
strange does this seem, that no one would venture to 
think of it as contemporary until it had been established, 
by evidence admitting of no question, that such is 
actually the case. 

From this, however, the important result follows that 
the doctrine of a universal coal flora is altogether false. 
On the contrary, we find that we have to deal with two 
very different floral regions, which stand strongly con- 
trasted. And what makes this contrast especially 
remarkable, and for a long time hindered its true 
interpretation, is that the Clossopteris flora of India, 
Australia, and South Africa is nearly related to the 
European flora of a much later period, viz. the Trias. 

But the most striking fact connected with this flora is 
that its first appearance, whether in South Africa, India, 
or Australia, is associated with deposits of fine argilla- 
ceous sand, with numerous stony fragments varying in 
size from small pebbles to gigantic blocks of many 
hundredweight, irregularly embedded ; they consist for 
the most part of rocks that do not occur anywhere in the 
neighbourhood, and must therefore have been transported 
from a distance, and moreover some among them are 
scored and scratched. These phenomena, which manifest 
themselves in three far-distant localities, and according 
to the latest intelligence seem to recur also in Brazil^ 
bear such striking evidence of. the agency of ice in the 
formation of these deposits, that any doubt on this head 
seems scarcely any longer admissible, however much it 
may startle us to find great ice-masses and floating ice- 
bergs at the time of the coal formation in regions so far 
from the poles. 

From the facts we have recounted, bearing on the climate 
of the Coal-measure period, it is abundantly manifest 
that everything runs counter to the assumption of a unifoma 
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and warm terrestrial climate from the equator to the 
poles. Geographically we have sharply contrasted floras, 
and we have moreover widely distributed deposits, in the 
formation of which great masses of ice must have played 
a part, and thus the old views are utterly overthrown. But 
when we go further, and seek to learn from the facts before 
us what the conditions really were, we are quickly 
admonished that our knowledge is as yet far too small to 
admit of any definite representation of these conditions. 
We may say with much probability that the differences 
of the floral regions must be ascribed to differences of 
climate, and that, locally, the temperature was so low as 
to allow of the formation of great masses of ice ; but any- 
thing beyond this is quite uncertain, and no one of the 
assumptions that have been made to explain the con- 
ditions of that epoch has any claim to validity. Those 
early ages present us with so much that is strange to us, 
the unknown is so vast in comparison with what we know, 
that we dare not as yet attempt any generalization of our 
knowledge. 

We pass over the formations which succeed the Coal- 
measures, viz. the Permian, the Trias, the Jura, and the 
Chalk, and after this enormous interval we turn our 
attention to Tertiary times. Here begin those modern 
developments that have resulted in our present world ; 
the chief types of animals and plants are the same as j 
those of our own day ; and it is only since the beginning 
of Tertiary times that mammals predominate among the 
fauna of the land, whereas in the previous formations 
this leading part had been played by reptiles. 

At that time Europe was fkr more cut up by inland 
seas than it now is, and formed a dismembered assem- 
blage of islands and peninsulas. In the first division of 
the Tertiary age, the Eocene, the seas around its coasts 
were tenanted by animals of a tropical character. In the 
later subdivisions, this character was gradually lost. In 
the Oligocene, a marine fauna of a tropical character 
extends only to a line which about coincides with the 
northern limit of the Alps. In the Miocene, which next 
follows, the fauna even of this part of Europe is, at the 
utmost, sub-tropical ; and, by degrees, the fomis which 
give evidence of a warm climate gradually diminish, so 
that towards the end of the last division, the Pliocene, the 
conditions were almost the same as to-day. 

What we know of the land organisms agrees entirely 
with these indications afforded us by the marine fauna, 
at least in their leading characteristics, since we equally 
find, at the beginning of Tertiary times in Europe, a 
predominance of sub-tropical and tropical types, which, 
later on, were replaced by a flora representative of a 
temperate climate. In detail, indeed, there are many 
and not unimportant deviations. Thus, for instance, the 
flora the remains of which are preserved in the calcareous 
tufa of Sezanne in Champagne, or in the marls of 
Gelinde, belongs to the Lower Eocene. The forms here 
represented are such as at the present time are peculiar 
to the southern part of the temperate or the sub-tropical 
zone ; numerous evergreen oaks, laurels, cinnamon and 
camphor trees, various Mjwtacese, Araliaceae, figs, mag- 
nolias, &c.; many forms point decidedly to a tropical 
climate, but among them we find also, walnut trees, limes, 
alders, willows, ivy, and vines, which have an opposite 
character. Palms and cycads, the specially characteristic 
forms of hot climates, are absent, or at any rate have not 
been detected. On the whole, botanists are inclined to 
infer for that epoch in Central Europe such a climate 
as now obtains in Southern Japan in 33* N. latitude. 

We meet first with truly tropical floral characters in 
somewhat later deposits, viz. in the. Middle and Upper 
Eocene. At that time tWe flourished on the mainland 
and islands of Europe great palms and a number of other 
lants, whose nearest relatives now exist in tropical Africa, 
ndia, and Australia. To judge from the land flora, there 
was* then a maximum of warmth in our neighbourhood 
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(Vienna), from which up to the end of Tertiary times a con- 
tinuous fall took place. In the Oligocene and Lower 
Miocene the prevailing character is still that of a tropical 
or sub-tropiem region, but the number of forms that now 
live in temperate regions has considerably increased ; 
such as now live in Australia occur in remarkable quantity. 
Then in the Upper Miocene of Central Europe we meet 
with a flora such as at the present day characterizes the 
warmer parts of the temperate zone, and in which forms 
allied to the present flora of Noi^h America are especially 
prominent In the Pliocene, the latest subdivision of the 
Tertiaries, the change has progressed still further, and at 
its end we find in our neighbourhood an assemblage of 
plants nearly recalling that of the present day, with but a 
slight intermixture of those of warmer regions. 

We may grant generally that these facts prove the 
existence in Tertiary times of a warmer climate than 
now prevails in Europe, even though there may fte great 
differences of opinion as to the amount of the difference. 
Heer, to whom we are indebted for the most important 
investigations of this subject, has endeavoured to deter- 
mine the mean annual temperature at certain definite 
geological epochs from the characters of their respective 
floras. He found that on the northern border of the Alps 
in Switzerland, at the epoch of the Upper Oligocene, 
•there was a mean temperature of between 20° and 22° C. 
(68°-72* F.), such as at the present day is that of Cairo, 
Tunis, Canton, or New Orleans ; at the time of the Upper 
Miocene, one of 18° or 19" C. (64*-66“ F.), corresponding 
to that of Messina, Malaga, Madeira, and Nagasaki ; 
whereas at the present time the mean annual temperature of 
Zurich is 8°73 (47*7 F.), that of Geneva 9°'67 C. (49*'4 F.). 
But whereas Geneva and Zurich now lie high above sea- 
level, we have proofs that in Tertiary times the sea-level 
was much higher in that neighbourhood than now, there- 
fore that this flora grew at a small height above the sea, 
which would imply alone an increase of about 3° C. (5i* F.) 
of temperature. It follows, then, that at the time of the 
Upper Oligocene the temperature was about 9“ C. (16" F.), 
in that of the Upper Miocene about 7° C. (12® F.) higher 
than at present. 

With respect to these figures, we must, however, bear in 
mind that in such computations no allowance is made 
for the acclimatization of species and whole genera in the 
course of long geological periods, and therefore that the 
assigned variations of temperature are almost certainly 
too high. Moreover, we must remember that, at that time, 
Europe was far more than now interpenetrated by inland 
seas and straits, and therefore that its climate was more in- 
sular, the summers being cooler and the winters warmer 
than now. But whatever weight we give to these con- 
siderations, they are alone insufficient to account for the 
whole of the difference between the Eocene and the 
present floras. We must perforce admit that other and 
deeper-lying causes have co-operated in producing the 
observed differences. 

The examination of the Tertiary floras of high northern 
latitudes leads us very decisively to a similar conclusion. 
The various English, American, Danish, and especially 
the Swedish* expeditions have discovered in numerous 
localities the Tertiary plant-remains of the polar regions, 
the floras of which have been worked out by Heer. 
Places which are now among the coldest known spots of 
the earth have ^^ielded the remains of a rich forest vegeta- 
tion ; nay, within the polar circle itself are found plants 
which at the present time find even our own latitudes 
too cold for them. The most northern point from which 
we have plant impressions is Grinnell Land in the North 
American archipdago, in 81*45' N. lat. Its present mean 
annual temperature is about - 20° C. (4” F .). The flora con- 
sists chiefly of conifers, among which are our common 
pine, two species of fir, and the American swamp cypress 
{Taxodium distichum ) ; with these are associated elms, 
limes, birches, poplars, hazel, and some others, the 
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temperature requisite for which is estimated at about 
8“ C. (46- F.). 

Much richer is the fossil flora of Spitzbergen, between 
J 78§'’ N. lat. Here also conifers are dominant 
among foliage trees are present several poplars, also 
willows, alders, beeches, birches, large-leaved oaks, elms, 
plane trees, walnuts, magnolias, maples, and others ; 
accordingly the climate of Spitzbergen at that time 
must have been much the same as the present climatp of 
Northern Germany. A still warmer climate is indicated 
by the fossil flora of Greenland, which may be compared 
with the present flora of the shores of the Lake of 
Geneva. 

These are by no means the only instances of a similar 
kind ; analogous discoveries have been made at many 
different points in high northern latitudes ; for instance 
in Sibeiya on the lower Lena, on the New Siberian Islands, 
in Kamtschatka, Alaska, Sitka, Banks Land, and some 
other points. It is not yet certainly determined to what 
part of the Tertiary period these fossil remains belong. 
While some regard them as Miocene or Upper Oligocene, 
others consider them to be Eocene ; and good reasons 
may be assigned for both these opinions. Whatever 
may be the flnal decision is for our present purpose a 
matter of minor importance. The point we have to 
insist on is that in the polar regions, the mean * 
temperature of which is now below the freezing-point, 
and in which only some of the lowest plants exist, there 

in Tertiary times a rich forest growth. The difference 
l^tween those times and the present was so great that for 
Grinnell Land we cannot estimate it as less than 27“ C. 
(49* F.). 

Such a change is absolutely inconceivable so long as 
we continue to regard as unalterable the present position 
of the places in question with reference to the pole. We 
cannot imagine any change in the distribution of land 
and water, in marine currents, or in any other influential 
factor, which, at a time comparatively so little distant 
from the present, could have brought about a luxuriant 
forest growth in Grinnell Land. This has long been 
recognized, and in many quarters it has been contended 
that the only explanation possible is a displacement of 
the earth’s axis of rotation. To this the answer has been 
that the stations that have yielded the Tertiary plant- 
remains form a circuit around the pole, a chain from 
which, as an English geologist has expressed it, the pole 
can no more escape than a rat from a trap in a ring of 
terriers. 

In point of fact there is no need for assuming so 
considerable a displacement of the pole since the 
beginniiig of Tertiary times. There is, however, ample 
room within the circle of the northern Tertiary plant 
stations for such a change, and there are valid grounds for 
such an assumption. For nowhere do the Tertiary plants 
reach so far north, and yet nevertheless testify so 
strongly to the existence of a warm climate as in the 
quadrant in which lie Grinnell Land, Greenland, and 
Spitzbergen ; when we pass over to the opposite quadrant 
we find precisely the opposite case, for the Tertiary plants 
of Alaska, in North-Western America have, in north 
latitude 6o“, scarcely more the character of a southern flora 
than those of Spitzbergen in lat. 78". 

From these considerations, it seems not improbable 
that, at the time when these Tertiary plants lived, the 
pole really had not the same position as now, but was 
displaced from 10“ to 20° in the direction of North-Eastern 
Asia. The circumstances of the Tertiary deposits in 
other places'outside the polar regions agree very well with 
this view. In Europe, as we have seen, a very warm 
climate prevailed universally, but when we turn to other 
countries we meet with a different result. The flora of 
the^ Tertiary formations of the United States give no 
indication of any essential increase of temperature, and 
(he fossil plants of the probably Miocene and Pliocene 
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formations of Japan, according to the admirable investiga- 
tions of Nathorst, point to a colder climate than that 
which now prevails.. These facts are obviously eminently 
favourable to the idea of a displacement of the pole. 
Curiously enough, we find in the yet but little known 
Tertiary deposits of the southern hemisphere a somewhat 
striking confirmation of this view, inasmuch as the marine 
Tertiary Mollusca which occur in several parts of the 
Chili coast, do not contain a single species indicative of 
a warmer climate than that of the present day. 

Thus, then, it seems very probable that the position of 
the pole in Tertiary times was different from that of 
to-day, and only became as at present at the close of that 
era. But on this assumption the extreme contrasts are 
only somewhat palliated, the greater divergences some- 
what reduced : no complete explanation is afforded of the 
phenomena. Whatever position we may assign to the 
pole, those places in which Tertiary forest trees are found 
were in any case far nearer to it than is the present 
northern limit of tree-growth ; and when we compare the 
fossil floras of Europe and Japan, we find that the first 
shows a much greater departure from the present state of 
things in the direction of a warmer climate than does the 
latter in the opposite direction. Thus we are led to the 
conclusion that the climate of Tertiary times in general 
was somewhat warmer than that of our own day, but by 
no means to such an extent as that of the lands specially 
favoured through the displacement of the pole, viz. 
Grinnell Land, Greenland, Spitzbergen, and Western and 
Central Europe. 

When from the Tertiary age we take another step 
forward in time, and reach the Pleistocene, the immediate 
forerunner of our present age, we meet with quite another 
picture. The remarkable characteristics of this period 
have been set forth by a skilled hand in this place, and I 
need only refer to them in a few words and in so far as 
is specially important in connection with our present 
subject. 

At the setting in of the Pleistocene, the climate seems 
to have been somewhat warmer than at present: figs, 
laurels, and vines grew wild in Central Europe, and 
among animals, we meet with certain fresh-water Mol- 
lusca \Cyrena fluminalis) which afford a similar indication. 
Then followed through the greater part of the Pleistocene 
that extension of enormous ice masses, which, issuing from 
Scandinavia, Finland, and the Russian Baltic provinces, 
covered a great part of Europe and advanced to England, 
Holland, the base of the mountains of Central Germany, 
the Carpathians, and in Russia as far as Kiew, Woronesch, 
and Nishni Novgorod. England, Scotland, and Ireland 
were almost completely glaciated, the ice-sheet covered 
nearly the whole Alpine region, a broad ice-girdle lay in 
front of its northern base, and even the small hill-ranges 
of Central Europe and some of the greater ranges of 
Southern Europe developed independent glaciers. On a 
still greater scale, similar phenomena present themselves 
to us in North America, and in Northern Asia the greater 
mountains were then glaciated. Also further south, in 
the Himalaya and the Karakorum were enormous 
glaciers, and the same in the neighbourhood of the 
equator in the Sierra di Santa Martha in the northern 
part of South America. In the southern hemisphere, 
traces of glaciers occur very extensively in the southern 
part of the same continent, and according to many 
accounts also in South Africa. 

It was long doubtful whether the glaciation of the 
northern and southern hemisphere took place simulta- 
neously ; but there is now no longer any doubt that such 
was really the case. Attempts have been made to explain 
the formation of great ice-accumulations without any 
depression of temperature, nay even in watm climates, 
solely as the result of an excessive precipitation of rain 
and snow, and in consequence of the prevalence of warm 
winters and cool summers ; but these views are wholly 
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untenable ; a depression of temperature is testified to, not 
only by the extension of the glaciers, but also by the 
vegetable and animal denizens of the land and the 'sea. 
When in Pleistocene deposits of the Mediterranean basin 
we find Mollusca suddenly appear which now live only 
in the German Ocean, no other explanation is possible 
than that the temperature at that time was low.^ 

We need not indeed conclude that an excessive degree 
of cold was necessary to produce the phenomena of the 
Glacial period ; the height of the snow-line at that time 
has been commuted for many of the mountains of Europe, 
and from this it has been deduced that the extreme reduc- 
tion of temperature was at the utmost 6° C. (ii° F.)> and 
possibly considerably less. Much has been said and 
written of the causes which brought about the cold of the 
Glacial period. Very thoughtful and also very jejune 
hypotheses have been put forward, all of which have this 
one characteristic in common, that in some one particular 
or another they are strongly opposed to the actual facts, 
and have therefore no validity. With our present know- 
ledge, any explanation is quite impossible. We must 
content ourselves with recognizing that the cooling was 
simultaneous, and, as far as research has yet gone, ex- 
tended over the whole of the globe. It is, then, obviously 
impossible to attribute it to a displacement of the pole, 
for in that case a part of the earth must have experienced 
an increase of temperature ; and, in addition to this, we 
certainly cannot suppose any considerable change in the 
position of the pole within so comparatively short an 
interval as separates us from the GLacial epoch. The 
uniform extension of the phenomenon excludes all those 
attempted explanations which appeal to geological or 
geographical changes of the earth’s surface, a different 
distribution of land and sea, changes in the ocean currents, 
&c., and all points to some agency external to the earth, 
and therefore acting on it as a whole. 

We must specially notice one other circumstance in 
connection with the Glacial period. It has been observed 
in many places that the glacial deposits with their 
scratched pebbles and irregular heaping of their materials 
do not form a continuous mass, but that, between a lower 
and upper deposit of glacial character, there is an inter- 
mediate bed showing no trace of ice action ; at different 
places, the remains of animals and plants have been met 
with in this intermediate bed which indicate a somewhat 
warmer climate, though slightly colder than the preseiit. 
Thus, in the slaty coal of Utznach and Diirnten in 
Switzerland, which belongs to this formation, have been 
found only the remains of plants still growing in the 
neighbournood, with the single exception of the mountain 

{ )ine, which no longer exists in the low plains of Switzer- 
and, but has withdrawn to Ali)inc heights. These 
so-called inter-glacial deposits attain in places to a con- 
siderable thickness. They show us that during the great 
Glacial period there intervened a very decided recurrence 
of a warmer temperature, during which the great ice 
masses melted away; and from all the indications, 
this interval, according to human reckoning, must have 
lasted thousands of years. This page of the earth’s history 
has for us this especial interest, that the oldest certain 
indications of man’s existence in Europe are found in 
these inter-glaciahdeposits. 

Similar evidence of an interruption of the Glacial period 
by one of greater warmth is met with in many other parts 
of the Alpine region, and also on the plains of Northern 
Germany, in Scandinavia, England, and in different parts 
of North America, and we must therefore conclude that 
it was of general occurrence, and that the changes of 
temperature which brought about the glaciation of an 
enormous extent of land, and subsequently set it free 
from its icy covering, were not regularly progressive, but 
consisted of many changes and oscillations. ... 

Thus we have sketched in a few hasty outlines what 
we know of the climatic conditions of three periods 
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of the earth’s history which are of especial importance 
forjudging such questions. The first of these, of hoar 
antiquity, was that of the Coal-measures. We have 
ascertained the existence of distinct floral regions, which 
in all probability w'ere determined by differences in the 
‘distribution of heat ; moreover, we have found in deposits 
far distant from each other evidence of ice action. But 
in all other points the conditions are so far removed from 
any of which we have experience, that any further in- 
ference is hardly possible. At the utmost we may con- 
clude from the limitation of the greater coal-beds to the 
temperate zone that the position of the earth’s axis and 
of the pole did not differ very greatly from those of the 
present day. 

When we turn to the much younger formations of the 
Tertiary age, the conditions are somewhat clearer. In 
them we recognize, in the first place, the operation of 
purely local agencies, the distribution of land and water, 
of ocean currents, &c., but we must also confess tfiat these 
play but a subordinate part. We have also seen that in 
certain regions, viz., in Europe, Greenland, Grinnell Land, 
&c., there prevailed a much warmer climate, which, how- 
ever, we do not recognize in America ; while in Japan, as 
inferred from the vegetation, the temperature of Tertiary 
times seems to have been lower than it now is ; and we 
have found in a displacement of the pole and the earth’s 
axis the only probable explanation of these phenomena. 

This cause does not, however, suffice to explain all 
anomalies, and we must assume for all parts of the earth 
the prevalence of a somewhat warmer climate, an* in- 
crease perhaps of a few degrees only, which manifests 
itself particularly in the vegetation of the polar regions. 

In the Pleistocene epoch, which is, comparatively speak- 
ing, so near to our own, the problem is so far simplified, 
that one of the two principal factors which determined 
the deviation from our presentclimatic conditions — the dis- 
placement of the earth’s axis — was no longer present ; or 
rather, having regard to the shortness of the time that 
has since elapsed, was so unimportant that its influence is 
not traceable. Apart from purely local circumstances, 
we have, as far as we can judge, only to deal with 
uniform oscillations of temperature over the whole earth 
anomalies of the same general character as brought 
about the general elevation of climatic temperature in the 
Tertiary age. 

If we follow the march of these vicissitudes of 
temperature, evidently determined by some cqsmical 
agency, we find at the beginning of Tertiary times a 
moderately warm climate ; then a rise during the Eocene, 
and then a gradual cooling, interrupted possibly by some 
oscillations, down to a degree nearly corresponding to 
that now prevailing, at the beginning of the Pleistocene 
epoch. Then the cooling continued below the present 
temperature, to a minimum at the time of the greatest 
glaciation of the land ; then a re-warming in the inter- 
glacial period nearly up to the present temperature ; 
after which cold and glaciation regained the upper hand, 
finally to give way to the present conditions, which are 
about midway between the greatest warmth of the Ter- 
tiary age and the greatest cold of the Pleistocene. 

One fact* stands out conspicuously, viz. that these 
changes progressed very irregularly, and were subject to 
much oscillation, and the period during which we can 
approximately follow the course of the change is much 
too short to enable us to learn the law that regulated it. 
We cannot decide whether oscillations like those of the 
Pleistocene will be repeated, and we arc now progressing 
towards another temporary Glacial period, or whether we 
have to expect the return of a warmer temperature such 
as prevailed in Tertiary times, or, finally,^ whether the 
outcome of all the deviations will be a lasting refrigera- 
tion of our climate. 

Just as little can we determine at present by what 
agency all these vicissitudes are brought about ; most 
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plausible and simple would it certainly be were the sun 
a variable star that at different periods emits different 
quantities of heat ; but for this or any other assumption 
there is no proof forthcoming. This enigma, like so 
many others, will some day be solved by man^s searching 
intelligence, but, like all other acquisitions of science, this 
goal can be won only by assiduous and patient labour. 
Haply the triumph may not be for our generation ; but 
what we may certainly accomplish is to prepare the way 
to it, by an accurate and critical collection of the facts. 

H. F. B. 


NOTES. 

It is expected that about fifty foreign men of science will be 
present at the Teeds meeting of the British Association. A 
good nfany manufacturing firms have promised to open their 
works during the time at which the meeting is being held ; and 
a Guide to Leeds and the surrounding district, with accounts of 
the various industries, is being prepared. There will, of course, 
be excursions to the more interesting places within easy reach of 
Leeds. The first soirie will be given by the Mayor, the second 
by the Executive Committee. The Yorkshire College will give 
an afternoon reception. t 

The London Mathematical Society has awarded the De 
Morgan Memorial Medal (given triennially) to Lord Rayleigh, 
^eC.R.S., for his researches in mathematical physics. The 
previous awards have been to Profs. Cayley and Sylvester. 
The medal will be presented at the annual meeting in November 
next. 

The conversazione of the Society of Arts, as we have already 
announced, will take place at the Natural History Museum, 
Cromwell Road, on Friday, June 27. The galleries will be 
lighted with electricity, so that the authorities of the Museum 
will have a good opportunity of judging how far the electric 
light is suitable for the building. If the experiment is success- 
ful, the system will no doubt soon be permanently established. 
It may be hoped that in that case the public will not be ex- 
cluded during an interval between twilight and the lighting of 
the electric lamps. That plan has been tried at the British 
Museum, and the results are not encouraging. If the national 
collections are to have a fair chance of attracting visitors, they 
must be open continuously from morning until the hour when 
they are closed for the night. 

The anniversary meeting of the Royal Geographical Society 
was held on Monday, Sir E. M. Grant Duff, the President, 
occupying the chair. Mr. Douglas W, Freshfield announced 
that the Patron’s Medal had been awarded to Emin Pasha, and 
the Founders’ Medal to Lieutenant F. E. Younghusband. The 
Murchison Grant was awarded to Signor Vittorio Sella, for his 
journey in the Caucasus ; the Cuthbert Peek Grant to Mr. E. 
C. Hore, for observations on the physical geography of Tan- 
ganyika ; and the Gill Memorial to Mr. C. M^ Woodford, for 
three expeditions to the Solomon Islands. Scholarships and 
prizes were awarded to students in training colleges. Dr. R. 
W. Felkin attended, upon instructions by telegram from Zanzi- 
bar, to receive the medal for Emin Pasha. The President, in 
handing the medal to Dr. Felkin, congratulated him upon 
having done much to make the work of Emin known in Eng- 
land. The Society was not based upon politics, and they simply 
saw in Emin Pasha one who had from early life given a great 
deal of attention to botany, natural history, and other subjects. 
Dr. Felkin; in acknowledgment of the medal, referred to the 
great services rendered by Emin Pasha to science. Afterwar 4 s 
the Report of the Council was read, and Sir E. M. Grant Duff 
delivered his* presidential address. 
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At the meeting of the Scientific Committee of the Royal 
Horticultural Society on June 10, Mr. Morris called attention to 
the fact that the Royal Society had assigned ;^ioo *^on the 
recommendation of the Government Grant Committee, for an 
inquiry into the composition of London fog, with special regard 
to the constituents of fog injurious to plant life.” An informal 
conversation followed with reference to chemical investigations 
to be undertaken at the laboratory of University College, under 
the superintendence of Dr. Oliver. 

A DEPUTATION from the Sanitary Institute lately visited 
Brighton, and met the Mayor and other members of the Com- 
mittee for the purpose of further considering the Congress and 
Exhibition to be held in the Pavilion buildings at the end of 
August. The large dome of the Pavilion, the Corn Exchange, 
and the Picture Gallery, are all devoted to the Exhibition, but 
the applications for space are considerably in excess of previous 
years, and probably some difficulty will be found in accommo- 
dating exhibitors. Sir Thomas Crawford is the President. At 
one of the meetings of the Congress a lecture will be delivered 
by Mr. W. H. Preece, F.R.S. Dr. B. Ward Richardson, 
F.R.S., will address a meeting of the working classes. 

The thirty-seventh Report of the Department of Science ami 
Art has been issued. 

A LECTURE on the use of alloys in art metal-work, delivered 
by Prof. Roberts- Austen at the Society of Arts on May 13, is 
printed in this week’s number of the Society’s Journal. It is a 
lecture of great value and interest, and all who read it will 
cordially agree with the author that ‘*an effort should be made 
to induce British artificers to employ the materials and methods 
which their Japanese brethren have used for centuries with such 
remarkable effect.” 

In France much interest is being taken in the question whether 
a University shall be established in Paris. At a meeting of the 
General Council of the Paris Faculties, held last Saturday 
at the Sorbonne, it was agreed that a University with five 
faculties (Protestant theology, law, medicine, science, and 
literature), and an upper school of pharmacy, should be 
formed. ^*The principal effects of the constitution of the 
University,” says the Paris correspondent of the Tinus^ ‘‘will 
be to permit the faculties to make arrangements for the organiza- 
tion of instruction (under the form of schools or institutes) of 
which the elements are at present scattered in several faculties, 
and to facilitate a sort of general instruction of a philosophical 
character, to which the professors of all the faculties will contri- 
bute, and which will be addressed to the students. The Uni- 
versity will grant, besides professional degrees, diplomas of 
purely scientific studies to native and foreign students.” 

M, Deflers has just returned to France from his extremely 
arduous exploration of Southern Arabia at the instance of the 
Minister of Public Instruction in Prance. He has brought back 
large collections of both living and dried plants for the Museum 
of Natural History. « 

The Museum of Natural History in Paris has also received a 
considerable collection of dried plants gatihered in Madagascar 
by M. Catat. 

M. Balansa is about to return to Tonkin for the purpose of 
continuing his botanical explorations there ; and M. Thollon to 
the Congo, from which he has already sent interesting 
collections. 

A Laboratory of Vegetable Biology was opened at Fon- 
tainebleau on May I5« It is under the control of M. G. Bonnier, 
Professor of Botany at the Sorbonne, Paris, to whom applica- 
tions for leave to pursue researches in the Laboratory should be 
addressed. 
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The Konigsberg Physikalisch-Oekonomische Gesellschaft has 
recently invited a comprehensive discussion of the observations 
of ground- temperature at Konigsberg, published in the Society’s 
Schriften^ as bearing on our knowledge of heat-movements in 
the earth and their causes. Attention is called to a previous 
work by O. Frolich, published at Konigsberg in 1868. For the 
best treatment of the subject a prize of ;^I5 is offered. Papers 
(in any language), with motto, to be sent in before February i, 
1891. 

Science announces that Lieutenant J. P. Finley, of the U.S. 
Signal Corps, has gone to San Francisco to take charge of the 
Pacific Coast weather service. 

We learn from Science that a work of great importance 
to navigators is to be undertaken in connection with the report 
of the U.S. Eclipse Expedition to West Africa, under the 
direction of Prof. D. P. Todd. This is the preparation of a 
set of daily weather-maps of both oceans from October to May 
inclusive, the entire period of the cruise of the U.S. steamship 
Pensacola. The U.S. Hydrographic Office calls attention to 
the importance of the subject, and the exceptional opportunity 
presented for utilizing the data already at hand, together with 
such additional data as may be contributed for this purpose by 
various Government offices and individual navigators. The 
scheme determined upon consists in the preparation of a weather 
map for each day at noon, Greenwich mean time, from October 
I, 1889, to May 31, 1890, inclusive, for the entire area between 
latitude 70® north and 60* south, longitude 20® east and 100® 
west. In addition to the Greenwich noon observations that are 
kept regularly for the Hydrographic Office by nearly two 
thousand voluntary observers, it is earnestly desired that other 
navigators of these waters, within the limits of time and place 
mentioned above, may forward to that office such data from 
their log-books as may be useful in this connection, selecting 
those observations that come nearest to noon, Greenwich mean 
time, and stating as many details as possible regarding wind^ 
weather, state of the sea, and velocity and set of currents. 
Data from land stations are also very important, especially such 
as are not accessible in any published records. To make this 
great undertaking a success, however, there must be further and 
cordial co-operation among the nations interested in the meteoro- 
logy of this vast area, and among navigators of every nationality. 
It has long been the desire of the U.S. Hydrographic Office to 
begin the publication of a pilot chart of the South Atlantic and 
west coast of South America, and the present undertaking will 
furnish an admirable basis for this work. 

A PAPER on the Mannesmann weldless tubes was lately 
read before the Society of Arts by Mr. J. G. Gordon, the 
chair being occupied by Sir Frederick Bramwell, who referred 
to the importance and interest of the subject, and to the ex- 
traordinazy means by which the desired result was attained. 
The process consists in the solution of a purely kinematical 
problem, viz. the arranging of the velocity ratio of a pair of 
aconoidal rolls so as to change a solid piece delivered to them 
at one end into a hollow tube passed out at the other. These 
rolls revolve at about 200 to 300 revolutions per minute, and by 
their action on the hot and therefore plastic steel stretch it 
and make a hollow in the centre. The substance of the metal 
must be sufficiently homogeneovis and plastic, and, in passing 
through the rolls, it undergoes a violent twisting and stretching 
action. The bar, in fact, in its passage through the rolls, is 
twisted as a thread is twisted in a spinning-machine, the mate- 
rial being drawn from the interior. This action was illustrated 
by one of the exhibits, which consisted of a bar, the ends of 
which were slightly drawn down under the hammer, so that the 
rolls could not act on them. A hollow was thus produced in 
the solid bar of metal, the contents of which were tested by 
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Prof. Finke, of Berlin, and found to contain 99 per cent, of 
hydrogen of its total volume ; the remaining i per cent, he 
considered to be probably nitrogen. In the carrying out of the 
^process, 2000 to 10,000 horse-power is required for from 30 to 45 
seconds, according to the dimensions of the tube. Although 
this is all the time actually required to convert a bar 10 to 12 
feet long and 4 inches in diameter into a tube, a certain amount 
of time is required to adjust the guides, to deliver the bar to the 
rolls, and to remove the finished t;pbe. The time so spent is 
employed to accumulate energy in a fly-wheel 20 feet in dia- 
meter, weighing 70 tons, and revolving 240 times in a minute, 
the periphery of which therefore revolves at 2 '85 miles per 
minute ; by this means, a steam-engine of 1200 horse-power is 
quite sufficient to do the work. A peculiar feature of these rolls 
is that the resulting tube is a test of the material and process. 
If the metal is homogeneous throughout, and well* melted, 
well rolled, and carefully heated, it makes a perfect tube ; but 
if there is a flaw in the metal, or if it has not been properly 
heated, the rolls cannot make a tube out of it. The paper, 
which was illustrated by photographs of the mills and engines, 
led to a very interesting discussion, in which Sir Frederick 
Bramwell, Prof. A. B. W. Kennedy, Mr. Alexander Siemens, 

and others took part. 

I 

Messrs. J. and A. Churchill have issued the fifth edition 
of Prof. F. Clowes’s ‘‘Treatise on Practical Chemistry/' The 
present edition contains several emendations and additiSnft 
The author explains that the work is intended to furnish a 
course of laboratory instruction in practical chemistry, which 
may precede the higher training of the professional and pharma- 
ceutical chemist and the medical man, and the more special 
training of the technical chemist and the chemical engineer. 

The sixth volume of ** Blackie's Modern Cyclopaedia," 
edited by Dr. Charles Annandale, has been published. The 
volume begins with “Mona," and ends with “ Postulate." The 
articles, like those of the previous volumes, are remarkably 
clear, concise, and accurate. 

The third number of the “Indian Museum Notes " consist- 
of a careful paper on silkworms in India, by Mr. E. C. Cotes. 
The author confines attention to those species which are actually 
utilized in India for the production of silk. 

Mr. W. F. Kirby, author of “A Synonymic Catalogue of 
Diurnal Lepidoptera," will publish shortly with Messrs. Gurney 
and Jackson, Mr. Van Voorst's successors, “ A Synonymic Cata- 
logue of Neuroptera Odonata or Dragon-flies." He hopes to 
bring out afterwards the first volume of his“ Catalogue of Lepido- 
ptera Heterocera," a work which has engaged his attention fot 
nearly twenty years. 

The editor of the Naturalists* Gazette has in the press an 
“ Illustrated Hand-book of British Dragon-flies," which will 
contain a full description of all the species indigenous to the 
British Isles, in Addition to a quantity of other information. 

A NEW gas, methylene fluoride, CHjFg, has been obtained by 
M. Chabritf, and a preliminary account of it will be found in the 
current number of the Comptes rendus. Its chlorine, bromine, 
and iodine analogues, CH^Cl,, CHi^Br^, and CHsI,* have long 
been known. Methylene iodide is a liquid at ordinary tempera- 
tures which solidifies about 4® C. to brilliant leafy crystals. The 
liquid boils at 182®. Methylene bromide is a liquid boiling at 
81®, and the chloride is also a liquid boiling at 41®. The fluoride, 
completing the graduation of the series, is now shown to be a 
gas. It is obtained by heating the chloride with silver fluoride. 
Methylene chloride is generally prepared from methyl iodide, 
which is placed in a retort, covered with water, and a 



i 82 


NA TURE 


[June 19, 1890 


.Stream of chlorine slowly allowed to pass through it. The very 
volatile methylene chloride distils over, as it is formed, into a 
condenser which is strongly cooled by a freezing mixture. In 
order to j)repare the new gas, the methylene chloride is placed 
in a tube of Bohemian glass along with the proper quantity if 
pure silver fluoride, and the tube sealed before the blow- 
pipe. It is then heated for half an hour to 180°. In 
an actual experiment 1*7 gram of methylene chloride and S'o8 
grams of anhydrous silver fluoride, specially purified by the 
method described by GoA, were employed. Upon opening 
the tube, a great rush of gas occurs, which on collection and 
analysis is found to consist of methylene fluoride. The density 
of the gas compared with air was found to be 1*82, which 
agrees very closely with the theoretical density, i*8i, required 
for the formula CH^Fg. Alcoholic potash is found to absorb it 
complqjely. Hence, in order to obtain a measure of the amount 
of carbon contained in the gas, a measured volume was absorbed 
in alcoholic potash and then treated with acetic acid and 
potassium permanganate. The alcoholic potash appears to con- 


vert 


it into fotm aldehyde, 


H 

H 




o ; this is oxidized by the 


liOv 

potassium permanganate to carbonic acid, = o, and the 


acetic acid consequently liberates a volume of carbon dioxide 
equal to the volume of methylene fluoride experimented upon, 
■^liiis affords a ready mode of demonstrating at the same time 
the principal properties of the gas and its composition as regards 
the amount of carbon contained in it. Experiments are now in 
progress from which it is hoped some knowledge will be gained 
concerning its physiological action, which it will be interesting 
to compare with that described by MM. Regnault and Villejean 
in case of methylene chloride. In a recent communication by 
M. Moissan upon carbon tetrafluoride, CF4, an account of which 
was given in Nature (May 15, p. 67), it was recommended that 
metallic tubes should always be employed in these reactions with 
silver fluoride, inasmuch as fluorides of carbon attack glass with 
production of carbon dioxide and silicon tetrafluoride ; for in- 
stance, CF4 -f-Si0.j = CO2 d- SiF4. But M. Chabrid finds that 
if hard Bohemian glass is used, the product contains only mere 
traces of the two gaseous impurities mentioned, and, as glass is 
so much more convenient to manipulate, considers it advisable 
to use it. The methylene fluoride prepared in the above manner 
was quite sufficiently pure for all practical purposes. 


The additions to the Zoological Society's Gardens during the 
past week include a Common Marmoset {Hapale jacchus) from 
South-east Brazil, presented by Mr. Percy Standish ; a Mal- 
brouck Monkey {Cercopith^cus cynosurus 6) from the Upper 
Shire, two Grand Galagos {Galaj^o crassicaudata) from Mandala, 
Shire Highland, East Africa, presented by Mr. John W. Moir ; 
two Common Marmosets {Hapaie jacchus) from South-east 
Brazil, presented by Mr. W. Norbury ; a Common Fox (Canis 
vulpes 6 ), British, presented by Mr. Atkins ; a Great Crested 
Grebe {^Podiceps cristatus\ British, presentee^ by Mr. T. E. 
Gunn ; two Green Lizards {Lacerta viridis)^ three Wall 
Lizards {Lacerta muralis)^ a Dark-Green Snake {Zamcnis atro- 
virens)f four Common Snakes {Tropidonatus natrix\ four 
Marbled Newts {Moige marmoruta\ an Edible Frog (Rana 
esculenta) from the South of France, presented by the Rev. 
F. W. Ilaines ; eighteen Young Green TvLxiles (Chc/onc viridis) 
from Ascension Island, presented by Captain Robinson; a 
Silvery Gibbon {Hylobates iettciscus) from Java, deposited; a 
Philippine Paradoxure (Paradoxurus philippensis) from Zebu 
Island, Philippines, three Japanese Teal (Querquednla formosa 
<599) from North-east Asia, purchased ; an Angora Goat 
(Capra hircus^ var., <5 ), two Yellow-legged Herring Gulls 
(Lartts.cachinnans) bred in the Gardens. 
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OUR ASTRONOMICAL COLUMN. 


Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on June 19 
i5h. 52m. i8s. 


Name. 


Mag. 

Colour. 

R.A 189a 

Decl. 1890. 

G.C. 4244 ... 



Bluish. 

h. m. s. 
16 43 56 

• / 

+47 48 

) 367 Birm. 


6 

Red. 

IS sy ai 

+47 32 

) a Serpentis ... 


2 

Yellow. 

15 38 54 

4- 6 46 

1 a Coronas 


2 

Bluish-white. 

,15 30 0 

' 1*27 5 

1 U Cassiopciae... 


Var. 

Red. 

0 40 Z1 

+ 47 39 


Remarks^ 

(1) The spectrum of this nebula, according to an observation 
made by Dr. Huggins in 1866, is a continuous one, but this 
result does not appear to accord with Smyth’s description of it 
as “a fine planetary nebula, . . . large, round, and of a lucid 
pale blue hue.” The G.C. description of it is : “Very bright 
large ; round ; disk with faint, possibly resolvable, border.” I 
know of no later observation of the spectrum than that referred 
to, but it is important that it should be confirmed, as the colour 
alone would lead to the supposition that there is something in 
addition to continuous spectrum. It is indeed possible that we 
have here a case of a nebula intermediate in condensation 
between those which give a spectrum of bright lines, and 
those which give a so-called “continuous” spectrum. In any 
case the apparent discrepancy between colour and spectrum 
should be investigated, for it is generally understood that planet- 
ary nebulae with a bluish colour give bright lines. 

(2) Duncr describes the spectrum of this star as a magnificent 
one of Group II. “All the bands 2-10, 6 included, and possibly 
I, are vi.sible. They are of extraordinary width and entirely 
black. The spectrum is totally discontinuous.” The usual 
more detailed observations should be made. 

(3) This star has a spectrum generally described as similar to 
the solar spectrum*. The usual more detailed observations, as 
to whether the star is increasing or decreasing in temperature, 
are required. 

(4) The spectrum of this star is a well-marked one of Group 
IV., but so far we have no information as to the temperature of 
the star relatively to others with almost similar spectra. 

(5) The spectrum of this variable has not been recorded. 

The range of variation is from 8*5 to 14 in about 260 days. 
There will be a maximum about June 20. A. Fowler. 

* Observations of Meteors. — The May number of the 
Monthly Notices of the Royal Astronomical Society contains a 
catalogue of 918 radiant-points of meteors observed by Mr. 
Denning at Bristol since 1873, together with a mass of informa- 
tion pertaining to their determination. The total number of 
meteors seen from 1873 to 1889 was 12,083, and the paths of 
9177 of these were registered. The following table shows the 
horary rate of apparition of the meteors during the various 
months of the year : — 


January 

... 6-5 


July 

11*3 

February 

... 49 


August 

11*3 

March ... 

... 6 6 


September ... 

10-3 

April . . . 

... 6-6 


October 

II-8 

May ... 

... S'2 


November ... 

11*3 

June ... 

... 49 

• 

December 

8-9 


The mean horaty rate of apparition is therefore 8*3. This is 
less than would be observed from a place where there is no 
interference with the light and smoke^of a large town, some 
observations made by Mr. Denning in a different locality in- 
creasing the mean horary number to 11*4. 

The observations were almost equally distributed between the 
morning hours, and were usually made between the third and 
first quarter of the moon, because a bright sky is vciy effective in 
obliterating meteor-showers, and therefore moonlight meteors 
are commonly rare. 

As to the relative numbers which appear during the night, 
the maximum appears to be attained Set ween 2 and 3 a.m., 
when the rate is nearly double that observed in the early hours- 
of the evening. Two or three meteors have frequently been 
noticed to appear at nearly the same time and from the same 
I radiant, the probable explanation in such cases being that the 
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two objects originally formed one mass, which suffered disrup- 
tion owing to the vicissitudes encountered in planetary space. 

The average length of path of all the meteors registered is 
fo®'9. The average height of either fireballs or shooting-stars 
has been computed, from thirty-eight instances, to be— 

Beginning height ... 71 'i miles. 

End height 48*2 „ 

From a comparison of a large number of other similar results, 
the following general average has been deduced : — 

Beginning height ... 76*4 miles (683 meteors). 

End height 50*8 „ (736 „ ). 

If fireballs and shooting-stars are separated, the usual heights 
of disappearance are : fireballs, 30 miles ; shooting-stars, 54 
miles. A considerable amount of information as to the radiant- 
points, stationary and otherwise, has been brought together; 
and, with the catalogue, they render Mr. Denning’s paper one 
of a very important character. 

Brooks’s Comet {a 1890). — The following ephemeris has 
been computed by Dr. Bidschof (Astr. JVac/i,, 2970), and is 
in continuation of that previously given (vol. xlii. p. 138). The 
elements have been found from observations at Cambridge, 
March 21, and Vienna, April 18 and May 24 : — 

T = 1890 June 1*5360 Berlin Mean Time. 

curr 685439-9) 

SI == 320 20 32-2 j-Mean Eq. 1890-0. 

* = 120 33 5-4j 
log (/ = 0-280524 

Ephemeris for Berlin Midnight. 


XS90. R.A. Decl. .'w 3 1890. K.A. Decl. 

cn 

h. m. s. o / h- !»• s* j o / 

June 21 15 59 27 +65 19-5 July 12 1348 i8[ + 5S 3o-92-io 
„ 22 4935 6s 5-3 3-08 „ 13 45 II 54 58 * 

„ 23 40 4 6448-6 ,, 14 4215 5425 6 

„ 24 3056 6429-4 „ IS 3929, 5353-3 

„ 25 2213 64 8-1 „ 16 3653 53 2i-2|i-93 

„ 26 13 55 6344-92-88 „ 17 3427 5249 s 

,,27 60 63 20-0 „ 18 32 52 18-1 

,, 28 14 58 29 62 53-6 „ 19 29 59 51 47-0I 

„ 29 SI 22 62 25-9 „ 20 27 56 51 16-3 1-77 

,, 30 4438 6157-12-68 ,, 21 26 o 50 45*9] 

July I 3816 6127-3 »» 22 2411 5015-9! 

„ 2 32 IS 60 56-7 „ 23 22 29 49 46-3 

M 3 263s 6025-4 „ 24 2052 49 17 -oj I -63 

„ 4 2114 5953 62-48 „ 25 1921 4848-1 

,, 5 1612 5921-4 „ 26 1756; 48197, 

,, 6 1127 5848-8 „ 27 16 36| 4751-71 

,.7 659 5815-9 „ 28 1521 4724-11-50 

„ 8 246 5742-92-29 „ 29 1410 46s6'9l 

» 9 *3 58 48 57 9 9 M 30 13 4 46 30 '* 

.. >o 55 6 5636-8 „ 31 12 I 46 3 * 8 , 

„ II 5*36 56 38 Aug. I II I 4 S 37 ' 9 |i ’38 

PHO'roc:RAPH OF Brooks’s Comet (« 1890).— A photograph 
of this comet was obtained at Algiers on May 22 by M. Ch. 
Trepied {Comptes rendus, June 9, No. 23). Two hours’ exposure 
was found necessary. 


ASTRONOMICAL TELESCOPES^ 

pEFORE speaking of the enom)ous instruments of the present 
^ day, with their various forms and complicated mocninery, 
it will be well to give some little time to a consideration of the 
principles involved in the construction of the telescope, the 
manner in which it assists the eye to perceive distant objects, 
and in a brief and general way to the construction and action of 
the eye as far it affects the use of the telescope, all as a help to 
consider in which way we may hope to still further increase our 
sense of vision. 

1 Discourse delivered at the Royal Institution on Friday, May tSqp, 
by Mr. A.*A. Common. 
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I will ask you to bear with me when I mention some things 
that are vciy well known, but which if brought to mind may 
render the subject much more easy. Within pretty narrow 
liinits the principles involved in the construction of the telescope 
are the same whatever form it ultimately assumes. I will take 
as an illustration the telescope before me, which has served for 
the finder to a large astronomical telescope, and of which it is 
really a model. On examination we find that it has, in common 
with all refracting telescopes, a large lens at one end and several 
smaller ones at the other ; the numbesof these small lenses varies 
according to the purpose for which we use the telescope. Taking 
out this large lens we find that it is made of two pieces of glass ; 
but as this has been done for a purpose to be presently explained 
which does not aflfect the principle, we will disregard this, and 
consider it only as a simple convex lens, to the more important 
properties of which I wish first of all particularly to draw your 
attention, leaving the construction of telescopes to be dealt with 
later on. • 

Stated shortly, such a lens has the power of refracting or 
bending the rays of light that fall upon it : after they have passed 
through the lens the course they take is altered ; if we allow the 
light from a star to fall upon the lens, the whole of the parallel 
rays coming from the star on to the front surface are brought by 
this bending action to a point at some constant distance behind, 
and can be seen as a point of light by placing there a flat screen 
of any kind that will intercept tne light. For all distant objects 
tj^e distance at which the crossing of the rays takes place is the 
same. It entirely depends on the substance of the lens and the 
curvature we give to the surfaces, and not at all upon the aperture 
or width of the lens. The brightness only of the picture of the 
star, depends upon the size of the lens, as that determines tfle» 
amount of light it gathers together. If, instead of one star we 
have three or four stars together, we will find that this lens will 
deal with the light from each star just as it did with the light of 
the first one, and just in proportion to the distance they are apart 
in the sky, so will the pictures we see of them be apart on our 
screen. So if we let the light from the moon fall on our lens, 
all the light from the various parts of the moon’s surface will act 
like the separate stars, and produce a picture of the whole moon 
(in the photographic camera the lens produces in this manner a 
picture of objects in front of it which we see on the ground 
glass). When we attempt to get pictures of near objects that 
do not send rays of light that are parallel we find that as the 
rays of light from them do not fall on the lens at the same 
angle to the axis the picture is formed further away from 
the lens. The nearer the object whose picture we wish to throw 
upon the screen is to the lens, the further the screen must be 
moved. If we try this experiment we will find, when we have 
the object at the same distance as the screen, the picture is then 
of the same size a.s the object, and the distance of the screen from 
the lens is twice that which we have found as the focal length ; 
on bringing the object still nearer the lens, we find we must 
move the .screen further and further away, until when the object 
is at the focus the picture is formed at an infinite distance away, 
or, what is more to our purpose, the rays of light from an object 
at the focus of a convex lens go away through the lens parallel, 
exactly as we have seen such parallel rays falling on the glass 
come to a focus, so that our diagram answers equally well what- 
ever the direction of the rays ; and this holds good in other cases 
where we take the effect of reflection as well as refraction. 

We can also produce pictures by means of bright concave 
surfaces acting by reflection on the light falling upon them. 
Such a mirror or concave reflecting surface as I have here will 
behave exactly a#the lens, excepting, of course, that it will form 
the picture in front instead of behind. The bending of the ra^s 
in the case of the convex lens is convergent, or towards the axis, 
for all parallel rays ; if we use the reverse form of lens — that is, 
one thicker at the edge than in the middle — we find the reverse 
effect on the parallel rays ; they will now be divergent, or bend 
away from the axis ; and so with reflecting surfaces if we make 
the concavity of our mirror less and less, till it ceases and we 
have a plane, we will get no effect on the parallel rays of 
light except a change of direction after reflection. * If we go 
beyond this and m&e the surface convex we then will have 
practically the same effect on the reflected rays as that ^iven to 
the refracted ray by the concave glass lens. 

As regards the size of the picture produced by lenses or 
mirrors of different focal length, the picture is larger just as the 
focal length is greater, and the angular dimension is converted 
into a linear one on the screen in due proportion. Now, as we 
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shall assume that the eye secs all things best at the distance of 
about nine inches, we may say that the picture taken with a lens 
of this focal length gives at once the proper and most natural 
representation we can possibly have of anything at which w/s 
can look. Such a picture of a landscape, if placed before the 
eye at the distance of nine inches, would exactlv cover the real 
landscape point for point all over. A picture taken with a lens 
of shorter focal length, say four inches, will give a picture as 
true in all the details as the larger one, but if this picture is 
looked at, at nine inches distance, it is not a true representation 
of what we see ; in order to make it so, we must look at it with 
a lens or magnifier. With a larger picture one can look at this 
at the proper distance, which always is the focal distance of the 
lens with which it was obtained, when we will see everything in 
the natural angular position that we have in the first case. 

But if, instead of looking at this larger picture, which we may 
consider taken with a lens of say ninety inches focal length, at 
a distarce of ninety inches, vie look at it at a distance of nine 
inches, we have practically destroyed it as a picture by reducing 
the distance at which we are viewing it, and we have convertea 
it into what is for that particular landscape a telescopic picture ; 
we see it, not from the point at which it was taken, but just as if 
we were at one-tenth of the distance from the particular part that 
we examine. A telescope with a magnifying power of ten, 
would enable us to see the landscape just as we see it in the 
photograph, when we examine it in the way I have mentioned. 

Having thus seen how a lens or mirror acts, we will turn oqr 
attention to the eye. Here we find an optical combination of 
lenses that act together in the same way as the single convex 
lens of which we have been speaking. We will call this com- 
>bfnation the lens < f the eye. It produces a picture of distant 
objects which in the normal eye falls exactly in focus upon the 
retina. We are conscious that we do see clearly at all distances 
beyond about nine inches. 

At less than this distance objects become more and more 
indistinct as they are brought nearer to the eye. From what we 
have seen of the action of the lens in producing pictures of 
near and distant objects, we know that some movement of the 
screen must be made in order to get such pictures sharply 
focussed, a state of things necessary to perfect vision. We might 
therefore suppose that the eye did so operate by increasing when 
necessary the distance between the lens and retin i, but we 
know that the same effect is produced in another way ; in fact, 
the only other way. The eye by a marvellous provision of 
nature, secures the distinctness of the picture on the retina of all 
objects beyond a distance of about 9 inches, by slightly but 
sufficiently varying the curvature of oae of the lenses ; by an effort 
of will, we can make the accommodating power of the eye 
slightly greater, and so see things clearly a little nearer ; but at 
about the distance of 9 inches, the normal eye is unconscious of 
any effort in thus accommodating itself to different distances. 
The picture produced by the lens of the eye whose focal length 
we will assume to be six-tenths of an inch falls on the retina, which 
we will assume further to be formed of a great number of 
separate sensible points, which, as, it were, pick up the picture 
where it falls on these points, and through the nervous organiza- 
tion, produce the sense of vision. Possibly when these points 
are afifected by light, there may be some connective action, either 
produced by some slight spherical aberration of the lens or 
otherwise ; but I do not wish to go any further in this matter 
than is necessary to elucidate my subject. What I am concerned 
with now is the extent to which the sensibility of the retina ex 
tends. Experiment tells us that it extends to the perception of 
two separate points of light whose angular listance apart is 
one minute of arc, or in other words at the distance we can see 
best, two points whose distance apart is about 1/400 of an inch. 

This marvellous power can be better appreciated when we re- 
member that the actual linear distance apart of two such points 
on the retina is just a little more than f /6000 of an inch. 

In dealing with the shape of small objects the difference be- 
tween a circle, square, and triangle, can be detected when the 
linear size of either is about 1/2000 of an inch. It mav be 
therefore fairly taken that these separate sensible points of the 
retina are somewhere about 1/12,000 part of an inch apart 
from each other. Wonderfully minute as must this structure be, 
we must remember, as we have already shown, that the actual 
size of the image it deals with is ako extremely small. This 
minuteness becomes apparent when we consider what occurs 
when we look at some well-knowii object, such as the full moon. 
Taking the angular diameter of the moon as 30 minutes of arc, 
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and the focal length of the eye at six-tenths of an inch, we find the 
linear diameter of the picture of the full moon on the retina is 
about 1/200 of an inch, and assuming that our number of the 
points in the retina is correct, it follows that the moon is subject 
to the scrutiny of 2800 of these points, each capable of dealing 
with the portion of the picture that falls upon it. 

That is to say, the picture, as the retina deals with it, is made 
up of this number of separate parts, and is incapable of further 
division, just as if it were a mosaic. I think this is really the 
case, and as such a supposition permits us to explain not only 
what occurs when we assist the eye by means of the telescope, 
but also what occurs when we use the telescope for photographing 
celestial objects, we will follow it up. 

In the case of the eye we suppose the image of the moon to 
be made up through the agency of these 2800 points, each one 
capable of noting a variation in the light falling upon it. In 
order to make this rather important point plainer, I have had a 
diagrammatic drawing made on this plan. Taking a circle to re- 
present the full moon, I have divided it into tWs number of 
spaces, and into each space I have put a black dot, large or 
small, according to the intensity of the light falling on that part 
of the image as determined by looking at a photograph of the 
moon. You will see by the picture of this moon the effect pro- 
duced. It represents to those who arc at a sufficient distance 
the moon much as it is really seen in the sky. 

We can now with a lens of the same focal length as the eye 
obtain a picture of the full moon exactly of the size of the actual 
picture on the retina, and if we take a proper photographic pro- 
cess we can get particles of silver approximately of the same 
sizes as the dots we have used in making our diagram of the 
moon ; the grouping is not exactly the same, but we may take 
it as precisely so for our purpose. I have not any photographs 
of the full moon of this size, but I have some here of the moon 
about five, seven, and eight days old, which give a good idea 
of what I mean by the arrangements of the particles of silver 
being like our diagram. 

It is now quite apparent that if we can by any means increase 
the size of the picture of the moon on the retina or make it 
larger on the photographic plate, we would be able to employ 
more of our points or particles of silver, and so be able to see 
more clearly just in proportion as we increase the size of the 
picture in relation to the size of the separate parts that 
make it. 

Now the telescope enables us to do this for the eye, and 
a longer focussed lens will give us a larger photographic 
picture. 

Let us assume that by means of the telescope we have in- 
creased the power of the eye one hundred times. The picture 
of the moon on the retina would now be one-half inch diameter, 
and instead of employing 2800 points to determine its shape, 
and the various markings upon it, we should be employing 
28,000,000 of these points ; and similarly with the photograph, 
by increasing the size of our lens we will obtain a picture made 
up of this enormous number of particles of silver. But we can 
go further in the magnification of the picture on the retina — we 
can also use a still longer focus photographic lens. 

A power of magnification of one thousand is a uite possible 
under favourable circumstances ; this means that the picture of 
one two-hundredth of an inch would be now of five inches in 
diameter, so we must deal with only a portion of it. Let us 
take a circle of one-tenth of this, equalling one-hundiedth of our 
original picture, which in the eye, unaided by the telescope, 
would have a diameter of one two-thousandth of an inch, or an 
area of less than one five-milliopth of a square inch. This means 
that with this magnification, we have increased the power so 
enormously that we are now employing for the photographic 
picture two thousand eight hundred million particles of silver, 
and in the eye the same degree of increase in the number of 
points of the retina employed in scrutinizing the picture piece 
oy piece as successive portiqns are brought into the central 
part. 

Photography enables me to show that the result I have 
given of the wonderful effect of increasing the optical power is 
perfectly correct as far as it is concerned. We will deal with a 
part onlv of the ^nibon, representing, as I have just said, about 
one-tentn of its diameter, or one*bundredth of its visible sur- 
face. Two such portions of the moon are marked, as you see, 
on the diagram. I have selected these portions as I am able 
to show you them just «i taken on a large scale by photography 
1^0 that you can make the comparison in tne most certain jnanner ; 
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but let us first analyze our diagrammatic moon — let us magnify it 
about ten times, and see what it looks like. 

I now show you a picture of this part of the diagram, in- 
closing the portions I wish to speak about, magnified ten times, 
so that you can see that about twenty-eight of our points, and by 
supposition twenty-eight of our particles of silver on the photo- 
gtaphic plate, make up the picture. You will see that these dots 
vary in size ; the difference is due to the amount of light falling 
within what we may call the sphere of action of each point, and 
should represent it exactly. The result can hardly be called 
a picture, as it conveys no impression of continuity of form to 
the mind. We have got down to the structure or separate parts, 
and to the limit of the powers of the eye and the photographic 
plate, of course on the assumption we have made as to the size 
of the points in the one case and the particles of silver in the 
other. I will now show you the same parts of the moon as re- 
presented by the circles on our diagram exactly as delineated by 
photography. You now see a beautiful picture giving mountains, 
valleys, craters, peaks, and plains, and all that makes up a 
picture of lunar scenery. We have thus seen how the power of 
the eye is increased by the enlargement of the picture on the 
retina by the telescope, and also how, by increasing the size of 
the photograph, we also get more and more detail in the picture. 

We know we cannot alter the number of those separate points 
on the retina which determine the limit of our powers of vision 
in one direction, but we may be able to increase enormou^^ly the 
number of particles of silver in our photographic picture by 
processes that will give finer deposits, and so, in conjunction 
with more perfect and larger photographic lenses, we may 
reasonably look for a great improvement in our sense of vision — 
it may be even beyond that given by the telescope alone ; al- 
though it always will be something in favour of the telescope 
that the magnification obtained in the eye is about fifteen times j 
greater than that obtained by photography when the image on 
the retina is pitted against the photograph of the same size, 
unless we use a lens to magnify the photograph of the same focal 
length as the eye, in which case it is equal. But we may go 
much further in our magnification of the photographic image. 
In other ways there is great promise when we consider the 
difference in the action of the eye and the chemical Jiction in 
the sensitive film under the action of light. As I pointed out in 
the discourse I gave about four years ago in this theatre, the 
eye cannot perceive objects that are not sufficiently illuminated, 
though this same amount of illumination will, by its cumulative 
effect, make a photographic picture, so that there are ways in 
which the photographic method of seeing celestial bodies can be 
possibly made superior to the direct method of looking with a 
telescope. 

With some celestial objects this has been already done : stars 
too faint to be seen have been photographed, and nebulas that 
cannot be seen have also been photographed ; but much more 
than this is possible : we may be able to obtain photographs of 
the surface of the moon similar to those I have shown, but on a 
very much larger scale, and we may obtain pictures of the 
planets that will far surpass the pictures we would see by the 
telescope alone. 

I have mentioned that the distance at which the normal eye 
can best see things is about nine inches, as that gives the greatest 
angular size to the object while retaining a sharp picture on the 
retina ; but, as many of us know, eyes differ in this po\ver : two 
of the common infirmities of the eyes are long- or short-sighted- 
ness, due to the pictures being formed behind the retina, in the 
first case, and in front of it in the other. Towards the end of the 
thirteenth century it was found fhat convex lenses would cure the 
first infirmity, and, soon afterwards, that concave lenses would 
cure the second, as can be easily seen from what 1 have said 
about the action of these lenses ; so that during the fifteenth and 
sixteenth centuries the materials for the making of a telescope ex- 
isted ; in fact, in the sixteenth century, Porta invented the camera 
obscura, which is in one sense a telescope. It seems very strange 
that the properties of a convex and concave lens when properly 
arranged were not known much earlier than i6o8. Most prob- 
ably, if we may judge from the references made by some earlier 
writers, this knowledge existed, but was not properly appreciate 
by them. Undoubtedly, after the first telescop^ were made in 
Holland in 1608, the value of this unique instrument was fully 
appreciated, and the news spread rapidly, for we find that in 
the next year Galileo had been appointed lecturer at Padua 
for life, on account of a perspective like the one which was sent 
from ]^anders to Cardinal Borghese.’’ As far as can be ascer- 
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tained, Galileo heard of the telescope as an instrument by which 
distant objects appeared nearer and larger, and that he, with, 
this knowledge only, reinvented it. The Galilean telescope is 
practically, though not theoretically, the simplest form. It is 
made of a convex lens in combination with^ a concave lens to* 
intercept the cone of rays before they come to a focus, and 
render them parallel so that they can be utilized by the eye* 
It presents objects as they appear, and the picture is freer from 
colour in this form than in the other, where a convex eye-glass 
is used. It is used as one form of opera-glass at the present 
time. Made of one piece of glass iti tne shape of a cone, the 
base of which is ground convex, and the apex slightly truncated' 
and ground concave, it becomes a single-lens telescope that can 
be looked upon just as an enlargement of the outer lens of the eye. 

Galileo was undoubtedly the first to make an astronomical 
discovery with the telescope : his name is, and always will be, 
associated with the telescope on this account alone. 

Very soon after the introduction of the Galilean telescope, the 
difficulties that arise from the coloured image produced b]f a single 
lens turned attention to the possibility of making a telescope by 
using the reflecting surface of a concave mirror instead of a lens. 
Newton, who had imperfectly investigated the decomposition of 
light produced by its refraction through a prism, was of opinion 
that the reflecting principle gave the greatest possibilities of in- 
crease of power. He invented, and was the first to make, a 
reflecting telescope on the System that is in use to the present 
day; thus the two forms of telescope — the refracting and re- 
jecting — came into use within about 60 years of each other. It 
w ill be perhaps most convenient in briefly running through the 
history of the telescope, that I should give what was done in 
each century. • 

Commencing, then, with the first application of the telescopf 
to the investigation of the heavenly bodies by Galileo in 1609, 
we find that the largest telescope he could make gave only a 
magnifying power of about 30. 

The fii*st improvement made in the telescope, as left by Galileo,, 
w’as due to a suggestion — by some attributed to Kepler, but 
certainly used by Gascoigne — to replace the concave eye-lens 
that Galileo used by a convex one. Simple as this change look?,, 
it makes an important, indeed vital improvement. The tele- 
scope could now be used, by placing a system of lines or a scale 
in the common focus of the two lenses, to measure the size of 
the image produced by the large lens ; the axis or line of colli- 
mation could be found, and so the telescope could be used on 
graduated instruments to measure the angular distance of various 
objects ; in fact, we have now in every essential principle the 
true astronomical telescope. It is useless as an ordinary tele- 
scope, as it inverts the objects looked at, while the Galileaa 
retains them in their natural position. The addition, however, 
of another lens or pair of lenses reinverts the image, and we 
then have the ordinary telescope. It was soon found that the 
single lens surrounds all bright objects with a fringe of colour, 
always of a width of about one- fiftieth of the diameter of the 
object-glass, as we must now call the large lens ; and as this 
width of fringe w as the same whatever the focal length of the 
object-glass, the advantage of increasing this focal length and 
so getting a larger image without increasing the size of the 
coloured fringe became apparent, and the telescope therefore 
was made longer and longer, till a length of over one hundred 
feet was reached ; in fact, they were made so long that they 
could not be used. A picture of one of these is shown, from 
which it can be easily imagined the difficulties of using it must 
have been very great, yet some most important measurements 
have been mad^ with these long telescopes. Beyond the sug- 
gestions of Gregory and Cassegrain for improvements in the 
reflecting telescope, little was done with this instrument. 

During the eighteenth century immense advances were made 
in both kinds of telescopes. With the invention of the achromatic 
telescope by Hall and Dollond, the long-focussed telescopes 
disappeared. 

Newton had turned to the reflectiilg telescopes believing from 
his investigations that the dispersion and refraction were constant 
for all substances ; this was found not to be so, and hence a 
means was possible to render the coloured fringe that surrounds 
bright objects when a single lens is used less prominent, by 
using two kinds of glass for the lens, one giving more refraction 
with somewhat similar dispersion, so that while the dispersion 
of one lens is almost corrected or neutralized by the other, tbere- 
is still a refraction that enables the combination to be used as a. 
lens giving an image almost free from colour. 
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In 1733, Hall had made telescopeshaving double object-glasses 
on this plan, but never published the fact. Dollond, who had 
worked independently at the subject, came to the conclusion 
that the thing could be done, and succeeded in doing it ; th^ 
invention of the achromatic telescope is with justice, therefore, 
connected with his name. 

Although this invention was a most important one, full advant- 
age could not be taken of it owing to the difficulty of getting 
disks of glass large enough to make into the compound object- 
glass, disks of about four ^ches being the largest diameter it 
was possible to obtain. With the reflecting telescope, unham- 
pered as it always has been by all except mechanical difficulties, 
advance was possible, and astronomers turned to it as the only 
ineans of getting larger instruments. Many most excellent 
instruments were made on the Newtonian plan. The plan pro- 
posed by Gregory was largely used, as in this instrument objects 
are seen in their natural position, so that the telescope could be 
employed for ordinary purposes. 

Many were also made on the plan proposed by Cassegrain. 
The diagrams on the wall enable you to at. once see the 
essential points of these difierent forms of reflectors. 

About 1776, Herschel commenced his astronomical work ; 
beginning with reflecting telescopes of six or seven inches, he 
ultimately succeeded in making one of four feet aperture with 
these instruments. As everyone knows, most brilliant discoveries 
were effected, and the first real survey of the heavens made. 

Herschel’s larger telescopes were mounted by swinging them 
in a surrounding framed scaffolding that could itself be rotated. 
The smaller ones were mostly mounted on the plan of the one 
now before us, which the Council of the Royal Astronomical 
Society have kindly allowed me to bring here. The plan nearly 
always used by Sir William Herschel was the Newtonian, 
though for the larger instruments he used the plan proposed 
years before by Le Maire, but better known as the Herschelian, 
when the observer looks directly at the large mirror, which is 
slightly tilted, so that his body does not hinder the light 
reaching the telescope. In all cases the substance used for the 
mirrors was what is called speculum metal. 

During the present century the aperture of the refracting 
telescope has increased enormously ; the manufacture of the 
glass disks has been brought to a high state of perfection, par- 
ticularly in France, where more attention is given to this manu- 
facture than in any other country. Early in the century the 
great difficulty was in making the disks of flint glass. M. 
Guinand, a Swiss, beginning in 1784, succeeded in 1805 in getting 
disks of glass larger and finer than had been made before, and 
refractors grew larger and larger as the glass was made. In 
1823 we have the Dorpat glass of 9*6 inches, the first large 
equatorial mounted with clock-work ; in 1837 the 12-inch 
Munich glass ; in 1839 iS-inch at Harvard, and in 1847 
another at Pulkowa ; in 1863 Cooke finished the 25-inch refractor 
which Mr. Newall gave, shortly before his death last year, to the 
Cambridge University. 

This telescope the University has accepted, and it is about to 
be removed to the Observatory at Cambridge, where it will be 
in charge of the Director, Dr. Adams. In accordance with the 
expressed wish of the late Mr. Newall, it will be devoted to a 
study of stellar and astronomical physics. There is every pro- 
spect that this will.be properly done, as Mr. Frank Newall, one 
of the sons of the late Mr. Newall, has offered his personal 
services for five years in carrying on this work. Succeeding 
this we have the 26-inch telescope at Washington, the 26-inch 
at the University of Virginia, the 30-inch at Pulkowa, and 
the 36-inch lately erected at Mount Hamiltcn, California — 
all these latter by Alvan Clark and his sons. By Sir Howard 
Grubb we have many telescope.s, including the 28-inch at 
Vienna. Most of these telescopes have been produced during 
the last twenty years, ^s well as quite a host of others of 
smaller sizes, including nearly a score of telescopes of 
about 13 inches diameter by various makers, to be employed in the 
construction of the photographic chart of the heavens, which it 
has been decided to do by international co-operation. 

The first of these photographic instruments was made by the 
Brothers Henry, of the Paris Observatory, who have also made 
many very fine object-glasses and specula, and more important 
thw all, have shown that plane mirrors of perfect flatness can 
be made of almost any size ; the success of M. Loewy’s new 
telescope, the ec^uatorial coudS^ being entirely due to the 
marvellous perfection of the plane mirrors made by them. 
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The reflecting telescope has quite kept pace with its elder 
brother. 

La^sell in 1820 began the grinding of mirrors, he like Sir 
William Herschel working through various sizes, finally com- 
pleting one of 4 feet aperture, which was mounted equatorially. 
Lord Kosse also took up this work in 1840 ; he made two 
3-foot specula, and in 1845 finished what yet remains the 
largest telescope, one of 6 feet aperture. All these were of 
I speculum metal, and all on the Newtonian form. In 1870, 

I Grubb completed for the Melbourne Observatory a telescope of 
: 4 feet aperture, on the Cassegrain plan, the only large example. 

I This is of speculum metal. In 1856 it was proposed by Steinheil, 

> and in 1857 by Foucault, to use glass as the material for the 
concave mirror, covering the surface with a fine deposit of 
metallic silver in the manner that had then just been perfected. 
In 1858, Draper, in America, completed one on this plan of 15 
inches aperture, soon after making another of 28 inches. In France 
several large ones have been made, including one of 4 feet at 
the Paris Observatory: in England this form of telescope is 
largely used, and mirrors up to 5 feet in diameter have been 
made and mounted equatorially. 

, Optically the astronomical telescope, particularly the refractor, 
has arrived at a splendid state of excellence ; the purity of the 
glass disks and the perfection of the surfaces is proved at once 
by the performance of the various large telescopes. No limit has 
yet been set to the increase of size by the impossibility of getting 
disks of glass or working them, nor is it probable that the limit 
will be set by either of these considerations. We must rather 
look for our limiting conditions to the immense cost of mounting 
large glasses, and the absorption of the glass of which the lenses 
are made coming injuriously into play to reduce the light-gather- 
ing power, though it will be probably a long time before this 
latter evil will be much felt. 

With the reflecting telescope the greater attention given to the 
working and testing of the optical surface has enabled the con- 
cave mirror to be made with a certainty that the earlier workers 
never dreamed of. The examination of the surface can be made 
optically at the centre of curvature of the mirror in the manner 
■ that was used by Hadley in the beginning of the last century, 

I and revived some years ago by Foucault, who brought this 
I method of testing specula to a high degree of perfection ; in fact, 

I with the addition of certain methods of mea.suriiig the longi- 
tudinal aberrations we have now a means of readily testing 
’ mirrors with a degree of accuracy that far exceeds the skill of 
the worker. It enables every change that is made in the sur- 
. face during the progress of the figuring, as the parabolization of 
; the surface is called, to be watched and recorded, and the exact 
departure of any part from the theoretical form measured and 
corrected ; mirrors can be made of very much greater ratio of 
aperture to focal length, I have one here where the focal length 
is only 2 \ times the aperture : such a mirror in the days of specu- 
lum metal mirrors with the methods then in use would have 
necessarily had a focal length of about 20 feet. The difference in 
curvature between the centre and edge of this mirror is so great 
that it can be easily measured by an ordinary spherometer, 
amounting as it does with one of 6 inches diameter to 3/10,000 of 
an inch, an amount sufficient to make the focus of the outer por- 
tion about I inch longer than the inner when it is tested at the 
centre of curvature. 'I’he diagram on the wall, copied roughly 
from one of the records I keep of the progress of the work on a 
mirror during the figuring, shows how this system of measure- 
ments enables one to follow closely the whole operation. 

The use of silver on glass as the reflecting surface is as im- 
portant an improvement in thfi astronomical telescope as the 
invention of the achromatic telescope. It gives a permanency 
to a good figure once obtained that did not exist with the mirrors 
of speculum metal. To restore the surface of silver to the glass 
' speculum is only a small matter now. ^ How readily this is done 
' may be seen by the practical illustration of the method I will 
i give. I have here two liquids~one a solution of the oxide of 
j silver, and another a reducing agent, the chief material in solu- 
tion being sugar. I pour the two together in this vessel, the 
surface or which has been cleaned and kept wet by distilled 
water, which I shall partly empty, leaving the rest to mix with 
the two solutions ; you will see in the course of about 5 minutes 
the silver begin to form, eventually covering the whole surface 
with a brilliant coating that can be polished on the outer surface 
as bright as that you will see througn the glass. 

Reflecting telescopes have advantages over the refracting 
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telescopes in many ways, but in some respects they are not so 
good. They give images that are absolutely achromatic, while 
the other form always has some uncorrected colour. They can 
be made shorter, and as the light>grasping power is not reduced 
by the absorption of the glass of which the lenses are made, it 
is in direct proportion to the surface or area of the mirror. 
They have not had in many cases the same care bestowed upon 
either their manufacture or n their mounting as has been 
given in nearly every case to the refracting telescope. Speaking 
generally, the mounting; of the reflecting telescope has nearly 
always been of a very imperfect kind — a matter of great con- 
sequence, for upon the mounting of the astronomical telescope 
so much depends. To direct the tube to any object is not dif- 
ficult, but to keep it steadily moving so that the object remains 
on the field of view requires that the tube should be carried by 
an equatorial mounting of an efficient character. The first essen- 
tial of such a mounting is an axis parallel to the axis of rotation 
of the earth. The tube, being supported on this, will follow 
any celestial object, such as a star, by simply turning the polar 
axis in a contrary motion to that of the earth at the same rate. 
If we make the telescope to swing in a plane j^arallel to the 
polar axis, we can then direct the telescope to any part of the 
sky, and we have the complete equatorial movement. There 
are several ways in which this is practically done : we can have 
a long open-work polar axis supported at top an<l bottom, 
and swing the telescope in this, or we can have short strong 
axes. As examples of the first, I will show you pictures of the 
mountings designed for Cambridge and Greenwich Observa- 
tories some forty years ago by Sir G. Airy, lately and for so 
long our eminent Astronomer- Royal ; and as examples of the 
other form, amongst others, the large telescope lately erected at 
Nice, and also the larger one at Mount Hamilton, California, 
now under the direction of Prof. Holden. 

The plan of bringing all the various handles and wheels that 
control the movement of the telescope and the various acces- 
sories down to the eye end, so as to be within reach of the 
observer, is carried to the highest possible degree of perfection 
here, as we can see by an inspection of the picture of the eye 
end of this telescope. The observer with the reflecting telescope 
is, with moderate-size instruments, never very far from the floor, 
ljut in the case of the Lick telescope he might have to ascend 
some thirty feet for objects low down in the sky ; but, thanks 
to the ingenuity of Sir Howard Grubb, to whom the idea is 
due, the floor of the whole Observatory is made to rise and fall 
by hydraulic machinery at the will of the observer — a charming 
but expensive way of solving the difficulty, as far as safety 
goes, but not meeting the constant need of a change in position 
as the telescope swings round in keeping up with the motion of 
the object to which it is directed. The great length of the tube 
of large refractors is well seen in this picture of the Lick tele- 
scope ; it suggests flexure as the change is made in the direction 
in which it point.s, and the consequent change of stress in the 
different parts of the tube. 

The mounting of the reflector has been treated, if not so suc- 
cessfully, with more variety than in the case of the refractor as 
wc shall see from the pictures I will show you, especially where 
the Newtonian form is used. The 4- foot reflector at Melbourne 
is mounted on the German plan, in a similar way to a refractor, 
and an almost identical plan has been followed by the makers of 
the 4-foot at the Paris Observatory. Lassell, who was the first 
to mount a large reflector equatorially, used a mounting that may 
be called the forked mounting, the polar axis being forked at its 
upper end, and the tube of the telescope swinging between the 
forks : a very excellent plan, di^ensing with all counterpoising. 
Wishing to obtain certain conditions that I thought and think 
now favourable to the performance of the reflector, I devised a 
mounting where the whole tube was supported at one end on a 
bent arm ; a 3-foot mirror was mounted on this plan in 1879, 
and worked admirably. The Newtonian form demands the 
presence of the observer near the high end of the telescope, and 
the trouble of getting him there and keeping him safely close to 
the eye-piece is very great. As we see from the various photo- 
graphs, several means have been employed to do this, none of 
them quite satisfactory. 

All the refracting telescopes of note in the world are covered 
by domes that effectually protect them from the weather ; these 
domes are in some cases comparable in cost with the instruments 
they cover. It is not surprising, therefore, that efforts have been 
made to devise a means of getting rid of this costly dome and 
the lon^ movable tube. ' 
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It was suggested many years ago that 4 combination of plane 
mirrors could be used to direct light from any object into a fixed 
telescope. This idea in a modified form has often been used 
for special work, one plane mirror being used as we see in the 
picture on the screen to throw a beam of light into a telescope 
fixed horizontally ; for certain kinds of work this does admirably, 
but the range is restricted, as can be easily seen, and the object 
rotates in the field of view as the earth goes round. The next 
step would be to place the telescope pointing parallel to the axis 
of the earth and send the beam of light into it from the mirror, 
which could now be carried by the tube so that by simply rotat- 
ing the tube on its own axis tne object would be kept in the field 
of view. Sir Howard Grubb makes a small telescope on this 
plan, and some years ago propo.sed a somewhat similar plan. 
A sketch of this plan I will show you. You will see, however, 
that here again the range is restricted, and, to use the telescope, 
means would be required to constantly vary the inclination of 
the small mirror at one-half the rate of inclination of the short 
tube carrying the object-glass. * 

By the use of two plane mirrors, however, the solution of the 
problem of a fixed rotating telescope tube placed as a polar axis 
is solved. By having such a telescope with a plane mirror at an 
angle of 45® to the axis of the telescope in front of the object- 
glass, we can, by simply rotating the telescope, see every object 
lying on the equator ; and by adding another similar plane 
mirror at an angle of 45® to the axis of the telescope, as bent 
out at right angles by the first plane mirror^ and giving the 
Hiirror a rotation perpendicular to this axis, we obtain the same 
power of pointing the telescope as we have in the equatorial. 
The idea of doing this was published many years ago, but it was^ 
left to the skill and perseverance of M. Loewy, of the Paris 
Observatory, to put it into practical use. He devised, and had 
made, a telescope on this principle, of loj inches aperture, which 
was completed in 1882. It has proved itself an unqualified suc- 
cess, and many other larger ones are now being made in Paris, 
including one of 23 inches aperture, now nearly completed, for 
the Paris Observatory. 

A lantern copy of a drawing of this latter telescope will be 
thrown on the screen, in order that you may see what manifest 
advantages exist in this form of telescope. There is but one 
objection that can be urged — that is, the possible damage to the 
definition by the plane mirrors ; but this seems, from what I 
have seen of the wonderful perfection of the plane mirrors made 
by the Brothers Henry, to be an unreasonable one — at any rate 
not ail insurmountable one. In every other respect, except per- 
haps a slight loss of light, this form of tele.scope is so mani- 
festly superior to the ordinary form that it must supersede it in 
time, not only for general work, but for such work as photography 
and spectroscopy. 


ANNUAL VISITATION OF GREENIV/CH 
OBSERVATORY. 

Report of the Astronomer- Royal to the Board of 
^ Visitors of the Royal Observatory, Greenwich, was 
read at the Annual Visitation on June 7. The Report pre- 
sented refers to the year 1889 May 11 to 1890 May 10, 
and exhibits the state of the Observatory on the last-named^ 
day. 

With respect to astronomical observations it is noted that, 
at the request of Dr. Gill, special attention has been paid to- 
the oppositions of the minor planets Victoria and Sappho.. 
Victoria has been observed 15 times on the meridian, and 
Sappho 9 times ; while 244 observations have been made of 
41 comparison stars for Victoria, and 151 observations of 42 
stars for Sappho. At the request of Dr. Auwers, observations 
of the Sappho stars will be renewed in the autumn of this year, 
and an investigation made of the variation of personality with 
magnitude, for use in reducing the observations to a uniform 
system. 

The Lassell, south-east, Sheepshanks, and Shuckburgh equa- 
torials are in good working order. Great difficultjr has been 
experienced at times in turning the south-east dome, and a 
careful examination shows that this may be largely tjue to the 
irregular shape of the cannon balls on which it rolls, and to a 
sagging of the dome curb in some parts. 

The tube for the 28-inch refractor, which is of special conr- 
struction, has been made by Sir H. Grubb in preparation for the 
object-glass which is now being figured. The experimental 
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4- inch object-glass referred to in the last Report was mounted on 
the Sheepshanks equatorial, and 18 photographs were taken 
with it last summer, the lenses being separated for photographic 
achromatism, and the crown lens reversed to correct for the 
spherical aberration introduced by the separation. The best 
distance of separation was determined, and the photographs 
obtained were found to be quite satisfactory. The completion 
of the 28-inch object-glass has been delayed presumably by the 
pressure of work on tne 13-inch photographic telescopes, which 
have engaged so much of Sir H. Grubb’s attention, but it is 
hoped that the new refractor will be ready for mounting very 
shortly. 

The 13-inch photographic refractor, with lo-inch guiding 
telescope, by Sir H. Grubb, has been lately mounted in the 
new 18-foot dome, and one or two trial photographs have been 
taken with it. 

Since the date of the last Report, 14 occultations of stars by 
the mopn (9 disappearances and 5 reappearances) and 13 
phenomena of Jupiter^s satellites have been observed with the 
equatorials, or with the altazimuth. These observations are 
completely reduced to the end of 1889. The occupation of 
Jupiter by the moon on August 7 was observed with $ instru- 
ments. 

Comets have been observed with the Sheepshanks equatorial 
on 11 nights as follows: Comet a 1889 on 6 nights, Comet 
1889 on 1 night. Comet a 1890 on 4 nights. 

The conjunction of Mars and Saturn on September 19 was 
observed with the south-east equatorial under favourable atmo- 
spheric conditions, and nineteen differential observations made of 
right ascension and north polar distance. 

As regards spectroscopic and photographic observations, 457 
measures have been made of the displacement of the F line in 
the spectra of 36 stars, and 20 of the ^ line in the spectra of 5 
stars for determinations of motions of approach or recession. 
Observations of Algol on 7 nights confirm, as far as they go, 
the previous results indicating orbital motion. The observa- 
tions of Spica made in past years are found by Prof. Bak- 
huyzen to be tolerably well represented on the hypothesis of 
orbital^ motion with a period of 4 days 0*386 hours, which 
agrees' well with that recently discovered by Dr. Vogel with his 
photographic method. As the series of observations with the 
I2j-inch refractor (extending over 1$ years) will be shortly 
brought to a conclusion, it is proposed to discuss them with a 
view to the detection of orbital motion. The spectra of R An- 
dromeda, X Cygni, and Uranus, have been examined on several 
occasions, and Comet € 1889 on i night. 

The sun has been free from spots on 211 days in the year 
1889, the longest spotless period being October 23 to December 
II. There were also eight other spotless periods of more than 
a fortnight. The mean daily spotted area in 1889 was 78, as 
compared with 89 for 1888 : but the mean daily area for the 
latter half of the year was nearly twice as great as for the earlier 
half, being 103 as compared with 53. Again, the mean dis- 
tance of spots from the equator was 5***46 in the first six months, 
and 14^*72 for the last six ; and both these facts thus point to 
the middle of the year 1889 as a well-defined date for the sun- 
spot minimum. 

The following are the principal results for the magnetic 
elements for 1889: — 


Mean declination 
Mean horizontal force 


1^7 34-9 

/ 3*9494 (in British units). 

\ 1*8210 (in metric units). 


( 67 22 52 (by 9-itfch needles). 

Mean dip ^ 67 23 58 (by 6- inch needles). 

( 67 25 36 (by 3-inch needles). 


In the year 1889 there were only two days of great magnetic 
•disturbance, but there were also about twenty other days of 
lesser disturbance, for which tracings of the photographic curves 
will be published, as well as tracings of the registers on four 
typical quiet days. 

The meap temperature of the year 1889 was 48'’ *8, being 0^*4 
below the average of the preceding 48 years. The highest air 
temperature in the shade was 86^*6 on August l, and the lowest 
18^*7 on March 4. The mean monthly temperature in 1889 was 
below the average in all months excepting^ May, June, and 
November. In February and December it was below the 
average by 2^*4 and 2'’*2 respectively, and in May above by 
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The mean daily motion of the air in 1889 was 245 miles, 
being 39 miles below the average of the preceding 22 years. 
The greatest daily motion was 736 miles on October 7, and the 
least 25 miles on September 3. The greatest pressure registered 
was 15 lbs. on the square foot on October 7. 

The number of hours of bright sunshine recorded during 1889 
bv the Campbell-Stokes sunshine instrument way 1156, which is 
aoout 146 hours below the average of the preceding 12 years, 
after making allowance for difference of the indications with 
the Campbell and Campbell-Stokes instruments respectively. 
The aggregate number of hours during which the sun was above 
the horizon was 4454, so that the mean proportion of sunshine 
for the year was 0'2te, constant sunshine oeing represented by 1. 

The rainfall in 1889 was 23*3 inches, being 1*3 inches below 
the average of the preceding 48 years. 

It was mentioned in the last Report that the Indian invariable 
pendulums had been mounted in the Record Room under General 
Walker's supervision. The three pendulums have each been 
swung 8 times, at pressures of both 2 inches and 27 inches, and 
the observations completely reduced, giving the following results 
for number of vibrations in a mean solar day, reduced to vacuum, 
a temperature of 62% an infinitely small arc, and sea-level ; 
the corresponding values obtained at Kew being appended for 
comparison : — 


Pendulum. Greenwich. 

4 ... 86,16554 

6 ... 86,06570 

11 ... 86, ii 7‘04 


Kew. 

86,166*50 
86,066 ‘61 
86,11703 


The tabulation of results for the period of the fifty years of 
observations will be completed at the end of this year, and will 
be useful for many purposes. In the twenty years^ meteorologi- 
cal reductions, the values were grouped generally in months, 
mainly for the determination of diurnal inequalities of the ther- 
mometer and barometer. In the tables of meteorological aver- 
ages now proposed, however, the values will be grouped by days, 
so as to exhibit mean values for each day of mean daily tem- 
perature, maximum, minimum, barometer, velocity of wind, 
frequency of gales, rainfall, and cloud, obtained from the 
Greenwich observations of fifty years, 1841-90. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — The following are the speeches delivered by 
the Public Orator (Dr. Sandys, tutor of St, John’s College) in 
presenting Sir Andrew Clark, Mr. Jonathan Hutchinson, Dr. 
John Evans, Prof. Sylvester, and Mr. A. J. Ellis for honorary 
degrees on June 10 : — 

Salutamus deinceps salutis ministrum, Aesculapii e filiis unum, 
quern idcirco praesertim Machaona nominaverim quod saeculi 
nostri oratorum cum Nestore ipso totiens consociatus est nisi 
forte, Romano potius exemplo delectatus, mavult Asclepiadis 
illius disertissimi nomen mutuari, quo medico et amico utebatur 
Lucius Licinius Crassus, saeculi sui oratorum eloquentissimus. 
In re publica partium liberalium studiosus, in re privata liberali- 
tate singulari ins^gnis, non modo medicinae sed etiam philo- 
sophiae et religionis penetralia ingressus est.- Etiam antiquos 
meministis quondam non de corporis tantum salute sed etiam de 
rebus fere omnibus quae vitam anxiam et sollicitam reddant, ab 
ipso Aescttlapio solitos esse oracula exposcere. Viri talis igitur, 
velut iurisconsulti Romani, domus, est velut civitatis oraculum, 
unde cives eius, ut Apollo Pythius apud Ennlum dicit, consilium 
expetunt, non salutis tantum sed etiam ^^summarum rerum 
incerti,’^ quos incepti certos ^^compotesque consili dimittit.” 
Ergo ^rum, quern aut litterarum aut scientiae aut medicinae 
doctorem nominare potuissemus, iuris doctorem non immerito 
creamus. 

Duco ad VOS medicinae prbfessorem eroeritum, Regii Medi* 
corum ColJegii Londinensis praesidem, baronettum insignem, 
suavem, eruditum, eloquentem, AndrxaM Clark 

Etiam alter Aesculapii filiorum, Podalirius (nisi fallor), hodie 
nobis sese praesentem obtulit, quern a fratre suo idcirco disiungere 
ncque possumus neque volumus, primum quod professoris in 
munere quondam erat collega eius coniunctissimus, deinde quod 
forte quadam domum vicinam atque adeo proximam incolit, 
I denique quod dignitate non minore Collegio alteri praesldet, ubi 
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Britanniae chirurgi per tot annos quasi penates suos posuerunt. 
Medicinae studiosis nota sunt scripta eius per serietn longam 
edita, in quibus pars ea medicinae quae manu curat illustratur, 
et litterarum monumentis mandatun Neque silentio praeterire 
possumus quaecumque de pathologia praesertim, quam quondam 
profitebatur, accuratissime scripsit ; scilicet mortem ipsam, quae 
aliis taceti huic velut rerum naturae vati et interpreii constat 
esse eloquentem. Neque prorsus intacta relinquimus quicquid 
de morborum contagione disputavit. Medicorum nemo fortasse 
Horatii verba in re medica saltern eruditius illustravit : — 
delicta maiorum immeritus lues. 

Duco ad vos Regii Chirurgorum Collegii praesidem, chirurgum 
illustrem, Jonathan Hutchinson. 


Archaeologiae studia nonnulli certe arida mentis nutrimenta 
arbitrantur. Hie autem etiam difficili in materia ingenii sui non 
minus facilis quam felicis alimentum invenit, qui etiam silices 
duros diu babuit in deliciis, ex ipsoque saxo doctrinae scintillam 
saepenumero excudit, 

suscepitque ignem foliis atque arida circum 
nutrimenta dedit, rapuitque in fomite dammam. 

Quic(|[uid lapidis, quicquid aeris, quicquid auri et argenti 
Britannia antiqua usurpabat, assidue conquisivit ; conquisitum 
erudite illustravit. Britanniae nummorum investigator acer- 
rimus^ propterea etiam ultra fretum Britannicum numismate 
aureo honoris causa donatus est. Neque antiquis tantum 
thesauris operam dedisse videtur^ sed etiam Societatis Regiae 
praefectus aerario, tot scientiis auxilium quotannis certatim 
flagitantibus, pecuniae publicae dispensator providus, acquus, 
benignus exstitit. Quondam Geologicae, iaindudum Numis- 
maticae Societati praepositus, nunc etiam Antiquitatis peritorum 
Societati maximae summa cum dignitate pracsidet. Quot scicn- 
tiarum trans provincias aquilas suas felices tulit ! Quid si non 
(velut alter ille quern hodie expectabamus) — quid, inquam, si 
non nomen ab Africa lucratus rediit,” tamen laudes eius 
Musae nullae '‘clarius indicant, quam Calabrae Pierides, neque 

si chartae taceant quod bene feccris 
mercedem tuleris. 


Audite 
sagientem : 


igitur ipsum Ennium viri huiusce praeconia prae- 

doclus, Hdclis, 

suavis homo, facundus, suo contentus, bcatus, 
scitus, seciinda loquens in tempore • . . 
multa tenens antiqua. 


Duco ad VOS virutn de antiquitatis studiis praeclare meritum, 
JoANNEM Evans. 


Plusquam tres et quinquaginta anni sunt elapsi, ex quo Aca- 
demiae nostrae inter silvas adulescens quidam errabat, populi 
sacri antiquissima stirpe oriundus, cuius maiores ultimi primum 
Chaldaeorum in campis, deinde Palestinae in collibus, caeli 
nocturni Stellas innumerabiles, prolis futurae velut imagtnem 
referentes, non sine reverentia quadam suspiciebant. Ipse 
numerorum peritia praeclarus, primum inter Londinenses Aca- 
demiae nostrae stuaia praecipua ingenii sui lumine illustrabat. 
Postea trans aequor Atlanticum plusquam serael honorifice 
vocatus, fratribus nostris transmarinis doctrinae mathematicae 
facem praeferebat. Nuper professoris insignis in locum electus, 
et Britanniae non sine laude redditus, in Academia Oxoniensi 
scientiae flammam indies clariorem excitat. Ubicunque incedit^ 
exemplo suo nova studia semper accendit. Sive numerorum 
Stwplw explicat, sive Geometriae recentioris terminos extendit, 
sive regni sui velut in puro caek> regiones prius inexploratas 
pererrat, scientiae suae inter principes ubiqiie conspicitur. 
Nonnulla quae Newtonus noster, quae Fresnelius, lacobius, 
Sturmius, alii, imperfecta reliquerunt, Sylvester noster aut 
elegantius explicavit, aut argumentis veris comprobavit. ^ Quam 
parvis ab initiis argumenta quam magna evolvit ; quotiens res 
prius abditas exprimere conatuSi sermonem nostrum ditavit, et 
nova rerum nomioa audacter prohilit ! Arte quali numerorum 
leges non modo poetis antiquis interpretandis sed etiam car- 
minibus novis pangendis accommodat 1 Neque surdis canit, sed 
“ respondent omnia silvae/' si quando, inter rerum graviorum 
curas, aevi prioris pastores aemulatus, 

Silvettrem tenui musam meditatur avena. 

Duco ad vos Collegii Divi loannis Socmm» trium simul Aca- 
demiarum Senatorem* quattuor deinceps Academiarum Pro- 
fessoremi Iacobum Iosephum Sylvester. 
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Claudit seriem viri eiusdem aequalis, qui doctrinae rudimentis:* 
primum Salopiae» deinde Etonae, denique Trinitatis in Collegio 
maximo imbutus^ eadem in Academia isdem e studiis laureanv 
suam primam reportavit. Sed ne his quidem hnibus contentus, 
efiam musices mysteria perscrutatus est, et philologiae pro- 
vinciam satis amplam sibi vindicavit. Quanta perseverantia 
etiam contra consuetudinem, ut Quintiliani verbis utar, **sic 
scribendum quidque iudicat, quomodo sonat I Quanta sub* 
tilitate de linguae Graecae et Latinae vocalibus disputat ; quam« 
minuta curiositate etiam patrii sermonis sonum unumquemque. 
explorat ! A poetis nostris antiquibribus exorsus, non modo< 
saeculorum priorum voces temporis lapsu obscuratas oculis et 
auribus nostris denuo reddidit, sed etiam nostro a saeculo in. 
dialectis variis usurpatam litterarum appellationem, signis accu- 
ratis notatam, posteritati serae cognoscendam tradidit. Venient 
anni (licet conndenter vaticinari) quibus dialectorum nostrarum 
tot varietates, non minus quam Arcadum et Cypriorum linguae 
antiquae, hominum e cognitione prorsus obsolescent ; tiyn pro- 
fecto viri huiusce scriptis cura inhnita elaboratis indies* auctus 
accedet honos. 

Mortalia facta peribunt, 
nedum sermonum stet honos et gratia vivax. 

Interim a nobis certe sermonis Britannici conservator anim, 
grati testimonium, honoremque diu debitum, diu duraturum 
accipiet. 

Duco ad vos philologum insignem, Alexandrum Joannem 
I^LIS. 

At the annual election at St. John’s College, on June 16, the 
following awards in Mathematics and Natural Science were 
made : — • 1 

Mathematics — Foundation Scholarships continued or in- 
creased : Bennett (;£‘ioo), Reeves (j£So), Alexander ljC7o\ 
Dobbs (;^6o), Finn (;^So), Gedge (;^4o), Hough (;^8o), Che- 
valier (>^60), Pocklington Rosenberg (j6So). Founda- 

tion Scholarships awarded : Wills (;^6o), Owen {£s^)f Schmitz 
(;^4o), Pickford (;^4o). Maw (£40). Exhibitions : Dobbs, 
Wills, Finn, Owen, Schmitz, Pickford, Maw,^ Robertson, 
Bloomfield, Spaight, Ayers, Morton. Proper Sizarship : Le 
Sueur. Natural Science — Foundation Scholarships continued 
or increased : Groom (;^6o), Hankin (;^4o), Horlon-Smith 
(^40), Hewitt (^80), Lehfeldt (;£‘8o). Woods (jif40). ^ Founda- 
tion Scholarships awarded : Blackman (;^40), MacBride (^60), 
Cuff (^40), Whipple (4’4 o), Exhibitions : Woods, Baker. 
Proper Sizarship : Baker. Hutchinson Studentship for Patho- 
logical Research, Hankin. Wright's Prizes : Mathematics, . 
Hough ; Natural Science, Hewitt, Lehfeldt, MacBride. 
Hughes Prize for most distinguished student of the third year, 
Bennett (Mathematics). Hockin Prize for Experimental Physics, 
Lehfeldt. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, June 12, — ** A Record of the Results ob- 
tained by Electrical Excitation of the so-called Motor Cortex 
and Internal Capsule in an Orang Outang (Simia sayrus)."* By 
Charles E. Beevor, M.D., F.R.C.P., and Victor Horsley, B.S., 
F.R.S. (From the Laboratory of the Brown Institution.) 

Having been engaged for some time in investigating the 
representation of motor function in the cortex of the bonnet 
monkey, we thought it advisable to perform the same in an 
anthropoid as liuly thereby to gain a closer insight into the 
modes of representation in man. 

We first describe the peculiarities noticeable in the configura- 
tion of the convolutions in the orang. 

As in the bonnet monkey, after narcotization with ether, we 
divided the cortex into squares of 2 millimetres side, and excited 
the same with minimal stimuli from the seconda^ coil of an 
inductorium ; a remarkably high intensity of the stimulus being 
required. 

General Results. — ^The mode of representation of motor 
function was found to be highly specialized. The general plan 
was identical with that seen in the bonnet monkey in that the 
representation of each segment and part of the body in the orang 
was arranged in the same order as that according to which we' 
found the representation of the primary movements to be grouped' 
in the macacque monkey. 
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In addition to this, the areas for the representation of the 
different parts of the body we found not to be continuous with 
each other, but that between the areas of representation (for 
instance, of the face and the upper limb) there were regions qf 
inexcitable cortex showing a degree of differentiation not 
obtained in the lower monkey. 

A further remarkable evidence of specialization was noticeable 
in the fact that excitation of any one point elicited rarely more 
than one movement, and only of one segment, e-g. simple flexion 
of the elbow. Consequently, any sequence of movement or 
march was conspicuously infrequent. 

Finally, the character of each movement and its localization 
was recorded. 

After the cortex had been removed, we proceeded to stimu- 
late the fibres of the internal capsule, and the results obtained 
confirmed those obtained from the bennet monkey, and at the 
same time showed the relative position of the cortical areas. 

The internal capsule was exposed by removing half of one 
hemisphere by a horizontal section ; the outlines of the basal 
ganglia were then transferred to paper ruled with squares of i 
millimetre, and the resulting movement obtained by stimulating 
•each of these squares contained in the internal capsule was 
recorded. The movements obtained correspond generally with 
the results which we have in another paper presented to the 
Royal Society, and read on December 12, 1889. 

Physical Society, May 16.— Prof. \V. E. Ayrton, F.R.S., 
President, in the chair. — Lord Rayleigh exhibited and describe! 
an arrangement of Huyghens^s gearing in illustration of electric 
induction. This gearing consists of two loose pulleys mounted 
01^ the same axle, with an endless cord laid over them, the loops 
^or bights of which carry weighted pulleys whose planes are 
parallel to the axis on which the upper pulleys turn. If one of 
the latter pulleys be started to rotate, the other one turns in the 
opposite direction until such time as the speed of the first one 
becomes constant. Whilst this constant speed is maintained, 
the second pulley remains stationary, one weight being raised 
and the other lowered, but on retarding the motion of the first 
pulley, the second begins to turn in the same direction as 
the first. It will be noticed that the phenomena are analogous 
to those which occur in electric induction, where starting or in 
creasing a current in one circuit induces an opposite current in a 
neighbouring circuit, whilst decreasing or stopping a current 
induces one in its own direction. Lord Rayleigh pointed out 
that in this apparatus there is nothing strictly analogous to ! 
electric resistance, for the friction does not follow the same law. | 
The analogy, he said, was complete as regards there being no ! 
change of potential energy, and the mathematical equations for I 
the kinetic energy of the system are precisely the same as those : 
given by Maxwell for electric induction. — Dr, S. P. Thompson ! 
made a communication on Dr. Koenig’s researches on the . 
physical basis of music, in the course of which Dr. Koenig ' 
performed numerous novel and interesting experiments, clearly 
illustrating the subject to a crowded audience. After referring 
to the classical researches of the great mechanician, and to the 
Temarkable precision with which his ingenious and unique 
acoustical apparatus is constructed, Dr. Thompson said the 
subject with which he wished to deal could be divided into two 
parts, the first relating to beais^ and the second to the timbre of 
sounds. On the question of beats considerable discussion had 
taken place as to whether they formed independent tones if they | 
were sufficiently rapid. Different authorities had come to different j 
conclusions on the subject,^ the disagreement probably arising 
from the impure tones used in their investigations. Dr. Koenig, 
however, had succeeded in making tuning-foiPks whose sounds 
are very nearly pure tones, and by the aid of such forks had 
conclusively answered the question in the affirmative. Before 
proceeding to show experimentally the truth of the conclusions 
arrived at. Dr. Thompson said it was necessary to define exactly 
the meaning of the term harmonics.’’ By this he meant tones 
whose frequencies are true integral multiples of their fundamentid. 
This, he said, might seem to be identical with the upper partial 
tones of Helmholtz or the overtones” of Tyndall, but such 
was not the case, as the upper partiad tones of piano- wires, &c., 
are not time integral multiples of the fundamentals, for the rimdity 
of the wire comes into play, and prevents the subdivision being 
exact. According to Helmholtz’s theory, two tones harmonize 
when they do not produce beats of sufficient slowness to grate 
upon the ear, and the frequency of the two sets of beats were 
supposed to be equal to the difference and the sum of the 
^equenoies of the two fundamental tones. In investigating the 
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subject, Koenig finds it necessary to distinguish between primary 
and secondary beats, and also that primary beats belong to two 
categories. These categories he calls “inferior ” and “superior” 
respectively, and the frequencies of the two sets correspond 
respectively to the positive and negative remainders obtained by 
dividing the number representing the number of vibrations in 
the tone of lowest pitch into the corresponding number for the 
higher tone. For example, two forks or 100 and 492 vibrations 
produce beats having 92 and 8 as their vibration frequencies, for 

492 = 100 X 4 + 92, 

and also 

492 = loo X 5 - 8. 

A set of “ superior ” beats of 8 per second and an “inferior” 
beat-tone of 92 pertsecond may be heard when two such forks are 
sounded together. These primary beats or beat-tones act as 
independent tones and produce secondary beats. Tertiary ones 
may also be obtained. To demonstrate the existence of beats 
to the large audience assembled, Dr. Koenig had provided two 
large tuning-forks with resonators about 4 feet long. One of the 
forks gave 64 vibrations per second, and the other 128, but the 
latter had sliding weights, whereby its frequency could be made 
anything between 128 and 64. Adjusting the weights so as 
to give 72, and bowing both forks, the beats of about 8 per 
second were distinctly heard at the extremity of the room. By 
varying the weights so that the fork gave 80, 85 L 96, 106 112, 
120, and 128 vibrations successively, beats of various frequencies 
were produced, and it was remarkable to note that tones of 64 
and 120 produced 8 beats a second exactly like 64 and 72. 
When the forks made 64 and 96 vibrations — f>. at an interval 
of a fifth — then the inferior and superior beats agree in frequency, 
viz. 32, and by careful observation a low tone of about this pitch 
could be heard. If the tones sounded simultaneously differ by 
more than an octave, the same law for the numbers of beats holds 
I good, whilst Helmholtz’s difference and summation tones law, is 
inapplicable. This was shown by sounding a fork and its 
double octave slightly mistuned by weighting ; slow beats were 
quite evident, although the difference in the frequencies 
of the primary notes was large. Similarly forks vibrating 
approximately at rates in the proportions r : 5 and i : 6 
gave slow beats. Coming to the main question, as to whether 
beats when sufficiently rapid blend into tones just as primary 
shocks do. Dr. Thompson briefly recalled the various ar^mcats 
for and against such an effect, and then Dr. Koenig proceeded 
to experimentally prove the affirmative. Taking two forks tuned 
to 2048 and 2304 vibrations respectively (ratio 8 : 9) and sound- 
ing them simultaneously, the middle C of the piano (256) was 
distinctly heard. The same beat tone resulted from forks having 
frequencies in the ratio of 8 ; 15, whose negative remainder was 
256. Various other tones were sounded simultaneously in pairs, 
and in all cases the corresponding beat-tone was quite distinct. 
In these experiments the existence of nodes and loops in air was 
particularly noticeable, for as Dr. Koenig turned the tuning-forks 
in his hand, the intensity of the beat-tones heard at a particular 
spot varied enormously. The experiments were carried a step 
further by impressing vibrations of different frequencies on one 
and the same body : the beat- tones in this case were quite per- 
ceptible. In carrying this out. Dr. Kcenig had constructed steel 
bars of approximately rectangular section, whose periods of 
vibrations were different in two directions at right aisles. 
Striking one face of the bar a certain note resulted, whilst a 
blow on an adjacent face produced a different one. When the 
bar was struck on the edge joining the two faces, both the notes 
could be heard as well as the beat-tone resulting therefrom. 
The experimenter had gone still further, and made such bars so 
short that neither of the fundamental ndtes are within the limits 
of audition, but the resulting beat-tone can be heard quite dis 
tinctly. In all cases the frequency of the beats agrees with that 
calculated from Dr. Kcenig’s formula, and secondary beats follow 
the same law. It was then pointed out that not only beats, but 
the maxima of a series of pulsations varying in intensity will, if iso- 
chronous and sufficiently rapid, give tones, just as a series of primary 
shocks do. This was illustrated b^ tuning-forks, and bv directing 
a stream of air issuing from a slit against a notched rim of a 
rotating disk. A further confirmation was given by a modified 
disk siren ; in this the holes, instead of being of the same size all 
round a circle, Increase to a maximum and then decrease again, 
there being several sets of such holes in one circumference. 
When this was put in operation, notes corresponding in pitch to 
the number of notes and also to the number of sets of holes. 
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could be heard. A wave siren was also used to illustrate the 
same fact. The matter was further illustrated by moving a 
tuning*fork towards a wall or other reflecting surface at various 
velocities. According to Doppler’s principle, as the fork recedes 
from the observer and approaches the wall, the frequency of 
the direct waves is less and that of the reflected waves greater 
than that of the fork, and these two scries of waves produce 
beats* By sufficiently increasing the velocity and using a fork 
of high pitch, the beats blend into tones. Coming to the second 
half of Dr. Koenig’s researches, Dr. Thompson said that Helm- 
holtz contended that the timbre of musical sounds was not 
affected by^ differences of phase amongst the component tones ; 
on this point, however, Koenig had come to the opposite con- 
clusion. To illustrate graphically why phase should affect 
timbre^ a number of diagrams were exhibited, some showing the 
resultant wave-form produced by combining a tone with its 
harmonics of equal intensity, when the dilferences of phase 
between them were o, J, 4, and J respectively ; whilst others 
represented the wave-forms when the harmonics and the funda- 
mental were of different intensities. The effect of phase on the 
shape of the wave- form was very marked. The subject was 
treated experimentally by means of a wave siren, against which 
a stream of air issuing from a slit could be directed. By inclin- 
ing the slit to one side of the radius or the other, the phases of 
the component waves could be altered, and this had a marked 
effect on the character of the sound produced. Illustrations of 
Kcenig’s multiple wave sirens, both of the cylinder and disk 
forms, were next shown, and the results of investigations made 
with the apparatus described. From these results it appears to 
be impossible to produce the timbre of instruments such as 
trumpets, clarionets, &c., by any combination of a tone and its 
pure harmonics. This Jed to the investigation of impure har- 
monics. By plotting and combining curves it was shown that 
the wave-form obtained from a tone and impure harmonics 
changes in successive periods ; this peculiarity was observed 
to exist in a record taken from a vibrating string. Various disks 
with wavy edges of different form were spun before an air slit, 
and the varying character of the resulting sounds as the slit was 
turned, demonstrated. Before concluding. Dr. Thompson re- 
marked that the word ^Uimbre*^ requires to be re-defined, for 
the rigidity of strings, wires, &c., and the interference of the 
wood and metal parts of organ pipes and other wind intruments 
generally, prevent the formation of pure harmonics. A model 
consisting of vibrating strips placed vertically or inclined was 
exhibited to show the different kinds of titnbre. The differences 
between mixtures and compounds of tones was pointed out, and 
the inability of the ear to distinguish between pure and impure 
sounds referred to. Lord Rayleigh thought more information 
was required on the important subjects brought forward, and 
asked in what class of musical sounds are the overtones strictly 
harmonious. He could admit that in piano wires they may not 
be so, but he was not quite so clear about organ pipes. He said 
he was filled with acimiration by the perfection of the appa- 
ratus displayed, and expressed a wish that such mechanical 
acousticians could be found on this side of the Channel.^ Mr. 
Bosanquet said he had been carefully over the ground investigated 
by Dr. Kcenig, lie believed Dr. Kcenig was the first^ to get at 
the facts concerning beats, but it was difficult to admit all that 
had been said about them. However, the chief difference between 
authorities seemed to be one of language. Owing to the lateness 
of the hour he could not discuss the question fully, and so asked 
to be allowed to reserve his opinion on the matter. As regards 
timbre^ he thought the experiments on the effects of phase 
were not conclusive. The sounds of wind instruments such as 
trumpets, he said, depended greatly on who produced them. 
It was no easy matter ip bring out their full sweetness, and it 
was comparatively few persons who could ever attain perfection. 
He ventured to think that in a properly used instrument none of 
the harmonics are out of tune. Mr. Blaikley agreed with Lord 
Rayleigh about piano wires, and as regards wind instruments he 
could hardly think that the overtones were so inharmonious as 
Dr. Thompson would have him believe. In fact, Mr. Stroh 
had obtained wave-forms for him from various instruments, but 
in none of them was there any discontinuity such as shown on 
one of the diagrams exhibited. However, he was of opinion 
that there is somethii^ in Hmbrt not accounted for by the 
ordinary theory. The President said that in view of the pro- 
duction of audible sounds by the beats from notes beyond the 
range of audition, it might be possible to demonstrate that 
insects produce sounds inaudible to the human ear by putting 
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several together in a box, and listening for the beat-tones. 
Dr. Koenig acknowledged the most cordial vote of thanks 
accorded to himself and Dr. Thompson. 

» Zoological Society, June 3. — Prof. W. H. Flower, F.R.S.,. 
President, in the chair, — The Secretary read a report on the ad- 
ditions that had been made to the Society’s Menagerie during 
the month of May 1890, and called special attention to a pair 
of Hartebeests {Atceiaphus caama\ and a pair of Swainson’a 
Long-tailed Jays (Calocitta formosa)^ acquirea by purchase ; and 
to a pair of Beatrix Antelopes (Oyyx beatrix)^ presented by 
Colonel E. C. Ross, Consul-General for the Persian Gulf. — Mr. 
Sclater exhibited and made remarks on two young specimens of 
Darwin’s Rhea {lihea darwinii\ obtained by Mr. A. A. Lane in 
the province of Tarapaci, Northern Chili, and forwarded to Mr. 
H. H. James. — Mr. Sclater exhibited and made remarks on a 
flat skin of a Zebra, received from Northern Somaliland, which 
appeared to be referable to Grevy’s Zebra {Equus grevyi^u — Mr. 
A. D. Michael read a paper on a collection of non-]mrasitic 
A Carina lately made in Algeria, where he had found the Acarina 
less abundant than in England, and, indeed, almost absen t fronii 
the true southern vegetation. The species met with were not of 
larger size than the British. The collection consisted almost 
entirely of Oribatidse, and contained examples of 46 species be- 
I longing to 15 genera. Amongst them were 8 species new to 
j science, 27 were British, and the rest South European. Amongst 
j the new species were a remarkable new Cccculust there being 
jircviously only one known species of this curious genus, which 
forms a separate family. There was also a new Notaspis^ which* 
had not been found in Europe, but had been received from the 
I shores of Lake Winnipeg, in Canada. There were likewise , 
I some very singular new species of the genus Damans^ and a 
triple-clawed form of Nothrus anaumensis, — Mr. Frank E. 
Beddard read a paper on the anatoniy of the Fin-foot [{Podica 
I senegalensis). The paper dealt chiefly with the myology and 
i osteology of this doubtful form. The conclusion arrived at was 
that it showed most resemblance to the Rails, but that in its 
muscular anatomy it agreed in many particulars with the Grebes 
and Divers. — Mr. O. Thomas read some notes on the specimens 
of Mammals obtained by Dr. Emin Pasha, during his recent 
journey through Eastern Africa, as exemplified in the specimens 
contained in two collections presented to the British Museum^ 
and the Zoological Society respectively. — Mr. G. A. Boulenger 
read a paper containing the descriptions of two new species of the* 
Siluroid genus Arges^ from South America, — A communication 
was read from Mr. James Yate Johnson, containing descriptions 
of five new species of fishes from Madeira. 

Linnean Society, May 24. — Anniversary Meeting. — Mr.. 
W. Carruthers, F.R.S., President, in the chair. — The Treasurer 
presented his Annual Report, duly audited ; and, the Secretary * 
having announced the elections and deaths of Fellows during the 

f ast year, the President proceeded to deliver his annual address, 
n this he dealt with the distribution of British plants both before* 
and after the Glacial period, making special allusion to the dis- 
coveries of Mr. Clement Reid amongst the vegetation of the* 
Cromer Forest Bed, and showed that the forms which have 
come down to us at the present day do not differ in any respect 
from the same species found in the Glacial beds. — A vote of' 
thanks was moved by Sir Joseph Hooker and seconded by Mr. 
Stainton to the President for his excellent address, with 
request that he should allow it to be printed, and carried 
unanimously. — On a ballot taking place for new Members of 
Council, the following were declared to be elected : — Dr. P. H.. 
Carpenter, Dr. Jf W. Meiklejohn, Mr. E. B. Poulton, Mr. D. 
Sharp, and Prof. C. Stewart. On a ballot taking place for 
President and Officers, the following were declared to be 
elected : — President : Prof. Charles Stewart. Secretaries : B. 
D. Jackson and W. P. Sladen. Treasurer; Frank Crisp. — The 
Linnean Society’s gold medal for the year 1890 was then* 
formally awarded and presented to Prof. Huxley for his 
researches in zoology. 

Entomological Society, June 4. — The Right Hon. Lord* 
Walsingham, F.R.S., President, in the chair. — The Secretary 
exhibited, on behalf of Mr. J. Edwards, Norwich, two speci- 
mens of Ilybius subaneus, £r., and a single specimen of Btdessus 
unistriatus^ Schr. Mr. Champion alluded to the fact that the 
only recorded British specimens of the first-mentioned beetle 
had b^n taken many years ago at Peckham. Lord Walsiog-' 
ham, in alluding to the exhibit, referred to the list of Norfolk 
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Coleoptera compiled some years ago by Mr. Crotch, which ap* 
pears to have been lost sight of. — Mr. McLachlan alluded to the 
damage done by insects to orange-trees in Malta, and stated that 
the Rev. G. Henslow had lately been studying the question ; 
one of the chief depredators was the widely-spread “fly,” 
Ceratitis cUHperda^ well known as devastating the orange. He 
found, however, that another and more serious enemy was the 
larva of a large Longicom beetle {^Ceramhyx miUs^ Bon.), which 
bores into the lower part of the stem and down into the roots, 
making large galleries ; i» all probability the larva, or that of 
an allied species, is the true Cossus of the ancients. Lord 
Walsingham stated that a species of Prays allied to P. okellus 
and our common P. curtisellus was known to feed in the buds 
of the orange and lemon in Southern Europe. — The following 
papers were communicated, and were read by the Secretary : — 
Notes on the species of the families Lycidts and Lampyridtc 
contained in the Imperial Museum of Calcutta, with descrip- 
tions %£ new species, and a list of the species at present de- 
scribed from India, by the Rev. II. S. Gorham. — A catalogue 
of the Rhopalocerous Lepidoptera collected in the Shan States, 
with notes on the country and climate, by Dr. N. Manders, Sur- 
geon, Medical Staff. The latter paper contained a very inter- 
esting description of the chief physical features of the Shan | 
States and neighbouring parts of Burmah. j 

Mathematical Society, June 12. — ^J. J. Walker, F.R.S., \ 
President, in the chair. — The President announced that the 
Council had unanimously awarded the De Morgan Memorial 
Medal to Lord Rayleigh, Sec. R. S. , for his writings on mathe- 
matical physics. — The following papers were read:— Onsim- 
)$licissima in space of n dimensions (third paper), by W. J. C. 
Sharp. — Rotatory polarization, by Dr. J. Larmor. — Parabolic 
note, by R. Tucker. — Prof. Greenhill, F.R.S., communicated a 
paper by Prof. Mathews on the expression of the square root of 
a quartic as a continued fraction, and one by R. Russell on 
modular equations. — The President gave a brief sketch of a 
paper by A. R. Johnson, on certain concomitants of a system of 
conics and quadrics, and on the calculation of the covariant S of 
the ternary quartic. 

Paris. 

Academy of Sciences, June 9. — M. Hermite in the chair. 
— On the movement of a prism, resting on two supports, sub- 
mitted to the action of a variable normal force following a par- 
ticular law, applied at a determined point of the axis, by M. H. 
Resal. — Theory of the state produced near to the wide opening 
of a fine tube where the threads of a liquid which flows there 
have not acquired the normal inequalities of velocity, by M. J. 
Boussinesq. — Action of the alkalies and alkaline earths, alkaline 
silicates, and some saline solutions on mica : production of 
nepheline, sodalite, amphigene, orthoclase, and anorthite, by 
MM. Charles and Georges Friedel. — On the fauna of deep parts 
of the Mediterranean around Monaco, by the Prince of Monaco. 
Some dredging operations carried on at various depths up to 
1650 metres show that, at certain parts at least of these regions, 
the Mediterranean Sea is by no means devoid of inhabitants as 
has been previously asserted. — Observations of Brooks’s comet 
(a 1890), made with the equatorial of Algiers Observatory, 
by MM. Rambaud and Renaux. The observations of position 
oxtend from May lo to 31. — Photographic observation of 
Brooks’s comet made at Algiers Observatory, by M. Ch. Tripled 
{see “Our Astronomical Column ”). — On a particular case of 
the movement of a point in a resisting medium, bv M. A. de 
Saint-Germain. — Propagation of light in gold-leaf, by MM. 
Hurion and Mermeret.— On the amplitude of the diurnal varia- 
tion of the temperature, by M. Alfred Angot. The author 
shows how the diurnal temperature variation in any station on 
the earth may be expressed by the formula — 

a =s ^ (A + B sin / -f- C cos 2/), 

in which K is a function of cloudiness, and = i when the sky 
is clear, A, B, and C are coefficients depending only upon the 
geographical position of the station and its climatological cha- 
racters, / the sun*8 longitude, and r the distance of the earth 
from the sun. — Electrolysis of fused aluminium fluoride, by 
M. Adolphe Minet. The author finds a mixture of 40 
parts of the double fluoride of aluminium and sodium with 
60 parts of sodium chloride to give him the best results yet 
obtained. — On the isomeric states of chromium sesauibromide : 
the blue sesquibromide, by M« A. Recoura. A metnod of pre- 
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paring the solid hydrated bromide, Cr^Br^, laH^O, correspond- 
ing to the violet solutions is given. It is shown that the 
grey-blue solid obtained is less stable than the green crystals 
formerly described, whereas the violet solutions corresponding 
to the blue solid salt are more stable than the green solutions ; 
thermochemical data are given in confirmation. — On the estima- 
i tion of zinc in the presence of iron and manganese, and its 
separation from those metals, by M. J. Riban. The zinc is 
separated as sulphide from a solution to which has been added 
an excess of sodium thiosulphate. — On the composition of clays 
and kaolins, by M. Georges Vogt. — On the synthesis of the 
i fluorides of carbon, by M. C. Chabri^. — On the products of 
: saccharification of amylaceous matters by acids, by M. G. 

, Flourens. — On the decomposition of organic manures in the 
: soil, by M. A. Muntz. — On the anatomy of horny sponges of 
the genus Hircinia^ and on a new genus, by M. II. Fol. — On 
the circulatory system in the carapace of decapodous Crustacea, 
by M. E. L. Bouvier. — On two new species of Coccidia, para- 
sitic on the stickleback and sardine, by M. P. Thelohan. — 
Interesting nuclear modifications of the nucleolus which may 
ultimately throw some light on its signification, by M. E. 
Bataillon. — On a hymenopterous insect injurious to the vine, by 
M. E. Olivier. — On the diversities and similarities in some 
dentary systems of mammifers, by M. Heudes. — Researches on 
the development of the seminal integuments of Angiosperms, by 
M. Marcel Brandza. — On the nature of the phosphate beds of 
Dekma (departement de Constantine), by M. Bleicher. — On the 
existence of marine deposits of the Pliocene age in the Vendee, 
by M. G. Vasseur. 
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ZOOLOGICAL GEOGRAPHY, 

La Ghgraphie Zoologique. Par le Dr. E. L. Trouessart. 
Avec 63 figures intercaldes dans le texte et deux 
cartes. (Paris: J. B. Bailli^re et Fils, 1890.) 

D r. trouessart, author of a “Catalogue des 
Mammif^res Vivants et Fossils,” and until recently 
Curator of the Museum at Angers, has enriched the 
Biblioth^que Scientifique Contemporaine with a most 
interesting and valuable book on zoological geography. 
This work must have caused its author a great amount of 
labour, to judge from the painstaking way in which he 
has worked in the facts collected by numerous specialists. 
Their results, and those of his many predecessors in the 
fascinating field of the distribution of animals, have been 
augmented by his own views, and have been condensed 
into a form which it is agreeable and easy to read. 

The first six chapters are devoted to a description of 
the various zoo-geographical regions as they are now 
generally accepted. The different types of animals which 
are to serve as a basis for the investigation of the laws 
of geographical distribution are grouped in four classes, 
according to their means of dispersion and their usual 
habitats : terrestrial, fresh-water, aerial — i.e. provided 
with wings — and marine. The author has greatly in- 
creased the value of his book by the graphic method he 
has employed to show the distribution of given groups of 
creatures. 

The general scheme is given on p. 175, the eight regions 
into which the author divides the globe being indicated 
by blocks, which are arranged and connected with each 
other as follows : — 

Arctic Region 

Falsearctic R^ion Nearctic Region 

Ethiopian Region — Oriental Region Neotropical Region 

Australian Region 
Antarctic Region. 

The mammalian distribution, when expressed by such 
a lucid scheme, comes out thus : — 

Arctic 
Holarctic ' 

Ethiopian Neotropical 
Australian 
Antarctic. 

This indicates that, so fat* as mammals only are con- 
cerned, the Palaso- and Nearctic regions are practically 
one, while the Cfriental is merged in the Ethiopian 
region. Australia stands, of course, alone ; but that this 
continent must have been once connected with the Indo- 
Malayan countries is strongly indicated by the dingo and 
several other, chiefly rodential, placental mammals in 
Australia. The discovery by Prof. MacCoy of fossil 
bones of the dingo in Pliocene strata of Victoria disposes 

> For Holarctic the more convenient and more correct name of the Pert- 
arctic region might be substituted. Holarctic should los^icall/ include the 
Arctic together with its subdivisions. Triarctic, an American term, means, 
of coarse, Arctic + Palaso + Hearctic, while Periarctic would indicate 
what is wanted— nam sly, the Holarctic minus the Arctic region.— H. O. 
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at once of the hypothesis of its having been introduced 
by man. 

The distribution of reptiles (p. 204 /) is almost entirely 
based upon G. A. Boulenger’s results, as published by him 
*in the “ Catalogue of Lizards and Tortoises in the British 
Museum,” and shows to what valuable account such a 
publication can be turned if worked out upon a proper 
basis : — 

(Pal«og%a) (Neogsa) 

Occidental + Oriental * Nearctic Region 

-f* + + 

African Australian and Neotropical Region 

Polynesian Regions 

New Zealand Region. 

This scheme indicates that in the distribution of rep- 
tiles the principal relationships range vertically, with few 
or hardly any (except, of course, in Europe and Asia) trans- 
verse or longitudinal similarities. The globe is practically 
divisible into two great regions — namely, into Neogseaand 
Palceogaea, or into an American, Oriental, and Occidental 
region, New Zealand being a remote and peculiar 
I, appendix of the Oriental portion. 

On p. 215 f, terrestrial insects, especially Coleoptera, 
are discussed. The two Polar regions possess a few 
forms only, and need hardly be considered. The Uol- 
arctic region, connected by the broad vertical belt of 
Polynesia and the west coast of both Americas with the 
Australian, New Zealand, and Patagonian regions, is 
comparatively poor in Coleopterous types, and the forms 
which occur have certain resemblances in common. Two 
large .centres of rich development in forms and numbers 
are the Indo- African or Ethiopian, and the Brazilian or 
typical Neotropical regions. 

Region Microtypique (Nord) 

I + : . 

Indo-African Polynesia Brazilian 
Region Region 

Australia Patagonia 

New Zealand 

Region Microtypique (Sud). 

' The division of the globe into Palaeogaea and Neogaea 
is equally applicable to the Arachnids, the differences 
between Arcto and Notogaea being of by far less im- 
portance. Arachnid regions are : (1) Palaearctic, (2) 
Ethiopian, (3) Oriental, (4) Australian, (5) American. The 
whole of America has practically an Arachnid fauna from 
north to south, and it is divisible into eight sub-regions, 
which do not correspond with those of Wallace. The 
Ethiopian Arachnid region comprises the whole of Africa 
south of the and Central Arabia ; it has therefore 

been called the Libyan region, since it differs by the 
whole extent of the Sahara from the Ethiopian region 
of Wallace. The Oriental and Australian regions are 
those of Wallace, but the Oriental includes Madagascar 
and South-Eastern Africa as a sub-region. Certainly, so 
far as Coleoptera and Arachnida are concerned, Mada- 
gascar is much more Malayan than African. The 
Palaearctic region, as a whole, is that of Wallace, but 
the four sub-regions are differently arranged.— namely, 
Europeo-Siberian, Hispano-Italian (Western Mediter- 
ranean and Canary Islands), Taurian or Eastern Medi- 
terranean, with Asia Minor and the Turanian Steppes, . 

K 
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and lastly the Manchurian sub-region, which consists of 
China and Japan. 

The scheme which represents, after Boulenger, the 
distribution of Amphibia, strongly indicates their distri- 
bution in parallel zones — namely, a northern, equatorial, 
and southern zone. Australia is obviously American in 
character, but the Indian region includes the whole of the 
Malayan islands and even New Guinea. 

Palscarctic — Nearctic Region 

Ethiopian + Indian Region Neotropical Region 

4 - 

Australian Region, 

Concerning fresh-water fishes^ after Dr, Gunther, the 
diagram ^hows at a glance that the form of the continents 
has little influence upon the distribution. There are like- 
wise parallel zones, one of which, the Arctic, contains no 
fresh-water fishes. 

Northern Zone = Palsearctic + Nearctic Region. 

Eouatorial Zone = 

African + Indian Pacific or Australian + Neotropical Region 
(Cyprinoid Section) (Acyprinoid Section) 

Antarctic Zone = Tasmanian New Zealand Patagonian 

Sub-regions. 

'The distribution of terrestrial mollusks is that of S. P. 
Woodward and P. Fischer's “ Manuel de Conchyliologic," 

1 887, The six molluscan regions correspond almost exactly 
with those of Wallace^ with this exception, that the Pata- 
gonian or Chilian sub-region is elevated to the rank of a 
seventh region. 

In dealing with the distribution of flying creatures^ the 
author rightly draws attention to the circumstance that 
the recent volcanic outbursts of Krakatab might have killed 
all the terrestrial inhabitants with the exception of such 
animals as could fly to neighbouring islands. Therein 
lies, according to M. Trouessart, the explanation why the 
Polynesian islands are inhabited by bats and birds only, 
some of which are peculiar island forms. But these he 
considers to be the last survivals of a Polynesian fauna, of 
which we have now only dispersed members. This is one 
of those perplexing ideas which, although arrived at by a 
perfectly logical process of thinking, are nevertheless 
without any real justification. 

For the distribution of birds Dr. Reichenow’s six zones 
have been adopted ; these zones are widely different from 
the now time-honoured six regions. 

Arctic Zone 

Oriental Zone ^ Occidental Zone 

Oriental Temperate Region Occidental Temperate Region 

Ethiopian Region Malayan Region South American Region 

Madagascar Zone Australian Zone 
Antarctic Zone. 

The Oriental and Occidental zones are, of course, 
nothing but the Palseo- and Neogaea ; the word zone 
should not be applied to eastern and western hemispheres, 
but rather to horizontal belts. Dr. Reichenow lays stress 
iipon the idea that the annual migration of European 
and of Asiatic birds shows their connection with the 
Ethiopian and Malayan regions ; hence their combination 
into one zone, together with what has been called hitherto 
the Patearctic region. Madagascar has been elevated 
to separate rank, and so have the Arctic and Antarctic 
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zones, so that on the whole the old arrangement (based 
by Dr. Sclater chiefly upon birds) has been completely 
altered. Birds are far less cosmopolitan than one might 
suppose, judging only by the strength of their wings. 

' The distribution of Lepidoptera is rather surprising, 
because the applied schematic representation shows that 
there are only three great regions. The New World, from 
Canada to Cape Horn, stands alone ; Africa forms only 
a sub-region of the large Holarctic region, which incluiles. 
Canada ; while Australia forms a sub-region of the Indian 
region, which again gradually merges in the eastern half 
of the Holarctic. These results, however, are based upon 
the somewhat antiquated conclusions drawn by Koch and 
Staudinger in 1850. 

Holarctic Region 

American Region African Indian 
Sub-region Region 

I 

Australian Sub- region. 

According to the Spanish naturalist, J. Bolivar, the dis- 
tribution of the Orthoptera, which, being possessed of 
great power of flight, are given to long migrations, agrees 
rather with that of a part of the Coleoptera. 

Pp. 280 and 281 contain a map of the world, on Mer- 
cator’s projection, upon which the principal ocean cur- 
rents are indicated, and by conventional signs the distri- 
bution of seals, sea-lions, penguins, and auks. The Sphen- 
iscidae have been carried along the west coast of South 
America as far north as the Galapagos Islands by the 
cold Humboldt’s current, a circumstance which, by the 
way, was first pointed out by the late Dr. Watson in 
his Challenger Report on the Spheniscidsc. The Pinni- 
pedc genus Macrorhinus follows strange lines across the 
Pacific Ocean, apparently in conformity with existing 
currents, but the conclusions as to the original home of 
these sea-elephants seem somewhat far-fetched. The 
seal Pelagius monachus, until recently considered a chiefly 
Mediterranean species, is known to occur at the Canaries 
and at Madeira. Another closely allied species, P. tropi- 
calis, Gill, has been discovered at certain lonely islands off 
Yucatan. But is it probable that this species owes its origin 
to a small group of the Mediterranean species, which has 
been carried across the Atlantic, past the numerous Antillean 
islands, almost to the mainland of Central America, there 
to be transformed into a new species ? Is it not more 
likely that the occurrence of Mediterranean seals in 
the Atlantic is due to a formerly wider extra-Mediter- 
ranean distribution, especially since remnants of such 
seals have been found , recently in the Furfoz caves near 
Setubal ? 

The eleventh chapter deals with the faunas of deep seas, 
high mountains, coast zones, lacustrine and subterraneous- 
regions. 

The twelfth, the last chapter, gives a very short account 
of the distribution of animals in time. Hardly any types 
of fossil animals are known to have existed in all regions 
of the globe. The largest animals enjoyed the most 
restricted range, both in space and in time. The small 
size and the early occurrence of mollusks and insects 
explain their now almost cosmopolitan distribution, 
while the greater abundance of Tertiary mammals, with 
their subsequent local extermination, gives the clue to 
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their present often scattered range. The great divisions 
of the world into Palseogsea and Neogaeaare confirmed 
by palaeontology. Still more marked, however, is and 
has been the contrast between Arcto- and Notogaea : so 
that one feels inclined to suppose that the Neogaea is 
only an exaggerated extension of the Notogaea. 

Such is a short outline of the contents of this book, 
which, we feel sure, everyone interested in the study of 
geographical zoology or of zoological geography, as the 
case may be, will be pleased to read. 

H. Gadow. 


JEVONS AND MILL. 

Pure Logic and other Minor Works. By W. S. Jevons. 
Edited by Prof. Adamson and Harriet Jevons. 
(London : Macmillan and Co., 1890.) 

T he services of the late Prof. W. S. Jevons to logic 
were so eminent that considerable interest attaches 
to his minor writings on that subject, which are now col- 
lected into a volume. The earlier works, “ Pure Logic ” 
and “ The Substitution of Similars,” which are contained 
in the first and larger part of the volume, possess, indeed, 
no more than a historic value. They expound his well- 
known theory of equational logic, but for all practical 
purposes they are replaced by the later and more inter- 
esting exposition which is contained in the “ Principles 
of Science.” 

The second part of the volume is a reprint of the 
articles which Jevons contributed to the Contemporary in 
criticism of J. S. Mill. A short chapter on the method 
of difference is all that the editors were able to add to 
them out of the mass of manuscript which the author had 
in preparation for a systematic criticism. These essays 
do not add to Jevons’s reputation. They are a passionate 
indictment of Mill’s consistency : Jevons thought that 
Mill’s mind was essentially illogical,” and in the name 
of logic he thought it his duty to undermine the authority 
of Mill’s writings. It may be doubted whether any work 
of theory could bear such a strain of rigorous verbal pre- 
cision as Jevons endeavours to impose upon Mill. How- 
ever, not even the most devoted admirers of Mill would 
maintain that Mill was a consistent thinker ; they would 
find his merit elsewhere. To them and to others it will 
seem that Jevons has left behind him a criticism far 
worthier both of himself and of Mill, in the positive 
advances which he made upon Mill’s doctrines in his 
own work on the principles of science, in the light which 
he threw upon the fundamental nature of induction, upon 
the function of hypothesis, and upon Mill’s so-called 
deductive method. ^ 

Among the generation which is now entering upon 
maturity many persons must have passed through a 
similar history in their feelings with regard to Mill. 
They became acquainted with his philosophy in youth, 
and were carried away by its apparent clearness, its 
freshness and youthful feeling, its love of truth, its 
dignity, and the large views it gave them of human 
thought and human life. It opened to them a new world 
of thought and feeling. Afterwards, as they reflected 
upon it, with the help of teachers anxious that en- 
thusiasm should not blunt the edge of their pupils’ 
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powers of rigorous thinking, they discovered that it 
was riddled with contradictions real as well as verbal ; 
was full of doctrines laid alongside of each other without 
'adjustment. By and by, when they recovered from the 
shock of this discovery, they began to perceive that its 
very errors were light-giving, that its inconsistencies were 
due to Mill’s large-mindedness, his susceptibility to every 
side of a subject ; that wherq his reasoning was least 
rigorous it was often most stimulating, and directed in- 
quiry upon new and truer doctrines ; and perhaps they 
often fell into the paradox of cherishing its errors above 
its truths. Such persons will be inclined to resent a 
criticism which contents itself with exposing the obvious 
contradictions of Mill’s philosophy. ^ 

It is paying poor respect to a thinker to excuse his 
want of consistency. But with a writer like Mill, above 
all others, a mere destructive criticism conveys a positively 
false impression. It is for any higher purpose of litde 
value, because it fails to point out the real significance of 
the incriminated doctrines. And this is just the vice of 
Jevons’s attack. 

• Let it be granted at once that Mill’s doctrines of geo- 
metrical axioms, of the foundation of induction, of 
pleasure, contain glaring contradictions. Mill holds that 
geometrical axioms are derived from experience ; but 
while he admits that there is no such thing in existence 
as a straight line, he declares that we can reason about 
straight lines because our ideas of spatial figures exactly 
correspond to the reality. He declared that all induction 
rests ultimately, in a syllogistic relation, upon the law of 
causation, and at the same time that this principle is 
itself derived from particular inductions by the process 
of simple enumeration, which he elsewhere stigmatizes as 
vicious. With a theory of pleasure not different in 
principle from that of Hume and Bentham, he at the 
same time asserts a distinction of pleasures in kind. In 
exposing these contradictions, as well as in pointing out 
the difficulties of the method of • difference, Jevons is 
completely successful ; but in leaving the reader to infer 
that Mill's doctrines are therefore valueless he omits the 
most necessary part of the critic’s task. Mill distinctly 
says that the axiom that two straight lines cannot inclose 
a space represents the limit to which many actual ex- 
periences approximate. It is true that he did not solve 
the ultimate difficulty of the relation to reality of such a 
limiting proposition— call it a hypothesis, or call it an 
ideal experiment. But, in spite of the gratuitous incon- 
sistencies he introduces into the argument. Mill’s conten- 
tion remains unassailed that geometrical truths derive 
their authority^rom the same source as all other truths. 
With regard to the basis of induction, a more impartial 
criticism would have pointed out that Mill failed because 
he was untrue to himself. His doctrine of the syllogism 
is one of the most important contributions ever made to 
logic, but if he had been true to it he would have given 
to the law of universal causation as major premiss of the 
inductive syllogism a function like that which he assigns 
to the major premiss of every syllogism, and both secured 
•the consistency of his whole theory as well as fhe truth 
of this particular doctrine. His distinction of pleasures 
according to kind is impossible on his own theory, its 
real position in his mind uncertain, and its st^gestiveness 
in any case small ; but, with its appeal to the judgment of 
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the good man, it corresponds to a real fact that pleasures 
do differ according to the position they occupy in the 
whole moral order, and that this is reflected in the 
judgment of good men. 

But while Jevons’s critical attack is successful in the 
above points, it fails even of its limited object in the 
attack on Mill’s doctrine of resemblance, which is a 
mere verbal criticism an 4 a misinterpretation. Mill limits 
the name of propositions of resemblance to those which 
explicitly state resemblance, or the particular form of 
resemblance called equality. But because he shows that 
attributes, propositions, syllogisms, inductive methods, 
analogy, all involve resemblance, and the word is used on 
every ^age of the discussion of these subjects, Jevons 
accuses him of contradiction. The fallacy of the criticism 
is obvious. Though all argument and reasoning may 
depend on resemblance, they need not be concerned with 
resemblances as such. Who would say when he feels 
two similar impressions, and feels them therefore simi- 
larly, that he necessarily feels and thinks of their similarity 
as an explicit relation subsisting between them ? 

. The sketch which Prof. Adamson gives of Jevons’s fuh 
plan leads to the presumption that the rest of his criticisms 
would have been of the same kind as those published. 
As one of the subjects discussed is the theory of the 
syllogism, and of inference from particulars to particulars, 
reference may be made to the impartial and sagacious 
treatment of the same subject in Mr. Bosanquet’s “ Logic,” 
made by a writer of a very different school from Mill. 
Those who look to what Jevons effected in political eco- 
nomy and logic will not be able to avoid regretting that 
he should have felt it his duty to bestow so much of 
the energies of his fine intellect upon a task for which, 
except for an acuteness not much greater than that of 
hundreds of students of Mill, he was disqualified by 
lacking the most essential requisite of a critic. 


THE WASHINGTON MEDICAL LIBRARY. 

The Index Catalogue of the Library of the Surgeon- 
General’s Office^ CI.S.A. Vol. X. O — Pfutsch. (Wash- 
ington : Government Printing Office, 1889.) 

I T has always been a pleasure to watch the steady 
growth of this unique Catalogue, and the pleasure 
increases when we see it now within four, or at most five, 
years of its completion with the same accurate finish in 
detail as when its first volume appeared in 1880. It 
bears on it throughout the stamp of Mr. J. S. Billing’s 
hand, and the elaborate method of cataloguing both 
books and all signed journalistic articles under the sub- 
ject-heading, as well as all the books and republished I 
articles under the author’s name also, has been fully justi- 
fied in its results, and has shown its very high value in these 
ten volumes. This volume can give some clue to the 
labour that has been involved in that system by its article 
on “ Pcripdicals,” which has been most justly thought so 
remarkable, as well as useful, as to have been republished 
by itself. Room can just be found in 212 large quarto 
pages for the titles of the medical journals — daily, weekly, 
monthly, quarterly — and the annual reports not only of 
hospitals, but of all medical and surgical societies, 
on many matters touching more or less on professional 
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matters. These amount to some 7250 entries, and some 
43,670 volumes. That is a total of medical periodical 
literature which is not approximately reached by the 
British Museum, the Biblioth^que Nationale of Paris, or 
any other library, general or professional, in the world. 
Of course some thousands of these entries — about half, 
in fact — do not represent living current publications, but 
about 3600 may be calculated as the total of current 
medical periodicals catalogued, using the term periodical 
in the wide sense that will include such publications as 
the “ Theriakif a Magazine devoted to the interests of the 
opium-eater,” the “ Revue Spirits, ed. par Allan Kardec,” 
and the American Rushlight, by Peter Porcupine.” We 
do not notice any single continuous periodical that has 
published more than 314 bound volumes such as are fur- 
nished by the Annales de Chimie, which has been un- 
interrupted since 1790. A few old Latin Annales, or 
Acta, date back to 1692-6, but do not run to any length. 

Looking at them as distributed by the countries of their 
publication, the largest number of past and current 
together falls to the United States, viz. about 2000; 
but it must be admitted that on the whole they are smaller 
and shorter-lived than their fellows, and are more con- 
stantly changing their names, a point which is carefully 
and usefully noted in the Catalogue. The German Empire 
has rather more than France, viz. about 1100 to 900; 
Great Britain about 700, Italy about 450, and so on till 
we come to Syria with two, and Malta with only one. 
Among so many it can hardly be feasible to avoid every 
possible mistake. It is a pity, for instance, to enter two 
such similar publications as the Transactions of the Royal 
Medical and Chirurgical Society, and of the Clinical 
Society, the one under Medical and Chirurgical, and the 
other under Transactions. 

This immense mass of literature, however, gives to any- 
one who looks into it a very striking impression of all the 
careful labour that must have been necessary to tabulate 
all the articles in these so-called periodicals under the 
subject-headings, as has been done, so that the inquirer 
under any of the commoner subjects may find himself at 
any moment referred back to an article in a Dutch paper 
more than 1 50 years ago. 

The “ Pest ” is the name chosen under which to group all 
the ancient and modern accounts of the vague and. terrible 
plagues. U nder that heading are to be found four.editions 
of Defoe’s classical tract on the Plague of London. The 
collection under this heading of archaeological works well 
illustrates the energy of the American librarians, and the 
funds that must have been placed at their disposal, for 
we find of books printed in.the fifteenth century 6 dealing 
with it, of the sixteenth century .169, and of the seven- 
teenth century 207 — of themselves r.ot an easy collection 
to make in the last 30 years on either side of the Atlantic. 

A. T. Myers. 

OCIR BOOH SHELF. 

Food in Health and Disease. By T. Burney Yeo, M.D., 

F.R.C.P., Professor of Clinical Therapeutics in King’s 

College, London, and Physician to King’s College 

Hospital. (London: Cassell and Co., 1889.) 

A GOOD book on food is greatly wanted, one treating of 
the varieties of food, and their arrangement in the 
dietaries of health and disease. In some respects Dr. 
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Yeo’s small work fulfils the requirements of a satisfactory 
book on the subject. It will be found useful for reference by 
the busy practitioner, and it contains numerous facts, as a 
rule clearly stated ; and it will perhaps also be found 
acceptable to the lay public, as, in mariy parts, the 
style is more or less popular. The chemistry of food- 
stuffs is not treated as accurately as it might be. Thus 
we have “ syntonin or muscle 6brin ; myosin, from 
muscle,” placed in separate lines as food-stuffs. In the 
table (p. 10), “casein” (probably a misprint for ossein) 
is placed under “ gelatigenous substances”; and gelatin 
is itself considered a “gelatigenous” substance. This, 
it must be confessed, is a somewhat loose way of de- 
scribing these substances. 

Dr. Yeo makes the statement (p. i6) that albumen, 
together with water and salts, is able “ alone to support 
the vital processes,” and can “ replace in nutrition the 
fats and carbohydrates.” With this statement most 
physiologists would disagree. Several more instances of 
somewhat vague statements might be quoted from the 
work. Milk is considered by all classical writers on the 
subject .1 complete or perfect food ; but Dr. Burney 
Yeo goes further than this, and classes eggs as “the only 
other complete food afforded by the animal kingdom ” 
(p. 51) : “but when regarded in the light of a complete 
food, the shell must be taken into account ” (p. 69). In a 
second edition of the work, the physiological and chemical 
portion wants careful revision. 

In the discussion of the diet in disease. Dr. Yeo is more 
at home ; and he has set forth the various modes of 
dietetic treatment of disease in a clear manner. The 
only fault to be found with this part of the book is that 
the style is somewhat too diffuse to be of great service to 
the general practitioner, for whose use the work is 
evidently chiefly intended. Although we have criticized 
the loose physiological and chemical statements in Dr. 
Yco’s work (some of which have been quoted), yet the 
book will no doubt be found useful by many. 

Fifth and Sixth Annual Reports of the lit/reau of hthno- 

lo^y to the Secretary of the Smithsonian Institution. By 

J.' W. Powell, Director. (Washington : Government 

Printing Office, 1887-88.) 

The.se Reports, each of which is presented in a large, 
well-printed volume, contain the record of much solid 
and useful work. The first of them — the Report for 
1883-84 — includes an elaborate paper, by Prof. Cyrus 
Thomas, on burial-mounds of the northern sections of 
the United States. This is followed by an essay in 
which Mr. Charles C. Royce tells the story of the official 
relations of the Cherokee nation of Indians with the 
Colonial and Federal Governments of North America. 
In the third paper. Dr. W. Matthews gives an account 
of what Prof. Powell describes as one of the most illus- 
trative ceremonies of the Navajo, a tribe formerly widely 
diffused, and now settled in parts of New Mexico and 
Arizona. Dr. Clay MacCauley deals with the Serninole 
Indians of Florida, and Mrs. Tilly E. Steveiison gives a 
vivid picture of the religious life of the Zuni child. Of 
the papers associated with the Report for 1884-85, the 
first is on the ancient art of the province of Chiriqui, 
Colombia, by Mr. William H. Holmes. To this excellent 
paper we have already called attention. It is followed by 
another, by the same author, on textile art in its relation 
to the development of form and ornament. Dr. Franz Boas 
contributes to the volume an instructive and well-arranged 
paper, in which he sets forth the results of his obser- 
vation and study of the central Eskimo. Prof. Cyrus 
Thomas gives some aids to the study of the Maya 
codices, and Mr. J. Owen Dorsey brings together inter- 
esting versions of two Osage traditions. These versions 
are printed in the original language, with an interlinear 
and a free translation of each, and with explanatory 
remarjes. . 

NO. 1078, VOL. 42] 


Lights Heat^ and Sound. By Chas. H. Draper, B.A. 

D.Sc. (Lend.)- (London : Blackie and Son, 1890.) 

The syllabus of contents of this little work is that of the 
•elementary stage of the Science and Art Department, 
some additions being made in the sections on light and 
Heat in order to bring them up to the standard of the 
London University matriculation paper. Viewed as an 
examinational text-book, there is much that is meritorious 
in the arrangement and gener^ character of the work, 
the information being conveyed in the disintegrated 
fashion now so common. We would, however, point out 
to Dr. Draper that hoar-frost is not frozen dew, but water 
deposited in the solid form, and that hail is not simply 
rain-drops frozen as they fall through a cold stratum of 
air. The questions placed as exercises at the end of the 
chapters have been selected from papers set at the above 
examinations, and will serve not only as a te^ of the 
student^s progress, but as a branch of his mental 
education worth cultivating. 


LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex^ 
pressed by his correspondents. Neither can he undertake 
^ to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications. \ ^ 

The Bourdon Gauge. 

Allow me to suggest to such of your readers as are interested 
in this subject the following experiment. Cut out of cardboard 
two annular strips, each of somewhat more than a quadrant, the 
inner radius being say 7 inches, and the outer radius 9 inches. 
Along! ihe middle of each strip — that is, along the circle of 8 
inches radius — cut the boards half through, so as to render them 
flexible, and then join the two strips together with gum paper at 
the inner and outer edges. In this way we obtain a curved tube 
whose section is a rhombus, and whose curvature is connected 
with the magnitudes of the angle of the rhombus. The manipu- 
lation of such a tube gives dehniteness to one's ideas, and enables 
one to recognize that internal pressure, tending to augment the in- 
cluded volume, and therefore to make the section square, must 
also cause the curvature of the axis to approach a definite 
associated value. In this case the deformations are practically 
by bending, principally, indeed, at the hinges ; and I cannot 
doubt that in its main features the mechanism of an ordinary 
Bourdon gauge may be looked at in the same light. 

Rayleigh. 


The Optics of the Lightning Plash. 

In the extract from Mr. Shelford Bidwell’s recent lecture on 
** Lightning” at the London Institution, which appeared in 
your issue of June 12 (p. I5t)» I notice the author says that the 
lightning flash of artists has no existence in nature, and that it 
is an artistic Action or symbol. May I venture to trespass on 
your valuable space to refer to a paper which I had the honour 
of reading before the Royal Meteorological Society (published in 
the current Quarterly Journal of the Society) only a few days 
after the delivery of Mr. Shelford Bidwell s lecture ? In this 
paper I endeavoured to show how the ‘‘zigzag ” flash so often 
seen by observers, and frequently depicted by artists, may^ have 
its counterpart in nature, quite consistently with the evidence 
of the photographs of lightning flashes collected by the Royal 
Meteorological Society. • ir u 

I suggested that such an appearance is not the flash itself, but 
the optically projected image of the flash formed on clouds, not 
of a smooth surface, but of the rocky cumulus type. The image 
of the flash takes the angles of the uneven surface and becomes 
zigzagged. I showed how this might be by casting the photo- 
graph of a lightning flash — the “streaming” flash — by means 
of the optical lantern, on model cumulus cloudsf made of 
cotton wool. The •‘streaming” flash became distorted, and in 
fact zigzagged, so that it could not have been recognized as the 
type mentioned. 

•• Projection ” lightning flashes surely must happen in nature, 
and might be accounted for in more ways than one. I will • 
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mention now one simple way which I illustrated by exjjeri- ! 
ment at the meeting referred to. It is fairly well recognized ! 
that sheet lightning is the reflection of a flash on a cloudy for 
example ; but if there happens to be the presence of a cloud with 
a small opening in it somewhere between the actual flash and^ 
the distant surface of clouds, then, instead of sheet ” lightning 
appearing on the latter, there will be ‘^projection” lightning — that 
is, the image of the flash, whose shape will depend upon the shape 
of the cloud on which it is cast. 

In speaking of zigzag representations of lightning flashes, it is 
important to make some distinction between the artistic zigzag 
and a common pictorial type such as is seen on the covers of 
electrical books, in dissolving views, in scenic effects, and even 
in street advertisements. It is hardly fair to saddle the artists 
with the latter class. A good specimen of an artistic zigzag 
flash, and one which shows an observance of nature, can be 
seen in Wilson’s famous picture of “Celadon and Amelia.” 

It certainly seems at first sight strange that the ‘^projection ” 
flash shduld not be included in the photographs of lightning 
flashes. Its non-appearance may be due (i) to the photographic 
plates not being sufficiently sensitive to register a flash of. 
diminished brilliancy, for the projected image of any source of 
light has not the same intensity as the source itself. (2) The 
“projection” flash being of rarer occurrence, the number of 
photographs yet taken may not have included it. If the type is 
rarer, it may be objected that it is not likely that artists would 
generally depict a rare type in preference to the more common 
one ; but the less dazzling nature of the “projection” would be* 
sufficient to account for its adoption, rendering the form of the 
flash more distinct to the average eye. To take an illustration, 
if an electric arc light is suddenly flashed before our eyes, we 
fail to distinguish the form of the white-hot carbon points, but if 
its image were flashed upon a screen, their form would be dis* 
tinctly visible. 

It is worthy of note that some painters have chosen to repre- 
sent other types than what I have termed the “projection” 
flash. See Turner’s “Stonehenge,” where “streaming” light- 
ning is pictured. Eric Stuart Bruce. 

lo Observatory Avenue, Kensington, W., June i6. 


The Bagshot Beds of Essex. 

In the second part of the paper on the Westleton beds, by 
Prof. Preslwich, recently published in the Quarterly yournal of 
the Geological Society (vol. xlvi. p. 1 5 2), a section of the Brent- 
wood railway cutting is given, which is, if possible, of more 
interest from the Eocene beds described than from its bearing 
on the (questions dealt with in the paper. 

Reading the new section together with what we already know, 
we get the following succession of beds at Brentwood ; — 

(1) Pebble beds, capping the plateau up to 15 feet thick. 

(2) Bagshot bedsy about 50 feet, consisting of — 

(a) Yellow or white sands (bed 6 of Mr. Whitaker’s section, 

“ Geolo^ of London,” i. 274). 

(/>) The green sands and clays with fossils of the railway 
cutting. 

(r) Yellow sand with seams of clay of the railway cutting. 

(3) London clay^ about 435 feet, the upper part consisting ofdark 
grey clay, with one or more beds of loam and yellow sand, the so- j 
called “passage beds” exposed in the brick-fields near the station. 

The mssils which Mr. Henries and I found near Frierning 1 
(Whitaker, “Geology of London,” i. 276) came from white 
sand probably answering to bed 2a. 

This section seems to show pretty clearly that the Bagshot 
beds of Brentwood are more nearly allied to the lAarine Brackles- 
ham (Middle Bagshot) series than to the Lower Bagshots of the 
Bagshot Heath district, which arc probably freshwater. If 
this be so, the masses of pebbles which overlie them may well be 
the remains of the pebble beds which so often mark the base of 
the Upper Bagshot (Barton) beds, and the parallel drawn 
by Mr. Herries and myself between the pebbles which cap the 
Watley and Brentwood plateau in Essex and those which cap 
Hook Heath and other hills in the Bagshot district becomes the 
more marked (Proc. Geol. Assoc., vol. xi. pp. 13, 16, 20). 

1 Hare Court, Temple. Horace W. Moncktok. 

Electro-Magnetic Repulsion. 

Those who hai'e not the means of showing the striking effects 
produced by Prof. Elihu Thomson may be glad to know a 
simple illustration of the same principles^ 
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A top consists of a soft iron disk with a brass axis put through 
it. A small magnet is held over the edge whilst spinning^ 
each elementary sector as it moves up to and away from the 
poles of the magnet has currents induced which are repelled by 
the magnet ; as the rotation dies out, the currents at a certain 
point become too feeble to overcome the attraction of the soft 
iron by the magnet. I bought the top two or three years back, 
of M. Manet, 49 Rue Lourmel, Paris. W. B. Croft. 

Winchester College, June 21. 


A Remarkable Appearance in the Sky. 

There was an appearance in the sky last night, so remark- 
able that I am tempted to describe it, in case, our situation 
being high, it should have been better seen here than elsewhere. 
Along the horizon, from north to about north-east, a faint bank 
of cloud extended, above which was a space of light like that of 
the early dawn or of the rising moon. There was no quivering, 
or shooting upwards of rays, as in the ordinary northern lights ; 
the light was steady, white tending to yellow, brighter at the 
lower part. A1>ove it hung a purplish haze, through which the 
stars shone brightly, and occasional strips of dark cloud. It 
did not happen to be observed till 10.30 p.m., and it was hardly 
altered at 1.30 a.m., when it was still bright enough to mark 
the window-frame through a white blind, like moonlight. 
Besides the position, the fact of a solar eclipse occurring thn t 
day proved the moon to have nothing to do with it. 

Sussex, June 18. M. E. 


PROBLEMS IN THE PHYSICS OF AN 
ELECTRIC LAMP.^ 

I. 

M ore than eighty years ago Sir Humphry Davy 
provided the terminal wires of his great battery 
of 2000 pairs of plates with rods of carbon, and, bringing 
their extremities in contact, obtained for the first time a 
brilliant display of the electric arc.*'* The years that have 
fled away since that time have seen all the marvellous 
developments of electro-magnetic engineering, have placed 
in our possession the electric glow-lamp, and brought the 
art of electrical illumination to a condition in which it pro- 
gresses each year with giant strides. In addition to the 
importance attaching to their ever-increasing industrial 
use, there are many questions of purely scientific interest 
which present themselves to our minds when we proceed 
to examine the actions that take place when a carbon 
conductor is rendered incandescent in a high vacuum, or 
when an electric arc is formed between two carbon poles. 
It is to a very few of these physical problems that I desire 
to direct your attention to-night, but more especially to 
one which is particularly interesting from the bearing 
which it has on the general nature of electric discharge. 

We know as a very familiar fact that if we attempt to 
raise the temperature of a carbon conductor inclosed in a 
vacuum beyond a certain limit, not far removed from the 
melting-point of platinum, the carbon begins to volatilize 
with great rapidity. If an electric glow-lamp has passed 
through its carbon more than^a certain strength of current, 
the glass bulb speedily becomes darkened by a deposit of 
this volatilized carbon condensed upon it ; and experience 
shows us that we cannot raise the femperature of that 
carbon beyond a definite point without causing this waste 
of the conductor to become very rapid. In the highly 
rarefied atmosphere within the bulb of a glow-lamp, the 
carbon, when at its normal incandescence, must be con- 

* Friday Evening Diicoune delivered at the Royal Institution by Prof. 
J. A Fleming. M-A., D.Sc., on FebAiary 14, 1890. 

” Sir Humphry Daiy laid a request before the managers of the Royal In- 
stitution on July 11, s8o8, that they would set on foot a subscription for the 
purchase of a la^e i^alvanic batte^. The result of this suggestion was that 
a galvanic battery ot aooo pairs of copper and sine plates was set up in the 
Royal Institution undone of the earliest experiments performed with it was 
the production of the electric arc between carbon poles, on a large scale. 
It is probable, however, that Davy had produced the light on a small scale 
some six years before, and, according to QueteleL Curtet observed the arc 
between carbon points in 1803. See Dr. Paris's ** Life of Sir H. Ditlry.*' 
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■sidered to be projecting off molecules of carbon in all 
■directions, partly in virtue of purely thermal actions, but 
probably also in consequence of certain electrical effects 
to be presently discussed. This scattering of the mate- 
rial of the carbon conductor takes place with disadvant- 
ageous rapidity from an industrial point of view at and 
beyond a certain temperature,^ but it exists as well at 
much lower temperatures than that which is found to 
determine the practical limit of durability, A curious 
appearance is found in many incandescent lamps which 
have been “ over-run,” which shows us that this projec- 
tion of carbon molecules from the hot conductor is not, 
perhaps, best described by calling it a vaporization of its 
substance, but that the surface molecules are shot ofif in 
straight lines, and that they reach the glass envelope 
without being hindered to any great extent by the mole- 
cules of the residual air. 

If an electric current is passed through an otherwise 
uniform carbon conductor, which possesses at any one 
place a specific resistance higher than that of the remain- 
ing portion, the current, in accordance with a well-known 
law, there develops a higher temperature, and the mole- 
cular scattering at that spot may in consequence be 
greatly exaggerated. It may be that the detrition of the 
conductor at that locality will be so great as to cut it 
through after a very short time. When the carbon has 
the form of a simple horseshoe loop, and when this mole- 



Fig. 1. —Glow-lamp, having the gjass bulb blackened by deposit of carbon, 
showing the molecular scattering which has taken place from the point 
a on the filament, and the shadow or line of no deposit produced at b. 

cular scattering takes place from some point in the middle 
of one branch, the molecular projection makes itself evi- 
dent by producing a “ molecular shadow ” of the other leg 
upon the interior of the glass. I will project upon the 
screen an image of the carbon horse-shoe loop taken 
from an old glow-lamp, and you will be able to see that 
the hlament has been cut though at one place. At that 
position some minute congenital defect caused the carbon 
to have a higher resistance, the temperature at that j:>oint 
when it was in use became excessive, and an intensified 
molecular scattering took place from that locality. On 
examining the glass bulb from which it was taken, we 
find that the glass has been. everywhere darkened by a 
deposit of the scattered carbon except along one narrow 
line (see Fig. i), and that line is in the plane of the car- 
bon loop and on the side opposite to the point of rupture 
of the filament.* 

* When the rate of expenditure of energy in the carbon conductor is 
raised until it reaches a value of about 500 watts, or 360 foot-pounds per 
second per square inch of radiative sUrfatie, a limit of useful temperatui^ 
has been reached for economical working, under the usual present conditions 
of Kteam-engine-driven dynamos and modern glow* lamps. 

“ The ^writer desires to express his IndebtedneHs to the editor of the 
£UctridaH /or the loan of the blocks illustrating this abstract. 
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I may illustrate to you, by a very simple experiment^ 
the way in which that “ shadow ” has been formed. Here 
is a n-sbaped rod : this shall represent the carhop epp- 
-ductor in the lamp ; this sheet of cardboard placed behind 
it, the side of the glass receiver. I have affixed a little 
spray-producer to one side of the loop, and from that 
point blow out a spray of inky water. Consider the ink 
spray to represent the carbon atoms shot off from the 
overheated spot. We see that th^ cardboard is bespattered 
on all points except along one line where it is sheltered by 
the opposite side of the loop. We have thus produced a 
“ spray shadow ” on the board (Fig, 2). The existence 
of these molecular shadows in incandescent lamps leads 
us therefore to recognize that the carbon atoms must be 
shot off in straight lines, or else obviously no such sharp 
shadow could thus be formed. This phenomenon confirms 
in a very beautiful manner the deductions of thef kinetic 
theory of gases. I may remind you that at the ordinary 
temperature and pressure, the mean free path of a mole- 
cule of air is deduced to be about four one-millionths of 
an inch. This is the average distance which such a 
gaseous molecule moves over before meeting with a 
collision against a neighbour which changes the direction 
of its path. Let the air be rarefied, as in these bulbs, to 
.something like a millionth of the ■ ordinary atmospheric 
pressure, and the mean free path is increased to several 
inches. The space within the bulb — though from one 
point of view densely populated with molecules of residual 
air — is yet, as a fact, in such a condition of rarefaction 
that a carbon molecule projected from the conductor can 
move over a distance of three or four inches on an average 



Fig. 2. — “ Spray shadow " of a rod thrown on cardboard screen to illustrate 
formation of molecular shadow in glow-lamp^ 

without meeting with interference by collision with another 
molecule, and the facts revealed to us by these shadows 
show that this must be the case. I have also at hand some 
Edison lamps in which these “ molecular shadows ” are 
finely shown, but in these cases the deposit on the in- 
terior of the bulb is not carbon but copper, because the 
molecular scattering has here taken place by excessive 
temperature developed at the copper clamps by which the 
carbon filament is attached 'to the platinum wires. The 
theory, however, is the same. The deposit of copper 
shows a fine^een colour by transmitted light in the 
thinner portions. One curious lamp also before me had 
by an accident an aluminium plate volatilized within the 
bulb. The glass receiver has in consequence been 
covered with a mirror-like deposit of aluminium, which 
on the thinner portions shows a fine blue colour by trans- 
mitted light, and a silvery lustre by reflected light. This 
lamp also shows a fine ** molecular shadow.” 

These facts prepare us to accept the view tljat when a 
glow-lamp is in operation the highly rarefied residual air 
in the interior of the bulb is being traversed in all 
directions by multitudinous carbon atoms projected off 
from the incandescent carbon conductor.^ I now wish to 
pass in review before you some facts which indicate that 
these carbon atoms carry with them electric charges, and 
that they are charged, if at all, with negative electricity. 
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I may preface all by saying that much of what I have to 
show you will be seen to be closely related to the 
phenomena studied by Mr. Crookes in his splendid and^ 
classical researches on radiant matter. Our starting- 
point for this purpose is a discovery made by Mr. Edison 
in 1884, and which received careful examination at the 
hands of Mr. Preece in the following year,^ and by 
myself more recently. Here is the initial experiment. 
Aglow-lamp having the* usual horseshoe-shaped carbon 
(see Fig. 3) has a metal plate held on a platinum wire 
sealed through the glass bulb. This plate is so fixed that 



Fi(f. 3. — Glow-lamp having insulated metal middle plate M sealed into bulb 
to exhibit “Edison effect.” 

it stands up between the two sides of the carbon arch 
without touching either of them. We shall illuminate 
the lamp by a continuous current of electricity, and for 
brevity’s sake speak of that half of the loop of carbon on 
the side by which the current enters it as the positive leg, 
and the other half of the loop as the negative leg. The 
diagram in Fig. 4 shows the position of the plate with 
respect to the carbon loop. There is a distance of half 
an inch, or in some cases many inches, between either leg 
of the carbon and this middle plate. Setting the lamp in 
action, I connect a sensitive galvanometer between the 


so placed in the vacuum of a lamp in action is brought 
down to the same potential or electrical state as the nega- 
tive electrode of the carbon loop. On examining the 
direction of the current through the galvanometer we find 
that it is equivalent to a flow of negative electricity taking 
place through it from the middle plate to the positive 
electrode of the lamp. A consideration of this fact shows 
us that there must be some way by which negative 
electricity gets across the vacuous space from the negative 
leg of the carbon to the metal plate, whilst at the same 
time a negative charge cannot pass from the metal plate 
across to the positive leg. Before I pass away from this 



Fig. 5 — Mode of connection of galvanometer g to middle plate m and car- 
bon horseshoe-shaped conductor c in the experiment of the “ Edison 
effect." 

initial experiment, I should like to call your attention to 
a curious effect at the moment when the lamp is ex- 
tinguished. Connecting the galvanometer as at first, 
between the middle plate and the negative electrode of 
the lamp, we notice that though made highly sensitive the 
galvanometer indicates no current flowing through it 
whilst the lamp is in action. Switching off the current 
from the lamp produces, as you see, a violent kick or 
deflection of the galvanometer, indicating a sudden rush 
of current through it. 

In endeavouring to ascertain further facts about this 
effect one of the experimenjs which early suggested itself 
was one directed to determine the relative effects of 



Fig. 4. -^Sensitive galvanometer connected between the middle plate and 
positive electrode of a j^low-lamp. showing current flowing tnrough it 
when the lamp is in action ("Edison effect "). 

middle plate and the negative terminal of the lamp, and 
you see that there is no current passing through the in- 
strument. If, however, I connect the terminals of my 
galvanometer to the middle plate and to the positive 
electrode of the lamp, we find a current of some milli- 
amperes, is passing through it. The diagrams ih Fig.5 show 
the mode of connection of the galvanometer in the two 
cases. This effect, which is often spoken of as the 
** Edison effect,” clearly indicates that an insulated plate 

s Mr. Preecc’s interesting paper on this subject is published In the 
** Proceedings " of the Royal Society for 1885, p. 2x9. See also the 
Eieciriefan, April 4, 1885* p. 436. 
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different portions of the carbon conductor. Here is a 
lamp (see Fig. 6) in which one leg of the carbon horse- 
shoe has been inclosed in a glass tube of the size of a 
quill, which shuts in one-half of the carbon. The bulb 
contains, as before, an insulated middle plate. If we pass 
the actuating current through this lamp in such a direction 
that the covered or sheathed leg is the positive leg, we 
find the effect existing as before. A galvanometer con- 
nected between the plate and positive terminal of the 
lamp yields a strong current, whilst if connected between 
the negative terminal and the middle plate thqre is no 
current at all. Let us, however, reverse the current 
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through the lamp so that the shielded or inclosed leg is 
now the negative one, and the galvanometer is able to 
detect no current, whether connected in one way or the 
other. We establish, therefore, the conclusion that it is 
the negative leg of the carbon loop which is the active 
agent in the production of this ** Edison effect,” and that 
if it is inclosed in a tube of cither glass or metal, no cur- 
rent is found flowing in a galvanometer connected between 
the positive terminal of the lamp and this middle collect- 
ing plate. 

Another experiment which confirms this view is as 
follows : — This lamp (see Fig. 7) has a middle plate, 
which is provided with a little mica flap or shutter on one 



Fig. 7. — Glow-lamp having mica shield .s interposahle between middle 
plate M and negative leg of carbon, thereby diminishing the “Edison 
cflcct.’* 

side of it. When the lamp is held upright the mica shield 
falls over and covers one side of the plate, but when it is 
held in a horizontal position the mica shield falls away 
from the front of the plate and exposes it. Using this lamp 
as before, we find that when the positive leg of the carbon 
loop is opposite to the shielded face of the plate, we get 
the “ Edison effect ” as before in any position of the lamp. 
Reversing the lamp current and making the same leg the 
negative one, we find that when the lamp is so held the 
metal plate is shielded by the interposition of the mica, 
and the galvanometer current is very much less than 
when the shield is shaken on one side and the plate 
exposed fully to the negative leg. 

(2T? be continued^) 


SOME EXPERIMENTS ON FEEDING FISHES 
WITH NUDIBRANCHS. 

W ITH the view of testing the theory that the remark- 
able shapes and colours of Nudibranchs are either 
of a protective or of a warning nature,^ and are definitely 
related to the edibility or t]^e reverse of the animals, I 
have been offering lately various kinds of Nudibranchs 
to the fishes in the aquarium of the Liverpool Free Public 
Museum,^ and havS carefully noted the result of each 
trial. 

Although these experiments will have to be repeated, 
and additional evidence accumulated, still it may be in- 
teresting to other biologists Working on similar lines to 
have this account of the inquiry, in its present stage, laid 
before them, and I need scarcely say that I would be 
glad of any suggestions which would be useful in future 
investigations. 

Most of the experiments were made in three large fish- 
tanks, which may be called A, B, and C. A and B are ^ 

^ Quarts Jnum, Microse^ SeL^ vol. xicxL p. 41. 

* Witluthe kind permission and* assistance of Mr. T. J. Moore, the 
curator, and his assistants, who were present at all the experiments. 
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I rectangular slate and plate-glass wall-tanks, lit from the 
top, measuring feet long, feet wide, and 3^ feet 
high. A has a gravel bottom, and contains about 20 
•very healthy and active shannies {Blennius pholis) ob- 
tained from the Menai Straits ; while B has a sandy 
floor, and is devoted to flat-fish. It contains a consider- 
able number of soles and plaice, a few small thomback 
rays, turbot, and brill, and on one of the occasions had 
some young cod. The average size of these flat-fish is 
6 inches in length, and there are over 60 of them in the 
tank. Both A and B have some rock-work. C is an 
octagonal centre-tank with a sandy bottom, measuring 
feet in diameter, and 17 inches in depth. It contains 
various small fishes, viz. bullhead, goldsinny, pogge, 
gemmeous dragonet, five bearded rockling, viper-weever, 
and young cod. 

All these fishes are apparently in a healtRy con- 
dition, and some of them have been living undis- 
turbed in their tanks for periods varying up to four 
years. They are usually fed upon mussels, cockles, and 
occasionally worms, which are thrown in at the top of 
the tank and allowed to sink through the water. Such 
food-matters are usually seen at once, and eagerly pounced 
upon and eaten during their descent. I adopted the same 
•plan in putting most of the Nudibranchs into the tanks, 
and as the fishes were not fed on the days I intended to 
experiment with them, and had usually been fasting for 
24 hours when I began, they may be regarded as being 
unusually eager to seize any object dropped into the water. 
At the beginning and again at the end of each day's ex- 
periments, we threw a couple of cockles or mussels into 
the tanks, and found that they were at once caught and 
bolted in the usual manner. 

I. October 29, 1889. [A supply of Doris'^ bilamellata 
was obtained from the rocks at New Brighton.] 

Tank A. — Doris. 

( 1 ) Seized, when falling, by a shanny, and taken at once 
to dark corner. 

(2) Seized and at once rejected, seized by another 
shanny and at once rejected, seized by a third and re- 
jected, then allowed to lie on bottom of tank. 

(3) Seized and rejected by two fish in rapid succession, 
then seized by third and taken to dark corner. 

(4) Seized and rejected by first fish, taken to dark 
corner by second. 

(5) Seized and rejected by three fish in rapid succession, 
and then left. 

Tank B. — Doris. 

(i) Seized and rejected in rapid succession by a turbot, 
a sole, another sole, and a plaice, and then left lying on 
the sand. 

Tank C. — Doris, 

(1) Seized and rejected by a goldsinny, tried again by 
same and again rejected, then left. 

(2) Seized and rejected by a bullhead and by a 
dragonet in ra^id succession, and then left. 

Finally, another Doris was dropped gently into a fourth 
tank containing a conger eel, so as to fall in front of its 
nose: but although the fish passed close to the Nudi- 
branch several times while under observation, it appar- 
ently took no notice of it. 

From these nine experiments it seems probable that 
Doris bilamellata is distasteful to at least most of these 
eight kinds of fishes tried. This was an unexpected 
result, as Doris has no stinging apparatus, and certainly 
seems to be protectively coloured. The distastefulness 
may be due to the spicules in the skin or to the abundant 
mucus covering the body. 

* I use throughout this article the old well-known generic names Dpris ^XiA 
Eolis, instead of the modem genera, only known to specialists, in which the 
species I am dealing with have been placed. No possible confusion can 
arise from doing so. 
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II. February 21, 1890. [Large supply of Ancula cris- 
tata, and a few Dendronotus arborescens, Eolis rufi- 
branchialis, and Eolis picta from Hilbre Island.] 

Mr. Moore and I each ate an Ancula. The sp>ecimen' 
was placed alive upon the tongue. No stinging or other 
disagreeable sensation was perceived. It was then 
chewed slowly and swallowed. The taste was pleasant, 
and distinctly like that of an oyster. 

Tank' A. — Ancula. 

(i) Seized and rejected by a shanny, and then bolted 
suddenly by a second. 

(2} Seized and rejected by ten fish in rapid succession. 

(3) Seized, when falling, and swallowed by a fish. 

(4) Seized and rapidly rejected by five fish in sue* 
cession. 

(5) Seized and rapidly rejected by four fish in suc- 
cession. 

Tank B.— Ancula. 

(1) Seized and rejected by a young cod and six plaice 
in rapid succession. 

(2) Seized and rejected by seven plaice, and left lying 
on sand. 

(3) Seized and rejected by four plaice, and left lying on 
sand. 

The fish were then tried with some cockles, which, 
when thrown in, were eagerly pounced upon and eaten. 

(^) Then four specimens of Ancula were dropped in 
together, and were tried and rejected by two young cod 
and three plaice. 

T.\NK C. — Ancula. 

(1) Touched by a young cod, but not taken, then tried 
and rejected by goldsinny. 

(2) Touched and rejected several times by young cod. 

(3) Touched and rejected by first cod, bolted suddenly 
by second. 

The shannies at once take an object into the mouth, 
even though they reject it again immediately, but the 
young cod usually approach it very closely, and appear to 
smell it or feel it with the lips, and then turn away from 
it, or else suddenly bolt it, in which case it does not re- 
appear. The shanny seems to test the edibility inside its 
mouth, the cod outside. 

Some crabs {Hyas araneus) in two small tanks were 
then tried with specimens of Ancula with the following 
results : — 

(1) Seized at once by crab, but eaten very slowly, and 
only partially. 

(2) Taken no notice of. 

(3) Taken up with chela, then dropped and left. 

(4) Apparently not noticed by crabs. 

The three last specimens of Ancula were found alive 
and fully expanded next day, and crawled about the two 
crab tanks undisturbed for some time afterwards. 

Finally, a few specimens of Ancula were offered to two 
large anemones (Aclinoloba), but were not taken. 

In all, then, Ancula was rejected by 53 animals and 
taken by four. These experiments gave us the distinct 
impression that Ancula was distasteful to the animals 
tried, although we did not at that time understand why, 
and had expected to get a contrary result. 

Tank A. — Dendronotus. 

(1) Seized at once by shanny, and carried off to back of 
tank ; shortly afterwards two shannies were found fighting 
over it, each having hold of an end, as they do with a 
large worm ; finally, they each ate a part of the Dendro- 
notus. 

Tank B. — Dendronotus. 

(2) Tried and rejected by brill and young cod. Then 
seized by plaice and kept in mouth for a long time (five to 
ten minutes), during which it was pursued by other fish. 
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Tank C. — Dendronotus. 

(3) Touched and left by young cod ; taken partly into 
mouth and rejected by two bullheads four or five times. 

The general impression we received was that Dendro- 
notus was more acceptable to the fish than Ancula, but 
that they were incommoded by the size. Our specimens 
were large ones — over two inches in length — and none of 
the fishes tried seemed able to get the whole of the Den- 
dronotus comfortably into the mouth, at once. Several 
took half the body into the mouth, and swam about with 
the other half hanging out. This was well seen in the 
case of the two shannies, who each ate half of the specimen, 
and of the plaice which carried about its prey for a con- 
siderable time, during which it was actively pursued by the 
others. That specimen was in all probability eaten by one 
or more of the plaice, as we could not find any trace of 
it a short time afterwards. The rejection by the bull- 
heads may be accounted for by the awkward size of the 
morsel. The two fish had each at least two tries at it, 
taking it half into the mouth, giving it a shake, sending it 
out, and then going at it again as if to get a better hold. 

Tank A. — Eolis. 

(1) Seized by largest shanny, who at once shook it 
vigorously, and kept moving its jaws and ejecting the 
cerata ‘ in groups of three or four, and finally put out the 
rest of the body. Then tried and rejected by four or five 
other fish in rapid succession, and then by the large 
shanny again, then by several others, and finally left lying 
on the bottom. The large shanny who first tried it was 
going about for some time afterwards with the mouth held 
open. 

Tank C. — Eolis. 

(2) Touched or tried, and rejected at once by cod, bull- 
head, and weever. The cod came very near it, or touched 
it with its snout, several times afterwards, but never took 
it into the mouth. 

Eolis is undoubtedly distasteful. The cnida (sting- 
ing cells) on the tips of the cerata probably sting 
the lips of the fish. As it had occurred to me that 
the natural conditions would be more nearly reproduced 
if the Nudibranchs were not dropped into the tanks, on 
the following day, February 22, a few specimens of Ancula 
were placed upon pieces of stone and lowered cautiously 
into tanks A and B in such a way as not to attract the at- 
tention of the fish. The Nudibranchs reached the rock- 
work safely, and were seen crawling over various parts of 
the tanks for several days untouched by the fish (shannies 
and flat-fish). 'Woods, the aquarium attendant, tells me 
that the fish sometimes went up close to the Ancula, 
and looked at them, but never attempted to touch 
them. The Nudibranchs were last seen about a week 
after being put into the tanks. They then disappeared, 
but may possibly have retreated into the back part of the 
tank, or have crawled up out of the water, as Ancula is 
very liable to do when kept in captivity. 

III. March 22, 1890. [Dendronotus, Eolis, and Doris 
from Hilbre Island.] 

Tank A. — Dendronotus. 

(1) Seized at once by the.latge shanny and kept in the 
mouth, half the Nudibranch projecting. This shanny 
was pursued by others, one of which caught the projecting 
end of the prey, and in the ensuing struggle tore half the 
body off and ate it. The large shannv at once retreated 
with the remainder to the back of the tank, came out 
shortly afterwards with the Dendronotus still in mouth, 
and was again pursued and retreated to the dark, appear- 
ing again soon without the Nudibranch. 

* The' colowed dontti paj illc whUh contdn the itinging cetts. 
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Tank C. — Dendronotus. 

(2) Pounced upon at once by three bullheads {JOottus) 
which made rapid dabs at it successively, until one secured 
it and carried it off to a quiet place, where he seized it in 
his mouth and ejected it nine times in succession, each 
time taking it half into the mouth and keeping it there 
for some seconds, then spitting it out and at once pouncing 
upon it again. Finally, the now somewhat mangled re- 
mainder of the Dendronotus was taken out and put into tank 
A, where one of the shannies at once seized and swallowed 
it. This Dendronotus was large. It was larger than the 
head of the Cottus, and caused the mouth-cavity to bulge 
out greatly when it was taken in. The general impression 
was that the Cottus found the Dendronotus desirable food, 
but an uncomfortably large mouthful, and was trying to 
worry it to pieces. 

Tank A. — Eolis. 

(1) Tried, and at once rejected by three shannies in rapid 
succession, then seized by the large shanny and carried 
behind some rock-work. Immediately, numerous red 
cerata were seen scattered through the water in that 
neighbourhood, showing that the Eolis had been forcibly 
ejected in pieces. The cerata floated about for some 
time in the water, but were not touched by any of the 
fish. 

(2) Pounced upon by several fish together ; one secured 
and .at once rejected it, and then, seizing the white body, 
managed to bite it across, setting free the dorsal portion 
with all the cerata. It then retired to the back of the 
tank, while the cerata— after separating, as they very 
readily do in Eolids — were left floating about in the 
water, untouched. 

Tank A. — Doris. 

(1) Tried and rejected by two shannies, then seized 
by the largest shanny and carried off to the back of the 
tank. 

Tank B. — Doris, 

(2) Several fish darted at the Nudibranch, but a large 
sole suddenly slipped up vertically between them and 
bolted it. 

(3) Tried and rejected by six or eight plaice, and finally 
left on the sand. 

(4, 5, 6) These three specimens were gently lowered 
into the tank by a net, so as to reach a shelf of the rock- 
work without attracting attention. They soon began to 
expand and move. One plaice swam up and looked or 
smelled at them, but did not touch them. 

The action of the large sole in bolting Doris No. 2 
.above may possibly be explained as a result of the habit 
of competing for their food. Three or four other fish 
were darting at the Nudibranch, and the sole took the 
only possible course by which it could secure the prey — 
it made a rapid movement upwards between the snouts 
of its competitors and swallowed the Doris entire ; there 
was evidently no time for examination.' 

In the above experiments I have used altogether 53 
Nudibranchs, offered to twelve different kinds of fish and 
other predaceous shore animals, and there have been 
over 130 distinct transactions between the fishes and the 
N udibranchs. My general impression is that the order 
of edibility of the Nudibranchs offered to the fishes is: 
Dendronotus, Doris, Ancula, Eolis j Eolis being the 
most distasteful form, Ancu/a next, Doris less so, and 
Dendronotus edible, but, from its size, offering difficulties 
to the rather small fishes which we tried. 

* The last number of the Journ. Mar. Biol, Assoc. i containing Mr. ^te- 
»on*s paper on the sense-organs and perceptions of fishes, only reached Liver- 
pool after this article had been sent to Nature. In regard to the sole being 
one of those fishes which hunt for their food and recognize it by the sense of 
smell alone, 1 would remark that the specimens in the aquarium here cer- 
tainly seem to perceive their food as the plaice do by sight, the two kinds of 
fish often darting together at a fv>od morsel— and, sis I have just shown alwve, 
the sole being sometimes more alert than its competitors. Possibly these 
.sole.H have changed their habits like the rockling described (p. 238) by Mr. 
Batesony 
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The Nudibranchs were all healthy and good-sized speci- 
mens, and the fish were probably the right kind, being nearly 
all shore fishes found in the immediate neighbourhood of 
• where the Nudibranchs live. Still, the conditions were, 
of course, to a certain extent artificial, and that must be 
taken into account in drawing conclusions. Dropping 
the Nudibranchs into the tank from above is unnatural, 
and may give rise to a misleading result, especially where 
the fish are accustomed to have their food thrown in from 
above, and only receive edible jood. Then, again, at least 
some' of the fish— those that have been some time in 
captivity — have been educated to compete with one 
another for the food. When anything is thrown in — ^a 
bit of white shell will do — there is at once a rush made 
upon the falling object, and no time is allowed for inspec- 
tion or consideration. I would account for the seizing of 
Eolis by the shannies (very active, voracious, •and a|^- 
parently impulsive fishes), even when the prey is evi- 
dently distasteful and has brilliant warning colours, as a 
result of this acquired habit of competition, and of 
pouncing upon anything thrown into the tank. Still, 
there is a marked difference between the manner in 
which they take a cockle and say an Ancula, The cockle 
is taken right in and swallowed at once, while the dis- 
tasteful Nudibranch, even if seized, is usually only partly 
taken into the mouth ; in some cases, it is seen to be 
held by the very front of the jaws, and is then ejected 
with force. • 

Ancula has been a particularly interesting case. Start- 
with the general opinion that Ancula is a perfectly de- 
fenceless soft-bodied animal, I have been astonished to 
find that it is sometimes present on the rocks at Hilbre 
Island in great abundance, in very prominent and ex- 
posed situations, and that its colouring was not pro- 
tective, but rendered it conspicuous. The experiments at 
the aquarium next showed me that this Nudibranch is 
distasteful to fishes and other shore animals, but for a 
time I did not understand why. Lately, however, Mr. 
Clubb and I have found ^ that, besides the abundant 
mucous glands scattered over the integument, Ancula 
possesses special large glands occupying the apices of 
the cerata, and opening to the exterior. These glands 
are placed just where an offensive organ would be most 
useful, and where the stinging cells are found in Eolis, 
and it seems probable enough that it is the presence of 
their secretion on the most outstanding parts of the body 
which renders the animal objectionable to fishes. 

The protective colouring of Doris bilamellata may be 
accounted for in one or both of two ways : {d) it may serve to 
protect the animal from certain other shore animals which 
have not yet been experimented with, and to which the 
spicules and mucus of the Doris are not objectionable ; 
and {d) it may save the animal from being tried by fishes,^ 
&c., not sufficiently aware of its (to them) distasteful 
nature.’' It is obvious that, if an animal is not thoroughly 
objectionable, and has not yet become conspicuous with 
warning colours, it will be better for it to be protectively 
coloured. So we need not be surprised to find that some 
inconspicuousi protectively coloured animals have certain 
offensive organs, and are distasteful to certain of their 
enemies. Eolis is a most distasteful form, and has con- 
spicuous colours of a warning nature. Ancula is also 
distasteful, and is conspicuously coloured. Doris is less 
distasteful, and is still protectively coloured ; while Den- 
dronotus, which is, I believe, edible, is very effectually 
concealed, amongst the red seaweeds it lives on, by its 
large branched cerata and red-brown colours. ^ 

W. A. Herdman. 

* See “Third Report on the Nudibranchiata of Liverpool Buy" (Trans. 
Biol. Soc. Liverpool, vol. iv.). 

* What seems to be a very similar case has been pointed out by Mr. 
Garstang (Joum. Mar. Biol. Assoc., October 1889, p. 191), vis. the two 
British species of Hertmta^ which are both protectively coloured, and have 
no stlngmg cells, and jret seem to posscs.s the power of emitting, when irri- 
tated, an offensive fluid. 1 would expect to find that they were distasteful . 
;o at least some fishes* 
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THE PULKOVA REFRACTOR. 

O N Ithe completion of the Pulkova Observatory, the 
jubilee of which has recently been celebrated, the late • 
W. Struve published his “Description de I’Observatoire,” 
which made the scientific world acquainted with the com- 
plete equipment of that institution. The additions which 
have been recently made to the Observatory, in order to 
preserve its high character and deserved reputation, have 
induced the authorities td publish what may be regarded 
as a supplement to that work, and the details now'^given 
of the history of the erection, and the results of a sys- 
tematic examination, of the new refractor are not less 
interesting than were those of the old 15-inch. 

The optical work of this recent addition, as is well 
known, is the work of Messrs. Alvan Clark, and the 
parallaotic mounting that of Messrs. Repsold, and both 
of these eminent firms appear to have given, in their re- 
spective departments, complete satisfaction to the Russian 
authorities. Considerable difficulty was experienced in 
procuring the necessary disks for the object-glass, but 
eventually M. Feil, of Paris, supplied both flint and 
crown. The former appears to have given perfect satis- 
faction, but in the latter, near to the centre of the disk, 
there is collected, about a quarter of an inch below the, 
surface, a quantity of small air-bubbles, which cover a 
space one and a half inch long by one-eighth broad. As 
in fhe opinion of the opticians, as well as of Prof. Picker- 
ing, this defect would not introduce any inconvenience, it 
was determined to proceed with the manufacture, rather 
than to wait for a more satisfactory casting. This de- 
fective spot, of elliptical shape, has no bad effect on the 
images of stars in the general use of the telescope, but 
bright objects, such as a Lyne, are accompanied by two 
streams of false light, some minutes in length, in opposite 
directions, which appear to be produced by this defect in 
the crown lens. The position angle of these rays is 
found to be 1 14'^7294‘’, and this direction is almost ex- 
actly perpendicular to the m<iior axis of the air-bubble, 
which has been measured 23-203°. Moreover, as this 
peculiarity is the more noticeable when the diameter of 
the object-glass is diminished by diaphragms, there can 
be no doubt that it is the result of diffraction produced 
by this spot. 

The mounting of the object-glass in its cell differs in 
two respects from the plan generally adopted. The in- 
ternal surfaces of the two lenses are separated by about 
six inches. Though this separation does not render the 
telescope available for photography, it doubtless tends to 


which, however, has been inferred, give the following 
results : — 

m. 

Red, \ = 636 ... Focal length 13*892 

Yellow, X = 589 ... „ „ 13*885 

Green, X = 535 ... „ „ 13*884 

Blue, X = 481 ... „ ,, 13*892 

from which it will be seen that the achromatism is satis- 
factory for the brighter parts of the visible spectrum, and 
in fact accords with that part of the spectrum which was 
originally selected for the minimum focal length, viz. 
X = 000057. 

The relative position at the focus for rays of different 
refrangibility was more accurately determined by the 
method of Prof. Vogel with the aid of a small spectro- 
scope, as well as with the great spectroscope attached to 
the instrument. It was then seen that the part of the 
spectrum between D and d was so nearly linear that no 
certain determination of the difference of lengths for the 
different colours could be effected. For more distant 
parts of the spectrum the following measures were made 
of the distances of the three hydrogen Mbes from the 


normal position D - ^ : — 

mm. 

=s 0 00021 

/ 

P 

(1 

II 

= 0*00045 

Hy = 32*9 

=5 0 00233 


It is not uninteresting to compare this result with that 
which Prof. Vogel obtained from measurements on the 
Vienna refractor of 26 inches, where the general character 
of the achromatism is very similar to that of the Pulkova 
refractor, since in both the red images are joined between 
D and F, and beyond F a rapid increase in the secondary 
spectrum is exhibited — a defect common to all objectives 
of silica glass. 

In the Vienna object-glass the distances of the focus of 
the three rays before mentioned from the focal plane 
D — 6 are — 

mm. 

C 2*7 

F 6*0 

Hy ... ... ... ... 23*5 

Consequently the diameters of the circle of chromatic 
aberration, reckoned on the same plane, are, for the two 
telescopes, as follows : — 


improve the achromatism ; and, further, since openings 
are left in the cell for the purpose of cleaning the inner 
surfaces, currents of air can pass b/etween the lenses and 
promote an equality of temperature between them and 
the atmosphere outside. The two lenses are not rigidly 
mounted in their cell of cast-iron, but, to prevent any risk 
of pinching or strain that might arise from the unequal 
expansion of metal and glass, a space of 0*5 mm is left. 
It was conjectured that a displacement of the lenses, rela- 
tively to each other, through this small amount would 
exercise no bad effect on the quality of the images, and 
this anticipation has been found correct. 

The constants of the object-glass are as follows : — 


Radii of the crown-glass lens 


f - 5 *054 

\ -f- 5*2831 (coinpated). 


mm. 

Thicknete of the crown 42*42 

Thickness of the flint 26 *<^ 


Radii of the flint | ^ 

The focal lengths computed from these data, one of 


Pulkova. Vienna, 

mm. mm. 

Aperture 762 Aperture 675 

Focal length 14, 120 „ Focal length 10,360 „ 

Diameter C 0*162 or 2*37 Diameter C 0*176 or 3*51 
„ F 0*345 .. 5 05 .. F 0’39i >. 7 81 

„ Hy 1*775 ..*S 9S » Hy 1*831 ,,30*48 

The advantages of a proportionately greater focal 
length in the case of the Pulkova instrument are shown by 
the somewhat smaller valUes of the an^lar diameter. 
This want of perfect achromatism makes itself felt in the 
Pulkova instrument in the images of stars remote from 
the optical axis. For a circle about 16' in diameter, no 
appreciable effect is noticeable, but outside this radius the 
image has a tendency to exhibit a red fringe on the 
side turned towards the optical axis, and a violet on the 
side more remote. 

The parallactic mounting appears to possess and retain 
a very satisfactory stability. In the case, however, of 
exceptionally heavy object-glasses, it is of interest to 
rigidly investigate the flexure of the tube. The total 
weight of the object-glass and cell is in this case 400 lbs. 
approximately, and considering the ^at distance from 
the centre of the instrument at which it is supported, the 
coefficient of flexure might be expected to be large. As a 
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matter of fact, this constant when derived from the 
observed zenith distances of known stars is 40", but this 
amount, of course, refers only to the difference of flexure 
at the eye and object-glass ends. Direct measurements 
have, however, been made of the deflection of either end. 
For this purpose a small telescope was attached to the 
cradle of the instrument, with which a scale placed at 
either end could be read, the instrument being in both a 
vertical and horizontal position. The result was that the 
object-glass dropped 5*48 mm., and the eye end 3‘22 mm. ; 
when all necessary corrections have been made, this gives 
a flexure of 34", a satisfactory agreement with that ob- 
tained from observations of stars. This deflection from 
the straight line was observed at eight different angles 
with reference to the horizon, and the results are fairly 
represented by supposing the flexure to vary simply as 
the sine of the zenith distance. 

As regards the light-collecting capacity, it may be 
mentioned that the satellite of Neptune can be observed 
in an illuminated field without difficulty, and that the 
satellites of Mars were observed on fifteen evenings in 
1886, a year in which the opposition fell very unfavour- 
ably for their observation. Hyperion is visible on a 
feebly illuminated red field, while Enceladus and Mimas 
are visible till quite close to the planet’s disk. That there 
are difficulties in the employment of such large telescopes 
goes without saying : it is, however, satisfactory to notice 
that the number of evenings on which the telescope can- 
not be used from bad definition or adverse meteorological 
conditions is not larger than in the case of the 15-inch 
equatorial. W. K. P. 


SIR WARINGTON IV. SMYTH, KR.S. 

M ining has suffered an irreparable loss by the death 
of Sir Warington .Smyth, which occurred suddenly 
at his house in Inverness Terrace on the 19th inst. He 
was the eldest son of Admiral W. H. .Smyth, F.R.S., and 
was born at Naples 73 years ago. He was educated at 
Westminster and Bedford Schools and at Trinity College, 
Cambridge, where he exhibited great skill as an oarsman, 
being one of the winning University crew on the Thames 
in 1839. In that year he graduated, and obtained a 
travelling fellowship which enabled him to devote more 
than four years to a journey through the chief mining 
districts of Europe, and thus to lay the foundation of that 
practical knowledge which subsequently made him the 
greatest British authority on mining matters. Continental 
travelling in 1839 was by no means the easy matter it is 
now, and his journey through the Harz, Saxony, Austria, 
Hungary, Turkey, and Asia Minor, was not devoid of 
risk and adventure. As a result of his travels through 
the European and Asiatic dominions of the Sultan, he 
publi-shed in 1854 a work entitled “A Year with the 
Turks.” In subsequent years, he virited during his vaca- 
tions the more important mines of France, Belgium, 
Spain, Italy, and Norway. His official career began in 
1844, when he was appointed by Sir Henry De la Beche 
to a post on the Geological Survey, and while holding 
this position he explored and geologically mapped the 
metalliferous districts of Devon and Cornwall, North 
Wales, and Ireland, and the coal-fields of Lancashire and 
Yorkshire, North Staffordshire and Derbyshire. In 1845 
he joined the Geological Society, and in 1866 was elected 
President of that body. For the last 17 years he has 
acted as foreign secretary, in which post his rare linguis- 
tic powers proved of great service to the Society. On the 
foundation of the Royal School of Mines in 1851, he was 
appointed the first lecturer on mining and mineralogy. 
On the reorganization of the School in 1881, he gave up 
the Chair of Mineralogy, but acted as Professor of Mining 
until his death. He held the office of inspector of the 
minevin the Duchy of Cornwall, and in 1857 he was also 
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appointed comptroller of all the mineral properties be- 
longing to the Crown. It would be tedious to enumerate 
the long list of Royal Commissions and International 
Exhibitions with which Sir Warington was prominently 
associated. His report as Secretary of the Jury on the 
mining industry at the Exhibition of 1863 is a model of 
what such a work should be, and to his energy on the 
Council of the Inventions Exhibition of 1885 the success 
of the mining section was largely due. 

In 1879 a Royal Commission was appointed to inquire 
into accidents in mines and the possible means of pre- 
venting their occurrence and of limiting their disastrous 
consequences. Mr. Smyth was appointed Chairman, 
and, in order to secure time to attend to the duties of 
this arduous and honorary office, he resigned the post of 
Examiner to the Science and Art Department- an office 
he had held for several years. The Commission ended 
its work in 1886, and during the seven years it was in 
existence some thousands of experiments were made, and 
the Report, covering 858 pages, definitely settled many 
important questions bearing upon the diminution of 
accidents in mines. 

To his scientific attainments. Sir Warington added 
singular literary skill. His early classical training en- 
abled him to write with an elegance and vigour unfor- 
tunately rare in technical works. He spared no pains, 
and neglected no details. As a teacher he was very 
popular with his pupils, his success as a lecturer being 
due not only to his finished delivery, but also to his skill 
as a draughtsman, which enabled him to dispense with 
the aid of elaborate diagrams, and to rely merely on 
accurate blackboard sketches, which he drew with great 
rapidity in the presence of his class. His reputation as 
Professor attracted to the School of Mines students from 
all parts of the world, and no better evidence of the excel- 
lence of his teaching could be adduced than that afforded 
by the important positions so many of his pupils occupy 
in the mining world. Of his literary works, the most 
important is his “Rudimentary Treatise on Coal-Min- 
ing” — a standard work, bearing internal evidence of not 
being mere extracts of books, written in 1867, and now 
in its seventh edition. Besides this, he wrote the articles 
on mining for “Ure’s Dictionary” and for Stanford’s 
series of “ British Manufacturing Industries,” 1876. 

For his labours on the Accidents in Mines Commis- 
sion, and for his other public services, he received the 
somewhat tardy acknowledgment of knighthood on the 
occasion of Her Majesty’s Jubilee. Throughout his life he 
refused the great pecuniary rewards offered by the com- 
mercial branches of mining, and preferred to devote the 
half-century during which he was engaged in business 
connected with mints to the service of science and of the 
State. Although he had been in ill-health for some time, 
he never neglected his official duties. He died in har- 
ness, with a partially corrected examination paper on the 
table before him. He was buried yesterday at St. Erth, 
in Cornwall, not far from his home at Marazion, in the 
centre of the mining district with which he was so long 
associated. . H. B. 


NOTES. 

With the consent of the Prince of Wales, the President, the 
Council of the Society of Arts has awarded the Albert Medal to 
Dr. W. H. Perkin, F.R.S., “for his discovery of the method 
of obtaining colouring matter from coal tar, a discovery which 
led to the establishment of a new and important industry, and 
to the utilization of large quantities of a previously worthless 
material.” 

Tks Essex Field Club and the subscribers to the Gilbert 
Club will hold a meeting at Colchester on Saturday, July 5, 
in memory of William Gilbert, the founder of the science of 
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electricity, who was bom and died at Colchester. A visit will 
be made to Gilbert’s house and tomb, and Prof. Silvanus P. 
Thompson will lecture on **The Early Magnetic Experiments 
of Gilbert of Colchester.’* The chair at the public luncheon 
will betaken by Lord Rayleigh, F.R.S., Vice-President of the 
Essex Field Club and the Gilbert Club. Any persons wishing 
to attend the meeting may obtain full particulars on application 
ti Mr. W. Cole, Hon. Sec., Buckhurst Hill, Essex. 

There is no foundation for the report that Dr. G. J. 
Romanes is a candidate for the Linacre Professorship of Human 
and Comparative Anatomy, Oxford. 

The Photographic Convention of the United Kingdom is now 
holding its annual meetings at Chester. The series of meetings 
was opened on Monday, and will not be concluded until | 
Saturdaf. At the official welcome of the Convention by the 
mayor, on Monday, Mr. A. Pringle, the retiring President, in- 
troduced his successor, Mr. C. H. Bothamley. In the course 
of his address, the new President said that the events of last 
year contained nothing of first-rate inii>ortance in photography ; 
no discoveries of far-reaching influence had disturbed the 
photographic world. But a good deal of interest had been ex- 
cited by the announcement that advances had been made towards^ 
the solution of the problem of photographing objects in their 
natural colours. Coloured photographs, more or less imperfect, 
had been made several times, but whether they should ever get 
a chromatic negative process was at present entirely a matter of 
conjecture, and so far even the direction in which the solution 
was to be looked for was not apparent. Photo-mechanical 
printing had not presented any new feature during the past year, 
but the processes already in operation had been taken much 
greater advantage of. The applications of photography to 
science were becoming every day more and more numerous, 
and he did not hesitate to say that it was here that photography 
had won, and probably would win in the future, its greatest 
triumph. 

The Elizabeth Thompson Science Fund, which has been 
established by Mrs. Elizabeth Thompson, of Stamford, Conn., 
*^for the advancement and prosecution of scientific research 
in its broadest sense,” now amounts to 26,000 dollars. As 
accumulated income will be available in December next, the 
trustees desire to receive applications for appropriations in aid of 
scientific work. This endowment is not for the benefit of any 
one department of science, but Science says it is the intention of 
the trustees to give the preference to those investigations which 
cannot otherwise be provided for, which have for their object 
the advancement of human knowledge or the benefit of mankind 
in general, rather than to researches directed to the solution of 
questions of merely local importance. Applications for assist- 
ance from the fund, in order to receive consideration, must be 
accompanied by full information, especially in regard to the 
following points: (i) precise amount required; (2) exact 
nature of the investigation proposed ; (3) conditions under 
which the research is to be prosecuted ; (4) manner in which 
the appropriation asked for is to be expended. All applications 
should reach, before December 1890, the Secretary of the Board 
of Trustees, Dr. C. S. Minot, Harvard Medical School, Boston, 
Mass., U.S.A. It is intended that new grants shall be made at 
the end of 1890. The trustees are disinclined for the present to 
make any grant exceeding 3cx> dollars : decided preference will 
he given to applications for smaller amounts. 

The U.I^. National Academy of Sciences is considering 
whether it might not be expedient to divide its membership into 
claves. The following classification has been proposed : 
mathematics, physics, astronomy, geodesy and mechanics, 

• chemistry, geology, botany, zoology, anthropology, and political 
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economy and statistics. The American Naiura/isi, commenting 
on this list, suggests that a special place should be reserved for 
psychology. It also expresses a hope that the division into 
classes will not be made a pretext for increasing the membership 
to above one hundred persons. 

Last week Mr. Mundella asked the Vice-President of the 
Council of Education whether he bad received remonstrances 
from the principal educational authorities and managei's of 
higher elementary schools in England and Scotland against 
Article 40 of the Science and Art Department, which excluded 
scholars in public elementary schools (Vom being henceforward 
examined or earning grants in science ; whether he had seen the 
statement of the National Association for the Promotion of 
Technical Education, which described this circular **a$ one of 
the most serious blows which had been struck for some years at 
the development of scientific and technical education ” ; and 
whether, having regard to the feeling with which the circular 
had been received, he would cause it to be withdrawn. Sir W 
Hart Dyke replied that the matter was under consideration ^ 
and he has since issued an official letter, stating that the De- 
partment had anticipated the objection which had been made, 
and had decided to substitute a provision which would not in 
any way interfere with the present system of .science instruction 
so admirably carried out by many School Boards. With 
reference to a complaint that in another circular dealing with 
the question of manual instruction in public elementary schools, 
a proviso bad been inserted requiring such instruction to be 
given out of school hours. Sir W. Hart Dyke states that a 
supplementary circular will be shortly issued in order to remove 
the doubts which exist on the subject. Sir William believes 
there will be no difficulty in continuing the plan now adopted, 
providing the time devoted to manual instruction by any scholar 
for the purposes of the grant is outside the minimum period re- 
quired to constitute an attendance under Article 12 of the Code, 
which does not prevent any further time from being given to the 
subject within the ordinary school hours. 

The Kerv Bulletin publishes every year a complete list of the 
garden plants annually described in botanical and horticultural 
publications, both English and foreign. In Appendix II., which 
has just been issued, there is a list of all the introductions re- 
corded during 1889. It is pointed out that these lists are indis- 
pensable to the maintenance of a correct nomenclature, especially 
in the smaller botanical establishments in correspondence with 
Kew, which are, as a rule, only scantily provided with horti- 
cultural periodicals. Such a list will also afford information 
respecting new plants under cultivation at the Kew establish- 
ment, many of which will be distributed from it in the regular 
course of exchange with other botanic gardens. 

The Botanical Gazette informs us that the first Annual Report 
of the Director of the Missouri Botanic Garden has been issued. 
It contains a statement of the changes that are being made in 
the Gardens, or that are in immediate prospect ; and a map of 
the grounds on a large scale is being prepared. The Director 
requests from authors copies of their ^publications for the 
library, from collectors specimens for the herbarium, and pro- 
mises all feasible assistance in work calculated to promote 
botanical knowledge. 

The first number is published of a new quarterly journal, 
Le DiatomistCf specially devoted to the natural history and 
literature of diatoms. It is published at 1^ Rue Saint-Antoine, 
Paris, under the editorship of M. J. Tempore, assisted by MM. 
Brun, Bergon, Cleve, Dutertre, Grove, and Peragallo. The 
present number (quarto, with two plates) contains descriptions- 
of a number of new species, and a bibliography of recent 
diatomological literature.. \ 
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In the yournal of the Straits Branch of the Royal Asiatic 
Society^ Mr. Alfred Everett has just published a most important 
list of the birds of the Bornean group of islands. Hitherto 
the work of Salvador! has been the standard record for Bornean 
ornithology, but the numerous discoveries of recent years have 
rendered that author’s Uccelli di Borneo ’’ considerably out of 
date, and the Catalogue of Bornean birds published by Dr. Vorder- 
tnan in 1886 is a list of names merely. The work just com- 
pleted by Mr. Everett will therefore be of great assistance 
to ornithologists, as it gives references to all the recent 
scientific memoirs on Borneo, published in England and in 
Germany. 570 species have now been recorded from the islands, 
the numbers having been considerably increased by the recent 
discoveries of the author himself and Mr. John Whitehead's expe- 
dition to KinaBalu. Mr. Everett has given a carefully compiled 
list of the localities where the species have been found by him- 
self and other travellers. Two very good maps of Borneo are 
given, one ‘‘showing roughly the distribution of highlands and 
lowlands,” with all the best-known collecting stations indicated 
ns well ; and the other being a map of Palawan, showing by the 
soundings that this island is intrinsically a part of Borneo rather 
than of the Philippine archipelago. 

In the current number of the Board of Trade Journal^ it is 
stated that the French Consul-General at Warsaw has informed 
his Government of the establishment of a commercial museum 
in Warsaw. This is to form a permanent exhibition of speci- 
mens of the products and manufactures of Poland, as well as a 
bureau of information for Russian or foreign merchants. At a 
small charge all persons can be supplied at the office of this 
museum with information on any subject connected with trade. 
The museum is at present at No, 66 Faubourg de Cracovie, 
Warsaw. 

A Meteorological Society is to be established in New | 
York, where miiny persons are giving attention to weather 
science, owing to the relations existing between some branch 
thereof and their own vocation. It is intended that the Society 
shall be purely local at first. 

Das Wetter for May contains an article by Dr. P. Perlewitzupon 
the influence of the town of Berlin upon its climate. He finds that 
the difference of the mean temperature between the town and 
the open country outside differs, in various months, from o®*7 to 
2"‘3, the town being always warmer. The smallest differences 
are in spring and winter. The greatest daily differences are 
found to be in the evening, owing to a retardation of radiation 
in the town ; from this time the difference decreases until about 
midday, when there is no perceptible difference between the two 
localities. Dr. Ilann has found similar results for Vienna, but 
the differences there are smaller, owing to the better exposure of 
the town station. The humidity is less in the town than in the 
country ; in the evening, in June and July, the difference j 
amounts to above 19 per cent. No appreciable effect appears 
to be exerted by the town upon the rainfall, as compared with 
that of the country stations. * ? 

Dr. G. Hellman^ to whom meteorologists are indebted for 
various interesting investigations into the history of that science, 
has contributed to Binmel und Erde (Heft. 3 and 4, 1890) 
two instructive articles on “the beginnings of meteorological 
observations and instruments.'' *He divides the history of the 
development of observations into three periods : (1) that ending 
with the middle of the fifteenth century, up to which time they 
were of a very fragmentary and almost aimless character ; (2) 
that in which observations were taken, at least once a day ; and 
<3) that in which they were systematically taken with instruments, 
elating from about the middle of the seventeenth century. It is 
hot exactly known who first kept a regular meteorological 
journal but Humboldt attributes it to Columbus, on his first 
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voyage to America in 1492, while the Italians also appear to 
have made daily observations from the middle of the fifteenth 
century. The wind-vane is by far the oldest of the meteoro* 
Jogical instruments. In the periods of Homer and Hesiod, in 
the ninth and eighth centuries B.C., the qualities of the winds 
were correctly described. The first arrangement for observing 
the wind-direction is the Temple of Winds at Athens, which 
was built about 100 years n.c. A picture of this tower is given 
by Dr. Hellmann. Eginhard, in the reign of Charlemagne, de- 
noted the winds by the four cardinal points, and their variations. 
The first instrument for denoting the force of the wind is ascribed 
to Robert Hooke (1667) ; this instrument is essentially the same 
as that now used and known as Wild's pendulum anemometer. 
The absorption or organic hygrometer was invented about 
the middle of the fifteenth century, by N. de Cusa, although the 
invention is generally ascribed to L. da Vinci. The Ifirst con- 
densation hygrometer is attributed to the Grand Duke Ferdinand 
II. of Tuscany. The first continuous hygrometrical observa- 
tions appear to have been by R. Boyle, at Oxford, in June 
1666. The first thermometer is attributed to G. Galilei, towards 
the end of the sixteenth century. Some few years later, the 
instrument was improved, although the freezing-point was the 
^only fixed point determined, and the graduation was made by 
means of little knobs in the glass, every tenth one being 
enamelled. The first rain-gauge was used by B. CastelU in 
1639, although usually a later date is quoted. The disco^pry 
of the Torricellian tube, in 1643, known to require 

special remark. These are only a few of the very interesting 
points referred to in Dr. Hellmann's instructive investigations. 

In an interesting paper contributed to the May number of the 
Ottawa Naturalist^ and now reprinted separately, Dr. G. M. 
Dawson brings together some striking facts with regard to the 
extent of Canadian territory which is still unexplored. The 
entire area of the Dominion is computed at 3,470,257 square 
miles, and he calculates that an area of 954,000 square miles of 
the continent alone, exclusive of the inhospitable detached 
Arctic portions, is for all practical purposes entirely unknown. 
In this estimate the area of the unexplored country is reduced 
to a minimum by the mode of definitiorf employed, and Dr. 
Dawson thinks wc may safely assume that it is about one million 
square miles, or between one-third and one-fourth of the whole. 
That the aggregate of unknown territory is so vast is not quite 
creditable to Canadian eneigy ; but Dr. Dawson hopes that the 
task of exploration will be undertaken by no one who has not 
the necessary scientific qualifications. “ The explorer or sur- 
veyor,” he says, “ n^ust possess some knowledge of geology and 
botany, as well as such scientific training as may enable him to 
make intelligent and accurate observations of any natural features 
or phenomena with which he may come in contact.” 

There is a disease in Japan known as hakhJ, a disorder of 
the kidneys communicated by bacilli, and closely related to the 
more virulent beri-beru From the distribution of kakki^ M. 
Gueit has recently drawn conclusions as to the ethnic composition 
of the present population of Japan. The fact that Chinese 
always escape the disease, even in localities where it is very pre- 
valent, indicates (in his opinion) that the Chinese or Mongolian 
element is not the dominant one. He finds three constituents in 
the population : (1) descendants of Ainos ; (2) of Negritos ; and 
(3) a Malayan element, which is the most prominent. Wherever 
the Malayan goes, he brings with him the beri-beri order of disease 
his liability to this being probably due to the Hindu blood in 
him. From India we find beri-beri spread, like the Malays, to 
Madagascar on the one side, and to Japan on the i>ther ; we 
meet with it also in Java, Sumatra, &c. According to the 
proportion of Malay blood in the natives of Japan is the 
frequency of the malady, which occurs in various forms and under 
different names. As to the Negrito element in Japan, M. Gueft • 
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found an interesting proof of it in the island of Sikok, in the 
form of a small statuette of Buddha, having the characteristic 
nose and hair of the Negritos. 

It is a well-known fact in biology that bacteria and bacilli 
absorb anilin and are killed by it. Two German observers — 
Stilling and Wortmann — have recently considered the possibility 
of utilizing this property in medical treatment {^Humboldt). The 
diffusibility and harmlessness of violet anilin dyes (called, for 
brevity, “ methyl- violet *') without arsenic, in small doses, were 
first demonstrated on rabbits and guinea-pigs. Then certain 
eye-disorders were produced in those animals, and treated with 
anilin solution, the results being excellent. The authors pro- 
ceeded to operate on the human subject. A skin-ulcer on a 
scrofulous child, which had been treated for a month with the 
ordinary, antiseptic agents without success, was gradually healed 
by daily dropping a little anilin solution on the sore ; and similar 
good results were had with bad cases of eye-disease. It soon 
appeared that many surgical cases were open to successful 
treatment in this way ; and that, in general, wounds and sores 
developing suppuration could be sterilized w ith anilin. It is 
also thought that cases of internal inflammation, as in pleuritis 
and peritonitis, may prove to be not beyond the reach of this 
order of treatment. 

Messrs. Friedlander and Son, Berlin, have issued an 
imQortant monograph, by Dr. Max Blanckenhorn, on the de- 
velopment of the Cretaceous system in Central and Northern 
Syria. The author devotes especial attention to palaeontological 
phenomena. 

A MONOGRAPH, by Dr. L. Tausch von Gloeckelsthum, on 
the fauna of the ** gray chalk ” of the Southern Alps, has been 
issued by A. Holder, Vienna. The work is illustrated with 
nine lithographic plates. 

In the Statistical Report of the Colony of Victoria, just 
issued, the following are given as the latitudes and longitudes of 
the capitals of the Australian colonies, corrected by Mr. Ellery, 
the Government Astronomer of Victoria - 


Colony. 

Capital City. 

Latitude S. 

Longitude £. 

Victoria 

Melbourne ... 

• $ it 

37 49 53 

144 58 32 

New South Wales ... 

Sydney 

33 5« 41 

151 12 23 

Queensland 

Brisbane 

27 28 0 

*53 I 36 

South Australia 

Adelaide ... 

34 55 34 

13835 4 

Western Australia ... 

Perth 

3» 57 24 

1 15 52 42 

Tasmania 

Hobart 

42 53 25 

*47 *9 57 

New 2^aland 

Wellington... 

41 16 25 

1744638 


We are glad to learn that after eight years’ cessation, Mr. 
John Fryer, of Shanghai, has revived his Chinese periodical, 
the title of which is best translated Science Quarterly. The 
first number of the re issue contains 128 pages of reading matter 
of great variety. From a review in the North China Herald^ 
by Dr. Martin, of Pekin, we gather that the science articles 
open with a chapter on appliances for illustrating the principles 
of mechanics. This paper forms a connecting link with the 
last number of the series, taking up the subject where it was 
dropped, and promising to carry it on to completion. The 
Second paper begins a treatise on the principles of mechanical 
drawing, a subject in which the Chinese are beginning to take 
much interest. This is followed by the great topic of the day — 
railways. 'The steps necessary for the initiation and conduct of 
a railway enterprise are pointed out, the question of gauge is 
discussed, and statistics of cost are supplied. Then comes an 
elaborate paper on the state of the silk trade in China, pointing 
out the n^ay to improvement, and stimulating the Chinese by the 
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example of Japan and Italy. There is a paper on the sanitary 
conditions to be observed in the construction of dwellings, and 
one on medicinal plants, one on several strange vegetable pro- 
ductions, and one on entomology* Besides these, there are 
short papers on Edison’s phonograph, the Eiffel tower, and on 
observatories and telescopes. The dessert which closes the feast 
is a profound disquisition by Dr. Edkins on the evolution of the 
Chinese language. It will no doubt surprise the natives to find 
that a foreigner has something to teach them in respect to their 
own language, both written and spoken. At the end are mathe- 
matical problems, in the estimation of native scholars the first 
essential of a scientific magazine. Nearly all the papers are 
profusely illustrated. 

The additions to the Zoological Society's Gardens during 
the past week include two Lions {Felis leo^ juv. d 9 ) from 
Kattywar, India, presented by H.R.H. the Duke of Clarence 
and Avondale ; a Grey Ichneumon i^Herpestes griseus 6 ) from 
India, presented b^ Mrs. H. F. Pollock ; a Common Badger 
{Metes taxiis), British, presented by Mr. W. H. B. Pain ; a 

Galago {Galago sp. inc.) from South Africa, presented 

by Mr. Walter Carlile ; a Spur-winged Goose {Plectropterns 
gambensis) from West Africa, presented by Mrs. Quayle Jones ; 
two Common Rheas {Rhea americana) from South America, 
presented Mr. A. W. Neeld ; three Grey Sparrows {Passer 
simplex) from West Africa, a Tintillon Chaffinch {Fringilla 
iintillon\ two Yellow- throated Rock Sparrows {Petronia 
petronella) from Teneriffe, a Rosy Bullfinch {Erythrospiza 
githaginea) from the Canary Islands, presented by Mr. Edmund 
G. Meade- Waldo ; a Roseate Cockatoo {Cacatua roseicapilla) 
from Australia, presented by Mr. F. C. S. Roper, F.Z.S. ; a 
Leadbeater’s Cockatoo {Cacatua leadbeateri) from Australia, 
presented by Mrs. Obbard ; two Common Barn Owls {Strix 
Jlammea)^ British, presented respectively by Mr. Charles 
Faulkner and Mrs. Frederick Tibbs ; an American Box Tortoise 
{Terrafene carinata), a Horned Lizard {Phrynosoma cornutum) 
from Mexico, presented by Mr. John Pettit ; an Alligator 
{Alligator mississippiensis) from the Mississippi, presented by 
Mr. C. S. Morris; four Houbara Bustards {/loubara undulata 
2 d 2 9 ) from the Canary Islands, a Bonnet Monkey {Macacus 
sinicus 6 ) from India, deposited ; six Speigel Carp {Cyprinus 
carpio^ var.), European Fresh Waters, purchased ; two Bennett’s 
Wallabys {Halmaturus bennetti 9 9 )> a Derbian Wallaby 
{Halmaturus derbianus 9 )» two Four-horned Antelopes { Tetra^ 
ceros quadricornis 9 9 ), a Burrhel Wild Sheep {Ovis burrhel 9 )» 
a Thar {Capra jemlaica)^ born in the Gardens. 


OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope* 

Sidereal Time at Greenwich at lo p.m. on June 26 m 
l6h. 19m. 54s. 


Name. 

Mag. 

Colour. 

R.A 189a 

Ded. X890W 

fi) G.C. 4230 


* 

h. m. s. 

x6 37 45 

• / 

+36 4« 

ciS Lyrae ^ 

\3/ ^ Scorpii 

Vur . 

1 

Redddish-yellow. 

z8 46 0 
16 22 40 

+3| *4 
+a6 14 

(4) Herculis 

a 

Yellow. 

t6 25 30 

+ai 44 

(5) S Herculis 

3 

Bluish-white. 

17 10 30 

+*4 58 

S Leonis ••* ... ... 

Var. 

Yellowish. 

X* 5 9 

+ 6 3’5 


Remarks. 

(1) This is the bright cluster of stars in Hercules which is 
probably well known to every possessor of a telescope. Seeing 
that it certainly consists of separate and distinct stars, no nebu- 
losity being shown in Mr. Roberts's photograph of it, Dr. 
Huggins’s observation of hs spectrum in 1866 is very remark- 
oVkljk sav« nf ihfi central blaze continuous. 
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Spectrum ends abruptly in the orange. The light of the 
brighter part is not uniform ; probably it is crossed either by 
bright lines or by lines of absorption'* (Phil. Trans. i866)« As 
yet we know nothing of the spectra of the components of 
any star cluster except in the case of ihe loose cluster of 
the Pleiades, and in that case we know that the spectra are all 
of the same type — namely, Group IV. It seems pretty evident 
that the stars of the cluster in Hercules cannot have spectra 
of this kind ; otherwise, their integrated li^ht would not end 
abruptly in the orange, and the irregularities would only be 
obvious in the blue end, where the thick hydrogen lines ought 
to be visible. The absence of re«l light would lead rather to 
the supposition of bright lines than dark ones. Further in- 
vestigations, with considerable optical power, may therefore 
lead to interesting results. It may be noted that Vogel, in 
1872, recorded simply a continuous spectrum, but his attention 
had probably not been directed to Dr. Huggins’s statement. 

(2) The question of the periodicity of the appearance of the 
bright lines in )8 Lyra? cannot yet be said to have been satis- 
factorily settled, and as the star will be visible for some months, 
further continuous observations are desirable. It is not neces- 
sary here to recapitulate all the observations which lead to the 
conclusion that there is a periodicity in the spectrum. Gothard 
has probably given more attention to the star than any other 
observer, and he succeeded in following the variations of the 
line D., through several periods “from a bright, almost dazzling 
light to complete disappearance. . . . The variation is most 
marked in the case of ; it is much less striking in the hydro- 
gen lines, although they, and probably also the dark bands in 
the red, are subject to a periodical variation,** The period has 
been provisionally estimated as 7 days, but it does not seem to 
depend upon the fluctuations in the t rightness of the star. In 
my own observations I have found that the bright lines in this 
star are best seen when no cylindrical len^j is employed, and this 
has also been noted by other observers. Further observations, 
to be of any value, should be made as frequently as possible, 
and over a long period. 

(3) Duner describes the spectrum of this star as one of the 
most magnificent of Group If., the bands r~9 being wide and 
dark. He also states that there is a narrow band between bands 
3 and 4. As the spectrum is a bright one, this is a good oppor- 
tunity for comparing the dark flutings with the brightest flutings 
of manganese, lead, and magnesium. In the recently issued 
volume of spectroscopic observations at Greenwich, Mr. Maunder 
states that he has found the bright green band in a Herculis 
coincident with the brightest carbon fluting and possessing the 
same characteristics. A similar comparison should also be 
made with a Scorpii. 

(4 and 5) These stars, according to the observations of 
Gothard and others, have spectra of the solar type and of Group 
IV. respectively. The usual more detailed observations are 
required in each case. 

(6) The spectrum of this variable has not yet been recorded. 
The magnitude ranges from about 9 to <13 in a period of 
about j88 days. There will be a maximum about July 2. 

A. Fowler. 

Greenwich Spectroscopic Results.— These results for 
1888 contain observations of 7 Casstopeiae, MiraCcti, a Orionis, 
a Herculis, Lyrar, R Cygni, P Cygni, Pegasi, and Comets 
a and e 1888. On October 5, 1888, ten measures were made of 
a bright line in the violet part of the spectrum of Mira Ceti ; the 
mean wave- length found was 4341 ’37t indicating that it was the 
third line of hydrogen. F anch Dg were tearched for on this 
occasion, but without success. The spectrum of a Herculis was 
compared with those qf carbon and manganese, as given by a 
Bunsen flame on several occasions, and it is noted ; “The green 
band of the carbon spectrum accorded, both as to position and 
appearance, with the bright interspace or * zone * to the blue of 
Band VII. (Duner*s numeration). So far as the dispersion em* 
ployed would show, no accordance could be more complete, both 
as 10 the position of the edge and the gradation of the fading. 
The blue carbon band was also found to present an approxima- 
tion in position and appearance to a bright zone in the blue. 
1 he wave-length of the brightest bands in the manganese S[5ec- 
iTum was determined as 5579, and that of the more relmngible 
edge of Duner's Band IV. as 5592, whence it is concluded that 
the connection of the spectrum of the star with the manganese 
spectrum did not appear to be made out. A bright line at 
5873 '92, that is, Dg, was measured in 0 Lyrw on Augu^ 10, 
1888, was seen less distinctly a month later, and was found 
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again to be quite distinct on September 19 ; two days later, Da 
was seen very bright, and C and F were also visible. Dg was 
visible, but faint, on October i ; F could not be seen, and C 
vtas only suspected. On October 19, C and F were not visible 
as bright lines, but were first suspected as dark lines, vihilst Dg 
was glimpsed occasionally as a feeble bright line. R Cygni was 
observed on September 21, Dg wr.s identified with probability 
in its spectrum, and F with certainty ; and, on October i, ten 
measures were made of the F line in P Cygni. Comet a i888 
was observed on April 19, 1888 ; its spectrum appeared mainly 
continuous ; two bright bands were just glimpsed, coincident 
with the bands in the green and yellow of the spectrum of a 
Bunsen flame, the band in the blue being suspected. On May 3 
the spectrum was practically wholly continuous, traces of the 
green band only being suspected. Comet e 18S8, observed on 
November 27, showed a local ill-defined brightening, corre- 
sponding nearly to the great carbon band, but apparently further 
towards the blue, otherwise it was perfectly continuous. ^ 

The Rotation of Venus.— Signor Schiaparelli has re- 
cently made an extended inquiry into the question of the 
rotation of the planet Venus, and has brought many facts to 
light concerning it (Rendiconti del R* Istituto Lofffdardo^ voL 
xxiii.). He finds, from observations of very definite spots, that 
the time of rotation of the planet is 224 7 days — that is to say, 
Venus, like the m<^on, and probably Mercury, rotates on her 
axis in the same time that she takes to make a sidereal revolu- 
fton around the sun ; the axis of rotation being nearly per- 
pendicular to the plane of the orbit. By investigating the 
writings of previous astronomers who have estimated the rota- 
tion period. Signor Schiaparelli concludes that those obscr^p.- 
tions which have been supposed to fix the time as about 24 
hours are open to question. Domenico Cassini’s observations 
of bright markings in 1866-67 are shown to have been wrongly 
interpreted, a discussion of them indicating that they also support 
a period of rotation of 224*7 days. 


GEOGRAPHICAL NOTES. 

The Russian Geographical Society has received fresh newa 
from M. Grombehevsky as to his attempts to penetrate inta 
Tibet from the north. In the autumn of 1889 the expedi- 
tion explored the Uprang, a tributary of^ the Raskem-daria, 
tried to enter again into Kan jut, and, having failed to do so,, 
explored the tributaries of the Raskem river which flow from 
the Himalayas. On November 21, M. Grombehevsky, accom- 
panied by two men only, crossed the Kara-korum Pass, and 
went to the Pahnu mountaineers, who live by sheep- breeding,, 
and suffer a good deal from the Kanjut robbers. On December 7 
the expedition was at the small fert of Shahi-dulla-hodja ; the 
winter had come, and the thermometer fell in the nights to 
— 20® Celsius. Nevertheless, M. Grombehevsky, with two 
men only and a guide, .explored the passes leading to Kara- 
korum across the Raskem ridge. The tent had to be 
abandoned, although the temperature was - 35% and the party 
was soon obliged to return. On January 7, after having fol- 
lowed for some distance the Kara-kash river, the small party 
began its ascent of the steep slopes of the Tibet border^ridge. 
The plateau itself proved to be a desert, 17,000 feet high, upon 
which a few yaks, JCulangs^ and mountain sheep were grazing. 
A very high ridge, called by M. Grombehevsky the Yurung- 
kash ridge, was crossed, the pass receiving the name of 
“Russian.** Upt the horses of the expedition were quite at- 
tenuated, and on January 13 the party was brought into a 
perilous condition by a frightful snow-storm and a temperature 
of - 27®, without having either a tent or any kind of fucK 
M. Grombehevsky was compelled to return, marching all day 
long. After having made another unsuccessful attempt^ at 
crossing the Hindu- tash Pasit, the expedition went to Kilian, 
and thence to Polu, thus connecting its surveys with those of 
Prjevalsky. A telegram received from New Marghelan, in 
Russian Turkestan, announces that the explorer and his men 
have returned safely, and are making new schemes fdr further ex- 
ploration, A map, annexed to the last issue of the Izvestia of 
the Russian Geographical Society, embodies the surveys made 
by ‘M. Grombehevsky in i888 and M. Grum-Grzimailo in 1887. 

In the course of last year the Geographical Society of Berlin 
published no fewer than thirty-nine remarkable maps. Three 
of them are repioduced from those of Mercator, now in the 
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town library of Breslau. Two others — a map of Europe 
(finished in 1554) and one of England (of 1564) — are unique. 
Another is the large map of the world, of which there are 
only two copies in existence, the second one being at the Parj^ 
National Library. The Society has agreed to publish the de- 
tails of Dr. Konrad Kretschmar’s journey to Rome, undertaken 
in the Middle Ages for purposes of research. 

THE LADIES^ CONVERSAZIONE OF THE 
ROYAL SOCIETY. 

^^HE Ladies’ Conversazione of the Royal Society was held on 
June 18, and was, as usual, a great success. Many of the 
exhibits were the same as those shown at the conversazione on 
May 14. Among those which had not been previously shown 
were the following : — 

Exhibited by the Director-General of Ordnance Factories : — 
Magazihe rifle, Mark I. The new magazine rifle now being 
made for the British Army. It has a calibre of o'' *303, is 
on the bolt principle, and is provided with a detachable magazine 
underneath, to hold eight cartridges ; a cut-off on the right 
side enables it to be used as a single loader. It has two 
sets of sights, the ordinary ones are graduated up to 1900 
7ards, the long-range sights on the left side up to 3500 
yards. The sword-bayonet, which is attached underneath the 
barrel, has a double-edged blade 12" long. 

Exhibited by the Director-General of the Geological Survey 
Diagrams illustrating some of the most ancient topography of 
the British Isles, (a) Corry on Ben More, Assynt. The rough 
bossy ground in the middle is the Archaan gneiss, the most 
ancient rock in this country. Above it to the left comes the 
Torridon sandstone, forming a range of cliffs, and lying un- 
conformably on the gneiss. At the summit of the Corry, on the 
crest of the ridge, lies the early Palaeozoic quartzite, which 
steals across the sandstone until it rests directly on the gneiss. 
(^) bleagach. Loch Maree. The pinkish bossy rock is the old 
gneiss, which rises into a group oF hills that have been buried 
under the Torridon sandstone. By prolonged and enormous 
denudation of the overlying sandstone, the gneiss hilN have been 
uncovered, and now reveal a portion of the oldest known topo- 
graphy of Britain. The gneiss hill to the right rises to a height 
of 2500 feet, and in ascending it one can walk along the ancient 
shore-line and traverse beach after beach that was piled up over 
the sinking land, (c) View from the south shoulder of Sleagach 
looking east. The bossy hills of gneiss rise towards the left 
hand to a height of 3000 feet above the sea. The overlying 
cover of Torridon sandstone, though enormously denuded, still 
forms a range of lofty hills, beneath which knobs of gneiss at 
different elevations may be seen protruding. The quartzite 
(coloured yellow) caps the mountains to the right until a mass 
of the old gneiss overlies it. This cake of the most ancient rock 
of the region has been torn up and thrust over the younger for- 
mation. The line of junction or thrust-plane between them 
descends into the plain, and runs for miles to the westward, (d) 
Meall a Ghubhais, T.och Maree. The upper part of the moun- 
tain is a cake of Torridon sandstone, which has been driven 
westward by the same gigantic terrestrial movements just referred 
to, and has been placed upon the quartzite group of rockf( which 
ought really to lie above it. In the lower part of the diagram 
the sandstone is seen in its normal position below the quartzite. 
\e) Section of Meall a Ghubhais, to show the detailed geological 
structure of the inountain. It will be observed that the upper 
shifted mass of Torridon sandstone is traversed by several thrust- 
planes, and that portions of the old gneiss have likewise been 
driven westward underneath it. 

Exhibited by Mrs. F. W. H. Myers: — (i) Platinotype 
photographs. (2) Photographs on fabrics. 

Exhibited by Sir William Bowman, Bart., F.R.S. : — (l) 
Jubilee portrait of the late Prof. Donders, For. Mem. R.S., 
painted by Mrs. Donders (Hubrccht). Gold Medal awarded 
at the Exposition International, Munich, 1888. Ultimately 
destined for the National Museum, Amsterdam. (2) Un- 
completed portrait of the same, 1873, by G. F. Watts. R. A. 

Exhibited by Prof. W. C. Roberts- Austen, C.B., F.R.S. . 
Measurement of high temperatures. Experimental determina- 
tion of the melting-point of gold (1045" C.) and of silver 
(945^ C.), by means of Le Chatelier’s pyrometer. This con- 
sists *of a thermo-couple, composed of wires of platinum and 
platinum alloyed with 10 per cent, of rhodium, connected with 
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a dead-beat galvanometer. The pyrometer scale has been 
calibrated by heating the thermo-couple to certain known 
temperatures determined by the air thermometer. 

Exhibited by Prof. A. M. Worthington : — An apparatus for 
stretching a liquid and measuring simultaneously the stress and 
strain. 

Exhibited by Mr. P. L. Sclater, F,R.S. : — Portrait of Dr. 
Emin Pasha, C.M.Z.S., and original letter from him, addressed 
to Mr. Sclater, dated Wadelai, April 15th, 1887. 

Exhibited by the Postmaster-General : — Hughes’s type- 
! printing telegraphs, working to the Continent. This apparatus 
I is mainly mechanical, the electrical action being confined to 
j the sending a single short pulsation of current at the instant the 
’ type-wheel is in the proper position, and only one wave of 
I current is needed to produce a letter. The sending and re- 
! ceiving instruments are combined. I'he key-board consists of 
; as many keys as there are letters and signs to be printed. Con- 
I necting with the keys and corresponding with them, and also 
• with the type-wheel, is a set of pins arranged radially in a 
; circular horizontal plate. An arm revolves over these pins 
I without touching them until a Icey is depressed, when a current 
I is sent into the line. The instruments are caused to run ap- 
proximately isochronously by, means of suitable adjustments, 
and they are afterwards maintained in synchronism automatically 
by the actual working. The instrument is eminently suitable 
for Continental message^ traffic, for which purpose it is largely 
used. The three working instruments shown were connected 
with Paris, Berlin, and Rome. In the course of the evening 
the President held communication with Profs. Helmholtz and 
Du Bois- Raymond in Berlin, Prof. Mascart in Paris, and Prof. 
Cannizzaro in Rome. 

Exhibited by Mr. Walter Gardiner, F.R.S. : — (l) Specimens 
of aquatic fen plants and algre occurring in the neighbourhood 
of Cambridge. (2) Specimens illustrating the exhibitor’s paper 
on a new method of printing photographic negatives, employing 
living leaves in place of sensitive paper. 

Exhibited by Dr, Pole, F.R.S.;— Diagrams in illustration of 
colourblindness. 

Exhibited by Dr. Karl Grossmann : — Tests for colour- 
blindness. 

Exhibited by Prof. J. W. Judd, F.R.S. ; — Specimens of a re- 
markable nickel-iron alloy (awaruite), of terrestrial origin, from 
New Zealand, and of the minerals and rocks with which it is 
associated. Sent by Prof. G. H. F. Ulrich, of the Dunedin 
University, N.Z. This curious mineral, consisting of 2Ni4'Fe, 
was analyzed and named by Mr. W. Skey, in 1885, having been 
detected by him in specimens of sands obtained from streams in 
the south-western part of the South Island of New Zealand. 
Prof. Ulrich has since been able to show that the grains of this 
alloy are found over a considerable area, disseminated in peri- 
dotite and serpentine rocks ; which rocks are intrusive in the 
metamorphic schists of the district, and form the Red Hill and 
Olivine Ranges. The substance which awaruite most closely 
resembles is the Oktibbehitc meteorite, consisting of Ni-f Fe : 
and the occurrence of this remarkable alloy in terrestrial rocks 
is comparable to the presence of nickel-iron alloys in the basalts 
of Ovifak and other localities in Greenland. 

Exhibited by Prof. A. H. Church, F.R.S. : — A selection of 
Japanese sword guards, or isnda, made of malleable iron, and 
variously decorated with chased, hammered, and pierced work^ 
or with incrustations in gold, silver, shakudo, sbibuichi, and 
bronze. The majority of the examples shown represent plant 
forms, and were executed between 1650 and 1850. 

Exhibited by Prof. W. C. Roberts- Austen, C. B., F.R.S, : — 
Japanese art metal-work. The specimen is interesting as a 
modern example of flat inlaying in metals. The plate is of 
bronze, and the bird is of sAaiudo, or copper alloyed with a 
small quantity, about 2 or 3 per cent., of gold. The isolated 
feathers are of a darker variety of this alloy. 

Exhibited by Dr. W. J, Russell, F.R.S, : — Ancient Egyptian 
colours discovered by Mr. Flinders Petrie in the Fayoum, and 
modern imitations of them ; and colours from Hawara in the 
Fayoum. 

Exhibited by Mr, A, P. Laurie : — Colours used by the 
fifteenth century painters. 

Exhibited hy Mr. W. F. R. Weldon, F.R.S. (on behalf of 
the Marine Biological Association) ; — Larvae of certain food- 
fishes, together with other animals of interest inhabiting Ply- 
mouth Sound. 

Exhibited f by Prof. A. C. Haddon, on behalf Mr. 



June 26, 1890] 


NA TURE 


211 


A. Haly, Director of the Colombo Museum:— Some tropical 
fishes preserved in a mixture of gum and glycerine, as a means 
of displaying their natural colours. The results, although not 
as good as with some of the specimens located in the museum 
itself, represent the outcome of a series of experiments ex- 
tending over a number of years, full details of which are to be 
found in the ** Ceylon Administration Reports.’’ Gum and 
glycerine have lo^ been used in combination in microscopy, as 
a substitute for Canada balsam ; on account, however, 01 the 
difficulty experienced with air-bubbles, their use is now very 
generally given up. Mr. Haly’s experiments have shown that if 
the specimens preserved in the mixture which be employs be 
placed in a medium which will precipitate the gum, all colour is 
quickly lost, wherefore the preservation of the latter would ap- 
pear to be due to the gum’s influence. Mr. Haly is still prose- 
cuting his experiments, and his latest researches show that the 
employment of pure glycerine for mounting (a well-nigh pro- 
hibitory condition) is no longer indispensable. He now nnds 
that gum and glycerine are miscible with alcohol in all propor- 
tions necessary for his j^urposes, provided certain precautions be 
taken in the manipulation. He is thus enabled to check the 
ravages of fungoid organisms which earlier impeded his progress ; 
and, by reducing the syrup to the necessary specific gravity 
with proof spirit, he is enabled to successfully preserve frogs, 
reptiles, and other organisms with which he originally failed, to 
no small degree as the result of the excessive dehydrating powers 
of his original medium. Mollusks, sea anemones, and jelly-fish, 
are among those forms of life with which the method has been^ 
least successful. Mr. Haly tells us, however, that for the* 
AlcyonidBB his mixture is a good preservative, and that sea- 
water saturated with bichromate of potash has been found ex- 
cellent for hardening jelly-fish. The power to preserve the 
natural colours of plants and animals is now the desideratum of 
the museum curator. Some of Mr. Haly’s exhibits have stood 
the test of from two to three years’ exposure to the light in a 
tropical climate. The outlook is a hopeful one ; and the facts 
show the colonial worker, who is apt to be lost sight of in these 
days of competition and aggrandisement, to be fully abreast of 
the times, and alive to the best interests of the public. 

Exhibited by the Zoological Society of London : — Eggs of a 
large python {^Python molurus") laid in the Zoological Society’s 
reptile-house. The pythons lay about thirty to fifty eggs at one 
time, and incubate like birds. The female python on the present 
occasion has “declined to sit,” but on former occasions this pro- 
cess has been carried on in the gardens (see Proc. Zool. Soc., 
1862, p. 365). Abnormal heat is developed by the silting python 
as by the sitting hen. 

Exhibited by Prof. A. Macalister, F.R.S. : — Two mummy 
heads of priests (12th and i8th Dynasties) from tombs near 
Assouan, Upper Egypt. 

Exhibited by Sir Archibald C. Campbell, Bart Photographs 
of musical sparks, done at Blythswood, Renfrewshire, by the 
exhibitor. 

Exhibited by Dr. Augustus D, Waller : — Demonstration of the 
electrical variations of the heart of man and of the dog. 

The following demonstrations by means of the electric lantern 
took place in the meeting room : — 

Animal and bird studies, photographed from life, exhibited by 
Mr. Gambler Bolton. 

The orientation of some ancient temples, exhibited by Prof. 
J, Norman Lockycr, F.R^S. 

Experimental demonstrations on electro-magnetic repulsion 
phenomena, and a series of experimental demonstrations illus- 
trating the principal facts of the phenomena of electro-magnetic 
repulsion, discovered by Prof. Elihu Thomson, and their appli- 
cations in alternate current electro-magnetic motors, as exhibited 
in the Paris Exhibition,® exhibited by Prof. J. A. Fleming and 
Mr. Ernst Thurnauer. 


THE SUNDAY SOCIETY. 

Tune 21 the Sunday Society held its fifteenth annual 
^ meeting in Prince’s Hall, Piccadilly. Prof. G. J. Romanes 
delivered his address as President of the Society. After a brief 
analysis of the Sunday question in general, he spoke as 
follows : — 

As you will see from the fifteenth Annual Report which is now 
in your hands, the present year is one of unusual activity on the 
part of our Society. First of all, it has been marked by a wise 
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Stroke of policy in sending a dejDUtation to the French Ministry 
for the purpose of obtaining information as to the practical 
results of opening the jgreat Exhibition of Paris on Sundays. 
Moreover, as explained m the Report, the Committee desired ta 
ascertain whether there be any reality in “ the great bugbear of 
the Sabbatarian mind” — viz. that the Continental Sunday is a 
day of irreligion to the masses, and of overwork to the Govern- 
ment employes. As you will see from the Report, the result 
has been conclusively to prove the unreality of the bugbear, so 
far at all events as the specific question of the opening of 
national galleries and museums is concerned. With the more 
general aspects of the Continental Sunday we have not, as a 
Societv, anything to do ; but I may remark in pas.sing that we 
must here remember differences of national taste and feeling. 
What would be irreligious levity in one community need not be 
so in another ; and it would be absurd to attribute these differ- 
ences of sentiment to differences in the matter of Sunday 
observance. 

Next, you will find from the Report that the Trustee# of the 
People’s Palace received a memorial from the Working Men’a 
Lord’s Day Rest Association, which was promptly responded to 
by a counter-memorial from this Society. The latter document 
may best be left to speak for itself ; and as it speaks with so 
much good English common-sense, I scarcely feel it desirable to 
move a vote of thanks to the Trustees of the People’s Palace for 
having listened to us rather than to our opponents : I prefer to 
take it for granted that the Trustees perceive as plainly as we da 
cm which side of this matter the truth and the wisdom lie. 

Again, you will learn from the Report that, in addition to the 
public institutions previously opened on Sundays, several others 
have been this year added to the list, which now comprises 23 in 
all. Moreover, this year has likewise witnessed the great reform of 
throwing open the British Museum on certain week-day evenings ; 
while both the authorities there and those at the National Gal- 
lery have expressed, not only their willingness, but their desire 
to throw open to the public on Sundays these by far the greatest 
of our national collections. In my opinion it is impossible for us 
as a Society to over-estimate the importance or having thua 
gained the express and cordial support of the most representative 
museum on the one hand, and of the most representative art 
gallery on the other. It now only remains that the Treasury 
should allow a small grant to defray the comparatively nominal 
expenses, and our cause would be won throughout the length 
and breadth of the land. For if once the British Museum and 
National Gallery were opened on Sundays, no other museum or 
art gallery could afford to resist any pressure that might be put 
upon them to follow so overwhelming an example. Our big 
guns, therefore, are at last fully charged and ready to fire; 
only the trigger waits to be pulled, and this it is that we are 
now about to attempt. 

For you will observe, in the last place, that the Report in your 
hands contains a very weightily worded memorial which was 
sent to the Chancellor of the Exchequer in the middle of April. 
Where &o many forcible considerations are comprised within so 
small a compass, one is much tempted to read the whole. But 
as other speakers are to follow me, I shall merely indicate one 
or two of the points in this memorial which appeal to me as of 
most importance. 

First, then, I would have you observe how strong a ground 
the appeal is based upon, where it calls attention to the fact 
that the House of Commons has already and amply recognized . 
the principle of their obligation to open on Sundays our national 
museums, galleries, gardens, &c., by having already furnished 
the funds requisite for the purpose to Kew, Hampton Court, 
Greenwich, Dul 9 lin, and Edinburgh. Again, as another very 
notable feature in this memorial, I may mention the enormously 
strong support to which it draws the attention of Mr. Goschen 
as having recently been given to the objects of this Society by 
the London County Council, who passed an almost unanimous 
resolution in favour of our policy. Yet once more, can any- 
thing be more calculated to sway the mind of a Minister than 
the anomalous state of matters to which the memorial draws 
attention, where it indicates that the governing bodies of the 
British Museum and National Gallery are expressly-desirous of 
making arrangements whereby the priceless collections under 
their charge may at last become in very truth, or without any re- 
striction, the property of the British public ? . When provincial in- 
stitutions of incomparably less importance have already succeeded 
in obtaining funds from the Treasury for this purpose, is it right 
or fitting that the great Metropolitan institutions should bo , 
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denied a similar privilege, when their governing bodies unite 
with the London County Council in the peiition which this 
•memorial sets forth ? 

Seeing, then, that our position has now grown to be one of such 
well-nigh irresistible strength, I think you will all agree with mt* 
in holding that a policy which has gained such results during the 
past fifteen years of our existence as a Society ought to be the 
policy which we shall continue to follow. Having achieved this 
large measure of success by our quiet persistence in the way of 
enlightening public opinion, and patient gaining of all the 
strategic points of importance which we now hold, I, for one, 
would strongly deprecate the more noisy methods of popular 
agitation, with their Hyde Park processions, and so forth. But 
there is one piece of machinery which we have used with con- 
siderable effect on several occasions in the past ; and this piece 
of machinery we intend once more to put into motion. 

Three times in the fifteen years of its existence the Sunday 
Society has convened a National Conference, and in the opinion 
of our Gommittee the time is ripe for the convening of another. 
Therefore arrangements have been made for this the fourth Con- 
ference to meet in London during the present year. 1 must 
express my gratification that the Committee have thought fit to 
elect me President of the Society in a year which is thus destined 
to be one of unusual prominence in its annals, and I may be 
oermitted to record my thanks for the honour which has thus 
been conferred, even while expressing my regret that the duty of 
presiding over the coming Conference has not fallen into abler 
hands. 

As you are probably well aware, the importance of these Con- 
ferences consists in their bringing together, and combining in a 
collective manner, representative opinions upon the Sunday 
question from all parts of the kingdom. Not only are invita- 
tions issued to institutions which are already opened on Sundays 
to send their delegates, but statements of opinion are solicited 
from eminent men in all departments of science, art, and letters, 
as well as of public life and social organization. In this way we 
are able to focus the best thought of our time upon the objects 
which we have in view, and to deliver the result in the form of 
printed papers to the public, and of weighty resolutions to the 
xjovernment. Time does not admit of my dwelling as fully as 
I should have desired upon this the most important feature of 
•our programme for the current year, and therefore 1 will ask 
you to read an instructive historical sketch which has already 
been published by our Hon. Secretary, touching the work that 
has been accomplished by the three previous Conferences. You 
will find this sketch in the Sunday Revitiv for January of the 
present year, and in order to give you a general idea of its 
substance, I will conclude by making two short quotations. The 
first I give as a sample of the opinions obtained from eminent 
men, and the second I give as a brief epitome of the work that 
we hope to accomplish by means of the fourth Conference. 

The sample of opinion which I select for quotation is taken 
from what was said by Sir Joseph Hooker at the last Conference ; 
and I select this expression of opinion, not only because its 
author, like his illustrious ancestor, is proverbially gifted with 
one of the best judgments that has ever helped to raise a man to 
the highest rank of eminence, but also because his opinion is, in 
this case, founded upon a statement of the most cogent facts. 

Speaking as Director of the Royal Gardens at Kew, Sir Joseph 
Hooker said : — 

^‘If there is one matter that gratifies me more than another, 
in respect of the administration of the Kew Gardens and 
Museums by the Government, it is the opening them to the 
public on Sundays. On no day of the week have we more in- 
terested visitors, or more of that class which w6 should wish to 
aee profiting by the instructive contents of this institution. ^ The 
Museums especially are crowded, and, when it is considered 
that the exhibits in them are not of articles that strike the eye 
or gratify the senses of colour or form, the interest they excite 
is almost to be wondered at« The artisan classes are great fre- 
quenters of these Museums, with their wives and families, and it 
is pleasing to see the delight with which the children recognize 
such articles as the sugar-cane, the coffee-plant and its products, 
and the various implements used in their preparation, manufac- 
ture, &C. I should add that this interest in the instructive 
character" of the Gardens is lai^ely on the increase, and is 
manifest to the most careless ol^erver. It is further accom- 
panied by a marked improvement in the conduct of certain 
classes, which were formerly troublesome in many ways, and a 
, Uipisance to quiet visitors. It speaks volumes for the moral effect of 
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the Sunday opening when I add that such classes no longer exist 
at Kew. Whether it is that such no longer come, or that, 
coming, they now behave themselves, is immaterial — the moral 
gain is great. During the last two years we have had in each 
year a million and a quarter of visitors, of whom the greater 
proportion are Sunday afternoon arrivals from every quarter of 
the metropolis and its surroundings. Let the numbers speak for 
themselves : — 1882, Sunday visitors, 606,935 ; week-days, 
637*232. 1883, Sundays, 616,307; week-days, 624,182.” 

The other quotation is taken from the close of our lion. 
Secretary’s paper on National Conferences, already alluded 
o : — 

*‘Thus the Fourth National Conference will be able to point 
to the friendly action of the Government in providing funds for 
opening the British Museum to those who desire to visit it on 
week-day evenings ; it will have a friendly Chancellor of the 
Exchequer to appeal to in Mr.Goschen, who is backed up by the 
vote of the London County Council, and meets Parliament with 
a surplus which, there is a general opinion, should in part be 
devoted to education. 

“ Could education be better or more equitably promoted than 
by furnishing the Trustees of the National Museums and Galleries 
in the Metropolis with the funds necessary for throwing open 
these avenues of culture and refinement to the millions of people 
surrounding then? The people have already not only the 
inclination to become better acquainted with the contents of 
these Museums and Galleries, but they have for the most part the 
necessary leisure for this purpose on the fifty-two Sundays 
throughout the year, when the Trustees are precluded from 
opening them solely from want of funds, which it is just as much 
the duty of the Government to provide in London as outside of 
it, and for those who wish to visit the Museums on Sundays as 
well as for those who wish to do so on week-day evenings. 
Should the Conference make a strong appeal to Mr. (loschen, 
and through him to the Government, to deal justly by London in 
this matter, the time cannot be far distant when the reproach to 
the nation of having all such institutions as the National 
Museums and Galleries in the Metropolis closed on Sundays will 
be removed.” 

These, as I have said, are the words of our Hon. Secretary. 
And I cannot refer to him from the chair which I have now the 
honour to occupy without asking you, in conclusion, to join with 
me in heartily recognizing the unique value of his indefatigable 
work in promoting the objects of this Society. For I know it is 
not too much to say, that at whatever time the reproach to the 
nation of which he speaks will eventually be removed, its removal 
will have been due much more largely to one Englishman than 
to any other, and that the name of this Englishman is Mr. Mark 
H. Judge. 


SCIENTIFIC SERIALS. 

Studies from the Biological Laboratory of the Johns Hopkins 
University^ Baltimore^ vol. iv., Nos. 5 and 6. — No. 5 contains : — 
Some observations on the effect of light on the production of 
carbon dioxide gas by frogs, by H. Newell Martin and Julius 
Friedenwald. The influence exercised by light on the metabolisms 
of the animal body has been recognized for the last fifty years. 
Following up the researches of Moleschott, the authors experi- 
mentally proved that, in frogs deprived of their cerebral hemi- 
spheres, a greater quantity of carbon dioxide is given off in the 
light than in the dark ; that, therefore, the influence of light in 
producing greater oxidations in normal frogs is simply reflex, 
and not due to greater bodily activity brought about by psychi- 
cal conditions dependent on the light ; tjiat the cerebral hemi- 
spheres do not take any direct part in regulating the oxidations 
of the frog’s body ; and that this reflex action of the light, 
though mainly effected through the eyes, is produced partly 
•also through the skin. — On the comparative physiological effects of 
certain members of the ethylic'alcohol series (CH4O to CsHi^O) 
on the isolated mammalian heart, by John C. Hemmeter. -—On the 
ventricular epithelium of the frog’s brain, by A. C. Wightman. 
The author concludes that the epithelial layer of the frog’s brain 
and spinal cord forms a continuous lining to the central nervous 
system. It is everywhere a single layer thick. The epithelium 
of the ventricles forms a central zone of cells, about which the 
brain-cells are concentrically arranged. The cells of the epi- 
thelium and of the brain are connected bv processes which ex- 
tend from the tips of the former. The epithelial layer, consists 
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of cells of several varieties — the columnar, the spindle, and inter- 
mediate forms ; all are ciliated. — On the temperature limits of 
the vitality of the mammalian heart, by H. Newell Martin and 
E. C. Applegarth. 

No. 6 contains ; — On the morphology of the compound eyes 
of Arthropods, by S. Watase (plates 29 to 35). In studying 
the structure of the ommatidium of the compound eye of Serolis 
it was found that it might be reduced to a simple ectodermic 
invagination of the skin. Extending his researches over several 
other Arthropods, the author found that the same interpretation 
could without exception be applied, and he thinks this view of 
the ommatidium finds its strongest support in the fact that in 
Limulus the ommatidium is an open pit of the skin. If these 
views be correct, the unit of the compound eye of an Arthropod 
is not so complex as has generally been conceived, and the total 
result is but the vegetative repetition of a similar structure. In 
an appendix the author alludes to his investigations into the 
structure of the eye in Echinoderms, the result of which he 
hopes shortly to publish.— On the anatomy and histology of 
Cymbuliopsis calceola^ Verrill (plates 36 to 39), by J. L Peck. 
A few specimens of this rare Pteropod were found in the Gulf 
Stream, off Cape Charles. — On the amphibian blastopore, by T. 
H. Morgan (plates 40 to 42), concludes that in some forms it 
becomes altogether or in part the neurenteric canal ; in some it 
becomes the anus ; in some, again, it closes and a new anus is 
formed, while he believes that in Amblyostoma it becomes both 
the neurenteric canal and the anus. — On a new Actinia, by Dr. 
Henry V. Wilson (plate 43). This new form was found on the 
small reef which fringes the shore of No Name Key, Abaco, 
Bahamas. It was discovered in a perforation on the under 
surface of a porites-like asteroid coral, and, though constantly 
looked for, but the one specimen was found. It has been called 
iioplophoria coralligens. Below the twelve long tentacles are 
cycles of smaller ones, and below these four remarkable large 
organs, which give the animal a most bizarre appearance ; 
these are diverticula of the gastro-vascular cavity, and are 
stinging weapons. The genus is placed provisionally with the 
Antheadae. 

Bulletins de la SocidtS Anthropologie de Pans^ tome 
xii. (serie 3), fasc. 4, 1889. — Continuation of M. Various 

paper on pigmentation of the skin in the region of cicatrized 
lesions in the negro. — Descriptive ethnographic summary of the 
course of distribution of different races in Europe, by M. 
Lombard. Starting from the Neanderthal race as the only one 
referable to the Quaternary period, the author attempts to show 
that as early as the age 01 their descendants — the Cro-Magnon 
men — various alien races had already appeared contemporaneously 
with the latter in Central Europe. From this point, M. Lombard 
undertakes, on very vague premises, to trace the advance west- 
ward of successive and intersecting streams of brachycephalic 
and dolichocephalic peoples bringing with them their own special 
civilization of the dolmen, polished stone, or other, period. His 
view that the Pamir plateau is the cradle of the Aryans, and 
that they belonged primarily to the blonde races, is strongly 
combated by Mme. Cldmence Royer, whose able refutation of 
his somewhat crude opinions gives to his paper its sole claim to 
notice. — Communications on the silex of Breonio, near Verona, 
and on spurious French and Italian flint implements, by M. de 
Mortiliel, who shows the extent to which the manufacture of 
so-called palaeontological objects is carried on. — On a case in 
which the gray commissure of the third ventricle was absent ; 
and on the concomitant psychic characteristics of this anomalous 
condition, by Dr. F. de Marcedo. — On the mummified brain of 
an ancient cranium found in Venezuela, by M. Chudzinski.— 
On venous circulation in stumps, by Dr. Lejars.— On a rabbit 
with only one ear, by^. Chervin. — On the effects of the artifiaal 
deformity of the skull in a Bolivian infant, by M. Manouvrier. 

On various prehistoric stations in the Department of Seine-et- 

Oise, by M. Vauvill^. The finds at Crespitres included three 
implements of a sandstone not found in the district, the re- 
mainder being of cut flint. At Granciircs eviden^ exists of 
the extensive manufacture of extremely small flint implements 
similar to those found in India, and in the neighbourhood of 
Tunis and Algiers, as well as in parts of South-Western Europe. 
The objects generally would seem to belong to the Palaeolithic 
and Neolithic ages. — On the skeletons found at Castenedolo in 
Lombardy, and assumed by M. de Marcedo to be of Tertiary 
origin, by M. de Mortillet.— On the utility of family bup^ing- 
places in reference to the study of the influence of heredity on 
anatomical characteristics, by Mme. CHmence Royer.— On the 
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megalithic remains of the Department of La Somme, by M. 
Pouchon. The author points out the inaccuracy of the official 
lists published for the district, and describes a number of interest- 
ing, so-called polishing stones, and other monoliths, which demand 
immediate protection from the Government to save them from 
wanton destruction. — On the distribution of muscular force in 
the hand and foot, observed by means of a new form of dynamo- 
meter, by M. Ferd — Final Report of the Eighth Congress of 
Orientalists at Stockholm, by M. O. Beauregard. — The pre- 
historic stations of Coucouteni, Roumania, by M. Dimandi. 
I'he finds here are of special interest as showing the advanced 
civilization of a people, probably of Greek origin, who as early 
as the fourth or fifth century B.c. occupied this region. The 
enormous number of idols, chiefly female, was a marked charac- 
teristic of the station. Besides anthropomorphic idols, a few 
animals, as cows and bulls, were used to represent some forms 
of divinities. — On the various forms of projectiles of the 
Neolithic age, by Dr. Capitan. — On bronze objects found in the 
bed of the Marne, by M. P. Masson. — On the flint knives and 
arrows of the Department of Aisne, by M. Vauville. — On the 
prehistoric station of Lengyel, in Hungary, by M. Nadaillac. — 
On a case of a pseudo-male hermaphrodite, by Dr. Pozzi. — On 
artificially induced deformity of the head as still practised in the 
Haute Garonne, and other parts of France, by Dr. Delisle 
(with illustrations). — Report of the Sixth Broca Conference. — 
On the erroneous establishment of a distinct order of time 
Bimana, by M. Herve. The object of the essay is to prove that 
4he Simians have, like man, two hands and two feet, and cannot 
therefore be classified as true Quadrumana, or true Bimana. 

SOCIETIES AND ACADEMIES. 

London. 

Royal Society, June 5. — *‘On the Passive State of Iron 
and Steel. Part I.'^ By Thomas Andrews, F.R.S., M.Inst.C.E. 

The passive state of iron appears first to have been observed- 
just a century ago by Keir, and brought before the notice of the 
Royal Society in 1790 (Phil. Trans., 17^, p. 379) ; he observed 
that strong nitric acid had no action on iron when the metal was. 
placed therein. Since then, Bergmanii, Schonlein,^ Faraday, 
Herschcl, and others, have conducted investigations in relation 
to this phenomenon. In the present paper are presented the 
results of a study of certain magnetic, temperature, and other 
conditions which the author found to affect the passive state of 
iron and steel. The experiments of Part I. are classified under 
the following heads : — 

Series I., containing the results of observations on the influ- 
ence of monetization on the passive state of steel in cold nitric 
acid, specific gravity i *42. 

Series II., treating of the influence of magnetization on the 
passive state of steel in warm nitric acid, specific gravity 1*42, 
the experiments showing that magnetized steel bars were less 
passive in warm nitric acid than unma^netized ones. 

The chemical composition and physical properties of the steel 
used are given in detail in the paper, together with the methods 
employed in the investigation, and detailed illustrations of the 
various apparatus used in course of the research. The results 
of the investigation are given in detail in Tables I. and II. 
The whole of the results on Table I. afford an indication that 
magnetization of comparatively low intensity, acting during con- 
siderable periods of time, exerts only a limited modifying influ- 
ence on the passivity of iron or steel in the cold, though the 
influence is discernible when employing a delicate galvanometer. 
Magnetization, with the nitric acid at a higher temperature, 
produces a quicker effect (see results in Series II., Table II.). 
In a recent research by the author “On Electro-chemical 
Effects on Magnetizing Iron, Part II.” (Roy. Soa Proc., vol. 
xliv. p. 152)^ it was noticed that local currents were set up 
between the polar terminals and central portions of steel 
magnets exposed as electrolytes ; and this class of local action, 
together with the slight alteration of the physical structure of 
the magnet bars cons^uent on their magnetization, jmay possibly 
be invmved in producing the effects due to magnetism on passive 
steel or iron in cone, nitric acid. • 

“ Observations on Pure Ice, Part II.*' By Thomas Andrews, 
F.R,S., M.InstC.E. 

The experiments contained in the paper form a continuation 
of a previous research by the author. The experiments were 
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inade to investigate the relative plasticity of pure ice at various 
temperatures ranging down to - 35® F., and also of pond ice. 
The arrangements of apparatus used in determining the plasticity 
of pure ice and pond ice are illustrated in detail in the paper. The 
ice for the pure ice experiments was frozen from distilled water; 
the coolest freezing mixture used, consisting of three parts by weight 
of crystallized calcium chloride and two parts by weight of snow^ 
yielded a constant temperature of - 35® F. ; other freezing mix- 
tures were used for the temperatures above this. The cylinders 
of pure ice employed were 2 feet inch long, and 2 feet 
inch diameter, and weighed 470 pounds. The plasticity was 
ascertained by measuring the relative penetration, during equal 
periods of time, of the polished steel rods into the ice, care being 
taken to avoid errors from conductivity. A lame number of ex- 
periments were also made on the plasticity of natural lake or 
pond ice. The influence of the composition of water on the 
plasticity of the^ ice frozen therefrom was investigated, and a 
number of experiments were made to ascertain the proportion of 
the salipe constituents of the lake water taken up into the ice 
during crystallization.^ Roughly speaking, it was found that the 
proportion of inorganic matter in the melted ice was about ten 
per cent, of the total inorganic salts contained in the lake water 
from which it was frozen. The general summary of results of 
the experiments on the plasticity of pure ice at the various tern- . 
peratures employed are plotted out in four curves on Diagram I. , 
and the results of the experiments on the plasticity^ of pond ice 
are shown in detail on Diagram II. In the majority of in- 
stances, it was found that, if the plasticity of the ice at - 35® F| 
be called 1, at o® F. it would be about twice as much, and at 28® F. 
the plasticity would be about four times as great as at o® F., or 
eight times as much as at - 35® F. The comparatively great 
contractibility in ice observed at considerably reduced tempera- 
tures (see the author’s former paper On Observations on Pure 
Ice and Snow,” Roy. Soc. Proc., No. 245, p, 544) may prob- 
ably account for the great reduction in its plastic properties at 
low temperatures. This is in accord with the practical cessation 
of motion in glaciers during the cold of winter. It was also 
noticed in course of the research that the plasticity of the 
naturally frozen pond ice was manifestly greater than that of the 
prepared pure ice ; the comparative difference in the behaviour 
of the pond ice was doubtless owing to a portion of the saline 
constituents of the water interspersing during congelation 
between the faces of the individual crystals of ice, thereby tend- 
ing to reduce the cohesion of the mass as a whole, and'increasing 
its plasticity. 

Linnean Society, June 5. — Prof. C. Stewart, President, m 
the chair. — The President nominated as Vice-Presidents for the 
year Messrs. W. Carrulhers, P. Martin Duncan, J. G. Baker, and 
F. Crisp. — Mr. II. Little exhibited and made some remarks upon 
a photograph of a remarkable Aroid, Amorphophallus titanum^ 
which had flowered for the first time in this country. — Mr. 
James Groves exhibited a specimen of an Orobanche parasitic 
upon a Pelargonium. — The following papers were then read and 
discussed : — On a collection of plants made in Madagascar, by 
Mr. G. F. Scott Elliot. — On Weismann’s theory of heredity 
applied to plants, by Rev. G. Henslow. — Teratological evidence 
as to heredity of acquired conditions, by Prof. Windle. — On 
the development of the tetrosporangia in Rhabdochorton Rotkii^ 
Naegeli, by Mr. Harvey Gibson. — On the position of Chan- 
transia^ with a description of a new species, by Mr. George 
Murray and Miss E. Bass. — On the development of thecystocarp 
in Callophyllis laciniata, by Miss A. L. Smith. — On the cysto- 
carps of some genera of Floridese, by Mr. J. B. Carruthers. 

Royal Meteorological Society, June iSi'— Mr. Baldwin 
Latham, President, in the chair. — The following papers were 
read:— On the difference produced in the mean temperature 
derived from daily maximum and minimum readings, as depend- 
ing on the time at which the thermometers are read, by Mr. W. 
Ellis. In the publications issued by the Greenwich Observatory 
authorities, the maximum and minimum temperatures are those 
referring to the civil day from midnight to midnight. At many 
stations the observers only read their instruments once a day, 
viz. at 9 a.m., when the reading of the maximum thermometer 
is entered to the preceding civil day, and the reading^ of the 
minimum ^thermometer to the same civil day. Such stations are 
called climatological stations.” The author has tabulated 
the Greenwich maximum and minimum temperatures according 
to both methods for the years 1886-89, and nnds that the clima- 
tologic|il maximum and minimum means are in excess of the 
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civil day means. — On the distribution of barometric pressure at 
the average level of the hill stations in India, and its probable 
effect on the rainfall of the cold weather, by Mr. W. L. Dallas. 
The weather over India during January 1890 was very dry, and 
in marked contrast to that which prevailed during January 
1889. 'I'he distribution of barometric pressure was, however, 
much the same in both months. The author has investigated 
the records at the hill stations, and has prepared charts showing 
the distribution of barometric pressure from both high and low 
level stations. From the high level charts it appears that the 
mean barometric gradient in 1889 was rather more than twice 
that in 1890, and, considering what is known of air movements, 
even at moderate elevations above the earth’s surface, it may be 
assumed that these differences in pressure were accompanied 
with large differences of air motion ; and if it is also assumed 
that the evaporation over the Southern Ocean is in all years 
fairly comparable in amount, the deficiency of rainfall over 
India in the winter of 1889-90 can be attributed to diminished 
lateral translation of vapour owing to sluggish movements in the 
upper atmosphere. — On the relative prevalence of different 
winds at the Royal Observatory, Greenwich, 1841-89, by Mr. 
W. Ellis. The author gives the following as the average number 
of days of prevalence of different winds for the 49 years 1841-89, 
as derived from the records of the self- registering Osier anemo- 
meter : — 

N. N.E. E. S.E. S. S.W. W. N.W. Calui. 

40 45 27 22 35 106 46 22 22 

— On some recent variations of wind at Greenwich, by Mr. A. B. 
MacDowall. — On the action of lightning during the thunderstorm s 
of June 6 and 7, 1889, at Cranleigh, by Captain J. P. Maclear, 
R.N. The author examined a number of trees which had been 
struck by lightning during these thunderstorms, and found that 
those which were struck before the rain fell were shattered, 
while those which were struck after the rain commenced were 
simply scored, with the bark blown off. It seems that during 
rain every tree is conducting electricity, and a disruptive dis- 
charge takes place where the conductor becomes insufficient. 
This depends on the position of the cloud, the amount of foliage 
on the tree, its condition of moisture, and its connection with 
running water. 

Geological Society, June 4. — Dr. A. Geikie, F.R.S., Pre- 
sident, in the chair. — ^"Fhe President referred to the sad 1«>S3 
which the Society had sustained through the death of Mr. 
Dallas, and read the following resolution, which had been 
passed by the Council and ordered to be entered upon its 
minutes: — “The Council desires to record on its minutes an 
expression of its deep regret at the death of the Assistant - 
Secretary, Mr. Dallas, which took place on the 29th ultimo, 
and of its sense of the loss inflicted on the Council and Society 
by the removal of one who, for the long period of twenty-two 
years, had done them invaluable service, and who, by hU 
courtesy, kindliness, and helpfulness had endeared himself as 
a personal friend to the Fellows.” It was moved by Dr. Evans, 
seconded by Dr. Hinde, and carried unanimously, that the reso- 
lution passed by the Council be communicated to Mrs. Dallas 
on behalf of the Society also. — The following communications 
were read ; — As to certain “ changes of level ” along the shores 
on the western side of Italy, by R. Mackley Browne. — North 
Italian Bryozoa, by A. W. Waters. — Notes on^ the discovery, 
mode of occurrence, and distribution of the nickel-iron alloy 
“ Awaruite,” and the rocks of the district on the West Coast of 
the South Island of New Zealand in which it is found, by Prof. 
G. H. F. Ulrich. In an introduction, the author describes the 
original discovery, determination, and naming of the mineral 
in 1885 by Mr. W. Skey, and clears up ^ misunderstanding by 
which he himself had been credited with the discovery ; he 
furthermore ^ives a historical sketch of the farther investigations 
and publications refetring to the mineral. The geology of the 
Awaruite-bearing district is described. The rocks consist of 
peridotites and serpentines, tireakin^ through metamorphic 
schists with occasional massive intrusions of acid rock. The 
petrographical characters of the peridotites of the hill-complex, 
including the Olivine and Red Hill Ranges, and serpentines arc 
considered in detail, and the mod^ of occurrence of the Awaruite 
in them and in the sands derived from their denudation is dis- 
cussed. The author submits a sketch-map of the localities 
where the mineral has been discovered in sand, including not 
only George River, but also Silver Creek, Red Hill, and other 
localities, and quotes Mr. ‘Paulin’s belief that it occurs diffused 
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through the whole extent of peridotite and serpentine rock-^ 
and infercntially in the drifts derived therefrom. The President 
noted the interest attaching to the gradual development of our 
^ knowledge of native iron of terrestrial origin. Prof. Judd was 
glad to have the present opportunity of removing a misconcep- 
tion that had arisen concerning this mineral. In bringing the 
matter before the Society on a previous occasion he dwelt upon 
the facts of special geological interest, and Mr. Skey’s name 
was not mentioned in the few lines placed on record in the Pro- 
^ ceedings. No attempt, however, had been made by Prof. 
Ulrich to claim the discovery of this mineral, though he ap- 
^ peared to have been the first to record its peculiar occurrence in 
the ultrabasic rocks. In the South Island was the well-known 
chromite-bearing olivine rocks of the Dun Mountain, but the 
rock now described was in a distant part of the same island. 
An interesting series of serpentines derived from peridotites 
has been sent over by the author, and these specimens contain 
the “ Awaruite.*' A number of garnets and chlorites, with 
chrysotile, talc, and magnetite, have been found in the Red 
Hills. He was not aware that any ** Awaruite” had been dis- 
covered in the peridotite ; but this was probably due to the 
softer nature of the serpentine, where it could he more easily 
detected. He had recently heard that one of the serpentines of 
Norway had yielded a similar alloy. 

Edinburgh. 

Royal Society, June 2. — Sir Douglas Maclagan, Vice- 
President, in the chair. — Prof. Crum Brown read a paper on 
the relation of optical activity to the character of the radicals 
united to the asymmetric carbon atom. lie stated that — if we 
denote the optically active compound by the symbol C(ABrA) — 
where C denotes the carbon atom, and A, B, P, A denote the 
radicals arranged in order of a hitherto undetermined quantity, 
K — any replacement of one of the radicals by a new one which 
changes the order as regards K alters the sense of the optical 
activity. Suppose, for instance, that as seen from A the values 
of K for B, r, A are in ascending order. If we substitute for T 
an atom whose K is greater than that of A, the order will now 
be B, A, r', which is left-handed if that of B, P, A was right- 
• handed. Thus (assuming that increase of mass is accompanied 
by increase of K), he finds that in a number of such compounds 
p the alteration indicated produces a substance in which the direc- 
tion of rotation of the plane of polarization of light is reversed. 
— Dr. H. R. Mill read a paper on the mean level of the surface 
of the solid earth, in which he showed that, from Dr. John 
Murray's calculations, the general level of the lithosphere was 
at a depth of 1400 fathoms beneath mean sea-level. More 
recent explorations show that the oceanic depths are deeper and 
more extensive than was formerly supposed, so that the mean 
sphere-level — the surface of a shell which cuts the slope between 
the elevated and depressed region of the earth's surface in such 
a manner as to leave a volume of elevated material above it 
exactly equal to the volume of the depressed region beneath it 
— appears to lie close to a depth of 1700 fathoms. The contour 
line of 1700 fathoms of ocean depth divides the earth's surface 
into two equal areas — one of depression, the other of elevation. 
This remarkable coincidence snows that the portions of the 
elevated half of the lithosphere projecting above mean sphere- 
level would just suffice to fill the hollow beneath mean sphere- 
level of the depressed half. Dr. Mill also pointed out that 
round the edge of the great three-armed northern elevated mass 
the slope to the depressed area was so steep that the outlines of 
tlie 1000 and 2000 fathom contours follow the coast-line very 
closely ; but the Antarctic elevation rises from the»bed of the 
depression with an extremely geptle slope. — Mr. J. Crockett 
communicated an account of Weierstrass's contributions to the 
/.calculus of variations. — Mr. John Anderson gave accounts of 
4 ' the recent Louisville torifkdo, and showed a barometric record 
made in its neighbourhood. The barometer fell suddenly to the 
extent of about one-tenth of an inch, and again instantly rose as 
the tornado passed. 

Paris. 

Academy of Sciences, June i6.~M. Hermite in the chair. 
— On the ordnance survey of France, by M. Maurice L^vy. In 
commenting upon the work undertaken by the Geodetical Com- 
mission, M. L^vy notes that two kinds of documents will 
be published— one' to contain an account of the methods of 
calculation and corrections which have been employed, as 
well as the description of the instruments used ; the other 
to be a graphical riptrtoire of the levels determined — and in 
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‘ presenting an account of the first series of operations, some 
explanation of the work is given.— Theory of the permanent 
movement produced near tne widened opening of a fine- 
tube; application to the second series of Poiseuille’s ex* 
periments, by M. J. Boussinesq. — Calculation of the successive^ 
temperatures in an indefinite homogeneous and athermanous 
medium which is in contact with a source of heat, by the .«ame 
author. — On the various isomeric inosites and their heat of 
transformation, by M. Berthelot. The author finds that in* 
dextrorotato^ inosite, dehydrated and having the formula^ 
CfiHiaOe, dissolved in 300 c.c. of water at I7**9, the heat 
absorbed by i molecule is - 2*05 calories. Leevorot at ory inosite 
similarly treated gives - 2*03 calories. On mixing the two* 
liquids no rise or fall of temperature was observed. It is 
therefore concluded that two symmetrical inosites do not show 
any signs of combination when in solution. Four grammes of 
neutral inosite were dissolved in 300 c.c. of water at 18*. The 
rate of solution was slower than that of the active inosites, and* 
the heat developed was -3*87 calories. This heat of solution iS' 
negative and greater than that of either of the active iwsites. 
The three corresponding tartaric acids give the same results. — 
Variation of the ela.sticity of glass and of crystal with tempera- 
ture, by M. E. H. Amagat. It appears from the experiments 
that the variation increases with the temperature ; it is a little 
greater for glass between 100® and 200® than between 100® and 
o®, and considerably greater in the case of crystal ; and it seems 
probable that the variation would increase more and more in: 
value with still higher tenmeratures. — On a new property of 
luminous waves, by M. Gouy. — Characteristic equation of 
hydrogen, by M. Ch. Antoine. — On the variation of temperature 
with altitude in cyclones and anticyclones, by M. Marc 
Dechevrens. From a series of observations the law is formulate^ 
that ''at sea-level and in air, at an altitude less than looa 
or 1200 metres, the temperature in a vortex varies inversely 
as the pressure, whilst in air at greater altitudes it varies 
directly as the pressure. In the latter case the temperature 
has a minimum along the axis of the cyclone and a maxi- 
mum on the perimeter of the depression ; a maximum also 
occurs along the axis of an anticyclone. "-^On the combina- 
tions and reactions of the gases ammonia and phosphor- 
etted hydrogen with the halogen compounds of arsenic, by 
M. Besson. The compounds AsBr3.3NH8 ; A5CI8.4NH8 ;. 
ASJ3.4NH8 ; and 2ASF8.SNH3 are described, and the products- 
of their decomposition indicated. — On a new method of forming 
crystalline oxychlorides of the metals ; researches on the oxy- 
chlorides of copper, by M. G. Rousseau. Among other bodies of 
the same type, tne author has succeeded in obtaining crystallized 
atacamite by his method. — On the combination ,of phosphorus 
pentafiuoride with nitrogen tetroxide, by M. Emile Tassel. 
The body formed, N2O4.PF5 reacts with water in accordance 
with the equation — 

3(Na04, PFr) + I4H30 = 2N0 + + 3H3PO4 + ISHF, 

thus differing essentially from the corresponding ^ compound 
containing chlorine. — Heat of formation of uric acid and the 
alkaline urates, by M. C. Matignon. — Chloralimide and its* 
isomeride ; a reversible isomeric transformation, by MM. B^hal 
and Choay. A mixture of chloralimide (B.P. 169®) and iso- 
chloralimide (B.P. 103®-I04®) is obtain^ by the action of 
heat upon chloralammonia ; the method of separation and puri- 
fication of each of these bodies is described. Both bodies 
possess the same molecular weight, Raoult's method with ben- 
zine for solvent yielding the figures — for chloralimide 430, for 
isochloralimide 434*435. Each body may be transformed by 
suitable means, given in detail, into its isomeride. The follow- 
ing formula; are pH>posed by the authors as representations of 
these bodies : — 


NH 

NH, 

cci,— ch"^Nch— CC l, 

cci,-c^Nc,cci,. 

NH. ^NH 

NH,^^NH. 

CH— CCl, 

C— CCl, 

Chloralimide. 

Isochloraljmide. 


— On an adulteration of linseed oil, by M. A. Aignan. — On the 
ear gland {Paludina 7 )ivipara\ and the nephridian ^KTiA*{Murex 
brandaris)^ by M. L. Cu^not. — Researches on multiple buds, 
by Mr. William Russell. The conclusion is drawn that "mul- 
tiple buds, one springing from another and being yascularly* 
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connected therewith, ought to be considered as normal ramifica- 
tions/* — On the influence exercised by the time of cutting upon 
the production and development of shoots from the stocks in 
underwood, by M. E. Bartet. — Influence of the peritoneal trans- 
fusion of the blood of the dog upon the evolution of tubercu- 
losis in the rabbit, by MM. J. Hericourt and Ch. Richet. — On 
the antiseptic and antipeptic doses of various substances, by M. 
Andrea Ferranini. 

Berlin. 

Physiological Society, June 6. — Prof, du Bois-Reymond, 
President, in the chair. — Dr. Hagemann gave an account of his 
experiments on proteid metabolism during pregnancy and lacta- 
tion ; they were conducted upon two dogs supplied with a con- 
stant nitrogenous diet. During the first half of the period of 
pregnancy more nitrogen was excreted than was taken with the 
food, so that the nitrogen requisite for the growth of the foetus 
must have been derived from the tissue-proteids of the mother. 
After this period the nitrogenous excretion sank to a condition 
of equelibrium in the middle of pregnancy, and then fell further 
until the birth of the offspring. Immediately after parturition 
there was a very marked increase in the excretion of nitrogen, 
followed by a sudden fall which led to the output being, during 
four weeks* lactation, less than the in>take. — Prof. Zuntx made 
a further communication respecting the intestinal fistulee which 
he described at the previous meeting of the Society. As regards 
the absorption of fats and fatty acids, he found that even the 
finest and most uniform emulsions were not absorbed either 
alone or with the addition of bile. When saponified, a marked 
absorption of the soaps took place, but to a much less extent 
than in normal animals ; neither was it increased by the addition 
qf glycerine. The results obtained were, on the whole, nega- 
tive. The speaker put forward the view that the absorption of 
fat in the intestine is dependent upon some at present unknown 
function of the pancreas. 


Amsterdam. 

Royal Academy of Sciences, May 31. — Mr. Max Weber 
pointed out the characters of a true adult hermaphroditic finch 
\Frin^lla ccelebs)^ caught in the neighbourhood of Amsterdam. 
The right side of the bird has the plumage of the adult male, 
the left that of the adult female. The striking difference in the 
colouring of the plumage on the two sides corresponds to an 
internal co-existence of ovary and testis : the latter is, on the 
male-coloured (right), the former on the female-coloured (left) 
side. Both sexual glands, compared, also microscopically, with 
the testis and ovary of normal finches, are anatomically wholly 
normal, and able to produce male and female sexual elements. 
The case seems to be an illustration of the dependence of sexual 
colouring upon the nature of the sexual gland. — Mr. van Bemme- 
len stated that Mr. Molengraaflf had sent him a white substance 
found in the high moor of Drenthe (Netherlands), denominated 
by the moor-diggers as White Klien. It consists of 87 per cent, 
carbonate of oxydulated iron, 6 per cent, carbonate of lime, and 
8 per cent, vegetable matter. — Prof. Hubrecht gave a descrip- 
tion of the early developmental stages in the shrew. In the 
<wo-layered blastocyst the mesoblast makes its appearance : (a) 
from tne hypoblast under the anterior portion of the epiblastic 
shield ; (b) from the primitive streak and its anterior prolonga- 
tion ; (e) from an annular zone of hjrpoblast below, but just out- 
side the border of the epiblastic shield. The mesoblast from 
these three sources very soon fuses into one continuous plate. 
There appears to be considerable agreement between the facts 
as presented by the shrew and those which Bonnet has described 
for the sheep. ^ The gastrulation process in thf! Mammalia was 
then comparatively considered, and a theoretical interpretation 
put forward, differing considerably from £. van Beneden’s latest 
hypothesis. 

Stockholm. 

Royal Academy of Sciences, June 11. — Spiders from the 
Nicobar Islands and other parts of Southern Asia, mostly col- 
lected during the voyage of the Danish war-ship Gatatea in the 
years 1845-47, described by Prof. T. Thorell. — On the remains 
of a fish preserved since the year 1289 in the cathedral of 
Wisby, and often mentioned in the old chronicles as a remark- 
able curiosity, by Prof. F. A, Smitt. — Etude dcs conditions 
met^orologiques a I’aide de cartes synoptiques r^pr^sentant la 
densite de Pair, par Dr. N. Ekholm. — On an expedition which 
has' just started for Spitzbeigen, by Baron A. E. Norden- 
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skiold. This expedition consists of some young Swedish 
naturalists who propose to make geological and zoological 
researches. — On the fungi of Omberg and its neighbourhood in 
Ostrogothia, by Herr L. Romell. — On the different kinds of 
vegetation on the surface of the peat bogs of Southern Sweden, 
by HerrG. Anderssoh. — Dendrological studies made in several 
Swedish provinces, by Herr F. Laurell. — On the vegetation of 
Norrbotten, by Dr. A. Lundstrom. — Botanical rambles in the 
south-west of Jemtland in the summer of 1889, and description of 
some Hieracia and Carices found, by Dr. M. Elfstrand. — On the 
oxidation of the phenyl-methyl-triazol-carbon acid, i., by Dr. 

t A. Bladin. — On some ammoniacal platina combinations, by 
r. O. Carlgren. — Critical remarks on the history of the vege- 
tation of Greenland, by Prof. A. G. Nathorst. — Studies on the 
Turbellaria and Nemertinseof the northern countries, by Dr. D. 
Bei^endal. 
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L/FE OF SEDGWICK. 

I. 

Thi Life and Letters of the Reverend Adam Sedgwick ^ 
LL.D., D.C.L.^ F.R.S.f Fellow of Trinity College, 
Cambridge, Prebendary of Norwich, Woodwardian 
Professor of Geology, 1818-73. By John Willis Clark, 
M.A., F.S.A., and Thomas McKenny Hughes, M.A., 
F.R.S. Two Volumes. (Cambridge : University Press, 
1890.) 

B etter late than never 1 Geologists have waited 
for seventeen years for a' life of Sedgwick, though 
the biographies of Murchison, Lyell, and Darwin, two 
of whom survived him, have all been published. The 
delay, as is admitted in the preface, requires some ex- 
planation ; whether that is really furnished may be 
doubted. This at least is clear, that it has not been due 
to Mr. Clark, since he only undertook his portion 01 
the work, and that the major one, in 1886. The delay fs 
the more to be regretted because not a few of those who 
could remember Sedgwick in the days of his full vigour 
have passed away, and, as Mr. Clark observes, “ a num- 
ber of interesting letters which he is known to have 
written, and which were long carefully preserved, have 
either been destroyed or cannot now be traced. These 
remarks apply specially to the earlier years.” Still, Mr. 
Clark has had at his disposal a large amount of material, 
from which he has drawn a picture no less vivid than 
accurate — as we feel sure those who knew the original 
will admit — of a man of remarkable genius and almost 
unique personality. He has told us the story of Sedg- 
wick’s life, he has woven into it Sedgwick’s letters, and the 
result is a book which is worthy to be classed with the two 
best biographies, at any rate of recent date, of distin- 
guished sons of Cambridge — those of Charles Kingsley 
and Charles Darwin. 

This book has its value as a chronicle of the develop- 
ment of geology into a distinct and independent branch 
of science, but this is not its only interest. True, it is a 
record of a life comparatively uneventful. It was not 
often that Sedgwick’s geological studies conducted him 
beyond the limits of the British Isles. His Continental 
journeys were restricted to the western half of Europe, 
and did not include Spain or Scandinavia, but his friends 
were numerous and notable. His life extended over a 
period of our national history of unusual interest. He 
remembered vividly the great incidents of the “ struggle 
for life and death with France.” He heard the death peal 
rung for Nelson «nd for Wellington : he had shared in 
the domestic strife of the Reform Bill, and had witnessed 
the blunders of the Crimea and the peril of India. His 
sympathies were as quick as they were wide, and he was 
not only a frequent letter writer, but also a master of that 
almost forgotten art. Hence these volumes contain 
much that will be interesting to others than geologists. 
They are the record, "not of a life devoted solely to one 
special study, but of a man of varied interests and rare 
enthusiasm, of unusual eloquence and exceptional de- 
scriptive powers. Not the least valonble part of the work 
is Sedgwick’s own account (extracted from a privately | 
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printed pamphlet) of the manners and customs of the 
dalesmen* of the Sedbergh district, among whom he was 
born, whither he constantly returned, and which he loved 
to the last hour of his life. 

This book brings before us Sedgwick as a man and as 
a geologist, a division which corresponds with the work 
of its joint authors. Though the two characters made up the 
one personality, and a distinction between them must be 
to some extent arbitrary, this may be adopted, as a 
matter of convenience, in endeavouring to give some 
idea of the varied contents of these volumes. 

Adam Sedgwick was born in the year 1785, the fourth 
child of the Rev. Richard Sedgwick, vicar of Dent, an 
old-world village, by a tributary of the Lune, among the 
great hills of Western Yorkshire. He was a member of 
one of the families of “ statesmen ” which had been 
settled in Dent for more than three centuries. Till he 
was sixteen years old he was taught at the Grammar 
j School, partly by his father ; then he was sent to school 
at Sedbergh ; thence he went, in his twentieth year, to 
Trinity College, Cambridge, after a few months’ tuition 
by John Dawson, a country surgeon (he had ushered 
Sedgwick into the world) who had become eminent as a 
mathematician, as teacher no less than as investigator. 
Sedgwick’s work at Cambridge was interrupted by an 
attack of typhoid fever which nearly proved fatal, but, 
notwithstanding this, he obtained a scholarship in his 
College, and the fifth place among the Wranglers in the 
Mathematical Tripos of 1808. Private pupils and read- 
ing for his Fellowship employed him for the next two 
years, the latter being obtained in the year 1810, The 
double work proved a severe strain to Sedgwick’s consti- 
tution. The great importance which has always been* 
attached at Trinity College to the examination for fellow- 
ships has its advantages and its disadvantages ; the one as 
affording an opportunity for remedying ill-fortune at the 
time of the degree and widening the field of choice ; the 
other as giving an advantage to the wealthy, and pressing 
heavily on those who must combine work for a living 
with study for an examination. Not a few of the latter 
have paid for success by permanent injury to health. 
Among these, it appears, Sedgwick must be reckoned. 
During the next three years he was out of health, and in 
1813 came a complete breakdown. Consumption was 
apprehended ; but at last his naturally strong constitution 
triumphed, and he was able to return to Cambridge and 
take part in the regular tuition of the College. In 1816 
he was ordained. Three years later came the great crisis 
of his life — the Woodwardian Professorship of Geology, 
hitherto little more than a sinecure, became vacant, and 
Sedgwick declared himself a candidate. His prospects 
of success at first did not seem great, for he had little, if 
any, knowledge of the subject, and was opposed, not 
only by a member of his own College, but also by the 
Rev. G. Gorham, of Queens’ College, who was reputed 
to have devoted much attention to geology, though he 
does not appear to have published anything. But the 
opponent from within the walls of Trinity retired, and 
then Sedgwick had an easy victory over the other. Cam- 
bridge — perhaps Oxford also — has often been rather 
eccentric in her elections to professorships, and prone to 
act on the maxim **Omne ignotum pro magnificof But on 
this occasion the leap in the dark was more than justified. 

L 


2I8 


NATURE 


[July 3, 1890 


Neither of Sedgwick’s opponents afterwards made any 
name as geologists, though the second of them lived to 
fight a battle for religious freedom in the Church of 
England. 

At once Sedgwick threw himself heart and soul into 
his subject. Geology at that time signified little more 
than an excrescential growth from mineralogy, which 
became the less scientific the further it departed from its 
support. Still, the Geological Society of London had 
already been founded full ten years ; and the men were now 
hard at work who were to roll away the reproach from 
geology, and lay its foundations on the sure ground of 
observation and induction. Neptune had failed to ex* 
tinguish tfie torch of Pluto, and the Wernerians were 
retreating before the Huttonians ; William Smith had 
already published his wonderful maps, and had set in 
order, almost single-handed, the newer rocks of England ; 
but below the base of the Carboniferous system a great 
field for research still remained, in which the generation 
of Sedgwick's more immediate contemporaries were 
destined to win their laurels. 

Sedgwick’s first geological journeys were in Derbyshire 
and Staffordshire, in the Isle of Wight, and on the coast 
of Sdffolk. But the learner quickly became an investi- 
gator. Even in i8i8 he began to attack the problems 
presented by the older rocks of the south-west of England; 
thence he turned aside to examine Eastern Yorkshire 
and Durham. Difficult problems seemed from the first 
to have for Sedgwick a peculiar fascination, and in 1822 
he grappled with those presented by the Lake District. 
In 1827 began his association with Murchison, whom he 
accompanied in a geological tour to Scotland, and joined 
in a paper on the results. The following summer saw 
them companions in their notable researches in Germany 
and the Tyrol, which produced another joint communi- 
cation. By this time Sedgwick’s merits had been recog- 
nized by his election to the Presidency of the Geological 
Society. 

The year 1831 brought two important crises in Sedg- 
wick’s life — the one the offer of a valuable living from 
the Lord Chancellor, the other the beginning of his work 
in North Wales. That offer he declined, making a 
mistake, as several of his friends thought — an opinion to 
which his biographer inclines. Probably Sedgwick would 
have been a healthier man in a country rectory— for the 
climate of Cambridge was not suitable to him — and a 
happier man in married life. But science, we think, 
would have lost. It might not have been so with some 
men, but it was Sedgwick’s nature to throw himself with 
all his heart into whatever work he undertook ; so that in 
ail probability the interest felt for his parishioners and 
his home circle would gradually have extruded geology 
from his thoughts. In this case science would have had 
to wait some time for the unravelling of much complicated 
stratigraphy ; the collections of the Woodwardian Museum 
might have remained in a comparatively impoverished 
condition, and the University would have lost the quicken- 
ing action of Sedgwick’s influence on generations of its 
students. 

Next year Sedgwick took a new departure in author- 
_ ship. A College Commemoration sermon, which he had 
been asked to print, increased under his hands, with a 
'p];$fatory head and a commentarial tail, till the “ Discourse 
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on the Studies of the University of Cambridge ” expanded 
into a book, and became, as he phrased it, "a grain of 
,wheat between two millstones.” In 1834 he was made a 
Prebendary of Norwich, a preferment which, though its 
duties often seriously interrupted his scientific work, was 
a welcome addition to his income, which up to that time 
had hardly sufficed for the numerous calls upon it. 

For the next six years his work in the field was less and 
his papers rather fewer ; henceforth interruptions obviously 
became more frequent. The rearrangement of his fine 
geological collections, for which at last a museum had 
been provided ; political incidents, in which, he took an 
active interest ; visits to and from distinguished friends, 
which became more numerous as his fame increased — 
ail these proved, as they always prove, detrimental to 
work which requires steady and continuous application. 
But as the scientific interest of the book wanes a little, 
its general interest increases. Graphic sketches of notable 
personages appear more frequently in Sedgwick’s letters, 
which come nearer to being a journal of his life. They 
Jbring out also— for many of them are written to young 
folks — all the tenderness of his nature : they intersperse 
fatherly advice with accounts of his doings, now grave, 
now comic. One moment he pulverizes a scientific foe ; 
the next, gives his niece a ludicrous lesson on the pro- 
nunciation of Welsh. The election of Prince Albert to 
the Chancellorship of the University of Cambridge, in 
which Sedgwick took a leading part, still further interfered 
with his devotion to science, for it led to his acting as the 
Prince’s secretary in Cambridge, and holding a place on 
a Commission for the Reform of the University. This, 
however, is a gain to the book, for his private letters give 
many interesting details of the Royal visit to Cambridge, 
and especially of the home life of the Queen and Prince 
Albert at Osborne. 

After a time, about the year 1851, the Silurian question, 
presently to be noticed, spurred Sedgwick into renewed 
activity in his old field of work, but led to the unhappy 
result of his alienation from Murchison and his estrange- 
ment from the Geological Society. The burden of years, 
however, was now beginning to make itself felt, for in 
1855, when he reviewed the controversy in his introduc- 
tion to McCoy’s “ Description of British Palaeozoic 
Fossils,” he attained the age of threescore and ten. 
Henceforth the path of his life became sadder ; one by 
one friends passed away, the infirmities of age increased, 
and though at times the old fire flashed up, and for a 
while the racy phrase and eloquent speech would 
return, he now felt, as most must feel, something of the 
pcena diu viventibus. Still He was able, up to about 
1863, to take occasionally an active part in passing events, 
though more and more he was compelled to avoid excite- 
ment and fatigue, and thus his life at Cambridge was 
often lonesome. During the last ten years he sometimes 
suffered severely ; almost he might have described himself 
as “ sans teeth, sans eyes,” sans ears, though happily not 
** sans everything,” for the mind, as his letters show, con- 
tinued unclouded, though, of course, sometimes that 
memory, once so marvellously retentive, failed a little. N o 
part of the book is more tender, none more sympathetic, 
than the account of Sedgwick’s last years. Early in 1873 
came the closing scene, in the rooms in Trinity, which had 
been for so many years his chief home. 
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“ There was no change till about midnight,” writes his 
niece, “and then we saw the shadow of death come 
softly over his face, and we knew that he had passed into 
the dark valley, and that the end was near ; but there was«| 
no pain ; only quiet sleep. His breathing again grew 
more faint and soft ; and without a sigh, just as the clock 
in the great court of Trinity chimed a quarter past one, 
his spirit returned to God.” 

Sedgwick’s original scientific work will be sketched in 
another notice. This may conclude with a word on the 
man himself. A stalwart figure with rugged features and 
brown complexion, a Hashing eye, and a grand pose of 
the head, which always reminde me of an eagle. He 
called himself — men called him — ugly. This I never 
could understand. Few were better tellers of a story : 
his memory of striking details, his sense alike of humour 
and of pathos, were so strong. As a lecturer he was dis- 
cursive, but suggestive — one who stimulated and fertilized 
rather than who trained. His speeches were marked by 
a curious play of fancy, unexpected transitions from grave 
to gay, and occasional bursts of eloquence, which our 
greatest orators might have been glad to own. As a* 
writer he was often diffuse, sometimes laboured — the 
results of hurried work or unsystematic arrangement ; yet 
he broke out occasionally into passages of singular force 
and vigour. For instance, the concluding paragraphs of 
his preface to the “ Catalogue of Cambrian and Silurian 
Fossils” — his last contribution to literature — are worthy, | 
in my judgment, of a place among the best extracts from 
English literature. He was sometimes strong and even 
narrow in his prejudices, as will appear hereafter ; he was 
impetuous in temper, fierce in the fray, positively ripping 
up an incompetent antagonist ; yet he was commonly the 
most genial and placable of men ; he was tender as a 
woman to those who sorrowed and who suffered, and was i 
the idol of little children. | 

We may close the present notice with the words with 
which Mr. Clark concludes his own part of the biography 
— the words of one of Sedgwick’s intimate friends : — 

“ He was transparent and straightforward — the very 
soul of uprightness and. honour — tender and affectionate — 
most generous and kind. He had a hatred of all duplicity 
and meanness. He was entirely unsuspicious of evil, 
unless it was forced upon his notice ; and he expected 
and believed everyone to be as straightforward and truth- 
ful as he was himself. I do not think that any man was 
so beloved by his friends as he was.” 

T. G. Bonney. 

{To be continued) 


gAra^d's Alectricit^” 

Lemons sur PAlectricitf, professies d VInstitut Alectro- 
technique Montefiore annexe d P University de Idige, 
Par Eric Gdrard, Directeur de cet Institut. (Paris : 
Gauthier- Villars, 189a) 

T he author of this book says in his preface that when 
he took charge of the classes in electric technology 
at Lidge he felt the want of a text-book which would give 
a clear and definite account of electrical phenomena 
without requiring more extensive mathematical knowledge 
than his pupils might be expected to possess. We think 
that ih ^is respect the experience of most teachers of 
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electricity will coincide with that of M. Gdrard. There 
are very few text-books on electricity in which the happy 
mean between utter vagueness and methods requiring the 
use of high mathematical knowledge has been hit ; this, 
however, has been done so successfully in the book before 
us, that we think the difficulty to which we have just 
alluded will be almost removed. In this book we have 
the main outlines of electricity explained in language at 
once intelligible and precise, and without introducing 
more mathematics than every student of the subject ought 
to be competent to follow. In a subject like electricity, 
where forces have to be compared, the geometrical 
properties of bodies of various shapes utilized, &c., it is 
evident that if any numerical results at all ^re to be 
attained, some mathematics must be introduced ; the 
question as to how much mathematical knowledge 
should be expected of students who, as a working 
hypothesis, may be assumed not to have any special 
aptitude for that study is one on which opinions will 
differ. For our part, we think that, even regarding it solely 
from the point of view of the engineer or physicist, such 
students ought to be advised to acquire an elementary 
knowledge of the differential and integral calculus ; the 
possession of this knowledge will make many parts df the 
subject easy which without it would be difficult, and the 
time spent in acquiring the mathematics will be much 
more than saved in the time spent over the physics. In 
the book before us the mathematics are as plain and 
straightforward as possible. At the same time, M. Gdrard, 
very wisely we think, does not scruple to use the elements 
of the differential and integral calculus. 

The work contains more than 500 pages, of which about 
200 are devoted to the theory of Dynamos. The re- 
mainder consists of an exceedingly clear and accurate 
description of electrical phenomena, the subject through- 
out being treated from Maxwell’s point of view. The 
book is brought well up to date, and contains an account 
of most of the recent researches in electricity and mag- 
netism ; we think, however, it would have been improved 
by references to the places of publication of the original 
papers in which these researches are described, so that a 
student who wishes for a more detailed description than 
could be given in an elementary text-book might be able 
to refer to the original authorities for himself. 

A most excellent feature of the book is that M. Gdrard 
does not treat the subject as if an investigation was com- 
plete when it had led to a relation between a number of 
symbols. He applies the equations he gets to actual cases, 
and thus familiarizes the student with the magnitude of 
the quantities with which he is dealing. He commences 
the book with Sir William Thomson’s maxim, which is so 
excellent in physics, though its application to other 
subjects might possibly cause consternation, that “we 
cannot understand a phenomenon until we can express it 
in numbers,” and he acts up to the spirit of this maxim 
all through the book. 

The book is well and clearly printed, and the author 
has realized the fact that it is more important that the 
diagrams in a text-book of physics should be explanatory 
than that they should be elegant. 

There are one or two points which we think might be 
corrected in a new edition, which we are sure will soop 
be required. The deformation of dielectrics under elec- 
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trie forces, which is cited as a proof of Maxwell’s theory 
of stress in the medium, is rather an obstacle than a 
support to the theory, as some dielectrics are strained in 
one way, and others in the opposite, while, on Maxwell's 
theory, the strain should all be of one kind. The state- 
ment on p. 97, that the sparking distance increases very 
much more rapidly than the increase in the difference of 
potential between the electrodes, should have been limited 
to the case where the electrodes are pointed ; it is not 
true when the dimensions of the electrodes are large 
compared with the sparking distance. The proof of the 
expression for the electromotive force due to induction, 
on p. 170, does not seem to us to be sound : and the 
method dT measuring the coefficient of self-induction of 
a coil was really invented by Maxwell, and given by him in 
his paper on the “ Dynamics of the Electric Field,” though 
it is not in the “ Electricity and Magnetism.” 

We must, in conclusion, congratulate the author on 
having written one of the best treatises on elementary 
physics which it has ever been our good fortune to read. 

J. J. T. 

THE ART OF PAPER-MAKING. 

The Art of Paper-Making. By Alexander Watt. 

(London : Crosby Lockwood and Son, 1890.) 

T H E author of this work, in the preface, expresses bis 
thanks to certain gentlemen who have been good 
enough to conduct him through their mills and explain 
to him the various operations performed therein. From 
this we gather that the author is not only not a practical 
paper-maker, but that, up to the time of writing the book, 
he had but a limited and general knowledge of the sub- 
ject. These conclusions are amply Justihed by a perusal 
of the book. This want of practical knowledge can 
hardly be wondered at, as the writer is already an 
authority on such widely different subjects as soap- 
making, leather manufacture, electro-metallurgy, electro- 
deposition, &c. 

On the other hand, there is evidence that on the whole 
the author has devoted some considerable time to the 
reading up of his subject, though in many cases he has 
not consulted the latest authorities. For example, in 
speaking of the properties of cellulose, he quotes the 
opinions expressed by Mr. Arnot in his Cantor Lectures 
for 1877, since which time several additions have been 
made to our knowledge. We should have preferred to 
see more space devoted to this branch of the subject, as 
on the proper understanding of the properties of cellulose 
the scientihe manufacture of paper depends. 

Some of the statements with regard to cellulose are 
inaccurate and misleading, as for example, that ** hydro- 
chloric acid converts it into a fine powder without alter- 
ing its composition,” and again, that “ nitric acid forms 
substitution products of various degrees, according to the 
strength of acid employed.” As a matter of fact, ordinary 
nitric acid does not form nitro-substitution products with 
cellulose. “ 

Under the head of the “ Recognition of Vegetable 
Fibres by the Microscope,” esparto — perhaps the most 
- importaht raw material used in this country — is not even 
mentioned. The author’s descriptions of the various 
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mechanical appliances used in paper-making are, with 
one or two exceptions, accurate and fairly complete. In 
edescribing the chemical processes involved, however, the 
author occasionally gets out of his depth. For instance, 
he recommends certain qualities of rags to be boiled with 
30 per cent, of caustic soda. At first we thought this was 
a misprint for 3 per cent., but on referring to the source 
of the information, we found that the author had quoted 
correctly. Again, we are told that the neutralization of 
chlorine in pulp by hyposulphite, which the author says 
is sometimes called thiosulph/te, is effected when the 
liquor ceases to redden litmus paper. 

In giving directions for the sizing of paper, the author 
appears to have left out a number of decimal points. 
According to him 100 parts of pulp require 10-12 parts 
of rosin, and 20-30 parts of starch, and from 30-50 
parts of kaolin. In the interest of the consumer it is 
satisfactory to know that such numbers are impossible. 

In the chapter containing directions for the testing of 
alkalies, alum, &c., the following extraordinary statement 
^occurs : “ There are two principal methods of analyzing 
or assaying alkalies by means of the test acid — namely, 
volumetric, or by volume, and gravimetric, or by weight, 
in which a specific gravity bottle, capable of holding 
exactly 1000 grains of distilled water, is used.” 

Another instance of looseness of style occurs in the 
statement that the proportion of caustic soda per cwt. of 
rags varies to the extent of from 5 to 10 per cent, of the 
former to each cwt. of the latter.” 

The general plan of the book also shows want of care- 
ful preparation ; for example under the head of “ Action 
of Acids on Cellulose,” the author discusses the action of 
the strongly alkaline solution of cuprammonium. 

In speaking of the origin of the wood-pulp process, the 
author champions the right of his father to be regarded 
as the pioneer. Similarly, with regard to electrolytic 
bleaching, we are told that the modern Hermite process, 
which has been successfully applied to the bleaching of 
paper pulp, is the outcome of an invention patented by 
his brother in 1851. It is perfectly true that in this 
patent the electrolysis of chlorides was claimed, but this 
in no way diminishes the credit due to those who have 
based on this principle a practical and successful manu- 
facturing process. 

OUR BOOK SHELF. 

A Contribution to the Natural History of Scarlatina, 
derived from Observations on the London Epidemic of 
1887-88. By D. Astley Gresswell, M.A., M.D. Oxon. 
(Oxford : Clarendon Press, 1890.) 

This volume constitutes Dr. Gresswfell’s dissertation for 
the degree of Doctor of Medicine at Oxford, and is pub- 
lished *‘a8 a mark of distinction ” by the University. It 
is the result of some six months clinical work at the 
South-Western Fever Hospital of the Metropolitan 
Asylums Board, and the author is to be congratulated 
alike upon the large number of carefully recorded ob- 
servations which he has made, and upon the evidence 
his book affords of his careful sttfdy of the literature of 
scft t*l^t i n 

Between September 1887 and February 1888 Dr. Gress- 
well had chai;ge of nearly 600 fever patients, and the 
statistical tables with which his treatise abounds are thus 
based on no inconsiderable number of cases. Aftei some 
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general considerations with respect to the disease, certain 
special symptoms are passed in review, particular atten* 
tion being devoted to their relation to season. Then 
follows an exhaustive discussion of scarlatinal albuminuria. 
Perhaps the most striking fact brought out in the book is 
the contrast presented in regard to this symptom between 
the patients admitted during October and November, and 
those admitted during December and January. While 
albumen was discovered previous to getting up for the 
first time ” in only rather more than 50 per cent, of the 
latter group of cases, it was found in every such case 
investigated in the two earlier months. This universal 
occurrence of albuminuria in the first three weeks of the 
disease, during, the height of the epidemic, is eminently 
noteworthy ; as Dr. Gresswell says, it could not have been 

a mere casual incident of pyrexial origin,” nor could he 
account for it by differences of sex, age, stage of illness 
on admission, or treatment. All observers of the scarla- 
tina of the latter half of 1887 seem to have been impressed 
with the unusually frequent occurrence of albumen in the 
urine. Dr. Sweeting referred it to overcrowding; Dr. 
Gresswell inclines to consider it as accounted for by the 
change in the character of the disease during the progress 
of the epidemic. 

Although the chapter on “ postural albuminuria ” is of 
considerable interest, much of its subject-matter is not ^ 
immediately connected with the natural history of scarla- 
tina, while an important question like secondary sore 
throat is very briefly dealt with. T wo cases of “ reversio 
eruptionis” are quoted, but in one, as Dr. Gresswell 
admits, ..there is but scant evidence that the child had 
scarlatina on admission. 

Attention is particularly devoted throughout to the 
variations in the phenomena of the disease in their rela- 
tion to season, and the concluding section of the work 
contains some interesting suggestions with regard to this 
topic. The author upholds the view that variations in 
the life-history of the micro-organism of scarlatina lie at 
the root of the matter, but surely he goes rather far afield 
when he alludes to the possibility of the “ interfertilization 
of different kinds of microbes." 

The hope may be entertained that Dr. Gresswell will 
not lack imitators in selecting this particular branch of 
study as the subject of dissertation for the M.D. degree. 
There is abundant scope for research at the Asylums 
Board hospitals, and if the work be as full of interest as 
it is in the example before us, it cannot fail to redound to 
the credit of the worker. 

Z,g Soleil; les £,toiles. By Gabriel DalleL (Paris : 

P'irmin-Didot et Cie., 1890.) 

Thk chapters on the constellations, in this work, are 
of a very comprehensive character. That devoted to a 
description of instruments of observation contains a fair 
amount of useful information, whilst tables of parallaxes 
and proper motions, double and variable stars, and other 
interesting objects visible in our hemisphere, compiled 
from the British Association Catalogue, Connaissance des 
Temps, and L’Annuaire du Bureau des Longitudes, axe 
plentifully and properly Histributed throughout, and 
render the work what it purports to be, an “ Astronomie 
Pratique." The aruthor is, however, evidently not at 
home when writing on spectroscopy, and is considerably 
behind the recent developments in that branch of 
astronomy. As an example of this deficiency we would 
cite his assertion that the spectrum of the Orion nebula 
consists 'of three bright lines, as discovered by Dr. 
Huggins in 1864, although recent observations have 
increased the humber visible to nine, and the photo- 
graphic spectrum shows many times this amount. 

The author seems &lso to have very vague ideas 
as to the origin of the universe. He says Notre 
soleil et ses plan&tes ont dfi se trouver au centre 
d’une n^buleuse, mais la mati&re cosmique qui la 
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formait comprenait une varidtd considerable d'dldments 
chimiques qui ne se prdsentent pas dans nebuleuses pro- 
prement dites" ; a conclusion which leads him to write * 
*‘Nous pouvons dire avec M. Huggins que les ndbu- 
leuses k spectre gazeux sont des syst^mes ayant une 
structure et une organisation k part, et qui sont d’un ordre 
different de celui dont notre soleil, avec ses plan^tes, 
faisait partie dans la ndbuleuse primitive"; although 
in justice to Dr. Huggins it should be said that he 
has now rejected the convi^ction that “the nebulas 
which give a gaseous spectrum are systems possessing a 
structure, and a purpose in relation to the universe, alto- 
gether distinct and of another order from the great group 
of cosmical bodies to which our sun and the fixed stars 
belong.” 

Little spectroscopy other than this is included in the 
work, observations of sun-spots and prominences being 
mainly considered from a pictorial point of vieva There 
is no doubt, however, that the twelve maps of the heavens 
will be of service to amateur astronomers, and that the 
ninety-three illustrations are in general well chosen. We 
should be glad, therefore, to see the slight inaccuracies 
that we have indicated eliminated in a future edition. 

Father Perry, F.R.S. By Aloysius L. Cortie, S.J. 

(London ; The Catholic Truth Society, 1890.) 

The author of this little book was a friend of the late 
Father Perry, and is, therefore, most capable of writing a 
sketch of his life and work, and few lives could aQbrd 
more of the material which makes such a sketch 
interesting. 

The programme of work undertaken . by the deceased 
astronomer ten years ago at Stonyhurst College Observa- 
tory was comprehensive. It included the daily drawing 
of the sun when possible, the measurement of the depth 
of the chromosphere, the heights of prominences, and 
observations of sun-spot spectra, and this programme 
was faithfully adhered to up to the time of his death. 
The method of obtaining the drawings of sun-spots 
which have appeared in the Memoirs of the Royal 
Astronomical Society is described, and the reproduction 
of two of the largest spots shows how much can be 
effected by means of the pencil. These drawings are of 
great importance, and supplement solar photographs. 
The main object in making them was to throw light upon 
the theories of the mode of formation of spots, and to 
find, if possible, the clue to the connection between 
terrestrial magnetism and solar activity. This discussion 
however, was cut short by death. 

A copy of the photograph of the solar corona, from the 
observation of which Father Perry was carried to his 
death-bed, testifies more than volumes of words to the 
character of the man whose life is before u^, and the 
long list of published papers and the expeditions in 
which he took part speak of his industry. A few of 
his notes on faculae and veiled spots are appended, and 
render this volume of 112 pages something more than a 
biography. 

Prodomus F^una Mediterranece sive Descriptio Ani- 
malium marts Mediterranei incolarum quam comparata 
silva rerum quatenus innotuit adjectis locis et nomini- 
bus vulgaribus eorumque auctoribus in commodum 
Zoologorum congessit Julius Victor Carus. Vol. I. 
Pars II., Vol. II., Pars I. (Stuttgart: E. Schweizer- 
bart’sehe Verlagshandlung.) 

Some five years ago we welcomed the appearance of the 
first part of Prof. J. Victor Carus’s “Prodomus Faunae 
Mediterraneae " (Nature, vol. xxxi. p. 201) ; ’since then, 
two additional parts have been published. The second 
completes vol. i., and contains the Arthropods ; it was 
published early in 1885. The third part, the first of 
vol. ii., was published late in last year, and contains the 
Brachiostomata and Mollusca. 
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Beyond the record of the appearance of these parts, 
and the expression of our hope that the author will 
speedily hasten the completion of his work, the useful- 
ness of which will be greatly increased thereby, we have 
nothing to add to our previous notice. 


LETTERS TO THE EDITOR. 

\Thi Editor does not hold himself responsible for opinions ex^ 
pressed by his correspondents. Neither can lu undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications. "X 

Spiny Plants in New Zealand. 

In Mr.eWallace’s recent work on Darwinism,’* reference is 
made to the absence of spiny and prickly plants in oceanic ’ 
islands in disproof of Prof. Geddes’s theory tnat spines are an 
indication of the ebbing vitality of a species. Mr. Hemsley’s 
remarks on the subject are quoted, and an explanation of the 
occurrence of spines in our only species of Rubus and in 
Aciphylla is ^iven. In regard to the former it is stated (p. 433, 
colonial edition) : — ** In New Zealand the prickly Rubus is a 
leafless trailing plant, and its prickles are probably a protection 
against the large snails of the country, several of which have 
shells from two to three and a half inches long.*’ The explana- 
tion seems to me to be a very unsatisfactory one, and indeed to 
be quite incorrect. The snails referred to {Placostylis bovinus^ 
Paryphanta Busbyi^ and P. Hochstetteri) are very uncommon ; 

I do not know that they occur at all in the South Island. The 
Rubus^ on the other band, is everywhere a most abundant and 
aggressive plant, springing up especially in bush clearings, whether 
made by Are or by the axe alone. It is also incorrect to speak 
of it as a leafless trailing plant. Sir Joseph Hooker, who is the 
first authority on the New Zealand flora, has united all the forms 
of Rubus found in these islands into one polymorphic species, 
and even the most inveterate species- makers have never yet 
successfully disputed his dictum. It must, however, be acknow- 
ledged that t^ur if not five very distinct varieties are included 
under the common name of Rubus australis. Of these only the 
variety cissoides of the ** Flora Novse-Zealandiae " is leafless, its 
leaves being reduced to prickly midribs. All the other forms are 
leafy, some densely so, and these are by far the most abundant. 

The true explanation of the prickles is most probably that they 
serve as climbing organs. No doubt all the developments of 
the epidermis in the larger species of the genus Rubus served 
primarily for protection against grazing animals. This is 
evidently the case in the common raspberry. But even in the 
various forms of the European blackberry or bramble, the 
prickles seem to help the plants in their scrambling growth to 
overtop those shrubs among which they grow. This is very 
evidently the case with our New Zealand bramble, or ** bush- 
lawyer,” as it is suggestively termed. It is a plant which grows 
espwecially at the edges of the bush or in clearings, and it quickly 
climbs over the plants among which it lives. If we take hold of 
a petiole (the stems have no prickles) we find it provided on the 
under side with a line of strong prickles, all curved downwards 
so as to give them good holding power. Their catch is further 
improved by the sharp bend in a direction opposite to their curva- 
ture which the petiole and petiolules take. One has only to 
attempt to pull a ** lawyer ” down from the plant on which it is 
climbing to see that the snail-hypothesis is not th6 correct one. 

Any explanation of the formidiably spinous leaves of Aciphylla 
is at the best hypothetical. Perhaps the theory that they may 
have gained their spines to prevent them from being trodden 
down or eaten by the Moas, is as good as any other. In a paper 
on the origin of the New Zealand flora, published in vol. xiv. 
of the Transactions of the N.Z. Institute, I have made reference 
(p. 496) to the scarcity of spiny and prickly planta It is there 
snown that in cases where such defensive modifications occur 
the plants are either wide-spread in their distribution, having 
probably, before spreading into these islands, acquired their 
characters in other regions where they were of service ; or that 
they belong to genera having extensive distribution. I have also 
pointed out that in pungent-leaved plants, such as species of 
Leucopogon^ Archeria^ &c., the strictly endemic species have lost 
« the pungent tips. The same remark holds as to the barbed 
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spines oi Accena^ which serve to distribute the seeds, probably by 
mamm^ian agency. Of the seven described species two have a 
wide distribution outside of these islands, and have strong barbs. 
Two endemic species have the barbs not so well developed, 
while in the other three species — ^also endemic — they are wanting 
altogether. 

Can anyone offer any suggestion as to the formidable nature 
of the stinging-hairs of our common nettle — Urtica ferox ? In 
U. incisa and U. australis the stinging-hairs are few in number 
and feeble in their urticating properties. But U. ferox is a 
species confined, as far as I know, to these islands, and it has 
developed a formidable array of large and very poisonous hairs. 
It is worthy of remark that though so strongly protected in one 
direction it is particularly liable to insect attacks, it being often 
very difficult to find a perfect leaf. I cannot suggest any adequate 
explanation. Geo. M. Thomson. 

Dunedin, N.Z., May 14. 

Drowned Atolls. 

As Captain Wharton speaks of the Macclesfield Bank as the 
so-called ‘^drowned atoll” of the China Seas, it may be in- 
teresting to note that in the recent survey of it there were found 
no less than 15 genera, including 27 species, of living corals 
growing in depths from 21 to 44 fathoms, the dredge at each 
haul always bringing up living specimens, and of these only four 
were found growing on the more shallow rim of the Tizard 
Bank. ^ P. W. Bassett-Smith. 


As my opinion is that all the submerged atolls are in vigorous 
growth, I concur, of course, in Mr. Bassett-Smith’s view, in the 
paragraph above, that the term drowned,” as indicating 
dead,^’ is a misnomer ; and I inserted the words ** so-called ^ 
to express this. The examination of the Macclesfield and 
Tizard Banks strongly supports this view. 

W. J. L. Wharton. 


The Essex Bagshots. 

Mr. H. W. Monckton has done good service in calling the 
attention of geologists to the section through Brentwood Com- 
mon (Nature, vol. xliL p. 198) ; and I am glad to say that I 
entirely agree with the interpretation of the section which he has 
suggested. The classification of all these beds as Lower 
Bagshot ” is in fact but a repetition of the error committed in 
former years in the Newbury country (see Q.y.G.S.^ vol. xliv. 
pp. 178, 179). Lithological and paIseontol<^ical evidence now 
concur to prove what seemed to me in the highest degree 
probable when the discovery of fossils in the Bagshot Beds at 
Frieming was announced in the new edition of the ** Geology 
of London ” last year, and what I suggested on general grounds 
three years ago (see Geological Magazine^ March 1887, p. 115) ; 
namely, that in the Essex area there is an attenuation of the 
lower sands implying a transgressive relation of the ** Bagshots ” 
to the London Clay, such as has been shown by me {Q-y.G.S.^ 
vols. xliii. and xliv.) to occur along the northern margin of the 
Bagshot area from Englefield Green to Farley Hill, south of 
Reading. A Irving. 

Wellington College, Berks, June 30. 


A Remarkable Appearance in the Sky. 

The remarkable appearance in the sky noted by your 
correspondent in Nature of June 26 {pT x^), as observed in 
Sussex, on night of 17th inst, was also well seen here. I enclose 
sketches which afford an approximate idea of the phenomenon 
as observed on both the xytb and 25th insU The former wa» 
the first, conspicuous , occurrence here this season of those 
‘luminous boreal night-clouds,” of which sketches have been 
forwarded to Nature by the writer for some years past, but 
from another locality of residence at a higher elevation. This 
may account for failure of earlier observation during the present 
year. The luminous' forms have become less definite, the out- 
lines being faint and nebulous, ai contrasted with the bright 
and definite cirro-form cloudlets seen when first noted, at con- 
siderably higher altitudes above the northern horizon. 

Kensington, June 28. . D. J. Row An. 



July 3, 1890] 


NATURE 


22; 


DARKEST AFRICA.^ 

T T would be out of place in these pages to discuss Mr. 
^ Stanley’s remarkable narrative of a remarkable expe- 
dition so far as the main purpose of that expedition is 
concerned. It is nearly four years since the interest in tho 
position and fate of Emin Pasha reached its height in this 
country. The pages of Nature and the columns of the 
daily press of the time will afford evidence of the uni- 
versality and intensity of that interest, and of the reality 
of the belief that Emin and his people were in imminent 
danger of being exterminated by the Mahdists. Mr. 
Stanley insists on the ideal of Emin’s conduct and character 
which was universally accepted at the time, as those of 
a hero who, in the face of danger and at the risk of death, 
loyally clung to his post and remained faithful to his duty 
and the people who regarded him as their leader and 
chief. As a man who had during his twelve years’ sojourn 
in the Equatorial provinces made large contributions to 
science, the scientific world was naturally interested in 
his safety. Substantial evidence of what Emin has done 
for science may be seen in our own Natural History 
Museum. To rescue and relieve the pioneer of science 
and of civilization was the one object of the Expedition 
with the leadership of which Mr. Stanley was entrusted. 
It is evident from his narrative that the object was ever 
before his eyes, and that all else was subordinate 
Through dangers innumerable and sufferings that might 
have daunted all but the boldest and truest spirits, the 
purpose for which the Expedition was organized was 
accomplished. Emin and all of his people who cared to 
accompany him were rescued, and that just in time ; for, 
according to the latest reports, the Mahdists are now 
swarming on the shores of Albert Nyanza. That Emin 
presented himself to Mr. Stanley in a light somewhat 
different from the ideal ; that the Governor was reluctant 
to leave ; that most of his people were disloyal and de- 
moralized wretches who might have been left to the 
tender mercies of the Mahdi, with whom they could 
easily have made terms ; that there were other features 
about the expedition that may leave room for criticism, 
do not affect the general result. Mr. Stanley has once more 
proved his supremacy as a man of action, as a leader whose 
single aim is to accomplish what be undertakes. Even 
were Emin as full of blemjshes as he is represented in 
Mr. Stanley’s narrative, no one need regret the Expedi- 
tion sent to his relief ; it has helped to keep alive the 
sentiments of chivalry and humanity in the midst of a 
civilization in danger of becoming too materialistic, 
and given opportunity for the exercise of those noble 
qualities which make us proud of our race. 

The truth is that no two men could be more dissimilar 
in character and conduct than are Emin and Mr. Stanley. 
They seem quite incapable of understanding each other ; 
the one has no sympathy with the other’s pursuits. 
Stanley is, before everything, a man of action, who goes 
direct to the accomplishment of whatever purpose he un- 
dertakes : Emin is a student of Nature, a man of science, 
who, by force of circumstance, had become ruler of a 
province, and military leader. As a man of science he 
may be too much given to \naking allowances to be fitted 
for a post where quickness of decision and rapidity of 
action were necessary, and where he had to deal with 
people with whom force was the only remedy. Whatever 
may be his weaknesses, science at least cannot regret the 
rescue of one of her most devoted disciples. With all 
Mr. Stanley’s apparent contempt for science and her 
students, he himself has been one of her most successful 
pioneers. 

. It is hard to say whence Mr. Stanley has obtained his 
notion of the character of scientific men ; and we are not 
disposed to take his verdict too seriously, when we re- 

^ Darkeic Africa: or tho Quest, Roscue, and Retreat of Emin, 
Governor of Eqiiatoria.'* By Henry M. Stanley. Two Vols. (London : 
Sampson Low and Co., 1890 ) 
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member the circumstances under which his book was 
I written, and the many irritating conditions to which he 
I had without doubt been subjected by the conduct of 
' Emin and his people. The most satisfactory feature 
about the passage in which he flouts at science and its 
votaries is its inconsistency. This and other passages 
in his book, in which Mr. Stanley deals with science, only 
show that be is not equally strong all round ; that, not- 
withstanding the valuable contributions he has made to 
science in this and his previous writings, he himself is 
not largely endowed with the Scientific spirit. 

While we are disposed to be critical, may we refer to 
one or two other passages in Mr. Stanley’s book which 
seem to us to show that he had not quite recovered that 
equanimity which was so bitterly tried, even down to the 
arrival at Bagamoyo ? Speaking of the fine race of the 
Wahuma, he scoffs at “ some philological nidderings ” 
for classing them and many other tribes in Gpntral and 
South Africa under the common name of Bantu, which, 
as he truly tells us, simply means men. If Mr. Stanley 
intends by this to protest against the implication that, be- 
cause a variety of peoples speak a certain type of language, 
therefore they must all be of common descent, he is 
quite justified. But that the languages over a large area 
of Central and South Africa have all a certain family 
likeness there can be little doubt ; and the term Bantu is 
quite as useful as any other to express this fact. Possibly 
Mr. Stanley might be able to suggest a better term. In 
his chapter on the tribes of the grass land, where the 
fine Wahuma race is dominant, Mr. Stanley has some 
most suggestive and interesting remarks on the various 
types of African peoples, and on the immigration which 
must have taken place at an early period from Asia into 
Africa. In its ethnology, as in so many other respects, 
this strange continent presents many puzzles for the 
student of science to solve. Mr. Stanley’s recent journey 
was, to a large extent, through the borderland which 
forms a sort of meeting-ground for various types of 
peoples ; and the contributions he has made to ethnology 
will cover a multitude of flouts at science and its votaries. 
The many interesting details he gives concerning the 
pigmies that pestered his column so much on its march 
through the forest form one of the most prominent 
features of bis narrative. Prof. Flower has so recently 
(Nature, vol. xxxviii. pp. 44 et seg.) fully discussed the 
whole subject of pigpny races, that we need only refer the 
reader to Mr. Stanley’s pages in confirmation of Prof. 
Flower’s views. In his own graphic and peculiar way, 
Mr. Stanley claims a high antiquity for these tiny folks ; 
and in this he is supported by the evidence adduced by 
Prof. Flower. Mr. Stanley himself, on his greatest 
journey of all, heard of these pigpnies about the great 
bend of the Congo ; on his last joufney he found the 
forest swarming with them. Outside the sunless gloom 
of the forest they pine and die. They are naturally 
timid, and continually on the offensive against all comers. 
But when treated kindly they become devoted to their 
benefactors, and serve them faithfully even to their own 
hurt. Full details of the various dimensions of these 
pigmies ar^ given from Emin’s notes (vol. ii. p. 150) ; 
but we may quote here what Mr. Stanley says about the 
first of these pigmies whom he had an opportunity of 
inspecting. A man and a woman were brought to 
him at the Avatiko plantation, on the Ituri. The man 
was apparently about 21. Mr. Bonny conscientiously 
measured him, with the following result : — 

“ Height, 4 ft. ; round head, 2oi in. ; from chin to back 
top of head, 24^ in. ; round chest, 2 si in. | round abdomen, 
27I in. ; round hips, 22^ in. ; round wrist, 4i in. ; round 
muscle of left arm, gi in. ; round ankle, 7 in. ; round calf 
of leg, 79 in. ; length of index finger, 2 in. ; len|;th of right 
hand, 4 in. ; length of foot, 6i in. ; length of leg, 22 in. ; 
length of back, iS^ in. ; arm to tip of finger, 19I in. 

“ This was the first full-grown man we had seen. His 
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colour was coppery ; the fell over the body was almost 
furry, being nearly half an inch in length. His head- 
dress was a bonnet of a priestly form, decorated with a 
bunch of parrot feathers ; it was either a gift or had been 
stolen. A broad strip of bark covered his nakedness. 
His hands were very delicate, and attracted attention by 
their unwashed appearance.” 

The chapter on the forest in the second volume, 
abounds with information concerning the various tribes 
which inhabit the forest ^^region. There is a family 
likeness among all the varieties. With regard to the 
pigmies, Mr. Stanley maintains there are two distinct 
types (Uatwa and Wambutti), which differ as much 
from each other as a Turk would from a Scandinavian. 
The Batwa have longish heads and long narrow faces, 
reddish small eyes, set close together, which give them a 
somewhat ferrety look, sour, anxious, and querulous. The 
Wambuttf have round faces, gazelle-like eyes, set far 
apart, open foreheads, which give one an impression 
of undisguised frankness, and are of a rich, yellow, ivory 
complexion. The Wambutti occupy the southern half of 
the Ituri region, the Batwa the northern, and extend south- 
easterly to the Awamba forest on both banks of the 
Semliki river, and east of the Ituri. The women are 


agriculturists and the men hunters. Though their 
nomad habits are often annoying to the forest tribes 
of larger make, yet the latter find the pigmies exceed- 
ingly useful as scouts who give warning of the approach 
«of the enemy. As might have been expected, the forest 
peonies are all of lighter complexion than the inhabitants 
of the open grass lands. With regard to the poison of the 
arrows of these pigmies, Mr. Stanley does not insist so- 
strongly on its insect origin as he did in his letter to 
the Royal Geographical Society. The poison, he states, 
seems to be made from a species of arum. It is evident 
from these allusions that Mr. Stanley’s contributions to a 
knowledge of the ethnology of the region are of great 
interest ; indeed, they entitle him to be classed among 
those students of science whom he professes to despise. 

The great forest, in which so much of the time of the 
Expedition was spent, and which entailed upon it so much 
suffering and so many losses, pervades the whole work ; 
and one might even trace its depressing influences upon 
Mr. Stanley’s style in the earlier chapters of the book. 
There are several points of great scientific interest con- 
nected with the forest. Mr. Stanley refers to Prof. Drum- * 
mond in terms unnecessarily severe, because in his book 
on “ Tropical Africa” he describes the type of African 
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foiest as quite different from that of Brazil. But Prof. 
Drummond can only be taken as referring to that part of 
Africa with which he is perfectly familiar, the Lake 
Nyassa region, where as in East Africa generally the 
“ forest ” is of the open park-like character, with dense 
patches here and there. But the fact is, we are apt to 
forget that Africa is a great continent covering some 
1 1 million square miles, and that its surface presents a 
great variety of features. Here is how Mr. Stanley puts 
it : — ' 

“ Nyassaland is not Africa, but itself. Neither can we 
call the wilderness of Masai Land, or the scrub-covered 
deserts of Kalahari, or the rolling grass land of Usukuma, 
or the thin forests of Unyamwezi, or the ochreous acacia- 
covered area of Ugogo, anything but sections of a conti- 
nent that boasts many zones. Africa is about three times 
greater than Europe in its extent, and is infinitely more 
varied. You have the desert of deserts in the Sahara, 
you have the steppes of Eastern Russia in Masai Land 
and parts of South Africa, you have the Castilian uplands 
in Unyamwezi, you have the best parts of France repre- 
sentea by Egypt, you have Switzerland in Ukonju and 
Toro, the Alps in Ruwenzori — you have Brazil in the 
'Congo basin, the Amazon in the Congo River, and its 

^ KO. 1079, VOL. 42] 


immense forests rivalled by the Central African forest 
which 1 am about to describe. 

“ The greatest length of this forest, that is from near 
Kabambarrd in South Manyuema to Bagbomo on the 
Welle-Makua in West Niam-niam, is 621 miles ; its aver- 
age breadth is 517 miles, which makes a compact square 
area of 321,057 square miles. This is exclusive of the 
forest areas separated or penetrated into by cainpo-like 
reaches of grass land, or of ^le broad belts of timber 
which fill the lower levels of each great river basin like 
the Lumani, Lulungu, Welle-Mubangi, and the parent 
river from Bolobo to the Loika River. ' 

The Congo and the Aruwimi Rivers enabled us to 
penetrate this vast area of primeval woods a consider- 
able length. I only mean to treat, therefore, of that 
portion which extends from ’Yambuya in 25° 3V E. L. 
to Indesura, 29” 59' 326} English miles in a straight 
line.” 

Mr. Stanley’s description of an African tropical forest 
is also worth quoting : — 

“ Imagine the whole of France and the Iberian penin- 
sula closely packed with trees varying from 20 to 180 feet 
high, whose crowns of foliage interlace and prevent any 
view of the sky and sun, and each tree from a few inches 
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to four feet in diameter. Then from tree to tree run amoma, aiid dwarf bush ; but if the lightningr, as 
cables from two inches to fifteen inches in diameter, up frequently happens, has severed the crown of a proud 
and down in loops and festoons and W’s and badly- tree, and let in the sunlight, or split a giant down to its 
formed M’s ; fold them round the trees in great tight coils, roots, or scorched it dead, or a tornado has been uproot- 
until they have run up the entire height, like endless ^ ing a few trees, then the race for air and light has caused 
anacondas; let them flower and leaf luxuriantly, and mix a multitude of baby trees to rush upward — crowded, 
up above with the foliage of the trees to hide the sun, crushing, and treading upon and strangling one another, 
then from the highest branches let fall the ends of the until the whole is one impervious bush, 
cables reaching near to the ground by hundreds with “ But the average forest is a mixture of these scenes, 
frayed extremities, for these represent the air roots of the There will probably be groups pf fifty trees standing like 
Epiphytes ; let slender cor^s hang down also in tassels columns of a cathedral, grey and solemn in the twilight, 
with open thread- work at the ends. Work others through and in the midst there will be a naked and gaunt patriarch, 
and through these as confusedly as possible, and pendent bleached white, and around it will have grown a young 
from branch to branch — with absolute disregard of community, each young tree clambering upward to become 
material, and at every fork and on every horizontal heir to the area of light and sunshine once occupied 
branch plant cabbage-like lichens of the largest kind, and by the sire. The law of primogeniture reigns here 
broad spear-leaved plants — these would represent the also.” 

elephant-eared plant— and orchids and clusters of vege- What is the real extent of the continuous forSst area ? 
table marvels, and a drapery of delicate ferns which Is the forest of Mr. Du Chaillu in the Ogowd region, and 
abound. Now cover tree, branch, twig, and creeper with that in which Livingstone wandered between Tanganyika 
a thick moss like a green fur. Whqre the forest is com- and Nyangwd, really part of the same great forest through 
pact as described above, we may not do more than cover which the Ituri flows? The two slave-raiding parties 
the ground closely with a thick crop of phrynia, and which Mr. Stanley met on the Ituri, and which had come 



View of the South End of Albert Nyanxa. 

north from Kibongd on the Upper Congo, journeyed overlapped into one continuous forest. With the rapidly 
through dense forest tQe whole way, meeting with not a progressing opening-up of Africa, this is a problem that 
patch of open grass. That the forest may be almost con- cannot remain long unsolved. At the same time it should 
tinuous from about Nyangwd to the Ituri, and for some be remembered that even in . the Amazonian basin the 
distance northwards, is probable enough. But that there forest is by no means continuous, but gives way in many 
is one continuous forest from the Lower Ogowd to the places to great stretches of open land, 
plateau above Lake Albert is highly improbable. Indeed, Mr. Stanley was here in what is probably the rainiest 
from the observations of l^e Brazza and of Mr. Stanley region of all Africa. ^ yjVe were at first disposed to believe 
himself on the Lower Congo, and in the country between that most of the moisture found its way westwards from 
that and the Ogowd, we know that there does exist much the Indian Ocean. But this is a point on which Mr. Stanley 
open country the/e. Even in the region with which made many careful observations, and his conclusion that 
Mr. Stanley specially deals — the region along the Ituri the great rain-bearing winds come from the Atlantic must 
and to the north and south — it must be remembered that meantime be accepted. At the same time it is to be 
it has been traversed only along one or two lines. Con- hoped that the Government of the Congo Free State will 
sidering the close network of rivers which characterize establish a ' series of observing-stations over as wide an 
the region, it is probable enough that over a very great area as possible, and so collect data which will be useful 
area we have one dense forest. Readers of Schweinfurth, not only to science, but of service to its own economic 
Emin, and Junker, will remember the “gallery” forests interests. One ^reat service rendered by Emin Pasha 
which they describe to the north ana north-east of was the dajly senes of observations which he parried on 
Mr. Stanley’s route ; forests lining the banks of the rivers, at Lado for several years, and which render that station 
and stretching for several miles from their banks. It may the one place in Central Africa for which we have trust- 
be, then, that in the Ituri region, with its many rivers, we worthy meteorological data. Emin carried on his obser- 
have a series of gallery forests which have coalesced or vations during the whole period he was with Mr. Stanley, 
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down to Bagamoyo, and it is to be hoped that these 
will one day be given to the world. 

About the prevailing plateau character of the whole 
country traversed by Mr. Stanley there can be no doubt. 
.Some of its remarkable features are well brought out in' 
many of the fine illustrations which adorn the book. The 
importance of this feature in the opening up of the centre 
of the continent under the guidance of Europeans is 
evident. The magnificent grassy plateau between Lake 
Albert and the edge of {he forest, where the Expedition 
lived' many weeks while waiting for Emin and his people, 
seems really a fine country from this point of view. What 
could be accomplished by partially clearing the forest 
may be seen from the planting operations at Fort Bodo, 
where Lieutenant Stairs and Dr. Parke lived for many 
months, and where they grew large crops of maize, i 
bananas, tobacco, and other cultures. Here is a descrip- j 


tion of the country as seen from the plateau above Lake 
Albert : — 

“ Yesterday Jephson and I had examined the summits 
of the bills, and in one of the hollows we had discovered 
tree ferns, standing eight feet high, with stalks eight inches 
in diameter. We also brought with us a few purple 
flowering heliotropes, aloes, and rock ferns for the Pasha. 
All this has inspired him with a desire to investigate the 
flora for himself. 

“ These hills have an altitude varying from 5400 to 
5600 feet above the sea. The folds and hollows between 
these hills are here and there somewhat picturesque, 
though on account of the late grass burnings they are not 
at their best just now. Each of the hollows has its own 
clear water rillet, and along their courses are bamboos, 
tree ferns, small palms, and bush, much of which is in 
flower. From the lively singing of the birds I heard 



Ruwenzori : from Karimi* (From a Photograph.) 


yesterday, it was thought likely this insatiable collector 
might be able to add to his store of stuffed giant-larks, 
thrushes, bee-eaters, sun-birds, large pigeons, &c. Only 
four specimens were obtained, and the Pasha is not 
happy. 

“ In a bowl-like basin, rimmed around by rugged and 
bare rocks, 1 saw a level terrace a mile and a half long by 
a mile wide, green as a teqnis lawn. Round about the 
foot of this terrace ran a clear rivulet, through a thick 
bank of woods, the tops of which just came to the level 
of the terrace. It has been the nicest site for a mission 
or a community of white men that 1 have seen for a long 
time. The altitude was 5500 feet above the sea. From 
the crest of the rocky bills encircling it we may obtain a 
view covering 3000 square miles of one of the most 
gloriously beautiful lands in the world. Pisgah, sixty 
mile» westward, dominates all eminences and ridges in 
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the direction of the forest world; Ruwenzori, 18,000 to 
19,000, white with perpetual snow, eighty miles off, bounds 
the view south ; to the east 'the eye looks far over the 
country of Unyoro ; and north-east lies the length of the 
Albert Nyanza.” ‘ 

The instructive map prepared by Stanford from Mr. 
Stanley’s observations affords an excellent idea of the 
physical features of the region traversed, and Especially 
of the new features to the. south of Lake Albert. This 
is even more strikingly brought out in the bird’s-eye view 
of the region presented iii one of the plates. The sudden 
fall from the plateau dowrn to the level of Lake Albert, 
over 2000 feet, is remarkable.. It is not quite so marked 
on the southern lake, which is not so much of the nature 
of a ravine ; it may be because the lake has much dimin- 
ished in size. That both lakes have greatly shrunk is 
evident ; but that they ever formed one lake is a point 




July 3, 1890] 


NA TURE 


that can only be established bjr a series of careful obser- lying peaks, like Gordon Bennett and Mackinnon, east 
rations. The same may be said as to the real nature of and north-east. Both it and Lake Albert Edward stfe 
the change of level ; is it permanent, or is it only of the surrounded by a range or escarpment, 5500 to 6500 feet 
nature of an oscillation of level, as is the case with other high. Stretching all the way south-east almost to the 
African lakes ? What, again, are the forces which have borders of Lake Victoria Nyanza, the table-land is much 
been at work to produce these lake-chasms, and raise cut up by ravines, sometimes assuming a cahon-like 
the magnificent mountain-mass of Ritwenzori ? It may well shape, and marked here and there with peaks like 
be that the same forces have been at the bottom of both Mfumbiro, 10,000 feet. On the Semliki itself, which 
features, though possibly not in the precise fashion that joins Lakes Albert and Albert Edward, we find a fomst, 
Mr. Stanley would seem to indicate. There is here, very similar to that on the Ituri, stretching some little 
evidently, a splendid field for geological research, and distance up the lower slopes of aRnwenzori. The follow- 
science has therefore every reason to wish that all this ing description of the Semliki forest is worth quoting:-^ 
region may soon be restored to civilizing influences — “ About a mile from Mtarega the grassy strip to which 

included, if possible, within the sphere of the British we had clung in preference was ended, the forest had 
East African Company. The volcanic mountain-mass of marched across the breadth of the Semliki Valley, and 
Ruwenzori, with its many snow-covered peaks and deeply had absorbed the Ruwenzori slopes to a height of seven 
scored sides, really covers a considerable area, with out- thousand feet above us, and whether we would or no, we 
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had to enter the doleful shades again. But then the per- 
fection of a tropical forest was around us. It even eclipsed 
the Ituri Valley in the variety of plants and general 
sappiness. There were clumps of palms, there were 
giant tree-ferns, tl^re were wild bananas, and tall, stately 
trees all coated with thick green moss from top to root, 
impenetrable thickets of broad-leafed plants, and beads 
of moisture everywhere, besides tiny rillets oozing out 
every few yards from under the matted tangle of vivid 
green and bedewed undergrowth. It was the best speci- 
men of a tropical conservatory I had ever seen. It could 
not be excelled if art had lent its aid to improve nature. 
In every tree-fork and along the great horizontal branches 
grew the loveliest ferns and lichens ; the elephant-ear by 
the dozen, the orchids in close fellowship, and the bright 
green moss had formed soft circular cushions about them, 
and on almost every fibre there trembled a clear water- 
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drop, and everything was bathed by a most humid atmo- 
sphere. The reason of all this was not far to seek ; there 
! were three hot-water wrings, the temperature of which 
' was 102®. 't'his tract of forest was also in the cosiest fold 
of the snow mountains, and whatever heat a hot sun 
furnished on this place was long retained.” 

Mr. Stanley may be said in this expedition to have put 
the final touch to the definite delimitation of the Congo 
and the Nile basins. It looks only a few steps from the 
sources of the Ituri and its feeders, which go to swell the 
Congo, to the edge of the escarpment whose feet are 
lapped by the waters of Lake Albert, which sends its 
tribute to the Nile. That the Southern Muta Nzige 
(Lake Albert Edward) belongs to the Nile and not 
to the Congo system is finally proved. Mr. Stanley, 
who seems to have been still in a fighting mood while 
he was writing his boolc at Cairo, severely castigates the 
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map-makers for ignoring the work of the cartographers t^ere can be no doubt that the Ptolemaic maps of Africa 
of ancient times. We need not quarrel with his manner bear some distant resemblance to reality. But. all be- 
of opening up a subject of great interest. What werc^ came much exaggerated as time went on. The maps 
the relations of Egypt> and therefore of ancient Europe, of Africa became overcrowded with features the authority 
with Central Africa r It is certainly a noteworthy fact for which it was impossible to find out ;• the ** Moun- 
that, even in the oldest maps (whatever was the real tains of the Moon ” stretched themselves right across the 
nature of these maps), we find the Nile coming out of continent. That snowy Ruwenzori, Kilimanjaro, and 
two lakes, and we find a range of mountains somewhere Kenia formed the original nucleus out of which these 
in the neighbourhood, called the Mountains of the Moon, mountains were evolved there can be little doubt. But 
It is not to be supimsed that the people of Africa were, modern discoveries have proved how unlike the maps of 
less restless in ancient (imes than they are now, nor Africa, before d'Anville swept them clean, were to the 
that the Egyptians did not make eiforts to find out where reality, and how essential it was to make a new start, 
their great river came from. Expeditions into the heart No one has done more than Mr. Stanley himself to fill 
of Africa we read of in Herodotus and elsewhere. How* the map of Africa with authentic features, 
ever the knowledge came — probably obtained through Mr. Stanley’s pages teem with facts and suggestions of 
traders or from natives brought down as slaves to Egypt — interest to science ; we have only touched upon a few of 


f 
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the more prominent topics referred to in the work. Here, 
for example, are some curious data with regard to the 
distribution of malaria : — ^ 

** On the plateau of Kavalli and Undussuma, Messrs. 
Jephson, Parke, and myself were successively prostrated 
by fever, and the average level of the land was over 
4500 feet above the sea. 

“ On descending to the Nyanza plain, 2500 feet lower, 
we were again laid up with fierce attacks. 

** At Banana Point, which is at sea*Ieve], ague is only 
too common.^ 

“ At Borna^ 80 feet higher, the ague is more common 
still. * 

“ At Vivi, there were more cases than elsewhere, and 
the station was about 250 feet higher than Boma, and not 
a swamp-was near it * 
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“At Stanley Pool, about 1100 teet above sea-level, fever 
of a pernicious fonn was prevalent 

“ While ascending the Congo with the wind astern we 
were unusually exempted from ague. . 

“ But descending the Upper Congo, facing the wind; we 
were smitten with most severe forms of it. 

“ While ascending the Aruwimi we seldom thought of 
African fever, but descending it in danoes, meeting the 
wind currents, and carried towards it by river*flow and 
paddle, we were speedily made aware that acclimatization 
is slow. 

“ Therefore it is proved that from o to 5000 feet above 
the sea there is no immunity from fever and ague ; that 
over forty miles of lake water between a camp and the 
other shore are no positive protection ; that a thousand 
miles of river course ma^ serve as a flue to convey 
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tnalaria in a concentrated form ; that if there is a thick 
screen of primeval forest or a grove of plantains between 
the dwelling-place and a large- clearing or open country 
there is only^ danger of the local malaria around the 
dwelling, which might be rendered harmless by the 
slightest attention to the system ; but in the open country 
neither a house nor a tent is sufficient protection, since 
the air enters by the doors of the house, and under the 
flaps, and through the ventilators to poison the inmates. 

^ Hence we may infer that trees, tall shrubbery, a high 
wall or close screen interposed between the dwelling- 
place and the wind currents will mitigate their malarial 
influence, and the inmate will only be subjected to local 
exhalations. 

*^£min Pasha informed me that he always took a 
mosquito curtain with him, as he believed that it was 
an excellent protector against miasmatic exhalations of 
the night. 

Question, might not a respirator attached to a veil, or 
face screen of muslin, assist in mitigating malarious 
eflects when the traveller finds himself in open regions?’' 

As a matter of fact, we believe a veil or a mosquito 
curtain is found a useful preventive in malarial regions. 

Mr. Stanley gives some natural history notes which he 
obtained from Emin. Here, for example, is a statement 
which he gives in Emin’s own words, but which notwith- 
standing is somewhat astounding : — 

“ The forest of Msongwa is infested with a large tribe 
of chimpanzees. In summer-time, at night, they frequently 
visit the plantations of Mswa Station to steal the fruit. 
But wh^t is remarkable about this is the fact that they 
use torches to light the way ! Had I not witnessed this 
extraordinary spectacle personally, I should never, have 
credited that any of the Simians understood the art of 
making fire. 

** One of these same chimpanzees stole a native drum 
from the station, and went away pounding merrily on it. 
They evidently delight in that drum, for I have frequently 
heard them rattling away at it in the silence of the night.” 

The importance of this fact with regard to fire-using 
(it is not stated that they are fire-making) chimpanzees 
need not be pointed out. We cannot doubt the accuracy 
of Mr. Stanley’s report, nor the trustworthiness of Emin’s 
observation ; but we should like to have more details. 

Great expectations have beeii formed of Mr. Stanley’s 
narrative of one of the most remarkable African expedi- 


subsequent experiments confirm this hypothesis. The 
theory very briefly is as follows : — From all parts of the 
incandescent carbon loop, but chiefly from the negative 
Iqpr, carbon molecules are being projected which carry 
«idth them, or are charged with, negative electricity. I 
will in a few moments make a suggestion to you which 
may point to a possible hjrpothesis on the manner in which 
the molecules acquire this negative charge. Supposing 
this, however, to be the case, and that the bulb is filled 
with these negatively-charged molecules, what would be 
the result of introducing into their midst a conductor such 
as this middle metal plate which is charged positively ? 
Obviously, they would all be attracted to it and discharge 
against it. Suppose the positive charge of this conductor 
to be continually renewed, and the negatively-charged 
molecules continually supplied, which conditions can be 
obtained by connecting the middle plate to the positive 
electrode of the lamp, the obvious result will b 9 to pro- 
duce a current of electricity flowing through the wire or 
galvanometer, by means of which this middle plate is 
connected to the positive electrode of the lamp. If, 
however, the middle plate is connected to the negative 
electrode of the lamp, the negatively-charged molecules 
can give up no charge to it, and produce no current in the 
interpolated galvanometer. We see that on this assump- 
tion the effect must necessarily be diminished by any 
arrangement which prevents these negatively-charged 
molecules from being shot off the negative leg or from 



Fic. 8* — Collecting plate placed at end of a tube, x8 inches ia length, 
opening out of the bulb. 


tions on record. These expectations have not been dis- 
appointed. The reader who merely seeks for the 
excitement of adventure will find what he seeks in almost 
every page. We have written enough to prove that the 
student of science and the geographer will find the narra- 
tive teeming with novel and suggestive facts. There are 
no doubt a few marks of haste and fatigue on the part of 
the author ; but the work is altogether worthy of Mr. 
Stanley’s brilliant record, and entitles him, let us once 
more say, to be ranked among the foremost pioneers of 
science in “ Darkest Africa.” 

By the courtesy of Messrs. Sampson Low and Co. we 
are able to give a few specimens of the 150 illustra- 
tions which add so much to tne beauty and value of the 
book, which from the point of view of get-up is entirely 
creditable to all condbmed. J. S. K. 


PROBLEMS IN THE PHYSICS OF AN 


striking against the middle plate. Another obvious 
corollary from this theo^ is that the ** Edison effect ’’ 
should be annihilated ir the metal collecting plate is 
placed at a distance from the negative leg much greater 
than the mean free path of the molecules. - 

' Here are some experiments which confirm this deduction. 
In this bulb (Fig. 8) the metal collecting plate, which is 
to be connected through the galvanometer with the 
positive terminal of the lamp, is placed at the end of a 
long tube opening out of and forming part of the bulb. 
We find the ** Edison effect ” is entirely absent, and that 
the galvanometer current is zero. We have, as it were, 
placed our target at such a distance that the longest range 
molecular bullets cannot hit it, or, at least, but very few 
of them do so. Here again is a lamp in which the plate 
‘s placed at the extremity of a tube opening out of the 
bulb, but bent at right angles (Fig. 9). We find in this 
case, as first discovered by Mr. Preece, that there is no 
** Edison eflfect.” Our molecular marksman cannot shoot 


ELECTRIC LAMP.^ 


A T this sta^e it will perhaps be most convenient to 
outline briefly the beginnings of a theory proposed to 
reconcile these facts, and leave you to judge how far the 

' Fridav Evening Diicoune delivered at the Royal Inatitutidh by Prof. 
J. A. Fleming, M.A., D.Sc., on February 14, 1890. Continued from p. aot. 


round a comer. None of the negatively chafed mole- 
cules can reach the plate, although that plate is placed at 
a distance not greater than would suffice to produce the 
effect if the bend were straightened out. Folloyving out 
our hypothesis into its consequences would lead us to 
conclude that the material of which the plate is made is 
without influence on the result, and this is found to be 
he case. Many of the foregoing facts were established 
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by Mr. Preece as far back as 1885, and I have myself 
abundantly confirmed his results. 

We should expect also to find that the larger we make 
our plate, and the nearer we bring it to the negative leg 
of the carbon, the greater will be the current produced in 
a circuit connecting this plate to the positive terminal of 
the lamp. 1 have before me a lamp with a large plate 
placed very near the negative leg of the carbon of a lamp, 
and we find that we can collect enough current front these 
molecular charges to wojrk a telegraph relay and ring an 
electric bell. The current which is now working this 
relay is made up of the charges collected by the plate 
from the negatively charged carbon molecules which are 
projected against it from the negative leg, across the 
highly perfect vacuum. I have tried experiments with 
lamps in which the collecting plate is placed in all kinds 
of positions, and has various forms, some of which are 
here, and are represented in the diagrams before you ; 
but the results may all be summed up by saying that the 
greatest effects are produced when the collecting plate is 
as near as possible to the base of the negative end of the 
loops, and, as far as possible, incloses, without touching, 
the carbon conductor. Time will not permit me to make 
more than a passing reference to the fact that the magni- 
tude of the current flowing through the galvanometer 
when connected between the middle plate and the posi-jj 
dve terminal of the lamp often “jumps ” from a low to a 
high value, or vice versA^ in a remarkable manner, and 



Fig. 9. '—Collecting plate placed at end of an elbow tube opening out of the 

bulb. 

that this sudden change in the current can be produced 
by bringing strong magnets near the outside of the bulb. 

Let us now follow out into some other consequences 
this hypothesis that the interior of the bulb of a glow- 
lamp when in action is populated by flying crowds of 
carTOn atoms all carrying a negative charge of electricity. 
Suppose we connect our middle collecting plate with some 
external reservoir of electric energjr, such as a Leyden 
jar, or with a condenser equivalent in capacity to many 
hundreds of Leyden' jars, and let the side of the condenser 
which is charged positively be first placed^ in connection 
through a galvanometer with the middle plate (see Fig. 10), 
whilst the negative side is placed in connection with the 
earth. Here is a condenser of two microfarads capacity 
so charged and connected. Note what happens when I 
complete the circuit and illuminate the lamp by passing 
the current through its filament.. The condenser is at 
once discharged. If, however, we repeat, the same ex- 
periment with the sole difference that the n^atively 
chatged side of the condenser is in connection with the 
midme plate then .there is no discharge. The expei;j- 
mental results may be regarded from- another point of 
view. Jn order that the condenser may be. discharged as 
in; the first case, it is essential that the negatively charged 
fi^jOf .t^ condenser s^ll be in connection wifh some. 
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part of the circuit of the incandescent carbon loop. This 
experiment with the condenser discharged by the lamp 
may be then looked upon as an arrangement in which the 
plates of a charged condenser are connected respectively 
to an incandescent carbon loop and to a cool metal plate, 
both being inclosed in a highly vacuous space, and it 
appears that when the incandescent conductor is the 
negative electrode of this arrangement the discharge 
takes place, but not when the cooler metal plate is the 
negative electrode of the charged condenser. The nega- 
tive charge of the condenser can be carried across the 



Fig. 10.— Charged condenser c discharged by middle plate M, when the 
positively cnarged side of condenser is in connection with the plate and 
other side to earth e, 

vacuous space from the hot carbon to the colder metal 
plate, but not in the reverse direction. 

This experimental result led me to examine the con- 
dition of the vacuous space between the middle metal 
plate and the negative leg of the carbon loop in the case 
of the lamp employed in our first exi^nment. Let us 
return for a moment to that lamp. I join the galvano- 
meter between the middle plate and the negative terminal 
of the lamp, and find, as before, no indication of a current. 
The metal plate and the negative terminal of the lamp 



Fig. iz.— -Current from Clark cell Ck beina fent across vacuous space 
• between negative leg of carbon and middle plate M. Posliive pole of 
cell in connection wiui plate m through galvanometer 

are at the same electrical potentiaL In the circuit of the 
galvanometer we will insert'a single galvanic cell having 
an electromotive force of rather over one volt. In the., 
first place let that cell be so inserted that its negative pole 
is in connection with the middle plate, and its. positive 
pole in connection throus^ Uie galvanometer with the 
negative terminal of the liunp (see Fig. 1 1). Reg^arding 
the:circuit of that, cell alon^ we find that it consists of- 
the cell itself, the galvanometer wire, and that half-inch 
Of highly vacuous space .between the hot carbon conductor 



July 3, 1890] 


NA TURE 


231 


and the middle plate. In that circuit the cell cannot send 
any sensible current at all, as it is at the present moment 
connected up. But if we reverse the direction of the cell 
so that its positive pole is in connection with the middle 
plate, the galvanometer at once gives indications of a 
very sensible current. This highly vacuous space, lying 
between the middle metal plate on the one hand, and the 
incandescent carbon on the other, possesses a kind of 
unilateral conductivity, in that it will allow the current 
from a single galvanic cell to pass one way but not the 
other. It is a very old and familiar fact that in order to 
send a current from a battery through a highly rarefied 
gas by means of metal electrodes, the electromotive force 
of the battery must exceed a certain value. Here, how- 
ever, we have indication that if the negative electrode by 
which that current seeks to enter the vacuous space is 
made incandescent the current will pass at a very much 
lower electromotive force than if the electrode is not so 
heated. 

A little consideration of the foregoing exj^riments led 
to the conclusion that in the original experiment, as de- 
vised by Mr. Edison, .if we could by any means vender 
the middle plate very hot, we should get a current flowing 
through a galvanometer when it is connected between the 
middle plate and the negative electrode of the carbon. 
This experiment can be tried in the manner now to be 
shown. Here is a bulb (Fig. 12) having in it two carbon 



Fig. 12. — Experiment showing that when the “ middle plate *' is a carbon 
loop rendered incandescent by insulated battery b, a current of negative 
electricity flows from m to the positive leg of main carbon c across the 
vacuum. 

loops ; one of these is of ordinary size, and will be 
rendered incandescent by the current from the mains. 
The other loop is very small, and will be heated by a 
well-insulated secondary battery. This smaller incan- 
descent loop shall be employed just as if it were a middle 
metal plate. It is, in fact, simply an incandescent middle 
conductor. On repeating the typical experiment with this 
arrangement, we find that the galvanometer indicates a 
current when connected between the middle loop arid 
either the positive the nerative terminal of the. main 
carbon. I have little doubt out that if we could render 
the platinum plate in our first-used lamp incandescent by 
concentrating on if from outside a powerful beam of 
radiant heat we should get the same result. 

A similar set of results can be arrived at by experi- 
ments with a bulb constructed like an ordinary vacuum 
tube, and having small carbon loops at each end instead 
of the usual platinum or aluminium wires. Such a tube 
is now before you (see Fig. 13), and will not allow the 
current from a few cells of a secondary battery to pass 
through it when the carbon loops are cold. If, however, 
by means of well-insulated secondary batteries we render 
both of the carbon loop electrodes highly incandescent, a 
single cell of a battery is sufficient to pass a very con- 
siderable current across that vacuous space, provided the 
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resistance of the rest of the circuit is not large. We may 
embrace the foregoing facts by saying that if the elec- 
trodes, but especially the negative electrode, which form 
the means of ingress and egress of a current into a vacu- 
ous space are capable of being rendered highly incan- 
descent, and if at that high temperature they are made to 
differ in electrical potential by the application of a very 
small electromotive force, we may get under these cir- 
cumstances a very sensible current through the rarefied 
gas. If the electrodes are cold a very much higher 
electromotive force will be necessary to begin the dis- 
charge or current through the space. These facts have 
been made the subject of elaborate investigation by 
Hittorf and Goldstein, and more recently by Elster and 
Geitel. It is to Hittorf that I believe we are indebted 
for the discovery of the fact that by heating the negative 
electrode we greatly reduce the apparent resistai^e of a 
vacuum. 

Permit me now to pave the way by some other experi- 
ments for a little more detailed outline of the manner in 
which I shall venture to suggest these negative molecular 
charges are bestowed. This is really the important 
matter to examine. In seeking for some probable ex- 
planation of the manner in which these wandering mole- 
cules of carbon in the glow-lamp bulb obtain their negative 
charges, I fall back for assistance upon some facts dis- 
covered by the late Prof. Guthrie. He showed some 
years ago new experiments on the relative powers of 
incandescent bodies for retaining positive and negative 
charges. One of the facts he brought forward ^ was that 



Fig. 13. — Vacuum tube havinjr carbon loop elcctrode.s, c c, at each end 
rendered incandescent by insulated batteries, 11, u*, showing current 
from Clark cell, Ck, passing through the high vacuum when the 
electrodes arc incandescent. 

a bright red-hot iron ball, well insulated, could be charged 
negatively, but could not retain for an instant a positive 
charge. He showed this fact in a way which it is very 
easy to repeat as a lecture experiment. Here is a gold- 
leaf electroscope, to which we will impart a positive 
charge of electricity, and project the image of its divergent 
leaves on the screen. A poker, the tip of which has been 
made brightly red-hot, is placed so that its incandescent 
end is about an inch from the knob of the electroscope. 
No discharge takes place. Discharging the electroscope 
with my finger, I give it a small charge of negative elec- 
tricity, and replace the poker in the same position. The 
gold leaves instantly collapse. Bear in mind that the ex- 
tremity of the poker, when brought in contiguity to the 
knob of the cliarged electroscope, becomes charged by 
induction with a charge of the opposite sign to that of the 
charge of the electroscope, and you will at once see that 
this experiment confirms Prof. Guthrie’s statement, for 
the negatively changed electroscope induces a positive 
charge on the incandescent iron, and this charge cannot 
be retained. If the induced charge on the poker is a 
negative charge, it is retained, and hence the positively 
charged electroscope is not discharged, but the negatively 
charged electroscope at once loses its chargf. Pass in 
imagination from iron balls to carbon molecules. We 
maynsk whether it is a legitimate assumption to suppose 
the same fact to hold good for them, and that a hot 

* “On a New Relation betweei? Elecirichy and Heat,” Pkil. Mmg., vol. 
jtlv. p. 308 (1873).' ■ 
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carbon molecule or small carbon mass Just detached from 
an incandescent surface behaves in the same way and 
has a greater grip for negative than for positive charge ? 
If this can possibly be assumed, we can complete our 
hypothesis as follows ; — Consider a carbon molecule or 
small collection of molecules just set free by the high 
temperature from the negative leg of the incandescent 
carbon horseshoe. This small carbon mass finds itself in 
the electrostatic field between the branches of the incan- 
descent carbon conductgr (see Fig. 14). It is acted upon 
inductively, and if it behaves like the hot^ iron ball in 
Prof. Guthrie’s experiment it loses its positive charge. 
The molecule then being charged negatively is repelled 
along the lines of electric force against the positive leg. 



Fig. 14.— Rough diagram illustrating a theory of the manner in which 
projected carbon molecules may acquire a negative charge. 

Tke forces moving it are electric forces, and the repetition 
of this action would cause a torrent of negatively-charged 
molecules to pour across from the negative to the positive 
side of the carbon horseshoe. If. we place a metal plate 
in their path, which is in conducting connection with the 
positive electrode of the lamp carbon, the negatively 
charged molecules will discharge themselves against it. 
A plate so placed may catch more or less of this stream 
of charged molecules which pour across between the heels 
of the carbon loop. There are many extraordinary facts, 
which as yet I have been able only imperfectly to explore, 
which relate to the sudden changes in the direction of the 
principal stream of these charged molecules, and to their 



Fig. 15. — Electric Arc projected by magnet against a third carbon, and 
showing a strong electric current flowing through a galvanometer, o, 
connected between the positive and this third carboia* 

guidance under the influence of magnetic forces. The 
above rough sketch of a theory must be taken for no 
more than it is worth, viz. as a working hypothesis to 
suggest further experiments. 

These experiments with incandescence lamps have pre- 
pared the way for me to exhibit to you some curious facts 
with respect to the electric arc, and which are analogous 
to those which we have passed in review. If a good 
electric ^rc is formed in the usual way, and if a third in- 
sulated carbon held at right angles to the other two is 
placed so that its tip just dips into the arc (see Fig. 15), 
we can show a similar series of experiments. It is rather 
more under control if we cause the arc to be jM’oJected 
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against the third carbon by means of a magnet. I have 
now formed on the screen an image of the carbon poles 
and the arc between them, in the usual way. Placing a 
magnet at the back of the arc, I cause the flame of the 
arc to be deflected laterally and to blow against a third 
insulated carbon held in it. There are three insulated 
wires attached respectively to the positive and to the 
negative carbons of the arc, and to the third or insulated 
carbon, the end of which dips into the flame of the arc 
projected by the magnet. On starting the arc this third 
carbon is instantly brought down to the same electrical 
potential as the negative carbon of the arc, and if I con- 
nect this galvanometer in between the negative carbon 
and the third or insulated carbon, I get, as you see, no 
indication of a current. Let me, however, change the 
connections and insert the circuit of my galvanometer in 
between the positive carbon of the arc and the middle 
carbon, and we find evidence, by the violent impulse given 
to the galvanometer, that there is a strong current flowing 
through it. The direction of this current is equivalent to 
a flow of negative electricity from the middle carbon 
through the galvanometer to the positive carbon of the 
arc. We have here, then, the “ Edison effect ” repeated 
with the electric arc. So strong is the current flowing in 
a circuit connecting the middle carbon with the positive 
carbon that I can, as you see, ring an electric bell and 
light a small incandescent lamp when these electric-current 



Fig. x 6. — Galvanometer g and battery b inserted in series bet^^een negative 
carbon of electric arc and a third carbon to show unilateral conductivity 
of the arc between the negative and third carbons. 

detectors are placed in connection with the positive and 
middle carbons. 

We also find that the flame-like projection of the arc 
between the negative carbon possesses a unilateral con- 
ductivity. I join this small secondary battery of fifteen 
cells in series with the galvanometer, and connect the two 
between the middle carbon and the negative carbon of 
the arc. Just as in the analogous experiment with the 
incandescent lamp, we find we can send negative elec- 
tricity along the flame of the arc one way but not the 
other. The secondary battery causes the galvanometer 
to indicate a current flowing through it |trhen its negative 
pole is in connection with the negative carbon of the arc 
(see Fig. 16), but not when its positive pole is in connec- 
tion with the negative carbon. On examining the third 
or middle carbon after it has been employed in this way 
for some time, we find that its extremi^ is cratered out 
and converted into graphitb, just as if it had been em- 
ployed as the positive carbon in forming an electric arc. 

Time forbids, me to indulge in any but the briefest re- 
marks on these experiments ; but one suggestion may be 
made, and that is that they seem to indicate that the 
chief movement of carbon molecules in the electric arc is 
from the negative to the positive carbon. The idea sug- 
gests itself that, after all, the cratering out of the positive 
carbon of the arc may be doe to a sand-blast-like action 
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of this torrent of negatively charged molecules which are 
projected from the negative carbon. If we employ a soft 
iron rod as our lateral pole, we find that, after enduring 
for some time the projection of the arc against it, it is 
converted at the extremity into steel. 

Into the fuller discussion as to the molecular actions 
going on in the arc, the source and nature of that which 
has been called the counter-electromotive force of the 
iirc, and the causes contributing to produce unsteadiness 
and hissing in the arc, I fear that I shall not be able to 
enter, but will content myself with the exhibition of one 
last experiment, which will show you that a high vacuum, 
or, indeed, any vacuum, is not necessary for the produc- 
tion of the “ Edison effect.” Here is a carbon horseshoe- 
shaped conductor, not inclosed in any receiver (see Fig. 
17). Close to the negative leg or branch, yet not touching 
it, we have adjusted a little metal plate. The sensitive 
galvanometer is connected between this metal plate and 
the base of the other or positive leg of this carbon arch. 



On sending a current through the carbon sufficient to 
bring it to bright incandescence, the galvanometer gives 
indications of a current flowing through it, and as long as 
the carbon endures, which is not, however, for many 
seconds, there is a current of electricity through it equi- 
valent to a flow of negative electricity from the plate 
through the galvanometer to the positive electrode of the 
carbon. The interposition of a thin sheet of mica be- 
tween the metal plate and the negative leg of the carbon 
loop entirely destroys the galvanometer current.* 

These experiments and brief expositions cover a very 
small portion of the ground which is properly included 
within the limits of my subject. Such fragments of it as 
we have been able to explore to-night will have made it 
clear that it is a region abounding in interesting facts and 
problems in molecular physics. The glow-lamp and the 
electric arc have revolutionized our methods of artificial 
lighting, but they present themselves also as subjects of 
scientific study, by no means yet exhausted of all that 
they have to teach. 


NOTES. I 

Prof. E. Ray Lankester^ F.R.S., has been elected 
Deputy Linacre Professor of Human and Comparative 
Anatomy, Oxford. ^ 

To-day a meeting will be held at the Mansion House in 
support of the International Congress of Hygiene and Demo- 
graphy, which is to be held in London in 1891. The Prince of 
Wales has consented to act as President of the forthcoming 
Congress ; and it is expected that the meetings will be '* of great 
magnitude and importance.” Many delegates have already 
been appointed, and other nominations are being received daily. 

It is necessary, therefore, that a definite organization should be 
formed, and that a fund should be raised for the defraying of 
expenses. 

*■ This last experiment is due to my assistant, Mr. A. H. Bate. 
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On Wednesday next, July 9, Prof* T. McKenny Hughes 
FsR.Se, will deliver a lecture in the saloon of the Mansion 
House on the question, ^*1$ there coal in the south-east of 
England ? ” The Lord Mayor will preside, and will be supported 
by the ‘‘Coal Search Committee.” This Committee has been 
formed for the purpose of taking steps to discover whether there 
really are good coal-fields in the south-east of England, and, 
if so, to what extent. It consists of scientific and commercial 
men, and their services are gratuituous. Among the members 
are Prof. Boyd Dawkins, Colonel Gochvin- Austen, Prof. A. ^H. 
Green, Dr. Henry Hicks, Mr. W, H. Hudleston, Prof. Edward 
Hull, Dr. A. Irving, Prof. J. W. Judd, Sir John Lubbock^ 
Prof. Meldola, Mr. F. W. Rudler, Prof W. J. Sollas, Mr. 
J. J. H. Teall, Mr. W. Topley, Mr. W. Whitaker, and Dr. 
H. Woodward. 

A NEW scientific Society (Die Deutsche zoologische Gesell- 
schaft, on the lines of the Anatomische Gesellschaft) has just 
been founded. Early in May, nine representatives of zoology in 
German Universities issued a circular inviting brother zoologists 
to unite in forming a Zoological Society. On May 28 a 
preliminary meeting was held at Frankf^urt, and zoologists 
from nearly a dozen German Universities were present. At 
present there are fifty-four members, and the next meeting is to 
btfheld on August I, when a President will be chosen. The 
invitations to this meeting will be issued early in July. Appli- 
cations for membership may be sent to Prof. Butschli (Heidel- 
berg), Prof. Victor Cams (Leipzig), or Prof. Spengcl (Giessenf. 
The foundation of this Society is a step in the right direction, 
and jit is to be hoped that the new Zoologische Gesellschaft will 
speedily become as cosmopolitan as the sister anatomical one. 

The Norwegian Storthing, by 73 votes against 39, has voted 
a grant of 200,000 kroner for Dr. Nansen's North Pole 
Expedition. 

The third summer meeting of University Extension and other 
students will be held at Oxford in August next. The meeting 
will be divided into two parts. The first part of the meeting 
will begin with an inaugural address by Prof. Max Muller at 
8.30 p.ro. on Friday, August I, and will end on Tuesday even- 
ing, August 12. The second part of the meeting will begin on 
Wednesday morning, August 13, and end on Tuesday evening, 
September 2, This period will be devoted to quiet study. 
The courses of lectures will be longer than those delivered 
during the first part of the meeting, and will deal in greater 
detail with the subjects then introduced. 

Sir Henry W. Acland has published a letter on “ Oxford 
and Modern Medicine.” It is addressed to Dr. James Andrew, 
and was printed originally for private circulation. In the 
preface the author expresses an earnest hope that “ the broad 
and yet precise study of material science and of nature may 
prosper at Oxford, as part of the whole rauge of University 
thought, and that in the haste for technical education our 
physicians may not be relegated as some now desire into a 
professional class or clique by themselves, but be as formerly a 
living part of the Whole of the scientific and literary University.” 

The third International Shorthand Congress will be held at 
Munich from August 7 to 17. The centenary of F. X. Gabels- 
berger, the originator of modern German shorthand, will be 
celebrated by those who attend the meetings, and a bronze 
statue of him will be unveiled. 

Accounts which have reached the Times from the Weatherby 
district, in Yorkshire, agree as to the occurrence of distinct 
earthquake shocks on Wednesday, June 25, about 16.30 p.m., 
and again on Thursday morning about four o’clock. Mr. John 
Emmet, of Boston Spa, sixteen miles from Leeds, states that 
shocks were experienced, not qply at Boston Spa, but at Wighill, 
Clifford, Thorp Arch, Weatherby, and other places, and he- 
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adds, ** Crockery was heard to shake, and some of it was broken. 
Those who had retired to bed felt their houses and beds shaking, 
and rushed into the street. . . Those who were abroad in the street 
had to lay hold of something to keep them from falling.** 

Messrs. Macmillan and Co. have nearly ready for pub- 
lication two works of great interest to students of ornithology, 
both of American origin. The first is a treatise on the Myology 
of the Raven,*’ intended as an introduction to the study of the 
muscular system in birds, by Dr. R. W. Shufeldt, of the Smith- 
sonian Institution. The second is a revised re-issue, in one , 
volume of convenient size, of the very valuable monographs on j 
field ornithology and on general ornithology which were prefixed . 
to Dr. Elliott Coues’s monumental ^'Key to North American j 
Birds.” Part I., on field ornithology, contains the necessary in- 
structions for the observation and collection of birds in the field, 
and for the preparation and preservation of specimens for scien- 
tific study. Part II. is a technical treatise on the classification, I 
the zoological characters, and the anatomical structure of the 
class of Birds, in which the examples cited in illustration of the 
principles of ornithology have for the most part been re-drawn 
by the author from British instead of American birds. 

Messrs. D. Marples and Co., Liverpool, have issued the 
presidential address delivered by the Rev. Henry H. Higgins 
at the meeting of the Museums Association, lately held at Liver- 
pool. In the course of the address he gives an interesting 
account of the principal kinds of fittings and apparatus used in 
the Liverpool Museum. 

Messrs. Mawson, Swan, and Morgan propose to issue a 
lithographed facsimile of an old manuscript volume of apothe- 
caries’ lore and household recipes, which was discovered some 
years ago amongst the papers belonging to the old firm of Gilpin 
and Company, chemists, Pilgrim Street, Newcastle. Careful 
examination, in which some of the curators of the British 
Museum have assisted, shows that the manuscript dates from 
about the time of Queen Elizabeth, additions having been 
made from time to time, in various handwritings, up to the 
middle of last century. 

Under the auspices of the Royal Dublin Society, and partially 
aided by the Goveniment, a scientific investigation of Irish fish- 
ing grounds is now being carried on upon the south-west and 
west coasts of Ireland. The Rev. W. Spotswood Green, 
Her Majesty’s Inspector of Fisheries, Dublin, and Prof. A. C. 
Haddon, of Dublin, organized the expedition, which is expected 
to last four or five months. The screw steamer Fingal^ of 
Glasgow, 160 tons register, chartered for the cruise, left Queens- 
town on May 7, having on board Mr. Green, Prof. Prince, Mr. 
T. H. Poole, of Cork, special surveyor to the expedition, 
and a crew of seamen experienced in trawl, net, and line fishing. 
Prof. Prince, who has conducted elaborate investigations upon 
the embryology of food-fishes at St. Andrews, and later on, 
Mr. E. W. L. Holt, also of St. Andrews Marine Laboratory, 
superintended the zoological department until Prof. Haddon was 
able to join the steamer. Dr. K. Scharff, of the Science and j 
Art Museum, Dublin, and other gentlemen have temporarily 
assisted on board. The Fingal has been specially fitted up for 
the work. Several beam trawls (including patent forms), a quantity 
of mackerel nets, thirteen miles of long lines, large tow-nets 
(after Prof. McIntosh’s pattern), microscopes and instruments for 
zoological and physical research, are included among the appli- 
ances. The coast from Cape Clear to Killybegs Bay (Donegal) has. 
already been traversed, and about thirty stations have been 
tested and results of value obtained. In the open sea and in 
inshore waters the eggs and larval stages of mackerel, ling, 
gurnard, haddock, turbot, witch, and other species of food-fishes 
have been obtained, and a great yariety of invertebrates, includ* 
ing soipe rare echinoderms, ahnelids, molluscs, &c.# have been 
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brought up in the dredge and trawl, the greatest depth tested up 
to this time being about lOO fathoms. The estuary of the 
Kenmare river, Dingle Bay, Smerwick, Birterburg, and 
Roundstone Bays, and the harbour of Clifden, proved to be 
very rich in invertebrate forms, specimens of Synapta inharens^ 
being abundant, while Bonelliai Friaptilus^ and many rare 
molluscs, Lyonsia^ Philine^ and various nudibranchs were 
procured. Copepods, larval crustaceans, medusse, echinoderms, 
and ascidians occurred in such quantities as to frequently cause 
great inconvenience. A fine example of Orthagoriscus mala, 
nearly 9 feet in dorso- ventral measurement, was shot by Mr. 
Green and secured, and the rare Pleuroncctid, Arnoglossus 
^qrohmanii^ was obtained in Clifden Harbour, the second speci- 
men captured in British seas. Deep-sea dredgings will be taken, 
and it is expected that the reports, to be presented at the end of 
the cruise to the Royal Dublin Society, to the Irish Fishery 
Department, and the Government, will be of unusual scientific 
interest. 

Some valuable notes on the progress of the coloured people 
of Maryland since the American civil war have been printed in 
the series of ** Johns Hopkins University Studies in Historical 
and Political Science.” The author is Dr. J. R. Brackett. He 
takes a more favourable view of the subject than is adopted by 
many American observers, and deprecates the idea of good 
citizens allowing the coloured people to be condemned before the 
testimony is all in, at a fair, unbiassed trial.” There are now a 
good many schools for coloured children, and conventions of 
coloured teachers are held. The most discouraging fact in 
connection with the progress that has been made is that every- 
thing has been gained by the energy of a few leaders. The 
coloured people, according to one of themselves, are ** too 
spasmodic” ; they are ** too prone to grow tired in well doing.” 

The Town Gardening Committee of the Manchester Field 
Naturalists’ Society, to which we lately alluded, has been 
vigorously prosecuting its work. The esplanade in front of the 
Manchester Infirmary and Albert Square, in which the Town 
Hall stands, are now decorated with seventy-five beautiful 
specimens of holly and aucuba, whose bright green leaves show 
up with good effect against the darkened stone of the neigh- 
bouring buildings. The plants have been placed in substantial 
but movable boxes 3 feet square and 4^ feet in height. The 
Parks Committee of the Manchester Corporation, of which 
Mr. Chesters- Thompson is chairman, has shown a laudable 
anxiety to carry out the plans suggested, and has contributed 
the greater part of the ;^Soo already spent by the two com- 
mittees on plants. It is hoped next year to carry on tree- 
planting on a large scale in the open spaces and streets of 
Manchester, and with a view to ensuring success under the ex- 
tremely unfavourable atmospheric conditions peculiar to the city, 
the Town Gardening Committee is occupied in collecting all 
information relating to the subject, and will shortly issue a 
pamphlet of recommendations to those actually engaged in the 
work. Dr. Bailey, of Owens ^College, will contribute an essay 
on the effect of noxious gases on plants, and Dr. Poisson, of the 
Museum in Paris, will send a detailed .acco unt of the progress 
and experience gained in tree-planting in French towns. 
Several of our most distinguished botanists have also consented 
to act as corresponding members of the committee. It is prob- 
able that the movement will spread rapidly over the north of 
England, as the committee has already received official and 
unofficial requests for hifonnation about the work from Liver- 
pool, Carlisle, Leek, and many other towns. The honorary 
secretary, Mn C. J. Oglesby (16 Kennedy Street, Albert 
Square, Manchester), will be . glad to receive additional in- 
formation from anyone who may have had experience in the 
cultivation of trees and plants in manufacturiug towns.. 
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Among the papers read at the closing meeting of the 
Royal Society, was one by Prof Ewing, of the Dundee 
College, entitled, ^•Contributions to the Molecular Theory of 
Induced Magnetism,’’ in which experiments of a novel and 
curious kind were described, leading to an important conclusion. 
Prof. Ewing has examined experimentally Weber’s theory of 
molecular magnets, according to which the molecules of iron 
are always magnets, which point anyhow in an unmagnetized 
piece, but are turned round to point one way when the iron is 
magnetized. It is well known that in the development of this 
theory by Maxwell and others there has been much difficulty in 
reconciling the results of the theory with what is known about 
the magnetic quality of iron and steel, and many arbitrary 
assumptions have been suggested in order to make the theory 
fit the facts. Prof. Ewing’s experiments have removed this 
difficulty, showing that no arbitrary assumptions are necessary, 
and that the known character of the magnetizing process may 
be deduced from the molecular theory in its simplest form. 
The experiments were made by means of a model in which a 
large number of small pivoted permanent magnets are grouped 
to represent the molecular structure of iron. When a magnetic 
field is applied, the action of the small magnets on one another 
makes them behave in a way that exactly agrees with the 
observed behaviour of a bar of solid iron when it is magnetized. 
The model exhibits all the variations of susceptibility which are 
known to take place, and explains how magnetic hysteresis 
occurs without anything like friction among the molecules. 

According to the Ceyloti Observer^ Mr. A. T. W. Marambe, 
of Kandy, the translator of Gulliver’s Travels” and the author of 
•• A Practical Synopsis of Ceylon History,” has in preparation 
a little work on the Veddah language. Many have attempted 
this task before, but without success. Besides Veddah songs, a 
description of habits and customs, &c., the book will have a 
completer list of words than has hitherto appeared. 

An exceptionally pretty and instructive series of new experi- 
ments, upon the action of carbon heated to whiteness in the 
electric arc on various gaseous compounds, are described in the 
current number of the Berichte by Prof. Lepsius, of Frankfurt. 
Perhaps the most important are a group of four experiments 
illustrating the relative combining powers of the four elements 
iodine, sulphur, phosphorus, and carbon. The apparatus em- 
ployed consists of a specially modified Hofmann eudiometer, one 
limb of which is 40 mm. in diameter and 300 mm. long, and the 
other longer limb narrower and furnished with a mercury reser- 
voir at its upper end. The wider limb, which is the reaction- 
tube, is furnished with a stop-cock at the top, and just below 
this are two tubuli through which the adjustable carbon poles are 
inserted. At the base of the wider limb a second stop-cock is 
placed so as to permit of the adjustment of the mercury. The 
gas to be experimented upon is introduced into the apparatus at 
the upper stop-cock by allowing mercury to run out at the base. 
Four such eudiometers are arranged in a row, and 100 c.c. of 
gas introduced into each. Into the first, hydriodic acid is intro- 
duced ; into the second, sulphuretted hydrogen ; into the thirdi 
phosphuretted hydrogen ; and into the fourth, marsh-gas. The 
gases thus stand at the«ame level in eadi of the four reaction- 
tubes. The current from a battery whose electromotive force 
should amount to 60-80 volts is* then^ allowed to pass between 
the carbon poles, which are, of coarse, in contact at first, and 
then gradually drawn away until the maximum arc is obtained. 
Each reaction may be performed separately, or all four may be 
allowed to proceed simultaneously by adopting an arrangement 
in multiple arc. In hydriodic acid the brilliant arc light is 
tinted a magnificent purple and the whole space above the 
mercury becomes filled with violet vapour of iodine. Notwith- 
standing the considerable heating effect of the discharge, the 
volume of gas perceptibly diminishes^ the liberated iodine 
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rapidly depositing in minute crystals upon the walls of 
the tube. So rapid, indeed, is the diminution in volume, 
that mercury requires to be i poured into the reservoir to 
prevent the entrance of air into the reaction-tube. In a very 
ftw minutes the reaction is complete, and the mercury ceases to 
rise. In sulphuretted hydrogen the light is coloured blue, end 
copious clouds of sulphur are produced, which settle upon the 
walls in the form of a white transparent coating. The volume 
of gas is considerably augmented, owing to the expansion by 
heat, and the reaction is likewise &>mpleted in a very brief 
space of time. In phosphuretted hydrogen the arc glows with a 
dazzling red light ; the volume visibly augments at a rapid rate, 
and red qlouds of phosphorus are thrown off, the glass walls 
being covered with red phosphorus, among which are to be 
found notable quantities of the ordinary yellow variety. The 
mercury attains its maximum height in the narrow limb in a 
minute at most from the moment of switching on the current. 
In the case of marsh-gas, the whiteness of the arc appears at first 
to be rendered more intense, and is surrounded by dense black 
clouds of carbon, which form a striking background. The upper 
part of the vessel, however, soon becomes covered with an opaque 
deposit, which perceptibly diminishes the brilliancy of the light. 
The volume appears to increase by leaps and bounds, and in a 
few seconds attains its maximum. At the end of the experi- 
ment, after cooling, the volume of hydrogen left in the first 
case is 50«.c., in the second too c.c., in the third 150 c.c., and 
in the fourth case 200 c.c., thus showing in a most strikihg 
manner that an atom of iodine combines with one atom of 
hydrogen, sulphur with two, phosphorus with three, and carbon 
with four atoms of hydrogem 

The additions to the Zoological Society’s Gardens during 
the past week include a Bosman’s Potto {Perodietieus potto) from 
West Africa, presented by Mr. P. S. S. Radcliffe ; a Harnessed 

Antelope {Tragelapkus seriptus d ), a Antelope (CVrp»V«/nz 

sp. in. i ), two Marabou Storks (Leptoptilus crumentferus) from 
Gambia, West Africa, presented by Dr. Percy Rendall ; an English 
Wild Bull (Bos taurus, van) from Chartley, Staffordshire, pre- 
sented by the Earl Ferrers j a Ring-tailed Coat! (Nasua rufa 9 ) 
from Buenos Ayres, presented by Mr. C. W. Blacklock ; two 
Tigers (Felts tigris 6 9) from India, presented by H.R.H. the 
Duke of Clarence and Avondale ; a Wedge-tailed Eagle (Aquila 
audax) from Australia, presented by Captain Salvin ; an Alligator 
(Alligator tnississippiemis) from the Mississippi, presented by 
Mr. Alexander Finlay ; two Nightingales (Daulias luscinia), 
British, presented by Mr. J. Young, F.Z.S. 


OUR ASTRONOMICAL COLUMN 
Objects foe the Spectroscope. 

Sidereal Time at Greenwidt at to p.m. on July 3 ** 
i6h. 47m. 29s. 
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f. . 

Mag. 

1 , Colour. 
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t 

Ded. 1890. 
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h. in. s. 
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37 
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13) IT Herculis 
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' Reddish-yellow. 
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3 i 

Yellow. 
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(4) ff Herculi'i 

3*4 

i Bluish-white. 

z6 56 6 

+31 5 

M 30a Schj< ... ‘ 

V BoOtis ... ... 1 

1 

1 8 

1 Very led. 

Reddish-yellow. 

17 23 *5 

-19 24 

Vnj. 

Z4 25 20 

+39 a* 


Remarks, 

(i) This is the planetary nebula famous in thtf history of 
astronomy as the first nebula which was examined by the spec- 
troscope. The nebula, though small, is remarkably bright, 
and the lines in its spectrum are at least as bright as those in 
the nebnla of : Orion. The ihree principal lines in the green, 
and the hydrogen line at G, are seen without any diffi^ty. 
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Vogel mapped two faint lines near X 518 and 554, but these 
require connrmation. With a lo-inch refractor I have had no 
great difficulty in glimpsing these fainter lines, but I was unable 
to confirm their positions. The line at 518 is very suggestive of 
carbon, and that at 554 of manganese, and, if possible, com- 
parisons with these substances should be made where a laige 
aperture is available. I have very little doubt also, from my 
own observations, that there are many lines between F and G. 
Another observation of importance will be that of the character 
of the brightest line. Observers differ very considerably on this 
point, some maintaining that it is perfectly sharp on both edges, 
aud others that it is soltei?ed off on the more refrangible edge. 
For this observation it is not desirable to use high dispersion. 
In the General Catalogue the nebula is described thus : — ** A 
planetary nebula ; very bright ; pretty small ; suddenly brighter 
in the middle to a very small nucleus.*’ Webb compares the 
telescopic appearance of the nebula with that of a star out of 
focus. 

(2) Vogel describes the spectrum of this star as a very fine 
one of fhe solar type (Class whereas Duner calls it Group 
II. According to the latter observer the banded spectrum is 
feebly developed, 2, 3, and 7 being very narrow, and the re- 
maining bands appearing only as lines. From these observa- 
tions it is not possible to say whether the star belongs to an 
early species ot the group or a late one. In either case the 
bands would be narrow, but if the star be at an early stage the 
bright carbon (lutings ought to be very manifest, and if at a late 
stage, there ought to be dark lines in addition to the narrow 
bands. Vogel may have mistaken the narrow bands for lines. ' 

(3 and 4) These are stars of the solar type and of Group IV. 
respectively. The usual detailed observations are required in 
each case. 

(5) This star, according to Duner, has a well-marked spec- 
trum of Group VI., the blue zone, however, being very feeble. 
The green and yellow zones are separated by a wide and dark 
band ; the bands 4 and 5 are not visible. Further details or 
peculiarities should be looked for. 

(6) This variable has a welbmarked spectrum of Group II. 
(Duner). The range is but small — 7 *0-9 *4 in a period of 
266 days — and it will be interesting to ascertain whether the 
bright hydrogen lines appear at maximum as in stars of greater 
range. Duner states that though the spectrum is not a very 
bright one, its characteristics are by no means difficult to 
observe. There will be a maximum about July 6. 

A. Fowler. 

Annular Eclipse of June 17.— The number of the Comptes 
rendus for June 23 contains observations of this eclipse made 
at various Observatories. The Emperor of Hrazil took the time 
of second contact at Nice Observatory ; MM. Charlois, Javelle, 
and Perrotin those of first and last contact. At Lyons Ob- 
servatory, M. Gonnessiat made some measures of the position- 
angle of the shadow. M. Trepied at Algiers succeeded in taking 
26 photographs, the times of first and last contact also being 
noted. The maximum of the eclipse was indicated on the 
curves of a self-registering thermometer by a fall in temperature 
of i*'4. Clouds prevented good observations at Meudon, but 
four photographs were taken by M. Trouvclot. M. de la 
Baume went from Meudon Observatory to Canea to observe the 
eclipse, and a telegram was received from him by M. Janssen 
stating that the weather was favourable, and that he had teen 
able to obtain photographs of the ring and of its spectrum. M. 
Janssen also noted that one of the objects of the expedition to 
Canea was to obtain a photographic spectrum of the annulus, in 
order to see if the spectrum of the extreme edge of the sun’s disk 
showed the bands of oxygen, and from the tele-gram received it 
seems probable that the question will be settled. The photo- 
graph s obtained at Meudon show the granular structure of the 
solar surface so well visible during an eclipse, and the granula- 
tion can be traced right up to the edge of the moon, thus 
affording another proof of the excessive rarity of the lunar 
atmosphere. 

Yarnall’s Star Catalogue.— The Catalogue of stars 
observed at the United States Naval Observatory during the 
^ars 1843 to 1877, and prepared for publication by Prof. M. 
Yarnall, has teen revised and corrected, and the stars re- 
number^ by Prof. Edgar Frisby. In preparing this edition a 
re-examination of all annonymous stars has been made ; the 
named stars have been compare;} with those of existing cata- 
logues, the names being changed whenever necessary, and new 
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names that existed previous to the publication of the Catalogue 
have teen supplied. The errata in previous editions, pointed 
out by Profs. Holden, Krueger, and Millosevich, and Dr. Peters, 
have also been corrected, and the many notes to the Catalogue 
referring to the mistakes in the second edition, and the changes 
that have been made, indicate that the task of revision has not 
been a light one. As the object of the revision was merelv for 
the purpose of correcting mistakes, no observations have been 
add^ or any unfinished observation completed, excepting such 
as were observed but omitted from the Catalogue, the apparent 
additions being found in some of the published volumes or in 
an unfinished state in the observing-books. The stars in the 
Catalogue have all been compared with standard catalogues as 
far as possible, and Prof. Frisby confidently believes that most 
of the mistakes have teen corrected. 

Photographs of the Surface of Mars. — Prof. W. H. 
Pickering, in the Tune number of the Sidereal Messenger^ makes 
some remarks on fourteen photographs of the planet Mars taken 
by Mr. Wilson. Seven negatives were taken on April 9, between 
22h. 56 iq. and 23lf. 4tm. G.M.T., and seven more were taken 
on April 10, between 23h. 20m. and 23h. 32m. Thus the same 
face of the planet was presented in teth cases. Distinct and 
identifiable spots and markings are well shown in all the photo- 
graphs, but in those taken on the latter date the white spot 
surrounding the south pole is seen considerablv larger. It has 
teen known for some years that the size of these polar spots 
varied gradually from time to time, apparently diminishing in 
the summer and increasing in the winter of their respective 
hemispheres. This, however, appears to be the first time that 
the precise date and approximate extent of one of these accessions 
has been observed. The appearances described are said to be 
so conspicuous upon each ot the fourteen photographs that no 
one who had once seen them would have any difficulty in 
deciding on which of the dates any particular plate was taken. 

Lightning Spectra. — Mr. W. E. Woods, of Washington, 
has used a Browning’s pocket spectroscope to study the spectrum 
of lightning during a thunderstorm {Sidereal Afessenger^ June 
1890). In several instances he observed what appeared to be 
bright lines superposed on a faint continuous spectrum ; and in 
eacn case, when tne continuous spectrum was bright enough to 
be seen, shaded (lutings were visible. It is, however, much to 
be regretted that no diagram or statement as to the approximate 
position of the lines and fluting is given. 


THE MARINE BIOLOGICAL ASSOCIATION. 

A T the annual general meeting of the Marine Biological Asso- 
ciation, held at the rooms of the Royal Society on Wednes- 
day, June 25, the following Report was submitted by the Council, 
and unanimously adopted. \Ve omit only the list of those who 
went as a deputation to the Chancellor of the Exchequer on 
May 15. 

The Council has met nine times during the past year, and 
the attendance has been fully up to the average of previous 
years. 

The business transacted by the Council has had reference — 

(1) To the maintenance and general efficiency of the 
Laboratory. 

(2) To the prosecution of special investigations on economic 
subjects. 

(3) To the financial position of the Association. 

(x) It was found necessary to alter the communications be- 
tween the storage reservoirs an^ the pumps of the Laboratory at 
Plymouth, and orders were given to Mfessrs. Leete, Edwards, 
and Norman, to supply a new valve-boa, connection-pipes, &c. 
The cost of these alterations has been considerable, but it is 
satisfactorv to note that the results have teen very beneficial, and 
have produced a marked improvement both in the working of 
the pnmjM and in the water in cirdilation. 

The Director reports that there was some little trouble over 
the sea- water in June and July 1889, during the hot weather, 
and during the alteratibns to the supply-pipes, which prevented 
more than one of the storage reservoirs being in use ; but that 
since then, and especially after the alterations were completed, 
the water has teen of admirable quality, and all the animals have 
done remarkably well. 

Great improvement has lately teen effected in the Aquarium 
at a very trifling cost, by hanging curtains between the top of the 
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fronts of the tanks and the ceilings so that all the light reaching 
the spectator must pass through the tanks. Previous to this there 
appears to have been an excess of light in the tanks, and the 
fishes now appear to be much more comfortable, and keep nearer 
to the glass fronts. 

^ The following fishes, molluscs, and Crustacea have spawned in 
the tanks during the past year : — 

The Plaice {Pleuronectes platesscC), 

The Flounder {Pleuronectes flesus). 

The Pouting {Gadu$ luscus). 

The Poor Cod (Gadus minutus). 

The Rockling (Moiella tricirrata). 

The Lucky Proach (Coitus bubalis). 

The Spotted Dog-fish (Scyllium canicula). 

Chiton cinereus. 

The Whelk (Buccinutn undatum). 

The Purple (Purpura lapillus). 

The Sea-hare (Aplysia punctata). 

The Sea- lemon (Archidoris tuberculata). 

Goniodoris nodosa. 

The Lobster (Homarus vulgaris). 

The Crawfish (Palinurus vulgaris)^ 

I'he Shrimp (Crangon vulgarts). 

The Prawn (Palamon serratus). 

Jdotea tricuspidata and emarginata^ 

as well as otHer species not so well known. 

The personnel of the staff and servants remains unchanged, 
with the exception of the fisherman, W. Roach, who left in 
October. His place has been filled by £. G. Heath, a trawl 
fisherman of great experience. 

The Council sanctioned the purchase, in July 1889, at a cost 
of ^ small steam-launch, the Firefly^ which has been of 

great service. Being half-decked, and only 38 feet long, this 
launch is only suitable for local expeditions, and its purchase in 
no wise diminishes the necessity for a sea-going steam-vessel for 
carrying on investigations on food-fishes. The Firejly is very 
economical in coal and water, and has entailed no extra expense 
in working. The Association now possesses three lx)ats, the 
Firefly^ the Mabels a three-ton hook and line fishing-boat pre- 
sented by Mr. Bourne, and the Anton Dohrn^ a rowing-boat 
bought in 1889. 

Trawling, dredging, surface netting, and shore hunting have 
been carried on continuously during the year, and examples of 
interesting species, many of which are new to the district, have 
been added to the list since the last Report. 

Tlie standard collection of species is making good progress, 
the collection of Decapod Crustacea being remarkably complete. 

(2) The researches on food-fishes and Crustacea carried on 
under the direction of the Council have made considerable 
progress. 

The Director of the Association, Mr. G. C. Bourne, has con- 
tinued his observations on the pelagic fauna in the neighbour- 
hood of Plymouth, and was also able, through, the courtesy of 
Captain Aldrich, R.N., to make an expedition off the south- 
west coast of Ireland in H.M.S. Research in July last, for the 
purpose of comparing the surface fauna at the entrance of the 
Channel with that oi the Channel itself. Some interesting ob- 
servations have been made in connection with the presence of 
multicellular floating algae in spring months and the presence of 
mackerel, which it is hoped may lead to practical results. 

The Director has made observations and collected notes on 
the destruction of immature fish in various localities, and has 
been able, with the kind co-operation of the medical staff of the 
Deep Sea Mission to F^hermen, to arrange an extensive inquiry 
into the presence of immature fish in deep waters in the North 
Sea, their movements and destruction by beam trawling. This 
inquiry is in progress^ and promises to be full of interest. ^ 

in connection with the destruction of immature soles in the 
estuary of the Thames, the Directdr has been making arrai^e- 
ments for keeping young soles in inclosed ponds with the view 
of rearing them to a marketable size, as is done in the Adriatic. 
For various reasons these experiments liave been delayed, and 
are not yet in progress. i- , . 

Experiments are also being made on the possibility of culti- 
vating soles in fresh water, and it has been proved that the adult 
sole may be kept in fresh water. 

In conjunction with Dr. G. H. Fowler, the Director has 
studied the natural history of the oyster, and through the kind- 
ness of^rd Revelstokehe has been able to arrange a series of 
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practical inquiries on the natural history and propagation of the 
oyster in the River Yealm. 

The Naturalist of the Association, Mr. J. T. Cunningham, 
h^ been chiefly occupied during the past year with a treatise on 
the common sole, which is now ready for publication. 

Mr. Cunningham also has gathered much valuable informa* 
lion about the occurrence of the anchovy in English waters, and 
the possibility of an English anchovy fishery. A full account 
of the anchovy is given in the last number of the Journal, vol. i.. 
No. 3. • 

In the early spring of this year, Mr. Cunningham made 
several expeditions to procure the ova of soles and other flat- 
fishes. He was able to secure and artificially fertilize a much 
larger number of soles’ ova than on any previous occasion, and 
the fertilized ova were successfully hatched and the larvae reared, 
up to the period of the absorption of the yolk-sac, in the 
aquarium. 

On March 13 this year the plaice in the aquarium were found 
to be breeding. The Director and Mr. Cunningham collected a 
large number of their fertilized ova and transferred them to suit- 
able hatching apparatus. The ova hatched out by March 18, 
and the larvae were kept alive in specially isolated tanks till 
April 2. By this time the yolk-sac was completely absorbed, 
but the larvae, although apparently healthy, could not be induced 
to feed. They died off very suddenly, evidently for want of 
food, on April 3 and 4, having lived fifteen days after hatching. 

A second batch of ova was procured on March 28, and the 
eggs were hatched out on April 3 and 4. These larvae were 
placed in a tank and fed with the pelagic organisms caught in 
the tow-net. They paid no attention to this food, so on April 
22 they were fed witn crushed crab, which they appeared to liki, 
for on the following day their intestines could be seen full of 
food. In spite of this they began to die on April 24, and all 
were dead by the 26th. 

Thus in the second experiment the larvae were kept alive 
twenty days after hatching, a considerably longer period than in 
previous experiments at Plymouth, and, what is more important^ 
they were induced to feed. These experiments show that some 
steps have been made towards success. None of the larvae 
underwent metamorphosis, but Mr. Cunningham has procured 
some young plaice, flounders, and brill, already ** flattened,” 
and these are thriving in the tanks and feeding regularly. 

Arrangements have been made with the Fishery Board for 
Scotland for carrying on am investigation on the food of the 
common sole, in connection with, the work done by the Board 
on the food of other fishes. 

Mr. W. Bateson wais working on the sense-organs and habits 
of fishes, with the view of showing the possibility of using arti- 
ficial or preserved baits in sea-fishing, from April to October 
1889. The results of Mr. Bateson’s investigations have been 
published in the Journal, vol. i. No. 3. 

Mr. Weldon continued his investigations on the artificial rear- 
ing of lobsters last year. His experiments were apparently 
turning out successfully, when an accident caused the loss of his 
larvae and apparatus. This year the artificial rearing of lobsters 
is being proceeded with by means of a different form of apparatus 
suggested by Dr. Fowler’s successful method of raising the young 
of Idotea. 

In addition to his experiments on lobsters, Mr. Weldon is 
engaged on important scientific investigations on the variation 
and natural history of the Decapod Crustacea, his expenses 
being, as before, met by the grant of j^iso from the Govern- 
ment Grant Fund of the Royal Society, intrusted in 1887 by 
the Government^ Grant Committee to the President of the 
Association, the Hon. Secretary, Prof. Moseley, and Mr. 
Sedgwick, 

The following gentlemen and ladies have been engaged on 
independent scientific researches in the Laboratory* since the 
date of the last Report : — 

Dr. G. H. Fowler (Studies in Descent), Mr. M. C. Potter 
(Marine Algse), Mr. S. F, Harmer (Development of Polyzoa), 
Mr. T. T. Groom (Cirrhipedia\ the Rev. Canon A, M. 
Norman, D.C.L. (Crustacean Fauna), Mr. A. O. Walker 
{Amphipoda\ Prof. T. Johnson (Floridece\ Mr. A. E. Shipley 
(Gepl^red)^ Dr. Hans Driesch, Jena (Heliotropism in £fydroidea\ 
Mr. P. C. Mitchell (Histology of Tunicata)^ Mr. T. H! Riches 
(Nephridia of Mollusca and Crustacea)^ Mr. Herbert Thomp* 
son (Development of Crustgeea)^ Miss Marion Greenwood, 
Newnham College, Cambridge (Physiological Studies), Miss 
L. Ackroyd, Newnham College, Cambridge (Morphology of 
Nibalia). 
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(3) Among the receipts of the past year the Council have to 
acknowledge the following subscriptions and donations : — ;^ioo 
from Lord Revelstoke; £ioo from Sir Henry Thompson; 
;^ioo from the Grocers* Company ; ;^200 from the Fishmonger* 
Company (annual grant for five years); H.M. 

Treasury (annual grant for five years). 

From annual subscriptions and compositions £143 was re- 
ceived, £61 interest on investments, and £tS^ fo** of tables 
and sale of specimens. 

The expenditure, as shown in the Treasurer’s account pre- 
sented herewith, amounted to ;^2992, of which £398 was paid 
to Mr. Inelis for balance of his fees as engineer, £417 for 
structural alterations and additions, ;^1I2 for bait investigation, 
and £250 for a steam-launch. 

The Association now has in hand, in cash and invested, 
;^1398 2s. ii ( f . 

The Council have great pleasure in acknowledging the 
generous assistance which has lately been afforded to the Asso- 
ciation by the Fishmongers* Company, by Mr. J. P. Thomasson, 
M.P., and Mr. Frank Crisp. 

The Fishmongers* Company, in addition to substantial grants 
which they have already made to the Association, have under- 
taken to contribute j^400 per annum to the funds of the 
Association for a period of five years from the present date. 

Mr. J. P. Thomasson has kindly offered a sum of ;^2So, to 
enable the Council to retain the services of the Naturalist, 
Mr. J. T. Cunningham, for another year. 

Mr. Frank Crisp has kindly given a sum of j^i20 (;^6o per 
annum for two years) to meet the expenses of special investiga- 
tions on the culture of sea fishes in inclosed ponds. The 
Cfouncil take this opportunity of placing on record their appre- 
ciation of the interest and confidence shown in the work of the 
Association by these liberal donations. 

The thanks of the Association are due to Prof. Haeckel for a 
copy of his work on the Siphonophora ; to Colonel Richardson, 
R. A., for a number of ichthyological works from the library of 
the late Sir J, Richardson ; to Mr. J. W. Clark for back 
numbers of the Philosophical Transactions of the Royal Society 
and other books ; to Messrs. J. and A. Churchill for the current 
numbers of the Quarterly yournal of Muroscopdcal Science; 
and to Messrs. Agassiz, Giard, Marion, the United States Fish 
Commission, the Naples Zoological Station, the officers of the 
Norwegian North Atlantic Expedition, and other individuals 
and societies for copies of their publications. 

The Council desire to express the indebtedness of the Associa- 
tion to the Council of the Royal Society for kindly permitting 
the Association to hold the periodical meetings of the Council 
and Association in their rooms. 

In July and August 1889, the Council was in correspondence 
with the Fishery Board for Scotland and the Fisheries Depart- 
ment of the Hoard of Trade, with reference to the possibility of 
procuring scientific information on the alleged destruction of 
immature fish by beam trawling in deep waters. 

Subsequently the Council determined to make an application 
to H.M. Treasury for a further grant of money in aid of special 
researches on food-fishes. The Chancellor of the Exchequer 
kindly consented to receive a deputation on the subject on 
May 15. . . . 

The Council regret to have to announce that Prof. Huxley, 
who since the foundation of the Association has been its Pre- 
sident, has found it necessary to withdraw from the office which 
he has held with so much honour and advantage to the Associa- 
tion. The Council desire to express their warm appreciation of 
the eminent services rendered by Prof. Huxlry to the Associa- 
tion, and their great regret that he should be unable to continue 
his office. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Victoria University. — Last Saturday was Degree-day; 
the ceremony, presided over by Principal Rendall, Uie Vice- 
Chancellor, took place in the Manchester Free-Trade Hall. In 
the course of his speech, the Vice-Chancellor gave the following 
detaib as to the progress of the University : — 

A three-fold scheme for certificates, technical, commercial, 
and literary, has replaced the narrower project for technical 
oertifi^tes alone, and will be the means of giving University 
direction and attachment to numerous organizations which have 
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hitherto lacked clearness of aim or recognition of results. The 
Manchester Chamber of Commerce has entrusted the examina- 
tions for its commercial certificate to the University. The local 
lectures scheme continues to thrive vigorously. In the last three 
sessions 21 courses, with an average attendance of 130, the large 
majority in or* near Manchester, have been delivered under 
University auspices. The three colleges of the University are 
taking action, more or less concerted, for the establishment of 
day training colleges for primary teachers under the provisions 
of the new Education Code. Thus step by step the University is 
comprehending her mission and entering upon her heritage. Those 
who are forwarding the work may feel that impatience for quick 
returns which comes of convictions confident and energetic, but 
the observer and the historian will agree that in content and 
scope Victoria University has advanced with unparalleled 
rapidity. In all the colleges of the University building is in 
progress or in contemplation. At University College the 
Victoria Building for the arts department is advancing towards 
completion ; at Yorkshire College funds have been raised for the 
erection of a medical department and other needed extensions ; 
at Owens College further enlargement of the Medical School 
buildings is now under consideration.” 

As at Cambridge, the women students have done remarkably 
well this year, three out of four ‘‘ first classes ** in the B. A. 
honours schools and the Thomasson Prize for English Essay 
falling to their share. 

St. Andrews University. — A Scholarship of the value of 
;^30 a year has just been placed at the disposal of Prof. Percy 
Frankland at University College, St. Andrews University, by 
Miss E. F. Forster, of London. It is intended that the student 
holding the same shall devote the whole of his time to the 

E rosecution of original research. The Scholarship, which will 
e known as The Forster Research Scholarship,” has been 
awarded for this year to Mr. John MacGregor, M. A. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, June 12. — ‘*On the Position of the Vocal 
Cords in Quiet Respiration of Man, and on the Reflex-Tonus of 
their Abductor Muscles.*’ By Felix Semon, M.D., F.R.C. P. , 
Assistant Physician in charge of the Throat Department of St. 
Thomas’s Hospital, and Laryngologist to the National Hospital 
for Epilepsy and Paralysis, Queen Square. Communicated by 
Prof. Victor Horsley, F.R.S. 

The final conclusions arrived at by the author are as 
follows ; — 

(1) The glottis in man is wider open during quiet respiration 
(inspiration and expiration) than after death or after division of 
the vagi or recurrent laryngeal nerves. 

(2) This wider opening during life is the result of a permanent 
activity of the abductors of the vocal cords (posterior crico- 
arytsenoid muscles), which therefore belong not merely to the 
class of accessory, but of regular respiratory, muscles. 

(3) The activity of these muscles is due to tonic impulses, 
which their centres receive from the neighbouring respiratory 
centre in the medulla oblongata. It is very probable that these 
impulses rhythmically proceed to the respiratory centre from the 
stimulation of certain afferent fibres contained mainly, but not ex- 
clusivelv, in the trunks of the pneumogastric nerves, and that they 
are in tne respiratory centre changed into tonic impulses. The 
regular activity of the abductors of the vocal cords during life, 
therefore, belongs to the class of reflex processes. The per- 
manent half-contraction of these muscles, in which form their 
tonic innervation is manifested, can be further increased, in con- 
cord with the general laws of the mechanism of respiration, by 
either volition or other reflex .influences. 

(4) In spite of their extra-innervation, the abductors of the 
vocal cords are physiologically weaker than their antagonists. 

(5) These antagonists, the adductors of the vocal cords, have 
primarily nothing at all to do with respiration, and ordinarily 
serve the function of phonation only. Their respiratory functions 
are limited to— 

{d) Assistance in the protection of the lower air passages 
against the entry of foreign bodies. 

{b) Assistance in the modified and casual forms of expiration 
known as couah and lauahinff. . * 
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Physical Society, June 6.— Prof. W. E. Ayrton, F.R.S., 
President, in the chair. — Mr. H. Tomlinson, F.R.S.. reads 
paper on the effect of change of temperature on the Villari 
critical points of iron. This, he said, was a continuation of the 
paper he read before the Society on March 21, and the method 
employed was the same as then described (see PhiL Mag.^ vol. 
xxviii. p. 394). Since then, however, he has made experi- 
ments at various temperatures up to 285® C., the temperature 
being determined from the resistance of a platinum wire whose 
temperature coefficient was carefully determined. The follow- 
ing table shows some of the results obtained with a well- 
annealed iron wire i mm. in diameter, which had been re- 
peatedly heated up to 300® C., and cooled to the temperature of 
the room until the temporary permeability with various loads 
attained constant values at both temperatures. 


letizlng ; 
ce in 
units. 

Load in kilogrammes for which permeability is the same as for 
unloaded wire at temperature 

s 0 

' ia° C. 

1 

76® c. 

167^’ C. 

^ 44 ° C. 

285c C, 

2*84 

370 

4*8 

7 ‘69 
10*40 
^ 5*32 

4*7 

« 5 

1*8 

None 

n 

1) 

5-0 

3 ‘a 

2*5 

None 

»> 

»> 

5*3 and 12 

i 3C 

2*7 

None 

> » 

s • 

5*7 and to 
4*2 I* ii ‘5 

None 

None 

4*7 and 9*9 
3*1 •* 12*3 
None 

99 


Curves from which these numbers were obtained are given in 
the paper, and in these the load in kilogrammes, and percentage 
change of temporary permeability are plotted. From these 
curves and table it will be seen that if the first points in which 
the curves cut the load-line be considered, then at all tempera- 
tures the Villari values increase as the load decreases. If, how- 
ever, the second points be taken, the critical values increase 
both with load and temperature. In both cases the Villari 
value is increased by rise of temperature. From the cuiwes it 
follows that rise of temperature reduces the total variation of 
permeability produceable by loading. A table showing the 
temporary permeability of the unloaded wire at the various 
temperatures accompanies the paper. — A paper on the diurnal 
variations of the magnet at Kew, by W. G. Robson and S. W. 
J. Smith, was communicated by Prof. Riickcr. In some pre- 
liminary remarks the Professor pointed out the great advis- 
ability of having the results of magnetic observations at various 
Observatories reduced and published in the same manner, and 
for the same periods. In order that this may be effected, the 
methods of reduction must be trustworthy, but not very elaborate. 
The Greenwich plan is too laborious to be generally adopted, 
but the method suggested by Dr. Wild (Rep. Brit. Ass., 1885, 
p. 78), in which the mean diurnal variation is obtained from 
measurements on five quiet days in each month, is feasible. With 
a view to further testing the trustworthiness of this method, the 
work described in the paper was undertaken. Mr. Whipple had 
made a comparison of the two methods for the years 1870-71-72, 
with the result shown in the following table : — 

Minutes of arc. 

K, - K.. - 07 
G - Ks = 1-2 
G - K,, = 1-6 

where is the mean diurnal range at Kew as obtained by 
Sabine’s method, Kw that obtained by Wild’s method, and G 
I hat obtained at Greenwich by the* Greenwich method. He also 
'If bund that the mean hourly differences followed some definite 
law. The authors undertook the reduction of the Kew observa- 
tions according to Wild’s method for the years 1883, 1886-87 ; 
the first was chosen as being a year of maximum sun-spots. The 
results give — 

Minutes of arc. 

1883 ... G - r= 1*5 

1880 ... G — Kw =E 1*2 

1887 ••• G K7*, = 1*9 

There is thus a difference of nearly two minutes in the variations 
at the two places, and this cannot all be accounted for by the 
method of reduction. Another peculiarity is that the range, as 
calculate by Wild’s method, is greater by about o' *5 than that 
obtained by the Greenwich method, although the latter includes 
days of moderate disturbance. The total range at both places 
has ditfiinished by about z'*6 between 1883 1887. The 
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paper is accompanied by tables and curves plotted from the 
differences in the mean hourly readings at Greenwich and Kew 
for each of the above 6 years, and a marked similarity exists 
between all of them. The mean of the 6 curves differs in no 
case by more than o' *4 from the curve for any year. It is thus 
possible to calculate the Greenwich values from the Kew num- 
bers ; and as these latter are published about two years .sooner 
than the former, this fact may be very important. Referring 
to the reduction of results, Prof. Riickcr said that the Stonyhurst 
observers and Prof. Mascart were willing to adopt Wild’s 
method ; P'almouth, he hoped, would follow suit, and Green- 
wich had been asked to publish their results in both ways. Mr. 
Whipple said that, before recording-instruments were available, 
and the numbers were obtained from separate experiments, the 
labour involved was considerable, and a single large disturbance 
or magnetic storm might vitiate the result of a whole year’s 
work. Methods were therefore adopted to eliminate these dis- 
turbances ; of these, that used by Sabine may be particularly 
mentioned. Although declination records have now been ob- 
tained for a considerable number of years, the cause of the 
variations still remains unknown. They do not seem to be 
dependent on temperature or on astronomical facts. He con- 
sidered it valuable to obtain magnetic data from different 
parts of the earth, but comparisons were only possible when 
all arc published on the same plan. This, he hoped, would 
result from the efforts of Profs. Rucker and Adams. When 
this is accomplished, the observations on magnetic force 
will need treatment ; this work will be laborious, and the 
aid of volunteers like Messrs. Robson and Smith would 
be of great service. Prof. W. G. Adams said he was 
glad to see the satisfactory nature of the work which haa 
, just been brought before the Society. Usually, the mass of 
figures to be dealt with was so large that the mere reduction was 
a great undertaking. If, however, the difference between results 
obtained by the Greenwich and Wild’s method was not more 
than o' *4, it may be possible to make out the causes of the varia- 
tions from observations reduced on Wild’s plan. He himself would 
put more faith m horizontal force observations, and wished they 
could Y>e worked out by some ready method. He hoped the one 
' adopted in America, of obtaining mean curves by photography^ 
might prove satisfactory. Prof. Perry asked if a machine could 
not be made to do the work. Mr. Whipple said such machines 
had been used by the Meteorological Office, but they were so 
I elaborate and expensive that clerical work was just as cheap. 

I The method of photographing mean curves had been tried at 
; Kew, but it was open to the objection that accidental disturb- 
j ances, such as those produced by the movement of iron in the 
! vicinity and the approach of cabs, &c., were not eliminated. 

1 Mr, Boys, referring to the use of integrators, said that, for an 
harmonic analy^r, his disk-cylinder pattern was preferable to 
the ball-disk* cylinder integrators of J. Thomson, for it was much 
cheaper, and had less inertia. The President said the movement 
initiated by Prof. RUcker would be of great service if it re- 
sulted in the numbers obtained at the various magnetic Observa- 
tories being published in the same way. It was a great advant- 
age to have such men, who were not permanently attached to 
an Observatory, to take up the subject and suggest improve- 
ments. The heads of such institutions were . usually too much 
employed in making the necessary reductions to have time for 
, devising improved methods. In his opinion, greater freedom 
should be allowed to the chiefs of Observatories, for it should 
be borne in mind that the object of observations is not to produce 
volumes of figures, but to increase our knowledge. Referring to 
the reduction of okjservations, he thought the voluntary services of 
I senior physical students should be more generally accepted, and 
j to this end he suggested that properly recommended persons 
I should be allowed to spend some time in Observatories as 
I honorary assistants. This would be of great use to the students 
I themselves, and an advantage to the Observatories, for the re- 
duction of observations could then be expedited. As regards 
the accidental disturbances referred to by Mr, Whipple, he 
contended that regulations should be adopted to render them 
impossible. 

Zoological Society, June 17.— W. T. Blanford* F.R.S., 
in the chair. — Mr. Sclater exhibited and made remarks on a 
mounted head of a Pallah Antelope, obtained by Captain F. 
Cookson, on the Cunene river, in South-western rAfrica, which 
was distinguished by its black ftce from the ordinary form of the 
Ca^ Colony. — Mr. Sclater also exhibited a large photograph of 
Grevy’s Zebra {Equus gi-evyi\ taken from the specimen in the 
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Natural History Museum at Paris by Mr. Gambier Bolton. — A 
specimen of Pallas’s {AigialUis asiatica\ obtained in May 

last near Great Yarmouth, and now in the Norwich Museum, 
was exhibited ; and a note upon its occurrence by Mr. T. 
Southwell was read to the meeting. — A communication was r6ad 
from Piof. F. Jeffery Bell containing some notes received from 
Mr. Edgar Thurston, of the Madras Museum, on the habits of 
the Pennatulids of the genus Virgularia . — A communication 
was read from M. P. A. Pichot, containing exact particulars 
of the locality on the Lc^wer Rhone in which the Beaver is still 
found in its native state. — Mr. W. Bateson read a paper on 
some cases of repetition of parts in animals, and exhibited a 
series of specimens illustrative of this subject. — Mr. Henley 
Grose Smith gave an account of the Diurnal Lepidoptera 
collected by Mr. W. Bonny, of the Emin Relief Expedition, on 
the river Aruwimi, Central Africa. — A communication was read 
from Mr. W. L. Distant, containing descriptions of some 
Hemiptera collected by Mr. W. Bonny during the same ex- 
pedition. — A communication was read from Mr. H. \V. Bates, 
F.R. S., on some of the Coleoptera collected by Mr. W. Bonny 
during the same expedition. — Mr. Herbert Druce read the 
descriptions of ninety-five new species of Lepidoptera Heterocera 
from Central and South America. — Mr. G. A. Boulenger pointed 
out the secondary sexual characters in the South African Tortoises 
of the genus Ilomopus . — A communication was read from Mr. 
W. L. Sclater, containing a series of critical notes on the Indian 
species of the family Muridae. — A communication was read from 
Mr. J. T. Cunningham, containing some notes on the secondary 
sexual characters of the genus Arnoglossus, The author showed 
•that the so-called Arfwgiossus laterna is only the female of 
A, lophoUs. — Mr. R. Bowdler Sharpe read the sixth part of his 
series of notes on the Hume Collection of Birds. The present 
communication treated of the Coraciid^eof the Indian region, and 
contained descriptions of three new species. — A communication 
was read from Miss E. M. Sharpe, containing an account of a 
collection of Lepidoptera made by Mr. Edmund Reynolds on 
the rivers Tocantins and Araguaya, and in the province of Goyaz, 
Brazil. — Mr. Edmund S. Hall gave an account of the occurrence 
of a persistent right posterior cardinal vein in a Rabbit. — This 
meeting closes the present session. The next session (1890-91) 
will commence in November 1890. 

Paris. 

Academy of Sciences, June 23. — M. Hermite in the chair. ‘ 
— On the partial eclipse of the sun on June 17, by M. J. Janssen. 
— Theory of the motion of fluids near to the wide opening of a 
delivery pipe, where the liquid threads have not acquired their 
normal inequalities of velocity, by M. J. Boussinesq. — Compari- 
son of the theoretical figure of a storm given in the Comptes 
rendus of June 9 with the facts known to navigators, by M. H. 
Faye. — The work and progress of the Arago La^ratory in 
18^, by M. de Lacaze-Dutbiers. — On the visible and photo- 
graphic spectrum of the great nebula of Orion, by Dr. W. 
Huggins. — On the distribution of Salmo quinnat on the Mediter- 
ranean coasts of the south-east of France, by MM. A. F. 
Marion and F. Guitel. — On the glycolytic power of blood and of 
chyle, by MM. R. Lepine and Barral. — Observations of Brooks’s 
comet (March 19, T890) made at Bordeaux Observatory, by MM. 
<jr. Rayet, Picart, and Courty. Observations of position are given 
extending from May 19 to June 20, being in continuation of 
those published in the Cotnptes rendus of March 31, April 8, and 
May 19. — Elements and ephemeris of the new minor planet 
discovered at Nice Observatory on May :|p, by M. Charlois. 
— Partial eclipse of the sun of June 17, in the morning, observed 
at Nice, by M. Perrotin. — Observation of the eclipse of the sun 
of June 16-17, made with the Brunner equatorial of Lyons 
Observatory, by M. Gonnessiat. — On the partial eclipse of June 
16-17 (Algiers Observatory), by M. Ch. Tripled. — The solar 
eclipse of June 17, by M. E. L. Trouvelot. (For eclipse obser- 
vations see Our Astronomical Column.) — On the international 
zero of altitude, by M. Ch. Lallemand. — On a direct-reading 
dynamometer, M. G. Trouv^. — Reciprocal action of alkaline 
haloid salts and mercurous salts, by M. A. Ditte. — On some 
phosphates of lithium, beryllium, lead, and uranium, by M. L. 
Ouvrard. A number of double phosphates formed by the action 
of molten alkaline phosphates upon the carbonates of lithium 
and glucinum and the oxides of Ibad and uranium are described ; 
among them occurs a doable phosphate of beryllium and sodium 
corr^ponding in composition with the recently discovered mineral 
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beryllonite. — Combinations of double chlorides of phosphorus and 
iridium with arsenious chloride, by M. G. Geisenheimer. By 
heating the constituents in a sealed tube to 250'’, ruby-red pris- 
matic crystals of 2(Ir9P3Cl25).5AsCl3 are formed. — On the 
sub-fluoride of silver, by M. Guntz. The existence of a sub- 
fluoride of silver was indicated by the analyses of a precipitate 
produced on the negative pole when subjecting a hot saturated 
solution of silver fluoride to electrolysis, employing a very strong 
current and silver electrodes. The pure salt is obtained in 
quantity by heating finely divided silver with a saturated solution 
of silver fluoride on a bath to a temperature of from So^’-qo*. 
Analyses of the product prove it to be the sub-fluoride of silver 
AgjF. — A contribution to the study of ptomaines, by M. 
CEchsner de Coninck. — On the preparation of wine ferments, by 
M. A. Rommier. — On the sense of smell in star-fishes, by M. 
Prouho. The author concludes that star-fishes excited by the 
presence of a bait are guided by sensations perceived by the 
extremities of their arms. The sense of smell is not diffuse in 
star-fishes, but is localized in the limbs useless for locomotion at 
the back of the ocellary plate. — The photographic registration 
of the chlorophyll function by the living plant, by M. Timiriazeff. 
— On the hypersthene andesites and labradorites of Guadaloupe, 
by M. A. Lacroix. — On the vertical circulation in the deep 
ocean, by M. J. Thoulet. 


BOOKS, PAMPHLETS, and SERIALS RECEIVED. 

Three Years in Western China: A. Hosie (Philip). — Eneycln)>aedia of 
Photography, Part T : W. E. Woodbury (I Itfle).— Advanced Physiography 
(Physiographic Astronomy) ; J. Mills (Chapm.*i.n and Hall). — A Manual of 
Orchidaceous Plants, Part 6 (Vcitch),— Text-book of Physiological and 
Pathological Chemistry : G. Bunge, translated by Dr. b. C. Wooldridge (K. 
Paul). — In Darkest Africa, a vols. : H. M. Stanly (S. Low).— The Abori- 
gines of Tasmania : H. Ling Roth (K. Paul) — Ost^ologie Ropuch (Bufo 
Laur.): Prof. Dr. F. Bayer (V. Pra2e).—UhIonosnc iJ tvary v. TasmanU ; 
Prof. Dr. O. Feistmantel (V. Praze).— Abhaodlungen der Math. N.iturw. 
Ciasse der K. B. Gesellschaft der Wissenschaften, 1889-90, vii. Folge, 3 
Hand (Prag). — Annales de rObservatoire .de Moscou, ii. Sdrie. vol 2, Livre 
X and 2 (Moacou). -^Annales de TObservatoire de Nice, Tome 3, Texte et 
At)a.s. — Sun-dial, adjustable for all Latitudes (Philip). — A.Theory of the Sun’s 
Radiation of Heat ; W. Goff (Stanford). — Publication of the Leander 
McCormick Observatory of the University of Virginia, vol. i, Part 4. Double 
Stars 1885-86 (Virgini.*!). — Mind and Matter : O. Barnard (J. Hey wood) — 
Proceedings of the Society for Psychical Research, JunefK. Paul).— Journal 
of the Royal Microscopical Society, June (Williams and Norgate).— Records 
of the Geological Survey of India, vol. xxiii. Part 2. — Annalcn dcs K.. K. 
Naturhistortschen Hofmuseums, Band 5, No. 2 (Wien, Hdlder). 


CONTENTS. PAGE 


Life of Sedgwick. I. By Prof. T. G. Bonney, 

F.R.S 

Girard’s 6 lcctricite/' ByJ* J- 'T 

The Art of Paper-making 

Our Book Shelf : — 

Gresswell : A Contribution to the Natural History 

of Scarlatina ” 

Dallet : ** Lc Soleil ; Ics l^toiles ” 

Cortie : “ Father Perry, F.R.S. ” 

Cams : Prodomus Faunm Mediterranem ” • • . • 

Letters to the Editor : — 

Spiny Plants in New Zealand. — Geo. M, Thomson 
Drowned Atolls. — P. W. Bassett-Smith ; Captain 

W. J. L. Wharton, JR.N., P.R.S 

The Essex Bagshots. — Dr. A. Irving 

A Reiparkable Appearance in the Sky. — D. J. 

Rowan ^ 

Darkest Africa. (Illustratid.) JSyJ* S. K 

Problems in the Physics of an Electric Lamp. {Illus- 
trated.) By Prof. J. A. Fleming 

Notes 

Our Astronomical Column : — 

Objects for the Spectroseppe.-— A. Fowler ..... 

Annular Eclipse of June 17 

YamalPs Star Catalogue 

Photographs of the Surikee of Mars 

Lightning Spectra 

The Marine Biological Aesociation 

University and Educational IntslUg ence .... 

Societies and Academiea 

Books, Pamphlets, and Serials Received . . « 


217 

219 

220 


220 

221 
221 

221 

222 


222 

22:^; 

222 

223 


229 

233 


* 3 S 

236 

236 

*36, 

236 

236 

238 

238 

240 



NA TURK 


241 


THURSDAY, JULY 10, 1890. 


LIFE OF SEDGWICK} 

II. 

The Life and Letters of the Reverend Adam Sedgwick, 
LLD., D.C.L., F.R.S., Fellow of Trinity College, 
Cambridge, Prebendary of Norwich, Woodwardian 
Professor of Geology, 1818-73. By John Willis Clark, 
M.A., F.S.A., and Thomas McKenny Hughes, M.A., 
F.R.S. Two Volumes. (Cambridge: University Press, 
1890.) 

T he main results of Sedgwick’s geological work, as 
stated in these volumes, are briefly as follows. 
Passing over several contributions, often of permanent 
value, to the geology of the crystalline rocks of Cornwall 
and of the Carboniferous' system, especially in the north 
of England, we come first to his monograph on the Mag- 
nesian Limestone and lower portion of the New Red 
Sandstone series. Of this Prof. Hughes justly says : 
" It is at once broad and minute : broad in its general- 
izations — for it places in order a complex group of rocks, 
which, until it was written, were in complete confusion ; 
and minute in working out, through the whole of the 
district selected, from Nottingham to the southern 
extremity of Northumberland, the boundaries of the 
different formations and their relations to each other. ’ 
We are not, however, prepared to follow Prof. Hughes, 
if we understand him rightly, in his objection to the 
name Permian as designating the lower part of this scries, 
for the break between that formation and the so-called 
Trias is probably more important than at first sight 
appears, and New Red Sandstone is a name obviously 
provisional. 

Sedgwick undertook a task of unusual difficulty in 
investigating the rock masses which enter into the 
“ Cumbrian mountains,” and ascertaining their relations 
with the strata in adjacent regions, but it was so success- I 
fully accomplished that subsequent observers have made 
few if any important changes, though of course they have 
amplified gnany details, in his results. 

His woric also among the Palaeozoic rocks in Devon- 
shire and Cornwall, in which, after a time, he was joined 
by Murchison, was a long and arduous task, at first 
productive of much controversy. In this, others, as it is 
said, “ helped with facts or with useful criticism,” but it 
seems a fair statement o^ the result to say that “ the now 
received classification of the Devon rocks remains as 
Sedgwick and Murchison left it : Culm measures 
(Carboniferous) above and Devonian below ; the base 
of the Devonian being there unknown.” 

Sedgwick’s work in Wales commenced in the year 
1831. It was a task from which the boldest geologist 
might well have recoiled. The country was comparatively 
difficult of access, the maps were not good, little help was 
to be obtained from palaeontology; the “greywacke” 
rocks were a vast terra incognita. But the ** stiffer ” the I 
problem, the greater its attraction for Sedgwick. In 

' Contintted from p. a 19. 
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that and the following years he unravelled the compli- 
cated stnicture of North Wales, and placed in order the 
great rock masses, from the base which he established 
in the neighbourhood of the Menai Straits, under the 
great group named after the town of Harlech, to the top 
of that which be called the Bala group, clearly distin- 
guishing the latter from the Denbigh Grits and other 
rocks, which are now universally recognized ad Silurian. 
Of this part of Sedgwick’s work. Prof. Hughes gives 
a lucid history, of which the following is a brief outline. 

Sedgwick spent the summer of 1831 in North Wales, and 
established the succession of the rocks from his base line 
upwards, across Snowdon and the Merionethshire axis. 
Short accounts of his results were laid before the Cam- 
bridge Philosophical Society and the British Association 
in June 1832. , Next month he sent from Wales sections 
which illustrate the stratigraphical succession from the 
Menai Straits to the Berwyns. Thus, to quote Prof. 
Hiighes’s words : — 

“Sedgwick, by 1832, had explained the geological 
structure of North Wales ; had sketched out the leading 
subdivisions of the Cambrian rocks, and had established 
the correct sequence of the Arenig and Bala series, and 
placed -them in true relation with what were afterwards 
known as the Silurian (Upper Silurian of Murchison) in 
Central Wales and the borders.” 

Later in the autumn of this year we find that he “ had 
ascertained the exact position of the Wenlock limestone 
south of Llandovery,” and drawn a rough section, 
“ correct as far as it goes,” from the Lower Bala beds, in 
the valley of the Towy, to the Old Red Sandstone. Fur- 
ther communications, as the result of this prolonged 
labour in the field, were laid before the British Association 
and the Cambridge Philosophical Society in 1834. From 
time to time during the next twelve years important de- 
tails were worked out ; perhaps the most marked advance 
being made in the difficult region of Central Wales, 
between the Towy and the sea, where Sedgwick suc- 
ceeded in establishing the general succession of the 
strata, obscure and almost unfossiliferous as they are. 
In 1851 he practically proved that the name Caradoc 
which had been used by Murchison in “The Silurian 
System” (published in 1839, from work begun in 1831) 
must cover two distinct groups, one containing Bala 
fossils, the other clearly underlying the Wenlock group, 
with fossils similar to those in the latter, but without 
those characteristic of the former. This is actually 
demonstrated in a paper published in 1852. 

Soon afterwards began, at any rate openly, the difference 
regarding the limits of the Cambrian and Silurian systems 
which unhappily estranged him from his friend and from 
the Geological Society. The immediate cause appears to 
have been the publication, by the Geological Survey, of 
a map of North Wales, on which the colours used to 
distinguish Silurian rocks were extended ovetr a large 
part of those hitherto described by Sedgwick as Cam- 
brian. Why this was done, it is now difficult to under- 
stand. Between the base of the Cambrian* and that of 
the Old Red only one well-marked physical break exists — 
that at the base of the May Hill Sandstone (Upper Llando- 
very). Below this is only a palaeontological break, which 
at that date had not been clearly recognized. Accordingly, 
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as time went on, the lower limit of the Silurian system 
descended, like a stone sinking in the mire, till at last 
“ Lower Silurian " actually included the Menevian rocks, 
as may be seen to this day at the Museum in Jermyn 
Street. This being so, one would have thought that, even 
if Murchison had preceded Sedgwick in the publica* 
tion of the results of his y/ork — which was not the 
case — the two vital errors in his reading of the beds 
between the base of the Wenlock and that of the Arenig 
ought to have deprived him of any claim on account of 
prior nomenclature. Sedgwick had placed the beds of 
his Cambrian system in right order from base to top — that 
is, to beneath the so-called Upper Llandovery. These 
facts appear to be fully proved, and thus Sedgwick had 
good cause to feel aggrieved. Into the more personal 
aspect of the controversy it is needless to enter. One 
cannot greatly wonder that when once a rift opened in 
the lute it quickly became a rent, for the two men were 
so unlike, both in their excellencies and their defects. 
Nor can it be denied that Murchison had his grievances. 
Sedgwick was vexatious as a coadjutor in the preparation 
of papers, for he was unpunctual and unready ; he was also 
slow in duly publishing the results of his own labours, 
contenting himself too much with informal communica- 
tions to the British Association and the Cambridge 
Philosophical Society, instead of laying carefully written 
memoirs before the Geological Society. But it must be 
remembered that his time was much occupied. His 
fellowship, his professorship, his prebend — all entailed 
duties which were often heavy ; and Sedgwick was too 
honourable a man not to give “ a full pennyworth ” to 
those who bought from him. He had to work to live, for 
he had no private means. It cannot, however, be denied 
that he interpreted too literally the precept, “ Whatsoever j 
thy hand hndeth to do, do it with all thy might." Social : 
engagements, political contests. University disputes, too 
often turned his attention from the main work of his life, 
and gave some ground for Lyell’s severe remark : — “ He ' 
has not the application necessary to make his splendid 
abilities tell in a work. Besides, everyone leads him • 
astray ; ... to become great in science, a man must be ^ 
nearly as devoted as a lawyer, and must have more than , 
mere talent." Still it must be remembered that Sedg- , 
wick’ s health, notwithstanding the great age to which he | 
attained, was far from good, and his constitutional ills j 
were those which make continued sedentary work 
extremely trying. He was also unlucky in the way of j 
accidents : a dislocated wrist, a broken arm, bad falls, 
an eye permanently injured, make up a large catalogue 
of damages for a Cambridge Professor. 

Still, although I take Prof. Hughes’s view as to the rights 
of the case, I cannot, under existing circumstances, agree 
with his condemnation of the proposal to give a new name 
— Ordovician — to the beds between the base of the May 
Hill Sandstone and that of the Arenig. “ One shell is given 
to Sedgwick, another to Murchison, but who gets the 
oyster ? " A smart remark, doubtless, but like many such 
rather misleading. There is no question of shell or 
oyster [in the matter. Each part is equally edible— or 
indigestible. Granted that Sedgwick has the better title, 
possession, in questions where the right is not wholly on 
one side, counts for something with practical men. Cam- 
bfian alsd, as defined by Sedgwick, is rather dispropor- 
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tionately large, and the palaeontological break beneath 
the Arenig is more marked than that which severs the 
Cambrian from the Silurian. I venture to think that, 
apart from personal questions, a tripartite division would 
be pronounced most in accordance with the principles of 
geological classification, and should not be surprised, if 
this be repudiated by Sedgwick’s defenders, at the ultimate 
disappearance of Cambrian in the omnivorous maw of 
Silurian. 

Sedgwick’s permanent estrangement from the Geological 
Society I venture to think a mistake. Doubtless he had 
good cause for indignation at his treatment by its Council, 
and the well-meant, but arbitrary, action of one of its 
officers. But a Council is only a temporary aggregate of 
individuals, and the offence after a time should have 
been condoned. Its members did not really understand 
the question at issue ; they were evidently actuated, not 
by any desire to be unjust, but by a nervous anxiety to 
keep the peace, and forgot, as men so often do, that when 
a sore is hidden under a plaster, it commonly festers. 
So* the event proved in this case : molluscous amiability 
met with its usual reward. I f the combatants had fought 
it out,” fairly and honourably, there would have been 
more chance of an ultimate reconciliation. 

These interesting volumes enable us better than ever 
to estimate Sedgwick’s place among the geologists of his 
generation. His especial .strength lay in stratigraphy. 
In his power of unravelling a complicated district by 
attention mainly to physical evidence he has never been 
equalled. He was a patient and unwearied collector of 
facts, with a wholesome dread of viewing them “ through 
the distorting medium of an hypothesis.” Yet it must be 
admitted that his judgment was often warped by pre- 
judice, using the word in its technical sense. His great 
power is best displayed when he attacks a problem which 
is completely novel ; for, reformer though he was in 
politics, his mind, in scientific matters, had a distinctly 
“conservative” bias, and was too much influenced by 
ideas which had no better authority than tradition. Of 
this defect the book records several instances. It will 
suffice to mention his opposition to Lyell’s “ Principles 
of Geology” and to Darwin’s “ Origin of Species.’’ It is 
of course possible to overstate the doctrine of uniformity 
and misuse the hypothesis of evolution ; but the progress 
of knowledge has not justified Sedgwick’s attacks on 
the main arguments of these works, and it must be 
admitted that he was inferior to their authors in power 
of inductive generalization. Perhaps no better example 
could be found of Sedgwick’s ^strength and weakness 
than his well-known paper “ On the Structure of Large 
I Mineral Masses,” where a magnificent co-ordination of 
I facts has a somewhat disappointing conclusion. 

But even if we grant defects in the geologist as in the 
man, it is impossible to deny his real greatness. Those 
who loved Sedgwick, as a friend are fast becoming few ; 
but the number of those who reverence his memory as 
that of a master in science is likely to increase rather than 
to diminish as his work is weighed in the balance and 
tested by time. To myself, though I did not know him 
in his prime, he always appeared to be not only truly 
noble in spirit, but also illuminated with that divine fire 
which distinguishes the man of genius from the man of 
talent. T. G. Bonnev.* 
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MEASLES AND STRA W-FUNGL 

The Prevention of Measles. By C. Candler. (Mef- 
bourne, Victoria. London : Kegan Paul, Trench, 
and Co., 1889.) 

OTWITHSTANDING the amount of labour which 
Mr. Candler has expended upon this work, and ' 
the ingenuity of some of his hypotheses, we cannot but 
think that his method might almost be taken as an . 
example of how an inquiry of this kind ought not to be : 
conducted. The author starts with an account of the 
observations of Dr. Salisbury, an American physician, 
published in 1862, by which he claimed to have esta- 
blished that a disease called “ camp measles,” prevalent 
among American soldiers, was produced by infection 
with certain fungi derived from musty straw. .Salisbury ' 
cautiously abstained from positively asserting that the ; 
disease was identical with common measles, but said he | 
could see no difference between them ; and that an attack ! 
of the former protected from the latter. If the disease^- 
were identical, his explanation applied to common ! 
measles. ! 

This hypothesis of Dr. Salisbury’s was very carefully j 
examined by Dr. J. J. Woodward, Dr. Pepper, and others, I 
who came, by experiment and reasoning, to the con- j 
elusion that Dr. Salisbury had not proved his point ; 
and the theory that straw-f^ungi are the cause of measles i 
has been generally discredited. ! 

Mr. Candler thinks that the refutation of Dr. Salis- ' 
bury’s theory was not complete ; and, falling into the not ' 
uncommon fallacy that “ not absolutely disproved ” is | 
equivalent to “ proved,” he treats it as if it were certainly ' 
established, and proceeds to build further hypotheses i 
upon it. 

This we consider to be an inversion of the right method | 
of procedure in science. Supposing that Salisbury’s ; 
results suggested matter for further inquiry, the proper 
way to begin would be by testing their soundness. If | 
Mr. Candler had himself repeated, or got some scientific j 
friend to repeat, Salisbury’s experiments with mouldy 
straw derived from a place where measles was rife, he 
might have obtained results, either positive or negative, 
of great value ; and would certainly have made a more 
important contribution to the subject than is contained 
in the present volume. 

Mr. Candler further extends the straw-fungus theory 
by supposing that the fungi become changed into bacteria 
in the body ; and, indeed, uses Salisbury’s untested 
and unrepeated experiments as a proof of one of the } 
most fundamental questions (if it be a question) of bio- | 
logy— namely, the alleged genetic relation of fungi and j 
bacteria. 

The author’s argument is so characteristic of his book 
that we venture to state it formally thus. Salisbury, by 
injecting fungus-dust from mouldy straw into himself and 
others, produced a disease resembling measles. But all 
such diseases are produced by “ pathophytes,”/.^. bacteria. 
Therefore Salisbury “ caused pathophytes to develop from 
fungi ” (the italics are the author’s) “ and demonstrated 
that cardinal point in dispute in regard to the bacteria.” 

An easy solution indeed ! if, at least, it were proved 
that the dust of mouldy straw contained no bacteria 
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(though such are pretty certain to be present), and if it 
were proved also that fungi by themselves cannot produce 
specific diseases (though some such diseases are well 
known in the lower animals, and are not quite unknown 
in man). 

But even granting these points, surely the experiment 
might be repeated at least *once before it is made a 
corner-stone of cryptogamic botany ! 

The dangerous fungus of measles Mr. Candler believes 
to lurk in damp and mouldy straw palliasses ; and rejecting 
altogether the idea of contagion, he believes that measles 
is entirely due to the use of straw bedding imperfectly 
aired. Towards the end of the book the authc# begins to 
tread on firmer ground than at the beginning, for he 
bases his conclusions on some induction from facts. 

In the great epidemic of measles in Victoria in the 
years 1874-75, he affirms that he could not discover any 
instance of measles in a dwelling from which damp straw 
(in the form of bedding) had been excluded, but in every 
house where measles occurred, the presence of damp 
straw in the bed-rooms was easily made out. Some 
curious instances of exemption, especially in the cage of 
public institutions, such as asylums and the like, are 
quoted, and we seem to be on the verge of a systematic 
collation of evidence. But the result is disappointing, 
as the enumeration of instances is altogether inadequate 
to establish a general law. It is strange that Mr. Candler 
makes so much of the exemption of lunatic asylums from 
measles, to account for which he has recourse to elaborate 
explanations of the use of straw bedding. Surely the 
exemption of persons shut up in asylums, prisons, &c., 
from contagious epidemic diseases, is a very familiar 
fact, and easily explained. Such persons receive few 
visitors, and what is to the point here, lunatics especially 
are seldom or never visited by children, who are the 
chief carriers of the measles-contagium. Nor can we say 
that the author is more successful in explaining on his 
theory the great epidemics of measles in Fiji and in 
Japan. 

Mr. Candler’s book is written with much earnestness, 
not without candour, and contains many curious facts, 
though it fails to prove its main contention. There is 
nothing impossible in the supposition that damp straw 
favours the growth of “ microbes ” ; and it might con- 
ceivably be proved by sufficient evidence that this is a 
favouring or even a necessary condition for the growth 
of the specific virus of measles. The objection is that 
the evidence is quite inadequate. Moreover, were such 
a law establiaiied, it would by no means prove that the 
cause of measles was a fungus, since it might just as well 
be a bacterium or other living thing. 

In the meantime it cannot do harm and may do much 
good to draw attention to the insanitary consequences 
which may follow the use of straw bedding. A straw 
palliasse unchanged and undisturbed for years is not a 
desirable article of furniture, and housekeepers will do 
well to turn such things out of their bed-rooms. For- 
tunately, in this country they are being rapidly super- 
seded by steel mattresses ; and on inquiry at the large 
furnishing houses we fiifd that few palliasses are now, 
sold. We shall see whether measles becomes thereby 
extinct. J. F. P. 
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SPIDERS' WEBS. 

American Spiders and their Spinning Work : a Natural 
History of the Orb-weaving Spiders of the United 
States, with Special Regard to their Industry and 
Habits. By Harvey C. McCook, D.D. Vol. I., pp. 
1-372, and 353 WoodcMt Figures. (Philadelphia : 
Allen Lane and Scott, 1889.) 

A lthough much has been written in a more or 
less fragmentary way by various authors, on the 
spinning organs and geometric snares of spiders, as well 
as on the method of entrapping their prey, the present 
volume is c'he first in which all that has been before 
touched upon is brought together in any systematic 
manner. Two other volumes are intended to follow, 
but the one under notice completes the subject of geo- 
metric web-spinning. In Vol. II. it is purposed to deal 
with the habits and industry of spiders, associated with 
mating, maternal instincts, the life of the young, distribu- 
tion of species, and other general habits ; while in the 
third (and concluding) volume the whole of the geometric 
spiders — “ orb- weavers” — of the United States will be 
treated of systematically, and illustrated by numerous 
coloured plates. It might have been thought that Vol. II 1 . 
would have more naturally preceded the other two ; but 
perhaps it is scarcely fair to criticize too closely the form 
in which an ai^hor chooses to present his subject. Dr. 
McCook’s evident aim is to popularize the subject of 
spiders’ web-spinning, and all that relates to it. This is 
shown not only by the way in which the subject is pre- 
sented, but by the bestowal of English trivial names at 
every turn ; though it may well be doubted how far 
science is really advanced by thus cumbering its nomen- 
clature. Among the most interesting portions of the 
present volume are those in which some snares are de- 
scribed, combining the geometric or Epeirid type with 
that of the Theridiidce, and of which no examples have 
yet been found in Great Britain. Space, however, forbids 
our going into details of these, nor, in fact, of any part of 
the work. The whole volume is a mass of details, evi- 
dently the result of careful and long-continued observa- 
tions ; and made patent not only to the mind by lucid 
description, but to the eye by the very graphic illustra- 
tions thickly scattered over its pages. On one point, of 
very great interest in the making of geometric snares — 
the formation of the portion studded with viscid globules 
— Dr. McCook approaches very nearly to a solution of 
the method by which these globules are placed on the 
lines, but the method ^ itself appears to^ have as yet 
escaped observation. 

Dr. McCook tells us that his first intention was “ to 
write a natural history of all American spiders,” but no 
one who has gone even a little into the spider fauna of 
that large region will wonder that, when this intention 
came really to be grappled with, the plan changed ; and 
probably those interested in the study of spiders have 
gained by the exchange. The work done in this volume 
is divided into seven parts. Part I. treats of the general I 
classification and structure of spiders and their spinning 
organs ; Part 11 . of the generaL characteristics, construe- I 
tion, and armature of webs ; Part III. is on characteristic 
forms ahd variations of snares ; Part IV. on certain geo- 

Cf« a paper on this snl^ect bv Apstein, ** Bau und Function der 
Spiipendniscn der Araneida,^' Arcniv/ilr Naturgt$ch{cht€^ 1889, p. 29. 
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metric webs devoid of viscid globules, and on “ spring 
snares ” — those singular arrangements in which the spider 
holds the snare taut by a single line with the slack 
gathered up in its claws, and, on an insect striking the 
web, suddenly lets the slack go with a spring, to the 
more certain entanglement of the prey. In Part V. we 
have a detail of many curious facts bearing upon the skill 
and intelligence of spiders, and also as to the mechanical 
strength of their webs and their physical powers ; but 
some of the most curious of these details, in regard to the 
“ engineering skill ” of spiders are, no doubt rightly, set 
aside by the author, so far, at least, as their bearing on 
such skill is concerned. Part VI., under the head of 
“ Provision for Nurture and Defence,” treats of the 
methods of using their snares in procuring food, and on 
the effects and uses of the poison secreted in the falces of 
spiders ; and the volume concludes with Part VII., in 
which the “ nesting habits ” of geometric spiders are gone 
into, as also the origin, use, and development of nest- 
ynaking in various tribes of spiders ; and the ‘‘ genesis 
of snares,” under which last head the author gives us his 
views as to the steps by which a simple line may have 
become the complicated snares now formed by these 
spiders. 

The volume thus completed is well got up, and, 
abounding in interest from beginning to end, may well 
stir up in everyone to whom spiders are not (and it is to 
be regretted they sometimes are) objects of abhorrence, a 
wish for the speedy appearance of the remainder of the 
work, Vols. 11 . and III., the proposed contents of which 
have been noticed above. O. P. C. 

NATIONAL HEALTH. 

National Health. By B. W. Richardson, M.D., F.R.S. 
Abridged from the “ Health of Nations,” of Sir Edwin 
Chadwick, K.C.B. (London : Longmans, Green, and 
Co., 1890.) 

T he aim of this work is sufficiently explained in the 
preface, in which the editor states that his object 
has been to condense, without comment, into a single 
handy and cheap volume, the most practical and most 
popular parts of Sir Edwin Chadwick’s “Health of 
Nations.” 

The volume opens with a biographical sketch of the 
author of the larger work, giving an interesting and de- 
tailed account of his important life-work in public health 
and sanitation ; the remainder of the work being divided 
up into four sections, dealing respectively with health in 
the dwelling-house, in the school, the health of the com- 
munity, and health in the future. 

The first section, relating mainly to the dwellings of 
the working classes, is devoted to an inquiry into the 
serious consequences to health of unsanitary surround- 
ings, such as overcrowding, want of ventilation, deficient 
water-supply, and imperfect drainage, especially when, 
as is often the case in bouses of the poorer classes, the 
walls are pervious and absorbent through faulty construc- 
tion and the use of bad materials. The author points out 
that as good house-drainage and complete sanitary work 
has proceeded in old houses, low health has immediately 
improved; a similar improvement becoming visible at 
the same time in the moral as well as the physical con- 
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<lition of the people. A number of pages are taken up 
•with a description of an ideal water-supply and methods 
of drainage, great stress being laid on the necessity for 
laying down drains and sewers of the smallest possible 
size consistent with the immediate removal of the maxi- 
mum flow at any one time. The wisdom of such a plan 
is now admitted on all hands, the powerful flow prevent- 
ing all deposit, and by maintaining a down draught from 
the houses, avoiding the ingress of sewer-gas. 

In the section on “ Health in the School,” we find an 
account of the “ Half-time System ” initiated by Sir E. 
■Chadwick with the object of ensuring to children em- 
ployed in manufactories a certain time for school- work 
and recreation, in addition to that devoted to physica 
labour. The time which should be occupied by lessons 
at various ages, and the effect of good lighting, warming, 
ventilation, and personal cleanliness in augmenting the 
receptivity of pupils, are ably discussed, and the value of 
military drill as a part of the education is rightly insisted 
•on. The methods for the prevention of the occurrence 
and spread of epidemics are so briefly touched upon 
th.at we cannot but think that the importance of the 
subject might have demanded somewhat fuller treat- 
ment. 

The most important portion of the following section 
deals with the results of occupation and surroundings on 
the length of life in various classes of society, the effects 
of intemperance and of bad feeding being specially con- 
sidered ; the author, however, being careful to point out 
the sources of fallacy to which all such statistics are 
liable. The last portion of the book is mainly devoted 
to an attack on the Malthusian theory. 

The work is not, and does not in any way pretend to 
be, a student’s text-book, so that the candidate for a 
diploma in public health will hardly find it of much 
value, except, perhaps, from an historical point of view. 
Still, there is much in its pages which may be studied 
with advantage by those interested in matters pertaining 
to general hygiene, especially as it presents in moderate 
compass a most readable account of the labours of a 
distinguished pioneer in the field of sanitary science. 

OUR BOOK SHELF. 

Induction and Deduction, and other Essays. By Con- 
stance C. W. Naden. Edited by R. Lewins, M.D. 

(London : Bickers and Son, 1890.) 

This little work acquires a melancholy interest from the 
fact that the talented young authoress has not lived to 
see its publication. The title essay, on “ Induction and 
Deduction,” gained in 1887 the Heslop Memorial 
Medal, provided out of the proceeds of a bequest to the 
Mason Science College, of Birmingham by the late Dr. 
Heslop, and awarded annually by the Council of the 
College. It is clear, concise, well-arranged, and carefully 
thought out : ahd leads one to believe that, had the hand 
of Death been withheld. Miss Naden would have jnade 
valuable contributions to philosophic thought. For Miss 
Naden the fundamental principle in philosophy is the 
famous Protagorean forihula of relativity, that “ Man is 
the measure of all things, of things that are that they are, 
of things that are not that they are not.” She insists on 
the close inter-connection of induction and deduction in 
all reasoning, the two processes not being antagonistic 
but complementary. Both involve cognition and recog- 
nition ; out whereas induction is a process of cognition 
involving recognitions, deduction is a process of recogni- 
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tion involving cognitions. The historical development is 
traced from the Greek cosmologists, through Plato, Aris- 
totle, Bacon, Descartes and Locke, Mill, Jevons, and J. 
H. Green ; and there are many signs that Miss Naden 
had not merely grasped but assimilated the teachings of 
those whose influence on* the theory of reasoning she 
traced. 

That Miss Naden was not wanting in humour is seen 
from the “ Legend of the Inductive Method ” in her 
introduction. This is so good as to be worth quoting. 

“ In the beginning was a set of philosophei's, who, 
instead of looking about thSm, simply investigated their 
own thoughts, and tumbled into many ditches, not so 
much through star-gazing, as through mind-gazing. Out 
of their inner consciousness they extracted a great many 
principles which were inapplicable to Nature, and were 
I therefore of none effect ; and on account of this wilful 
' perversion they failed to invent the steam-engine or to 
discover the circulation of the blood, lihis state of 
things went on for a long time ; and in the Middle Ages 
matters grew worse rather than better ; for now there 
appeared a set of men called schoolmen, who submitted 
everything to the authority of the Church and of Aristotle, 
and wasted their time in frivolous debates about phan- 
toms named quiddities and hocceities and haeceities. 
Their method also was deductive, and was false. But in 
the glorious sixteenth century, and in our own glorious 
island, there arose a Lord Chancellor who wrote a book 
which changed the face of the intellectual world. This 
great man found out that the proper office of the jnind is 
to make discoveries, and that the proper way to make 
discoveries is to interrogate Nature. He laid down rules 
for the correct framing of our interrogations. He is the 
father of all such as make far places near by steam- 
engines and electric telegraphs, or numb our pain by 
anaesthetics, or light the world by gas or electricity. His 
method is called inductive, and is true.” 

The other essays are on ethical and sociological ques- 
tions, and on “ Hylo-Idealism : the Creed of the Coming 
Day.” They are somewhat unequal in value. The work 
is prefaced by a short memoir. C. LL. M. 

The Lepidopterous Fauna of I^ncashire and Cheshire. 
By John W. Ellis, M.B. (Vic.), F.E.S. (Leeds ; Printed 
by McCorquodale and (jo., 1890.) 

This volume, the contents of which are reprinted from 
the Naturalist, will be of great service to all students of the 
subject to which it relates. Dr. Ellis does not offer his 
list as conclusive ; but he has “ endeavoured to present, 
as completely as possible, the facts known with reference , 
to the occurence in Lancashire and Cheshire of the 
British species of Lepidoptera.” The list is preceded by 
a short statement as to. the geological and meteorological 
conditions which, by affecting the flora of the district, 
affect indirectly its lepidopterous fauna. 

LETTERS TO THE EDITOR. 

( The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other paid of Naturk. 
No notice is taken of anonymous communications. ^ 

Intelligence of Chimpanzees. 

One is glad to see that your review of Mr. Stanley’s book 
calls attention to the following statement, which is made on the 
authority of Emin Pasha, and rendered in his own words ; — 

“ The forest of Msongma is infested with a laige tribe of chim- 
panzees, In summer-time, at night, they frequently visit the 
plantations of Mswa Station to steal the fruit. But what is re- 
markable about this is the fact that they use tdrehes to light the 
way 1 Had I not witnessed this extraordinary spectacle per- 
sonally, I should never have credited that any of the Simians 
understood the art of making fire.” 

On this passage youwreviewer remarks : — ** We cannot doubt 
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the accuracy of Mr. Stanley's report, nor the trustworthiness of 
Emin’s observation ; but we should like to have more details.” 
But as Emin himself allows that he would never have credited the 
fact alleged had he not witnessed it personally, we may, per- 
haps, without discourtesy, refuse to accept so bald a statement 
of **this extraordinary spectacle.” Of what were the torches 
constructed? How do these “Simians” practise “the art of 
making fire ” ? Having once acquired the art, do they use it 
only for the purpose of making “ torches to light the way ”? 

Speaking for myself, and not without some knowledge of the 
intelligence of a chimpanzee, I confess that, until at least these 
“details” are supplied, I “doubt the trustworthiness of 
Emin’s observation,^’ and I shall be satisfied to suppose that, 
owing to a shortsightedness of which we have heard so much, 
the Pasha has mistaken a band of native children for his “ large 
tribe of chimpanzees.” George J. Romanes. 

July 6. 

Dr. Koenig’s Theory of Beats. 

1 MADE an Experiment, some years ago, which would seem to 
support and illustrate Dr. Koenig’s theory of beats, as set forth 
by Prof. Silvanus Thompson in his lecture before the Physical 
Society, and reported in your issue of June 19. Taking two 
tuning-forks, each of which gave the middle C (256 vibrations;, 
I weighted one of them so as to make it give one beat a second 
when sounded with the other. Then, sounding this fork, so 
weighted, with another giving the fifth above, G (384 vibra- 
tions), I heard distinctly three beats a second. I could only 
account for these beats by assuming that the weighted fork C 
produced a feeble twelfth, and that the fork G produced a feeble 
octave. These two overtones would, if present, mve three beats 
a second, 255 x 3 = 765, and 384 x 2 = 768. But I could not 
show by any independent evidence that these overtones are 
really present when the tuning-forks are sounded ; and, in fact, 
the general opinion is against such an assumption. 

If, however. Dr. Koenig’s theory be accepted, the beats are 
easily accounted for. According to his view, as stated by Prof. 
Thompson, these forks when sounded together would yield two 
sets of beats, called, respectively, superior and inferior ; and 
each set of beats would blend into a musical tone. Thus we 
should get — 

Inferior beat 384 - 255 = 129 

Superior beat 510 - 384 =126 

These primary beats, or beat-tones as they may be called, of 
129 and 126 vibrations would act as independent tones, and 
produce secondary beats of three in the second. 

I hope Prof. Thompson’s paper will be published in full, that 
we may all have an opportunity of considering the details of 
Dr. Koenig’s reasoning ; but, in the meantime, 1 thought the 
experiment I have described would be interesting to your readers, 
as it is very easily made. Perhaps I should add that the ex- 
periment succeeds equally whether the forks are mounted on 
resonance-boxes or not ; and therefore the effect cannot be 
ascribed to the boxes. Gerald Moli.oy. 

Catholic University, Dublin, June 22. 


The “Night-shining Clouds.” 

I HAVE not yet seen, in any English publication, mention of 
the important results of the more recent researches of Herr O. 
Jesse and his coadjutors on these clouds. By taking simulta- 
neous photographs from two or more widely separated places, 
the height of the clouds has been determined with great exact- 
ness. On July 2, 1889, this was found to be somewhat over 
80 kilometres. The operations have evidently been^ conducted 
with great care, and the results may therefore be fully trusted. 
The question is therefore set at rest as to whether the clouds 
are self-luminous, for it is evident that at such a height their 
brightness is fully accounted for by the sun shining upon 
them. In 1886, Herr Jesse had, upon this supposition, ascer- 
tained their brightness to be from 49 to 54 kilometres, and 
that the lower the sun descended the smaller wa; the illumina- 
tion needed to show them as the atmosphere darkened, so that 
the calculated height increased with the sun’s depression below 
the horizon. Some people were incredulous aTOUt the great 
height at that time attributed ; but the photographs give them 
a yet greater elevation, which places them quite out of the 
category of any ordinary clouds. Those ^ who have not seen the 
photographs may query as to the possibility of identifying the 
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same points in the two photographs compared, and may think 
that even synchronous photographs might show very different 
details by being taken from two distant stations ; but, on the 
contrary, in those examples I have seen, the two photographs 
are so exactly alike that it is very difficult to discover any differ- 
ence whatever between them, though taken at Nauen and Steg- 
litz, 35 kilometres apart, which consideration of itself sho ws the 
enormous height of the clouds. In some of the photographs the 
stars a and ^ Aurigse are distinctly visible. 

The letter by “M. E.” (p. 198) evidently describes an 
apparition of these clouds on the night of the 17th ult., when, 
as 1 am informed, they were also seen from Sunderland ; but I 
have not myself seen them either this year or last, though they 
have been seen both years in Germany — more especially after 
midnight. They generally are seen in June and July, the 
earliest recorded date being May 26, and the latest August 11. 

Sunderland, July 8. T. W. Backhouse. 


In a letter which you published some time ago on “ night - 
shining clouds,” there was a request for notes of their occurrence. 
It may, therefore, interest some of your readers to know that they 
were well seen here on the evening of the 4th inst. They ap- 
peared rather suddenly shortly before lo p.m., covering the sky 
from N. to N.E., and from the horizon for about 15® up. They 
were not in regular strata, but scattered in all directions, like 
cirrus after a storm. About midnight they were still visible, but 
more to the left, some being west of north. The first time I 
saw these clouds was on June 18, 1886, soon after midnight, 
wllen they were about N.W., and 20® from the horizon, and 
since then they have often been seen ; but never, so far as I 
know, with the storm-tossed appearance they presented last 
week. Cecil Shaw. 

Belfast, July 7. 

A VERY fine display of luminous night-clouds was visible here 
during the night of the 4th inst., the luminosity extending to an 
altitude of 30'’ above the northern horizon; ending above in 
definite cirrous streamers, or cloud wisps. It will be seen by 
the Ben Nevis June Summary that these clouds were noted on the 
29th ult. In Nature of the 3rd inst. (p. 222}, the writer’s com- 
munication on this subject was misprinted Kensington instead of 
Kingstown (Co. Dublin). The present dates from Scotland. 

Aberdeen, July 7. D. J. Rowan. 


An Electrical Effect. 

It may be of value to remind teachers of an effect not gener- 
ally known, which is produced by varying the ordinary mode of 
performing the experiment of putting pieces of zinc and silver 
in the mouth and touching them, to obtain the acid taste which 
accompanies the completion of the electric circuit. 

If tne piece of zinc be placed under the tongue, and a florin 
vertically between the upper lip and the top row of teeth, and 
the two metals be brought in contact, a faint flash is seen in 
both eyes when the eyes arc open. 

If the eyes are shut the sensation of light is not felt, so that 
the effect is probably due to a muscular twitching. 

It is necessary to use a large silver coin, and not a shilling, 
and to push it well home behind the upper lip. 

The experiment so made seems to be a handysand simple 
illustration of the meaning of subjective phenomena. 

Clifton College, July 7. Edward B. Cook. 

THE PHOTOGEAPIfIC IMAGE.^ 

^T'HE history of a discovery which has been developed 
to such a remarkable degree of perfection as photo- 
graphy has naturally been a fruitful source of discussion 
among those who interest themselves in tracing the pro- 
gress of science. It is only my presence in this lecture 
theatre, in which the first public discourse on photography 
was given by Thomas Wedgwood at the beginning of the 
century, that justifies my treading once again a path which 
has already been so thoroughly well beaten. If any further 
justification for trespassing upon the ground of the his- 
torian is needed, it will be found in the circumstance that 
in the autumn of last year there was held a celebration 

* Friday £v«nins Lecture delivered at the Royal Institution by Prof. 
Raphael Meldola, F.R.S., on May x6, 1890. 
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of what was generally regarded as the jubilee of the dis- 
covery. This celebration was considered by many to 
have reference to the public disclosure of the Daguerreo- 
type process, made through the mouth of Arago to the 
French Academy of Sciences on August lo, 1839. There 
is no doubt that the introduction of this process marked 
a distinct epoch in the history of the art, and gave a 
great impetus to its subsequent development. But, while 
giving full recognition to the value of the discovery of 
Daguerre, we must not allow the work of his predecessors 
and contemporaries in the same field to sink into oblivion. 
After the lapse of half a century we are in a better posi- 
tion to consider fairly the influence of the work of different 
investigators upon modern photographic processes. 

I have not the least desire on the present occasion to 
raise the ghosts of dead controversies. In fact, the history 
of the discovery of photography is one of those subjects 
which can be dealt with in various ways, according to the 
meaning assigned to the term. There is ample scope for 
the display of what Mr. Herbert Spencer calls the “bias 
of patriotism.’* If the word “photography” be inter- 
preted literally as writing or inscribing by light without 
any reference to the subsequent permanence of the in- 
scription, then the person who first intentionally caused 
a. design to be imprinted by light upon a photo-sensitive 
compound must be regarded as the- first photogra^er. 
According to Dr. Eder, of Vienna, we must place^his 
e-Kperiment to the credit of Johann Heinrich Schulze, the 
son of a German tailor, who was born in the Duchy of 
Madgeburg, in Prussia, in 1687, and who died in 1744, 
after a life of extraordinary activity as a linguist, theo- 
logian, physician, and philosopher. In the year 1727, 
when experimenting on the subject of phosphorescence, 
Schulze observed that by pouring nitric acid, in which 
some silver had previously been dissolved, on to chalk, 
the undissolved earthy residue had acquired the property 
of darkening on exposure to light. This effect was snown 
to be due to light, and not to heat. By pasting words 
cut out in paper on the side of the bottle containing his 
precipitate, Schulze obtained copies of the letters on the 
silvered chalk. The German philosopher certainly pro- 
duced what might be called a temporary photogram. 
Whatever value is attached to this observation in the 
development of modern photography, it must be conceded 
that a considerable advance was made by spreading the 
sensitive compound over a surface instead of using it in 
mass. It is hardly necessary to remind you here that 
such an advance was made by Wedgwood and Davy in 
1802.^ The impressions produced by these last experi- 
menters were, unfortunately, of no more permanence than 
those obtained by Schulze three-quarters of a century 
before them. 

It will perhaps be safer for the historian of this art to 
restrict the term photograph to such impressions as are 
possessed of permanence: I do not, of course, mean 
absolute permanence, but ordinary durability in the com- 
mon-sense acceptation of the term. From this point of 
view the first real photographs, i.e. permanent impressions 
of the camera picture, were obtained on bitumen films by 
Joseph Niedphore Niepce, of ChAlons-sur-SAone, who, 
after about twenty years’ work at the subject, had per- 
fected his discovery by 1826. Then came the days of 
silver salts again, when Daguerre, who commenced work 
in 1824, entered into a partnershii> with Niepce in 1829, 
which was brought to a termination by the death of 
the latter in 1833. TJie partnership was renewed be- 
tween Daguerre and Niepce de St. Victor, nephew of 
the elder Niepce. The method of fixing the camera 
picture on a nlm of silver iodide on a silvered copper 
plate — the process justly ai^ociated with the name of 

* ** An Account of a Method of Copying Paintings upon Glas^ and of 
making Profiles by the Agency of Light upon Nitrate of Silver. Invented 
by T. Wedgwood, Esq. With Observations by H. Davy.** , Joum. R.I., 
iBoa, p. X70. 
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Daguerre — was ripe for disclosure by 1838, and was 
actually made known in 1839. 

The impartial historian of photography who examines 
critically into the evidence will find that quite indepently 
of the French pioneers, experiments on the use of silver 
salts had been going on in this country, and photographs, 
in the true sense, had been produced almost simul- 
taneously with the announcement of the Daguerreotype 
process by two Englishmen whose names are as house- 
hold words in the ranks of science. I refer to William 
Henry Fox Talbot and Sir John Herschel. Fox Talbot 
commenced experimenting with silver salts on paper in 
1834, and the following year he succeeded in imprinting 
the camera picture on paper coated with the chloride. 
In January 1839 some of his “photogenic drawings” — 
the first “silver prints” ever obtained — were exhibited in 
this Institution by Michael Faraday. In the same month 
he communicated his first paper on a phqfpgraphic pro- 
cess to the Royal Society, and in the following month he 
Vead a second paper before the same Society, giving the 
method of preparing the sensitive paper and of fixing 
the prints. The outcome of this work was the “ Calo- 
type ” or Talbotype process, which was sufficiently per- 
fected for portraiture by 1840, and which was fully 
described in a paper communicated to the Royal Society 
in 1841. The following year Fox Talbot received the 
Rumford Medal for his “ discoveries and improvements 
in photography.” ^ 

Herschel’s process consisted in coating a glass plate 
with silver chloride by subsidence. The details or the 
method, from Herschel’s own notes, have been published 
by his son. Prof. Alexander Herschel.* By this means 
the old 40-foot reflecting telescope at Slough was photo- 
graphed in 1839. By the kindness of Prof. Herschel, and 
with the sanction of the Science and Art Department, 
Herschel’s original photographs have been sent here for 
your inspection. The process of coating a plate by 
allowing a precipitate to settle on it in a uniform film is, 
however, impracticable, and was not further developed 
by its illustrious discoverer. We must credit him, how- 
ever, as being the first to use glass as a substratum. 
Herschel further discovered the important fact that while 
the chloride was very insensitive alone, its sensitiveness 
was greatly increased by washing it with a solution of 
silver nitrate. It is to Herschel, also, that we ^e 
indebted for the use of sodium thiosulphate as a fixing 
agent, as well as for many other discoveries in connection 
with photography, which are common matters of history. 

' Admitting the impracticability of the method of sub- 
sidence for producing a sensitive film, it is interesting to 
trace the subsequent development of the processes in- 
augurated about the year 1839. The first of photographic 
methods — the bitumen process of Niepce — survives at 
the present time, and is the basis of some of the most 
important of modern photo-mechanical printing processes. 
[Specimens illustrating photo-etching from Messrs. Water- 
low and Sons exhibited.] The Daguerreotype process is 
now obsolete. As it left the hands of its inventor it was 
unsuited for portraiture, on account of the long exposure 
required. It is evident, moreover, that a picture on an 
opaque*metallic plate is incapable of reproduction by 
printing through, so that in this respect the Talbotype 
possessed distinct advantages. This is one of the most 
important points in Fox Talbot’s contributions to photo- 
graphy. He was the first to produce a transparent paper 
negative from which any number of positives could be 
obtained by printing through. The silver print of modem 
times is the lineal descendant of the Talbotype print. 
After forty years’ use of glass as a substratum, we are 
going back to Fox Talbot’s plan, and using thin flexibU 

For these and other details relatin[t to Fox Talbofs wmL necessarily 
excluded for want of time, I am indebted to his son, Mr. C« H. Talbot, of 
Lacock Abbey. ^ 

* Pkot0g, Journ. and Trans. Photog* Soc.^ Jute 15, 1872, 
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films — not exactly of paper, but of an allied substance, 
celluloid. [Specimens of Talbotypes, lent by Mr. Crookes, 
exhibited, with celluloid negatives by the Eastman 
Company.] 

If I interpret this fragment of history correctly, the 
founders of modern photography are the three men 
whose labours have been briefly sketched. The jubilee 
of last autumn marked a culminating point in the work 
of Niepce and Daguerre, and of Fox Talbot. The names 
of these three pioneers must go down to posterity as co- 
equal in the annals of scientific discovery. [Portraits by 
Mr. H. M. Elder shown.] The lecture theatre of the 
Royal Institution offers such tempting opportunities to 
the chronicler of the history of this wonderful art that I 
must close this treatment of the subject by reminding 
myself that in selecting the present topic I had in view a 
statement of the case of modern photography from its 
scientific side^' only. There is hardly any invention 
associated with the present century which has rendered, 
more splendid services in every department of science. 
The physicist and chemist, the astronomer and geo- 
grapher, the physiologist, pathologist, and anthropo- 
logist will all bear witness to the value of photography. 
The very first scientific application of Wedgwood’s pro- 
cess was made here by the illustrious Thomas Young, 
when he impressed Newton’s rings on paper moistened 
with silver nitrate, as described inhis Bakerian Lecture to 
the Royal Society on November 24, 1803. Prof. Dewar 
has just placed in my hands the identical slide with the 
Newton rings still visible, which he believes Young to 
have used in this classic experiment. [Shown.] 

Our modern photographic processes depend upon 
chemical changes wrought by light on films of certain 
sensitive compounds. Bitumen under this influence be- 
comes insoluble in hydrocarbon oils, as in the helio- 
graphic process of the elder Niepce. Gelatine mixed 
with potassium dichromate becomes insoluble in water 
on exposure to light, a property utilized in the photo- 
etching process introduced in 1852 by Fox Talbot, some 
of whose original etchings have been placed at my dis- 
posal by Mr. Crookes. [Shown.] Chromatized gelatine now 
plays a most important part in the autotype and many 
photo-mechanical processes. The salts of iron in the 
ferric condition undergo reduction to the ferrous state 
under the influence of light in contact with oxidizable 
organic compounds. The use of these iron salts is 
another of Sir John Herschel’s contributions to photo- 
graphy (1842), the modern “blue print” and the beautiful 
platinotype being dependent on the photo-reducibility 
of these compounds. [Cyanotype print developed with 
ferricyanide.] 

Of all the substances known to chemistry at the present 
time, the salts of silver are by far the most important in 
photography on account of the extraordinary degree of 
sensitiveness to which they can be raised. The photo- 
graphic image with which it is my privilege to deal on 
this occasion is that invisible impression produced by the 
action of light on a film of a silver haloid. Many methods 
of producing such films have been in practical use since 
the foundation of the art in 1839. All these d^end on 
the double decomposition between a soluble chloride, 
bromide, or iodide, and silver nitrate, resulting in the 
formation of the silver haloid in a vehicle of some kind, 
such as albumen (Niepce de St. Victor, 1848) or collodion 
on glass, as made practicable by Scott Archer in 1851. 
For twenty years this collodion process was in universal 
use ; its history and details of manipulation, its develop- 
ment into a dry plate process by Colonel Russell in 1861, 
and into an emulsion process by Bolton and Sayce in 
1864, arejacts familiar to everyone. 

The plpKogfaphic film of the present time is a gelatino- 
haloid (generally bromide) emulsion. If a solution of 
silver nitrate is added to a solution of potassium bromide 
and the mixture well shaken, the silver bromide coagulates 
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and rapidly subsides to the bottom of the liquid as a 
dense curdy precipitate. [Shown.] If instead of water we 
use a viscid medium, such as gelatine solution, the 
bromide does not settle down, but forms an emulsion, 
which becomes quite homogeneous on agitation. [Shown.} 
This operation, omitting all details of ripening, washing, 
&c., as well known to practical photographers, is the basis 
of all the recent photographic methods of obtaining 
ne.gatives in the camera. The use of this invaluable vehicle, 
gelatine, was practically introduced by R. L. Maddox in 
1871, previous experiments in the same direction having 
been made by Gaudin (1853-61). Such a gelatino- 
bromide emulsion can be spread uniformly over any sub- 
stratum — glass, paper, gelatine, or celluloid — and when 
dry gives a highly sensitive film. 

The fundamental problem which fifty years’ experience 
with silver haloid films has left in the hands of chemists 
is that of the nature of the chemical change which occurs 
when a ray of light falls on such a silver salt. Long 
before the days of photography — far back in the sixteenth 
century — Fabricius, the alchemist, noticed that native 
horn silver became coloured when brought from the mine 
and exposed. The fact presented itself to Robert Boyle 
in the seventeenth century, and to Beccarius, of Turin, in 
the eighteenth century. The change of colour undergone 
by iJie chloride was first shown to be associated with 
chemical decomposition in 1777 by Scheele, who proved 
that chlorine was given off when this salt darkened under 
water. I can show you this in a form which admits of its 
being seen by all. [Potassium iodide and starch paper 
were placed in a glass cell with silver chloride, and the 
arrangement exposed to the electric light till the paper 
had become blue.] The gas which is given off under 
these circumstances is either the free halogen or an oxide 
or acid of the halogen, according to the quantity of 
moisture present and the intensity of the light. I have 
found that the bromide affects the iodide and starch paper 
in the same way, but silver iodide does not give off any 
gas which colours the test paper. All the silver haloids 
become coloured on exposure to light, the change being 
most marked in the chloride, less in the bromide, and 
least of all in the iodide. The latter must be associated 
with some halogen absorbent to render the change visible. 
[Strips of paper coated with the pure haloids, the lower 
halves brushed over with silver nitrate solution, were 
exposed.] The different degrees of coloration in the three 
cases must not be considered as a measure of the relative 
sensitiveness : it simply means that the products of 
photo-chemical change in the three haloids are inherently 
possessed of different depths of colour. 

From the fact that halogen in some form is given off, 
it follows that we are concerned with photo-chemical 
decomposition, and not with a physical change only. All 
the evidence is in favour of this view. Halogen ab- 
sorbents, such as silver nitrate on the lower halves of the 
papers in the last experiment, organic matter, such as the 
gelatine in an emulsion, and reducing agents generally, 
all accelerate the change of colour. Oxidizing and 
halogenizing agents, such as mecuric chloride, potassium 
dichromate, &c., all retard the colour change. [Silver 
chloride paper, painted with stripes of solutions of sodium 
sulphite, mercuric chloride, and potassium dichromate, 
was exposed.] It is impossible to account for the action 
of these chernical agents excefjt on the view of chemical 
decomposition. The ray of light falling upon a silver 
haloid must be regarded as doin^ chemical work ; the 
vibratory energy is partly spent in doing the work of 
chemical separation, and the light passes through a film 
of such haloid partly robbed of its power of doing similar 
work upon a second film. It is difficult to demonstrate 
this satisfactorily in the lecture-room on account of the 
opacity of the silver haloids, but the work of Sir John 
Herschel, J. W. Draper, and others has put it beyond 
doubt that there is a relationship of this kind between 
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absorption and decomposition. It is well known also 
that the more refrangible rays are the most active in 
promoting the decomposition in the case of the silver 
haloids. This was first proved for the chloride by 
Scheele, and is now known to be true for the other haloids. 
It would be presumption on my part in the presence of 
Captain Abney to enlarge upon the effects of the different 
spectral colours on these haloids, as this is a subject upon 
which he can speak with the authority of an investigator. 
It only remains to add that the old idea of a special 
“ actinic ” force at the more refrangible end of the spec- 
trum has long been abandoned. It is only because the 
silver haloids absorb these particular* rays that the blue 
end of the spectrum is most active in promoting their 
decomposition. Many other instances of photo-chemical 
decomposition are known in which the less refrangible 
rays are the most active, and it is possible to modify the 
silver haloids themselves so as to make them sensitive 
for the red end of the spectrum. 

The chemical nature of the coloured products of photo- 
chemical decomposition is still enshrouded in mystery. 
Beyond the fact that they contain less halogen than the 
normal salt, we are not much in advance of the knowledge 
bequeathed to us by Scheele in the last century. The 
problem has been attacked by chemists again and again, 
but its solution presents extraordinary difficulties. These 
products are never formed — even under the most favour* 
able conditions of division and with prolonged periods of 
exposure — in quantities beyond what the chemist would 
call “ a mere trace.” Their existence appears to be deter- 
mined by the great excess of unaltered haloid with which 
they are combined. Were I to give free rein to the 
imagination, I might set up the hypothesis that the 
element silver is really a compound body invariably 
containing a minute percentage of some other element, 
which resembles the compound which we now call silver in 
all its chemical reactions, but alone is sensitive to light. I 
offer this suggestion for the consideration of the specula- 
tive chemist.* For the coloured product as a whole, 
i.e. the product of photo-decomposition with its combined 
unchanged haloid, Carey Lea has proposed the convenient 
term “photosalt." It will avoid circumlocution if we 
adopt this name. The photosalts have been thought at 
various times to contain metallic silver, allotropic silver, 
a sub-haloid, such as argentous chloride, &c., or an 
oxyhaloid. The free metal theory is disposed of by the 
fact that silver chloride darkens under nitric^ acid of 
sufficient strength to dissolve, the metal freely. The acid 
certainly retards the fonnation of the photosalt, but does 
not prevent it altogether. When once formed the photo- 
chloride is but slowly attacked by boiling dilute nitric 
acid, and from the dry photosalt mercury extracts no 
silver. The assumption of the existence of an allotropic 
form of silver insoluble in nitric acid cannot be seriously 
maintained. The sub-haloid theory of the product may 
be true, but it has not yet been established with that 
precision which the chemist has a right to demand. We 
must have analyses giving not only the percentage of 
halogen, but also the percentage of silver, in. order that it 
may be ascertained whether the photosalt contains any- 
thing besides metal and ^lalo^en. The same may be 
said of the oxyhaloid theory : it may be true, but it has 
not been demonstt'ated. 

The oxyhaloid theory was first suggested by Robert 

Hunt for the chloride ; it was taken up by Sahler, and 

has recently been revived by Dr. W. R. Hodgkinson. It 

• 

^ I have gone so far as to test this idea expeH menially in a prelinunary 
way» the result being, as might have been anticipated, negative. Silver 
chloride, well darkened by long exposure, was extracted with a hot saturated 
solution of potassium chloride, and the dissolved portion, after precipitation 
by water, comfMired with the ordinary chloride by exposure to light. Not 
the slightest difference was observable either in the rate of coloration or in 
the colours of the products. Perhaps it may be thought worth while to 
repeat the experiment, using a method analogous to the ** method of frac- 
tionation of Crookes. 

** Researches on Light/* and ed., 1854, p. 80. 
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has been thought that this theory is disposed of by the 
fact that the chloride darkens under liquids, such as 
hydrocarbons, which are free from oxygen. I have been 
repeating some of these experiments with various liquids, 
using every possible precaution to exclude oxygen and 
moisture ; di^ silver chloride heated to incipient fusion 
has been sealed up in tubes in dry benzene, petroleum, 
and carbon tetrachloride and exposed since March. [Tubes 
shown.] In all cases the chloride has darkened. The 
salt darkens, morever, in a Crookesian vacuum.* By 
these experiments the oxychloride theory may be scptched, 
but it is not yet killed ; the question now presents itself, 
whether the composition of the photosalt may not vary 
according to the medium in which it is generated. 
Analogy sanctions the supposition that when the haloid 
darkens under water or other oxygen-containing liquid, 
or even in contact with moist or dry air, that an oxychloride 
may be formed, and enter into the composi^on of the 
photosalt. The analogy is supplied by the corresponding 
salt of coppeij viz. cuprous chloride, which darkens rapidly 
on exposure. [Desig^i printed on flat cell filled with cuprous 
chloride by exposure to electric light.] Wohler conjec- 
tured that the darkened product was an oxychloride, and 
this view receives a certain amount of indirect support 
from these tubes [shown], in which dry cuprous chloride 
has been sealed up in benzene and carbon tetrachloride 
since March ; and although exposed in a southern window 
during the whole of that time, the salt is as white as when 
first prepared. Some cuprous chloride sealed up in water, 
and exposed for the same time, is now almost 01ack. 
[Shown.] 

When silver is precipitated by reduction in a finely 
divided state in the presence of the haloid, and the pro- 
duct treated with acids, the excess of silver is removed 
and coloured products are left which are somewhat 
analogous to the photosalts proper. These coloured 
haloids are also termed by Carey Lea photosalts because 
they present many analogies with the coloured products 
of photo-chemical change. Whether they are identical 
in composition it is not yet possible to decide, as we have 
no complete analyses. The first observations in this 
direction were published more than thirty years ago in a 
report by a British Association Committee, “ in which the 
red and chocolate-coloured chlorides are distinctly de- 
scribed. Carey Lea has since contributed largely to our 
knowledge of these coloured haloids, and has at least 
made it appear highly probable that they are related to 
the products formed by the action of light. [Red photo- 
chloride and purple photobromide and iodide shown.] 

The photographic image is impressed on a modern film 
in an inappreciable fraction of a second, whereas the 
photosalt requires an appreciable time for its production. 
The image is invisible simply because of the extremely 
minute quantity of haloid decomposed. In the present 
state of knowledge it cannot be asserted that the material 
composing this image is identical in composition with the 
photosalt, for we know the composition of neither the one 
nor the other. But they are analogous in so far as they 

1 Some dry silver chloride which Mr. Crookes has been good enough to 
seal up for me in a high vacuum darkens on exposure quite as rapidly as the 
dry salt in air. soon regains its original colour when kept in the dark. It ' 
behaves, in fact, just as the chloride is known to behave when sealed up in 
chlorine, although its colour is of course much more intense after exposure 
than is the case with the chloride in chlorine. 

** These results were arrived at in three ways. In one case hydrogen wa,s 
passed through stiver citrate suspended m hot water, and the product extracted 
with citric acid. ‘‘The result of treating the residue with chlorhydric acid, 
and then dissolving the stiver by dilute nitric acid, was a rose-tinted chloride 
of silver.” In another experiment the dry citrate was heated in a stream of 
hydrogen at aia® F., and the product, which was partly soluble in water, gave 
a brown residue, which furnished “a very pale red body on Mng transformed 
by chlorhydric and nitric acids.'* In another experiment silver arsenite was 
formed, this being treated with caustic soda, and the blaclc precipitate then 
treated successivriy with chlorhydric and nitric acids : “ Silver is dissolved, 
and there is left a substance • . • . LofJ a rich chocolate or^maroon. &c." 
This on analysis was found to contain 24 per cent, of chlorine, the normal 
chloride requiring 34*74 and the sub-chloridc 14*08 per cent. The Committee 
which conducted these experinmnts consisted of Messrs. Maskelyne, Hadow 
Hardwick, and Llewelyn. B.A. Rep., 1859* P- >o3* 
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are both the result of photo-chemical decomposition, and 
there is great probability that they are closely related, if 
not identical, chemically. It may turn out that there 
are various kinds of invisible images, according to the 
vehicle or halogen absorbent — in other words, according 
to the sensitizer with which* the silver haloid is associated. 
The invisible image is revealed by the action of the 
developer, into the function of which I do not propose to 
enter. It will suffice to say that the final result of the 
developing solution is to magnify the deposit of photosalt 
by accumulating metallic filver thereon by accretion or 
reduction. Owing to the circumstance that the image 
is impressed with such remarkable rapidity, and that it is 
invisible when formed, it has been maintained, and is still 
held by many, that the first action of light on the film is 
molecular or physical, and not chemical. The arguments 
in favour of the chemical theory appear to me to be 
tolerably conclusive, and I will venture to submit a few of 
them. • 

The action of reagents upon the photographic film is 
quite similar to the action of the same reagents upon the 
silver haloids when exposed to the point of visible 
coloration. Reducing agents and halogen absorbents 
increase the sensitiveness of the film: oxidizing and 
halogenizing agents destroy its sensitiveness. It is difficult 
to see on the physical theory why it should not be possible 
to impress an image on a film, say of pure silver bromide, 
as readily as on a film of the same haloid embedded in 
gelatine. Everyone knows that this cannot be done. I 
have cnyself been surprised at the extreme insensitiveness 
of films of pure bromide prepared by exposing films of 
silver deposited on glass to the action of bromine vapour. 
On the chemical theory we know that gelatine is a 
splendid sensitizer — i.e. bromine absorbent. There is 
another proof which has been in our hands for nearly 
thirty years, but I do not think it has been viewed in this 
light before. It has been shown by Carey Lea, Eder, 
and especially by Abney — who has investigated the 
matter most thoroughly — that a shearing stress applied 
mechanically to a sensitive film leaves an impression 
which can be developed in just the same way as though 
it had been produced by the action of light. [Pressure 
marks on Eastman bromide paper developed by ferrous 
oxalate.] Now that result cannot be produced on a 
surface of the pure haloid : some halogen absorbent, such 
as gelatine, must be associated with the haloid. We are 
concerned here with a chemical change of that class so 
ably investigated by Prof. Spring, of Lidge, who has 
shown that by mere mechanical pressure it is possible to 
bring about chemical reaction between mixtures of finely 
divided solids.^ Then again, mild reducing agents, too 
feeble to reduce the silver haloids directly to the metallic 
state, such as alkaline hypophosphites, glucose or lactose 
and alkali, &c., form invisible images which can be 
developed in precisely the same way as the photographic 
image. All this looks like chemical change, and not 
physical modification pure and simple. 

1 have in this discourse stoically resisted the tempting 
opportunities for pictorial display which the subject 
affords. My aim has been to summarize the position in 
l^hich we find otirselves with respect to t^e invisible 
image after fifty years’ practice of the art This image 
is, 1 venture to think, the property of the chemist, and bv 
him must the scientific foundation of photography be laid. 
We may not be able to give the formula of the photosalt, 
but if the solution of the problem has hitherto eluded 
our grasp it is because of the intrinsic difficulties of the 
investigation. The photographic image brings us face to 
face — not with an ordinary, but with an extraordinary 
class of chemical changes due entiiely to the peculiar 

1 The connection between the two phenomena was suggested during a 
course of lectures delivered by me two year .4 ago (** Chemistry of Photo* 
graphy/' p. 191). I have since learnt that the same exclusion had been 
arrived at independently by Mr. C H. Botta^ley, of the Yorkshire CoIlegCt 
Leeds. 
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character of the silver salts. The material composing 
the image is not of that definite nature with which 
modem chemical methods are in the habit of dealing. 
The stability of the photosalt is determined by some kind 
of combination between the sub-haloid or oxyhaloid, or 
whatever it may be, and the excess of unaltered haloid 
which enters into its composition. The formation of the 
coloured product presents certain analogies with the 
formation of a saturated solution ; the product of photo- 
chemical decomposition is formed under the influence of 
light up to a certain percentage of the whole photosalt, 
beyond which it cannot be increased — in other words, the 
silver haloid is satqrated by a very minute percentage of 
its own product of photo-decomposition. The photosalt 
belongs to a domain of chemistry — a no-man’s land- 
peopled by so-called “ molecular compounds,” into which 
the pure chemist ventures but timidly. But these com- 
pounds are more and more urging their claims for con- 
sideration, and sooner or later they will have to be 
reckoned with, even if they lack that definiteness which 
the modern chemist regards as the essential criterion of 
chemical individuality. The investigation may lead to 
the recognition of a new order of chemical attraction, or 
of the old chemical attraction in a different degree. The 
chemist who discourses here upon this subject at the end 
of the half-century of photography into which we have 
pow entered will no doubt know more about this aspect 
of chemical affinity ; and if I may invoke the spirit of 
prophecy in concluding, I should say that a study of 
the photographic film with its invisible image will have 
contributed materially to its advancement. 


THE VELOCITIES OF PROJECTILES! 

T he experimenters, whose work is recorded in the 
papers noted below, have succeeded admirably in 
their attempts to photograph projectiles while moving 
with their ordinaiy velocities. At the same time, they 
have obtained indications of the forms of the waves ex- 
cited in the air by projectiles when moving with velocities 
higher than the normal velocity of sound in the air. 

The first experiments were conducted by Mach and 
Wentzel with velocities of the projectiles about 240 
m.s. (787 f.s.), which were below the normal velocity of 
sound, when they obtained only negative results. After 
this, Mach and .Sitlcher carried on experiments of the 
same nature with three small arms, which respectively 
gave muzzle velocities of 438 m.s. (1437 f.s.), 338 m.s. 
(1100 f.s.), and 522 m.s. (1713 f.s.). The arrangements 
were such that, when the projectile was in the focus of 
the camera lens, it caused the discharge of a spark from 
a Leyden jar at a point in the axis of the lens which was 
more distant from the lens than the projectile. As the 
illumination was necessarily of very short duration, the 
instantaneous photographs were taken on a small scale. 
These photographs showed a well-defined wave of con- 
densation of the air in front of the projectile when the 
velocity of the shot exceeded that of sound, or about 
340 m.s. (1116 f.s.). All the experiments of value were 

' Aus den SitZMHgtbtrichten d. kaU. Akadtmie d, Wissenschaften in 
Wien ; — 

(,1) “ Pbotographische Fixirung der durch Projet^ile in der Lu(t einge - 
leiteten Vorganffe,” von E. Mech und P. Salcher. 1887. 

(3) “ Ueber die Fortpflanxungsgetchwindigkeit dee durch schxrTe SchOsse 
erregten Scballes," von E. Mach. 1888. 

(3; “ Ueber die in Pola und Meppen angestellten ballitUichphotographi- 
schen Verauche," von E. Mach und P. Saloier. 1889. 

(4) “Ueber die SchaJIgeechwindigkeit beiin xebarfen SchuM nach von 
dem Krupp’echen EiabliMement angestelluu Venuchen,” von £. Mach. 
1889. 

($) ^'Optische Untcttttchung der Lufutrahlen," von E. Mach und P. 
Batcher. 1889. 

<6) Weitere ballMtiech-photographitche Vereuche," von E. Mach und L. 
Mach. X889. 

(7) *' Ueber longitudinale forttchreitende Wellen im Olase,” von E. Mach 
und L. Mach. 1889. 

(8) “ Ueber die Interferenx der Schollwelien von grotier Excursion," von 
E. Mach und L. Mach. 1889. 
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made by the two small arms, which gave muzzle veloci- 
ties of 1437 f.s. and I7i3f.s. When proper arrangements 
• were made, the photographs of the projectiles fired by 
these two guns were always very fine and sharp. Wiih 
a sufficient velocity of the shot, the limit of the con- 
densed air-wave in front of the projectile appeared to be 
of a hyperboloidal form, whose vertex was in advance of 
the projectile, and axis in the line of flight. Similar 
traces in the photograph, indicating conical waves whose 
axes were also in the line of flight, took their rise from 
the base of the shot. Other but weaker traces of waves of 
air took their rise from points on the surface of the shot. 
All these straight lines in the photograph were inclined 
to the line of flight at a rather less angle than the traces 
of the head wave. When the velocity of the projectile 
was increased, the angles which the traces of the waves 
made with the line of flight were diminished. 

When the highest velocities were obtained, the chan- 
nel vacated by the projectile was immediately filled with 
peculiar little clouds, which appeared almost as regular 
and symmetrical as beads strung on a line stretched in 
the direction of the line of flight. And there was no 
indication of a vacuum in the rear of the shot, even when 
the velocity was so high as 900 m.s. (2953 f.s.). As the 
air was transparent, the form of the waves of air in t|^ 
photographs must have been caused by the varying 
density of the air, which refracted the rays of light. 

Long ago Robins noticed a change in the law of re- 
sistance of the air to projectiles at about the velocity of 
sound. Although Hutton disputed this change in the law 
of resistance and others ignored it, recent experiments 
have completely confirmed Robins's discovery. It now 
appears that the disturbances caused by the projectile in 
the air travel faster than the shot for low velocities, so 
that the compression of the air in front of the projectile 
is not sufficient to cause traces of waves in the photo- 
graphs. 

The two guns which gave satisfactory results with 
muzzle velocities of 1437 f.s. and 1713 f.s., showed widely 
different curvatures at the vertex of the wave of con- 
densation in advance of the projectile. It was therefore 
very desirable that the velocity of the shot should have 
been exactly determined at the moment each photograph 
was taken. This condition has unfortunately not been 
sufficiently attended to, for although an improvised 
ballistic pendulum was used in some cases, it was soon 
discarded. 

Afterwards the experimenters made use of guns of 
larger calibre. Salcher carried out experiments at Pola 
with a gun of 9 cm. (3*5 inches) calibre, which gave a 
muzzle velocity of 448 m.s. (1470 f.s.). Other experiments 
were made at Meppen, by Mach, assisted by his son, 
with a gun of 4 cm. (i'6 inch) calibre, which gave a 
muzzle velocity of 670 m.s. (2198 f.s.). The head wave 
appeared as a stronger and broader hyperbolic curve in 
the photograph, which was rather more in advance of the 
head of the shot than in the case where small arms were 
used. But when the velocities of the shot were nearly 
the same in the two case^, the traces of the waves in the 
photographs made nearly the same angle with the line of 
flight. This perhaps might have been expected, as it has 
been found experimentally that the resistance of the air 
to projectiles varies as the square of their diameter. 

Further experiments were afterwards carried out in 
the laboratory. In this ease projectiles composed of 
various metals were used, as brass, aluminium, and lead, 
which were of various forms. Attempts were made to 
determine the velocities of the projectiles in two difierent 
ways, neither of which can be regarded as quite satis- 
factory. In one case it was assumed that the work done 
on the projectile by a given charge of powder would be 
constant. But this assumption would not be true for 
(^siderable variations in the weight of the projectile, 
liythe other case, the velocity was calculated by using 
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the inclination, a, of the trace of the rear wave in the 
photograph to the line of flight, on the supposition that 
the velocity of sound = velocity of the projectile X sin a. 

Much labour and ingenuity have been expended in 
bringing these experiments to their present satisfactory 
state. The ground has been well prepared for sets of 
systematic experiments made with useful forms of projec- 
tiles fired with various muzzle velocities. The results 
given by spherical projectilef might prove useful to the 
theorist. Other experiments might be carried but with 
ogival, hemispherical, and flat-headed elongated projec- 
tiles. In all cases the readings of the barometer and 
thermometer should be recorded, and the velocity of the 
projectile should be measured. The ballistic pendulum 
would probably give the best results if the block was 
shielded from the action of the wave of condensed air 
which accompanies the projectile. * 

J'''urther, E. Mach has attempted to compare the velo- 
city of the report of a gun with that of the projectile. In 
one series of his experiments, when the terminal velocity 
of the projectile was higher than the normal velocity of 
sound, the time of flight of the projectile, and the time in 
which the report of the gun travelled over the same 
distance, agreed very closely. But in another series, 
where the terminal velocity of the projectile was below 
that of sound, it was found that the time of flight of the 
projectile was greater than that of the report of the gun 
over the same distance. It was therefore considered that 
the report of the gun travels at the same velocity as the 
projectile so long as the velocity of the projectile is 
greater than that of sound. But when the velocity of the 
projectile is reduced by the resistance of the air below the 
velocity of sound, then the report of the gun travels in 
advance of the projectile, moving with the normal velocity 
of sound. As experiments are frequently made with 
velocities of the projectile more than double that of sound, 
there seems to be no difficulty in the way of deciding 
whether the report of a gun travels at the same velocity 
as the projectile for high velocities. If so, as appears 
probable, there arises the question as to the velocity with 
which the report of the gun travels in various directions 
from the muzzle of the gun. If a stretched membrane 
could be made to interrupt a galvanic current for a 
moment on the passage of a sound-wave, it would not be 
difficult to determine the law of propagation of the report 
of a gun in all horizontal directions. For the projectile 
might be made to cut equidistant screens, and if lines of 
properly prepared membranes, at the same distance apart 
as the screens, were run in various directions, each line 
being provided with its own galvanic current and marker, 
the progress of the projectile and of the report of the gun 
in the chosen directions might be registered on the surface 
of a cylinder rotating with a known velocity. B. 


/VOTES. 

On Friday last, Mr. Isaac Roberts, F.R.S., of Maghull, 
Liverpool, was presented with an address on the occasion of his 
removal from Liverpool to his new observatory near Tanbridge * 
Wells. The presentation took place in the Council Chamber at 
the Town Hall before a large and representative assembly. The 
Mayor (Mr. Thomas Hughes), who presided, referred in eulogistic 
terms to the services rendered to astronomy by Mr. Roberts in 
his chosen field of celestial photography. Principal Rendall 
proposed the adoption of the address, in which reference was 
made to Mr. Roberts's long and honourable business career in 
Liverpool, and to the important discoveries made by him in 
stellar photography. The address was signed by the Mayor, 
Principal Rendall and the Professorial staff of University College, 
many members of the City Council and of learned and scientific 
Societies in Liverpool, and other prominent citizens. Mr. John 
Hartnup, of the Bidston Observatory, seconded the motion, add 
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it was supported by Mr. A. G. White, the President of the 
Master Builders’ Association. The Mayor then made the pre- 
sentation. Mr. Roberts, in responding, drew attention to the 
fact that the city contained no monument or record of the 
labours of the two great Liverpool astronomers, Lassell and 
Jeremiah Horrocks, and expressed his willingness to join in any 
movement having that object in view. He also explained that 
his reasons for leaving Liverpool were because of the unsuitable 
nature of the atmosphere for taking observations. 

It is expected that the Electrical Standards Committee will 
arrange for a discussion, at the Leeds meeting of the British 
Association, on the best values to adopt for the units of electrical 
measurement. 

Mr. W. C. MacdonalIs, a merchant of Montreal, has just 
made a mun^icent contribution to McGill College. He has 1 
given 150,000 dollars to the Law Faculty for the endowment of | 
the Dean’s and another chair, and also 50,000 dollars for the 
endowment of a Chair of Experimental Physics, and has offered j 
to erect buildings for the Faculty of Applied Science, to include 
class-rooms and laboratories. Altogether, the value of Mr. 
Macdonald’s gift is about 400,000 dollars. I 

At a meeting of the Council of the South Wales University 
College on the 2nd inst., Mr. Archibald C. Elliott was elected 
to the Engineering Professorship just founded at Cardiff. 

THE*"death took place, on the 29th ult., of Mr. Alexander 
Parkes, of West Dulwich, and formerly of Birmingham, at the 
age of seventy-six years. Mr. Parkes was well known as the 
inventor of the substance parkesine or celluloid, and also of 
many important manufacturing and metallurgical processes. 

The death, on the 2nd inst., is announced of Mr. John Page, 
chief engineer of the canals of the Canadian Dominion, and the 
projector and constructor of the enlarged St. Lawrence Canal 
system. 

The German Emin Pasha Relief Committee has received a 
telegram announcing the arrival of Dr. Peters wdth his Expedition 
in Usugara. 

At the invitation of Sir William MacGregor, Mr. C. Hedley, 
of the scientific staff of the Queensland Museum, has gone to 
New Guinea for the purpose of making a thorough scientific 
investigation of the invertebrate fauna of the east coast of that 
country. 

Mr. James Bennett has (according to the Colonies and 
India) been commissioned by Lord Knutsford to proceed to 
Lagos, to make full inquiry into and report upon the mineral 
and vegetable resources of the colony with a view to their 
further development. Mr. Bennett is the inventor of a special 
process for extracting, by means of chemicals, pure rubber from 
the milk of the wild fig-tree, of which several .species are to be 
found in Lagos and the neighbourhood, and it seems likely that 
considerable advantage will accrue to the colony from his visit. 
Mr. Bennett will devote particular attention to such products as 
rubber, gums, fibres, and minerals, in which it is ^^hought that 
the present trade of the colony may be largely increased, or 
which are considered likely to become subjects of local 
manufacture. 

Mr. Brown, the South Australian Government Geologist, 
has left Adelaide for the north, having been specially com- 
missioned to carry out the geological survey of the Macdonnell 
Ranges, and to report on the Hale River gold-field. He will be 
joined on the journey by two members of the Board already 
selected, and some valuable work will, it is thought, be 
accomplished by the party before they return. 

According to the Report of the V)xford University Exten- 
,sion scheme which has been issued, and which comes up to the 
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commencement of July, Since June 1889, 148 courses have 
been delivered in 109 centres by 25 lecturers. Examinations 
were held at the conclusion of 119 courses, and the examiners 
haye awarded certificates of merit or distinction to 927 candi- 
dates. The courses were attended by 17,854 students, and the 
average period of study covered by each course was 10 weeks.” 
In 1885-86 the number of courses delivered was 27 only, and 
the number of lecture centres 22. Amongst the chief signs of 
progress recorded are (l) a great extension of University teaching 
in small towns ; (2) a marked increase in the number of working 
men attending the lectures ; (3) the arrangement of a number of 
successful and well-attended courses during the early summer 
months ; (4) the establishment of 36 Students’ Associations at 
various centres ; and (5) the federation in two new districts of 
the various lecture centres. The Students’ Associations are 
very valuable, inasmuch as ^‘they encourage the students to 
undertake regular reading throughout the year in preparation 
for, or in continuation of, the courses of lectures.” The federa- 
tion movement is also extremely helpful. It enables the diffi- 
culty sometimes experienced in procuring lecturers to be more 
easily surmounted, and it fosters and stimulates local interest in 
the study undertaken. The Committee regrets that a greater 
proportion of students do not present themselves for examina- 
tion, but those who do go through the ordeal appear, on the 
whole, to come out very creditably. Scholarships are given to 
the writers of the best essays on a number of subjects connected 
with those studied during the course; and amongst the 
successful essayists,” we are told, *‘wcre two carpenters, two 
clerks, a fustian weaver, an artisan employed in a Government 
dockyard, and three elementary teachers.” In an examination 
recently held, those who were awarded certificates included *‘a 
national schoolmistress, a young lawyer, a plumber, and a rail- 
way signalman.” Again, we are informed that “a course of 
lectures on zoology recently given by an Oxford lecturer in 
Devonshire was attended by a student whose essays convinced 
the lecturer of her singular powers of accurate and original 
observation. She was encouraged by the lecturer to undertake 
a course of systematic study, and at his suggestion became a 
candidate in the examination for scholarships at Somerville 
Hall, where she was elected to the second scholarship.” 

At the third summer meeting of University Extension and 
other students, which is to be held at Oxford in August, Mr. 
E. B. Poulton, F.R.S., will lecture on the influence of courtship 
on colour, and Mr. Francis Gotch on the physiology of the 
nervous system ; Prof. Patrick Geddes will deal with problems 
of evolution, organic an 4 social; Prof. Green, F.R.S., will 
give a course on geology; and Mr. C. Cams- Wilson lectures on 
geological phenomena. The teaching of geography, by Mr. 
H. J. Mackinder ; protective adaptations in plants, by Mr. J. 
B. Farmer ; and some aspects of light, by Mr. V. Perronct 
Sells, are also subjects announced in the programme. 

During the cruise of the Garland on the west coast ot 
Scotland in June, for the purpose of examining oyster and 
mussel grounds, Mr. Anderson Smith records the following 
captures of more especial interest to naturalists. The large 
Pennatula quadrangularis was found to be commonly dis- 
tributed in great abundance in several lochs. The rare Isocardia 
cor was taken in the trawl in Loch Sunart, alive. Balanoglossus 
I was obtained from deep water off Dunvegan, Skye, and may be 
I considered the first specimen recorded from Scotland. The rare 
fi&h Cepola rubescens^ L., or Red Band- fish, was taken off Jura, 
and is an addition to the fauna of the outer waters, although 
one or more specimens have been recorded from the Clyde area. 
Among Crustacea many interesting species were found, and the 
individual supply was such as to lead to the presence at some 
time or other of a more plentiful fish supply than was met with 
during the cruise. 
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A TELEGRAM from Quilimane announces the departure of an 
Expedition to Zumbo, under the command of Captain Soares 
d’ Andrea, overseer of the River Zambesi. Satisfactory news is 
said to have been received of Senhor Joaquin Almeida^s Ex- 
pedition to Gungunghama, which landed at Chaichai, 30 miles 
above the mouth of the River Limpopo, on its way to Gazaland. 
•Good news has also been received from Captain Cerales, in 
Bilene. 

The latest information of the Russian Expedition to Tibet, 
under the command of Colonel PevtsofT, is contained in the 
following letter from the mining engineer Bogdan ovitch, pub- 
lished by the Russian newspaper the Messenger of the Volga : — 
“ Having happily passed through the winter at Nia, the Ex- 
pedition set out on April 24 to traverse the defile of Idjelik- 
Khanoum, and thus reach Tibet. Colonel PevtsofF had sent 
half his camels, carrying 23 bales with his collections, to the 
banks of the Cherchen River, where they could recover their 
strength with the abundant pasture. These animals are intended 
to facilitate our return to Russia. Our baggage will be carried 
into Tibet on oxen hired for the purpose. We ourselves are 
riding thither on horseback, carrying with us the light portion 
of our effects. We left Nia with 30 horses. During the winter 
M. Roborovsky made an excursion to Cherchen, and I made 
one to the mountains of Karangon^Fag, south of Khoten. 
During my tour I met Grombehevsky, who came with me to 
Khoten in February, and thence returned for a short time to Nia. 
The health of all the members of the Expedition is perfect, and 
during the winter we have received all our letters and papers 
from St. Petersburg, thanks to the good offices of M. Petrovsky, 
our Consul at Kashgar. We shall send our collections to Russia 
through his agency.** M. Grombehevsky has informed the 
military Governor of the Syr-Darya district that the time of his 
journey has been extended until January 15, 1891. His Expedi- 
tion has .already traversed versts. M. Grombehevsky will 

pass the summer in exploring Tibet between Polon- Lhasa and 
Rudok. 

The July number of the Keiv Bulletin contains further in- 
formation on the cultivation and preparation of the colouring 
substance known as annatto. The present instalment deals 
with the West African seed, which does not appear to possess 
the qualities of that from Jamaica. A new method of preserv- 
ing grain from weevils is suggested, while there is a long corre- 
spondence on Colombian india-rubber. The letters contain an 
account of a tree which yields rubber, and which is known in 
commerce as “ Colombia Virgen.*' It has the peculiarity of 
growing at high elevations, and therefore in a comparatively 
cool climate. Another section deals with the fibre industry of 
the Bahamas, and particulars are given of the establishment of 
the botanical station at Lagos, the first of its kind on the West 
Coast of Africa. A letter from the Curator, Mr. McNair, gives 
interesting information respecting some of the plants under 
^experimental cultivation there. ^ 

An appendix to the Bulletin contains a list of new garden 
plants, including not <fnly those brought into cultivation for 
the first time during 1889, but the most noteworthy of those 
which had been re-introduced after being lost from cultivation. 
Other plants included in the lists have been in gardens for 
several years, but either were not described or their names had 
not been authenticated until recently. All hybrids, whether in- 
troduced or of garden origin, described for the first time in 1889, 
are included. The list contains a reference to the place where 
the plant is first described or figured, or where additional in- 
formation is given ; besides the natural order and country, a 
brief notice of the habit and most striking points of each plant 
is given. 
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The Lucayan Indians, who inhabited the islands now called 
the Bahamas, were the first Indians seen by Columbus. In 
less than twenty years this interesting people, numbering, ac- 
cording to the estimate of the conquerors, 40,000 persons, was 
wholly exterminated. The hammock was found among the 
Lucayans, and both the word and the thing were adopted by 
the Spaniards, through whom they were passed on to other 
nations. Various skulls have been recovered from caves in the 
Bahamas, and have been made the sijbject of a valuable paper 
by Mr. W. K. Brooks. This paper was read some time dgo 
before the National Academy of Sciences, America, and has 
now been reprinted as a separate memoir, with carefully 
executed illustrations. Columbus testifies that the Lucayans 
were ‘*of good size, with large eyes and broader fore- 
heads than he had ever seen in any other race of men ** ; 
and Mr. Brooks says this agrees perfectly with |Jhe re- 
sults he has reached, the most conspicuous characteristics of 
the skulls he has examined being the great breadth noted by 
Columbus, and the massiveness and solidity of the head. We 
may, therefore, unhesitatingly decide,** says Mr. Brooks, ** that 
they are the remains of the people who inhabited the islands at 
the time of their discovery, and that these people were a well- 
marked type of that North American Indian race which was at 
tlfkt time distributed over the Bahama Islands, Hayti, and the 
greater part of Cuba. As these islands are only a few miles 
from the peninsula of Florida, this race must at some time havp 
inhabited at least the south-eastern extremity of the continent, 
and it is therefore extremely interesting to note that the North 
American crania which exhibit the closest resemblance to those 
from the Bahama Islands have been obtained from Florida.** 

The Times gives some details of the new expedition to the 
North Pole, for which the Norwegian National Assembly voted 
200,000 kroner on the 30th ult., and which will be under the 
charge of M. Nansen. Hitherto, with one possible exception, 
all attempts to reach the North Pole have been made in defiance 
of the obstacles of Nature. It has been an open campaign 
between the endurance of man and the icy barrier of the Arctis 
Seas, in which Nature has always been triumphant. On this 
occasion a systematic and well-organized attempt will be made 
to ascertain if Nature herself has not supplied a means of solving 
the difficulty, and if there is not, after all, a possibility of reach- 
ing the North Pole by utilizing certain natural facilities in these 
frozen seas of which all earlier explorers were ignorant. The 
circumstances on which these new hopes are founded may be 
thus summarized. The yeannette Expedition of 1879-81 and 
the loss of that vessel seemed to sound the knell of all expedi- 
tions to reach the Pole by Behring Straits ; but in the end the 
results of that effort are shown to have been more satisfactory 
and auspicious than any of the officers of the yeannette could 
have hoped for when, with extreme difficulty, they succeeded in 
reaching Siberia across the ice from their wrecked vessel. In 
June 1884, exactly three years after the yeannette sank, there 
were found near Julianshaab, in Greenland, several articles 
which had belonged to the yeannette and been abandoned at the 
time of its wreck by the crew, and which had been carried to 
the coast of Greenland, from the opposite side of the Polar Sea, 
on a piece of ice. This fact at once aroused curiosity as to how 
it accomplished the journey across the Arctic Ocean, and- as to 
what unknown current had borne the message from Behring 
Straits to Greenland. However these objects reached Julians- 
haab, they could not have come in an eastern direction, through 
Smith’s Sound, for the only current which reaches Julianshaab 
is that from the eastern coast of Greenland vUi Cape Farewell 
and the north. Nor is there much probability that tlmy were 
borne in a western direction from the place where the yeannette 
sank, for all the currents round Nova Zembla, Franz-Josef 
Land, and Spitzbergen are known, and it seems impossible for 
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the ice bearing the relics of the unfortunate Jeannette to have 
traversed the intervening distance in the space of three years, 
even if it were possible at all. There remains only the alterna- 
tive that there is a comparatively short and direct route acr9ss 
the Arctic Ocean byway of the North Pole, and that Nature 
herself has supplied a means of communication, hourever un- 
certain, across it. Increased significance to the discovery of the 
Jeannette relics in 1884 was given by the identification in 1886 
of bows found on the f oast of Greenland with those by the 
Eskimo in the vicinity of Behring Straits, at Port Clarence, 
Norton Sound, and the mouth of the Yukon River. M. Nansen’s 
Expedition will endeavour to realize these hopes of a direct 
route across the apex of the Arctic Ocean. A specially con- 
structed boat of 170 tons will be built, and provisions and fuel 
taken for five years, although it is hoped that two will suffice. 
The Et;pedition will consist of 10 or 12 men, and M. Nansen 
proposes to leave Norway in February 1892. 

The Meteorologische Zeitschrift for June contains summaries, 
by Dr. T. Hann, of the results of the meteorological observations 
at the following international Polar stations : — (i) Sodankyla, in 
Lapland, where observations were made for two years ending 
August 1884. (2) Mdller Bay, in Novaia Zemlia — September 

1882 to August 1883. (3) Sagastyr, at the mouth of the Lena 

— September 1882 to June 1884. observer at this station 

remarks that they were all more susceptible of cold in summer 
t%an in winter ; in autumn this susceptibility ceased. In winter 
they could expose themselves experimentally for a few minutes 
to a temperature of about - 58** F., with scarcely any clothing,' 
without any unpleasant feeling. The explanation is probably 
to be found in the complete stillness of the air at the time. 

The Harvard College has published, as vol. xxii. of its 
Annals, the very complete and valuable series of meteorological 
observations made at the summit of Pike’s Peak, Colorado, 
between January 1874 and June 1888. This station is the 
highest in the world, being 14,134 feet above the sea-level. 
The observations, which have been prepared for publication 
under the superintendence of the Chief Signal Officer, contain 
the actual readings taken several times daily, and for a portion 
of the time even hourly readings, in addition to monthly means 
for various hours. General Grcely draws attention to several 
nteresting facts resulting from a cursory examination of the data. 
The maxima of both pressure and temperature occur in July, 
and the minima in January ; the annual march of both ele- 
ments is the same, and the two curves are almost coincident. 
The mean temperature for the above period was 19'**3 ; the 
maximum observed was 64®, and the minimum —39*. The 
maximum daily range occurs in July and September (about 14® *3), 
and the minimum in December (ii®*6) which is only about half 
of the range on the low plateau country to the eastward. The 
precipitation exhibits |>eculiarities in its distribution throughout 
the year ; 35 per cent, of the whole amount falls in the summer, 
and 33 per cent, in spring, the maximum occurring in July and 
the minimum in February. The mean wind^velocity decreases 
gradually from 26*6 miles per hour in January to 12*5 in July, 
and 12*3 in August, and it decreases from 2h.-4h. a«m. to 
iih. a.m. and noon. The mean hourly velocity during any day 
rarely exceeds 50 miles ; the highest velocity was 112 miles per 
hour on May 11, 1881, which General Greely states has been 
frequently exceeded at exposed points on the Atlantic and Pacific 
coasts. The prevalent direction is from south-west to north-west. 
Pike’s Peak is frequently visited by electrical storms, but they 
only occur when the air is moist ; many interesting details of 
these are given in the extracts from the observers’ journals, at 
the end of the volume. 

The Chief Signal Officer of i&e U.S. Army has published a 
Valtiable Supplement to the Monthly Weather Review ” for 
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the year 1889, which contains a general discussion of the 
weather of that year over the United States and Canada, by 
Captain Dunwoody, ilUistrated by seven charts prepared from 
data from about 1000 stations. The annual mean temperature 
was highest in the southern parts of California, Arizona, and 
Florida, where it rose above 75^, and it was lowest in Manitoba, 
where it fell below 35“. The highest maximum temperature 
was 1 1 7® at Yuma, Arizona, on July 3. The highest tempera- 
ture ever recorded by the Signal Service observers was 119®, 
at Fort McDowell, Ariz., in 1887. The lowest temperature 
reported by a regular station of the Signal Service was - 43®, at 
St. Vincent, Minn., on February 23. The lowest minimum ever 
reported by a regular station of the Signal Service was - 63®, at 
Poplar River, Mont., in 1885. With regard to atmospheric 
pressure, Captain Dunwoody remarks that the effect of marked 
departures from the usual distribution of monthly mean pressure 
was noticeable on the paths of the storms. In August and 
December, for instance, when the pressure over the Southern 
States was more than 0*1 inch above the normal, no cyclone 
traversed the country east of the Mississippi and south of the 
Ohio Rivers. With regard to rainfall, at several of the stations 
in the Middle Atlantic States, the annual amount was the 
heaviest ever reported, and the greatest deficiencies occurred in 
Louisiana and Washington. Fogs occurred in the vicinity of 
the Banks of Newfoundland most frequently from April to 
October ; in August, fog occurred on 22 days, and in January 
and December on only $ and 4 days respectively. The charts 
show, in addition to the mean values for 1889, the departures 
of that year from the normal values. 

The occurrence of St. Elmo’s fire at sea has been lately 
studied by Captain Haltermann, of Hamburg, who made ex- 
amination of a number of ships’ log-books for 1884 and 1885, 
reporting 156 cases, in 8oo months of observation (J/et. Zeits,). 
He finds a greater number of cases in north than in squth 
latitudes. And of 63 cases observed in the North Atlantic (the 
stormiest sea in winter) 49 occurred in the months November to 
April, and only 14 in the other half of the year. Of the total 
(156) only 27 were unaccompanied by thunder and lightning, 
and only 6 by precipitates of some kind. Snow and hail showers, 
with strong wind, seemed specially favourable. Of 133 cases 
accompanied by rain, there were only 15 without also thunder 
and lightning ; while of 32 with hail, 18 were without thunder and 
lightning ; and of 14 with snow, 12 without thunder and light* 
ning. As to wind, there were instances with all degrees of in- 
tensity. The wind was in most cases (beyond 35® lat.) from 
equatorial direction, and this, with the commonly observed 
decrease of pressure, indicates that the cases mostly occurred in 
the front part of depressions. In 46 cases the barometer rose, 
and in 8 it was unaffected. In most cases the thermometer fell. 
Between the equator and 10® N. lat. 12 cases were observed, and 
not one in the corresponding region to the south, where the trade 
wind generally prevails. In the region of the constantly blow- 
ing trade wind St. Elmo’s fire is never met with. The western 
half of seas extending polewards from 30® lat. seems to afford the 
best conditions. On the whole, the occurrence of St. Elmo’s 
fire may probably be ascribed to the saftie causes as give rise to 
thunder and lightning. * 

Mr. J. Lloyd Bozward, of Worcester, writes to us that 
* Muring a rainstorm on Tu^ay (July i), black rain fell in a 
district lying between the parishes of Crewle and Broughton 
Hackelt in this county. In road-ruts where rain-water had 
collected, a considerable film of black sediment remained the 
day after the storm. The day had been remarkable for a dense 
canopy of shifting masses of dark-coloured clouds of the nimbus 
formation. Great rainstorms had been prevalent in this and 
the adjoining counties. The temperature had been low, and 
the weather rather like that of November than of July.’*^ 
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Mr. L. W. WiGLESWORTH, writing from Brunswick, says:— 
‘‘ I am indebted to a friend for the following observation. A 
squirrel, in leaping from a height of 33 feet to the grounds 
caused itself, by means of curving its tail strongly to one side 
just before alighting, to swerve in its course and so avoid some 
hard substance upon which it would otherwise have fallen. It 
landed safely upon a more suitable spot. If no one has done so 
already, I should like to call attention to the use of the squirrel’s 
tail as a steering and balancing organ during the animal’s 
passages through the air. For other uses see Nature, vol. xx. 
p. 603.'’ 

The fresh instalment of the Panama Canal Report deals with 
the various plans and specifications submitted to the Committee, 
which are divided into four categories: ( i) a canal completely 
isolated, and making no use of the existing rivers and streams ; 
{2) a canal making use of the existing waterways ; (3) a canal 
with a ship railway over part of the course ; (4) a canal with a 
tunnel through the high land of Culebra. The Report points 
out the various defects or omissions in the different schemes. 

Messrs. George Bell and Sons will publish in a few days 
an octavo volume entitled “The Diseases of Crops and their 
Remedies,’' by Dr. A. B. Griffiths. The work is illustrated 
with 51 figures, and the chemical treatment of plant diseases is 
fully discussed. 

Mr. G. Claridgk Druck, ii8 High Street, Oxford, is com- 
piling a Flora of Berkshire, which will give all available informa- 
tion upon the plants of that county and their distribution 
through it and the adjoining counties. In order to make the 
work as complete as possible, the compiler would greatly value 
any notes on plant occurrences which may be sent to him. 

The schoolmaster, it would seem, is not abroad in Spain, at 
least as far as geography is concerned. A leading journal of 
Barcelona announces that England has ceded to Germany 
Heligoland which is situated on the African coast. This fact 
suggests to it a number of ingenious political considerations. 
At the end of the article it is mentioned that Heligoland does 
not belong to anybody, and is situated between the African 
territories of Nyanza, Victoria, and the Congo. 

Some very remarkable observations on the production of the 
rine figs of Ficus Koxburghii^ Wall., have recently been pub- 
lished by Dr. D. D. Cunningham, F.R. S., of the Indian Medi- 
cal Service. The species is dioecious, the male receptacles or 
figs containing perfect male flowers with pollen, together with 
imperfect or atrophied female or “gal I -flowers,” which never 
produce seed ; the female figs contain perfect female flowers 
only. Both kinds of fig are visited by the “ fig-insect,” usually 
a species of Eupristis^ for the purpose of laying its eggs in the 
ovary. This is effected in the “gall-flowers ” of the male figs ; 
but in the female figs the efforts of the insect to deposit its eggs 
within the ovary are frustrated by the great thickness of the wall 
of the ovary. It is very rare to find more than a very few grains 
of pollen in the female figs ; and, according to Dr. Cunning- 
ham, the cmhryo-sac in the female flowers retains, up to the 
period of the visits of the insect, the character of a uninucleate 
cell without oosphere, ynergidae, or antipodal vesicles. The 
full development of the embryo in the female flowers is brought 
about simply by hypertrophy of the tissues, the result of the 
stimulation caused by the unsuccessful attempts of the insect to 
pierce the wall of the ovary. If these observations are confirmed, 
we have here one of the most remarkable instances of partheno- 
genesis yet recorded in the vegetable kingdom. 

A NEW crystalline carbohydrate, of the com position CigHg^Oie, * 
named by its discoverers stachyose^ has been extracted by Drs. 
von riania and Schulze from the bulbs of Stcuhys tnberifera 
{.Berichte^ 1850, No. 10, p. X692). It crystallizes from 90 per 
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cent, alcohol in well-defined hard brilliant crystals belonging to 
the triclioic system, and containing three molecules of water 
of crystallization, C^gllsgOig + 3H2O. When these crystals arc 
powdered, and heated to I03®“I04®, they lose their water, leav- 
ing a colourless powder consisting of the free carbohydrate 
The crystals and their aqueous solution possess a 
faint sweet sugar-like taste, and the solution in water, which is 
of neutral reaction, rotates the plane of polarization strongly 
to the right. The solution does not reduce Fehling’s solution 
until after warming with a mineral aci^, when reduction rapidly 
ensues. On heating with nitric acid, the carbohydrate furnishes 
37*3 per cent, of mucic acid. When heated with resorcinol 
and concentrated hydrochloric acid, a deep red coloration is 
produced. One of the principal products of the inversion of 
stachyose is galactose, as shown by the fallowing experiment. 
About 30 grams of stachyose were boiled with a litre of 2} per 
cent, sulphuric acid for an hour in a fiask furnished witl^a reflux 
condenser. After cooling, the sulphuric acid was precipitated 
by barium hydrate, the barium sulphate filtered off, and the 
filtrate evaporated to a syrup. On extracting the syrup 
with 95 per cent, alcohol, and allowing the extract to 
I evaporate over oil of vitriol, crystals slowly separated, pos- 
' sessing, after recrystallization, the right-handed rotation of 
I galactose (ao So** *5). From these properties stachyose is 
dAnsidered to belong to the group of carbohydrates termed by 
Prof. Tollens crystallizable polysaccharides. In this group 
are included raflinose or mellitose, gentianose, and lactosiqp 
Stachyose resembles the latter substance very closely, especially 
as regards the formation of galactose on inversion ; but it is dis- 
tinguished from lactosine by its much lower dextro-rotatory 
power. As regards the preparation of stachyose from the 
Stachys tuberifera^ the bulbs were first crushed and the juice ex- 
tracted as completely as possible by water. The extract was 
then successively treated with lead acetate and nitrate of 
mercury, the lead and mercury removed by a current of sul- 
phuretted hydrogen gas, the filtered liquid neutralized with 
ammonia and evaporated to a thin syrup upon a water-bath. 

I This syrup was then poured into alcohol, when a thick precipi- 
I tate was formed, which gradually collected as a dark-coloured 
syrup in the lower portion of the flask. After removal of the 
alcohol the syrup was dissolved in water, treated with phospho- 
tungslic acid, and filtered, excess of phospho-tungstic acid being 
subsequently removed by baryta-water. A stream of carbon 
dioxide was then led through the liquid, which was again filtered, 
evaporated, and poured into absolute alcohol, when a perfectly 
while precipitate was obtained, consisting of almost pure stachy- 
ose. The crystals are best obtained by pouring a concentrated 
aqueous solution of the precipitated carbohydrate into such a 
quantity of absolute alcohol that a 91 per cent, solution of 
alcohol is obtained. Crystals of stachyose immediately com- 
mence to separate. 

For the first lime since the establishment of the Gardens of 
the Zoological Society there is now to be seen there one of the 
ancient breed of the English wild cattle, Earl Ferrers having 
presented to the Society a fine young bull, which he captured in 
Chartley Park, Staffordshire. From Garner’s “ Natural History 
of Staffordshire ” it appears that the wild ox formerly roamed 
over Need wood Forest. In the thirteenth ceniuiy William de 
Farrarus caused the park of Chartley to be separated from the 
forest, and the turf of this extensive enclosure still remains 
almost in its primitive state. Here a herd of wild cattle has 
been preserved down to the present day, and they retain their 
wild characteristics, like those at Chillingham. 

The additions to the Zoological Society’s Gardens during 
the past week include a Water-buck {Cobus cllipsiprymnus 6 ), 
a Serval {Fe/is serval)^ six VkiUurtne Guinea Fowls {P/kmitia 
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vuUurina)^ three Mitred Guinea Fowls {Numida niiirata) from 
East Africa, presented by Mr. George S. Mackenzie ; a Tawny 
Owl \Syrnuim aluco\ British, presented by Mr. G. Gurney; 
aJLong-eared Owl {Asio otus\ British, presented by Miss Muriel 
Hele ; a Feathery-footed Owl [^Athene plufnipes\ a Black anjl 
White Jackdaw {Corvus daiirica) from Newchang, South 
Mantchuria, presented by M. J. De La Touche ; two Indian 
White- Eyes {Zosterops palpehrosus) from India, a Yellow- winged 
Sugar- Bird {C^treba cyanea i ) from Brazil, a Dufresne's Waxbill 
{Estrelda dtifresnii) from^ South Africa, six Vulturine Guinea 
Fowls {Numida vulturina) from East Africa, deposited ; a 
Plumbeous Fish-Eagle {PolioaiUus piumbetts) from North-west 
India, two Golden-headed Parrakeets {Cyanorhamphus auriceps) 
from New Zealand, a Green- winged Dove [Ckalcophaps indica 9 } 
from India, purchased ; two Emus (Dromaus nova-hollandiie\ 
received in exchange ; a Yak {Po'ephagus grunniens <J ), a Viscacha 
{^Lagost\,mus trichodactylus)^ born in the Gardens. 

OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 


Sidereal Time at Greenwich at 10 p.m. on July 10 a 
I7h. ism. ss. 


Name. 


j 

Mag. j 

Colour. 

R.A 1890. 

Decl. 

1890. 

(i)G.C. 435? ••• 


1 


h. m. s. 

17 55 41 

• 

-23 

t 

2 

(2) a Herculis 

••• 

a’l-sV 

Orange. 

17 9 38 

+ 14 

31 

(3) ^ Draconis ... 


3 i 

Yellow. 

17 28 0 

-hS2 

23 

(4) ( Draconis 


3 1 

Bluish-white. 

17 8 30 

+65 

St 

(5) 205 Schj 


® 1 

Very red. 

17 38 2Q 

-xg 

37 

(6) R Scuti 


V.. ^ 

Red. 

i 

x8 41 36 

1 

- 5 

50 


Remarks. 

(1) Unfortunately this interesting object only attains a low 
altitude in this country, but it is quite possible that there may 
be some nights on which spectroscopic observations may be 
made. It is the object known as the Trifid Nebula,” which 
is thus described in the General Catalogue : — “A very remark- 
able object ; very bright ; very large ; trifid ; double-star in- 
volved.” For a further description observers may refer to 
Herschel’s Outlines.” The spectrum was recorded as con- 
tinuous ” by Captain Herschel in 1868, but in the same year it 
was observed by Prof. Winlock at Harvard College, and found 
to contain bright lines. This observer records : “ Spectrum of 
the multiple star continuous, with many bright lines and some 
bands ; one end of spectrum at A 428odb . . . one bright line 
seen by C. S. Peirce at A498o±.” I am not aware that any 
further observations of the spectrum have been made, but these 
observations should certainly be repeated with as large an aper- 
ture as possible. There can be little doubt that the line near 
A 4980 is really the chief nebula line at A 500. The appearance 
of bands is especially interesting, as indicating that only a 
relatively low temperature can be in question. 

(2) The spectrum of a Herculis is probably well known to 
everyone who possesses a telescope and spectroscope. It is a 
very beautiful one of Group II., all the bands being very wide 
and dark, giving an appearance of alternating bright and dark 
bands. From the observations of Prof. Lockx^ft Mr. Maunder, 
and myself, there can now be little doubt that we have here to 
deal with a mixed spectrum of bright carbon fiutings and dark 
metallic ones. . One bright band in the green is coincident with 
the chief carbon band, and has, moreover, the same appearance. 
The measures of the dark bands in the green and yellow by 
Vogel and Duner show close coincidences with the fiutings of 
manganese (A 558 and 586) and lead (A 546), and I have con- 
firmed these by direct comparisons. The principal object in 
inserting the star in this column is to remind observers that 
this is a good opportunity for them to demonstrate for them' 
selves that in stars of this type we are dealing with cometary 
conditions, as indicated by the carbon radiation. 

(3 and 4) These stars have spectra of the solar type and of 
GrottAlV. respectively (Gothard), 

(5)^un^r describes the spectrum of this star as one of Group 
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VI. , in three zones, of which the green is the brightest. He 
states that the spectrum is rather feebly developed, but it is not 
clear whether this is due to the faintness of the star, or that the 
bands are narrow as compared with other stars of the group. If 
the latter, the star may be one of the long-required connecting 
links between stars of this group and stars of the solar type. 

(6) The spectrum of this variable does not appear to have 
been recorded, although its magnitude at maximum is about 5. 
The minimum is irregular, 6*o-8'5, and the period, according 
to Schmidt, is about 168 days. There will be a maximum about 
July 14. A. Fowler. 

Secular Inequalities in the Moon's Motion. — I n the 
Astronomical Journal for June 20, Prof. J. N. Stock well con- 
tributes the abstract of a discussion of the problem of the secular 
variation of the motion of the moon's perigee and node. The value 
found for the secular variation of the mean longitude of the 
moon's node does not differ very materially from that found by La- 
place and subsequent investigators. But it is otherwise with the 
secular equation of the motion of the moon's perigee ; and if the 
value Prof. Stockwell has obtained for the secular motion of the 
moon's perigee is nearly correct, the value found by Laplace and 
his immediate successors cannot be regarded even as a first 
approximation to the value of that motion. 

if the mean longitude of the moon's perigee be denoted by 
and the number of centuries from a given epoch by 1, the varia- 
tion Aw of the mean longitude of the perigee at any number of 
centuries from the epoch are quoted by Airy as follows : — 

Aw 

Laplace... ... ... ... ... - 30*5«;f^ 

Borg and Burckhardt ... ... ... - 29*98^^ 

Damoiseau ... ... ... ... - 39'7of'-* 

Plana ... ... ... ... ... - 40*231* 

Hansen -39*18/* 

Hansen... ... ... ... ... -36*31/*. 

Notwithstanding this agreement of the results of other in- 
vestigators, Prof. Stockwell has found, by direct calculation, 
that Aa> is very nearly expressed by the formula 

Aw = + i5"'6i/* ; 

and since the motion of the perigee is direct, it follows that this 
motion is accelerated instead of being retarded from age to age, 
as has been hitherto supposed. The application of the result 
to the discussion of some ancient eclipses is reserved for a future 
communication. 

Annular Eclipse of June 17. — The current number of 
the Comptes rendus contains a letter from M. A. de la Baume 
Pluvinel to M. Janssen, respecting his observations at Canea 
Photographs of the annular and partial phases were obtained, 
and will be of service in determining the diameters of the sun 
and moon. M. Pluvinel also finds that there is no difference 
between photographs of the spectrum of the edge of the sun 
during the annular phase and the ordinary solar spectrum. It 
is interesting to note that during the eclipse the temperature fell 
from 33*’4 to 27^*4 C. 


THE ETHNOLOGY OF THE GAMBIA REGION 

E Governor of the Gambia, in his last Report, devotes a 
long section to an account of the African tnbes connected 
with that settlement, of which the following is a brief summary : — 

Mandingoes. — The head -quarters of this extensive and power- 
ful race lie in the mountainous district near the sources of the 
Niger and the Gambia, extending as far as Kong. From this 
r^ion they overran the surrounding country westward to Bam- 
bouk, and still pushed on. until the banks of the Gambia, as far 
as the sea, more or less, fell under their sway. At the present 
moment the principal countries on the north bank of the river 
are occupied mostly by Mandmgoes, and the dominant tribes in 
Combo, on the south bank, are also of the same race, though the 
heathen Jolas in the bordering Fc^ni country are able to hold 
their own against them. They practically control the trade of 
the lower river. Three-fourths of the ground-nuts hitherto cul- 
tivated have been grown by them ; the export of bees'-wax seems 
to be also dependent upon the Mandingoes, who brin^ it down 
from the interior of the Jola country. They also bring cattle 
and hides into the market, and cultivate cotton largely, which 
their women spin and weave into the country cloths which play 
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SO conspicuous a part in the trade of the river. The Mandingo 
language is rich and musical, and susceptible of more variety of 
expression than the Jolof tongue, which, next after the Man- 
dingo, is, perhaps, the most prevalent language. The latter 
adopt the decuple system of numeration, whereas the former 
only possess a quinquennial period. The Mandingoes, as a rule, 
are Mohammedans, though many are Soninkees ; and in all 
their faith is permeated more or less with Fetishism. The term 
Soninkee is applied by Mohammedans to all people, irrespective 
of race, who^ drink spirits. Physically, they are in general a 
spare, athletic race, of medium height, often with aquiline 
Acatures, but in contour always distinct from the typical Negro. 
In colour, they are not so dark as the Jolofs, but their hair is 
woolly. The laws in Mandingo towns are administered by 
“ Alcalis,” or Sumas, both terms having the same signification. 
The only difference is that the former is a kind of Prime Minis- 
ter in a Mohammedan town, while the latter holds a similar 
office in a Soninkee town. Murder and adultery are punished 
by death. The sentence in the former case is carried out by 
killing in the same manner as the murder was committed, and in 
the latter the adulterer is usually killed with cutlasses. The 
adulteress suffers only whipping, and is cast out by her husband. 
Theft is punished by whipping, an instrument something similar 
to the “cat ** being used for the purpose. Slander and disrespect 
to parents or the aged are punished by fine, vhich goes to the 
Alcali and headman of the town. Immorality as distinguished 
from adultery is almost unknown ; but if practised and discovered 
would meet with the death penalty as in adultery. The Man- 
dingoes still keep up a connection with their original country, and 
recognize a supreme authority in the ancient Mandingo kingdom, 
though the recognition is more sentimental than real, the distance 
being too great for any effective authority to be exercised. 

Sereres , — This race occupies the neighbourhood of Joal, 
Seine, and Baol, to the north of the Gambia, and outside British 
jurisdiction. They are a distinct people, with a language having 
no affinity either to the Mandingo or Jolof. They are an inde- 
pendent and comparatively industrious race, cultivating largely 
both corn and rice ; they also rear numerous cattle. They 
seldom buy cotton goods, and have no craving for luxuries of 
j^ny description. Their wardrobe never consists of more than 
two pagns or country cloths. During the dry season many Serere 
youths come to Batnurst to work as labourers for about three 
months, their ambition being satisfied when they have earned 
sufficient to buy a trade musket, a knife, a wooden box, and a 
few minor articles, such as iron bars, iron pots, raw cotton, &c. 
Others at times come in with small canoes, and cut firewood for 
the Bathurst market, and also do a little fishing. In religion 
the Sereres are infidels, and, except in a few instances, have 
hitherto resisted all attempts to convert them to Islamisnri. 
They recognize a Supreme Being, but he is only invoked in 
case of hostile invasion, a fashion which has doubtless been bor- 
rowed from the Mohammedans. The king of Seine, who is the 
ruler of the Serere nation, keeps one Marabout attached to his 
person for the express purpose, but his services are never put 
into requisition on any other occasion. Physically they are a 
fine, well-grown race, with not unpleasant features, their com- 
plexion as a rule being of a deep black. As with the Mandin- 
goes, murder and adultery are punished with death ; shooting or 
decapitation, according to the decree of the king, being the 
means adopted. Immorality is treated in a more lenient fashion, 
and resolves itself into a question of money. It is stated by persons 
who know the customs of both tribes well that the Mandingoes 
and Sereres frequently condone the offence of adultery if the 
male culprit is rich enough to satisfy the outraged honour of the 
hu.sband, and moreover from the necessity of extreme caution 
that the wives resort to various cunning devices in order to 
deceive their husbands. Xhe virtue of these communities is 
therefore more apparent than real. Each Serere man is per- 
iifitted by custom to have ten wives, but indulgence in a greater 
number is regarded as a pardonable folly. Theft is punished in 
a very drastic manner. The thief has the whole of his goods 
confiscated and handed over to the victim of the robbery. The 
primitive quinquennial period in reckoning is adopted by the 
Sereres, as is the case with the Jolofs. 

Nominkas . — This race occupies the region known as the 
Jcingdom of Nuomi or Barra. Formerly Barra was the most 
important of all the kingdoms of the Gambia, owing to the 
number and strength of the war canoes controlled by the king. 
The present Nominkas appear to be divided into two sections, 
named respectively the Nomibartokas (meaning those living at 
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the entrance of the river) and the Nomibantokas (meaning those 
living more within the river). The former occupy the region 
between Jonwar and Jinneck, and the latter live between the 
towns of Essow and Jooroonko. The Nominkas are all Man- 
j dingoes, but the Nomibartokas live so near to the Sereres that 
they *speak this language in addition to their own. The 
I Nominkas communicate with Bathurst by means of large canoes, 

I which some of them are very clever at making. These canoes 
will sometimes carry as much as three tons of ground nuts, of 
which they cultivate large quantities. In religion most of the 
Nominkas are now Mohammedans, thoug];i originally they were 
, Soninkees. Their laws are similar to the Mandingoes, from* 
' whom they sprang. 

yolas . — ^The history of this primitive and extraordinary race is 
I involved in much obscurity. No idea appears to exist among 
themselves in regard to their origin, and even tradition is silent 
except as to recent events in the chronicles of their country. 
Even under favourable circumstances, Jola intelligence is of such 
a low standard that it is not easy to acquire much reliable 
ethnological information from them. So far as it is possible to 
, learn from the people themselves, the Jolas, or Fellups, have 
I always occupied a region having for its eastern boundary Vintang 
I Creek, following the course of that tributary, and extending as 
I far south as the head waters of Cazamance, continuing along the 
north bank of that river to its mouth, and from thence extending 
to the limits of foreign Combo. The Banyans, Papels, Balantes, 
and Biafares, sometimes called Jolas, appear to be allied races. 
Dura^jd, a former Governor of the Isle of St. Louis, in his voyage 
to Senegal, published in 1806, gives some interesting details of 
these people, and the extensive Portuguese establishments which 
then existed at various stations in Vintang Creek and the 
Cazamance. He remarks that both banks of the latter river 
“are inhabited by savage and cruel Fellups, who will not hold 
any communication with the whites, and are always at war with 
their neighbours.” Those, however, whoresided in the neigh- 
bourhood of the Gambia, appear to have shown different 
characteristics, for in writing of the town of Bintan (Vintang), 
the same author says : — “The negro inhabitants of this part are 
Felups, they speak a language peculiar to themselves, and are 
idolaters. . . . Those of Bintan, or its environs, who are 
occupied in commerce, are gentle, frank, and civilized ; they 
like strangers, are always ready to render them service, and are 
candid and honest in their commercial dealings.” Vintang 
Creek, once an important trading district, producing large 
quantities of wax, hides, and ivory, is now all but abandoned, 
and the people content themselves wdth the cultivation of 
sufficient rice and corn to supply the bare necessaries of life. 
They are decidedly an industrious race, and numbers of them 
come to Bathurst to obtain work as labourers, especially during 
the trade season. Vessels are laden almost entirely by Jola 
women, and the merchants would find it difficult to get on 
without them. Physically they are not an attractive-looking 
race, and both sexes wear little or no clothing. In their own 
country there is practically no government and no law ; every 
man does as he chooses, and the most successful thief is con- 
sidered the greatest man. There is no recognized punishment 
for murder or any other crime. Individual settlement is the only 
remedy, and the fittest is the survivor. Unlike the rule amongst 
most African races, there is absolutely no formality in regard to 
marriage, or what passes for marriage, amongst them. Natural 
selection is observed on both sides, and the pair, after having 
ascertained a reciprocity of sentiment, at once cohabit. No 
presents are made by the bridegroom, and the consent of parents 
IS entirely ignored. They do not intermarry with any other 
race. There appear 40 be three distinct languages spoken by 
the Jolas, having no affinity to those of the contiguous tribes, and 
but little resemblance to each other. The vocabulary appears to 
be poor, as might be expected in the case of a people with so 
few wants. The Jolas do not count beyond ten, and distinct 
terms are used only up to five, as in all the tribes noticed, except 
the Mandingoes. Beyond ten the counting becomes pantomi*nic^ 
the people using both hands and feet to represent higher numbers. 
Pieces of stick are also employed for the same purpose. The 
Jolas, whether from persecution, or for some other reason, have 
always been an isolated race, and have shunned contact with 
their neighbours. In spite of the proselytizing nature of the 
powerful Mandingoes, they have utterly failed to introduce 
Mohammedanism, and the Portuguese appear to have been 
eouaily unsuccessful in establishing the Roman Catholic 
religion. 
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Jolofs. — Although “ Jolof ” is a word very frequently used in 
Bathurst, and most of the inhabitants speak that langus^e, yet, 
as a matter of fact, very few of the genuine race are to be found 
in it. The habitat of the Jolofs is in the adjoining French colony 
of Senegal. The Jolofs proper are stated to be a handsome 
race ; they are proud, and exceedingly vain, claiming for tkem- 
selves a very ancient descent. The women are inordinately fond 
of gay apparel and personal adornments of every description. 
They frequently pierce the ear along the entire edge with a 
series of holes, so that this feature may be, as far as possible, 
loaded with ornamentation. The wool is pulled out to its ex- 
treme length and plaited into thin strips, which hang from the 
head, giving a peculiar character to these natives. Of their 
moral character report speaks very unfavourably, mendacity, 
deceit, and licentiousness being prominent characteristics of this 
people. In religion they are fervent Mohammedans ; they rarely 
intermarry with any other race, but are extremely sensitive to 
any mishap in this direction. The Jolof language is expressive, 
and has received considerable attention from philologists, more 
thad one grammar having been published. Golberry, who gives 
a vocabulary of the Jolof language, pertinently comments upon 
the curious fact that in spite of the contiguity of the Jolofs to the 
Moors, who adopt the Arabic system of numeration, the former 
should have persistently adhered to the method of reckoning on 
one hand only, instead of on both. It is a curious and perplex- 
ing circumstance that the Mandingoes, who are an inland people, 
and probably came into contact with more enlightened races at 
a later period than the tribes nearer the coast, should be in ad- 
vance of all the other races in this portion of West AfAca in 
their system of counting. The question whether this method 
originated with the language, or has been acquired at a later 
period of iheir history, must be left for philologists to settle. 
The Mandingoes, however, have always been great traders, and 
it is possible that their instincts taught them at an esLrly stage 
the advantages of a system based on ten fingers instead of five. 

Salum Salums. — lliese are neighbours of the Sereres, and 
through intermarriage their language is a mixture of Jolof and 
>>erere. In religion they are partly Marabouts and Soninkees. 
The former frequently take wives from the latter, but no Mara- 
bout would give his daughter to a Soninkee unless to a king or 
a prince, and that reluctantly. 

Lawbeys, — This race may be described as the gypsies of North- 
West Africa. It is almost impossible to obtain any certain 
information in regard to their history. They wander about 
from place to place, but have no settled country. There can be 
no doubt that they are practically the same race as the P'oulahs, 
though for some reason they have become detached from them. 
1 'hose seen by the Governor were decidely better looking than 
the average Ne^ro, resembling the Foulahs, though of a darker 
complexion. They confine themselves^ almost exclusively to the 
making of the various wooden utensils in use by natives generally, 
and the manufacture of canoes. They settle temporarily with 
any tribe but never intermarry with another race, thus preserving 
the type of feature which obviously separates them from their 
human surroundings. In religion most of them are pagans, 
though a few profess Islamism. They have no laws of their own, 
but are guided by those of the people with whom they are for 
the time being located. In case of war happening, they very 
sensibly remove at once to a district where there is peace. Tlie 
Foulahs and Toocalores, to whom allusion is made below, are 
practically the same race. Little need be said of them, as the 
lormer are a well-known race, and many travellers have noted 
their unusual lightness of complexion. Dr. Goulsbury, in his 
report on the Upper Gambia Expedition, gives a concise history 
of this people. Their capital is Timbo in the Futa Jallon 
country. The Toocalores reside principally in the Futa Toro 
country in Senegal, but from having intermixed with other races 
they are darker in colour. They are a warlike people, and at 
times are troublesome to our neighbours the French. An 
appendix to the report contains a vocabulary of common words 
and expressions used in the Mandingo, Jolof, Serere, Jola, and 
Foulah languages, all of which are spoken within a comparatively 
small radius 01 the Gambia. ** No one can fail to be struck with 
the marked differences in the word forms of the various languages, 
though Mr. Robert Cust, in his valuable work, * The Modern 
Lan^ages of Africa,’ classes all except the Foulah in one group, 
whi^ he styles the northern section of the Atlantic sub-group, 
and which extends from the River Senegal to Cape Mount. It is 
difficult, however, for any ^ut a trained philologist to detect 
wherein the relationship lies, or how such radical distinctions 
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could exist and be preserved in the languages of races living in 
close proximity to each other. The Jolas especially offer a very 
I curious problem to the ethnologist ; it is not probable that they 
were ever an interior race which has been pushed gradually by 
stronger neighbours to the sea, and it is somewhat extraordinary 
that Uiey should have been able hitherto to withstand the power 
of the conquering Mandingo, and to maintain their individuality. 
It is true they have always been a savage and intractable people, 
but in point of numbers their weakness would seem to mark 
them out as an easy prey to the invaders. This, however, is far 
from being the case, and there is but little of the Jola country in 
the hands of strangers.” 


SEEDLING SUGAR-CANES. 

Government of Barbadoes has issued a valuable Report 
bearing on seedling sugar-canes. It records the results 
obtained by ProC J. B. Hsurison and Mr. J. R. Bovell on the 
experimental fields at Dodds Reformatory in 1889. As the 
subject is one of great importance to the cane industry, the 
following extracts may be read with interest. We may note that 
a paper describing the fruit of the sugarcane was lately read 
before the Linnean Society by Mr. D. Morris, and that seedling 
canes are growing at Kew. 

In our Report for 1888 we briefly alluded, for the purpose of 
insuring priority, to the fact that we had succeeded in obtaining 
seedlings of the sugarcane. 

^‘That the sugar-cane could not produce fertile seeds has been 
for many years legarded by botanical authorities as a proved 
and accepted fact, whilst very many of the older planters here 
believed that the canes could produce fertile seed. 

“Attention here was first strongly directed to this point in 
1859 by the Hon. J. W. Parris, who succeeded, at his estate, 
Highlands, in St. Thomas’s parish, in rearing successfully self* 
sown seedlings. . . . 

“ Mr. Parris has recently stated to us that he finally succeeded 
in planting four and a half acres with canes raised from thesd 
original seedlings, and that he estimated their yield of sugar at 
over four hogsheads to the acre. He, however, from certain 
objectionable characteristics which arose in the canes, finally 
abandoned their cultivation, and did not again turn his attention 
to the subject. In order to lest the truth of Mr. Parris’s dis- 
covery of cane seedlings, several persons here attempted to raise 
them from the cane arrows. This was done succe.ssfuny by 
Mr. Carter, of Bridge Cot, and by Mr. J. Wiltshire Clarke, 
neither of whom, however, appeared to have attached much 
importance to their results. At another time Mr. T. Clarke, of 
Cane Field, discovered cane seedlings growing from a fallen 
cane arrow, but did not succeed in raising them, and Mr. E. S. 
Sisnett found some cane seeds growing in Christ Church about 
the year i86i ; these were allowed to grow amongst canes that 
were planted in the usual way, but as they were very small and 
thin when they reached maturity they were destroyed. In this 
last case the seeds appear to have come from the Bourbon canes. 
Next we find that the late Mr. W. Drumm paid much attention 
to this subject and wrote several letters to the Su^^ar Cane upon 
it. He, however, stated to us in March 1884 that, whilst he 
had repeatedly obtained cane seed, he had never succeeded in 
raising canes from it, and that he believed the various instances 
we have mentioned to be errors of observation. 

“ At Dodds the cultivation of the different varieties of canes in 
large numbers and side by side has placed us in a specially 
favourable condition for examining into this question. In 
January 1888, Mr. J. B. Pilgrim, oAe of the overseers at Dodds, 
repojfted to us that in the neighbourhood of one of the exp^f- 
mental fields he noticed that certain fine grasses were springing 
up, and we found at intervals from then to the middle of March 
similar seedlings. These were found not only on the surface qf 
the field, but also growing in the bottom of a somewhat deep 
drain which had been recently dug. Much difficulty was experi- 
enced in preserving these seedlings, as they were exceedingly 
sensitive to the effects of exMsure to the sun or wind. In 
June 1888 the seedlings whiem had survived were transplanted,* 
giving us about 60 plants. Certain of them were dug up with 
great care, and placed in water until the soil crumbled away from 
their roots, and were carefully examined for any traces of cane 
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that might be on the roots. Nothing could be detected, and we 
Mere strengthened in an opinion that they were true seedling 
canes by the very great difference in their mode of growth from 
that of canes growing from the eyes of canes. A few months 
later we found that there were several distinct varieties amongst 
them. In December 1888 we examined them with great care, 
and grouped them into ten groups according to their most 
strongly marked characteristics, and found that in many of our 
groups thus formed the canes graduated from one group into 
another. Many of these canes exhibited some of the charac- 
teristics of certain of our varieties, together with the charac- 
teristics of other varieties, but in some cases we could not even 
form any opinion as to their parentage, as they differed com- 
pletely from any canes we had ever seen. During the latter 
stages of their growth these canes were examined by many 
planters and sugar chemists, all of whom were particularly 
struck with the amount of variation they exhibited and with the 
fact that certain of them were entirely different from any canes 
they had previously seen. The canes, as grouped, were re- 
planted in the usual manner, and are now in course of experi- 
mental cultivation. The remaining canes were reaped on March 
8, 1889, and fifty plants yielded 307 pounds of cane lops and 
1626 pounds of canes, which gave 6 1 per cent, of juice of a 
density of 10’’ *6 Bcaume, containing 1*629 pounds of sucrose 
and 0*090 pounds of glucose in the imperial gallon. The 
following are the compositions of the canes, cane-juice, and 
megass : — 


Water 

Canes. 
... 68’ii 

Canc-juicc. 

... 8i-i8 ... 

Megass. 

48-20 

Sucrose 

... 12'62 

... IS'*3 - 

8-70 

Glucose 

0-69 

083 ... 

0-48 

Ash 

... 047 

030 ... 

075 

Albuminoids 

033 

0-17 ... 

0-59 

Fibre 

... 15-44 

— 

39 60 

Organic matters 

... 2-34 

... 2'39 ... 

1-68 


100*00 

100*00 

100*00 


“In order to definitely settle the Question of whether the 
sugar-cane produced fertile seed, from the middle of December 
^ 1888 to that of February 1889 most careful search was made 
through the fields for growing seedlings and for arrows contain- 
ing fertile seed. The search for both of these proved successful, 
but only on the fields in which the varieties were growing and 
on which, as pointed out by us in our 1888 Report, the condi- 
tions for fertilization are most favourable. The seedlings, as 
found, were transplanted into boxes, but, on account of the 
unfavourable climatic conditions, great difficulty was experienced 
in preserving them : on one occasion an accidental exposure to 
the sun for about three hours destroyed five out of seven con- 
tained in the exposed box. One seedling was found attached to 
a portion of cane arrow which had fallen in a damp and 
sheltered position. The portions of cane arrows found which 
apparently contained fertile seed were collected, the apparent 
seeds carefully separated from the spikelets of the panicles and 
sown at intervals, commencing on January 12. Ten days after, 
some of the seeds were seen to be germinating, and certain of 
them were removed and preserved as microscopic objects. Of 
the apparent seeds, less than 5 i>er cent, germinated, and not 
more than one-fourth of the germinated ones finally survived. 

“ As the self-sown seedlings and those raised from the seeds by 
ourselves reached a sufficiently advanced stage of growth (the 
exceedingly slow growth of the seedlings at an early time is most 
marked, a point which in certain pre^ous researches may have 
prevented the attainment of complete proof of the fact that the 
sugar-cane produces fertile seed, and in which mode of growth 
the seedlings strikingly differ from the rapid growth of canes 
from the buds) were, similarly to the seedlings of 1888, trans- 
planted into the field, and are now in course of experimental 
cultivation. 

“As far as our experience at present shows, the conditions 
most favourable for the production of 'fertile seed by the sugar- 
cane are found in the cultivation rof varieties side by side and 
in comparatively large numbers, although from observations 
recently made, apparently fertilized ovules are to be found from 
lime to time upon arrows of Bourbon canes growing by them- 
selves. To secure the germination of the seras, it is necessary 
to sow them soon after the arrow ripens, under similar conditions 
to those necessary with the seeds of other of the Graminese of 
low germinating power. 
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“The fertile seeds inclosed in the glumes are long and 
narrow, being from 3 to 4 millimetres in length and 0*65 to 0*70 
millimetres in breadth, and terminate in a beard from 6 to & 
millimetres long.^' 


MUSICAL SCIENCE} 

T^HE object of this little pamphlet is one with which musical 
^ students are tolerably familiar. The author complains that 
the science of acoustics, although now ii^cll advanced, is unable 
to explain the actual structure of musical compositions, or to 
account for their effect on the mind. Many writers have made 
the same complaint, and have endeavoured, each according to 
his own fancy, to “account for'' everything by some particular 
system of his own. 

Now, it happens that some quarter of a century ago a person 
named Helmholtz wrote a great book with the express object of 
explaining this difficulty. He showed, about as conclusively as 
anything can be shown, that, although physical science has fur- 
nished an intelligible basis on which the musical art is founded, 
it goes but a very little way in explaining practical musical com- 
position, this being guided chiefly by the aesthetic instincts and 
the artistic feelings of the best composers, with which physical 
science can have very little to do. 

One would have thought that such a doctrine would be hailed 
with satisfaction by musicians, as exalting and ennobling the 
share of art in the generation of high-class music. But, strange 
to say, it is the musicians who chiefly dispute it, and who would 
wish to substitute for the heaven-born gift the dry process of 
scientific deduction. ^ 

Our author is of this opinion. He tells us that if by science 
we are to understand a thorough rational understanding of any 
subject, musical science has not yet been discovered ; it waits 
still its Columbus, or its Galileo, or its Cuvier. 

This may be in a certain sense true, but the science wanted 
for the purpose is not physical science. We know already pretty 
well all that physical science can tell us about music ; but there 
is a science much deeper — namely, that which would investigate 
the general effect produced by mus ic on the mind, as depending 
on its composition and style. This is the psychology of music, 
an abstruse branch of sesthetics, and it is this that must tell us, 
if it can, how music has attained its present power over the 
feelings and the emotions of mankind. It is only lately that 
attention has been called to this by competent writers ; what is 
popularly said or sung about it has seldom any serious meaning. 

The idea promulgated in this pamphlet is that all the mys- 
teries of the art may be explained on the principles of rhythm — 
not, as usually understood, having to do with time and measure 
and accent and so on, but in a niore hidden application to the 
generation of sounds. The system is not completely elaborated, 
and it is not possible to do more here than give a very general 
notion of it. llie first six chapters treat of rh^ythms in general ; 
and the author gives a drawing of a machine for illustrating 
them. This consists of a series of “ Savart ” ratchet wheels, 
which, having different numbers of teeth, can give rise to various 
rhythmic combinations of their beats. He then deduces “ laws " 
from the consideration of these, of which the following are sume 
specimens : — 

“ When we listen to a series of isochronous blows, we per- 
ceive them at once in binary rhythm, and we therefore call this 
perception spontaneous^ natural^ and instinctive, 

“ We cannot perceive a series of isochronous blows in ternary 
rhythm, except with the concurrence of the will ; hence we call 
this perception volunJaty}* 

These are simple fundamental laws ; the following are more 
complicated ones ; — 

“Whatever is the number of teeth of a wheel, and the velocity 
at which it revolves, there is always the spontaneous perception 
of the isochronous series in binary rhythm. 

“If, to a series perceived in binary rhythm, we cause another 
to follow, which has with it any ratio whatever represented by r, 
this will be at once perceived in the same ratio r, which proves 
that the brain is endowed with the faculty of comparison. 

“In any association whatever of two series of different 
rhythms, there is the production of a forced perception which 
compels the immediate perception of the two rhythms." * 

> ** Mu.sIconomia : Lesgi FundamenUli della Scienza Musicale.** By Dr. 
Primo Crottt, Professor of the History cC Music in the Koyal Conservatory 
of Parma. (Parma, 1890.) 
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In chapter iv. he explains a “ physiological hypothesis,” that 
the natural impression given by binary rhythm arises probably 
from the naturally symmetrical structure of the human body, 
and the binary action of its functions, such as breathing and the 
beating of the heart, whereas a ternary rhythmic motion 
seems something heterogeneous and unnatural. In chapter^ v. 
he discusses the effects of rhythms on our organism, simple or 
natural rhythms giving an agreeable impression, and unnatural 
or complicated rhythms giving one of a contrary description. 
Then follows a long chapter of formulx and complicated arith- 
metical statements of rhythmical combinations of various kinds. 

.These remarks, on fhythms generally, occupy two-thirds of 
the pamphlet ; the remaining third is intended to show how 
they may be applied to the nature and effects of musical sounds. 
Chapter vii. contains a description of the major musical scale as 
harmonically deduced by the aid of the raonochord ; and after 
that we begin to get a glimpse, though obscurely, of the nature 
of the general argument. The following extracts may give an 
idea of it ; — 

“The only sounds of the scale which are in binary rhythm 
are the first, i : 1, and the last, i : 2 ; and these are in fact the 
only ones which imply rest. The fifth, 2 : 3, is constituted by a 
ternary rhythm, and is, in fact, the sound of greatest motion 
which is contained in the scale. This most powerful motive 
action gives to this sound the greatest tendency towards the 
sounds of rest, authorizing it to fall directly on them, however 
distant from it. 

“ The ratio 4:5, which represents the major third, is consti- 
tuted by a quinary rhythm— a rhythm of semi-motion which: has 
such an action that while it makes us feel faintly the need to 
pass to the fundamental, it may almost supply it coming after the 
c^fifth.” 

Thus we arrive at the kernel of the theory, which appears to 
be that the effects of different combinations of rhythmical blows 
or noises are assumed to be applicable to the vibrations causing 
musical sounds, and to account for the effects of such sounds in 
an emotional point of view. It is something akin to the old 
Euler doctrine of the “simplicity of ratios,” but it professes to 
be more comprehensive. 

It is n^d carried out very far in this book, but the author 
promises that if he lives long enough, and has sufficient means, 
he will complete it in a larger treatise. Then, perhaps, we shall 
sec how it will explain the construction of “Israel in Egypt,” 
Haydn’s Quartettes, and Beethoven’s Ninth Symphony. 


THE MUSEUMS ASSOCIATION. 

'T’HE first annual meeting of the Museums Association was 
^ held in Liverpool on June 17, 18, and 19, under the 
presidency of the Rev. H. H. Higgins, M.A. Liverpool was 
represented by the President, Mr. J. T. Moore, Mr. R. Paden, 
Mr. J. Chard, Mr. P. Cowell, Mr. H. A. Tobias, and a number 
of other gentlemen. In addition to the home contingent, the 
following were present : — Mr. F. W. Rudler, Mr. R. J. Howard, 
Mr. R. Ashton (Blackburn) ; Mr. J. Vicars, Mr. J. J. Ogle 
<Bootle) ; Mr. W. W. Midgley (Bolton) ; Mr. Butler Wood 
(Bradford) ; Mr. John Storrie (Cardiff) ; Mr. Montagu Browne 
(Leicester) ; Mr. C. G. Virgo (Manchester) ; Mr. T. J. George 
(Northampton) ; Mr. J. W. Carr (Nottingham) ; Mr. R. Howse 
(Newcastle) ; Prof. Boyd Dawkins, Mr. W. E. Hoyle (Owens 
College) ; Major Plant (Salford) ; Alderman Brittain, Mr. E. 
Howarth (Sheffield) ; Lieutenant- Colonel Turner, Mr. John 
Tym (Stockport) ; Mr. Robert Cameron, Mr. J. M. Bowlev 
(Sunderland) ; Mr. L. Greening, Mr. H. Roberts, Mr. F. W. 
Moncks, Mr. C. Madeley (Warrington) ; Mr. H. M. Platnauer 
<York). 

The proceedings were opened by Mr. J. T. Moore, as Mr. S. 
W. North, chairman at the last meeting (held in York), was 
unavoidably absent. The Rev. H. H. Higgins gave his pre- 
sidential a^^ress, and the following papers were read and dis- 
cussed : — “On 'Museum oiganization and arrangement,” by 
Pr6f. W. Boyd Dawkins, F.iLS. ; “ Suggestions for stid in the 
determination of natural history specimens in Museums,” by 
Mr. F./W. Rudler ; “ A new method of mounting Invertebrates 
for Museum and lecture purposes,” by Dr. H. C. Sor^, 
F.ILS. ; “Notes on the Liverpool Free PubUc by 

Mr. T. T. Moore ; Circulating school cabinets for'iddmentafy 
schools,” by Mr. John Chard (Assistant in die Liverpool 
•Museum); “The best mea^ bf making Museums attfictlve to 

NO. 1080, 42] 


the public,” by Mr. R. Cameron ; “A plea for local geological 
models,” by Mr. T. 1 . Moore; “Museum cases and Museum 
visitors,” by Mr. E. Howarth; “Notes on the Moscow Museum,” 
by Mr. Willoughby Gardner; “Winter evening lectures in 
Museums,” by Mr. R. Paden (Assistant in the Liverpool 
Museum). 

Some very pleasant expeditions were made, thanks to the 
untiring energy of the local Secretary, Mr. H. A. Tobias, who 
was ably seconded by Mr. Cowell and Mr. McMillan. The 
members of the Association were most hospitably received ; they 
were entertained at lunch by his worship the Mayor, and 
received invitations to a soirSe of the Library, Museum, and Arts 
Committee, and to a magnificent conversazione given by the 
Japanese Consul, Mr. James L. Bowes. 


SCIENTIFIC SERIALS. 

American journal of Science^ June. — Prof. Elias Loomis: 
a memorial address prepared by H. A. Newton at the request 
of the President and Fellows of Yale College. — The magnetic 
field in the Jefferson Physical Laboratory, Part II., by R. W. 
Willson. In the February number of the yournal the author 
gave some observations of the variations of the horizontal in- 
tensity in different parts of the Jefferson Physical Laboratory in 
1886-87, and upon the disturbance in the magnetic field pro- 
duced by the presence of iron steam pi^^s and other iron masses. 
He now finds from extended observations that brickwork pro- 
duces a great disturbance of the magnetic field, and thinks, 
therefore, that in general it would be safer to make exclusive 
use of wood for buildings and piers intended for refined mag- 
netic measurements. — The electrical resistance of the alloys of 
ferro-manganese and copper (from determinations made by Mr. 

B. H. Blood), by Edward L. Nichols. The observations show 
that ferro-manganese- copper alloys decrease in electrical re- 
sistance each time they are subjected to a change of temperature. 
In one case an alloy containing 80 82 per cent, of copper and 
19*12 per cent, of ferro-manganese, was hard drawn in the pro- 
cess of obtaining a strip suitable for measurement. Its specific 
resistance at 20% referred to pure copper as unity, was 30*38 ; 
this resistance gradually diminished as the strip was repeatedly * 
heated to 100® and cooled to 20®, until after seven such heatings 
it had fallen to 30*072. The effect of successive annealings 
upon the resistance of a number of alloys is also described. 
— Fluid volume and its relation to pressure and temperature, by 

C. Barus. The paper contains the introductory part of a series 
of experiments on the compressibility of liquids, in progress at 
the Physical Laboratory of the U.S. Geological Survey. 
Taking the results from o” to 185* as a whole, it follows that if 
with the observed thermal expansion compressibility be supposed 
to increase inversely as the first power of the pressure binomial 
(A + ^ where A is constant), then temperature and pressure 
must vary linearly to maintain constancy of volume. — On 
hamlinite, a new rhombohedral mineral from the herderite 
locality at Stoneham, Mi., by W. E. Hidden and S. L. Pen- 
field.—- On a large spring-balance electrometer for mea-uring 
(before an audience) specific inductive capacities and potentials, 
by Alfred M. Mayer. The chief characteristic of the excellent 
piece of apparatus described is that it shows directly^ and not 
inferenttally, that different dielectrics transmit the force of 
electricity in different degrees. — Notice of new Tertiary mammals, 
by O. C. Marsh. 

Tiie^ American Meteorological Journal for June contains : — 
An article on the distribution of cloud over the globe, specially 
prepared by M. L. Teisserenc de Bort from a former paper on 
this subject (Nature, vol. xxxvi. p. 15), with diagrams of mean 
isonephs for March, which is the cldkrest month over the globe, 
and for July, which, on the whole, is a cloudv month, and aU9 
with figures showing the appearance of the cloud bands on the 
earth, compared ^h othsr planets having atmospheres. — Is 
the diurnal variation of the magnetic needle a meteorological 
phenomenon ?, by Prof. R« Owen. The object of the paperls to 
show that our atmosphere is the medium influenced magnetically 
W the suOi, .in the diurnal movement of the needle, 

llie frets adduced ,may aid us in undet^ 

standing hwisphere iptate from 

i^bt tofrft, aw^ndimMefrom lower to higher latitudes. — A 
flilittlitira of Dr. % AMnannV paper on the elimatblogical 
infloetiee of lnflaeiisik~Report of me meeting of the New Eng- 
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land Meteorological Society on April 15. The chief subject of 
discussion was climatic changes, which were considered in two 
divisions : (a) Secular changes, introduced by Prof. W. M. 
Davis. Ife stated that secular variations have undoubtedly 
taken place, but we cannot give specific explanations of them. 
(If) Supposed recent changes, introduced by Prof. W. Upton. 
Several long series of observations were examined, and, while 
slight indications of periodicity were found, there was no trace 
of progressive change. — Trombes and tornadoes, by M. II. 
Faye (concluded from the May number). — Method of determin- 
ing the direction of the wind by observation of the undulations 
at the margins of the disks of the heavenly bodies, especially 
the sun and moon, viewed through a telescope, by Don V. 
Ventosa, of the Madrid Observatory. The author states that 
there are always two points on the limb diametrically opposite, 
where the undulations travel tangentially to it and in the hame 
direction, while in intermediate regions the waves appear more 
or less inclined to the limb. These motions indicate by their 
directions those of the wind which produces them. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, June 19. — On the Changes produced 
in the Circulation and Respiration by Increase of the Intracranial 
Pressure or Tension.'' By Walter Spencer, M.S., Assistant 
Surgeon to Westminster Hospital, and Victor Horsley, B.S., 
F.R.S. 

The authors have made for some time the effect of an increase 
in intracranial pressure or tension the subject of an experi- 
mental inquiry, so far as the increase affects the circulation and 
respiration. 

They conclude that the increase in intracranial pressure in- 
fluences the circulation and respiration through the diminution 
in the physiological activity of the medulla which it causes. 

The authors first give an historical risumi of the work of 
previous observers. 

The following is a summary of the chief results obtained • 

I. The Heart. — A considerable increase of the intracranial 
tension was required to influence the heart ; it became slowed 
and finally arrested. This happened more readily after respira- 
tion had ceased, and required a higher pressure to produce it 
when artificial respiration was employed, whilst division of both 
vagi nerves abolished any slowing or arrest. The arrest, when 
produced, continued permanently, unless the pressure was quickly 
removed, or artificial respiration employed, or the vagi divided. 
But if the pressure was maintained whilst artihei^ respiration 
enabled the heart to start again, then the cardio-inhibilory in- 
fluence was gradually lost, so that the heart returned from being 
very slow to its normal rate, or increased beyond the latter until 
the rate became equal to that seen after division of the vagi. 
When the vagi were divided at this stage the rate of the heart 
did not alter. 

The Blood Pressure . — A primary rise, small in the dog, larger 
in the monkey, was followed by a fall distinct from that produced 
by the slowing of the.heart, and not necessarily accompanying it. 
When the heart started again the blood pressure rose, finally 
reaching the level seen after division of the vagi, so that no 
further rise took place when this was done. The power of pro- 
ducing a fall of blood pressure was easily lost. Alter division of 
the vagi the blood pressure was raised by increasing the intra- 
cranial tension and by artificial respiration, so that it could be 
maintained at a level t>etween 300 and 400 mm. Hg for con- 
siderable periods. 

Respiration.^^\i\% was likewise impaired and arrested. Its 
arrest reacted upon the heart and the mood pressure upon it, so 
that after the rise of blood pressure respiration occurred, even 
although a much higher intracranial tension was maintained than 
had been sufficient to arrest it when the blood pressure was lower. 

II. By the direct application of pressure in the upper part of 
the 4th ventricle a slowing of the heart with a rise of blood 
pressure was caused, whilst respiration continued, so rapid as 
even to be nearly three times the rate of the heart in some cases. 
Pressure below Uie calamus scriptorius arrested the respiration 
without directly influencing the heart, whilst in the lower part of 
the 4th ventride respiration was imp^ed or arrested alone with 
a fal^in blood pressure, and some slowing of the heart, followed 
by arrest, after the respiration had ceased. 
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On the Alleged Slipping at the Boundaiy of a Liquid in 
Motion.” By W. C. Dampier Whetham, B.A., Coutts Trotter 
Student of Trinity College, Cambridge. Communicated by 
J.*J. Thomson, M.A., F.R.S., Cavendish Professor of Experi- 
mental Physics, Cambridge. 

The experiments of Helmholtz and Piotrowski on the oscilla- 
tions of a metal sphere suspended bifilarly, and filled with various 
liquids, gave finite values to the slipping coefficients. The theory 
of the flow of liquids through capillary tubes, applied to these 
results, show that such an effect would produce a marked change 
in the time of flow of a given volume of liquid. Poiseuille 
showed that for a glass tube there was no slip, and it follows 
that the flow through a gilt tube of about a millimetre in 
diameter should be twenty times as fast as through a glass one. 

The time of flow of a given quantity of water through a glass 
tube was observed, and the interior of the tube was then sil- 
vered. The time was always the same for the glass and for the 
silver surface. The velocity of flow was varied withfh wide 
limits, aifd pushed near the point at which the flow ceases to be 
linear. 

Other experiments were made on drawn copper tubes, which 
also agreed with Poiseuille's laws. Even when the inte- 
rior surface was modified by cleaning with acids and alkalies, 
polishing with emery powder, coating with oil, or amalgamating 
with mercury, there was no change in the rate of flow. There 
is certainly no slip with substances which are wetted by the 
l^uid. 

Some preliminary experiments of Piotrowski on an oscillating 
glass flask, the interior of which was afterwards silvered, were 
then repeated, and it was shown that, when more precautioils 
I than Piotrowski took were used, the friction on the flask was 
I the same, whether the surface was glass or silver. 

Physical Society, June 20. — Prof. W. E. Ayrton, F.R.S., 
President, in the chair. — Prof. A. W. Worthington made a 
communication on the stretching of liquids. The three known 
methods by which this may be effected — viz. the barometer tube 
method, the centrifugal method, and the method of cooling— 
were described, and the precautions necessary in filling the tubes 
and in freeing the liquids from air discussed. With non-volalile 
liquids, such as sulphuric acid, the tubes are put in communica- 
tion with a good pump, and before sealing, the liquid in the 
tube is kept at a higher temperature than that in the communi- 
cating vessel, in order that a stream of vapour may be passing 
outwards and carry with it any air liberated from the glass 
during the process of sealing. Before using tubes by the centri- 
fugal method the author finds it advantageous to subject them to 
considerable jarring” at intervals. This usually breaks the 
liquid column, and liberates a small bubble of air which may then 
be floated out. By repeating this many times, the adhesion of the 
liquid is greatly increased. With these precautions he had sub- 
jected water to a tension of 7*9 and sulphuric acid to one of 12 
atmospheres. The cooling method of Berthelot {Ann. de 
Chemie^ xxx., 1852} was then tried. In this method the liquid 
nearly fills a strong closed glass tube at a particular temperature. 
On slightly heating, it expands and fills the whole tube, any 
residual air being dissolved. On cooling again, the liquid re- 
mains extended, and still fills the tube until at last it lets go 
with a violent ** click,” and the bubble of residual air and vapour 
reappears. The tension of the liquids tested under these circum- 
stances have usually been calculated from the relative change of 
volume on the assumption that the coefficient of extensibility is 
the same as that of compressibility. The author exhibited and 
described an apparatus oy which the tension and the extension 
can be measure simultaneously. The tension is ascertained 
from the enlargement of the ellipsoidal bulb of a thermometer 
sealed into the containing vessel, and the extension calculated 
from the volume of the bubble after the click. The tension 
thermometer had been calibrated by internal pressure, and in 
determining the extension, correction is made for the change of 
volume of the apparatus. By this method he had subjected 
alcohol to a tension of 17 atmospheres, and found that the co- 
efficient of extensibility is much less than that of compressibility. 
It is not clear what causes the liquid to let go ot the glass, 
but it is found that the bubble can be caused to reappeu by 
passing an electric current through a wire sealed in thd capillary 
tube. Sir Wm. Thomson remarked that Prof. Worthington^ 

m was a curious commentary on the usual mathematimd 
tion of **a liquid” as a substance which offisred no 
sistance to being separated iqto parts. Speaking of freelfig. 
liquids from air, he said the beneficial effect of jiurring could 
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easily be shown by tapping an ordinary philosophical ham* 
mer”; separation of the column always leaves a bubble which 
can then be floated off. He had also found that, in freeing 
liquids from air by boiling, it was advantageous to have a logg 
escape tube so that part of the liquid condenses and runs back. 
— Mr. C. V. Boys read a paper on the measurement of electro- 
magnetic radiation by himself, Messrs. A. E. Briscoe and W. 
Watson. When Mr. Gregory described his new electric radia- 
tion meter on November i, 1889, one of the authors said that 
the observed effect might.be due to some cause other than ex- 
pansion by heating, and that if it was a true heating effect it 
might be measured thermally. The present communication 
describes experiments undertaken to investigate the question. 
The first method employed was developed from the idea that if 
two fine wires be placed near together, and both act as resonators 
to a primary oscillator, the electrodynamic attraction caused by 
the electric currents up and down the wires, and the electrostatic 
repulsion between the charges on them, might result in the rela- 
tive motion of the two wires. From theoretical considerations 
based on the assumption that the currents are harmonic in time 
and space, the authors inferred that the electrodynamic effect would 
preponderate at the middle of the wires, whilst the electrostatic re- 
pulsion would be greatest at the ends. To cause the attractions and 
repulsions to conspire in producing rotation, cranked 
resonators, a, h, c (see figure), were made ; one was 
fixed, and the other suspended by a quartz fibre, to 
turn about a middle line, de. These were inclosed 
in a glass vessel, and on starting the oscillator a turn- 
ing movement was observed in a direction opposite 
to that expected. This motion was eventually traced 
t6‘ the electrostatic influence of the oscillator, for 
although the imperfectly conducting surface of the 
glass acted as a perfect screen from such action when 
the potentials of the oscillator were varied slowly, it did not do 
so for changes occurring about 500 million times per second. 
After adopting means to avoid this disturbance, and construct- 
ing lighter resonators, the experiments were repeated, with 
negative results. From the dimensions of the quartz-fibre used 
it was estimated that a force of 158 millionths of a grain 
could have been detected with certainty ; this would have cor- 
responded to about of an ampere in each resonator. It is 
hoped that by further increasing the sensitiveness of the ap- 
paratus, and using parabolic reflectors, the effect sought for may 
be detected. In the second method of attacking the subject, a 
Joule’s dynamic air- thermometer was employed. This consisted 
of a glass tube with a partition along the middle extending 
nearly to the ends. If one side of the tube be warmed, convec- 
tion currents circulate, and deflect an index placed in the steam. 
A small mirror suspended about one edge, and counterpoised, 
was used for an index, and was so sensitive that it was im- 
possible to get the air still enough by any ordinary method of 
screening. However, by the ingenious device of putting the 
thermometer within a larger tube kept rotating by clockwork, 
the difficulties were surmounted. A doubled wire placed in 
one side of the thermometer served as resonator, and 
on starting the oscillator a large deflection resulted. A 
similar deflection was caused by applying about } of a volt to 
the ends of the wire. This proved that the effect observed by 
Mr. Gregory is due to heating. The least rate of heating ob- 
servable with the air thermometer was found to correspond to 
one calorie (gramme-water-Centigrade) per 24 hours in the whole 
tube, or i calorie per centimetre of wire in 103 days. Dr. 
Lodge asked Sir William Thomson whether, when electric 
pulses travel along parallel wires with the velocity of light, any 
action could exist between them, for two charged spheres 
travelling together at that velocity exert no mutual attraction or 
repulsion. In reply. Sir William said he was inclined to think 
Mr. Boys’s treatment of the subjection was in the main correct, 
but it was quite possible that at such velocities the ordinary laws 
might be modified by the fact that the time taken for the force 
to be prop.'igated from wire to wire is comparable with that 
required lor the pulse to travel the whole length of the wire. As 
an example of the peculiar effects of rapid discharges, he said he 
had seen two copper wires which had been flattened against 
each other by lightning. Mr. Boys thought that in his resonators 
a condition analogous to stationary waves would exist, for the 
pulses are reflected from the ends. Dr. Lodge said he had 
that afternoon observed the actim of parallel strips when 
Leyden-jar discharges were passed through them. The strips 
^ gave a kick at each discharge. Mr. Gregory mentioned that, in 
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trying to increase the sensitiveness of his meter so as to measure 
the variation with distance, he had found that two resonators in 
proximity interfered with each other. He had, however, suc- 
ceeded in increasing the sensibility about five-fold. Prof. 
Worthington asked if it was possible to measure the energy of 
the oscillator, and also whether the quantity caught by the 
resonator could be estimated from the solid angle it subtended 
at the source of energy, wherever that might be. Prof. Perry 
considered it easier to infer the energy of the source from that 
received by the re.sonator. Dr. Lodge said the energy of the 
source could be easily measured. The power radiated was 
enormous whilst it lasted, vastly exceeding that of tropical sun- 
shine ; and, if it could be made continuous, the apparatus would 
soon be red-hot. The energy radiated, he said, converges on 
the resonators, and hence the solid angle method of esti- 
mating the amount received would be erroneous. Moreover, 
th^ source was not at the oscillator, but at a quarter wave- 
length from it, and most of the energy returns to the oscillator ; 
only a small fraction is splashed off and sent into space. 
Small oscillators radiate powerfully because the quarter wave- 
lengths are small ; whereas the slow oscillators or alternators 
used commercially radiate very little of their energy. The exact 
law of variation of intensity of radiation with distance was 
rather complicated, but the theory had been completely worked 
out by Stokes in 1848. Mr. Blakesley thought the energy that 
returns to the oscillator would be available for subsequent radia- 
tions. Dr. Lodge pointed out that wires or other resonators 
placed within the quarter wave-length would intercept part of 
the returning energy. — Two communications — notes on second- 
ary batteries, by Dr. (Badstone and Mr. Hibbert ; and an easy 
rule for calculating approximately the self-induction of a coil, 
by Prof. J. Perry — were taken as read. In the first of these the 
authors show cause for believing that the beneficial effect pro- 
duced by adding sodium sulphate to the ordinary electrolyte is 
due partly to its facilitating the reduction of lead sulphate and 
also to its power to diminish local action between the electrolyte 
and different parts of the lead plates. As regards the chemical 
actions which take place during the working of ordinary cell.<, 
they sec no reason to doubt the view put forward by one of them 
in 1882, that the substance produced in the voltaic reaction is 
ordinary lead sulphate, PbS04. They also conclude that the 
high E.M.F. of a cell immediately after stopping the charging 
current is due to the inequality of acid strength near the two 
plates, and the gradual fall of E.M.F. is caused by the equaliza- 
tion of strength produced by diflusion. — Prof. Perry’s rule relates 
to hollow cylindrical coils, and is expressed by the following 
formula : — 


L (in secohms) = 


i*844d5 + 31c + 35^ 


where n = number of windings, 

a = mean radius of winding in centimetres, 
d = axial length, 
c == radial depth of winding, 


and If and c are less than 


2 


The time-constant of such a coil is given in terms of the volume 
of copper (V') in cubic centimetres by 


L _ V' -7-1000 . 

R o 728a -V- 1-33^: + 1*5^ ' 

and the conditions for making this small are pointed out in the 
paper. — A paper by the Rev. 'T. Pelham Dale was postponed 
till next meeting. \ 


Anthropological Institute, June id.— Prof. Flower, C.B., 
F.R.S., Vice-President, in the chair. — The Chairman exhibited 
a ** ula” or fetish brought by the Rev. L. O. Warner from the 
neighbourhood of Lake Nyassa. — Mr. Theodore Bent read a 
paper on the nomad tribes of Asia Minor. The paper referred in 
the first place to the heterogeneous mass of nationalities on smd 
around the Cilician plain, but took only one point for discussion 
— namely, the religion of the Ausairee around Tarsus, identifying 
this cult with that of the Ali-ullah-hi of Northern Persia, and 
proving that most nomads, from the Mediterranean to the Caspian, 
belonged to this secret religion* The dogmas of the religion 
were set forth as obtained from three sources, namely : (i) account 
of the renegade Suleiman ; (2) studies amo^st the Ali-ullah-hi ; 
(3) researches amongst the Ausairee of Tarsus.— -The Rev. E. F. 
Wilson read a few notes on some North American Indians. -r- 
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a paper entitled A Contribution to a Scienfific Phrenology/’ 
r. Bernard Hollander presented the result of further investiga- 
lions into brain-functions --the first series of which has been 
published in the Journal of the Anthropological Institute of 
August 1889— showing again a striking similarity between 
modem experimental researches and the observations made by 
the founders of the phrenological doctrine. (<7) The centre for 
visual perception and ideation [first occipital convolution]— con- 
sidered by some physiologists to be the centre for the “con- 
centration of attention” — corresponds with the localization of 

concentrativeness/’ by Geo. Combe. (If) Mr. Herbert 
Spencer, who in the vols. i. and ii., published his 

phrenological observations, considers the area, which Dr. Gall 
noted to be connected with visions and hallucinations, to be the 
centre for the revivification of ideas, which in its unnatural actions 
is accompanied by a difficulty in distinguishing revived impres- 
sions from real perceptions. The localization is the same as Dr. 
Ferrieris centre [12], the excitation of which causes such move- 
ments of eyeballs and head as are ** essential to the revivification 
of ideas.” (c) Excitation of the third and fourth external con- 
volutions in jackals and cats is accompanied by retraction of the 
ear, a sudden spring or bound forward, opening of the mouth 
with vocalization and other signs of emotional expression, such 
as spitting and lashing the tail as if in rage. Dr. Gall located 
in the same area the “carnivorous instinct,” termed “destruc- 
tiveness ” by his followers, and considered by Prof. Bain to be 
merely another name for the irascible emotion. Though the 
investigations are by no means finished, Mr. Hollander expressed 
the hope that an examination of his two communications to the 
Institute may induce men of science to reconsider the antiquated 
sy.stem of phrenology, which has hitherto failed to recommend 
itself to the scientific world. 

Geological Society, June 18. — Dr. A. Geikie, F.R.S., 
President, in the chair. — The following communications were 
read ; — The Borrowdale plumbago, its mode of occurrence and 
probable origin, by J. Postlethwaite. — Notes on the valley- 
gravels about Reading, with especial reference to the Palae jlithic 
^plements found therein, by O. A. Shrubsole. The foil )wing 
deposits containing implements are described : — A. North of 
the Thames, (i.) Gravel at Toot's Farm, Caversham ; 235 feet 
above sea-level, (ii.) Clayey gravel by side of Henley Road, 
Caversham; 168 feet above sea level, (iii.) Subangular gravel 
at .Shiplake ; 200 feet above sea-level. B. South of the lhames. 
(i.) Gravel at Elm Lodge Estate, Reading ; 197 feet above sea- 
level. (ii. ) Gravel on disturbed beds at Redlands ; 157 feet 
above sea-level. (iii.) Comminuted flinty gravel at Southern 
Hill ; 223 feet above sea-level, (iv.) Gravel at Sonning Hill ; 
185 feet above sea-level, (v.) Gravel at Ruscombe, Twyford ; 
165-170 feet above sea level. The author concludes that the 
highest gravels (235-280 feet above sea-level) do not, so far as is 
known, contain any traces of man, and that a considerable 
amount of valley-erosion occurred before the deposition of the 
earliest gravels which have furnished human relics. Further, he 
considers that the deposits indicate the occurrence of a severe 
climate at an early stage, and its recurrence at a later one, viz. 
during the deposition of the gravels found at a height of 197 feet 
and 144 feet respectively above the sea-level. He believes that 
many of the implements found in the lower levels at Reading 
have been derived from gravels of various dates and different 
levels, which have been swept away by denudation, and that this 
will account for the mixed character of the types of implements. 
After the reading of the paper, Mr. Monckton said he had noticed 
great variability of the gravels arouifd Reading, and would like 
to learn whether it was possible to traee the subdivisions shown 
in the section of the pit at Grovelands for any distance laterally. 
Mr. Abbott could not understand from the section displayed 
that the Groveland gravel belonged to the Thames system. The 
author maintained that the variations could, to some extent, by 
traced laterally. The appearance of dip towards the Kennet in 
the section referred to bjr Mr. Abbott* was misleading. He did 
not expect contenmoraneous and identical valley-gravels to be 
discovered on the Oxford and Berks sides of the river in the way 
suggested. At the point in Question the levels were very 
diSerent. — The next meeting 01 the Society will be held on 
Wednesday, November 12, 1890. 

Royal Microscopical Society, June 18. — Mr. Frank Crisp 
in the chair. — Mr. Mayall mentioned, in explanation of the 
^elay in bringing forward the report of the new objective, that, 
before ihz Committee met officially to examine the objective, it 
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it had been agreed to support the report by the production of 
photo-micrographs of the various objects used as tests. They 
were, however, disappointed to find that the visual and actinic 
foci were not coincident, and at the request of Prof. Abbe the 
objective was returned to Jena. After a lapse of several weeks. 
Dr. Czapski replied that he had not found any trace of a 
“chemical” focus non-coincident with the visual fociis, and 
the objective was again forwarded to London. The Committee 
then met, and the same fractured valve of P. angulatum was 
focussed accurately and then photograp1\pd, and it appeared 
quite sharp in the photograph. The transit of the objective* 
from London to Jena had somehow got rid of the “chemical ” 
focus. Unfortunately, the slide had become seriously deterior- 
ated, so that the critical tests which they intended to photograph 
could no longer be tried. They were therefore compelled to 
await the arrival of another slide, which Dr. Van Heurck had 
most kindly sent, but which the Committee had not yet beei> 
able to examine. — In the absence of Mr. Pringle, the ^ew 
photo-micrographic apparatus recently made to his instructions 
j by Messrs, ^ift and Son for the Royal Veterinary College, was 
! described by Mr. Mayall. — Mr. E. M. Nelson exhibited upon 
! the screen two photographs of the bordered pits of pine-wood. 
He thought these pictures showed clearly that the pits were of 
the nature of clack valves, and probably served the purpose of 
checking ihe downward pressure of fluid in the vascular system. 
He also showed some new photographs of diatoms x 1350, in- 
cludir^ one erratic form, which he proposed calling Craspedo- 
discus ptinchboTvlii^ from its resemblance to a punch- bowl. — Mr. 
Mayall gave a summary of the contents of a paper, by Dr. 
Charles E. West, of Brooklyn, on early binocular instruments. 
— Mr. Dowdeswell’s paper, entitled “ A Contribution to the 
Study of Yeast : Part L, Baker’s Yeast,” was read. Culture- 
tubes, containing specimens illustrative of the subject, were 
handed round for inspection. — Mr. C. D. Sherborn read some 
portions of a paper which had been prepared by himself, con- 
jointly with Mr. H. W. Burrows and the Rev. G. Bailey, on 
the Foraminifera of the Red Chalk of Norfolk, Lincolnshire,, 
and Yorkshire. 

Paris. 

Academy of Sciences, June 30. — M. Hermite in the chair.. 
— On the partial eclipse of the sun of June 17, by M. J. Janssen 
(see Our Astronomical Column). — On an attempt at oyster- 
culture carried on in the fish-pond of the Roscoff Laboratory, 
by M. de Lacaze-Duthiers. — On the photographic spectrum of 
Sirius, by Dr. Huggins. A new group of the ultra-violet 
series of lines is described, extending from A 3199 to A 3338. — 
On the application to great falls, in canals, of locks with oscillating 
liquid columns, and on a method of utilizing the automatic oscil- 
lating tube without its being blocked w^hen the fall is considerably 
increased, by M. A. de Caligny. — On the residual charge of 
condensers, by M. E. Bouty. The author describes some ex- 
periments made with mica condensers. Among the results 
obtained are : fi) That a charge absorbed between the times 
^ and ^ / by a condenser which does not leak is identical 

with the residual charge liberated between ® and ^ / by thc" 

same condenser charged during a very long time. (2) This 
residual or absorbed (marge is proportional to the electromotive 
force of the charging battery. — Researches on the application of 
the coefficient of optical rotation to determine the nature of the 
compounds which are produced by the action of malic acid on. 
neutral tungstates of soda and potash, by M. D. Gernez. 
The experiments show : (i) That, both with salts of soda and 
potash, a regular increase of negative rotation occurs with 
solutions of increasing strength until a maximum of - 7® 7' is 
reached, when equal equivalents of the two bodies are used. 
(2) A diminution of the rotation with change of sign and 
a positive maximum of *4- 2® 42' for one equivalent of acid to 
two equivalents of the salt. (3) A diminution of the rotation 
with change of sign and a negative maximum of - 2®*i 
when the solution contains one equivalent of acid to^ three 
equivalents of the salt. — On the action of titanium chloride on 
metals, by M. Lucien Levy. — On the decomposition of rocks 
and the formation of arable land, by M. A.^ Muntz.— The 
author has found nitrifying micro-organisms universalljl' distri- 
buted, even occurring on the bare rocks of mountain peaks^ and 
attributes to them a considerable share in the work of breaking 
clown rock-masses into soil. — On the development of the blasto* 
derm in the isopodous Crustacdh (Porcellio scaier^ Latr.), by 
M. Louis Route.— Crystallographic and optical properties of 
pyroxene obtained by means of superheated water, by M. A. 
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Lacroix. The conclusion is drawn that all its properties are 
sufficiently characteristic to identify artificial pyroxene with that 
of volcanic rocks. — The identity of composition of some sedi- 
mentary phosphates with apatite^ by M. Henri Lasne. Phos- 

E hates from various sources and of different geological "'ages 
ave be^n found to consist essentially of calcium fluophosphate 
of the same percentage composition as apatite, together with 
varying amounts of clay, calcium sulphate, &c. — On the repro- 
duction of sillimanite and the mineralogical composition of 
porcelain, by M. W.,|Vernadskv. Kyanite and andalusite are 
transformed into sillimanite when raised to a white heat ; the 
same mineral, or some body very like it, is shown by the author 
to be produced on heating together an intimate mixture of dry 
SiOj and dry AljO*. He further proves that the products of 
decomposition by neat of topaz, dumortierite, and kaolin are 
composed in great part of the same substance, and that the 
crystalline portion ot porcelain consists also of this mineral. — 
On the fauna of pyritic Ammonites of Djebel-Ouach, province 
of Constantine, by M. G. Sayn. — Craniectomy on a micro- 
cephalous subject, by M. Lannelongue. A remarkable opera- 
tion on a female, aged four years, is described, resulting in a 
•considerable amelioration of the condition of the patient. — On a 
new system of representing geographical relief, by M. Eugene 
Guillemin. 

Berlin. 

Physical Society, June 13. — Prof. Du Bois-Reymond, Pre- 
sident, in the chair. — At the opening of the meeting, \?rof. 
Schwalbe referred in the warmest terms to the loss the Society 
had sustained by the death of Director F. Gallcnkamp, who 
^ had for many years acted as its Librarian. — Prof. Vogel spoke 
on photography in natural colours as attempted at first by 
Seebeck, then in succession by Becquerel, Niepce, St. Victor, 
Poitevin, Zenker, and most recently by a Hungarian named 
Verres. He exhibited a series of photographs in colours obtained 
by Verres, which, however, showed conclusively that he has not 
solved the problem, since, although the reds appear as red in 
the photographs, so also do the yellows and greens appear as 
red, and the blues as an undeterminate colour. These photo- 
graphs, on the other hand, mark a distinct advance in colour- 
photography, since they are fixed, while those of Zenker, 
although more strikingly coloured, were not fixed. The speaker 
criticized Zenker’s views on the mode of formation of a coloured 
photograph, and expressed his disbelief in the ik)ssibility of any 
one substance being so changed by rays of different wave-length 
as to emit, from various parts of itself, rays of exactly corre- 
sponding wave-length. — Prof. Kundt exhibited a spiral of bis- 
muth, as employed by Dr. Lenand to demonstrate the influence 
of a magnetic field upon the electrical conductivity of this 
metal ; he further showed by experiment how considerable this 
influence is, and pointed out that it provides a means of measur- 
ing the intensity of the field. — Prof. Lampe explained that some 
years ago he had announced to the Society that a problem on 
maximal attraction of a point dealt with by Gauss had been 
previously propounded and treated by Playfair. More recently 
he had found that even Playfair was not the first to deal with 
this problem, but that a partial solution had been obtained by 
De Saint Jacques in 1750. 

Physiological Society, June 20. — Prof. Du Bois-Ueymond, 
President, in the chair. — Dr. I. Munk gave a risume of the 

{ present state of knowledge as to the absorption of fat. The 
act that fats with a high melting-point, such as stearin, are not 
absorbed is usually adduced in support of the supposed im- 
portance of emulsification ; on the other «hand, some of the 
speaker’s own experiments had shown that a small amount 
(S'"? cent.) of this fat may be absorbed. In support of the 
saponification of fats he described some recent experiments 
made on the patient with a lymphatic fistula (Nature, vol. xli. 
p. 5^) and on dogs. Thus, for instance, when spermaceti was 
administered to the patient after prolonged fasting, the lymph 
became cloudy and milky in the third or fourth hour of diges- 
tion. Analysis of the whole lymph secreted daring thirteen 
hours showed that 15 per cent, of the spermaceti had passed 
into the lymph, not, however, in an unchanged condition, but 
as palmitin, showing that the spermaceti must have been decom- 
posed in the alimentary canal, and that the palmitic acid of 
which it is partly composed must have become united with 
glycerin. He made further experiments with oleate of amyl* 
alcohol, hoping to verify the decomposition of this fat oy 
observing that the animal exhibited symptoms of poisoning with 
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amyl-alcohol : this was, in fact, observed. The above com - 
pound could not, owing to its pungent taste, be given in suffi*’ 
ciently large doses to the patient with the lymphatic fistula 
to be conclusive ; but an analysis of the lymph secreted from 
the fourth to the twelfth hours showed that It contained, not the 
compound of oleic acid and amyl-alcohol, but olein — a further 
proof of its decomposition before 'absorption. So many diffi- 
culties stand in the way of the view that all fats are saponified 
before absorption, that the speaker considered the various 
points in connection with the process of fat absorption as still 
undetermined. — Prof. Ewald ^ve an account of the sudderr 
death of a patient following upon the introduction of a flexible 
gastric sound ; a subsequent post-mortem showed that the cause 
of death was rupture ot an aortic aneurism. He then proposed 
as a subject for discussion the question as to whether the rise of 
blood-pressure which led to the rupture was due to the slight 
abdominal pressure or to some psychic excitation. The 
majority of those who joined in the discussion regarded the 
former as the causative factor of the rise of aortic blood- 
pressure. 

Brussels. 

Royal Academy of Sciences, May 6. — M. Stas in the 
chair. — The • following communications were presented : — On 
I the conditions of the act of chemical combination ; modifica- 
' tions arising from the presence of inactive dissolvents ; extract 
of a letter from M. Menschutkin, Professor of Chemistry at St. 
Petersburg, to M. Louis Henry. Prof. Menschutkin has studied 
the combination of (CaHsjjN with C2H3I in the presence ot 
inactive dissolvents, for example, hydrocarbons, simple ethers, 
ketones, &c. The experiments show that such substances 
exercise a considerable influence on the velocity of combina 
tion, it bein^ found that if i represents the constant of velocity 
of the reaction noted above in hexane, CsHx4, this constant for 
the same combination in Cn3 — CO — C3H5, all other things 
being equal, is 8477. — The state of vegetation on March 21 
and April 21, 1890, in Gembloux, Pluccorgne, Liege, and Spa, 
by Prof. G. Dewalque. The observations that have been ob- 
tained of herbaceous plants are very discordant. It is estimated, ^ 
however, that vegetation was from 6 to 8 days behind on March ' 
21, and 4 or 5 days behind on April 21. — On the characteristic 
points of some remarkable lines in conics, by C. Servais. — On 
the curvature in curves of the second degree, by the same author. 
— Note on the development in series of sine, cosine, and ex-' 
ponential functions, by Prof. Alphonse Demoulin. 
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THURSDAY, JULY 17, 1890. 


THE INDIAN CIVIL SERVICE AND THE 
INDIAN FOREST SERVICE COMPETITIONS^ 

T hose who devote attention to educational questions 
are looking with interest for the publication of the 
new schedule for the Indian Civil Service competitions. 
But past experience of the Civil Service Commissioners, 
who are largely responsible for these matters, and on whom 
the various departments must chiedy rely for the carrying 
out of their ideas, causes^ the interest of many of us 
to be not unmixed with a considerable degree of anxiety 
lest there should be in this case a repetition of the recent 
Woolwich and Sandhurst fiascos. Therefore, notwith- 
standing the favourable character of Sir John Gorst’s 
recent reply to Sir Henry Roscoe, we hope that those 
at the Uhiversities who are interested in the question, 
and the leaders in science, will not yet rest upon their 
oars, but that they will bring under the direct notice of the 
authorities at the India Office the present position of 
science studies at the Universities and the views that are 
held there on this important subject, in order that th^ 
latter, who we believe hold fair views upon the subject, 
may be in a position to judge of the fitness of any scheme 
that may be submitted to them and of its correspondence 
or the reverse with the present condition of higher 
education. We bring this subject again under the 
notice of our readers, partly because of its importance, 
and partly because in the new regulations for the 
India Forest Service we have recently been afforded 
a fresh example of the inability of those who are 
officially intrusted with these matters to properly esti- 
mate the requirements of the public services. These new 
regulations are, no doubt, better than those which they are 
intended to replace in several respects, notably so in that 
the absurd list of fourteen compulsory subjects by which 
this examination has hitherto been distinguished has now 
been abolished, and also in that the examinations will now 
run somewhat closely on the lines of the army competi- 
tion — a change which will probably secure for them a 
wider field of candidates than they have hitherto had. 
But, considered as a method of selecting those who are 
most likely to do good work in a scientific profession, 
the scheme must be pronounced to be a failure, since it 
will neither insure the selection of the most promising 
men for the particular service required of them, nor, as 
many will think, encourage those who intend to compete 
to give themselves a really liberal education. 

The subjects and their mark values are as set out below : 


Class /. — Obligatory Subjects. 

f. Mathematics, Elementary ... 3500 

2. English Composition 1000 

3, German ... ... ... ... 2000 


Class II.— ‘Optional Subjects. 


4 - 

Mathematics, Higher 

• 

• • • 

• • • 

2000 

5 - 

French 

• • • 

• • • 

2000 

6 . 

I^atin ... .** 


• • • 

2000 

7. 

Greek 

• • • 

• • • 

2000 

8 * 

English History ... 


• « • 

2000 

9 - 

Botany 

* • e 


2000 

10. 

Chemistry 

• • t 


2000 

11 . 

Physics 

• • • 


2000 

12 . 

Physical Geography and Geology 

2000 
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Not less than 
one - third of 
full marks in 
each of these 
subjects must 
be obtained to 
qualify. 


Any two, but 
not more than 
two, of these 
subjects may 
be selected. j 


Class III.— Additional Subjects, 


13. Freehand Drawin||| ... 

14. Gaometrical Dravnng 


( Either or both of these may 
' < be taken up in addition to 

( those in Classes I. and II. 


A close inspection of the scheme reveals at once certain 
serious objections to it. . In the first place, whilst admit* 
ting that the authorities have done well to provide fairer 
opportunities for students whose education has been 
largely in literature, we must ^laim, both in the interests 
of the service and of the candidates, that those wKo seek 
admission as probationers for so essentially scientific a 
service ought in every case to be required to show some 
moderate degree of capacity for scientific work before 
they are admitted to their professional studies. The 
Professors at Cooper’s Hill are men of the hipest stand- 
ing, and they will undoubtedly give an exc^ent train- 
ing Ho all who are fitted to undergo it. But they can- 
not create scientific aptitude in those who are intrusted 
to them. Hence, if men who are deficient in the 
proper qualities are selected as probationers, either the 
service or the probationers must suffer ; for it must 
happen, either that the scientific standard of some of 
those who are finally selected will be unduly low, or else 
that some probationers who ought never to have been 
selected will be finally rejected after much loss o& time 
and much expenditure in money. To show how real this 
objection to the scheme is, it is only necessary to point 
out that under the new scheme a candidate may offer 
himself for examination in the following subjects with 
every reason to hope for success : — Elementary mathe- 
matics, English' composition, German, Latin, Greek, 
drawing. We do not think that the staunchest up- 
holders of the study of literature will support this selec- 
tion of subjects as one by means of which a satisfactory 
judgment of the fitness of the candidates for a scientific 
profession can be made. It is plain that a young man 
who shows ability in these subjects may or may not have 
a reasonable degree of scientific aptitude also. 

On the other hand, many will think that the new scheme 
permits even too great a neglect of literary studies on 
the part of those candidates whose bent is for science, 
since several combinations such as the following would 
also be possible: — Elementary mathematics, English 
composition, German, chemistry, physics. We are sure 
that many advocates of science teaching will feel that 
in this group of subjects literature is too much neglected ; 
and we believe that a youth of nineteen or thereabouts 
might add to it another modern language, or some know- 
ledge of Latin, with advantage to his studies in mathe- 
matics and science, as well as to his general education. 

In connection with this question, too, it must be re- 
membered fhat candidates are practically compelled by 
the severity of these competitions to stick to those sub- 
jects in which they are most likely to compete suc- 
cessfully, for a long period, often for several years, 
beforehand. So that, for example, a young man who is 
only moderately good at science and rather better at 
languages will be most likely to win a place in this scien- 
tific service by neglecting all scientific reading up to the 
age of nineteen or twenty years 1 Surely this is an 
example of how not to do it 

It seems to us, therefore, that the proposed scheme 
for the India Forests Department imperatively requires 

N 
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such amendment as shall secure evidence of a reason- 
able degree of capacity for science on the part of every 
probationer, whilst it would be well also if it coi^d be 
made to encourage a rather wider range of literary study 
in the earlier education of those whose main interests 

lie in the direction of science. What is desirable 

• 

could be attained in several ways. But it could, perhaps, 
be best effected by permitting candidates to offer them- 
selves for examination in^ three subjects instead of two 
from Class II. ; with the limiting condition that one at 
least of these three must be taken from numbers 5, 6, 7, 8, 
and one of them from 9, 10, n, 12. 

We trust that this subject may also be brought under the 
notice of the authorities at the India Office. It seems 
evident from the changes already made that they are in 
no way prejudiced against either scientific or literary 
studies, and we feel sure that if they will institute inquiries 
they will find that similar opinions to those we have 
expressed are widely held on this subject. 

THE VOLCANOES OF HA WAIL 
Characteristics of Volcanoes, with Contributions of Facts 
and Principles from the Hawaiian Islands : including 
a Historical Review of Hawaiian Volcanic Action for 
the past Sixty-seven Years, a Discussion of the Relations 
of Volcanic Islands to Deep-sea Topography, and a 
Chapter on Volcanic-Island Denudation. By James 
D. Dana. Illustrated by Maps of the Islands; a 
Bathymetric Map of the Atlantic and Pacific Oceans ; 
and Views of Cones, Craters, a Lava-Cascade, a Lava- 
Fountain, &c. (London : Sampson Low, Marston, 
Ssarle, and Rivington, 1890.) 

T he veteran geologist of the United States has 
rendered an inestimable service to science by the 
publication of this splendid monograph, which has just 
made its appearance simultaneously in this country and 
in the United States. To find any work on a similar 
subject comparable with it either in importance, or in 
the influence it is likely to exert upon geological thought, 
we must go back to the publication of Fouqud’s 
“ Santorin,” of Von Waltershausen’s “ Etna,” or Scrope’s 
“ Volcanoes of Central France,” 

The Hawaiian volcanoes are unquestionably the grandest 
on the face of the globe. Their vast dome-shaped masses, 
with slopes averaging from 6"’ to 8°, rise to heights of only 
14,000 feet above the sea-level ; but deep-sea soundings 
have shown that they stand on a floor 12,000 to 18,000 
feet below that level, so that, as Prof. Dana points out, 
the higher volcanic mountains of the Sandwich Islands 
must have an elevation of not far from 31,000 feet 
above their bases ! Beside these lofty and bulky 
domes, the graceful volcanic cones of the North and 
South American continents, of Japan and Java, sink into 
insignificance. The Hawaiian Archipelago contains no 
less than fifteen volcanoes of the first class, all but three 
of which appear to be now extinct. The active volcanoes 
of Hawaii give rise to lava-floods, which, in their bulk and 
in the distances they flow from their point of emission, 
are only surpassed by those of Iceland. In their remark- 
ably non-explosive action, in the characters of their great 
pit-craters, in the wonderful liquidity of their lavas — giving 
iMe to veritable fountains of mplten rock — and in the 
beauty and singularity of some of their igneous prodbcts, 
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the Hawaiian volcanoes are without a parallel anywhere 
else in the world. 

The Hawaiian volcanoes appear to form two nearly 
parallel bands, which doubtless indicate great lines of 
fissure in the earth’s crust, the extreme length of these 
being about 400 miles. The recent topographical surveys 
of the islands made by Prof. W. D. Alexander, Surveyor- 
General to the Hawaiian Government, and a number of 
recent soimdings in the adjoining seas, enable us to realize, 
in a way that was not previously possible, the dimensions- 
and forms of these vast volcanic piles. 

Prof. J. D. Dana has enjoyed exceptional facilities for 
studying these unique centres of igneous activity. As 
naturalist of the U.S. Exploring Expedition, he visited 
the islands in November 1840, after the great eruption of 
Kilauea that had taken place in May of the same year. 
The work of the actual survey and description of the 
craters was unfortunately not committed to Prof. Dana ; 
for the energetic, though scientifically untrained, head of 
the Expedition, Captain Wilkes, determined to undertake 
this task himself ; and the naturalist was sent away to- 
another station while the survey was in progress. Had 
jprof. Dana been present to advise and assist the survey- 
ing officers, it is clear that many unfortunate errors would 
have been avoided, and that the accounts of the volcanoes- 
contained in the “ Narrative of the United States Ex- 
ploring Expedition ” would have had far greater scientific 
value. 

After his return to the States and his settlement at Yale 
College, Prof. Dana showed his continued interest in the 
Hawaiian volcanoes, by keeping up a constant corre- 
spondence with missionaries and other residents in the 
islands ; and every great eruption was carefully chronicled 
in the pages of the American fournal of Science, which 
he has so long edited. The memoirs of Brigham and. 
Captain Dutton, and the enlargement and correction of 
our topographical knowledge of the islands, resulting 
from the Government survey, seem once more to have 
aroused the author to a sense of the importance of the 
subject, and in 1887 he commenced a series of papers on 
the history of the changes in the Mount Loa craters. He 
had not proceeded far with this work, however, before he 
felt the need of a second personal examination of the 
district. With characteristic energy, he undertook, in 
spite of his advancing years, a ten-weeks’ journey, in- 
volving over ten thousand miles of travel, in which he 
visited all the chief points of interest ; and the book 
before us is the outcome and monument of his labours. 

The work of criticizing and reconciling the accounts 
given by numerous travellers, beginning with notices 
written as long ago as the year 1823, has been admirably 
performed by Prof. Dana. Without his personal knowledge 
of the localities, and the aid afforded by the new and accu- 
rate maps of the islands, the task would, indeed, have been 
a hopeless one ; for many of the descriptions were penned 
by unscientific and careless writers, and inaccuracies and 
exaggerations are encountered at every step. By sifting 
and correlating this confusing mass of evidence, how- 
ever, the author is able to give a clear and connected 
narrative of the changes in the Kilauea crater, and to 
illustrate the position of its floor after each of the great 
eruptions, which took place in 1823, 1832, 1840, 1868, 
and 1886. The result is l^that we are furnished for the 
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first time with the means of judging of the real nature of 
the processes going on in the pit- craters, of non-explosive 
volcanoes. A similar discussion of the records concern- 
ing Mokuaweoweo, the summit-crater of Mount Loa^ 
enables the author to furnish an interesting, but neces- 
sarily less complete, narrative of the operations going on 
there during the same period. The want of anything 
like synchronous action between these two great craters 
in the same mountain-mass, one of which is at an elez>a- 
tion of 10,000 feet above the other^ has often been re- 
marked upon ; and the truth of the conclusion — one 
which must always be taken account of in attempts to 
explain volcanic phenomena — is fully established in the 
work before us. 

Prof. Dana forcibly illustrates the- remarkable contrast 
between the effusive eruptions of the Hawaiian volcanoes 
with their extremely liquid and perfectly fused basaltic 
lavas, and the explosive outbursts of Vesuvius, Krakatab, 
and Tarawera. He describes the characters and limited 
distribution of the curious glassy lavas, and their deriva- 
tives — the curious Pele’s hair and the beautiful “ thread- 
lace scoriic ” ; and he points out the inaccuracy of the 
early chemical analyses of the Hawaiian lavas, which 
have misled so many subsequent writers. His remarks 
on the characteristics and origin of the chief varieties of 
the lava, and especially of the pseudo-bombs — vast pillow- 
like masses of lava covered with a thin vitreous crust — are 
remarkably interesting and suggestive. 

One of the most valuable chapters in the book is that 
on the petrographical characters of the Hawaiian lavas, 
supplied by the author’s son. Prof. E. S. Dana. The 
singular fissile basalts of the higher cone, which resemble 
phonolite, and several other remarkable types are here 
described for the first time. Very noteworthyarethe curious 
feathery forms of augite which occur in some lavas, and 
the strangely-elongated crystals of o'.ivine which are 
found in others. But the part of the chapter which will 
unquestionably awaken the greatest amount of interest 
in the minds both of mineralogists and geologists is that 
which deals with the curious stalactites found in certain 
caverns in the lavas. That these stalactites are formed by 
aqueous action there cannot, as Prof. E. S. Dana shows, be 
any reasonable doubt. Yet the stalactites are built up of 
crystals of felspar, augite, and magnetite, all the consti- 
tuents formed by igneous action in the lavas themselves, 
being present, with the exception of olivine ! All students 
of mineral synthesis are acquainted with the fact that the 
same species can often be formed by several, and some- 
times by very diverse, methods. Mr. Sorby has even 
shown how fragments of quartz-crystals, originally formed 
in a granite or other igneous rock, may after enormous 
intervals renew their growth and become complete 
crystals again under purely aqueous conditions ; so that 
the same crystal may in different parts be the result of 
totally different kinds of actiqn. In spite of these facts, 
however, few petrographers would be prepared to find 
that, from aqueous solutions, rocks made up of felspar, 
augite, and magnetite could be formed in the way de- 
scribed in this interesting essay. Prof. E. S. Dana not 
unnaturally announces these remarkable concisions with 
some diffidence and reserve ; yet it is impossfole to' find 
any flaw whatever in the line of argument %y which he 
seeks to establish their truth. 
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Prof. J. D. Dana has prefaced his description of the 
Hawaiian Islands by a sketch to which the title of 
“ Characteristics of Volcanoes ” is more directly applic- 
able. In this introduction, which only extends to some 
27 pages, many of the great problems of vulcanology are 
discussed with singular clearness and freedom from bias. 

The work concludes with two interesting appendices, 
the first on “ Volcanoes and Dbep-sea Topography,” and 
the second on ** Denudation of Volcanic Islands ; its 
Amount a Mark of Age.” The book is well illustrated 
with maps and sketches, and some plates reproducing 
photographs will serve to give a just idea of the peculiar 
lava cascades and fountains of Hawaii — phenomena 
which have not unnaturally excited the imagination of 
untrained observers, and given rise to startling drawings 
and florid descriptions in popular works of travel. But 
the sober truth is, that the wonders of Hawaii stand in no 
need either of exaggeration or embellishment from the 
writer or the artist. 

We heartily welcome the volume as the crowning 
labour of the greatest of America’s men of science — the 
latest, and not by any means the least important, of a 
long series of contributions to science on very diverse 
subjects, but of unvarying excellence. J. W. J. 


A POLYGLOT MEDICAL VOCABULARY. 
Terminologia Medica Polyglotta : a Concise International 
Dictionary of Medical Terms. Compiled by Theodore 
Maxwell, M.D. Cantab. (London: Churchill, 1890.) 
TTHE current literature of medical subjects is extensive 
and polyglot, and those who endeavour to keep 
themselves abreast of the most recent research in any 
branch require to dip into works- in many languages, and 
need to have at hand some such aid as the present vocabu- 
lary, wherein they can seek for the several vernacular 
synonyms of those newer technicalities which modem 
developments of science have produced, and which are not 
to- be found in the ordinary dictionaries. Moreover^ 
it is often necessary that the special senses in which some 
of the older and more general words are used by medical 
writers should be defined. One may be very well ac- 
quainted with the anatomy of the brain as described in 
the English standard works, and yet have much difficulty 
in following the descriptions in German or French books 
on cerebral pathology, when vernacular names are used for 
the several parts ; and one longs for some international 
agreement as to a uniform system of scientific terminology 
like the Latin generic and specific names of the Linnsean 
nomenclature# 

The compilation of a new dictionary is a task involving 
an enormous amount of labour, and when, as in the work 
under notice, the synonyms of each term in seven lan- 
guages have to be sought and tabulated, the difficulties of 
the undertaking are seriously increased. The compiler 
has evidently expended great care, and exercised much 
udgment in his toilsome task, and doubtless this voca- 
bulary will prove of much help and be highly appre- 
ciated by students of foreign medical literature. The 
typography is excellent and clear, and the work is singu- 
larly free from errors of the press. 

It is questionable whether the selection of French as . . 
the fundamental language waa a wise choice- There are 
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fewer original terms in the French scientific vocabu- 
lary than in either English or German ; fewer modern 
writings of value in the medical literature of France than 
in either of the other great . European literatures; and 
fewer students of medical literature in French-speaking 
countries than in either English or German-speaking 
countries. The Russian element might also without very 
much loss be eliminated •; for as there are no Russian- 
French references it can be of little assistance to anyone 
reading Russian literature, and will only be of value to 
the limited class of Russian students of other literatures, or 
the still more limited class of foreigners writing medical 
works in Russian. 

The special function of a work like the present is to 
supplement, not to supplant, the ordinary dictionary ; 
therefore such a work should be reduced to as small a 
bulk as possible. To this end there should be as little 
overlap as possible, as there is no advantage in including 
such words as are to be found in the ordinary dictionaries, 
unless there is something specific in their use to be ex- 
plained. In the work before us, this principle has not 
been adopted, and its size has consequently been unduly 
enlareed by the introduction of many common words 
which have no such peculiarities. Thus, taking at random 
the pages 184-5, there are the words Heirath, Heavy, 
Heat, Heating, Hebung, Hebei, Heften, Heifer, Height, 
Heiss, Heizung, Helfen, Hell, Helm, Hembra, Hemd, 
Heaviness, Heiter, Helios. In these pages alone, one- 
fourth of the entries are common dictionary-words. (By 
inadvertence, Helios, the sun, is said to be Latin.) Turning 
at random to another page (445) there are seventeen words 
in a row — Wave, Wax, Weak, Weaken, &c. — of the same 
description. One might, perhaps, defend the introduction 
of the word “ Stays in the sense of corset, but one does 
not see why “ Star ” (dtoile) or “ Stamp ” (timbre) should 
have space devoted to them. 

By rigid adherence to a definite order of languages in 
the enumeration of synonyms, the bulk of the work has 
also been largely increased. Much space would have been 
saved, and the utility of the book by no means impaired, | 
if, when the same word was used for the same idea in two 
languages, instead of the repetition of the word the ini- 
tials indicating thelanguages had been prefixed toone entry 
of the word. Thus, instead of wasting three lines with ** E. 
Opodeldoc, soap-liniment ; G. Opodeldoc ; I. Opodeldoc,” 
or two lines with “ I. Organo ; S. Organo,” E. G. and I. 
might have been prefixed to the one, and I. and S. to the 
other. There is no gain of clearness in the tabulation, 
and a distinct loss of handiness ; for it is especially true in 
the case of a dictionary that the greater the book the 
greater the evil. 

While in most cases the author has confined himself to 
the enumeration of synonyms, there are some words to 
which he has appended definitions. The principle upon 
which words have been selected for this distinction does not 
seem apparent ; for instance, it was surely unnecessary to 
define “ Faux (f. fausse), adj., qui n'est pas vrai.” Some of 
the definitions are curious ; thus, ** delusion ” is defined as 
a beliefdn something incredible to sane people, resulting 
from diseased working of the brain convolutions.” It is 
doubtless right that ** Daft ” should appear in a polyglot 
dictionary, but it can scarcely be reckoned as English, and 
is as much deserving of having its nationality indicated 
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as ** Knocked up,” which is given as “ (en Amdrique)- 
enceinte.” 

In a few cases inconsistencies of spelling have eluded 
ihe corrector’s eye : thus, the adjective “ Lacrymalis ” is 
accurately given, but a few lines below the neuter fornv 
appears as “ Os lachrymale ” ; Aneurysm is spelled with 
an t ; but oversights of this kind are very few. 

The author has adopted in some cases the useful plan of 
marking with an asterisk those words under which the full 
synonymy is given. In a few instances this has become 
misplaced ; thus for the Latin Caduca ” the equivalent 
“ membrana decidua * ” is given, but there is no such entry 
under “ membrana,” and opposite “ Decidua ” there is 
simply the French synonym “caduque,” which is the 
heading to which the star should have been appended. 

There are some words which one would have expected 
to have place in such a work that are not to be found. 
Ache, Aching, Acromegaly, Caul, Limbus, Limbic, Lobe,. 
Monoplegia, Laparotomy, are a few of these. Black 
alder is given, but neither black wash nor black draught. 
.Red precipitate. Citrine ointment, Daffy’s elixir, are 
surely as deserving of place as Dover’s or James’s or 
Gregory’s powder. 

Fault-finding is at all times an ungrateful task, but it 
becomes especially unpleasant when the subject is a work 
of real merit, and we have indicated these weaknesses 
so that in subsequent editions the usefulness of the work 
may be increased. If its size were diminished by the 
exclusion of ordinary dictionary-words, by the better 
grouping of those that are identical, and by the judicious 
excision of unnecessary definitions, a portable, useful work 
would be produced, which we doubt not would find its 
place on the desk of the majority of students of foreign 
medical literature. 

Alex. Macalister. 


MASKS FROM NEW GUINEA AND THE 
BISMARCK ARCHIPELAGO. 

Masken von Neu Guinea und dent Bismarck Archipel. 
By A. B. Meyer. Kdnigliches Ethnographisches 
Museum zu Dresden, Band VII. Folio, pp. 15, 
Plates 15. (Dresden: Stengel and Markert, 1889.) 

D r. a. B. MEYER has written the seventh of the 
series of fine publications of the Royal Ethno- 
graphical Museum of Dresden which are brought out 
under his direction. He has selected for description and 
illustration the masks from New Guinea and the Bis- 
marck Archipelago which are, to be found in the collection 
under his care. The descriptions are as a rule very 
brief, but they are to the point, and incjicate the zoological 
training of the author. The latter is shown not only by 
the precision of the descriptions, but also by the addition 
of the generic name to the animals represented by the 
masks or used in their adornment. Of the 83 specimens 
in the Dresden Museum, 61 have been illustrated in this 
memoir in a most admirable manner by a photographic 
process the excellence of which leaves little to be desired. 
On comparing^ese photographs with woodcuts of 
similar objb^||ipte advantage of the former is at once 
apparent,. asjB^exture of the various substances used in 
the manufacyll^ 6nrthe.mask.s is faithfully rendered, and 



July 17, 1890] 


NATURE 


2.69 


the faultiness of the original design or pattern is not 
glossed over by an engraver. It is a great pity that the 
magpiihcent collections in the British Museum cannot be 
rendered available for home study by the publication of< 
similar photographs. 

It is to be regretted that Dr. Meyer confined his account 
of the masks to those contained in the Dresden Museum, 
and has not compared these with the specimens which 
are to be found in other museums. 

A good opportunity for a thorough treatment of the 
subject has thus been lost. For example, allusion is 
made to the occurrence of masks in the Elema district of 
the Papuan Gulf, but no description or figure is given of 
them, although numerous specimens of these have found 
their way into museums. Of the eight masks which are 
figured from Torres Straits, one of the most characteristic 
varieties is unrepresented — that one which represents a 
crocodile’s head surmounted by a human face. A fret 
pattern occurs on a mask from Jervis Island. This is 
alluded to by Dr. Meyer, and is compared with somewhat 
similar patterns, of which woodcuts are given, on two 
masks from German New Guinea, and with two patterns 
on arrows from Dutch New Guinea. The Torres Straits 
pattern, unlike the others, is precisely similar to the 
common form of the pattern, and as it does not occur on 
other objects from that district we can only conclude, 
contrary to Dr. Meyer, that it was directly copied from 
some introduced object ; the same mask is further orna- 
mented with some imported red woven material. Dr. 
Meyer suggests that the helmet masks from New Ireland, 
and the feather helmets and masks from the Sandwich 
Islands, are reminiscences of the helmets of the Spanish 
voyagers of the sixteenth or seventeenth century. He 
also considers it probable that the use of masks in this 
part of the world originated in New Ireland, and extended 
through New Hebrides to the northern portion of the 
German territory of New Guinea, and thence by an over- 
land route to the head of the Papuan Gulf and Torres 
Straits. Other routes were northward to the Caroline 
Island, Mortlock, and south-east to New Caledonia. Dr. 
Meyer has been able to discover very little concerning 
the uses of masks ; all that he can say is that they are 
used in masquerades, festivals, general feasts, secular, 
religious, and war dances.” It is, however, very probable 
that particular kinds of masks are used for definite occa- 
sions, and that the masks which are worn say during 
initiation ceremonies could not be put on at a seasonal 
festival. There is no evidence, so far as British New j 
Guinea is concerned, that masks are ever worn at the 
festive or secular dance, oj at the war dance ; they 
appear to have a definite sacred or religious significance. 

This valuable memoir concludes with an interesting 
quotation from Weisser’s paper on masks from New 
Ireland. Early in May the men of one village repair to .| 
another village with which they have a feud. Each man 
then puts on the mask which* he has been secretly pre- 
paring during the previous year, and the men of the one 
village dance opposite to those from the other. After 
•this they have a feast, and exchange sago cakes, which 
they eat with caution, fearing poison ; criticism of the 
masks of the opposite faction affords ample opportunity 
for the continuance of the animosity. 
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OUR BOOK SHELF. 

Larva Collecting and Breeding. By the Rev. J. Sevmour 

St. John, B.A. (London ; William Wesley and Son, 

1890.) 

The alternative title of this little volume, which is of 
convenient size for the pocket, is **a, hand-book to the 
larvae of the British Macro-Lepidoptera and their food 
plants ; both in nature and in confinement, with authori- 
ties,” and is sufficiently explanatory of its scope and 
objects. The arrangement of the first portion of the book 
is entomological, of the second and concluding portion 
botanical. In the former the larvae are arranged and 
named according to “ The Entomologist Synonymic List 
of British Lepidoptera,” and the food plants are enumer- 
ated as subsidiary to these. In the second half the food 
plants are specified in the order of the London Catalogue 
of British Plants ” (eighth edition). The book is theremre 
susceptible of a twofold use ; it will induce the ento- 
mologist to become a field botanist, and conversely it 
will greatly aid the student who has some knowledge of 
the native flora in his efforts to become practically 
acquainted with the lepidopterous larvje. So much energy 
is misdirected, particularly by young people, in making 
collections of butterflies and moths for the mere sake of 
' collecting, that the intelligent use of this little book is 
calculated to effect a salutary change. It will, at least, 
direct greater attention to the life-histories of the Lepido- 
ptera, and if it should be instrumental in inducing the 
collector to preserve and mount the larva alongside the 
male and female specimens of the mature butterfly or 
moth, so much the better. It is too common a practice 
to ignore the “ grub ” as unlovely and despicable ; though 
from an economic point of view it possesses a higher 
interest than the winged insect, and is certainly not 
inferior to it in importance from a scientific standpoint. 
Nearly all the Lepidoptera which are familiar in this 
country as crop-pests are actively injurious only in the 
larval stage. 

As the author intimates, such a work as this is 
necessarily a compilation, and, from its very nature, it is 
hardly possible to make it exhaustive. All who use it in 
the field will find opportunities to annotate and amplify 
it, and possibly to suggest emendations. The common 
names as well as the systematic names of the plants are 
given, and it might be useful if in a future edition the 
common names of the insects were, as far as possible, 
also enumerated. A few misprints have escaped notice, 
as Galium sexatile{^. 103), andi Rynchosporaalda (p. 137). 

Mr. St. John’s book represents a good idea well carried 
out, and it should have the effect of stimulating the study 
of natural history in the field. 

Practical Chemistry for Medical Students. By Samuel 

Rideal, D.Sc. (Lond.), F.I.C., F.C.S., F.G.S. (London : 

H. K. Lewis, 1890.) 

This book is intended by the author to embody the tests 
for those substances which a medical student is required 
to identify at^ the first examination of the Con/bint 
Examining Board in England. The attempt to compress 
this information into 53 small pages has resulted, as 
might have been expected under the circumstancesj in a * 
cram-book. Indeed, the only justification, if such it can 
be called, for the addition of another to the many works 
on qualitative analysis is that the book contains in the 
minimum space the knowledge required for a special ex- 
amination. This knowledge is, however, frequently of a 
questionable nature. Thus, ** calcium sulphate, CaSQ^ 
{gypsuni)^* is described as a “ white amorphous powder ; ” 
sodium carbonate, N agCOg,” as a " white solid, crystalline 
r>r amorphous ferric chloride, Fe2C4, a yellow amor- 
phous ptowderp and so forth : statements of a kind which, 
although they constitute a large portion of the book, are 
both Hagmentary and inaccurate. The endeavour to . 
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attach valency values to the metals is carried out in all 
cases with the exception of iron, to which no value is 
affixed. The reason for this omission is not obvious, as 
the author does not hesitate to call lead a dyad, antimony 
a triad, &c. Amongst minor points the use of potassium 
antimony tartrate for potassium antimonyl tartrate, of 
arsenic acid for arsenic pentoxide, may be noticed. 

The book may go some way to fulfil the author’s 
expectation that it will give the student “ some acquaint- 
ance' with the art of* test-tubing,” but that it will 
materially increase his knowledge of the principles of 
practical chemistry, or sharpen his appreciation of the 
raison d'etre of a chemical process, is another matter. 

Manual of Pharmaceutical Testing. By Barnard S. I 
Proctor, F.I.C. Pp. vii., 176. (London : The Chemist 
and Druggist y 1890.) 

This book is a collection of tests suitable for ascer- 
taining the purity of the chemicals of the British 
Pharmacopoeia, &c. The tests described are the simplest 
possible, and can be carried out with the apparatus and 
chemicals in use at the dispensing counter. They apply 
more especially to the impurities of manufacture than 
to adulterations. In many cases they are simply those 
recommended by the British Pharmacopoeia for deter* 
mining if the purity of a material falls short of tbe re- 
quked standard. As a rule they are qualitative, and 
suinciently accurate for the purpose in view, although 
quantitative methods, more especially in determinations 
of solubility, or fixed residues of volatile liquids, are 
employed. The book contains a cha{>ter on manipulation, 
which includes the method of weighing precipitates, and 
an index, and will be found a handy volume to the 
pharmacist. 

The Encyclopedia of Photography. By Walter E. Wood- 
bury. (London: Iliffe and Son, 1890.} 

This work, which will be concluded in about twelve parts, 
is written on the same lines as other photographic ency- 
clopsedias, but treats especially of the sciences of optics 
and chemistry. The art of photography being so largely 
practised nowadays, it is curious what a small percentage 
of those who have taken it up know anything about optics 
or chemistry, which form the basis of the whole subject. 

Throughout the book the author has borne this well in 
mind, and has spared no pains to place before the reader, 
in a simple and clear manner, the principles underlying 
the formation of images, the construction of lenses, chro- 
matic and spherical aberration, the theory of atoms and 
molecules, and many other very important points relating 
to optics and chemistry. 

The illustrations, which will be about 200 in number, 
consisting of explanatory sketches and diagrams, will be 
found, if up to the standard maintained in this first part, 
to serve their purpose well. 

For amateurs this encyclopaedia should be very useful, 
as it is written especially for beginners, and some of the 
most complicated terms likely to lead tt« confusion are 
avoided as much as possible. 

Dynamics for Beginners. By the Rev. J. B. Lock, M.A. 
Third Edition, stereotyped. (London : Macmillan and 
Co., 1890.) 

The author has fully succeeded in supplying the want 
that has been long felt, of a book whicn should explain 
the elementary principles of dynamics, illustrating them 
by easy examples in a manner suitable for use in schools 
with beys of ordinary mathematical attainments. 

Section I. deals with rectilinear dynamics, in which the 
fundamental principles are explained. The words velo ” 
and ^’celo,” abbreviations for unit velocity and unit 
acceleration respectively^ are here used, and the author 
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says in the preface, Of their value for the pur* 
poses of teaching and explanation I have received the 
very strongest testimony from those best qualified to 
judge.*' 

Sections 11. and III. treat of Direction ” and Illus- 
trations," the former dealing with the parallelograms of 
distances, velocities, and accelerations, chords of quickest 
descent, Sic., the latter with projectiles, oblique impact,, 
relative motion, hodograph, &c. 

Work, energy, power, are discussed in Section IV., 
and there is a chapter on the indestructibility of 
matter. 

An excellent set of examples is collected at the 
end, and a series of examination papers is added, 
taken from the various examinations held from time to 
time at Oxford and Cambridge. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions ex^ 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications.^ 

“ The Climates of Past Ages,^’ 

I FEEL somewhat disappointed not to see a flood of corre- 
spondence in your pages arising out of Dr. Neumayr’s veiy 
interesting lecture on the climates of past ages. The subject is 
difficult and complex, and the factors of the problem are no 
doubt various and of different kinds. 1 wish to make a few 
remarks on some of these. 

It seems impossible to doubt that the sun is losing heat ; and, 
consequently, that the quantity of heat annually received by the 
earth from the sun is less than it once was. Now, one of the 
most remarkable of the facts before us is the evidence, from fossil 
vegetation, of comparatively warm climates in the polar regions. 
There is no similar evidence respecting the equatorial regions ; 
but it is probably impossible that such evidence should be pre- 
served, so that its absence proves nothing as to the equatorial 
climate of tbe same period ; but it is worth noticing that, if we 
suppose the force of solar radiation increased, the increase of 
terrestrial temperatures will be greater in high than in low lati- 
tudes, because, with the increased quantity of heat received into 
the atmosphere, an increased quantity will become latent by 
evaporation in the lower latitudes, and will be carried to the 
higher latitudes by vapour-bearing winds. 

If our planet had neither atmosphere nor ocean, the tempera- 
ture of the higher latitudes could be raised only as a direct result 
of increased solar radiation. If it bad an atmosphere but no 
ocean, the increase of the temperature of the higher latitudes 
would be assisted by heat-bearing winds ; and this would be at 
the expense of the temperature of the lower latitudes, which 
would be lowered by the heat so carried away. In the actual 
case of our earth, with both atmosphere and ocean, this action 
will be greatly increased by the power of vapour- bearing winds 
to carry heat in the latent form, which again becomes sensible 
heat on the condensation of the vapour. This appears to show 
that a considerable increase of temperature might be produced 
in the higher latitudes by a comparatively small increase in the 
force of solar radiation. 

Dr. Neumayr says that the cause of the glacial climate is 
quite unknown ; and at the same time be asserts that both 
hemispheres— the northern and the southern — were glaciated at 
the same time. I dispute both of these opinions. I think Mr. 
Croll has shown the direction in which the explanation of the 
glacial climate is to be sought ; and if this is so, the two hemi- 
spheres w'ere not glaciated at* tbe same time, but alternately. 

If, during a glacial period, the northern and tbe southern 
hemispheres were each alternately glaciated for geologically 
short periods, this would account for the fact mentioned by Dr. 
Neumayr, that tbe glacial period a]ppears not to have^ been 
continuous, but interrupted by periods of milder climate. 
Croll’s theory accounts for this. His theory is, that glacial 
periods occur at those astronomical epochs when the eccentricity 
of the earth’s orbit is at its greatest; and a glacial climate is 
produced in the two hemispheres alternately, according as the 
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-summer of each hemisphere is in perihelion or in aphelion. This, 
"in consequence of the precession of the equinoxes, will occur at 
intervals of about 25,000 years. That is to say, if in either 
hemisphere the summer is now in perihelion, at the end of^ 
12,500 years its summer will be in aphelion, and in 12,500 
years more it will be in perihelion again. Mr. Croll maintains 
that glaciation occurs in the heitlisphcre where there is peri- 
helion summer and aphelion winter, because of the intense cold 
of such a winter. I think, on the contrary, that the facts of 
climate which come under our observation show that winter 
cold has little or no effect in producing glaciation ; and that a 
cold summer, which leaves the winter snow unmelted, is the 
most favourable condition for glaciation. Such is the climate of 
the Antarctic continent now. It is obvious that a summer in 
aphelion, when the eccentricity of the earth’s orbit was many 
times greater than now, must have been a very cold summer. 

This theory of the glacial climate appears perfectly satis- 
factory. The astronomical cause is known to exist, the 
geological effects are known to exist, and the effect is that 
which the cause must necessarily produce. 

Even if it were true that a glacial climate prevailed in both 
hemispheres at the same time, no geological evidence could 
prove such a fact. No geological evidence could tell whether 
glacial mounds in Norway and in Patagonia, for instance, were 
strictly contemporary, or separated in date byjan interval of 
12,000 years. 

Dr. Neumayr appears to retain the old notion that changes of 
climate may be to some extent due to changes in the position of 
the earth^s poles. I am no mathematician, and cannot speak 
on such a subj'ect with any authority, but Sir William Thomson 
believes he has proved that the earth is for all dynamical pur- 
poses perfectly solid and rigid ; and I should think that the axis 
•of rotation of a perfectly rigid oblate spheroid is unchangeable. 

Belfast, July 10. Joseph John Murphy. 


The American Meteor. 

I RECEIVED the following observations from my son, G. S. 
Ilenslow, who witnessed the fall of the meteor referred to lately 
in Nature. I forward it,. as it may perhaps interest some of 
the readers of this journal. 

‘‘The meteor fell about 5 p.m., and divided inmidair, part of 
it falling in Minnesota near a town called Kasota ; this portion 
was not found. The other and larger piece fell near Butt City, 
Iowa. The two places are about a hundred miles distant. It 
exploded on reaching the ground into myriads of fragments, a 
number of which have been picked up and sold at fabulous 
prices. The State University of Minnesota bought the largest 
piece. It fell on the open prairie, but broke into such small 
fragments that the surrounding soil was scarcely disturbed at all. 
We all saw it fall here at Winclom. It illuminated the southern 
•sky, and left a cloud resembling the smoke from the funnel of an 
engine. On bursting, there was a sound like a sharp peal of 
thunder.” G. Henslow. 


SPONTANEOUS IGNITION AND EXPLOSIONS 
IN COAL BUNKERS. 

A t the Royal United Service Institution, on Friday, 
July 4, a paper on thts subject was read by Prof. 
Vivian B. Lewes, Royal Naval College. Rear-Admiral 
N. Bowden-Smith was in the chair. 

The lecturer, after premising that in the fast ocean 
steamers it is now becoming an event of frequent occur- 
rence for the contents of the bunkers to spontaneously 
ignite, whilst in the Service such a thing as fire in the 
bunkers is practically unknown, and an occasional, 
although fortunately very rare, explosipn of gas is the 
worst trouble which the coal stores of our naval monsters 
have given rise to, directed attention to the causes which 
give rise to the so-called spontaneous ignition of coals, 
and traced the particular circumstances which tend to 
increase the tendency to it. 

The pyrites or coal brasses present in the coal when 
exposed to dry air undergo little or no change, but when 
anoiAure as well as air is present they absorb, oxygen and 
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combine with it, forming sulphtites of iron, and the 
ordinary explanation of the spontaneous ignition of coal 
is that this process of oxidation causes a rise of tempera* 
ture in the coal which determines its ignition ; this, how- 
ever, has of late years been much doubted, and it can 
now be proved that the pyrites when present in ordinary 
quantities are perfectly incapable of doing more than 
adding slightly to the general rise of temperature, 
although when present in very large masses they may 
increase the tendency of the coal to spontaneous com- 
bustion by swelling during oxidation, and causing the 
coal to crumble, and also by setting free sulphur, which, 
having a lower melting-point of ignition than coal (482” F., 
or 250” C.) would lower the temperature at which the 
mass would catch fire. 

The real causes which give rise to heating ana ignition 
in any large accumulation of coal are twofold. First, the 
absorption of oxygen from the air by the carbon ; and 
secondly, the chemical action set up by the absorbed 
oxygen with the hydrocarbons of the coal 

The most important point to be noticed is the extra- 
ordinary effect which initial temperature has on the 
rapidity of chemical actions of this kind. At a low 
temperature, and indeed up to about lob^ F. — 38° C, 
the absorption of oxygen, and consequent chemical 
action, will go on slowly with practically little or no 
chance of undue heating taking place, but directly*the 
temperature exceeds loo"^ F., then, with some classes of 
coal, ignition is only a question of time and mass. 

Although the ignition point of various coals lies above 
700° F., yet if many of these coals are powdered, and are 
placed in perforated zinc cases in masses of 2 lbs. or 
upwards, and these are kept at a steady temperature of 
about 250” F. in an oven, ignition will generally follow in 
a few hours ; whilst between this and 150'’ F. it will take 
days instead of hours for the same result to follow, and at 
ordinary English temperatures several thousand tons of 
coal would have to be stored in a very broken condition 
before any risk of heating or ignition would ensue. In, 
considering this question with regard to coal bunkers, it 
must be remembered that, although the considerations 
which had to be taken note of in the case of coal-laden 
ships still exist, yet they are considerably modified by the 
smallness of the amount of coal carried, and by the 
methods Of loading and storage employed. 

Liability to spontaneous ignition increases with : — 

I. The increase in the bulk of the cargoes. — Evidence 
given before the Royal Commission of 1875 showed that 
in cargoes for shipments to places beyond Europe the 
cases reported amount to ^ per cent, in cargoes under 
500 tons ; in cargoes from 500 to 1000, i per cent. ; 1000 
to 1500, to 3’5 per cent. ; 1500 to 2000, to 4'5 per cent. ; 
and over 2000 tons, to no less than 9 per cent. Mass 
influences this action in two ways : — 

(a) The larger the cargo, the more non-conducting 
material will there be between the spot at which heating 
s taking place and the cooling influence of the outer air. 

(b) The latter the cargo the greater will be the 
breaking-down action of the impact of coal coming down 
the shoot upon the portions first loaded into the ship, jmd 
the larger thereby the fresh surface exposed to the action 
of the air. 

2. The ports to -which shipments are made (26,631 ship- 

ments to Euro^an ports in 1873, resulting in only ten 
casualties, whilst 4485 shipments to Asia, Africa, and 
America gave no less than sixty). — This startling result is 
due to the length of time the cargo is in the vessel, the 
absorption and oxidation being a comparatively long 
action, but a far more active cause is the increase of 
emperature in the tropics, which converts slow action 
nto a rapid one. * 

3. The kind of coal o^ which the cargo consists (some 
coals being especially liable to spontaneous heating and • 
Ignition). — There is great diversity of opinion on thij 
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oint, but it is pretty generally admitted that cases of 
eating and ignition are more frequent in coals shipped 
from east coast ports than in South Wales shipments. 
So much, however, depends upon the quantity of small 
coal present, that a well-loaded cargo of any coal would 
be safer than a cargo of Welsh steam coal in which a 
quantity of dust had been produced during; loading. 

4. The size of the coaL (small coal being much more 
liable to spontaneous ignition than large.) — This is due 
to the increase of active absorbent surface exposed to the 
air, a fact which is vended by the experience of large 
consumers of coal on land ; gas managers recognizing 
the fact that coal which has been stamped down or shaken 
down during storage is more liable to heat thari if it has 
been mor^ tenderly handled, the extra breakage causing 
the extra risk. 

5. Shipping coal rich in Pyrites {or brasses') whilst wet. 
— The effect of external wetting on coal is to retard at 
drst the absorption of oxygen, and so to check the action ; 
but it also increases the rate of oxidation of the pyrites, 
and they, when oxidized, swell and split the coal into 
pieces, and this increases heating due to the exposure of 
fresh dry surfaces. 

6. Ventilation of the cargo. — For ventilation to do any 
good, cool air would have to sweep continuously and 
freelpr through every part of the cargo — a condition im- 
possible to attain in coal cargoes — whilst anything short 
of that only increases the danger — the ordinary methods 
of ventilation supplying just about the right amount of 
air to create the maximum amount of heating. The 
reason of this is clear. A steam coal absorbs about twice 
its own volume of oxygen, and takes about ten days to do 
it under favourable conditions, and it is this oxygen which, 
in the next phase of the action, enters into chemical com- 
bination, and causes the serious heating. Ventilation, such 
as used to be sometimes arranged for by a box shaft along 
the keelson with Venetian lattice up-shafts, supplies about 
as much air as is necessary to produce the results which 
end in spontaneous ignition. 

7. Rise in temperature in steam colliers^ due to the in^ 
troduction of triple-expansion engines and high-pressure 
boilers. — The increase in stokehold temperature, due to 
this, is from 5° to 10° F., and this affects the temperature 
of the adjacent parts of the vessel 

In the coal bunker, the question of mass, which plays 
so important a part in a hold laden with coal, is almost 
entirely eliminated, as 50 to 400 tons would be about the 
capacity of any ordinary bunker, and the cases of spon- 
taneous ignition in masses of coal less than 500 tons do 
not amount to more than 1 per cent. The question of 
initial temperature, therefore, becomes the one important 
factor. Hunker fires are almost entirely confined to 
vessels in which the bunker bulkheads are only separated 
from the funnel by a narrow air-space, or are in close 
proximity to the boilers themselves ; but where the 
bunkers are stepped back from the funnel casing and 
boilers, spontaneous ignition is a great rarity. If coal is 
kept at a high temperature, even though K be far below 
its igniting point, ignition is only a question of time, and 
if the bunker coal next the bulkhead is kept at \ 7 xP F., 
any coal with a tendency to absorb oxygen will run a 
great chance of igniting within a few days. In order to 
prevent spontaneous combustion of the coal under these 
circumstances, all that is necessary is to reduce the 
temperature of the bulkhead in contact with the coal, as 
if this is kept at a temperature not exceeding 80° to 90° 
F., there Is little or no fear of the oxidation of the hydro- 
carbons, of the coal proceeding with such rapidity as to 
cause ignition in such a quantity of coal as can be carried 
in the bunkers, the iron decks, by subdividing the mass, 
also helping to reduce any risk. In order to reduce the 
temperature to the required extent, it would be necessary 
to make the bulkheads close to any heating surface, such 
as the funnel casing, double, and the side spaces six inches 
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apart, the inner wall being provided at intervals with 
water-tight openings, through which the interior space 
(Can be coated with protective compositions from time to 
time. Through this double casing sea-water would be 
allowed to circulate very slowly, and would effectually 
prevent any undue rise of temperature, whilst to make 
the arrangements complete a thermostat should be fixed 
on the inner plate of each bulkhead, which, if the tempera- 
ture rose to 100° F., would ring a bell in the captain’s 
room, when the rate of flow of water could be increased 
until the required fall in temperature took place. Should 
this arrangement prove impossible from any structural 
cause, then a rapid current of air forced through the 
bunkers by means of a fan, or even an up-current formed 
by a good air-pump ventilator in the crown of the bunker, 
would go far to keep the temperature within safe limits. 
If such an arrangement were adopted in the fast liners, 
bunker fires would become a thing of the past, whilst such 
an arrangement of double bulkhead and water circulation 
would also solve the still more important problem of how 
to keep the magazines on board Her Majesty’s ships at a 
sufficiently low temperature to fit them for the storage of 
E.X.E. and S.B.C. prism powders, and the still more 
delicately constituted smokeless powders, none of which 
could otherwise be kept in the auxiliary magazines of the 
new programme ships ; as for safety they are placed 
between the boilers, and must, of necessity, reach a tem- 
perature far above that which any powder could stand 
without losing moisture, and in consequence developing 
far higher strains than the guns should properly be 
subjected to. 

The question of explosions in coal bunkers and in the 
holds of coal-laden ships is a subject totally distinct from 
that of spontaneous ignition. During the conversion of 
woody fibre derived from various forms of vegetation 
into coal, considerable quantities of a gaseous compound 
of carbon and hydrogen, called methane, marsh-gas, or 
light carburetted hydrogen, is evolved, and as the action 
has been spread over long ages most of this gas has 
found its way to the surface of the coal seam and has 
diffused itself through the superincumbent soil and has 
escaped ; but a portion has been occluded (absorbed) in 
the pores of the coal itself, and some also imprisoned in 
smml cavities and fissures in the coal. Marsh-gas, when 
pure, is perfectly non-explosive, and burns quietly with a 
faint luminous flame, producing, as the products of its 
combustion, carbon dioxide and water vapour, but when 
mixed with ten times its own volume of air, and a light 
applied, it explodes with a force equal to about 210 lbs. 
on the square inch. Another cause which tends to in- 
crease the danger of explosion is that if the air is charged 
with fine coal-dust, less than one per cent, of marsh-gas 
mixed with it gives an explosive mixture, and also ex- 
tends the area of explosion. In. both colliers and coal 
bunkers the risk of explosion is greatest during the first 
ten days after shipment. 

Marsh-gas is a non-supporter of combustion, so that 
the presence of the gas, ot* a mixture of it with air, if 
present, is a safeguard against spontaneous ignition ; and 
if the precautions pointed out to prevent ignition were 
carried out in conjunction with simple precautions against 
explosion, explosions and fires in coal cargoes and bunkers 
would soon M a thing of the past. 

The lecturer strongly advocated the adoption in the 
bunkers of aJl new vessels of the double bulkhead, and 
water circulation to such portion of the bunkers as im- 
pinge upon any unduly heated portion of the hold, and 
that all bulkheads should be made gas-tight ; whilst in 
bunkers containing not more than 300 to 400 tons of coaL 
as thorough ventilation as possible should be obtained 
bv fitting water-tight air-pump ventilators in the deck 
above the surface of the coal, while inlets for as cool 
air as possible should be provided at the bottom of 
the bunkers, and. where necessary, air driven in from the 
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fan. Under no conditions should any but safetydamps 
be used in coal holds or bunkers. 

A discussion followed, and the proceedings closed with 
a vote of thanks to the lecturer. 


A WINTER EXPEDITION TO THE 
SONNBLICK} 

I T is not often that an Alpinist finds leisure to spend 
a month in winter at an altitude of 10,154 feet above 
the level of the sea. It may, therefore, interest the mem- 
bers of the Alpine Club, to have the experiences of one 
who, though not a member of their Society, yet was for- 
tunate enough to make the unusual ascent, which was 
chiefly undertaken in the interests of science. 

It is well known that since 1886, thanks to the united 
efforts of the Alpine Club, and of the Imperial Austrian 
Meteorological Society, and in a special manner to the 
energy and public spirit of Herr Ignaz Rojacher, there is 
now a thoroughly equipped Observatory on the highest 
peak of the Sonnblick. This Observatory has been 
established with the view of affording to students of 
natural science, physics, astronoiny, and meteorology, the 
means of making such observations as are only practi- 
cable at great heights ; and of providing them with 
accommodation in a part of the building which has been 
named by the owner “ The Study.” 

In carrying on certain inquiries which are only to be 
solved on high mountains, I had for this purpose spent 
a month in the summer of i88r on the Hoch Obir (6716 
feet) in Carinthia, and I determined the first winter 
after the erection of the Observatory on the Sonnblick 
still further to resume the investigations in a situation 
which afforded aclear,cold, winter atmosphere, which was 
absolutely necessary. I was unfortunately unable to realize 
my intention the first winter (1887), which was the more 
to be regretted inasmuch as the winter of 1887, and 
especially the month of February, was unusually fine, 
whereas that of 1 888 was the severest ever known. The 
“ oldest inhabitant ” of those parts had no remembrance of 
such heavy falls of snow and such dark and stormy 
weather as we experienced in the February of 1888 — the 
month for which I had made all my arrangements for an 
expedition to the Sonnblick. 

My expedition was undertaken with the following 
objects : — (i) To investigate the radiation of the earth into 
space, and the irradiation of the atmosphere upon the 
earth’s surface, in order to ascertain, more accurately 
than had hitherto been done, the temperature of the aerial 
envelope of the earth. (2) To investigate the question of 
the blueness of the sky. (3) To discover whether the 
sparkle of the stars was altogether due to the lower strata 
of air. Having had a grant from the Imperial Academy of 
Sciences in Vienna for the purpose, I succeeded in enlist- 
ing the services of Dr. Trabert, a young indefatigable inan 
of science, as assistant, to make simultaneous observations 
on the Rauris. whilst I observed on the Sonnblick. 

We reached Lend on thft morning of February 3, where 
we handed over our seven cases of scientific instruments, 
and my provisions for a month’s sojourn on the Sonnblick, 
to Herr Rojacher^ men, who conveyed the whole on a 
couple of sledges through Embach to Rauris ; we 
driving to Kitzloch Rauris, where we found Herr Roja- 
cher awaiting us, and, after ;i tough climb of an hour and 
a quarter up the mountain pass of Kitzloch, we proceeded 
by sledge to Rauris. 

This first day was perhaps the finest during our stay 
in the Rauris Mountains ; on the next, it began to snow ; 
and it was in a heavy snow-storm that I had to set out 
for Kolm ; and so heavy was it, that it was with the 

S rreatest diflficulty that Rojacher and I| in our sledge^ 
ollowed by the Rosskneckt with my baggage, were 

* By Dr. J. M. P«mt«r, of Ih* Imperial Academy of Science! in Vienna. 
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enabled to reach the Bodenhaus. From thence, through 
the woods, to Kreuzbichl, the snow fell thicker and 
thicker, and it seemed as if we should never get to our 
destination. Beyond Kreuzbichl there was no path of 
any sort, and we had simply to wade through the deep 
snow for fully an hour, before we reached Kolm, Herr 
RojacheFs residence (5249 feet). On my arrival, I was 
just in time to telephone to Rauris that I had reached so 
far in safety, the telephone communication being im- 
mediately thereafter interrupted. That journey ‘from 
Rauris to Kolm had given me some idea of what a snow- 
storm in those regions meant. The avalanches caused 
by the weight of snow, had broken down the telephone 
wires, completely burying them, and, in one place, 
carrying them away for a distance of over two kilo- 
metres. 

The Rosskneckt had just reached Bodenhausi but was 
utterly unable to push on further. It was four days 
beford all my cases could be brought on to Kolm ; and 
then the men had to carry them on their backs. Here 
was I, cut off from the world, snowed up at Kolm, and 
with little apparent prospect of getting to the Sonnblick ; 
the snow falling faster and faster for four whole days, 
without intermission. But I was thankful enough to have 
reached there, for the valley beneath was laid waste with 
avalanches, making the roads impassable. However, the 
five days in which I was blockaded at Kolm were any- 
thing but wearisome. I could well have undergone a 
longer imprisonment with a companion so ingenious and 
intelligent as Rojacher. He had always some interesting 
subject to discuss, or new problem to set concerning the 
Tauem range. What perhaps interested me the most 
were his descriptions of winter life in this inhospitable 
altitude — its pleasures and difficulties, and particularly 
his explanation of the Lahnen, the local word for 
avalanches. 

There are two kinds of Lahnen, he explained. Wind’ 
lahnen or Windsbretter (wind avalanches), and Jauk or 
Grundlahnen (ground avalanches). The first belong 
exclusively to winter; the second to spring. These last are 
the avalanches of which people who live far out of the 
reach of avalanches have formed the one and sole idea 
of their nature and composition, thus confounding the 
two. They are, however, totally different. 

The action of the ground, or Jauk, lahn, as its name 
denotes, is to break away from its base on the ground ; 
and, as its second name denotes, mostly in consequence 
of warmer temperature, i.e.Jauk, south wind. It is com- 
posed of a huge mass of melting snow saturated with 
thaw water, that, restrained by the enormous friction of 
the earth, carries slowly along with it everything that 
impedes its course. It is set in motion when the moisture 
of the thawing ground has sufficiently diminished the 
earth’s friction which has hitherto held it back. It needs 
no propelling medium ; its own weight causes it to slide. 
The prevailing idea that any small particles of snow set 
primarily rolling by a bird, or any such unimportant 
agency, can gradually increase to the diinensions of an 
avalanche, is^a pure fallacy. The rolling is a secor^dary 
matter ; the primary agent in an avalanche is its sliding. 
They travel slowly, Rojacher said — that is, there is mostly 
time for escape on first hearing the roar of the heavy 
falling mass ; with the Windlahn is no such hope, as both 
Rojacher, and all others whom I questioned, assured me. 

The Windlahn he explained in the following manner. 
The first falls of winter snow fill up all inequalities of the 
surface. If it lies for a time, it consolidates and forms 
an even, slippery surface. More snow falling upon this 
smooth surface has a tendency, by its own weight, to slide 
off. This is certain to occur if after a heavy fall of snow 
the new layer has acquired such weight that its pressure 
overcomes the slight resistance of the underlying stratum, 
and any chance obstacles that hold it back. As soon as 
the top pressure is great enough to start a fissure, the 
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whole mass of the fresh-fallen snow sweeps with the 
velocity of the wind from off the slippery surface beneath. 
That is a Windsbrctt,ov Windlahn j so called, not that it 
is caused by the wind, but that in its headlong passage 
its velocity creates a storm wind which in its turn commits 
ravages and devastation far beyond the range of the falling 
avalanche. 

1 had many opportunities, while at Kolm and on the 
Sonnblick, of witnessing those terrible avalanches. 
During the night of February 4-5, a Windsbrett fell 
from Uucheben, filling the whole valley beneath for a dis- 
tance of two kilometres with 13 feet of snow. The 
avalanche itself could not force its way up the side of the 
opposite mountain, but the wind caused by it unroofed 
a farmhouse, 650 feet above the valley, and blew in the 
windows. 

The day I started for the Sonnblick, a Windsbrett 
parted from the Hoch Narr Glacier, causing such a 
terrific gale of wind in Kolm that the people were in 
terror of their lives. The next day we looked down from 
the Sonnblick on the snow-field whence the avalanche 
had parted, and Kojacher and his assistant, Peter 
Lechner, estimated its length and breadth at 650 feet, 
and depth 13 feet, representing a fallen mass of at 
least 160,000 cubic metres. 

One peculiarity of wind avalanches, that makes them 
such a special danger to tourists, is that it is so easy to 
start one unawares. On an inclined, slippery surface of 
hardened snow, there lies a thick superstratum of fresh- 
fallen snow, ready, so to speak, to slip away at any 
moment It often requires but the weight of one man, 
and there are generally at least two, to produce the slight 
pressure that sets loose the avalanche. In such a case 
there is heard a dull thundering crack, immediately after 
which, either the mass of snow starts, in which case the 
men are borne down on it with the swiftness of the wind, 
seldom to be seen again ; or, after the first crack, the 
mass remains stationary, the Windsbrett has “ settled,” 
and the travellers proceed scatheless on their way. 

I underwent such an experience during my ascent of 
the Sonnblick, not without considerable alarm, I must 
confess. Not far from the miner’s lodge, at about 
7550 feet of altitude, we had to cross a snow-field on 
a considerable incline. There were fifteen of us, with 
Kojacher and myself. Arrived at the middle of the 
incline, we heard a terrific mufiled crack. We had 
started the Windsbrett, For a moment we knew not 
whether to go on or go back, the next we found that 
we had escaped with the fright — the avalanche had 
“settled.” 

It is not easy to say what are the causes that hold back 
an avalanche once started. It seems as if the “ settling" 
of a Windsbrett only occurs when passed along at its top- 
most end ; at any rate, prudence suggests that it is the only 
safe path to cross one ; for, in the event of its giving 
way, the best hope of safety is to be on the highest point of 
the falling mass ; there is, at least, the possibility of being 
able to obtain a foothold above, and thus of not being 
crushed by the on-coming snow. Should the^ Windsbrett, 
after being started, remain stationary, it is in all prob- 
ability due to the fact that the lower part of the snow- 
field is too massive to be set in motion by the unsettle- 
ment of the upper portion, and therefore. doe.s not partake 
in the movement. Thus the former “ settles.” 

The account above given of Windsbretter will explain 
why the inhabitants of the regions where they are to be 
met with maintain that it is next to impossible to escape 
writh life frpm them. Once hear the fatal crash, the 
avalanche is upon them, and there is no escaping from it. 
Their advice is, to throw oneself prostrate, with hands 
outstretched, if possible behind some rock or boulder ; 
there is the chance that the Windsbrett may pass over 
him, and if buried in the snow, one would be in the 
most favourable position to breathe, and therefore stand 
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the best chance of being dug out alive ; while to 
stand upright would be, to a certainty, to be carried with 
it. _ There were many such cases among Rojacher’s people 
during my stay on the Sonnblick. This and similar talk 
made the time pass agreeably enough while I was waiting 
at Kolm. 

While thus employing ourselves, Rojacher spoke 
through the telephone from time to time to his men in 
the station (Berghaus), 7870 feet above, asking if some 
thirteen or fourteen of them could venture down to take 
up my cases. For the first four days, the invariable 
answer was that there was too great danger of avalanches 
to undertake the descent ; on the fifth day at noon they 
decided to venture down upon their Knappenrossen} 
Barely an hour after we saw them come tearing down the 
declivity behind the Kolm house, or rather saw but a thick 
cloud of snow coming towards us, amid which an 
occasional hat, or alpenstock, was discernible. After the 
men had well warmed themselves, and had invigorated 
themselves with draughts of hot wine, my traps were 
distributed among them, and at 3 o’clock we started for 
the station. Our ascent was effected by means of snow- 
shoes, we keeping carefully to the rut made by the men 
on their passage down. There were no deviations, the 
fSnow had so completely filled up all uneven places, 
covering rocks and stones with its thick mantle, that it 
was one straight path. Our ascent was comparatively 
easy, and in three hours we had reached the Miner’s House 
\Knappenhaus), after having, as already related, had a 
considerable panic from a Windsbrett some twenty 
minutes before. 

The weather, which had, so far, been tolerably favour- 
able, had changed for the worse during the night, 
and I expressed my fears to Rojacher in the morning, 
that we should be snowed up there for some days. But 
his calm reply was, “ Once so far, we must reach the 
Sonnblick before dusk, cost what it may.” To my ob- 
jection that we might run the danger of avalanches, he 
laughingly said, experience had shown him that they had 
no love for him. It would be an unheard-of thing for one 
to travel his road. His confidence reassured me, and I 
made no further demur to continuing our route. 

Rojacher, however, added other ten men to our escort, 
whose duty was to go first and tread down the snow on 
the way to the plateau, where he expected to find the fall 
had been much less heavy, and where the extra men could 
then load themselves with the store of wood, already 
stacked, for the use of the house on the Sonnblick. 
Our party now assumed a somewhat droll appearance, 
marching along in Indian file, across the vast snow-fields. 
During the whole way to the top we were enveloped in a 
dense mist ; and our ascent through the stupendous 
masses of fresh-fallen snow, was a very slow one. The 
first man, the pioneer, sank up to his hips at every step, 
despite the snow-shoes ; in five minutes his strength was 
exhausted and he fell out, taking his place as the last but 
one ; I always remaining the twenty-fifth man, which 
made the ascent comparatively easy to me. As each 
man placed his left foot exactly in the left foot-print 
of the one who preceded him, and his right foot in 
the right foot-print, I, as last man, .Jiad firm ground 
to tread, my one care being to plant my feet well 
into those spaces, and thus I reached the summit but 
little fatigued. We had taken four hours to make the 
ascent ; and it had enabled me to form some idea 
of the incredible bulk of snow that can collect on the 
Hochgebirge. Even on the upper plateau, the snow of 
the last four to six days had reached a depth of ten feet. 
This was proved to us, on coming up to the wood-stack. 
It had been carried up b^ore the last snow-fall, and 
stacked to a height of about ten feet. Fortunately the 
men had had the foresight to mark the spot by an upright 
pole ; without this landmark we should never have found 

^ Miner*! tledgei, forftied of stout boards on runners. ^ 
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it, for the wood was completely buried, and only a short 
length of the pole visible. Even Rojacher had not fore- 
seen this, he being convinced that falls of snow were 
considerably less on the heights. So far he was right. 
The fall had been lighter above than below ; but then 
below it had been almost unparalleled. To have formea 
an estimate of the quantity of snow that fell that winter 
on the Tauern, I should have needed a previous know- 
ledge of the locality in summer ; as, unfortunately, I 
had not that, I was obliged to content myself with 
Rojacher’s computation at various points. The deepest 
level we could see, was on the lower plateau, some 8200 
feet above the level of the sea, where the telephone wire 
stretches over a little glacier valley. Rojacher knew that 
this wire was carried 66 feet above ground in the deepest 
part of the valley. On passing by it, we found that the 
snow not only reached to the wire, but that the valley had 
become one even snow-field ; thus proving a depth of 
66 feet in that part. It is unnecessary to give further 
instances ; no description could afford, a true idea of the 
stupendous masses of snow. They must have been seen 
to be believed. Rojacher repeatedly said how glad he 
was that a Vienna Professor should have had the ex- 
perience ; and even went so far, in his good-natured 
raillery, as to wish that — without prejudice to my scientific 
researches — I might taste to the full the meaning of 
severe winter on those heights. 

His wish was granted, even beyond his desires, for I 
spent a February such as had never been known before, 
not only as regards snow and avalanches, but of de- 
structive storm and variations of temperature. However, 
although I could have desired finer weather for my 
investigations, my stay on the Sonnblick was most 
enjoyable. The mountain sickness, from which I had 
hitherto always suffered severely, was very slight, and of not 
above three days’ duration. My provisions were good, 
and lasted out excellently. In fact, I came to the 
conclusion, as far as health was concerned, that my 
winter expedition on the Sonnblick suited me infinitely 
better than a month in the Riviera would have done. 

Shortly before I had started on my expedition there had 
been such accounts in the Vienna papers of the suffering 
from cold experienced by the man in charge on the 
.Sonnblick, that I expressed some fears whether I should 
be able to stand the extreme cold in the house. Ex- 
perience soon set those fears at rest. Our rooms were 
most comfortably warmed ; the heating apparatus is 
perfect ; indeed we had more than once to open a window 
to let out the hot air. It is quite a fallacy to suppose that 
one cannot keep warm on the Sonnblick. 

These few remarks may serve to show those to whom 
their caT, daily paper, tarok, or whist club are not 
matters of vital importance, that a winter sojourn on the 
Sonnblick has no great difficulties — when once they get 
there. As for occupation, there need be no lack ; at any 
rate, so I found. On fine days, of which I counted but 
nine in the four weeks, I could barely give myself time to 
eat or sleep ; they being entirely devoted to the specific 
objects of my investigations. On wet ones, I had 
enough to do examining ahd verifying the meteorological 
instruments belonging to the Observatory ; and in initiat- 
ing its solitary oceupant, Peter Lechner, still further into 
their uses. The results of my observations have been 
since reported to the Imperial Academy of Sciences in 
Vienna. 

It was no light work to get my apparatus suitably 
adjusted, all niy observations having had to be made in 
the open air ; and it is thanks to the skill and indefatig- 
able energy of the Hermit of the Sonnblick ” ' that 1 

' Alone for the most part throughout the year, cut off from all intercourse 
during the worst of the winter months, his occupation is to speak through 
the telephone three times daily, to record his readings on the maximum 
and minimum thermometers, on the sunshine recorder, the psychrometer, 
the hygrometer, and the hygrograph, On the anemometer, the barometer, 
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succeeded so well. Lechner is a most devoted servant 
of science, and carries out all his duties on that solitary 
peak in the most conscientious manner. He assisted me 
too in my observations on the radiation of the earth, and 
the sparkle of the stars. As these required to be made 
at night, the cold rendered it necessary to be well pro- 
tected with fur-lined boots, fur travelling coat, fur gaiters 
and fur cap, well down over the ears ; otherwise I could' 
not have withstood those nights, standing and sitting, as 
we often required to do for hours, in a temperature of 
- 4° F. • 

The simultaneity of my observations with those of Dr. 
Trabert were certified by the telephone, which acted 
admirably. The day after I arrived on the Sonnblick, 
the interruption between Kolm ahd Rauris had been 
repaired, and from that time there was only one day when 
connection was broken again— that time, unfortunately, 
between the Sonnblick and Berghaus, so thsK we were 
quite cut off. The next day, however, the point of 
breakage was found, and connection made again. It is 
no little difficulty to find out the point of breakage on 
such a height, and when the whole wire is buried under 
the snow. 

Herr Rojacher has found a method, I do not know if 
in use elsewhere — anyway he found it out for himself. 
It is, of course, known to electricians that two near 
telephone stations can speak with each other if instead of 
one of the earth plates, connection is effected by means of 
any large mass of metal, as a stove, for instance^ with 
which one of the telephones is connected. By analogy 
it ought also to be known (I do not know if it is) that in 
the case of three stations, as Kolm, Bodenhaus, and 
Kauris, should there be an interruption between Boden- 
haus and Rauris, if that interruption has occurred near 
Rauris, Kolm and Bodenhaus would still be able to speak 
together, although, through the want of the ground con- 
ductor, there is no closed circuit. I have made that 
experiment myself. Now the above-mentioned larger 
mass of metal can be made to replace the wire from 
Bodenhaus to the point of interruption, supposing the 
wire to be long enough. It was on this last hypothesis 
that Rojacher founded his method — that of seeking the 
point where communication ceases up in the snow-fields. 
Taking a hand telephone with him, he starts from one 
of the stations between which communication is inter- 
rupted, and connects the hand telephone with the wire 
at one of the Untersuckungstangen (test poles) that are 
placed at intervals, and through which the wire passes, 
thus raised in triangular form out of the snow. As long as 
he can still speak with the station whence he has come 
he knows that the breakage has occurred farther on. 
When he can no longer speak he fixes a trumpet on to the 
telephone ; if the answer, also spoken through a trumpet, 
be audible, the point of breakage is not far off. If the trum- 
pet tone reaches his ear no longer, the spot is close, and a 
little examination enables connection to be re-established. 
Only by this method could connection be as quickly 
j restored under difficulties so immense ; and it is by 
this means that Rojacher is enabled to send out regfular 
meteorological observations, with scarce a break, through 
an electrical aparatus perhaps the most perilously placed 
in the world. 

During my stay on the Sonnblick I had opportunity 
to witness many rare atmospheric effects ; and to become 
more closely acquainted with meteorological phenomena 
at that altitude. The second day I was there I saw a 
splendid sight. A white mist enveloped the whole base 
of the mountain up ta within 500 feet of the summit ; the 
shadow of the house on the Sonnblick being clearly pro- 
jected on it. Suddenly the shadow was surrounded by a 

• 

and several other instruments ; he hears, besides his own voi^, generally 
that of one of his former comrades at the Miner .s House where he used 
to work, inqiiiringy “ Is all well on the Sonnblick? thtn the former 

silence is resumed. — Translator's note, from Standard of December s8, xSSq 
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triple rainbow of dazzling brightness. Had I not known 
that my eye was the centre of the exquisite sight, I must 
have judged the bouse, or rather its shadow, to be its central 
point. This I disproved by moving from east to west of 
the house, when the whole ** glory ” seemed displaced. I 
did not succeed in projecting my own shadow upon the 
mist, and in producing the effect myself; the “glory” re- 
mained attached to the shadow thrown by the house. I 
observed the same atmospheric effect several times after- 
wards while there, but never with such brilliancy. 
Another time I was strhck on observing a magnificent 
ring round the sun, accompanied by other lesser rings. 
The sun was then in the east, about 14° above the horizon, 
and exactly over the peak of the Kleinen Sonnblick, at 
no great distance. The solar ring was 23^° radius, and of 
indescribably brilliant prismatic colours. At both ex- 
tremities of the horizontal diameter was a lesser coloured 
sun of rddiant brightness ; but the strangest part of it 
was that I could see the lower portion of the vertical 
diameter of the solar ring, although it was more than 
7° below the horizon. And now there appeared a 
lesser sun of dazzlingly white appearance, seeming^ as 
though rising behind the mountain peak ; its dazzling 
whiteness rayed out high up into the heavens, forming, as 
it were, a column of light resting upon the Kleinen Sonn- 
blick. On passing a horizontal line through this white 
seconda^ sun below the horizon, I found at a distance of 
23.^° to right and left of it, two coloured lesser suns, which, 
bemg also below the horizon, were projected on to the 
snow-fields of the Kleinen Sonnblick, and of the Gold- 
berg-Spitze, forming a magical effect — indeed, the whole 
spectacle was one of entrancing beauty. 

One lovely moonlight night, I was standing in front of 
the house, making observations with the scintillometer. 
After a time I was conscious of a series of rapid obscura- 
tions flitting over the field of my telescope. Looking up 
irritably, I perceived that small ^rtions of the mist, which 
reached almost to the summit of the mountain, were being 
detached and borne swiftly over my head. My irritation, 
however, was quickly dispelled on looking at the moon 
through these icy veils of mist. Whenever a fleecy 
cloudlet passed between the moon and me, there was a 
gleam and lustre of rainbow hue with such intense 
brilliancy of the lunar surface that I had never seen the like 
before. I leave my readers to imagine the effect of this 
ever-changing moon, now of silver lustre, now iridescent 
with many-coloured rings, and they will understand that 
I quite forgot my interrupted observations in the ab- 
sorbing sight. 

The zodiacal light I saw there also, and more brilliantly 
than ever before. I cannot do better than recommend any 
one who is a lover of aSrial effects to pass a winter on the 
Sonnblick. And perhaps the finest sight of all is the 
magnificent view — the grand panorama to be seen 
from such a height. The view from the Sonnblick, even 
on a fine summer’s day, must be a sufficient reward for the 
toil of the ascent ; on a fine day in winter it surpasses all 
description. The clearly marked horizon, on which there 
is no trace of mist or haze, the mountain ridges, even to 
<he most remote, standing out in lines of perfect distinct- 
ness from the sky — the grandeur of the whole snow-clad 
scene is so overwhelming, that 1 could but express my 
surprise to Rojacher and his assistant, that no members 
of the Alpine Club had availed themselves of the 
hospitality of the house on the Sonnblick, to know 
and enjoy the delights of a fine winter’s day on the 
Hochgebirge. Formerly the difficulty would have been 
that without shelter one could only have stayed a few 
minutes on the summit, and had the weather been 
unfavourable in those few minutes, the whole ascent 
would have been fruitless. But now that there is shelter 
on the summit, and a house so conrfortably arranged, the 
,;^hole difficulty is done awayewith. I have a strong 
conviction, moreover, that th6 ascent in winter is easier 

NO. 1081, VOL. 42] 


than in summer — given a normal winter with average 
snow-fall. ^ It is far less fatigue to ascend steep Olaces and 
cross glaciers on a moderate layer of new-fallen snow ; 
one does not become so heated, and consequently 
^breathing is not so difficult as in summer. And then, 
'the infinitely finer view. 

I am convinced that it can only be the inconvenience 
of leaving their business or professional callings at that 
busy season that has hitherto kept men back. So 
fascinated was I with the view, that I determined to 
advise all whose duties would permit them to pass a few 
winter days on the Sonnblick — the more surely that I can 
vouch for Herr Rojacher’s hospitality removing all doubts 
on that score. 

If phenomena of light most pleased the eye, other 
meteorological conditions gave me fuller scope for 
observation. In the first place, the height of the 
clouds. For the most part, unluckily, we were in 
them. Often we were above them, and had then 
the grand sight of the vast sea of cloud surging and 
swaying beneath us, now rising, now falling, called Nebel 
boden or Boden nebel. Several times, for days together, 
only those mountains whose peaks were higher than 
8200 feet rose above the clouds ; and we would be 
walking about in bright sunshine, while the valleys 
beneath were filled with cloud. At other times 
the northern valleys would be quite clear, and the 
southern ones full of cloud, or vice versA. One evening 
we had the southern valleys a mass of cloud, the next 
morning, on looking out, they were perfectly clear, and 
the northern ones were thickly enveloped. It was as if 
the clouds had travelled over the Alps in the night from 
south to north. 

With the exception of the cirri, I never saw clouds 
above us. These are easily traced to their source from 
the Sonnblick. They were more unwelcome to me even 
than the mist ; they disturbed my observations to such 
an extent. 

It is known that iffie cirri take their rise from the 
depression centres. Thus they were serviceable to me in 
determining the situation of the minimum pressure of the 
air. Nearly the whole of my stay on the Sonnblick 
depressions formed with curious persistency over the 
Tyrrhenian sea, passing over southwards. This was 
distinguishable to us by a heavy bank of cloud in the 
extreme south-west, whence the cirrus bands stretched 
out in our direction. With a change of depression to 
south-east, or east, the radiating point of the cirri shifted 
accordingly. We had nothing to fear from the southern 
depression ; in fact, it in no way affected the weather on 
the Sonnblick. But if the cirri rose from the north-west, 
although from the extreme distance the heavy cloud 
bank was not visible to us, none the less were we certain 
within six to twelve hours that storm and mist would be 
the invariable consequences. 

In the many violent storms I witnessed there, I 
directed my attention chiefly to two questions : Do 
the winds blow in gusts here on the summits of moun- 
tains, standing free as they do in the atmosphere ? and 
What is the relation of the gulty winds to the “pumping” 
of the barometer? I had formerly been somewhat of 
opinion that on these free heights there was no 
sufficient cause for storms to blow in gusts ; and in 
fact in storms from the south-west the ^tsts appeared 
to me to be considerably less than in Vienna, although 
fully perceptible. But with ’a gale from the north they 
far exceeded in violence anything on a lower level. I 
have no time to go more closely into this question, and 
will only briefly describe those of my observations which 
bear upon the “ pumping ” (“ oscillations ”) of barometers 
during a storm. It is a subiect that has been much under 
discussion of late ; I will confine myself to my obser- 
vations. I made use of four instruments — a mercurial 
barometer, a very fine Naudet’s aneroid, a Richard’s 
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barograph, and a Redier’s barograph. My observations, 
made alternately with these four, came to the same result. 
If the wind appeared to have lulled for a short time, 
there would be a sudden fall in the barometer of often more 
than two millimetres. A violent gust would then follow 
on the fall in the barometer, its strength varying in 
proportion to the fall of the barometer. During the gust 
the barometer would rise nearly as much as it had 
previously hillen. 

From these observations, carried on through whole 
days, and often far into the night, it seemed to me that 
the cause of the gusts must be that slight, quickly 
passing depressions were over us. 

If these observations are correct, and I can hardly 
-doubt them, the suction of the wind is of secondary 
importance in considering the causes of the pumping 
(“ oscillations ”)• 

I cannot allow myself to enter into all the interesting 
meteorological subjects that there presented themselves, 
and my views upon them, without trespassing too largely 
■on the space assigned to me in these pages. I would only 
refer briefly to what I observed of the marked electrical 
activity in the telephone. It may seem strange to speak 
of a strong electrical development in winter, and I must 
confess to have been surprised on many days to hear a 
loud crackling at the telephone, so loud that it was almost 
impossible to speak through it. Still more astonished 
was I to see electric sparks going off from the electric 
plate Blitz Platte”). Unfortunately I had not time to 
examine this increased electric activity in its relation to 
the weather ; but I fancied that a fall of snow with a 
south wind had most influence upon it. 1 requested 
Lechner to make daily observations of the crackling in 
the telephone, at a given hour, and to register the four 
stages — weak = i, moderate = 2, strong = 3, electric 
sparks <=4. I have heard from him that he has been 
recording his observations live times a day, and, he 
thinks, with good result. A prolonged series of ob- 
servations will easily determine its cause. 

From these hastily collected extracts of my experitnents 
and investigations on the Sonnblick, all must be satisfied 
of what great importance to science is the Observatory 
on its summit, and not less to Alpinists. It matters 
little how highly I prize it ; my aim is to make its value 
known in wider circles. 

But it behoves us, scientific men and tourists, not merely 
to wax enthusiastic over the Sonnblick Observatory, but 
to take measures to ensure its permanency. I am aware 
that the Alpine Club has already done its part,^ and 
do not doubt but that in future it will shrink from no 
sacrifice to uphold and support this, its foster child, 
which, in conjunction with the Meteorological Society, 
it has brought into life. But I am inclined to think that 
there are nearer supporters of this our most important 
mountain Observatory, on whom there exists a prior 
claim. I am under the impression that certain influential 
members of the Alpine Club had been called upon to 
form a special Sonnblick Verein, part scientific, part 
tourist, who by a small yearly subscription should ensure 
the keeping up of this invjfluable station. 

My descent from the Sonnblick began on March 4, 
amid a storm of morth wind, mist, and temperature at 
— 22° F. We rode down on miners’ sledges {Knappen- 
rossen), but even then had great difficulty in forcing a 
passage, snow having fallen knee-deep overnight. We 
often had to call a halt, and wade through the snow, 
thereby causing great delay ; it took us two hours to 
reach Kolm, a distance usually^ accomplished in one. 

On March 5 I reached Rauris ; leaving on the 6th with 
Dr. Trabert for Lend. Even on these two last days, the 
weather followed us with unremitting severity. The way 

^ The corporation of the Alpine Club hae Just signed an agreement edth 
Herr Rojacher. by which it auaranteet him a grant of 5000 n. towards the 
enlargement of the Sonnblick Observatory. 
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from Kolm to Rauris had been made under a heavy sfibw* 
fall ; and in the night of the 5th-6th there were such 
deep snow-drifts, that we were two hours making our way 
from Rauris to Landsteg. 

On March 7 we reached Vienna. 

BEDFORD COLLEGE. 

S OME time ago we drew attention to the fact that 
Bedford College, which has done so much for the 
education of women, was in ifeed of funds. The new 
laboratories are now in use, but they are not yet paid for, 
and the stock of apparatus is not all that could be desired. 
Our readers will remember that Mr. Henry Tate had 
promised a donation of ;^iooo provided the Council 
could raise a like amount from other sources. We 
believe that the College authorities are nearly in a posi- 
tion to claim his generous gift ; but though this will free 
the building itself from debt, at least ;^5oo more is 
wanted to pay for equipment on a very moderate scale. 

The last twelve months have been, in matters educa- 
tional, a ladies* year ; but the true meaning of the successes 
which have been won at Cambridge and elsewhere will 
be missed, if they are regarded only as a nine days’ 
wonder, or as proving ambulando that the higher levels 
of undergraduate attainment can be reached by girls. 
The lesson which has been so strikingly enforced is that 
no branch of learning is the exclusive property of either 
sex, and that girls are wronged if we do not aflford (hem 
the same opportunities for acquiring knowledge which are 
provided for their brothers. 

The founders of Bedford College acted on this prin- 
ciple when it was not so widely accepted and not so 
self-evident as in 1890, and we can only urge on the 
friends of the education of women not to forget, in the 
hour of their triumph, the toilers who have paved the 
way to their success. 

In an unpretending building in an uninteresting Lon- 
don street an effort has for long been made to supply 
education of the highest class for London girls. Faith 
in the future and effort in the present have never been 
wanting, even when the story of the past seemed most 
discouraging. The College is now undeniably a success, 
but it is still sadly hampered by want of means. The 
adequate equipment of its laboratories is surely an object 
for which an appeal will not be made in vain to those 
who believe that the benefits which science can confer 
will never be fully attained till a knowledge of its main 
principles and methods forms part of the training of all 
educated men and all educated women alike. 


NOTES. 

We regret to have to record the death of Mr. William 
Kitchen Parker, F.R.S., formerly Hunterian Professor of 
Comparative Anatomy at the Royal College of Surgeons. Next 
week we hope to give some account of his services to science. 

A Reuter’s telegram from New York states that the remains 
of the Swedish inventor, John Ericsson, will be conveyed to 
Sweden by on? of the two new American war-vessels, Baitimore 
and Philadelphia. 

The Dutch Academy of Sciences in Haarlem has offered a 
gold medal of the value of 150 gulden for the best work in each 
of the following subjects (l) Researches on the part played 
by bacteria in the decomposition and formation of nitrogenous 
compounds in various kinds of soil ; (2) Microscopic investiga- 
tion of the mode in which different parts of plants can unite 
with one another, and especially the phenomena ^hich accom- 
pany healing after the operation of grafting. The papers must 
be written in German, Dutch, or Latin (not in the handwriting 
of the author), and mush be forwarded to Dr. J. Bosseka, 
Haarlem, by January i, 1891. 
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The list of Civil List pensions granted during the year ended 
June 20, 1890, includes the name of Dr. William Huggin«, to 
whom has been awarded a pension of ;^i5o. As we have 
already noted, a pension of £$o has been granted to Mrs. Jane 
Eleanor Wood, widow of the Rev. J. G. Wood, and a pension 
of £20 each to the four unmarried daughters of the late Rev. 
M. J. Berkeley, F.R.S. 

Mr. David S. Capper, Assoc. M. Inst. C.E., has been 
elected to the Professorship of Mechanical Engineering at 
King's College, London. 

The annual meeting of the Botanical Society of Italy will 
take place in Verona during the month of September. 

French papers announce the death of M. Paul Loye, at the 
early age of 29. He was the author of a memoir on the physio* 
logy of death by decapitation, and had published many short 
notes on physiological questions. He had for some time been 
engaged in an elaborate study of the excretory functions of 
birds, concerning which he had collected many facts. M. Loye 
was assistant to Prof. Brouardel, and Maitre Je Confirences in 
the Faculty of Sciences of Paris, and had been Paul Bert’s last 
assistant. 

The death of M. Alphonse Favre, at the age of 77, is any 
nounced. He was formerly Professor of Geology at Geneva, 
and was recognized as an authority on the geology of the Alps. 

The half-yearly general meeting of the Scottish Meteoro- 
logical Society was held in Edinburgh on Monday, July 14. 
Lord McLaren presided. The following was the programme of 
business: — (i) Report from the Council of the Society; (2) 
address by the Chairman on the high and low level observa- 
tories of Ben Nevis ; (3) on the meteorological conditions of 
desert regions, with special reference to the Sahara, by Dr. 
John Murray. In their report the Council express sincere 
regret at the death of Dr. James Stark, who long held the 
office of Superintendent of the Statistical Department in the 
Register House, Edinburgh, and gave very effective aid in 
founding the Society. The self-recording instruments, furnished 
by the Meteorological Council for the low level observatory at 
Fort William, arrived at the end of June, and it is contemplated 
that the regular work of recording the continuous observations 
will begin in August. The observations which have been I 
carried on in Fort William by Mr. Liyingstone in connection 
with those made at the top of Ben Nevis will be continued at 
least till the New Year, in order that a comparison may be 
made with them and the similar eye^observations made by Mr. 
Omond at the Observatory adjoining. It is arranged that Dr. 
Buchan’s time will be wholly given, during next year, to the 
examination and discussion of the observations of the Ben 
Nevis observatories. In connection with this difficult and 1 
laborious undertaking, Mr. Omond will receive from the j 
Meteorological Council three copies of their daily and weekly | 
weather maps, on which he will enter certain of the meteoro- | 
logical data from the high and low level oI>servatories, together i 
with occasional remarks that may from time to fime strike him j 
as bearing more particularly on forecasting weather. The 
weather maps give two daily representations, with remarks, of 
the weather of Europe at 8 a.m. and 6 p.m. Thereafter, one 
of the three sets of maps will be sent to the Society’s Office, the 
second to the Meteorological Office of London, and the third 
will be retained by Mr. Omond. 

The Council also refer to the observations of Mr. Rankin on 
the number of dust particles in the atmosphere, carried on with 
the two sets of apparatus invented by Mr. Aitkcn. Though it 
would be premature to offer a statement of positive results, 
the Council think that some interesting conclusions appear to 
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be indicated by the observations. The maximum number of 
dust particles in a cubic centimetre hitherto observed is 
12,862, on March 31, and the minimum 50, on June 15. On 
March 31, at 4.30 p.m., the summit was clear, and the number 
of particles was 2785, but shortly thereafter a thickness was 
seen approaching from south-west, which by 6 p.m. reached 
the Observatory, and the number of particles rose to 12,862. 
On June 15 many observations were made during the day, when 
the number of particles fell from 937 at midnight to 50 at 10.30 
and 11.42 a.m. The observations point to a daily maximum 
during the afternoon minimum barometer, and a minimum 
during the morning minimum barometer — these being probably 
intimately connected with the diurnal ascending and descending 
currents of the atmosphere. Interesting intimate relations are 
also indicated between the numbers of dust particles and the 
cyclones and anticyclones over North-Western Europe at the 
time. The observations also indicate that the dust particles 
may vary enormously during the presence of mist or fog, without 
being accompanied by any difference in the apparent density 
of the fog. The Council consider that the inquiry is an ex- 
tremely hopeful one ; and in view of the relations with cyclones 
and anticyclones, its bearings as regards the forecasts of the 
weather will be very specially investigated. 

For several years past it has been the practice of the Indian 
Meteorological Department to issue in the month of June a fore- 
cast of the prospects of the monsoon rains, based partly on the 
reported extent and thickness of the Himalayan snows, partly 
on the distribution of the atmospheric pressure, the small varia- 
tions of which are found by experience to be remarkably per- 
sistent in India, and to serve as an indication of the probable 
strength of the monsoon, and alternatively of the prevalence of 
dry land winds. The forecast for the forthcoming season 
announces that owing to the very slight snowfall of Afghanistan, 
Baluchistan, and almost the whole of the Himalayan region, the 
conditions are eminently favourable for a good strong monsoon. 
The only unfavourable indication is that the past winter has 
been very severe in Yarkand, and perhaps in other distant parts 
of Central Asia. The pressure is unusually low this year in 
Bengal, and above the average in Central India and the northern 
half of Bombay, and the local pressure conditions considerably 
resemble those of 1876. It is therefore considered probable 
that while the eastern half of the Ganges valley, Assam, and 
Burma wilt receive early and abundant rain, the rains maybe late 
and scanty over a considerable area of North-Western India. 

The Rev. E. Colin, S.J., Director of the newly-established 
Royal Observatory of Madagascar, at Tananarive, has published 
the monthly results of meteorological observations at that place 
during 1889. As observations for Madagascar are scanty, we 
are glad to learn that observations are now taken at four stations 
in various parts of the island, and that others will shortly be 
established. The maximum temperature at Tananarivo, 87° *4, 
occurred on November 14, and the minimum, 41**0, on July 31. 
Rain fell on 89 days ; by far the greatest quantity falls betweea 
November and March. None fdl in May 1889. The prevalent 
wind direction is between south-east and north-east. The Re- 
port contains summaries for the three other stations referred to, 
during 1889, and for Tananarivo from 1872-88. Some of the 
latter have never been published before, and form an important 
addition to our knowledge, but, having been made by various 
persons, may not be $0 trustworthy as those made at the 
Observatory. 

The meeting lately held at the Mansion House, under the 
pre.sidency of the Lord Mayor, for the furtherance of the Inter- 
national Congress of Hygiene, which will assemble in London 
in 1891, was attended by many influential medical men and 
students of sanitary science. Sir Douglas Galton explained the 
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object and organization of the Congress^ to which delegates had 
been already appointed by all the leading Societies of Great 
Britain and of the Continent. He mentioned that in any case 
the cost of the Congress would be considerable — probably not 
less than ;^5ooo— and that an appeal would be made to raise the 
required funds and to make the gathering worthy of Great 
Britain. Among the subsequent speakers were Lord Wantage, 
Pi of. Humphry, Mr. Ernest Hart, Sir Spencer Wells, Sir 
I lenry Thompson, and Dr. Thorne Thorne. The organizing 
committee is now taking steps to raise a sum of at least ;^sooo, 
and no doubt its appeal will receive a liberal response from some 
of the great Societies and Corporations as well as from private 
individuals. 

In order to make the Parkes Museum, which is supported by 
the Sanitary Institute, available to all classes for the purpose of 
obtaining information on matters relating to hygiene and 
sanitary appliances, the Council have resolved to throw the 
Museum open free at all limes except when meetings are being 
held. 

The Medical Academy for Women at St. Petersburg is to be 
reopened. At its sitting of June 9, the municipality of that city 
voted a yearly grant of ;^3000 for the support of the Academy, 
and decided to give it the use of a house belonging to the 
municipality, and to open the city hospitals to the students. 
Private subscriptions fully guarantee the further existence of the 
Academy. It is hoped, therefore, that the Government will 
not oppose the reopening of the institution, which has 
already given to Russia no fewer than 698 lady doctors. The 
decision of the municipality was based upon a report by Dr. 
Archangelsky, who speaks very favourably of the work done 
by the eleven lady doctors who are in the employment of the 
municipality for the inspection of city schools and the poorer 
districts of St. Petersburg. 

The joint meeting of the Essex Field Club and the Gilbert 
Club, held at Colchester on July 5, proved a great success in 
spite of the continuous downpour of rain which lasted through- 
out the day. Over fifty members of the two Societies assembled 
at 11.30 in the Castle Museum, where the Hon. Curator, the 
Rev. C. L. Acland, and Mr. H. Liver pointed out the objects 
of interest to the visitors. The party then visited Holy 
Trinity Church, wherein lie the remains of Gilbert, and which 
contains a mural tablet erected to his memory by his brothers. 
After inspecting the house in which Gilbert was born, and other 
places of local interest, the visitors adjourned to luncheon at the 
Red Lion Hotel, the chair being taken by Lord Rayleigh, who 
was supported by the Mayor of Colchester, the President of the 
Essex Field Club, and many well-known men of science and 
local residents. Among those present were Profs. D. £. 


ford. An interesting piece of apparatus, constructed on the 
pattern of Crookes’s radiometer, but working in air instead of in 
a vacuum, was exhibited by its inventor, Mr. C. £. Benham, who 
attributed its rotation to the action of convection currents. 
There were also on view exhibits by Messrs. Crompton, of 
Chelmsford, lathes and sewing-machines worked by an electric 
motor, and other objects of interest. Prof. S. P. Thompson 
delivered an interesting lecture on the early magnetic experi- 
ments of Gilbert, illustrating his subject by experiments sjiown 
with the projecting lantern. A vote of thanks was proposed by 
the Mayor, and seconded by Mr. J. Paxman, who remarked that 
he should like to see Gilbert honoured not only by a statue 
in his native town but also in a more useful way, such as by the 
j foundation of a Gilbert Scholarship in connection with one of 
the Universities. A vole of thanks was proposed by Prof. 
Meldola on behalf of both the Clubs to the Mayor and ftlayoress, 
to Dr. Laver, and Mr. J. C. Shenstone, all of whom had by their 
exertions contributed to the success of the day’s proceedings. 

In a paper on ornithophilous flowers,'' contributed to the 
Annals of Botany^ Mr. G. F. Scott- Elliot records the very 
interesting observation that the Cinnyridne or sun-birds, which 
play an important part in the fertilization of flowers in South 
•Africa, have the same habit as the Apidcc in other countries — 
that is, of not “ mixing their honey,” but, on the same journey, 
confining their visits pretty much to the same species of flower. 
The species of sun-birds which are especially good fertilizerlS in 
South Africa are Nectarinia chalybca^ N. bicollaris^ and Pro- 
merops caper. In accordance with the view of Darwin, but 
opposed to that of Wallace, Mr. Scott-Elliot believes that the 
identity of colour (an unusual shade of red) in the majority of 
ornithophilous flowers and on the breasts of species of Cinnyris 
is an important element in pollination by birds. 

A NEW little magazine, which ought to be of service to those 
who devote attention to questions relating to manual training, 
has just been started. It is called Sloyd or Hand- Craft. Its 
primary object is to acquaint the members of the Home Sloyd 
Union, and all those who are interested in the development of a 
distinctively English form of manual instruction, with the pro- 
gress of the Sloyd system as practised in this country. But it is 
by no means intended to exclude what is being done in other 
directions for the purpose of making education more practical 
by means of hand and eye training, more especially as regards 
children from eleven to fifteen years of age. 

By an Order in Council, dated June 30, 1890, which has been 
issued as a Parliamentary paper, it is prescribed that the fol- 
lowing monuments in Ireland shall be deemed to be ancient 
monuments to which the Ancient Monuments Protection Act, 
1882, applies : — 


Hughes, F.R.S., G. D. Liveing, F.R.S., J. Perry, F.R.S., 
R. Meldola, F.R S., and S. P. Thompson, Messrs. G. Kapp, 
J. Paxman, Conrad Cooke, and F. H. Varley. The Chairman 
made a short speech, in the comrse of which he alluded to the 
importance of Gilbert's work, and pointed out that, although it is 
to Gilbert that we are jndebted for the theory that the earth is a 
great magnet, we are not much in advance of this position at the 
present time, as nobody has yet explained the origin of 
terrestrial magnetism. The Mayor of Colchester then took the 
-opportunity of welcoming the tw6 Societies to the town on the 
part of the inhabitants. After lunclieon some of the party 
•drove to the Vale of Dedham, rendered famous in art by the 
paintings of Constable, who was born at Flatford Mill in this 
district. In the evening a reception was given at the Town 
Hall by the Mayor and Mayoress. Many electrical novelties 
were exhibited, and an incandescent light installation was supplied 
from premises on the other side of the road, where plant had 
been erected by Messrs. Christy, Son, and Norris, of Chelms- 
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A Californian salmon {Oncorhynchus quinnat^ Gunther) 
has recently been caught in the M^iterranean, near Banyuls. 
Probably it found its way thither from the River Aude, into which 
many young fish of this species have been introduced, in the 
hope that they may be acclimatized in France. 

A PORTRAIT of the African explorer Captain Gaetano Casati 
forms the frontispiece of the May number of the Bulletin of the 
Italian Geographical Society. Casati reached Cairo early in 
May, and letters in the Bulletin deal with his journey to the 
coast with Emin and Stanley. An itinerary of his nine years 
of travel shows that he left Suakin for Berber and Khartoum in 
January i88o. In July of the same year be started in a sailing- 
boat down the White Nile to Mishra-el-Rek, and thence on foot 
to Wau, where he met with Gessi at the end of September. 
He then threaded his way southwards among the feeders of the 
Bahr-el-Ghazat to the Congo basin, and for some time, made 
Tangasj, on the Welle or Makua branch, a centre for exploration. 
Close by, at Mboro, in June 1881, he met with Dr. Junker. 
Finally, he made his way to Lad6, on the main stream of the 
White Nile ; and there, at the end of March 1883, he met Emin 
Pasha for the first time. Thence he walked up the left bank to 
Wadelai, and continued the voyage up the Albert Nyanza by 
steam-boat. It was not until April 28, 1888, that the . 

meeting between Emin Bey, Casati, and Stanley took place on I 
the {>lateau above Kavalli to the south-west of the lake. 
The journey down the Semliki valley, the exploration of Lake 
Albert-Edward, and the return to Zanzibar, are recent history. 
The remaining papers of the number deal mainly with South 
America, The most interesting of these is that of Count Orsi 
di Brogliadi Mombello on the sculpture of the primitive inhabit- 
ants of the Upper Orinoco. Many carvings on the stones of j 
tombs have been discovered among the villages of this district 
the sculpture is rough and fantastic, but evidently aims at repro- 
ducing certain natural objects. Thus, at the Grotto of Caicara, 
near the right bank of the Orinoco, many rocks carved in the 
primitive manner of the slate sketches of school-days, evidently 
exhibit an attempt to figure a tiger that is very common in this 
district. In neighbouring caves were found mummies closely 1 
resembling Egyptian ones ; this the author regards as further 
evidence of the common origin of the two races, previously 
suggested by the striking similarity in shape of the skulls of 
the South American Indians and those found in the tombs of 
Egypt. 

A Swedish Expedition to Cameroon is being arranged by the I 
Academy of Sciences in Stockholm. The object of those who 
are to take part in it will be to study the fauna of the Western , 
Cameroon Mountains, and to make scientific collections for the I 
Academy. Herr Yngve Sjostedt is to be in command of the 
Expedition, which is expected to be absent for about fifteen 
months. 

We have received the following details of the researches in 
which Prof. Bastian is engaged on behalf of the Anthropological 
Museum of Berlin. In December last be forwarded to Berlin 
the results of excavations made 'at Tashkent ; the terra-cotta 
vases and utensils all bearing strong evidence of Greek Influence 
in their workmanship. During January he spent some time in 
Zanzibar and Mauritius, and at the latter place he was enabled 
to make a collection of Mascarene curiosities. From Tinivelly, 
in Southern India, he forwarded some bronze idols in February. 
March was spent at Malabar, April at Mysore, the beginning 
of May in Beloochistan, and the latter end of the month in 
Peshawar,^ Prof. Bastian has sent interesting ethnographical 
collections from all these districts. , 

Sir Arthur Gordon lat^y received from the Pandits and 
^Buddhists of Ceylon addres»es in which, among other things, 
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he was praised for the encouragement he had given, during his 
term of office, to science and learning. **Your Excellency, 
said the Buddhists, with the laudable wish of preserving the 
philosophy and sciences contained in that most noble language 
the Pali, which is regarded by Eastern nations as the original 
language and the depository of the teachings of the blessed 
Buddha, as well as those found in the Sanskrit — the language 
of the gods -—has caused many works, such as the * Mahawansa ^ 
and others, to be translated into English, and given an incentive 
to the publication of Pali and Sanskrit works by allowing them 
to be printed at the Government Press.'* The Pandits took 
occasion to express a hope that Sir Arthur might still continue 
to exercise his influence on their behalf: — It is with great 
pleasure that, whilst we gratefully express our thanks for the- 
benefits already received at your Excellency’s hands, we at the 
same time seize this opportunity of begging your Excellency not 
to relax your efforts on behalf of our literature and archaeology, 
but to impress upon your Excellency’s successor, as well as on 
Her Majesty’s Government, the need not only to continue, but 
to increase, the exertions that are now being made to preserve 
the recollection of our glorious past, as an incentive to our 
countrymen of the present day to noble aims and heroic efforts 
in the future.” 

Some discussion has been going on in Ceylon of late over the 
question of the language spoken by the Veddahs, the aborigines 
of that country. The subject (says the Colonies and India) 
would seem to be one well worthy the attention of philologists, 
and the brothers Sarasin, who have been pursuing their anthropo- 
logical researches in Ceylon lately, express the opinion that if a 
philologist were to take the matter up great service would 
be rendered to all those engaged in the work of scientific 
research in the island. Tennant says of the Veddahs, “Their 
language, which is limited to a very few words, is a dialect of 
Singhalese without any admixture from the Sanskrit or Pali — a 
circumstance indicative of their repugnance to intercourse with 
strangers.” Prof. Schmidt, of the Leipzig University, who 
visited the Veddahs last year, says, “ Their language is similar 
in construction to the Dravidian languages— that is, similar in 
grammatical construction ; but they have adopted a great number 
of Singhalese words,” which enabled him to hold converse with 
them by means of a Singhalese interpreter. The Drs. Sarasin 
also managed to make themselves understood by means of 
Singhalese. 

In the last issue of the Records of the Geological Survey of 
India, Mr. Griesbach’s mission to Afghanistan is thus referred 
to: — “Mr. Griesbach returned to India last July. His work 
with the Ameer was, as is now so very largely the case in the 
Survey, geologico-industrial, though this was greatly retarded by 
unforeseen political complications in the State. During his 
journey in 1888, up the Logar Valley to the Khurd Kibul 
Valley, Upper Wardak, Cherkh, Kbarwar, Zanakhan, Ghazni, 
&c., the most interesting geological work was the recognition of 
at least three horizons : the Rbmtic with Lithodendron (in 
Kharwar), the Upper Jurassic (or possibly Neocomian) plan-beds 
near the Shutargardan ; and, finally, well-developed nummulitics 
(in Kharwar and Shilghar). He examined the copper lodes of 
the Logar and Khurd Kabul areas, the magnesite of the Logar 
and the entrance to the Taugi Werdak, the graphite of Cherkh, 
the iron and lead ores of Kharwar, and the argentiferous lead 
ore of Zanakhan near Ghazni. It turns out, also, that the 
entire Upper Surkh-ab Valley from near Doab-i-Mekzari to 
near Dahana Iskar is practically one big coal-field with 
numerous thick seams of good coal of Triassic and Rhmtic age.’* 

The official Report of the survey work done towards the close 
of the Chin-Lusbai Expedition shows, according to the Allah- 
abad Pioneer^ that the Boinu River, which flows only six miles 
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west of Haka, is undoubtedly the main stream of the Koladyne, 
which was so familiar in connection with General Tregear’s 
movements. Captain Bythell, R.E., who was at first on the 
Chittagong side, accompanied General Symons on his tour 
southwards from Haka, and traced the stream to within twelve 
miles of where he had last seen it from the Blue Mountain side. 
It is satisfactory to have this confirmation of the statements sent 
by correspondents with the Field Force, particularly as the 
upper course of the Koladyne was unknown to our geographers. 
The total area of topography, by the way, covered by the opera- 
tions of Captain Bythelfs party, is put down at about five 
thousand square miles, while the surveyors on the Burmah 
side must also be credited with work on a similar scale. The 
new maps of the Chin-Lushai hills, when they come to be pub- 
lished, will no longer show those great blank spaces which have 
hitherto been so noticeable in the old issues. 

In Grinnell Land, at sea-level (8t* 44' N. lat.), the mean day 
temperature is above freezing-point from about June 13 to August 
23, /.^. 72 days. It has been recently pointed out by Dr. Hann, 
that on the top of the Sonnblick, at a height of about 10,000 
feet, and in 47® N. lat., the temperature returns above freezing- 
point about the same time (viz. June 8) ; but it is not till the 
end of September or beginning of October that it goes below 
that point again. On the other hand, the mean summer tem- 
perature on the Sonnblick is considerably lower than in Grinnell 
Land at sea-level. 


Biophene, 
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an entirely new compound interme- 


diate between the fatty and aromatic series, and somewhat 
resembling thiophene in properties, has been prepared by 
Dr. Louis E. Levi, of the Massachusetts Institute of Techno- 
logy, Boston {Technology Quarterly, May 1890). Thiophene, 


S 

CH CH, was discovered by Prof. Victor Meyer in 1883 ; 

II II 

CH— CH 

the discovery attracted considerable attention at the time, and 
has since led to the preparation of a whole series of derivatives 
analogous in many cases to those of benzene. Dr. Levi worked 
for some time in the laboratory of Prof. Meyer, and has sub- 
sequently followed up ideas then discussed, which have now 
resulted in the preparation of biophene. Just as thiophene is 
obtained by the action of phosphorus trisulphide upon suc- 
cinic acid, so biophene is found to be produced by the 
action of trisulphide of phosphorus upon thio-diglycollic acid, 
COOH— CHj— S— CH,— COOH.- A mixture of five grams 
of thio-diglycollic acid with* ten grams of phosphorus trisul- 
phide is heated, together with 15-20 c.c. of ether, in a sealed 
tube for two hours sA a temperature of 170" C. After cooling, 
the end is opened at the blowpipe, when a great rush of accu- 
mulated sulphuretted hydrogen gas oocurs. The contents of 
the tube are separated in the usual manner by means of a 
tap funnel, and washed with caustic potash solution. After 
withdrawing the alkali, the remaining oil is dissolved in 
ether and dried by means of fused calcium chloride. 
The ether is finally evaporated, and the residual oil 
fractionally distilled. As the result of this latter process, a 
liquid is eventually obtained boiling between 165* und 170’, 
which on analysis yields numbers agreeing with the formula of 
biophene, C4H4S.. When biophene is mixed with sulphuric 
acid and a crystal of isatine added, a beautiful violet coloration 
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is produced, a reaction which appears to be analogous to that of 
thiophene, which produces with sulphuric acid and isatine a 
dark blue coloration. Biophene also reacts with acid chlor«^ 
l^ides in presence of aluminium chloride like thiophene, thus 
with acetyl chloride aceto-bienone or bienyl acetyl ketone, 
C4H3SJ . CO . CH3, is produced, hydrochloric acid being 
eliminated. This ketone is a thick, heavy liquid which may be 
distilled in steam and possesses an aromatic odour somewhat 
resembling that of aceto-thienone. Heated alone aceto-bienone 
boils, but with decomposition, at 300^ Sunlight rapidly turns- 
it dark brown. Aceto-bienone also reacts with phenylhy- 
drazine with formation of a compound of the composition 
/CH, 

€411382 . Cc^ . The similarity of biophene in all the 

^NgHCeHj 

above reactions to thiophene and benzene is very stfiking, the 
replacement of two of the CH groups of benzene by sulphur not 
being accompanied by any very great change in chemical be- 
haviour. The formation of biophene from thio-diglycollic acid, 
also affords another instance of the passage from the fatty series 
to bodies of aromatic properties, and biophene itself will stand 
as an additional link between the two series. 

The additions to the Zoological Society’s Gardens during 
the past week include a Great Anteater {MyrmecopJiaga 
jubata 9 ) from British Guiana, presented by the Directors qf the 
Botanical Gardens, Demerara ; an Egyptian Gazelle {Gazella 
donas) from Suakim, presented by Commander W. Crofton, 
R.N. ; a Cape Ratel {Mellivora capensts 9 ) from Suakim, pre- 
sented by Captain J. F. M. Prinsep ; a Jackal Buzzard {Buteo 

jacal)^ a Hawk Eagle {Nisaetus spilogaster) from Cape 

Colony, presented by Mr. W. H. Wormald ; a Guillemot 
{Lomvia troile)^ British, presented by Mr. T. H. Nelson ; a 
Greater Spotted Woodpecker {Dendrocopus major)^ British, pre- 
sented by Mr. W. H. B. Pain ; an Australian Crow 
australis) from Australia, deposited ; two Chinchillas (C 4 f#fMi 7 /a 
lanigera) from Chili, an Indian Chevrotain ( Tragulus meminna 6 X 
from Ceylon, an Elate Hornbill (Ceratogymna elata\ a White- 
necked Crow {Corvus scapulaius) from West Africa, a Large 
Grieved Tortoise {Podocnemis expanse^ from the Amazon River^ 
purchased. 
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Remarks^ 

(i) The spectrum of this remarkable nebula has not yet been- 
completely examined. In 1868, Captain Herschel observed 
two lines in the spectrum, and, in addition, a decided con- 
tinuous spectrum from the brightest point, which is 
stellar.*’ These lines are stated lo be ill-definc^; and now 
that it is asserted by some observers that the nebula lines are 
always sharp, they should be re-examined with special reference 
to this point. Seeing that the brightest point is not a star, it 
will be virell also to look for maxima of brightness in the con* 
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linuous spectrum, the usual flame comparisons being employed if 
necessary. In the General Catalogue the following descriptionis 
added ; — “ A very remarkable object ; very. bright ; exceedingly 
large ; extremely irregular figure ; with large cluster.** Webb 
refers to it as “a splendid galaxy object, visible to the naked 
eye.*' 

(2) This nebula was discovered by Tuttle in 1859, and, 
according to D'Arrest's observations in 1863, it would appear to 
be variable. It is oval in shape, 2* long and 80"* broad, and is 
said to, be ‘‘pretty bright.**c No attempt has been made, as far 
as I know, to determine its spectrum, to say nothing of any 
variations of spectrum which may accompany the supposed 
changes in brilliancy. 

(3) This star is one of Group II. at a very late stage. Duner 
states that “ the bands 2, 3, 7, 8 are visible, but they are diffi- 
cult to recognize as bands, because of their little width. The 
spectrum is almost of the same type as that of a Tauri.” A 
special study should be made of the lines which accompany the 
bands, with special reference to how they differ either in position 
or intensity from the darkest lines in the solar spectrum. 

(4 and 5) According to Vogel, these stars have very well 
developed spectra of the solar type and of Group IV. 
respectively. 

(6) The spectrum of this star is a well-marked one of Group 
VL, the principal bands being very wide and dark. There is 
possibly also a trace of band 4 (A 5o9)< 

(7) This variable will reach a maximum about July 24. Its 

spectrum is of the Group 11. type, and is stated by Duner to be 
one of the finest in the heavens. The range of variation is 
smallj— 4*3-4’6 — in a period which is not yet completely deter- 
minca (46 ? days, according to Gore). Observations similar to 
those suggested for other variables of the same type should be 
made. A. FovvLER. 

Photographs and Drawings of the Sun. — The Memoirs 
of the Royal Astronomical Society, vol. xlix. Part 2, 1887-89, 
have just been issued, and contain, with other papers, one pre- 
sented by the late Father Perry in June 1889 on the above 
subject. 

- The areas of spots derived from the solar photographs of 
^887, and published in the “ Greenwich Observations,’* have 
been compared with similar values computed from the measures 
of the drawings made at Stonyhurst College Observatory. 
The area computed from the photographs, however, shows a 
decided general excess over those obtained from the drawings. 
An idea of the difference may be obtained from the values of 
the mean daily spotted area, that for 1887 taken from the 
photographs being 179, while the drawings give 1 71. 

On 29 days penumbra are found in the drawings and not in 
the photographs, whilst such records occur on the photographs 
alone only 16 times ; hence the greater area obtained from the 
photographs cannot be explained by a failure in the drawings to 
record faint spots and penumbral markings. 

An attempt was made to compare the faculae recorded on the 
drawings and on the photographs, but unsuccessfully, owing to 
the enormous excess obtained from the former over that com- 
puted from the latter. To eliminate this difference Father Perry 
suggested that the conditions necessary to obtain good photo- 
graphs of facula: may differ from that which is best for spots, 
and that, therefore, a twofold series of photographs may be 
necessary, one for spots and the other for facula;. Two plates, 
showing sun-spot drawings in 1S87, from the Stonyhurst series, 
accompany the memoir. 

Observations of the Zodiacal Light.— Vrof. Arthur 
Seaxle, in Astron. Nachr., No. 2976, contributes a note on 
zodiacal light observations made at Harvard College Observa- 
tory during the last fifty years. With respect to the permanence 
of the ordinary^ western zodiacal light, the observations support 
the results obtained by previous observers, viz. that it must be con- 
sidered as a very permanent phenomenon, and one subject only to 
slight variations in its degree of visibility, apart from atmo- 
spheric causes. Another principal subject of investigation was 
the normal distribution of light in the zodiac and its vicinity, 
and it is noted that the zodiacal bands, apparently forming a pro- 
longation of the ordinary zodiacal lignt, were never seen at 
Harvard College. A number of permanent bands or belts of 
faint light, however, not confined to the zodiac, although certain 
portions of them follow the course of tne ecliptic, are described 
in the records. A comjparatively large number of observations 
;of the phenomena of a leeble maximum of light in opposition to 
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the sun, commonly known as Gegemchein^ have been obtained. 
Prof. Searle thinks that the photometric observations of Muller 
and Parkhurst, which show that as an average asteroid ap- 
proaches opposition its brightness^ increases by about 0*03 of a 
magnitude for every degree by which its phase is increased, may 
afford an explanation of this slight maximum of light in opposi- 
tion to the sun, the light being reflected in this case from the 
meteoritic matter dispersed through the solar system. Indeed, 
if the amount of light received from a meteoritic particle be 
supposed to increase even proportionally to its phase, a maximum 
appears at opposition, while the law of increase in light 
assumed for the asteroids, was approximately proportional to 
the fourth power of the phase. 

Ring Nebula in Lyra. — The current number of Comptes 
rtndus (July 7) contains a note by M. G. Rayet on a photograph 
of this nebula obtained at Bordeaux Observatory with an ex- 
posure of three hours. The photograph shows all the stars 
observed near the ring by Lord Rosse in 1844 I 
signification 3, however, is double, whereas that astronomer, 
and later Prof. Hall, mapped it as triple. There is also 
a very definite indication of a nebulous star of the 14th or 15th 
magnitude, almost in the centre of the ring. Although this star 
has been observed by many astronomers (e,g, Hahn, Secchi, 
Lassell, Schultz, and Holden) and has been photographed by 
Gothard, other astronomers (viz. Herschel, D’ Arrest, Lord Rosse, 
Hall, and Vogel) have observed the nebula when the star was 
I not visible, and it does not appear on the photographs taken by 
the Brothers Henry previous to 1886. M. Rayet therefore con- 
cludes that the star is variable, and hopes to make such observa- 
tions and obtain such photographs as will enable him to demon- 
strate the fact. Stars in or near nebulae and clusters seem from 
recent investigations to be more subject to variability than those 
not so situated. 

Photographs of Stellar Spectra.— In the same number 
of Comptes rendus a note occurs by Admiral Mouchez, on some 
photographs of stellar spectra taken by the Brothers Henry at 
Paris Observatory, and presented by him to the Academy. 
Some of the photographs were obtained ly means of a prism 
having an angle of 45* placed in front of the object-glass^ of 
the photograpnic equatorial, others by means of a prism having 
an angle of 22^ ; and Admiral Mouchez remarked that, although 
the results represented the first attempts in this direction, they 
compared very favourably with those obtained in America, 
where work of the same nature has been carried on for some 
time. It is noted that the Brothers Henry attribute the fuzziness 
of the lines in the spectra of stars like Altair to a high velocity 
of rotation and a great amount of agitation at the surface. The 
photographs are the beginning of an investigation into the che- 
mical composition of stars and motion in line of sight, recently 
begun at this Observatory. 


ON THE SUPERFICIAL VISCOSITY OF 
I WATER.^ 

\ 

idea that liquids are endowed with a viscosity peculiar 
^ to the -surface is to be found in the writings of Descartes 
and Rumford ; but it is to Plateau that its general acceptance is 
due. His observations related to the behaviour of a compass 
needle, turning freely upon a point, and mounted in the centre 
of a cylindrical glass vessel of diameter not much more than 
sufficient to allow freedom of movement. By means of an ex- 
ternal magnet the needle was deflected 90"* from the magnetic 
meridian. When all had come to rest the magnet was suddenly 
removed, and the time occupied by the needle in recovering its 
position of equilibrium,# or rather in traversing an arc of 85"*, 
was noted. The circumstances were varied in two ways ; first, 
by a change of liquid, e,g.^ from water to alcohol ; and, 
secondly, by an alteration in the level of the liquid relatively to 
the needle. With each liquid observations were made, both when 
the needle rested on the surface, so as to be wetted only on the 
under side, and also when wholly immersed to a moderate depth. 
A comparison of the times required in the two cases revealed 
a remarkable dependence upon the nature of the liquid. With 
water, and most aqueous solutions, the time required upon the 
surface was about double of that in the interior ; whereas, with 

^ ’ Paper read before the Royal Society, by Lord Rayleigh, Sec.R.S., on 

I June 5. 1890. 
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the liquids of Plateau’s second category, alcohol, ether, oil of 
turpentine, &c., the time on the surface was about half oi the 
time in the interior. Of liquids in the third category (from 
which bubbles may be blown), a solution of so^ behaved in 
much the same manner as the distilled water of the first category. 
On the other hand, solutions of albumen, and notably of 
saponine, exercised at their surfaces an altogether abnormal 
resistance. 

These experiments of Plateau undoubtedly establish a special 
property of the surface of liquids of the first and third cate- 
gories ; but the question remains open whether the peculiar 
action upon the needle is to be attributed to a viscosity in any 
way analogous to the ordinary internal viscosity which governs 
the flow through capillary tubes. 

In two remarkable papers,^ Marangoni attempts the solution of 
this problem, and arrives at the conclusion that Plateau’s super- 
ficial viscosity may be explained as due to the operation of 
causes already recognized. In the case of water and other 
liquidsof the first category, he regards the resistance experienced 
by the needle as mainly the result of the deformation of the 
meniscuses developed at the contacts on the two sides with the 
liquid surface. This view does not appear to me to be sound : 
for a deformation of a meniscus due to inertia would not involve 
any dissipation of energy, nor permanent resistance to the 
movement. But the second suggestion of Marangoni is of great 
importance. 

On various grounds the Italian physicist concludes that 
**many liquids, and especially those of Plateau's third category,^ 
are covered with a superficial pellicle ; and that it is to this 
pellicle that they owe their great superficial viscosity.” After 
the observations of Dupre and myself,* supported as they are 
by the theory of Prof. Willard Gibbs, ^ the existence of the 
superficial pellicle cannot be doubted ; and its mode of action is 
thus explained by Marangoni^: — “The surface of a liquid, 
covered by a pellicle, possesses two superficial tensions ; the 
first, which is the weaker and in constant action, is due to the 
])ellicle ; the second is in the latent state, and comes into 
operation only when the pellicle is ruptured. Since the latter 
tension exceeds the former, it follows that any force which tends 
to rupture the superficial pellicle upon a liquid encounters a 
resistance which increases with the difference of tensions 
between the liquid and the pellicle.” In Plateau’s experiment 
the advancing edge of the needle tends to concentrate the super- 
ficial contamination, and the retreating edge to attenuate it ; the 
tension in front is thus inferior to the tension behind, and a force 
is called into operation tending to check the vibration. On a 
pure surface it is evident that nothing of this sort can occur, 
unless it be in a very subordinate degree, a> the result of 
difference of temperature. . 

This is an important distinction, discussci by Willard Gibbs, 
according as the contaminatiejn, to which is due the lowering of 
tension, is merely accidentally present upon the surface, or is 
derived from the body of the liquid under the normal operation 
of chemical and capillary forces. In the latter case, that, for 
example, of solutions of soap and of camphor, the changes of 
tension which follow an extension or contraction of the surface 
may be of very brief duration. After a time, dependent largely 
upon the amount of contaminating substance present in the 
body of the liquid, equilibrium is restored, and the normal 
tension is recovered. On the other hand, in the case of a 
surface of water contaminated with a film of insoluble grease, 
the changes of tension which accompany changes of area are of 
a permanent character. 

It is not perfectly clear how far Marangoni regarded his 
principle of surface elasticity as applicable to the explanation of 
Plateau’s observations upon distilled water ; but, at any rate, he 
applied it to the analogous problem of the effect of oil in calming 
ripples. It is unfortunate Inat this attempt at the solution of a 
long-standing riddle cannot be regarded as successful. He treats 
the surface of the sea in its normal condition as contaminated, 
and therefore elastic, and he supposes that, upon an elastic 
surface, the wind will operate efficiently. When oil is scattered 
upon the s^a, a non-elastic surface of oil is substituted for the 

* Cinttnto^ Scr. a, vols. v.-vi., April 187a : Sen 3, vol. Hi., 1878. 

=* “IMoric M^caoique dc la Chaleur/* Pari«, 1869, p 377* ^ 

3 ‘*On the Tension of Recently Formed Liquid Surlaccs, Roy. Soc. 
Proc., vol. xlvii., 1890, p. 281 (w/m) 

^ Connecticut Acad. Trans., vol. Hi., Part II., 1877-78. In my former 
comtn unication I overlooked Prof. Gibbs’s very valuable discussion on this 
fiibject. , 

5 Nuwo Cimenic^ vols. v.-vi., xB7r-7a, p. 260 (May 1872). 
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elastic surface of the sea, and upon this the wind acts too localljr 
to generate waves. It is doubtless true that an excess of oil magr 
render a water surface again inelastic ; but I conceive thsit the 
real explanation of the phenomenon is to be found by a pre* 
cisely opposite application of Marangoni’s principle, as in the 
theories of* Reynolds (Brit. Assoc. Rep., 1880) and Aitken 
(Edinburgh Roy. Soc. Proc., 1882-83, vol. xii. p. 56)* Maran- 
goni was, perhaps, insufficiently alive to the importance of vary- 
ing degrees of contamination. An ordinary water surface is 
indeed more or less contaminated ; and on that account is the 
less, and not the more, easily agitated by wind. The effect of a 
special oiling is, in general, to inertase the contamination and 
the elasticity dependent thereupon, and stops short of the point 
at which, on account of saturation, elasticity would again dis- 
appear. The more el^tic surface refuses to submit itself to 
the local variations of area required for the transmission of 
waves in a normal manner. It behaves rather as a flexible but 
Inextensible membrane would do, and, by its drag upon the 
water underneath, hampers the free production and gropagatioiv 
of waves. 

The question whether the effects observed by Plateau upon- 
the surface of distilled water are, or are not, due to contamina- 
tion must, I suppose, be regarded as still undecided. Oberbeck, 
who has experimented on the lines of Plateau, thus sums up his- 
discussion : — “ Wir miissen daher schliessen, entweder, d^s dcr 
freien Wasseroberfliiche ein recht bedeutender Oberflachen- 
widerstand zukommt, oder dass eine reine Wasseroberflache in 
Beriihrung mit der Luft iiberhaupt nicht existirt ” ( Wiedemann^ s 
Annalen^ vol. xi. 1880, p. 650). 

Postponing for the moment the question of the origin of 

superficial viscosi^,” let us consider its character. A*liquid 
surface is capable 01 two kinds of deformation, dilatation (posi- 
tive or negative) and shearing ; and the question at once presents 
itself. Is it the former or the latter which evokes the special 
resistance? Towards the answer of this question Marangoni 
himself made an important contribution in the earlier of the 
memoirs cited. He found (p. 245) that the substitution for the 
elongated needle of Plateau of a circular disk of thin brass turn- 
ing upon its centre almost obliterated the distinction between 
liquids of the two first categories. The ratio of the superficial 
to the internal viscosity was now even greater for ether than for 
water. From this we may infer that the special superficial 
viscosity of water is not called into -play by the motions of the 
surface due to the rotation of the disk, which are obviously of 
the nature of shearing. 

A varied form of this experiment is still more significant. I 
have reduced the metal in contact with the water surface to a 
simple (2") ring, achd, of thin brass wire (Fig. i). This is- 



supported by a fine silk fibre, so that it may turn freely about its* 
centre* To give a definite set, and to facilitate forced displace- 
ments, a magnetized sewing needle, NS, is attached with the aid 
of wax. In order to make an experiment, the ring is adjusted to- 
the surface of water contained in a shallow vessel. When all is 
at rest, the surface is dusted over with a little fine sulphur,^ and* 
the suspended system is suddenly set into rotation by an external 

* Sulphur seems to be on the whole the best material, although it certainly 
communicates some impurity to the surface. Freshly heated pumice or* 
wood-ashes sink immediately f and probably all powders really free from, 
grease would behave in like manner. 
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magnet. The result is very distinct, and contrasts strongly with 
that observed by Plateau. Instead of the surface enclosed by the 
ring being carried round with it in its rotation, not the smallest 
movement can be perceived, except perhaps in the immediate 
neighbourhood of the wire itself. It is clear that an ordinary 
water surface does not appreciably resist shearing. 

A very slight modification of the apparatus r^tores the 
similarity to that of Plateau. This consists merely in the addi* 
tion to the ring of a material diameter of the same brass wire, 
CD (Fig. 2). If the experiment be repeated, the sulphur in- 



dicates that the whole water surface included within the semi* 
circles now shares in the motion. In general terms the surface 
may be said to be carried round with the ring, although the 
motion is not that of a rigid body. 

Experiments of this kind prove that what a water surface re- 
sists is not shearing, but local expansions and contractions of 
area, even under the condition that the total area shall remain 
unchanged. And this is precisely what should be expected, if 
the cause of the viscosity were a surface contamination. A 
shearing movement does not introduce any variation in the 
density of the contamination, and therefore does not bring 
Marangoni*s principle into play. Under these circumstances 
there is no resistance. 

It remains to consider liquids of the third category in Plateau*s 
nomenclature. The addition of a little oleate of siida does not 
alter the behaviour of water, at least if the surface be tolerably 
fresh. On the other hand, a very small quantity of saponine 
suffices to render the surface almost rigid. In the experiment 
with the simple ring the whole interior surface is carried round 
as if rigidly attached. A similar effect is produced by gelatine, 
chough in a less marked degree. 

In the case of saponine, therefore, it must be fully admitted 
that there is a superficial viscosity not to be accounted for on 
Marangoni’s principle by the tendency of contamination to spread 
itself uniformly. It seems not improbable that the pellicle 
formed upon the surface may have the properties of a solid, • 
rather than of a liquid. However, this may be, the fact is certain 
that a contracting saponine surface has no definite tension alike 
in all directions. A sufficient proof is to be found in the well- 
Icnown experiment in which a saponine bubble becomes wrinkled 
when the internal air is removed. 

The quasi-solid pellicle on the surface of saponine would be 
of extreme thinness, and, even if it exist, could hardly be re- 
cognizable by ordinary methods of examination, it would 
moreover be capable of re-absorption into the bci4y of U^uid if 
unduly concentrated by contraction of surface, differing in this 
respect from the gross, and undoubtedly solid, pellicles which 
form on the surface of hard water on exposure to the atmosphere. 

Two farther observations relative to saponine may here find a 
place. The wrinkling of a bubble when the contained gas is 
exhausted occurs also in an atmosphere (of coal gas) from which 
oxygen and carbonic acid are excluded. 

In Plateau’s exj^riment a needle which is held stiffly upmn the 
surface of a saponine solution is to a great extent released when 
the surface isw contaminated by grease from the finger or by a 
minute drop of petroleum. 

• 

To return to the case of water, it is a q^iiestion of the utmost 
importance to decide whether the superficial viscosity of even 
.distilled water is, or is not, due to contamination with a film of 
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foreign matter capable of lowering the tension. The experiments 
of Oberbeck would appear to render the former alternative very 
improbable ; but, on the other hand, if the existence of the film be 
once admitted, the observed facts can be very readily explained. 
The question is thus reduced to this : Can we believe that the 
water surface in Plateau’s apparatus is almost of necessity con- 
taminated with a greasy film ? The argument which originally 
weighed most with me in favour of the affirmative answer is 
derived from the experiments of Quincke upon mercury. It is 
known that, contrary to all analogy, a drop of water does not 
ordinarily spread upon the surface of mercury. This is certainly 
due to contamination with a greasy film ; for Prof. Quincke 
{Foggendor^s AnnaUn^ vol. cxxxix., 1870, p. 66) found that 
it was possible so to prepare mercury that water would spread 
upon it. But the precautions required are so elaborate that 
probably no one outside Prof. Quincke’s laboratory has ever 
witness^ what must nevertheless be regarded as the normal 
behaviour of these two bodies in presence of one another. The 
bearing of this upon the question under discussion is obvious. 
If it be so difficult to obtain a mercury surface which shall stand 
one test of purity, why may it not be equally difficult to prepare 
a water surface competent to pass another ? 

The method by which I have succeeded in proving that 
Plateau’s superficial viscosity is really due to contamination con- 
sists in the preparation of a pure surface exhibiting quite different 
phenomena ; and it was suggested to me by an experiment of 
Mr. Aitken {loc. cit.^ p. 69). This observer found that, if a 
gentle stream of air be directed vertically downwards upon the 
surface of water dusted over with fine powder, a place is cleared 
round the point of impact. It may be added that on the cessa- 
tion of the wind the dust returns, showing that the tension of 
the bared spot exceeds that of the surrounding surface. 

The apparatus, shown in Figs. 3 and 4, is constructed of sheet 
brass. The circular part, which may be called the 7 vell^ has the 
dimensions given by Plateau. The diameter is ii cm., and the 
depth 6 cm. The needle is 10 cm. long, 7 mm. in breadth at 
the centre, and about 0'3 mm. thick. It is suspended at a 
height of 2j cm. above the bottom of the vessel. So far there 
is nothing special ; but in connection with the well there is a 
rectangular trough, or tail-piece, about 2 \ cm. broad and 20 cm. 
long. Between the two parts a sliding door may be inserted, 
by which the connection is cut off, and the circular periphery of 
the well completed. The action of the apparatus depends upon 
a stream of wind, supplied from an acoustic bellows, and dis- 
charged from a glass nozzle, in a direction slightly downwards, 
so as to strike the water surface in the tail-piece at a point a 
little b^ond the door. The effect of the wind is to carry any 
greasy nlm towards the far end, and thus to purify the near end 
of the tail-piece. When the door is up, this effect influences 
also the water surface in the well upon which the jet does not 
operate directly. For, if the tension there be sensibly less than 
that of the neighbouring surface in the tail-piece, an outward 
flow is p;enerated, and persists as long as the difference of 
tensions is sensible. The movements of the surface are easily 
watched if a little sulphur be dusted over ; when the water in the 
well has been so far cleansed that but little further movement is 
visible, the experiment may be repeated without changing the 
water by contaminating the surface with a little grease from the 
finger or otherwise. In this way the surface may be freed from 
an insoluble contamination any number of times, the accumula- 
tion of imparity at the far end of the tail-piece not Interfering 
with the cleanness of the surface in the well. 

Another device that 1 have usually employed facilitates, or at 
any rate hastens, the cleansing prveess. When the operation is 
nearly complete, the movement of the surface becomes sluggish 
on account of the approximate balance of tensions. At this 
stage the movement may be revived, and th6 purification acceler- 
ated, by the application of heat to the bottom of the well at the 
part furthest removed from the tail-piece. It may, perhaps, be 
thought that convection currents might be substitutea altogether 
for wind ; but in my experience it is not so. Until a high degree 
of purity is attained, the operation of convection currents does 
not extend to the surface, being resisted by the film according to 
Marangoni’s principle. 

When the apparatus was desimed, it was hoped that the door 
could be made a sufficiently good fit to prevent the return of the 
greasy film into the well ; nut experience showed that this could 
not hie relied upon. It was thus necessary to maintain the wind 
during the whole time of observation. The door was, however, 
useful in intercepting mechanical disturbance. 
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A very large number of consistent observations have been 
recorded The return of the needle^ after deflection to 90®, is 
timed over an arc of 60®, viz. from 90® to 30®, and is assisted by 
a fixed steel magnet acting in aid of the earth’s magnetism. A 
metronome, beating three times per second, facilitates the time 
measurement. As an example, I may quote some observations 
made on April ii. 

The apparatus was rinsed and carefully filled with distilled 
water. In this state the time was 12 (beats). After blowing 
for a while there was a reduction to lo, and after another opera- 
tion to 8. The assistance of convection currents was then 
appealed to, and the time fell to 6|, and after another operation 
to 6. This appeared to be the limit. The door was then opened, 
and the wind stopped, with the result that the time rose again 
to 12. More water was then poured in until the needle was 
drowned to the depth of about half an inch. Under these con- 
ditions the time was 6}. 

^ It will be seen that, while upon the unprepared surface the 
time was nearly twice as great as in the interior, upon the purified 
surface the time was somewhat less than in the interior. 

For the sake of comparison, precisely similar observations 
were made upon the same day with substitution for water of 
methylated alcohol. Before the operation of wind the time was 
5; after wind, 5; on repetition, still 5. Nor with the aid of 
convection currents could any reduction be effected. When the 


needle was drowned, the time rose to 7|. The alcohol thoa 
presents, as Plateau found, a great contrast with the unprepared 
water ; but comparatively little with the water after treatment 
by wind and heat. 

» An even more delicate test than the time of vibration is 
afforded by the behaviour of the surface of the liquid towards 
the advancing edge of the needle. In order to observe this, it 
is necessary to have recourse to motes, but all superfluity should 
be avoided. In a good light it is often possible to see a few 
motes without any special dusting over. In my experience, an 
unprepared water surface always behates in the manner described 
by Plateau ; that is, it takes part in rotation of the needle, almost 
from the first moment. Under the action of wind a progressive 
change is observed. After a time the motes do not begin their 
movement until the needle has described a considerable arc. At 
the last stages of purification, a mote, situated upon a radius 
distant 30® or 40® from the initial direction of the needle, retains 
its position almost until struck ; behaving, in fact, exactly as 
Plateau describes for the case of alcohol. I fanci^,**however, 
that I cpuld detect a slight difference between alcohol and water 
even in the best condition, in favour of the former. With a 
little experience it was easy to predict the ‘•time” from obser- 
vations upon motes ; and it appeared that the last degrees of 
purification told more upon the behaviour of the motes than upon 
the time of describing the arc of 60®. It is possible, however. 



that a different range from that adopted might have proved more 
favourable in this respect. 

The special difficulties under which Plateau experimented are 
well known, and appealed strongly to the sympathies of his 
fellow workers ; but it is not necessary to refer to them in order 
to explain the fact that the water surfaces that he employed were 
invariably contaminated. Guided by a knowledge of the facts, 
I have several times endeavoured to obtain a clear surface without 
the aid of wind, but have never aeen the time less than xo. More 
often it is 12, 13, or 14. It is difficult to decide upon the source 
of the contamination. If we suppose that the greasy matter is 
dissolved, or, at any r2te, suspended in the body of the liquid in 
a fine state of subdivision, it is rather difficult to understand the 
comparative permanence of the cleansed surfaces. In the case 
of oistilled water, the condition will usually remain without 
material change for several minutes. On the other hand, with 
tap water (from an open cistern), which I have often used, 
although there is no difficulty in getting a clean surface, there is 
usually a more rapid deterioration on standing. The progres- 
sive diminution of the tension of well-protected water surfaces 
observed by Quincke {Po^gend^rff^ s Annalen^ vol. clx., 1877, 
p. 5^) is most readily explained by the gradual formation of a 
greasy layer composed of matter supplied from the interior, and 
present only in minute quantity ; although this view did not 
apparently commend itselr to Quincke himself. If we reject the 
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supposition that the greasy layer is evolved from the interior or 
the liquid, we must admit that the originally clean free surface, 
formed as the liquid issues from a tap, is practicallv certain to- 
receive contamination from the solid bcxlies with which it 
comes into contact. The view, put forward hypothetically 
by Oberbeck, that contamination is almost instantly received 
from the atmosphere is inconsistent with the facts already 
mentioned. 

Some further observations, made in the hope of elucidating 
this question, ifiay here be recorded. First, as to the effect of 
soap, or rather oleate of soda. A surface of distilled water waa 
repared by wind and heat until the time was 5^, indicating a 
ign degree of purity. The door being closed, so ^ to isolate 
the two parts of the surface, and the wind being maintained all 
the while, a few drops of solution of oleate were added to the- 
water in the tail-piece. With the aid of gentle stirring, the 
oleate found its way, in a few minutes, under the door, and 
reached the surface of the water in the well. The time graduall]r 
rose to 13, 14, 15 ; and no subsequent treatment with wind and 
heat would reduce it again below 12. In this ca^lhere can be 
no doubt that the contamination comes from the interior, and is 
quickly renewed if necessary ; not, however, so quickly that the 
tension is constant in spite of extension, or the surface would be 
free from superficial viscosity. 

In like manner, the time upon the surface of camphorated dis- 
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tilled water could not be reduced below 10, and the behaviour 
of motes before the advancing needle was quite different from that 
observed upon a clean surface. A nearly saturated solution of 
chloride of sodium could not be freed from superficial viscosity ; 
while, on the other hand, an addition of -J- per cent, of alcohob 
did not modify the behaviour of distilled water. 

The films of grease that may be made evident in Plateau’s 
apparatus are attenuated in the highest degree. In a recent 
paper (supni^ p. 364) I have estimated the thickness of films of 
olive r>i\ competent to che&k the movements of camphor frag- 
ments as from one to two micro-millimetres ; but these films are 
comparatively coarse. For example, there was never any diffi- 
culty in obtaining from tap-water surfaces upon which camphor 
was fully active without the aid of wind or special arrangements. 
I was naturally desirous of instituting a comparison between the 
quantities necessary to check camphor movements and the more 
minute ones which could be rendered manifest by Plateau’s 
needle ; but the problem is of no ordinary difficulty. A direct 
weighing of the contamination is out of the question, seeing 
that the quantity of oil required in the well of the apparatus, 
even to stop camphor, would be only ^ milligram. 

The method that 1 have employed depends upon the prepara- 
tion of an ethereal solution of olive oil, with which clean 
platinum surfaces are contaminated. It may be applied in two 
ways. Either we may rely upon the composition of the solution 
to calculate the weight of oil remaining upon the platinum after 
evaporation of the solvent, or we may determine the rclativd’ 
quantities of solution required to produce the two sorts of 
effects. In the latter case we are independent of the precise 
coixfposition of the solution, and more especially of the question 
whether the ether may be regarded as originally free from dis- 
solved oil of an involatile character. In practice, both methods 
have been used. 

The results were not quite so regular as had been hoped, the 
difficulty appearing to be that the oil left by evaporation upon 
platinum was not completely transferred to the water surface 
when tJie platinum was immersed, even although the operation 
was performed slowly, and repeated two or three times. On 
the other hand, there was no difficulty in cleansing a large 
surface of platinum by ignition in the flame of a spirit-lamp, so 
that it was absolutely without perceptible effect upon the 
movement of the needle over a purified water surface. 

The first solution that was used contained 7 milligrams of oil 
in 50 c.c. of ether. The quantities of solution employed were 
reckoned in drops, taken under conditions favourable to uni- 
formity, and of such dimensions that 100 drops measured 0*6 c.c. 
The following is an example of the results obtained : — On April 
25, the apparatus was rinsed out and recharged with distilled 
water. Time =13. After purification of surface by wind and 
heat, 5i ; rising, after a considerable interval, to 6. After in- 
sertion of a large plate of platinum, recently heated to redness, 
time unchanged. A narrow strip of platinum, upon which, 
after a previous ignition, three drops of the ethereal solution 
had been evaporated, was then immersed, with the result that 
the time was at once increased to 8^. In subsequent trials, two 
drops never failed to produce a distinct effect. Special experi- 
ments, in which the standard ether was tested after evaporation 
upon platinum, showed that nearly the whole of the effect was 
due to the oil purposely dissolved. 

The determination of the number of drops necessary to check 
the movements of camphor upon the same surface seemed to be 
subject to a greater irregularity. In some trials 20 drops sufficed ; 
while in others 40 or 50 drops were barely enough. There seems 
to be no doubt that the oil is left In a rather ohlavourable con- 
dition,^ very different from that of the compact drop upon the 
small platinum surface of former experiments ; and the appear- 
ance of the platinum on withdrawal from the water often indicates 
that it is still greasy. Under these circumstances it is clearly 
the smaller number that should be adopted ; but we are safe in 
saying that of the oil required to check camphor produces a 
perceptible effect upon the time in Plateau’s experiment, and 
still more upon the behaviour of the sur&ce before the advancing 
needle, as tested by observation of motes. At this rate the 
thickness at which^ superficial viscosity becomes sensible in 
Plateau's apparatus is about iV of a micro-millimetrei or about 
TT of the wave-length of yellow light. 

> It should be stated that the evaporation of the ether, aad of the dew 
which was often visible, was facilitated by the application of a gentle 
warmth. 
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A tolerably concordant result is obtained from a direct 
estimate of the smaller quantity of oil, combined with the former 
results for camphor, which were arrived at under more favour- 
able conditions. The amount of oil in two drops of the solu- 
tion is about 0*0017 milligram. This is the quantity which 
suffices to produce a visible effect upon the needle. On the 
large surface of water of the former experiments the oil required 
to check camphor was about 1 milligram. In order to allow 
for the difference in area, this must be reduced 64 times, or to 
0*016 milligram. According to this estimate the ratio of thick- 
nesses for the two classes of effects is about as 10 : x. 

Very similar results were obtained from experiments with an 
ethereal solution of double strength, one drop of which, eva- 
porated as before, upon platinum, produced a distinct effect 
upon the time occupied by the needle in traversing the arc from 
90® to 30®. 

I had expected to find a higher ratio than these observations 
bring out between the thicknesses required for the two effects. 
The ratio 15 : i does not give any too much room for the sur- 
faces of ordinary tap water, such as were used in the bath 
observations upon camphor, between the purified surfaces on 
the one side and those oiled surfaces upon the other, which do 
not permit the camphor movements. 

It thus became of interest to inquire in what proportion the 
film originally present upon the water in the bath experiments 
requires to be concentrated in order to check the motion of 
camphor fragments. This information may be obtained, some- 
what roughly it is true, by dusting over a patch of the water 
surface in the centre of the bath. When a weighed drop of oil 
is deposited in the patch, it drives the dust nearly to the edge, 
and the width of the annulus is a measure of the original 
impurity of the surface. When the deposited oil is about 
sufficient to check the camphor movements, we may infer that 
the original film bears to the camphor standard a ratio equal to 
that of the area of the annulus to the whole area of the bath. 
Observations of this kind indicated that a concentration of about 
six times would convert the original film into one upon which 
camphor would not freely rotate. 

Another method by which this problem may be attacked 
depends upon the use of flexible solid boundary. This was 
made of thm sheet brass, and is deposited upon the bath in its 
expanded condition, so as to enclose a considerable area. Upon 
this surface camphor rotates, but the movement may be stopped 
by the approximation of the walls of the boundary. The results 
obtained by this method were of the same order of magnitude. 

If these conclusions may be relied upon, it will follow that the 
initial film upon the water in the bath experiments is not a large 
multiple of that at which superficial viscosity tends to disappear. 
At the same time, the estimate of the total quantity of oil which 
must be placed upon a really pure surface in order to check the 
movements of camphor must be somewhat raised, say from 1 *6 
to 1*9 micro-millimetre. It must be remembered, however, 
that on account of the want of definiteness in the effects, these 
estimates are necessarily somewhat vague. By a modification of 
Plateau's apparatus, or even in the manner of t.aking the 
observations, such as would increase the extent of surface from 
which the film might be accumulated before the advancing edge 
of the needle, it would doubtless be possible to render evident 
still more minute contaminations than that estimated above at 
one-tenth of a micro-millimetre. 

[P.S. yune 4. — In order to interpret with safety the results 
obtained by Plateau, I thought it necessary to follow closely his 
experimental arrangements ; but, .the leading features of the phe- 
nomenon may be well illustrated 'without any special apparatus. 
For this purpose, the needle of the former experiments may be 
mounted upon the surface of water contained to a depth of x or 
2 inches in a laxge flat bath. Ordinary cleanliness befog ob- 
served, the motes lying in the area swept over by the needle are 
found to behave much as described by Plateau. Moreover, the 
motion of the needle under the. action of the mi^net used to dis- 
lace it is decidedly sluggish. In order to purify the surface, a 
oop of thin sheet brass is placed in the bath, so as to isolate a 
part including the needle. The width of the hoop must, of 
course, exceed the depth of the water, and that to an extent 
sufficient to allow of manipulatioxi. without contact of the fingers 
with the water. If the hoop be deposited in its contracted state, 
and be then opened out, the surface contamination is diminished 
in the ratio of the areas. By this simple device there is no diffi- 
culty in obtaining a highly purified surface, upon which motes, 
lie quiescent, almost until struck by the oscillating needle. In 
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agreement with what has been stated abovei an expansion of 
three or four times nsualljr suflSced to convert th^ ordinary water 
surface into one upon wmch superficial viscosity was tending to 
disappear. 

I propose to make determinations of the actual tension of sur- 
faces contaminated to various degrees ; but in the meantime it 
is evident that the higher degrees of parity do not imply much 
change of tension. In the last experiment^ upon a tolerably 
pure surface, if we cause the needle to oscillate rapidly backwards 
and forwards through a somewhat lat^e angle, we can clear 
away the contamination from a certain area. This contamina- 
tion will, of course, tend to return, but observation of motes 
shows that the process is a rather slow one. 

The smallness of the forces at work must be the explanation 
of the failure to clean the surface in Plateau’s apparatus by mere 
expansion. For this experiment the end wall was removed from 
the tail-piece (Fig. 3), and a large flexible hoop substituted. 
By this means, it was hoped that when the whole was placed in 
the bath it would be possible, by mere expansion of the hoop, 
to obtain a clean surface in the well. The event proved, how- 
ever, that the purification did not proceed readily beyond the 
earlier stages, unless the passage of the contamination through 
the long channel of the tail-piece was facilitated by wind.] 


UTILIZATION OF NIAGARA FALLS. 

A SYNDICATE in the United States have acquired a con- 
siderable area of land on the American side of the Niagara 
River, at some distance above the great Falls. They propose to 
use it for mill sites, and to supply the mills with power by utiliz- 
ing a small fraction of the water-power which is available on 
the Falls. The actual fall of level at Niagara is about 200 feet. 
Suppose that about 4 per cent, of the water going over the Falls 
is taken, and an effective fall of 140 feet, irrespective of losses 
in the tail race, obtained, there might be utilized 120,000 horse- 
power. It is proposed to take the water by a short lateral canal, 
to allow it to descend vertically in shafts in which turbines will 
be placed, and then to discharge it by a tunnel tail race passing 
beneath the present town of Niagara, at a point below the 
Falls. It is part of the plan to transmit a portion of the power 
to the important manufacturing town of Buffalo, eighteen miles 
distant. 

The project involves problems of very great complexity. The 
hydraulic motors will be of a size not hitherto constructed, and 
the governing conditions are different from those commonly met 
with where water power is utilized on streams of variable and 
limited flow. Then in the distribution of the power further 
problems arise. Power can be distributed to great distances by 
Hirn’s system of wire ropes, as at Schaffhausen ; by water or air 
under pressure, as in the compressed air systems of Paris and 
Birmingham and the Hydraulic Power Company’s system in 
London. In Switzerland and America progress has been made 
in distributing large power to mat distances electrically. *nie 
choice amongst such methods of those which are most economical 
and most likely to suit the wants of mill-owners, requires very 
careful consideration. 

Hence the Cataract Company have resolved to invite from 
certain selected engineers and engineering firms, plans for the 
utilization at Niagara of 120,000 horsepower, and to submit 
the plans for an authoritative opinion to the judgment of a 
Scientific International Commission* The Commission will 
consist of Sir William Thomson, F.R.S., as President; Prof. 
Mascart, Member of the Institut, and Director of the Bureau 
Central Met^orologique, Paris ; Colonel Theodore Turrettini, 
who was director of the works hf the Saint Gothard Tunnel, 
and is diiector of the works for the utilization of the motive 
power of the Rhone at Geneva ; and, lastly, Dr. Coleman 
Sellers,* formerly of tne* firm of Messrs. Sellers and Co., of 
Philadelphia, ana now Professor- of Engineering at the Stevens 
Institute, Hoboken,* and at the Franklin Institute of Pennsyl- 
vania. Prof. W. C. Unwin, F.R.S., is the Secretary to the 
Commission. 


SOCIETIES AND ACADEMIES. 

* - London. 

Llnnean . Society, Ju^ie la-^Prof. Charles Stewart, Presi- 
dent, In the chair. — Mr. W. H« Beeby exhibited a specimen of 
Rumix profinquus new to Britain, and procured in Shetland. 
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— Mr. Thomas Christy exhibited and made remarks upon a 
specimen of Callistemon rigidum. — Mr. E. M. Holmes exhibited 
some marine Algst new to Britain, including Ascocyclus nptans^ 
Halothrix lumbricalis^ HarveycUa mirabilis^ Sorocarpus 
uvaf^mis^ and V'aucheria lUorea ; also specimens of Rhody^ 
menia palmata with antheridia, and Punctaria tenuissima in 
Tructification, the last two not having been previously recorded 
to occur in this state in Great Britain. — The following papers- 
were then read : — Observations <hi the protection of buds in the 
tropics, by M. C. Potter. — On the distribution of the South 
American Bell birds belonging to the genus Chasmorhynchus^ by 
J. £. Halting. — On the vertical distribution of plants in the 
Caucasus, by Dr. Gustav Radde. — Notes on the ForficuHda^ 
with descriptions of new genera and species, by W. F. Kirby. — 
This meeting terminated the Session of 1889-90. 

Entomological Society, July 2. — Prof. J. O. Westwood, 
Hon. Life-President, in the chair. — Lord Walsingham ex- 
hibited some rare Micro-I/epidojptera collected by himself 
at Cannes, including Eudemis heiichrysana^ Conchyl^ rubri- 
cana^ Milliere ; a new Depressaria from Opoponax chetronium^ 
which i^ about to be described by M. A. Constant, and 
Bucculatrix kelichrysella ; and also a volume of drawings- 
of larvte of the genus Eupttktcia^ by Mr. Buckler, which 
formerly belonged to the late Rev. H. Harpur Crewe. — Mr. 
McLachlan exhibited larvm and cocoons of Mecyna dep} ivalisy 
Walk., sent by Mr. W. W. Smith, of Ashburton, New Zealand ; 
the species feeds commonly on Genista capensis^ an introduced 
plant. — Mr. S. Stevens, in speaking of a tour which he had 
Ately made in Devonshire, remarked on the extreme scarcity of 
insects on the coast of that county as compared with the coasts 
of Kent and Sussex ; there were very few larvse, and tiie 
vegetation was very luxuriant and very little eaten : he thod^t 
it possible that the reason of the scarcity was the heavy rainfalB 
of South Devon, which washed off and destroyed the young 
larvse. Mr. Barrett said that his experience bad been the same,, 
and that he put it down to the violence of the winds which beat 
the insects irom the trees. Mr. Blandford remarked that he 
had found Coleoptera abundant on the Braunton Burrows, near 
Barnstaple, but very scarce in other localities. Mr. Mason and 
others took part in the discussion which followed.*— Prof. 
Westwood read a paper on a species of Aphis affecting the 
bread-fruit tree, which he had named Siphonophora artocarpi .* 
at the conclusion of his paper he alluded to the use of Paris- 
green as a destructive agent for insects. Mr. Blandford then* 
made some remarks as to the use of London-purple (another 
arsenic compound) as an insecticide in the place of Paris-green ; 
he stated that the compound was a waste product, and one-tenth 
the cost of Paris-green, and further that it was more soluble and 
more easily applied ; he was also of opinion that arsenic 
compounds do not greatly affect sucking insects, such as 
Aphides, the ordinary kerosene preparations being more suitable 
for their destruction. Several Fdlows took part in the discussion. . 
that followed. 

Edinburgh. 

Royal Society, June 16. — The Hon. Lord M’Laren, V.P., 
in the chair. — A list of West Australian birds, showing their 
geographical distribution throughout Australia, by Mr. A. J. 
Campon, Melbourne, was communicated. — Dr. Buchan dis- 
cussed a difference between the diurnal barometric curves at 
Greenwich and at Kew. — Dr. Sang communicated a paper on 
the general formulse for the pmage of light through a spheric- 
ally arranged atmosphere. — *Dr. Buchan gave an account of a 
remarkable barometric reading at the Ben Nevis Observatory 
on April 8, 1890. — Prof. Crum Brown read the third part of a 
paper, written by^imself in conjunction with Dr. James Walker, 
on synthesis by means of electrmysis. 

Juiy 7.— Sir William Thomson, President, in the chair. — ^The 
Victoria Jubilee Prize for 1887-90 was presented to Prof. Tait 
for bis work in connection with the Challenger Expedition and 
his other researches in physical science. The Keith Prize for 
1887-89 was presented to Prof. Letts for his researches into the 
organic compounds of phosphorus* The Neill Prize for 1886-8^ 
was awarded to Mr. Robert Kidston for his researches in fossil 
botany.— Sir W. Thomson read a paper on the submmne cable 
problem, with electromagnetic induction. The solution of the 

{ iroblem with intermittent or alternating currents of period so- 
one that the distribution of current over a given cross-section 
of uie core is uniform, is alrndy well known. Sir W. Thom- 
son extends the solution, through all intermediate stages, to the 
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'Case in which the period is so short that the current is confined 
to an exceedingly thin surface-layer of the core. He has worked 
out the conditions which obtain with a core and sheath of any 
forms. The thickness of the layer depends only, other things 
being equal, upon the period of alternation — the law being that 
given by Fourier for the penetration of the annual and diurna\ 
heat-waves into the earth's crust. The distribution of density 
throughout the layer depends upon the form and relative position 
of the core and the sheath. — Prof. Crum Brown and Dr. James 
Walker, in continuation of their research on the formation of 
dibasic acids by electrolysis, communicated a paper on the 
synthesis of suberic acitf and a new acid (CIl2)i3(COOH)a. — 
Prof. Tait exhibited some graphic records of impact, obtained 
by the method described in a previous paper. — Dr. James Geikie 
read a paper by Mr. R. Kidston, on the fossil flora of the Pot- 
teries coal-6eId. — The Hon. Lord McLaren read a paper on the 
reduction of certain algebraic equations. — Prof. Tait read an 
account, by Prof. A. C. Mitchell, of a preliminary experiment 
on the piermal conductivity of aluminium, which he makes out 
to be almost exactly equal to that of the best copper. — Dr. 
Ralph Stockman and Mr. D. B. Dott communicated a paper 
on the pharmacology of morphine and its derivatives. — Dr. 
W. Somerville made a communication on Larix europcca as a 
breeding-place for Hylesinus piniperda. 

Paris* 

Academy of Sciences, July 7. — M. Hermite in the chair. 
— Photographic stellar spectra obtained by MM. Henry at 
Paris Observatory, by Admiral Mouchez. (See Our Asti\>- 
nomical Column.) — On the oxidation of the sulphur of organic 
compounds, by MM. Berthelot, Andre, and Matignon. The 
adthors give a general method for the estimation of sulphur in 
all organic bodies containing that element, consisting in burning 
the body either alone or mixed with camphor in an atmosphere 
of compressed oxygen in the presence of about lo c.c. of water, 
with subsequent precipitation of the sulphuric acid in the usual 
manner. — Heats of combustion of some sulphur compounds, by 
MM. Berthelot and Matignon. — Heats of combustion of eiythrite, 
arabinose, xylose, raffinose, and inosite, by MM. Berthelot and 
Matignon. — New experiments on the silent discharge, by 
M. P. Schutzenberger. — The active elasticity of muscle, 
and the energy used in its creation in the case of static 
contraction, by M. A. Chauveau. — Note on the difficulty in 
recognizing the Cysticerca of Tania saginata or inermis in the 
muscles of the calf and cow, by M. A. Laboulbene. — On the 
propagation of sound in cylindrical tubes, by M. V. Neyreneuf. 
— The theory of periodic comets, by M. O. Callandreau. 
The author finds that the ^'capture” theory of periodic comets 
is sufficient to explain the characteristic properties of their orbits 
and the objections that have been opposed to it.— On a photO' 
graph of the ring nebula in Lyra obtained at Bordeaux Ob- 
i?ervatory, by M. G. Rayet. (See Our Astronomical Column.) — 
Partial eclipse of the sun of June 17, by M. J. Leotard. The 
limes of first and last contact are given. — Occultation of the 
double star Scorpii by the moon on June 29, by the same 
author. — On the anomalous propagation of waves, by M. Gouy. 
— Action in the dry way of different arsenates of potassium and 
sodium on the sesquioxides of some metals, by M. C. Lef&vre. — 
On a new method of preparing basic nitrate of copper and 
some crystallized subnitrates, by M. G. Rousseau. The basic 
nitrat^ are obtained in large crystals from the hydrates of corre- 
sponding neutral salts. — On double bromides of phosphorus and 
iridium, by M. G. Geisenheimer. — On some chromoiodates, by 
M. A. Berg. — The artificial production of boradte in the wet 
way, by M. A. de Gramont. — On the nitroprussides, by 
M. Prud’homme.— On the cause of the ^alteration which 
certain compounds of the aromatic series undergo under 
•the influence of air and light, by M. Andre Bidet — 
Transformation of glucose into sorbite, by M. J. Meunier. — 
On the hydrogenation of sorbine and the oxidation of sorbite, 
by MM. Camille Vincent and Delachanal. — Syntheses by 
means of cyanacetic ether : dicyanacetic ethers, by M. A. Haller. 
— The preparation of certain ethers by means of fermentation, by 
M. Georges Jacquemin. — On the physiological action of thallium 
salts, by Mr. J. Blake. — On the pretended circulato^ system and 
genital or^ns of Neomenidae, by M. G. Pruvot. — On the rdU of 
•the bud-shaped pedicles of sea-urchins, by M. Henri Prouho. — 
On the histological constitution of some Nematoids of the order 
Ascaris, by M. L^n Jammes.— ^n the comparative physiology 
of the sense of smell, by M. Raphael Dubois. — The basaluc 
•eruptions of the valley of the Allier, by M. Marcellin Boule. — 1 
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On the mineralogical composition of the volcanic rocks of the 
islands of Martinique and Saba, by M, A. Lacroix. — On the re- 
lation between joints and some surface wrinklings near Doullens, 
by M. Henri Lasne. 

Berlin. 

Physical Society, June 27. — Prof, von Helmholtz, Presi- 
dent, in the chair. — Dr. Dubois spoke on magnetic closed cir- 
cuits, whose theory constitutes, in addition to hysteresis, the 
most important advance which magnetism has made in recent 
times. He gave a short historical review of the more important 
published works on the subject, pointing out that they were at 
first the result rather of an endeavour to make the requisite cal- 
culations connected with dynamos for technical purposes, and 
had only attracted the attention of physicists in a secondary and 
subordinate degree. The works of Faraday, Maxwell, Sir W. 
Thomson, Hopkinson, Lord Rayleigh, and the experimental 
researches of Rowland, were briefly mentioned ; Hopkinson *s 
formulae and Lord Rayleigh’s graphic representations were then 
more fully treated ; and, .finally, the formula for the magnetiza- 
tion of a closed circuit was developed. — Dr. Raps described an 
arrangement of Topler’s mercurial air-pump, by means of which 
he had made it work automatically ; he further described a 
compensated air-thermometer which he had constructed, and 
exhibited both instruments to the Society. 
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THURSDAY, JULY 24, 1890. 


THE^ COLOURS OF ANIMALS. 

The Colours of Animals: their Meaning and Use 
especially considered in the case of Insects. By 
Edward Bagnall Poulton, M.A., F.R.S., .&c. With 
Chromolithograph Frontispiece and Sixty-six Figures 
in Text. (London : Kegan Paul, Trench, Triibner, 
and Co., Limited, 1890.) 

T his new volume of the International Scientific 
Scries gives an excellent summary of the most 
recent researches as to the varied uses of the colours of 
animals, and more especially, of those admirable observa- 
tions and experiments on variable protective colouring 
with which Mr. Poulton’s name is associated, and which 
mark an era in this branch of natural history. The 
main outlines of the subject are so well known, both to 
naturalists and to general readers, that it will only be 
necessary here to indicate some of the more important 
of the matters now first treated in a popular work, and 
to make a few remarks on some of the more difficult 
problems discussed in the volume. 

The first chapter gives a short but very clear statement 
of the physical cause of animal colours, and contains 
some valuable observations on the effect of thin films of 
air or of liquids in the production of iridescent colours. 
In some cases dried insects lose some of their metallic 
colours, but these reappear when the specimen is dipped 
in water. Even living beetles have been observed to 
lose their lustre after hybernation, and to regain it after 
drinking water. Then we have a sketch of the general 
uses of colour to animals, and it is shown that the 
frequent dark colour of arctic insects has probably a 
physiological use in enabling them to absorb as much 
heat as possible during the brief period of their existence 
under an arctic sun. This is supported by some direct 
observations ; but the further suggestion that the white 
colour of so many arctic birds and mammals has also a 
physiological use in checking the loss of heat through 
radiation is less satisfactory. Not only is there no 
evidence to show that the loss of animal heat is at all 
influenced by the colour of the fur or feathers, but it is 
evident that the same result could be brought -about by a 
very slight increase in the texture or thickness of the 
covering, such as actually occurs in all arctic animals. 
In the seventh chapter there is a very interesting dis- 
cussion on the way in whioh the white winter coat of 
arctic animals is produced, and it is shown that in the 
American arctic har^ the brown hairs of. the summer 
coat turn white at the tips, while a quantity of new white 
hairs grow among them, producing at "once the thicken- 
ing of the coat for warmth an^ the change of colour for 
protection. That this last is the only function of the 
colour is well indicated by the case of the raven, which 
is found in the extrerhe north of the polar regions, even 
during the most intense colds of winter, wherever the 
reindeer and musk-sheep range. Yet it is here as black 
as elsewhere, although the occasional occurrence of pied 
and even of white ravens in various parts of Europe and 
America shows that a white race could be produced if 
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that colour was of any advantage to the bird in its arctic 
habitat. 

Two chapters are devoted to a subject which Mr. 
Poulton has made especially his own, the variable protec- 
tive colouring of insects. This was first noticed by the 
late Mr. T. W. Wood, the well-known natural history 
artist who furnished many of the best illustrations for Dar- 
win’s “ Expression of the Emotioas in Man and Aninaals,” 
and the result of his experiments were brought before the 
Entomological Society of London in 1867. Since then a 
few other observations have been made by several 
naturalists, but little was known of the extent or of the 
exact causes of the adaptation till Mr. Poulton carried 
out his experiments for several years in succession, and on 
so extensive a scale that in one year over 700 larva: of the 
small tortoiseshell butterfly {Vanessa urticce) were ob- 
served under various surroundings, and the colours of 
the resulting chrysalides recorded. In this way, pups 
were obtained varying from black to nearly white or 
metallic golden colours, in each case corresponding 
more or less do sely to the coloured surfaces on which 
^hey were suspended. By changing the coloured sur- 
roundings at different stages of the process, and by 
blinding some of the larvs, it was ascertained that ^he 
period of susceptibility is the quiescent stage just before 
the change to the pupa state, and that in this case vision 
has nothing to do with the change of colour. By a 
number of ingenious experiments, it was ascertained that 
the whole surface of the skin is sensitive to the action of 
variously-coloured light, and the effect on the pupa-skin 
is produced, not directly, as by some photographic action, 
but by a physiological process acting through the nervous 
system. In some cases even the cocoons spun by the 
larvce are modified by the surrounding colours ; and still 
more curious changes are effected in the larva itself 
when, as in so many cases, the same species feeds on 
several plants having differently-coloured leaves. Even 
the presence of numerous dark twigs has been shown to 
cause a corresponding change of colour in the larva of 
the peppered moth {Amphidasis betularia). These two 
chapters afford a beautiful example of a very difficult and 
interesting inquiry leading to an explanation of some of 
the most curious colour- phenomena in the animal king- 
dom, Mr. Poulton points out the essential difference 
between this mode of colour-adjustment and that of the 
chameleon, and of some Crustacea, frogs, and fishes, which 
can rapidly adjust their colours to new surroundings, in 
the following passage : — 

“The essential difference between the two kinds of 
adjustment is that, in the one case, the pigmented part 
of certain cells contracts in obedience to nervous stimuli, 
and thus alters the general appearance ; while in the 
other case the coloured part is actually built up of the 
appropriate tint, or loses its colour altogether and be- 
comes transparent in obedience to the same stimuli. 
The frog or fish has a series of ready-made screens 
which can be shifted to suit the environment ; the insect 
has the power of building up an appropriate screen. In 
many cases, however, the green colour of catespillars is 
due to the ready-made colour of the blood, which be- 
comes effective when pigment is removed from ther super- 
fici^ cells, but which disappears when the latter are 
rendered opaque. Here, 4 iowever, the superficial cells 
form the screen which has to be built up, or from which 
the colour must be dismissed ; and in certain specie* 

O 
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even the colour of the blood is entirely changed in the 
passage from a green to a dark variety, or vice versd. 
Hence it is to be expected that the changes occurring in 
an insect will occupy a considerable time as compared 
with those which take place in a frog. Another differ- 
ence between the two processes is that the stimulus from 
the environment falls upon the eye in the one case, and 
probably upon the surface of the skin in the other.'' 

Mr! Poulton's work ii of special importance for the 
numerous experimental proofs he gives of the protective 
value of many of the peculiarities in the colour markings 
or attitudes of insects. Thus the green lizard {Lacerta 
viridis) generally failed to detect a “ stick caterpillar " 
in its position of rest, although the insect is seized and 
greedily devoured directly it moves. The value of the 
tufts of hair, called “tussocks,” on many caterpillars 
was also proved experimentally. 

“ A caterpillar of the common vapourer moth {Orgyia 
antiqua) was introduced into a lizards' cage, and when 
attacked, instantly assumed the defensive attitude, with 
the head tucked in and the * tussocks ' separated and 
rendered as prominent as possible. An unwary lizard,, 
seized the apparently convenient projection ; most of the 
* tussock ' came out in its mouth, and the caterpillar 
wa# not troubled further. The lizard spent a long and 
evidently most uncomfortable time in trying to get rid of 
its mouthful of hairs.” 

There is a most excellent account of the larva of the 
lobster moth (Stauropus fagt) which is protected by its 
marvellous resemblance to a withered beech-leaf and its 
stipules, and is also able to assume a terrifying attitude, 
when it resembles some large and strangely formed 
spider. When one of these larvae had assumed the terri- 
fying attitude, a marmoset monkey was much impressed 
by the alarming sight, and only ventured to attack after 
the most careful examination, and even then in the most 
cautious manner. A lizard exhibited the same caution 
before the larva was attacked. The same insect is also 
to some extent protected from ichneumons by two black 
marks, exhibited only when attacked, which resemble 
those produced by the stings of ichneumons, and thus 
prevent an attack, since these parasites always avoid 
larvas which are already occupied. 

Two chapters are devoted to an excellent account of 
the various forms of mimicry, a subject which, however 
interesting, has been so often treated that there is com- 
paratively little new to be said upon it ; and then we 
have two chapters on sexual colours, which will offer 
material for a few remarks, as the whole subject is full of 
difficulties, and requires much more observation and ex- 
periment before the problems it present^ can be satis- 
factorily settled. 

Mr. Poulton fully accepts Darwin's theory of female 
choice as the source of the greater part of the brilliant 
colour, delicate patterns, and ornamental appendages 
that exist among animals, and especially among birds 
and insects. Much stress is laid on the observations of 
two American writers on the courtship of spiders. These 
show that' spiders resemble birds in the strange postures 
and long-continued antics of the male during courtship, 
and ^|lt he always exhibits whatever portion of his body 
is most conspicuously coloured* 

ij^^The female always watches the antics of the male 
intently, but often refuses him in the end, ‘ even after 
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dancing before her for a long time.’ Such observations 
strongly point towards the existence of female preference 
based on aesthetic considerations.” 

To the last four words we demur, as being altogether 
unproved. Why esthetic considerations? Why not a 
deficiency in activity, or in size, or in some exciting 
odour, or in the excitability of the female at the moment.^ 
Any of these causes, or others unknown to us, may de- 
termine the acceptance or rejection of a male spider ; 

I and it is to be noted that the long-continued and careful 
' observations of these American authors have not enabled 
them to adduce a single case in which any deficiency of 
colour was observed in a rejected male. There is, indeed, 

I one case in which two well-marked male varieties of a 
species exist — one red, the other black ; and these assume 
different attitudes in courtship. Messrs. Peckham say : 
“ the niger form, evidently a later development, is much 
the more lively of the two, and whenever the two varieties 
were seen to compete for a female, the black one was 
successful.” On this Mr. Poulton remarks : “ It must be 
admitted that these facts afford the strongest support to 
the theory of sexual selection '' ; but there is not a particle 
of proof that the black colour was the cause of the selec- 
tion rather than the “ superior liveliness ” which all 
breeders of animals believe to be the most attractive 
' characteristic a male can possess. 

Mr. Poulton speaks continually of the possession of an 
“aesthetic sense by those creatures in which sexual 
ornament occurs, but no proof whatever of this is given, 
other than the fact that insects do recognize diversities of 
colour, and that a few birds collect bright objects, as in 
the case of the bower-birds. This habit, existing in a 
few species only of one of the highest groups of birds, 
can hardly be held to be a proof that in all birds, even 
in such comparatively low types as ducks and Gallinaceie, 
slight variations of colour in the male determine the 
choice of the female. 

This aesthetic sense is supposed to exist even in 
insects, and some very doubtful facts are alleged in sup- 
port of this view. It is stated that if all the brightly- 
coloured butterflies and moths in England were arranged 
in two divisions, the one containing all the beautiful pat- 
terns and comtsinations of colours, the other including 
the staring, strongly-contrasted colours and crude pat- 
terns, we should find that the latter would contain, with 
hardly an exception, the species in which independent 
evidence has shown, or is likely to show, the existence of 
some unpleasant quality. The former division would 
contain the colours displayed in courtship and when the 
insect is on the alert. And it is added that there is an 
immense difference between the two divisions — the one 
most pleasing, the other highly repugnant, to our aesthetic 
sensibilities, because the pleasing colours have been de- 
termined by the insect’s sense of what is beautiful^ the 
displeasing colours by the need for what is conspicuous to 
a vertebrate enemy. If there is, indeed, any such great 
and constant difference due to these causes, it must exist 
in all countries, and in all groups where these causes 
have come into play ; but it is very doubtful whether any 
such difference does exist. In looking over a general 
collection of butterflies few would decide that the 
Danaidae, Aerseidse, and Heliconidse showed any deficiency 
in beauty and harmony of colour ; yet they are_ pre^: , 
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eminently the groups in which warning colours are pre- 
dominant. So, also, the American and Eastern sections 
of the genus Papilio which are both subjects of mimicry 
and have all the other characteristics of protected groups 
with warning colours, are all exquisitely beautiful, with 
their rich green or crimson spots on a velvety black 
ground. And if we turn to birds, in which, as there are 
no known warning colours, all that are not protective 
are supposed to be due to sexual selection, we find, 
among much that is beautiful, great numbers of the 
harshest contrasts and most inharmonious combinations 
of colour that it is possible to conceive. Such are the 
blues and yellows and reds of the macaws and of a great 
number of other parrots ; the equally harsh colours of 
the barbets and the toucans ; the contrasted blue and 
purple or magenta and black of many of the chatterers. 
In many of these, no doubt, the texture of the surface is 
so delicate and the colours so bright and pure that we 
cannot but admire the tints themselves, although it is 
impossible to claim for the mode in which they are com- 
bined even the rudiments of aesthetic beauty. On the 
other hand, we find really beautiful combinations of 
colour and marking where sexual selection has certainly 
not come into play. Such are the exquisite tints and 
patterns of the cones, cowries, olives, harps, volutes, 
pectens, and innumerable other molluscan shells ; while 
many of the sea-anemones, and considerable numbers 
of the caterpillars with warning colours, are equally 
beautiful. 

Still more doubtful and more opposed to reasonable 
probability is the statement that “ our standards of beauty 
are largely derived from the contemplation of the nume- 
rous examples around us, which, strange as it may seem, 
have been created by the aesthetic preferences of the 
insect world” — alluding, of course, to the colours and 
structures of flowers as being due to the need of attract- 
ing insects to fertilize them. Here objection may be 
taken, first, to the term preferences as applying to mere 
beauty in the flower, and still more emphatically to the 
term cesthetic, which there is not a particle of evidence 
for believing to enter at all into ah insect’s very limited 
mentality. Insects visit flowers wholly and solely, so far 
as we know, to obtain f ood or other necessaries of their 
existence, and every fact connected with the colours of 
flowers can be explained as due to the advantage of con- 
spicuousness amid surrounding foliage, and distinctness 
from other flowers which are especially suited to different 
species of insects. When cows and horses refuse to eat 
the acrid buttercup, we do not say that the glaring 
yellbw colour is repugnant tc^ their assthetic sensibilities, 
and that their dislike to the plant as food is the result ; 
yet this would be lees improbable than that bees and 
butterflies have any admiration of or liking for flowers 
^ independent of the supply of their’ physical wants. 

Moreover, a large part of the beauty we see in flowers is 
’ independent of coJour, and is due to the graceful forms 
of individual flowers, their elegant groupings, and their 
charming contrast tb the foliage which surrounds them. 
We now know that much of the variety in the form and 
position of flowers is dependent on their own physical 
needs, the protection of the pollen and the germ from rain, 
wind, or insect enemies, and that it has been produced by 
y natural selection acting under the limitations due to the 

*NO. 1082, VOL. 42] 


fundamental laws of vegetable growth. The pnrity and 
j intensity of the colours are due to the fact that such 
colours offer a greater contrast to the ever- varying tints 
*of foliage, twig, and bark, seen under constant modifica- 
tions of light and shade, than would be offered by more 
sober hues ; and thus it is that flowers usually exhibit the 
purest and brightest colours, which, combined with their 
elegant or curious forms, and the exquisite setting of 
green foliage which surrounds them, produce a general 
effect 'which is to us inexpressibly charming. But we • 
have no reason to believe that any of the lower animals 
are affected in the smallest degree by these truly aesthetic 
feelings, and the use of the term as applied to them 
is simply begging the question, and is, theref( 9 re, not 
scientific. 

It is’ because Mr. Poulton himself admits that the 
theory of sexual selection is still to some extent sub 
judice that the preceding remarks have been made in the 
way of protest against the use of terms which themselves 
tend to prejudge the case. In his chapters on this sub- 
ject he has brought many arguments in its favour, some 
of which are ingenious and novel ; but they all appear to 
rest on very slender evidence or to admit of another in- 
terpretation. They will, however, be useful as an incite- 
ment to further observation on this most interesting 
question, which, in all probability, will not be finally 
settled by the present generation of naturalists. 

The book is well illustrated by numerous excellent 
woodcuts and a coloured plate, and there appear to be 
few if any misprints, the only one calling for remark 
being the placing of the cut at p. 34 upside down, so that 
the resemblance to a catkin is lost. Mr. Poulton is to be 
congratulated on having produced so readable and sug- 
gestive a volume on one of the most attractive depart- 
ments of natural history, and on having by his own 
researches contributed so largely to the solution of some 
of the more interesting problems which it presents. 

Alfred R. Wallace. 

A HAND-BOOK OF ASTRONOMY. 
Hand-book of Astronomy. Parts II. and III. By George 
K. Chambers, F.R.A.S. (Oxford : Clarendon Press, 

1 890.) 

I N commenting upon the first part of this revised 
edition of Mr. Chambers’s “ Descriptive and Prac- 
tical Astronomy,” we pointed out the utter insufficiency 
of the portion devoted to the study of the sun, inasmuch 
as it left solar spectroscopy altogether out of consideration. 
Such an arrangement is a breach in the continuity of 
scientific inquiry, and a grievous fault in a hand-book that 
makes some pretence to give facts in historical sequence. 

The second volume deals with instrumental and prac- 
tical astronomy, and in it we find spcctroscopical astro- 
nomy interpolated ; the work that has been done in this 
direction following the description of the instruments 
employed. This circumstance, however, at once exhibits 
an inconsistency, for, if spectroscopy properly follows a 
description of the spectroscope, then telescopy should 
follow a description of the telescope ; whereas in the 
former volume the aspects*of the heavenly bodies were 
described, and in this the instruments by means of which 
they are observed. 
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A cause for the omission of all spectroscopic informa- 
tion from the sections to which it respectively and pro- 
perly belongs, and its relegation to a couple of chapters 
in another volume, would be difficult to find. To these 
chapters, however, for which Mr. Maunder, of Greenwich 
Observatory, is made responsible, all matters spectro- 
scopical have been referred, and so far as space permitted, 
Mr. Maunder has furnished a very comprehensive sum- 
mary of the subject he had in hand ; hence it may be that 
Mr. Chambers has acted wisely in intrusting the discus- 
sion of spectroscopic labours to a practical man. But 
the 6rst duty of the compiler of such a volume as the 
one before us is to chronicle facts without comment or 
bias, andcto lay before his readers the conclusions that 
have been drawn from them, leaving them to stand or 
fall on their own merits. This, however, has not' been 
done ; many observations are introduced with disparaging 
remarks, and conclusions deduced from them are said to 
be “ most ingenious, but far from satisfying,” without any 
evidence being adduced of their fallacy. 

We also note that the sequence of spectra observed in ^ 
comets as they approach to or recede from the sun, and ' 
supporting the meteoritic origin of these bodies, is mildly 
objected to. The shift in the position of the citron comet 
band, which admits of a ready explanation when the 
masking effect of the hrst dutings of manganese and lead 
is considered, is questioned, and the sequence is said 
to be 

''partly founded on discrepancies as to the positions 
of some of the bands, which may prove to be significant 
but which, more probably, are simply due to the dif- 
ficulties of observation, and partly to the fact that the 
yellow band of the carbon series in cometary spectra 
does not always show the same exact correspondence 
with the carbon band as do those in the green and blue. 
In particular, it shows at times two or more maxima 
within its borders, and its redward edge is rather diffused. 
The positions of these maxima are variously given, but 
appear to be about 5 570 and 5450. There are not a few 
instances, also, in which this yellow, or, rather, citron, 
band has been recorded as having its sole maximum at 
one or other of these wave-lengths. Lockyer ascribes 
these divergences to the influence of the flutings of man- 
ganese and lead, but, bearing in mind the great difficulty 
of many of these observations, and that the citron band 
is much the faintest of the three, it seems scarcely safe at 
present to draw such an inference.” 

It is here acknowledged that the citron comet band 
has not a fixed position in the spectrum, and that 
its appearance is not always the same. Whether it is 
safe to conclude that the two maxima at X 557 and X 545 
are due respectively to the flutings of mumganese (558) 
and lead (546), it is not now our place to discuss. Since, 
however, the shift is real, it is hardly scientific to assert 
that the measures of its wave-length given by various 
observers are discrepancies of observation. Again, it is 
to be regretted that in the survey of cometary spectra 
no mention is made of Dr. Huggins’s important obser- 
vations in 1866-67 of "a bright line between b and F, 
about the position of the double line of the spectrum 

nitri^en,” in the spectrum of each of two small comets 
that appeared in those years. This is also the position of 
the chief line in the spectrum ef the nebulae, and suggests 
the connection that exists between the two bodies. 

The standard of excellence deemed necessary to establish 
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a sequence in the spectra of comets, as they approach to or 
recede from the sun, has not been applied all through the 
work. We find a table showing in parallel columns the 
'general agreement between the motions of stars in line of 
sight as measured by Dr. Huggins, Mr. Maunder, and at 
Rugby. To one unacquainted with instrumental diffi- 
culties, the motion of stars in line of sight would appear 
to be a quantity that may be determined with some 
accuracy ; but to those who know the pitfalls, by far the 
greater number of such observations appear worthless, 
for the accuracy attained in the majority of measure- 
ments is not sufficiently fine to allow any reliance to be 
placed upon them. In many cases a star, according to 
observation, has been moving towards the earth at the rate 
of about 50 miles a second, whilst another observation, 
made, perhaps, two minutes afterwards, indicated that it 
was receding from the earth with the same velocity. It 
is hardly just, therefore, to select certain determinations 
and arrange them in parallel columns to demonstrate the 
efficiency of the method adopted. At the end of the 
discussion of these motions, a note occurs on Algol. 
It is shown that the satellite theory of this star’s varia- 
bility, propounded by Goodricke and developed by 
Pickering, is supported by the fact that observations of 
its motion in line of sight, may be divided into groups, 
which indicate that at one time it is approaching our 
system, and at another receding from it owing to its 
orbital velocity. With these results we have nothing to 
do ; but, if we remember rightly, Prof. Vogel was the first 
to demonstrate the periodic shift of the F line towards 
the red and th e violet end of the spectrum, and in a com- 
munication to the Berlin Academy he gave the elements 
of the orbit traversed. This being so, it is curious to 
find that Prof. Vogel’s discussion of his photographs has 
been omitted, although some months intervened l^tween 
the communication and the publication of this volume, 
whilst Mr. Maunder’s later division of his grievously 
discrepant observations into groups has been included. 

There are a few other points to which we would 
call the author’s attention. In the portion devoted to 
chronological astronomy, the dates of the commence- 
ment of the seasons and their consequent lengths, are 
given for i860, the corresponding dates for 1890 being 
inserted in a footnote. It would have cost but little 
trouble to substitute the latter times when bringing 
the book up to date, and no purpose is served by the 
present arrangement. 

A new feature, and one to be commended, is the 
insertion of plans and specifications for small ob- 
servatories ; this will doubtless be appreciated by 
amateur astronomers, since the directions and measure- 
ments which accompany them are a supposed to be such 
that any builder of ordinary intelligence will be enabled 
to undertake the construction. It was hardly necessary, 
however, to give the description and sketch of an obser- 
vatory on the tower of a dwelling-house and surrounded 
by chimneys, such as that possessed by the author. The 
position is certainly not conducive to accurate obseiya- 
tions, and the dome described appears to offer every 
opportunity for being lifted off by a high wind and 
deposited in the garden. 

But although the first and second volumes of this work 
possess a few commendable features, the third volume < 
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has none. It bears the mark of hurried revision, and 
-stands condemned as one of the most incomplete and 
incorrect productions of its kind. The title of the volume 
is “ The Starry Heavens,” and had it been written a 
quarter of a century ago might have contained most of the 
matter that is now given. In the face of this fact, which 
can be well substantiated, Mr. Chambers remarks, “ The 
contents of the volume have been thoroughly revised 
and brought up to date, and when necessary extended 
and re-arranged ; ” yet the only reference to the im- 
portant and increasing application of photography to the 
delineation of nebulae is that in the case of the nebula 
in Andromeda : “ Mr. I. Roberts has recently obtained 
photographs of this object which seem to combine the 
features exhibited by Sir J. Herschel in the engraving 
appended to his ‘ Outlines of Astronomy,’ with the rifts 
recorded by Bond.” 

The curtnesj with which Mr. Chambers disposes of the 
long-exposure photographs which mark an era in the 
progress of astronomy is lamentable, and the comparison 
of them with previous observations is misleading, for the 
features shown in the engraving at the end of Sir J. 
Herschel’s “ Outlines ” were never observed ; and if Mr. 
Chambers has seen the photograph he must have noticed 
that Bond’s rifts are considerably extended, and appear 
as divisions between masses of nebulous matter sweeping 
round the nucleus. At any rate a person who had not 
seen the photograph would scarcely he able to appreciate 
its beauty from the description. 

We do not, of course, wish to say that, since photography 
has so considerably extended our knowledge of the struc- 
ture of celestial species, all drawings of them should be 
discarded. The photographic plate only adds to their 
value because, by a cumulative effect, it grasps and 
renders manifest faint light which the eye alone can 
never appreciate ; but this is such an important develop- 
ment that the hand-book in which nebulae are described 
and their forms dilated upon without giving it full con- 
sideration must be stigmatized as terribly incomplete. 

Again, the selection of drawings of nebula: which Mr. 
Chambers made for the first edition of this work in 1867, 
and which is still retained, is not a happy one by the 
common consent of all observers ; and we should have 
supposed that, since many elementary text-books contain 
reproductions of some of the photographs of nebula, a 
work of such pretensions as this, in which drawings of 
nebulae may be counted by the score, would have had at 
least one photographic representation of their form to 
enrich its pages. 

Also, with respect to the/iebula in Andromeda, Mr. 
Chambers records : “ Huggins has noticed the spectrum to 
be continuous (thoug|i cut off at the red end), and there- 
fore, whatever it is seemingly, it is not gaseous.” That 
the spectrum was observed by Dr. Huggins in 1864 to 
be crossed “ evidently either b]^ lines of absorption or by 
bright lines,” and that it has been shown to have the 
same spectrum as that of a comet at a mean distance 
from the sun, are matters with which Mr. Chambers is 
apparently not acquainted. It is good to see it asserted, 
in an italicized expression however, that the nebula does 
not consist of gaseous matter. 

Following the chapters devoted to star clusters, nebulae, 
and the Milky Way, and making up the greater portion 
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of the work, we find catalogues of naked-eye, red, vari- 
able, and binary stars, which may be found useful. The 
indexes to both volumes leave much to be desired ; indeed, 
the author notes that they are not complete by themselves, 
and are designed for use in connection with the table of 
contents. The disadvantages of this division are obvious, 
since reference is rendered unnecessarily difficult, a cir- 
cumstance which, in the eyes o^ those accustomed to 
use works of this character, detracts considerably from 
its merit. At the end of the third volume a general 
index to the whole work is inserted which is said to 
be comprehensive. In this we find the names given 
of all the minor planets, although in the vast majority of 
cases the cognomen of these unimportant bodies is only 
known to the discoverer, and to index them is an utter 
waste of space. The principle, however, of including what 
might have been omitted and of omitting what should 
have been included, seems to have been followed by Mr. 
Chambers through each of the three volumes. We should 
advise, therefore, that in the case of a future edition a 
more careful consideration of what constitutes astro- 
nomical progress should be made. If this were done, and 
the facts were arranged in a rather better order, the 
compilation would be more useful as a hand-book of 
astronomy. 

ANNALS OF THE MUSEUM OF BUENOS 

A YRES. 

AnnaUs del Museo Nacional de Buenos Aires para dar a 
conocer los objectos de historia natural nuivos 6 poco 
conocidos conservados en este estableumento. Por 
German Burmeister, Med. Dr., Phil. Dr., Director del 
Museo Nacional de Buenos Aires. Entrega decima- 
sexta. (Buenos Aires, 1890.) 

T he veteran man of science. Dr. H. Burmeister, of 
Buenos Ayres, continues to issue the “Annals” of 
the Museum under his charge with unfailing regularity, 
and now sends us a copy of the i6th part of this excellent 
serial. Upon the present occasion he deserts for a while 
his favourite subject of the fossil animals, which the 
Argentine Tertiaries produce in such countless abund- 
ance and of so strange a character, and gives us an 
account of a scientific expedition into Patagonia, recently 
carried out by his son, Sr. Carlos V. Burmeister, one of the 
assistant naturalists of the Museum. 

The scientific staff of the expedition to Patagonia left 
Buenos Ayres in November 1888, and proceeded by railway 
to Bahia Blanca, and thence by diligence to Carmen on . 
the Rio Neg^o^where the rest of the party was assembled. 
The next point attained was Trelew, the chief town of 
the Welsh settlement on the Rio Chubut, which is now 
connected by a railway, 70 kilometres in length, with 
Port Madryn on the Atlantic. By this route, various 
additional stores, forwarded direct from Buenos Ayres by 
steamer, were received, and the Expedition, being fully 
equipped, finally started for the interior of Patagonia on 
January 9, 1889. The route taken was up the valley of 
the Chubut until its junction with its tributary, the Rio 
Chico, whence the latter was followed to its sourefe in the 
great Lake Colhue. Altly>ugh the country surrounding 
this sheet of water is now utterly devoid of trees of any 
sort, this was certainly not the case in past times, as 
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enormous trunks of fossil trees were observed on the 
shores of the lake. From Lake Colhue the Rio Singuer 
which flows into it was ascended, until a point was 
reached where this stream takes an abrupt bend to the^ 
north-west. Thence the route lay for many days through 
the unknown uplands of the interior, until the upper 
waters of the Rio Chico de Santa Cruz were struck in 
lat. 48’ 55' 1 5" S., on the last day of February. Descend- 
ing the Rio Chico de ^anta Cruz, the Expedition reached 
Beagle Bluff at the mouth of the great Santa Cruz, on 
March 9. Beagle Bluff, we may remind our readers, was 
so named from H.M.S. Beagle, which visited the spot in 
1834, and first explored the River Santa Cruz. Darwin, 
who accompanied the boats of the Beagle in their survey 
of this kream, came to the conclusion that the river-valley 
of the Santa Cruz was formerly a strait dividing South 
America right across at this point, like the Straits of 
Magellan do now further south (see Darwin’s “Naturalist’s 
Voyage,” chap. ix.). 

The interior of Patagonia traversed by Sr. Burmeister’s 
Expedition appears to be almost deserted at the present 
time. No natives seem to have been met with betweefi 
the Chubut and the Rio Chico de Santa Cruz until the 
lo>»rer part of that river was reached. 

From Port Santa Cruz the Expedition returned north- 
wards along the Atlantic coast to Port Deseado in lat. 
47^ 56', and thence, ascending the river of the same name, 
rejoined their former route on the Rio Singuer. 

Besides the accurate survey made during the expedi- 
tion, a large number of photographic views were taken, 
a selection of which will be published subsequently. 
These will be of interest in connection with the question 
of the origin of the singular “ basaltic terraces ” of this 
country, of which Darwin gave us the first indication, 
and which are frequently referred to by Senor Burmeister. 
Large collections were also made in natural history, most 
of which await further examination. But articles on the 
mammals and birds obtained during the expedition are 
appended to the present Report. Most of these are re- 
ferred to species already fairly well known, although an 
exception must be made in favour of Cams griseus — the 
smaller of the native foxes of Patagonia, of which 
little, if anything, has been recorded since its accurate 
description by Dr. H. Burmeister was published some 
years ago. The remaining collections still to be worked 
out will probably be found to contain objects of greater 
rarity ; but there can be no doubt that the Patagonian 
fauna, though of great interest, is rather meagre. 

OUR BOOK SHELF. 

The Triumph of Philosophy. By James Gillespie 

(Ealing : West Middlesex Printing and Publishing Co. 

1890.) 

The author has endeavoured to correct the Cupemican 
theory of astronomy, and propounds instead the Gillespian 
or true system of the universe, which asserts that the 
earth, as well as the sun, is fixed in space and all the 
stars revolve round it in a year. 

One of the objections to the present arrangement reads 
as folldws : — 

“ Can any man in his sober senses believe that the earth 
could fly through space at ‘the rate of 1000 miles a 
minute. Would it not drive all the atmosphere either 
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away from the earth or like the tail of a comet ? Could 
the moon keep her constant path round the earth at 
273,000 miles distant, if she (the earth) was flying at this 
terrific speed ? ” 

To understand this argument, it is necessary to believe 
with Mr. Gillespie that gravitation has nothing to do with 
the motions of any of the heavenly bodies. In his words : 

“ I admit gravitation on the earth, but it only extends 
a certain distance from the earth, and it is quite powerless 
at the moon’s distance, otherwise the moon— if she has 
weight at all — would fall crash on to the earth.*’ 

The greater portion of the work is taken up with obser- 
vations of Mr. J. B. Dimbleby, of the British Astrono- 
mical Society {sic). This gentleman, whose genius seems 
shrouded in obscurity, is styled “ Transit Medallist, Pro- 
fessor of Chronology, first calculator of all eclipses and 
transits from Adam, and the discoverer of five^ lines of 
astronomical time.” We give a short extract, in which 
some of his researches are referred to : — 

“ He has proved, by a long ahd by a true calculation, that 
the earth, the sun, the moon. Mercury, and Venus were 
all in one direct line at creation, and it is almost likely 
that the other planets were in the same position, and 
there they would stand like a team of racehorses till the 
Divine signal was given, and off they went each on his 
own course : and it has been proved by eclipses and 
transits, ancient and modern, that they have not varied a 
single minute since that great day.” 

It will be readily understood that to try to convince Mr. 
Gillespie of the unsoundness of his arguments would be 
the height of absurdity, since he has not even an ele- 
mentary knowledge of physical laws. As in all similar 
productions, strong words and hearty abuse are indulged 
in to patch up weakness of argument ; no one is dis- 
turbed by the tirade, however, and the Gillespian doc- 
trine of the universe will doubtless pass away with Mr. 
Dimbleby and its originator. 

Waich and Clock Making in 1889. By J. Trippling, 

F.R.A.S., &c. (London : Crosby Lockwood and Son, 

1890.) 

This little book consists of an account and comparison 
of the exhibits in the horological section of .the French 
International Exliibition. 

In England there is very little literature on this subject, 
but on the Continent, and in France especially, a great 
many works on it have been published. The chief text- 
book is that by M. Saunier, who has done much towards 
the elevation of the social position of watchmakers, and 
whose books are the standard works of reference on the 
Continent. 

Twelve technical schools competed against one another 
at the Exhibition ; great importance being attached to 
the technical teaching of this class of subject abroad. 
An excellent programme of the work which is done 
during the student’s course is given by the author, and 
shows the method of teaching that is adopted. 

Chronograph makers are next dealt with ; of these 
there were twenty representatives, four being English. For 
performance, finish, and the number of instruments pro- 
duced, England was awarded the p£lm. The tests which 
instruments of this kind have to undeigo are more severe in 
England than in .S\Vitzerland, owing to the greater varia- 
tion in temperature. F ot: instance, one English chrono- 
meter went for twenty-eight weeks with a variation never 
exceeding 1*4 seconds ; while a Swiss chronometer, cited 
as being an. exceptionally good one, varied as much as 
2*2 seconds in two weeks. 

*1110 next section treats of the manufacture of watches, 
and in this one hundred and fifty firms exhibited. This 
number was divided into two classes — “ factory system ” 
and “ garret system ” ; the former consisting of those who 
manufactured them by using steam and hydraulic power 
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for the output of the whole or part of the watch on the 
interchangeable system, the latter of those who still kept 
to the old mode of making them “ under a system of sub- 
letting to small makers who work at their own homes.” 

Messrs. Kotheram and Sons, of Coventry, about the 
oldest and the largest firm of watch manufactures in 
England, headed the list, and seem to have had a fine 
display, theirs being one of the most striking exhibits in 
the Exhibition. 

In the remaining pages the author gives an account of 
the merits and exhibits in the manufacture of clocks, 
turret clocks, tools, watch-cases, &c., concluding with a 
short summary. 

On the whole, the British section seems to have fared 
very well, and to have held its own against foreign 
competition, and to those interested in the subject this 
work will afford a good insight into the present condition 
of watch and clock making. 

The Harpur Euclid. Books V., VI., and XI. By E. M. 
Langley, M.A., and W. Seys- Phillips, M.A. (London : 
Rivingtons, 1890.) 

This is an edition of Euclid's Elements revised in ac- 
cordance with the reports of the Cambridge Board of 
Mathematical Studies and the Oxford Board of the 
Faculty of N atural Science. 

The books dealt with are V., VL, and XL 
In most of the works on this subject Book V. is 
generally omitted, and only the definitions are learnt ; but 
the authors have thought it advisable for the reader to 
acquaint himself with the terms used and with some of 
the theorems which are established in it. Although he 
is allowed to use these theorems as axioms, proofs are 
given depending on the definitions, the notation used 
being that recommended by De Morgan and adopted by 
the Association for the Improvement of Geometrical 
Teaching in its Syllabus and Elements. 

Preceding Book XL is a good and well worked out 
series of propositions on loci, harmonic division, similarity, 
maxima and minima ; and a few miscellaneous problems, 
such as the nine-point circle, &c. 

The proofs in Book XL differ slightly from those 
ordinarily given in text-books, but are made shorter and 
perhaps clearer by the adoption of symbols. 

The method throughout of dotting all construction 
lines is a great help to the reader, and is to be heartily 
recommended, the figures in Book XL showing this off 
to advantage. 

A large number of exercises are given here and there 
for the student to practise his ingenuity on. 

The International Annual of Anthony's Photographic 
Bulletin, 1890-91. Edited by W. Jerome-Harrison 
and A. H. Elliott. (London: lliffe and Son, 1890.) 
This is the third volume that has been published of this 
most interesting Bulletin, and, glancing through its pages, 
we conclude that it is one of the best publications of its 
kind that we have come across. The articles, written in 
great part by men of acl^nowledged ability, contain a 
large amount of useful knowledge, forming a store of 
information from which workers in every rank of the 
art may obtain sonfbthing that will interest them. 

One of the chief features, of the volume is the great 
increase in number of illustrations, which are printed by 
the various kinds of processes now available, and which 
iihow the advancement made in the application of 
photography for purposes of illustration. 

The usual collection of tables is presented at the end. 
Among them may be mentioned Dr. Woodman’s table of 
view angles, tables for the simplification of emulsion cal- 
culations, and tables of comparative exposures. The work 
concludes with a revised list of the Photographic Societies 
of the British Isles, British Colonies, America, and most 
of those on the Continent. 
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LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex^ 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications,^ 

The Discharge of Electricity through Oases. 

In the Bakerian lecture on “ The Discharge of Electricity 
through Gases/' in the last number of the Proceedings of the 
Royal Society, Prof. Schuster says “ I do not see how the 
insulating power of air at the ordinary temperature is consistent 
with the presence of ions, however few in nnmber, for ultimately 
a diffusion to the electrodes and a discharge would necessarily 
take place. This seems to me to be fatal to J. J. Thomson^ 
view of the disruptive discharge." 

This statement implies a misconception of the theory of the 
electric discharge advanced by me in the Philosophical Maga- 
zine^ June 1883, for there is nothing in the theory of the dis- 
charge ithere given which makes the presence of free ions in air 
at ordinary temperatures and pressures essential. I will quote 
two sentences from the paper to show what the theory is : — “ In 
order to make the spark pass through an elementary gas, we 
have to decompose the molecules into atoms. Thus the stronger 
the connection between the atoms in the molecules, the greater 
the electric strength." Chemical decomposition is not to be 
considered merely as an accidental attendant on the electrical 
discharge, but as an essential feature of the discharge, without 
which it could not occur." 

The misconception has, no doubt, arisen from my using in 
the same paper the Clausius- Williamson hypothesis of the inter- 
change of atoms among the molecules fo account for the differ- 
ence of pressure in different directions in the electric field. But 
this hypothesis is not essential to the theory of the discharge 
given in the paper, for on that theory the discharge does not 
take place until ordinary dissociation of the molecules is pro- 
duced by the electric field. The existence or non-existence of 
the quasi-dissociation of the Clausius-Williamson hypothesis 
which does not produce anv chemical effects, does not affect 
the theory of the discharge, though it does that of the inequality 
of pressure. j. J. Thomson. 

Cambridge, July 19. 


Birds and Flowers. 

In your note on Mr. G. F. Scott-Elliot's paper on this subject 
(Nature, July 17, p. 279) you remark: ‘*10 accordance with 
the view of Darwin, but opposed to that of Wallace, Mr. Scott- 
EUiot believes that the identity of colour (an unusual shade of 
red) in the majority of ornithophilous flowers and on the breasts 
of species of Cinnyris is an important element in pollination by 
birds." There must be, I think, some misapprehension here. 
I am not aware that Darwin has anywhere referred to the colours 
of birds as being generally similar to those of the flowers they 
frequent. Mr. Grant Allen has done so in his work on *‘The 
Colour-Sense," and I have opposed his views in Nature (vol. 
xix. p. 501), because he founds the resemblance on the theory of 
sexual selection, and because the facts do not support any such 
general relation. That such a relation does sometimes occur I 
bave shown, by quoting Mrs. Barber in my Darwinism" (p. 
201) as to the scarlet and purple colours of a sun-bird being 
highly protective when feeding among the similarly coloured 
blossoms of the Erythrina caffra^ which, at the time, has no 
foliage. I have also called attention (in the same work, p. 319} to 
the numerous fibwers now known to be fertilized by birds, and to 
the numerous large tubular flowers of a red and orange colour in 
Chile and the Andes, which are apparently adapted to be fertilized 
by humming-birds. The general uniformity of colour would 
be advantageous as an indication of bird- flowers as distinguished 
from insect-flowers ; but there is. no similarity to the colours of 
the birds. Curiously enough, the common Chilian Eustephanus 
is green'-coloured in both sexes, while its close ally in Juan 
Fernandez is red in the male. Yet the flowers it frequents in 
the island arc not red, but mostly white and yellow (see Tro^ 

[ deal N-aiure," p. 272). It is evident, therefore, thdt the preva- 
ent colours of the flowers do not determine the colours of the 
birds which frequent them, unless those colours arh so pre- 
dominant that a similar colour becomes protective, as is more 
generally the case in the sc&tily-wooded plains of South Africa 
than anywhere else. Alfred. R. Wallace. 
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Reduplication of Seasonal Growth. 

From time to time instances of this in the case of foliage have 
been recorded by correspondents in the pages of Nature. This 
year I have noticed not only an unusually early appearance of 
this in the development of new foliage-laden twigs, as in former 
years in the oaks, the hornbeams, the elms, and other forest 
trees ; but, what is more rare with this somewhat exceptional 
summer, the fruit-trees seem to be expending their reserve energy 
in a second season of flowering. At this moment an apple-tree 
in my garden presents the curious sight of apple-blossoms side 
by side with apples more \han half-grown, and a rowan-tree 
laden with nearly ripe fruit has a corymb of flowers on one of its 
higher boughs. The plum-trees have presented similar abnormal 
phenomena within the last week or two. The facts are of 
interest as pointing to considerable interference with the normal 
cycle of functional change by variations in environment. 

Wellington College, Berks, July 18. A. Irving. 

Chimpanzees and Dwarfs in Central Africa. 

Perhaps Mr. Stanley or Surgeon Parke, if applied to, could 
throw some more light on the extraordinary statement made by 
Emin Pasha, recently referred to, which, if it be true, is the most 
important statement in the w'hole book. 

It is probable that when Emin Pasha witnessed the torch- 
bearers, whether chimpanzees or young negroes or dwarfs, he 
was not alone, and, even though very short-sighted, he would 
have been able to verify his observation of the torch-bearing 
animals by reference to those near him. An experienced 
natumlist like Emin Pasha is not likely to have made the 
mist^e Prof. Romanes thinks he did make — ^but it is possible. 

Bearing in mind that a large ape is now undoubtedly acting 
as a signalman (under direction) on a railway at Natal, who can 
say what the limits of intelligence are in the tribes of Simians? 

J- F- 

The Perseid Meteors. 

According to Mr. Denning, the radiant of the famous 
Perseid meteor-shower (which, in his opinion, commences early 
in July) shifts night after night until about August 20, the 
principal change being an increasing R.A. The declination 
also increases, but more slowly. 

I have some reason to think that the true explanation of the 
phenomena is that there are several radiants almost simul- 
taneously in action, but which do not attain their maxima at the 
same data. For this reason I would ask those of your readers 
who are interested in the subject to watch these meteors 
carefully on the present occasion. W. H. S. Monck. 

Dublin, July 15. 

P.S. — Mr. Denning’s Catalogue in Monthly Notices iox May 
suggests to me; the existence of four radiants (each of some con- 
tinuance) whose approximate positions are 6^ 4- 52% 20” 4- 57% 
32^ 4 - 53 % and 44® 4 - 56% 


“Wind Avalanches.” 

Some of the readers of Dr. Pemler’s paper, “A Winter 
Expedition to the Sonnblick,” may perhaps be interested by the 
following extracts from the Alpine journal of June 1864. They 
are taken from a painfully interesting paper by Mr. Gosset, « 
describing a fatal accident on the Ilaut-de-Cry in February of j 
that year. 

A party of six were crossing a wide couloir^ “ about 150 feet 
broad at the top and 400 or 500 at the bottom.” ^ The actual fall 
of the avalanche is thus described: — “Bennen advanced; he 
had made but a few steps when we heard a deep, cutting sound* 
The snow-fleld split in two about 14 or 15 feet above us. The 
cleft was at first quite narrow — not more than an inch broad. 
An awful silence ensued . . . broken by Bennen’s voice : 
*Wir sind alle verloren.’ . . They were his last words. 1 
drove my alpenstock into the snow, and brought the weight of 
my body to bear on it. . . .1 turned my het^ to see whether 
Bennen had done the same thing. To my astonishment, I saw 
him turn round, face the valley, and stretch out both arms. (So 
in Dr. Pemter’s paper, “ Their advice is to throw oneself pros- 
trate, with hands outstretched. ”) The ground on which we stood 
began to move slowly, and I felt the utter uselessness of any alpen- 
stock. I soon sank up to my shoufUers, and began descending 
b^^lffards. . . . The speed of the avalanche increased rapidly, 
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and before long I was covered up with snow. I was suffocating 
when I suddenly came to the surface again. I was on a wave of 
the avalanche, and saw it before me as I was carried down. . . . 
The head alone was preceded by a thick cloud of snow-dust ; the 
^rest of the avalanche was clear. Around me I heard the horrid 
'hissing of the snow, and far before me the thundering of the 
foremost part of the avalanche. ... At last I noticed that I 
was moving slower ; then I saw the pieces of snow in front of 
me stop at some yards’ distance ; then the snow straight before 
me stopped. ... I felt that I also bad stopped, . . . but the 
snow benind me was still in motion ; its pressure on my body 
was so strong, that I thought I should be crushed to death. ” 

Mr. Gosset further remarks: — “The upper stratum of snow 
was eleven days old. . . . The snow was thawing, and the 
whole snow-field in a state of uncertain equilibrium. By cutting 
through the snow at the top of the couloir we cut one of the 
main points by which the snow of the two different layers held 
together. . . . The avalanche may have taken a minute to 
descend ; I can give no correct estimation on this point.” 

The vividness of the above description, and its complete 
accord with Herr Rojacher’s account given in Dr. Pernter’s 
paper, will, I hope, excuse the length of the extracts. 

Otham, Maidstone. F. M. Millard. 


ON THE METEOROLOGICAL CONDITIONS OF 
DESERT REGIONS, WITH SPECIAL REFER- 
ENCE TO THE SAHARAN 

T he arid regions of the world are, speaking roughly, 
distributed in two bands north and south of the 
equator. They comprehend all inland drainage areas, 
or areas where the streams have no connection with the 
sea, which are also regions where evaporation is in ex- 
cess of precipitation, for if the latter were in excess the 
water would rise till it could flow into the sea, as in the 
case of the great lake region of North America, and the 
area would no longer be one of inland drainage. The 
largest of the deserts, the Sahara, is about 3^ million 
square miles in area, and the area of all the deserts of 
the world together about 11,500,000 square miles. In 
other words, over one-hfth of the land of the world has na 
outlet for drainage to the sea, and in all that area evapora- 
tion is greater than precipitation. These areas correspond 
very closely with the regions of the world where the rain- 
fall is less than 10 inches annually. 

I In no place in the world can there be found such 
i enormous ranges of temperature as in these deserts. Ii\ 

I the Sahara the temperature sometimes falls from 100° 

' during the day to the freezing-point during the night, 
due to the great dryness of the atmosphere and to the 
radiation that takes place from the soil after the sun has 
set. These inland drainage areas correspond very much 
in their barometric phenomena. In all desert regions 
during summer all the winds blow in upon them. In 
winter the reverse takes place — the winds flow out of 
them, and that holds good both for the northern and the 
southern hemispheres. This occasions the low rainfall, 
for the great majority of these regions are more or less 
bounded by high hills. The winds arrive at the deserts 
over these hills, and the vapour is precipitated from the 
atmosphere by the hills, with the result that when the 
winds reach the interior regions there is nothing left to 
be deposited. If there are not hills tfll round any desert 
area, then, as in the case of Northern Asia, the winds 
pass from a colder to a warmer climate, and as they get 
to warmer regions they are able to contain more vapour, 
and, consequently, no rain is precipitated. 

The author then gave an account of his own views and 
impressions as to the Sahara. When staying in May last 
in Alji^eria, he was anxious to make a trip to the desert, 
principally with the object of examining the sand and 
other deposits. During the Challenger expedition they 
had found in the bed of the Atlantic for a long distance 

* Abstract of a Papar read by Dr. John Murray at the meeting of the 
Scottish Meteorological Society held in Edinburgh on July 14. 



July 24, 1890] 


NA TURE 


297 


west of the African coast opposite the Sahara, and in the 
bed of the Indian Ocean to the south of Australia, small 
grains of red quartz sand, and they had found scarcely a 
trace of such in the sea-bed in any other part of the 
world. He suspected this quartz sand had been blown* 
out from the Sahara in the one case, and from the 
Australian desert in the other. 

In the south of Algeria he got a light carriage which 
could traverse the desert, such as was now in use for the 
post just established by the French to Tougourt, in the 
Sahara. Taking bedding and food with him, he first 
skirted a large area covered with salt, and then passed 
on through the long belt of oases which the French have 
planted on the way to Tougourt. Along this route 
numerous artesian wells had been sunk, and an abundant 
supply of water thereby obtained for the palm-trees 
which had been planted. There were now three com- 
panies in existence, who had dug artesian wells, and 
were planting thousands of palm-trees, with the view of 
getting a valuable return in a few years. 

At Tougourt the real sandy part of the desert began, 
and he made excursions into it, with that town as his 
head-quarters. He exhibited to the meeting a specimen 
of the sand, of a light yellowish-brown colour, and ex- 
ceedingly fine in the grains. There were a good many 
clay particles in it, and the quartz particles, which were 
also numerous, were identical with those they had got 
in the bottom of the Atlantic. There was no doubt that 
the winds from the desert carried the sand a long way 
out to sea. He had also examined the region geo- 
logically, and the formation of the rocks was entirely 
that of fresh water, and of Quaternary date. 

The great majority of geographers and geologists had 
expressed the belief that the Sahara was an old sea-bed, 
but he was of opinion that it had never as a whole been 
covered by the sea since Cretaceous or Devonian times, 
and no part of it had been covered by the ocean since 
Tertiary times. All the assertions as to the discovery 
of shells rested upon one common species being found 
very rarely in one region of the desert. He thought that, 
owing to recent researches, the opinion as to the Sahara 
being an old sea-bottom was likely soon todisappear from our 
text-books. He considered that the features of the region 
had been produced by atmospheric conditions. The sand 
was the product of the disintegration of the rocks in sitUy 
which engirdle the Sahara. The existing rock was not 
far below the surface, and, by digging down to it, the 
hard sandy particles were found embedded in the stone. 
The sun shone on the rocks, and they expanded. The 
sudden cooling at night broke them up, the wind carried 
away the smaller particles, and so continually the rocks 
were being disintegrated by means of changes other than 
water, although water perhaps had in times past played a 
greater rdle there than it did now. 

There was a range of hills in the desert to the south 
7000 feet high, and for three months in the year their 
summits were covered with snow. Descending the hills 
were river- courses, some of great length. Much of the 
region, he considered, had once been a large fresh- 
water lake. Speaking of the commercial aspect of the 
Sahara, he said it jvas difficult to go there without be- 
coming enthusiastic about it. There seemed to be no 
limit to the amount of water that was to be got by sinking 
artesian wells. The head of the water must be a long 
distance away in the higher lands surrounding the desert. 

The cultivation of palms was extending to an enormous 
extent, and the French expected to carry on their railway 
to Tougourt (at present nearly a week’s Journey from 
Algeria) in the next few years. The French were also 
hopeful that France would tap all the trade of the North 
Soudan across the Sahara, by making a railway across 
the desert. He did not think it was at all impossible to 
build and keep open such a railway. There was plenty 
of water to be had, and the sand never drifted to such an 
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extent as to bury a railway. The climate, though very 
warm, was at the same time very healthy. If the French 
built the railway, they would then have no cause to 
complain about Britain remaining in Egypt. 


WILLIAM KITCHEN PARKER, F.R.S, 

'\;n’ILLIAM KITCHEN PARKER was born at *Dogs- 
thorpe, near Peterborough, June 23, 1823, and 
died suddenly, of syncope of the heart, July 3, 1890. He 
was visiting his second son, Prof. W. N. Parker, at Cardiff, 
and, whilst cheerfully talking of late discoveries and 
future work in his favourite biological pursuits, he ceased 
to breathe. Accustomed to outdoor life, he was a true 
lover of Nature from the first ; the forms, h^its, and 
songs of birds, especially, he knew at an early age. 
Villagfe schooling at Dogsthorpe and Werrington, and a 
short period at Peterborough Grammar School, prepared 
him for an apprenticeship, at 15 years of age, to Mr. 
Woodroffe, chemist and druggist at Stamford ; and three 
years afterwards he was apprenticed to Mr. Costal, 
medical practitioner, at Market-Overton. At Stamford 
he studied botany earnestly, and used to persuade a 
fellow-apprentice to leave his bed in early mornings to go 
afield in search of plants. Both when living at his father’s 
farm, and in his holidays afterwards, he kept many* pet 
animals, and dissected whatever he could get, including a 
donkey and many birds. Of the latter he prepared 
skeletons ; and of these he made many large drawings, 
at Market-Overton, which of late years he had some 
thought of publishing as an atlas of the osteology of birds. 
In 1844-46 he studied at King’s College, London ; and 
became student-demonstrator to Dr. Todd and Mr. (now 
Sir William) Bowman there. He also attended at Charing 
Cross Hospital in 1846 and 1847, and, having qualified 
as L.S.A., he commenced practice, in 1849, at Tach- 
brook Street, Pimlico ; and soon afterwards married 
Miss Elizabeth Jeffery. His wife’s patient calmness under 
all difficulties and trials was a true blessing to a man of 
Mr. Parker’s excitable temperament ; and her unselfish 
life and widespread influence for good are well known in 
and beyond the family circle. Unfortunately he was left 
a widower about four months ago. His family consists 
of three daughters and four sons. Of the latter, one is 
Professor of Zoology and Comparative Anatomy in the 
University of Otago, New Zealand ; the second is Pro- 
fessor of Biology in the University College at Cardiff, 
South Wales ; the third is an able draughtsman and 
lithographer ; and the fourth has lately taken his 
diplomas of L.R.C.P. and M.R.C.S. 

Mr. Parker had a good father, courteous and gentle by 
nature, conscientious, and earnest in business, who had 
worked hard to be able to give even his youngest son, 
Mr. W. K. Parker, “a start in life." From his placid 
and thoughtful mother he probably inherited much of his 
love of reading and his talent for learning. 

Always enqj’getic, in spite of constant ill-health, Mr. 
Parker enthusiastically carried on his medical work and 
his natural-history studies, especially in the microscopic 
structure of animal and vegetable tissues. Polyzoa and 
Foraminifera, collected on a visit to Bognor, and from 
among sponge-sand and Indian sea-shells, especially 
attracted his attention. Having sorted, mounted, and 
drawn numbers of these microzoa, he was induced, about 
1856, by his friends W. Crawford Williamson and T. 
Rupert Jones, to work at the Foraminifera systematically. 
His paper on the Miliolitidee of the Indian Seas (Trans. 
Micros. Soc., 1858), and a Joint paper (with T. R. Jones) 
on the Foraminifera of the Norwegian coast (Anna/s 
N. //., 1857) resulted ; and the latter foimed the basis of 
a memoir on the Arctic and North-Atlantic Foraminifera 
(Phil. Trans., 1865). With T. Rupert Jones, and after- 
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wards with W. B. Carpenter and H. B. Brady, Mr. 
Parker, down to 1873, described and illustrated many 
groups and species 'of Foraminifera, recent and fossil 
(see C. D. Sherborn's “Bibliography of Foraminifera'* 
for these papers and memoirs), thereby establishing more 
accurately a natural classification of these microzoa, 
determining their bathymetrical conditions, and therefore 
their .value in geology. That be did not neglect ana* 
tomic^l research is shown by memoirs in the Proceedings 
and 'Transactions of tne Zoological Society on the 
osteology (chiefly cranial) and systematic position of 
Bala^niceps (i860), Pterocles (1862), Palamedea (1863), 
Gallinaceous Birds and Tinamous (1862 and 1866), 
Kagu (1864 and 1869), Ostriches (1886), Microglossa 
(1865), Common Fowl (1869), Eel (Nature, 1871), 
skull of^ Frog (1871), of Crow (1872), Salmon, Tit, 
Sparrow-hawk, Thrushes, Sturgeon, and Pig (1873). 
In the meantime the Ray Society had brought out his 
valuable “ Monograph on the stnicture and development 
of the Shoulder-girdle and Sternum in the Vertebrata’* 
(1868) ; and his Presidential addresses to the Royal Micro- 
scopical Society (1872, 1873), notes on the Archaeo- 
pteryx (1864), and the fossil Bird bones from the Zebbug 
Cave, Malta (1865 and 1S69), had been published. 
Subsequently the Royal Society’s Transactions contained 
his abundantly illustrated memoirs on the skull of the 
Batrachia (1878 and 1880), of the Urodelous Amphibia 
(1877), the Common Snake (1878), Sturgeon (1882), 
Lepidosteus (1882), Edentata (1886), Insectivora (1886), 
and his elaborate memoir on the development of the 
wing of the Common Fowl (1888). In the “Reports of 
the Challenger" is his memoir on the Green Turtle (1880) ; 
and those on Tarsipes (Dundee, 1889), and the Duck and 
the Auk (Dublin, 1890), are his last works. 

In former times a skull was taken as little more than 
a dty, symmetrical, bony structure ; or, if it were the 
cartilaginous brain-case of a shark, it was to most a mere 
dried museum specimen. When, however, the gradations 
of the elements of the skull, from embryonic beginnings, 
were traced until their mutual relations and their homo- 
logues in other Vertebrates were established, light was 
thrown on the wonderful completeness of organic uni- 
formity and singleness of design. How such studies can 
be carried on both by minute dissection and the modern 
art of parallel slicing, and not by one method alone, is to 
be gathered from his teaching. 

Mr. Parker was elected a Fellow of the Royal Society in 
1865, and in the year following be received a Royal Medal 
for his comprehensive, exact, and useful researches in the 
developmental osteology, or embryonal morphology, of 
Vertebrates. Some few years afterwards the Royal 
Society gave him an annual grant to aid in the prosecu- 
tion of his studies ; and, -when that was discontinued, a 
pension from the Crown was graciously and appropriately 
awarded to him. A generous friend, belonging to a well- 
known Wesleyan family, more than once presented .^loo 
towards the cost of some of the numerous plates illustrat- 
ing his grand memoirs in the Philosophical Transactions. 

In 1873 he received the diploma as Member of the 
Royal College of Surgeons, and was appointed Hunterian 
Professor, Prof. Flower being invalided for a time ; and 
afterwards both held the Professorship conjointly. His 
earnestness and wide views were well appreciated, open- 
ing up the modern aspect of comparative anatomy, and 
showing that both in Man and the lower Vertebrates the 
wonderful structural development of their bony framework 
should be studied in a strictly morphological rather than 
a teleological method, and that its stages and resultant 
forms could be regarded only in the Darwinian aspect. 

These lectures, given in abstract in the medical jour- 
nals, became the basis-of his “ Morphology of the Skull,” 
in writing which, from his dictation and notes, Mr. G. 'T. 
Bettany kindly assisted him ; and again, in a semi-popular 
‘book, “ On: Mammalian Descent," another friend (Miss 
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Arabella Buckley, now Mrs. Fisher) similarly helped him. 
In the latter work, his own usual style fre<juently pre- 
dominates, full of metaphor and quaint allusions, origin- 
ating in his imaginative and indeed poetic mind, fully 
'impregnated with ideas and expressions frequent in his 
favourite and much-read books — Shakespeare, Bacon, 
Milton, some of the old divines, and, above all, the old 
English Bible. 

Separating himself from the trammels of foregone con- 
clusions, and from the formulated, but imperfect, mislead- 
ing conceptions of some of his predecessors in Biology, 
whom he left for the teaching of Rathke, Gegenbaur, and 
Huxley, Prof. W. K. Parker earnestly inculcated the 
necessity of single-sighted research, and the following up 
of any unbiassed elucidations, to whatever natural con- 
clusion they may lead. Simple and firm in Christian 
faith, resolute in scientific research, he felt free from 
dread of any real collision between science and religion. 
He insisted that “ our proper work is not that of strain- 
ing our too feeble faculties at system-building, but humble 
and patient attention to what Nature herself teaches, 
comparing actual things with actual” (Proc. Zool. See., 
1864) ; and in his “ Shoulder-girdle, &c.,” p. 2, he writes : 
“ Then, in the times to come, when we have ‘ prepared our 
work without, and made it fit for ourselves in the fie d,* 
we shall be able to build a ‘ system of anatomy ’ which 
shall truly represent Nature, and not be a mere reflection 
of the mind of one of her talented observers." 

Again, at p. 225, in illustration of some results of his 
work, he says : — “ The first instance I have given of the 
Shoulder-girdle (in the Skate) may be compared to a 
clay model in its first stage, or to the heavy oaken 
furniture of our forefathers, that ‘stood pond’rous and 
fixed by its own massy weight.’ As we ascend the 
vertebrate scale, the mass becomes more elegant, more 
subdivided, and more metamorphosed, until, in the Bird 
Class and among the Mammals, these parts form the 
framework of limbs than which nothing can be imagined 
more agile or more apt. So also, as it regards the 
Sternum ; at first a mere outcropping of the feebly 
developed costal arches in the Amphibia, it becomes the 
keystone of perfect arches in the true Reptile ; then the 
fulcrum of the exquisitely constructed organs of flight in 
the Bird ; and, lastly, forms the mobile front-wall of the 
heaving chest of the highest Vertebrate.” 

Prof. W. K. Parker was a Fellow of the Royal, Linncan, 
Zoological, and Royal Microscopical Societies ; Honorary 
Member of King’s College, London, the Philosophical 
Society of Cambridge, and the Medical Chiriirgical 
Society. He was also a Member of the Imperial Society of 
Naturalists of Moscow, and Corresponding Member of 
the Imperial Geological Institute of Vienna, and the 
Academy of Natural Sciences of Philadelphia. In 1885 
he received from the Royal College of Physicians the 
Bayly Medal, “ Ob physiologiam feliciter excultam.” 

In conversations shortly before his death, he often 
spoke of looking forward throughout his life-time (alas 1 
how quickly shortened I) to continued application of all 
the energy he could devote to his useful work— at once a 
consolation to him and a duty. 

He has well expressed his own, view of biological 
pursuits, at p. 363 of the “ Morphology of the Skull ’’ ; — 
“ The study of animal morphology leads to continually 
grander and more reverend views of creation and of a 
Creator. Each fresh advance shows us further fields for 
conquest, and at the same time deepens the conviction 
that, while results and secondary' operations may be 
discovered by human intelligence, * no man can find out 
the work that God maketh from the beginning to the 
end.’ We live as in a twilight of knowledge, charged 
with revelations of order and beauty ; we steadfastly 
look for a perfect light, which shall reveal perfect order 
and beauty.” 

An unworldly seeker after tiuth, and loved by all who 
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knew him for his uprightness, modesty, unselfishness, 
and generosity to fellow- workers, always helping young 
inquirers with specimens and information, he was sud- 
denly lost to sight as a friend and father, but remains in 
the minds of fellow- workers, of those whom he so freely 
taught, and of his stricken relatives, as a great and good 
man, whose beneficent influence will ever be felt in a 
wide-spreading and advancing science, and among 
thoughtful and appreciative men in all time. 


ALPHONSE FAVRE. 

TD Y the death of Prof. A. Favre, Switzerland has been 
^ deprived of one of her foremost men of science, and 
geology has lost a very assiduous and successful cul- 
tivator. His death appears to sever the last remain- 
ing link between the present generation of Swiss geo- 
logists and that older and famous one which included 
Bernhard Studer, Arnold Escher von der Linth, Peter 
Merian, and Oswald Heer. The late Prof. Favre, who 
had reached the age of seventy-seven at the time of his 
death, was the author of numerous papers, the earliest of 
which, “ On the Anthracites of the Alps,” was published 
as long ago as 1841. He will perhaps be best remem- 
bered by the part he took in the famous controversy! 
concerning the supposed admixture of fossils, belonging 
to different geological horizons, which were said to occur 
in the same beds in the Alps. In opposition to M. 
Scipion Oras and others who asserted that such inter 
mixture of fossils did actually occur, Favre was able to 
show, by a series of patient investigations, that the appa- 
rent reversals of succession, and intimate union of Car- 
boniferous, Jurassic, and Tertiary strata, could all be 
accounted for by repeated interfoldings and complicated 
overthrust faults. It is interesting to note that at the 
time when Favre was thus successfully contending for 
such an interpretation of supposed anomalies in the 
Alpine rocks, James Nicol in this country was engaged 
in a precisely similar controversy with Murchison and 
his followers, concerning the rocks of our own Highlands. 
But whereas the triumph of Favre’s views was immediate 
and complete, and their author lived to see the justice of 
his interpretation universally admitted, Nicol was fated 
to witness the influence of great authority exerted for a 
long time in preventing the truth of his conclusions from 
being accepted ; and only after his death was the re- 
traction made which showed how much Scotland owes 
to this able interpreter of the geological structure of his 
native land. History may be relied upon, however, to 
do equal justice to the successful Swiss geologist and the 
disappointed Scotch one. Frof. Favre, besides papers 
on a great variety of geological questions, wrote several 
works dealing with the geology of the parts of Savoy, 
Piedmont, and Switzerland of which Mont Blanc forms 
the centre. During the later years of his life he bad 
retired from his Professorship of Geology at Geneva, but 
up to the time of his death Favre held the post of Presi- 
dent of the Federal Commission having charge of the 
geological map of Switzerland. As long ago as 1874 he 
was elected a foreign member of the Geological Society, 
and he was also •a correspondent of the Institute of 
France. 

• 

AID TO ASTRONOMICAL RESEARCH. 

P ROF. PICKERING, of the Harvard College Obser- 
vatory, has issued the following notice : — 

“ Miss C. W. Bruce offers the sum of six thousand 
dollars (^|6ooo) during the present year in aiding astro- 
nomical research. No restriction will be made likely to 
limit the usefulness of this gpft. In the hope of making 
it of the greatest benefit to science, the entire sum will 
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be divided, and in general the amount devoted to a single 
object will not exceed five hundred dollars (^500). Pre- 
cedence will be given to institutions and individuals 
whose work is already known through their publications, 
also to those cases which cannot otherwise be provided 
for^ or where additional sums can be secured if a part of 
the cost is furnished. Applications are invitea from 
astronomers of all countries, and should be made to 
the undersigned before October i, 1890, giving complete 
information regarding the desired objects. Applications 
not acted on favourably will be* regarded as confidential. 
The unrestricted character of this gift should insure many 
important results to science, if judiciously expended. In 
that case it is hoped that others will be encouraged to 
follow this example, and that eventually it may lead to 
securing the needed means for any astronomer who could 
so use it as to make a real advance in astronomical 
science. Any suggestions regarding the bAt way of 
fulfilling the objects of this circular will be gratefully 
received. Edward C. Pickering. 

“ Harvard College Observatory, Cambridge, Mass., 
U.S.A., July 15, 1890.^^ 


NOTES. 

The American Association for the Advancement of Science 
will meet this year at Indianapolis, under the presidency of 
Prof. Goodale. The first meeting will be held on August 19. 
The subject selected in advance for special discussion is “ The 
Geographical Distribution of North American Plants,” and 
papers upon it will be presented by Messrs. Watson, Macoun 
(of Ottawa), Sargent, Britton, Underwood, Ilalsted, and 
Coulter. 

A Royal Commission has been appointed to inquire and 
report ** what is the effect, if any, of food derived from tuber- 
culous animals on human health, and, if predjudicial, what are 
the circumstances and conditions with regard to the tuberculosis 
in the animal which produce that effect upon man.” Lord 
Basing is chairman. The other Commissioners are Prof. G. T# 
Brown, Dr. George Buchanan, Mr. Frank Payne, and Prof. 
Burden Sanderson. 

The Turin Academy of Medicine has proposed the following 
theme for the Riberi Prize of about ^*750 : “ Researches on the 
nature and the prophylaxis of one or several infectious diseases 
of man.” Works may be sent printed or in manuscript ; they 
may be in Italian, French, or Latin ; and printed works must 
have appeared since i886. The date limit is December 31, 
1891. 

The failure of the Government to carry its scheme for the 
extinction of some public-house licences is likely to result in an 
important advantage to education. In his statement on Monday 
with respect to the money which was to have been applied to this 
object, Mr. Goschen said: — “As regards England we propose 
to add the amount set free by the abandoned licensing clauses 
to the residueewhich, under the Bill as it stands, goes to the 
county councils, accompanying this inclusion by an intimation 
that possibly new charges may, by and by, be put upon them, 
with reference to intermediate, technical, or agricultural educa* 
tion. It seems very desirable, if more is to be done in this 
respect, that the localities, and especially county councils, should 
be interested in the work. In England there is at present little 
machinery available for carrying out such an object, and it would 
be impossible to create such a machinery at this period of the 
session. But in Wales and in Monmouthshire th*e machinery 
does exist. County councils may supply funds ta the joint 
committee for intermediate education under the Act of last year 
out of the county rate, but tb the extent of a halfpenny of such 
rates only. We shall propose that the county councils in Wales 
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should have authority to increase the sum out of the additional 
funds now placed at their disposal. ... As regards Ireland we 
shall propose that the ;^40»ooo which falls to her share should 
be utilized for the further promotion of intermediate education, 
and for this purpose should be placed at the disposal of the 
Intermediate Education Board for Ireland, a body which, I 
believe, commands the confidence of the Irish public generally, 
iirespective'of political and religious difTerences/’ The Govern- 
ment propose that the which falls to the share of Scot- 

land shall be handed over unconditionally to the county councils ; 
but Mr. Campbell-Bannerman has given notice that he will move 
an amendment to the effect that the money be devoted directly 
to the completion of a scheme of free primary education. 

The Drapers’ Company, London, has contributed ;^3000 
towards the cost of the new buildings for technical instruction in 
connection %/ilh Nottingham University College. This branch 
of the College will be under the care of the recently-appointed 
Professor of Mechanical Engineering and Technology, Mr. 
William Robinson, late chief assistant at the City and Guilds 
Technical College, Finsbury. 

A PUBLIC MEETING w’as held at the Town Hall, Kensington, 
yesterday, under the presidency of the Hon. and Rev. E. Carr 
Glynn, to consider measures whereby the technical and scientific 
education of apprentice and other plumbers may be ensured. 

LASjj week the Institute of Electrical Engineers held a series 
of meetings at Edinburgh in connection with the International I 
Exhibition. The series began on Tuesday, when Dr. Hopkinson 
occupied the chair. Dr. Walmsiey read a paper on some of the 
principal features of the Exhibition, in which he referred particu- 
larly to the telegraph and electric light apparatus and gas*engines. 
Mr. A. R. Bennett read a paper on ‘‘Foreign Currents in • 
Telegraph and Telephone Lines.” He described experiments 
he had carried out with overhead wires, and pointed out their | 
effect in wet weather. Mr. W. H. Preece said that the foreign 
currents found in electric wires were far more readily perceptible I 
in telephone than in telegraph wires. The currents were due 
often to the swing of the wires, and greatly to the alternating 
system of generating electric light recently introduced. Mr. 
Bennett said that disturbances might be caused by the intro- 
duction of electric tramways. In the evening the members of 
the Society attended a conversazione given in their honour in the 
grand hall of the Exhibition. On Wednesday, when the chair 
was taken by Mr. W. H. Preece, a paper on “The Working 
Efficiency of Secondary Cells ” was read. This paper, of which 
we hope to give some account, was the joint work of Messrs. 
W. E. Ayrton, C. G. Lamb, E. W, Smith, and M, W. Woods. 
On Thursday, Mr. Spagnoletti was in the chair, and Mr. A. R. 
Bennett read a paper on “Experiments on Radiometry.” Some 
discussion followed, in which Dr. Walmsiey, Mr. Stroh, Mr. 
Fairfax, and others took part. 

At the instance of a number of Magdeburg manufacturers, an 
electro- technical experimental station is about to be founded in 
that town, to afford to companies or private persons,opportunity of 
experimenting as to the practicability and cost of various electrical 
arrangements, and of testing machines, apparatus, &c. The 
station will be arranged on the pattern of one already . in exist- 
ence at Munich, but expanded in several directions. Dr. M. 
Krieg, editor of the Electrotechnical Echo^ will be at its head. 
Among other matters which will come under consideration, are 
the examination of arrangements for illumination, transmission 
of force, and metallurgical purposes, determination of the 
luminous poWer of arc and glow lamps, and of constants, such 
as intensity and tension of current, testing of carbon rods, of 
measuring-instruments, accumulators, primary batteries, &c., 
examination of conducting and insirtating materials, lightning 
conductors, private telephone arrangements, and soon. Youths 
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devoting themselves to electro-technical work will have 
opportunities of gaining thorough practical knowledge in the 
place. 

The death of Mr. John Ralfs, at Penzance, on the 14th inst., 
dt the age of 83, removes one of the last survivors of a past 
generation of botanists. His “ British Desmidiese,” published in 
184S, remains to the present time unsurpassed in botanical 
literature for the beauty and accuracy of its coloured plates. 
As it was the first British work (except Hassall’s “ British 
Fresh-water Algae,” published three years earlier) which did 
any justice to this beautiful class of fresh-water organisms, so it 
remained the only one until the appearance of Dr, Cooke’s 
“ British Desmids ” in 1887. Mr. Ralfs also contributed several 
papers on the Mosses, Fungi, and Algae of his native county to 
the Transactions of local scientific Societies. Of a retiring dis- 
position, and practising as a surgeon in Penzance, he was but 
little known personally to his fellow-workers. Within the last 
two years he was elected an Honorary Fellow of the Royal 
Microscopical Society. 

Mr. G. W. Rafter has contributed to the Transactions of 
the American Society of Civil Engineers an interesting paper on 
freshwater Algse, and their relation to the purity of public 
[Water-supplies. He finds that a number of Algse may assist in 
rendeiing drinking-water unpotable, producing a nauseous or 
‘‘fishy” smell, generally due to the decomposition of their 
mucilaginous envelope, or of the starch or oil contained in their 
cells. In addition to the well-known Fungus or Schizomycete 
Beggiatoa^ which has the remarkable property of withdrawing 
sulphur from sulphates in solution, the following freshwater 
Algse are especially deleterious when occurring in large 
masses: — Cladophora^ Vaucheria^ Batrachospermum^ Dra- 
parnaldia^ Cluriophora^ Fiolvox, Eudorina^ Pandorina^ Hydro- 
dictyon^ Palmella^ CrenothriXy Oscillaria^ and diatoms gener- 
ally, especially Meridian circulare. Desmids appear to be 
usually innocuous. 

The British Vice-Consul at Los Angeles, in California, 
in his last Report, has some observations on the vine and 
orange pests in that region. The vine-disease now seriously 
menaces the existence of the viticultural industry in the vicinity 
of Los Angeles. At first it attacked chiefly the “mis- 
sion ” vines ; now, other varieties of red vines are dying, 
and the white varieties are also suffering. The disease 
first appeared in its present dangerous form in the southern 
part of California, and* destroyed many vineyards. Prof. 
Dowlen, an expert employed by the Viticultural Commis- 
sion to ascertain its cause, and, if possible, discover a 
remedy, inclines to the opinion that it is due to a fungus. 
On the other hand, Mr. Wheeler, Chief Executive Officer of 
the Viticultural Commission, reports that he is fully convinced 
that the fungus found on the dead vines is not the prime cause 
of their decadence, and that it attacks them only when they 
have been weakened by other causes. As to the Icerya, or 
“ white scale,” which has ravaged the orange-groves, the 
Vice-Consul says that a year ago many of the principal 
orange- growers in the vicinity of Los Angeles had abandoned 
their efforts to exterminate this pest, concluding that their trees 
must die. Fortunately, it was learned that an Australian para- 
site, the Vedolia cardinalis^ had exterminated the white scale 
in Australia. A colony of the bugs was imported, and placed 
on the trees in an orchard in Los Angeles ; they multiplied so 
rapidly that in a few months the scale was entirely exterminated 
in the district ; many trees, which a year ago were nearly dead, 
have revived and borne half a crop this season. 

Artificial musk is a recent chemical achievement. A 
process for its production has been patented in Germany, the 
inventor being Herr A. Bauer, of Gisparsleben, in the Erfurt 
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district. It is a familiar experience in organic chemistry, that 
on introduction of nitro groups (NO^) into organic bodies, by 
action of nitric acid, a smell like that of musk is often noticed. 
In the present case, pure butyl-toluol is treated with a mixture 
of sulphuric and nitric acid, and the nitro-compound is purifiecf 
by crystallization from alcohol, the yellowish-white crystals 
smelling strongly like musk. According to Dr. Paul {Hum- 
boldt\ the smell is not perfectly pure, and it can be distinguished j 
from that of musk by the perfumer, but not by the general public. 
Curiously, a i per cent, alcoholic solution has not the smell of 
musk ; only after dilution with water does this come out, and 
the dilution may be carried far before the smell is lost ; with 
1 in 5000 it is still quite distinct. Certain properties of the new 
product seem to render it very useful in the perfuming of soap. 

The small toe in man has recently (we learn from HumboUl) 
been made a subject of study by Herr Pfitzner. It is well known 
that thumbs and great toes are two-jointed, and the other fingers 
and toes generally tliree-jointed. In many human skeletons^ 
however, the small toe is found to be two-jointed, the middle 
and end phalanges being fused into one piece, though still dis- 
tinguishable. This variety occurs in about 36 per cent, of cases, 
and, as a rule, in both toes simultaneously ; and there are more 
instances among women (41 '5 per cent.) than among men (Si'oij 
per cent.). One nflturally thinks Jiere of shoe-pressure causing 
union of two bones originally separate. But it appears that in 
children, from birth to the seventh year, and in embryos from 
the fifth month, the fusion occurs about as often as in adults. 
Further, the material of examination was not from a class of 
people who wear tight shoes. Herr Pfitzner concludes that the 
small toe in man is in course of degeneration {Riickbildung)^ and 
that without appaient adaptation to external mechanical influ- 
ences. Processes of reduction are also observed in the connected 
muscular system. The question arises, Has the tendency reached 
its limit, or have we merely the first act of a total degeneration 
of the fifth toe? The author inclines to the latter view, but 
<lesires an extension of these researches among peoples who do 
not wear shoes or sandals, or have only of late begun to wear 
them. In living persons, it is not difficult to determine, by 
stretching and bending, whether the small toe is two- or three- 
jointed ; and in this way adequate data might be had for deter- 
mining any percentage differences in occurrence of the old and 
the new form in different races ; also for investigating the 
inheritance of acquired characters, members of several successive 
generations being examined. 

Defective sight is becoming more general in the United 
States, and blindness, particularly among the poor, shows a 
steady growth. So says the British Consul at Philadelphia, 
whose statements are advanced on the authority of oculists. 
Purulent ophthalmia of infancy is prevalent in charitable institu- 
tions, poor-houses, &c. The disease shows itself within a 
fortnight after birth. A recent investigation of the blind in the 
country almshouses and asylums of an adjoining State showed 
that one out of every five casea of blindness was due to ophthal- 
mia, and that the cases could have been cured if they had been 
properly treated in ti^ne. The disease is said to be contagious, 
and few or no special precautions have been taken in any of the 
institutions to prevent its spreading. The increase of the blind- 
ness throughout the country has been so marked of late years — 
four times as great as the increase of population — that it has 
been made the subject of special investigation by the American 
Ophthalmological Society, the investigation including a study of 
the ophthalmia so prevalent in Egypt, to which the ophthalmia 
of infancy is closely akin. 

A VERY odd result of rivalry between two tiger-snakes is 
recorded by Mr. D. Le Souef, Assistant Director of the Mel- 
txMirae Zoological Gardens, in the May number of the Victorian 
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Naturalist. One of the snakes was large, the other small. 
Not long ago both happened to fasten on the same mouse, one 
at each end. Neither would give way, and the larger snake 
not only swallowed the mouse, but also the smaller snake. In 
about ten minutes nothing was seen of the smaller snake but 
about two inches of its tail, and that disappeared next day. 

In the new quarterly statement of the Palestine Exploration 
Fund, Mr. Flinders Petrie gives a short report of his recent ex- 
cavations at Tell Hesy, in Palcstini. These have proved to be 
remarkably interesting. The remains of Tell Hesy consist of a 
mound which is formed of successive towns, one oif the ruins of 
another, and an enclosure taking in an area to the south and 
west of it. The lowest wall of all — 28 feet 8 inches thick, and 
formed of clay bricks, unburnt — is believed to be that of Lachish, 
the ancient Amorite city, erected probably I50(^ years B.C. 
Phoenician pottery of about 1100 B.c. is found above its level. 
Later* constructions are the supposed wall of Rehoboam, and 
remains of the fortifications made in the reigns of Asa, Jeho- 
shaphat, Uzziah, Jotham, and Manasseh. The pottery discovered 
on the spot is very valuable. We now know for certain,’ 
says Mr. Petrie, ‘‘ the characteristics of Amorite pottery, of 
earlier Jewish and of later Jewish influenced by Greek trade, 
and we can trace the importation and the influence of Phoe- 
nician' pottery. In future all the tells and ruins of the country 
will at once reveal their age by the potsherds which ^cover 
them.*’ 

M. P.' M^:(;nin is engaged in an elaborate study of the 
varieties of dogs. He has published two volumes on the sub- 
ject, and a third is to appear shortly. The author tries to give 
an account of the origin of the varieties at present known. 

Herr A. Hartleben, of Vienna, Pest, and Leipzig, has 
begun the publication, in Lieferungen,** of two works which 
promise to be very good and useful. They are Das Luftmeer,” 
by Prof. F. Umlauft, and ** Physik und Chemie,” by Dr. von 
Urbanitzky and Dr. S. Zeisel. Both works are illustrated. 
The former will present an exposition of the principles of 
meteorology and climatology ; the latter is to contain a general 
account of physical and chemical phenomena in their relation to 
practical life. 

During the last few months a fortnightly Meteorological 
Bulletin has been published at Madrid, by a person under the 
nom de plume ** Noherlesoom,” professing to give the principal 
features of the weather for the coming fortnight, illustrated 
by isobaric charts for special days. Some pages of text contain 
extracts from various orthodox works bearing upon weather pre- 
diction. The present stale of the science does not warrant pre- 
dictions of this nature, nor is it stated upon what principles they 
are made ; yet the weather predicted for the first half of July 
corresponded in some respects to the very unseasonable conditions 
experienced during that period in this country. 

The new meteorological observatory of San Jos^ de Costa- 
rica is to be <K>nsidered a welcome gain to science, seeing that 
(as Dr. Hann points out) between Mexico in 19® N. lat. and 
Kio de Janeiro and Cordoba in 22® and 35® S. lat., there has 
been no observatory of the first rank, either in Central or South 
America. Recent data from Prof. Pittier there, reveal a re- 
markable dally period of rainfall. Thus in the five months 
August to December, while only i*S inch of rain fell between 
midnight and midday, 35 inches, or more than twenty times as 
much, fell between midday and midnight. Cqmparing the 
hours, 6 to II a.m., with 2 to 7 p.m., the quantities are 
0*3 in. and 27*6 in. Nearly the whole of the rainfall occurs 
within six hours ( 7 sJ per cent.). And the largest amount is 
towards sunset, not (as commonly supposed about the tropics) 
in the early hours of the afternoon. 
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Writing on the subject of medicine in China, ihe North 
China Herald of Shanghai observes that medicine in China is 
very old. In the year 579 B.c. the moxa and acupunture were 
already practised by Chinese physicians, for it is in that year 
that this treatment is first mentioned in any book, Chinese or 
fDreign. In addition to this there was the celebrated Pien-tsio, 
who some time during the period from the eighth century before 
Christ to the sixth performed remarkable cures by feeling the 
pulse first and basing his treatment upon the indications. On 
one oebasion he was in attendance upon a prince who was in a 
stale of unconsciousness for five days, and he depended on pulse- 
feeling for flis knowledge of the patient’s condition. The great 
books of Chinese medicine belonged to the age of the sages. 
They are the classics of Chinese medicine, and in them its 
theories and principles are enshrined. In these books we find 
such state;^ents as that metal and water combine, in accord 
w'ith the influence of Venus and Mars. The soul is spoken of 
as something distinct from though included in the body. ‘ Mad- 
ness, fever, apoplexy, paralysis, cholera, are all described. The 
five elements are represented as revolving powers, and they cor- 
respond to the five planets in the heavens. The earth moves 
westward through space which surrounds it below as well as 
above and around. Ignorance of astrology is stated to be a 
cause of disease and death. Interlaced with the doctrine of the 
five elements is found the doctrine of the dual principles of 
darkness and light, each divided into greater and lesser. The 
veins and arteries are here described as canals originating in 
the skin, which, consequently, is that part at which all disease 
commences its invasion of the human frame. The possibility 
of the human subject securing immortality by Taoist methods is 
discussed, and the affirmative is believed. The “ Soo wen,” having 
in it these and other curious things, such as the rotundity of the 
earth and the doctrine of a universal and primaeval vapour, and 
having a distinct tincture of the Mesopotamian astrology, con- 
stitutes in itself a convincing proof that China was receptive of 
Western knowledge to a large extent in the fifth, fourth, and 
third centuries before Christ. From that time during more 
than two thousand years China has been under the dominion of 
the philosophy of this book. The writer predicts that a history 
of Chinese medicine, being the result of the uninterrupted ex- 
perience of two thousand five hundred years, in spite of its 
Babylonian theory, now exploded by modern discoveries, would 
prove deserving of high respect for its practical utility in many 
important ways. 

The Cambridge Local Lectures Syndicate held a Conference 
of Local I^eciurers and Committees in the Senate House on 
July 9 and 10, the Vice-Chancellor, Dr. Butler, Master of 
Trinity College, presiding. The subjects discussed were : (1) 
the affiliation of lecture centres to the University ; (2) the rela- 
tions with the Education Department ; (3) State aid for local 
lectures, a subject started at Oxford last year, and introduced on 
this occasion by the request of some of the centres, not as part 
of the programme of the Syndicate ; (4) local finance ; (5) 
work in rural districts ; (6) district associations, c The subjects 
were all of them actively discussed, “ State aid ” being referred 
back to the Committee which is working in the matter. The 
whole party, numbering about 180, lunched in the Hall of 
King’s and dined in the Hall of Trinity, as guests of the Syndi- 
cate, and visited the Library, the Museums of Science, and the 
Fitzwilliam Museum, at each of which an expository address 
was delivered. 

The Syndicate have invited a limited number of their students 
in various parts of the Kingdom to spend the month of August 
in Cam^idge, for the purpose of quiet and serious study. For 
^^ome years, individual invitations ofi» this kind have been given 
%y persons interested in the work. The Syndicate have received 
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favourable accounts of the work done and of the effect pro- 
duced, and they are now making it part of their official business. 
They had contemplated from 30 to 40 students, but the number 
of those desirous of coming considerably exceeds that. The 
^principle of the Syndicate is to give to the students opportuni- 
ties which they could not have in the lecture centres, and on this 
account the ordinary subjects of local lectures are not included 
in the curriculum. The work is to last from August 5 to 30 
inclusive. Newnham College will give a collegiate home to the 
women students, and Selwyn to the men, on very moderate 
terms. The mornings will be given to the science students, 
whose work will consist of courses of experimental demonstra- 
tions in the laboratories of chemistry, physics, geology, &c. The 
afternoons will be given to the art students, whose work will 
consist of series of lectures on Greek art, early English sculpture 
and inscriptions, early engraving, and architecture, all illus- 
trated from the art collections and the buildings in Cambridge. 
Single lectures will be given, by leading residents in Cambridge, 
on subjects of which they have special knowledge, and this, no 
doubt, will be a feature of unusual interest and profit. The 
University Library, the Philosophical Library, and the Library 
of Art and Archaeology, will all be open to the students by 
special arrangement for reading and study. Special lectures 
will be given on King’s Chapel and Ely ^Cathedral, and the 
manuscript and other treasures of some of the College libraries 
will be shown and described in detail. Visits will be paid to 
the Observatory by day, for the inspection of the astronomical 
instruments, and Prof. Adams or his representative will receive 
small parties of the students at night. It is proposed to give 
to those who go satisfactorily through the regular course of 
study some record of what they have done. Several of the 
lecture centres have given scholarships of /^lo to their best 
students to enable them to go to Cambridge, and the Syndicate 
are meeting all prizes of this kind by a remission of the small 
lecture fee. The advantage of working in small parties of 10 or 
12 at such subjects as those indicated, and under such circum- 
stances, can scarcely be exaggerated. The determination of the 
Syndicate is that the whole course of study shall be serious and 
quiet, but social amenities will not be disregarded. 

The Report of the Cambridge Local Lectures Syndicate, 
recently issued, is unusually encouraging. The number of 
students and of courses of lectures is larger than ever, and the 
proportion of serious students to the whole number attending 
the lectures shows a remarkable increase. It is easy to get a 
large number of people to come to popular lectures, but to 
make people who come to lectures into serious students is a 
different matter. Nearly half of the whole number of 11,500 
students have attended not the lecture only, but also the class” 
for more detailed work by question and answer which always 
precedes or follows the lecture in the Cambridge system. More 
than a fifth part of the whole have written papers weekly for the 
lecturer, and the examinations at the end of the respective courses 
have been attended by nearly one in six. This is an interesting 
record of solid work done. A specially satisfactory feature of 
the year’s work has been the manner in which the centres have 
supported the Syndicate in keeping up the ftetures in each course 
to the full number of twelve, which is an integral part of the 
Cambridge system. Of 125 courses only five have been half- 
courses ” of six lectures, given under special circumstances and 
without the privilege of an examination. Thus the total number 
of lectures given has been about 1470, and the number of 
attendances at lectures not far oS 140,000. 

The additions to ihe Zoological Society’s Gardens during the 
past week include two Macaque Monkeys (Macaeus cynomolje^s 
9 9 ) from India, presented by Captain C. Taylor ; a Hawfinch 
(Coccothraustis vulgaris)^ British, presented by Mr. L. C. 
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Wharton ; a Snow Bunting {Plectrophanes nivalis)^ European 
presented by Mr. J. Young, F.Z.S. ; a Common Boa {Boa 
constrictor) from Venezuela, presented by Mr, R. J. Money ; a 
White-thighed Colobus {Colobus vellerosus 6 ) from West Africa, 
a Cape Ratel {Mellivora capensis 6 ) from South Africa, atf 
Arctic Fox (Cams lagopus 9 ) from the Arctic Regions ; four 
Spoonbills (Platalea leucorodid)^ European, a Short-toed Lark 
(Calendrelta brachydcutyla <J) from Algeria, purchased; four 
Australian Wild Ducks (Anas superciliosa)^ two Slender Ducks 
(Anas gibberifrons\ eight Chilian Pintails (Da/ila spinicauda), 
six Summer Ducks (ALx sponsa), four Mandarin Ducks (A^:x 
galcric 7 //aia), two Red-crested Pochards (Fuligula rufina)^ bred 
in the Gardens. 


OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at lo p.m. on July 24 ss 
i8h. lom. 17s. 


Name. 

: Mag. 

Colour. 

R.A 1890. 

Decl. 1890. 


• 

1 


h. tn. s. 


<1)0.0.4390 ... . 

i 

— 

18 6 45 

+ 6 49 

<2) G.C. 4403 ... . 

— 


18 14 17 

- 26 13 

<3) IXM. + 43“ 2890 . 

8 

Reddish-yellow. 

1 18 3 29 

-f 43 26 

( 4 ) rj Serpentis ... , 

3 

Yellow. 

j 18 15 36 

- 2 56 

f 5) y Ophiuchi ... . 

3 1 

White. 

j 17 42 16 1 

-f- 2 45 

<6) b.M. -f- 36" 3243 • 

• 8 

Red. 

! 18 39 0 

+ 36 50 


Remarks. 

(1) This small bright nebula was thought by W. Struve to be 
one of the most curious objects in the heavens. The G.C. 
<Icscription is : ** A planetary nebula ; very bright ; very small ; 
round ; a little hazy." According to D* Arrest, its diameter is 
about 7". The observations of Dr. Huggins and Captain 
Ilerschel show that the spectrum consists of the three chief 
nebula lines, and a faint continuous spectrum. Dr. Huggins 
aUo notes that “the lines are exceedingly sharp and well- 
defined." This latter observation requires confirmation, and 
the spectrum should also be examined for other lines, as we 
know that a greater number of lines are seen in other nebulae of 
the same class. 

(2) This is the so-called “ Horse-shoe Nebula," which is thus 
described by Ilerschel : “ A very remarkable object ; bright ; 
extremely large; extremely irregular figure; 2hooked." The 
spectrum has been observed both by Dr. Huggins and Captain 
Herschel. The former noted in 1866 that the line near \ 500 
was visible, in addition to a faint continuous spectrum, and 
added : “ When the slit was made as narrow as the intensity of 
the light would permit, this bright line was not so well defined 
as the corresponding line in some of the other nebulae under 
similar conditions of slit, but remained nebulous at the edges." 
It will be seen that this observation gives the chief line a very 
different character to the preceding one (4390), and it is very 
desirable that the discrepancy should be cleared up, especially 
as Dr. Huggins has recently stated that the line is always seen 
sharp and well defined, although there is no evidence to show 
chat he has reobserved the nebulae in which he formerly recorded 
it as ill defined. If is important that both nebulae should be 
examined as nearly as possible at the same time with the same 
instrumental conditions. Captain Herschel simply writes : 
“ Bright object ; bright lines." 

(3) The spectrum of this star 'is one of great interest in con- 
nection with the view that stars of Group 11. are similar in 
constitutioh to comets. Dun^r states that, notwithstanding the 
small magnitude of the star the band^ are very well seen even in 
the ultra blue, and that they are so wide and dark that the spec- 
trum is totally discontinuous, especially in the blue-green and the 
blue. Now it seems pretty evident that all the light referred to 
in the blue in a faint star like this cannot be due simply to con- 
tinuous spectrum, and it is therefore probably due to the radia- 
tion of some substance. This substance is probably carbon, 
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giving a series of bright fiutings in the blue-green and blue, and 
giving rise to apparent dark bands, which are in all probability 
simply the dark spaces between the bright fiutings. The mea- 
surements made by Dun(?r and Vogel of the bands in other stars 
show close coincidences with the carbon fiutings, but the ques- 
tion can onlv be finally decided by direct comparisons. If the 
existence of the carbon fiutings be confirmed, then we must 
conclude that stars of Group II. and comets showing the same 
series of fiutings are identical in constitution. 

(4 and s) These are stars of the solar type and of Group IV. 
respectively, and the usual more* detailed observations are. 
required in each case. 

(6) The observations of Sccchi and Duncr show that the 
spectrum of this star is a well-marked one of Group VI. ; but 
the only details observed were three “ zones" separated by two 
strong dark bands. Further details and deviations from the 
regular type should be looked for. A. Fowler. 

Nice Observatory. — The third volume of th<^“AnnaIes 
de rObservatoire de Nice " contains a new map of the solar 
spectrum by the late M. L. Thollon, the whole of the theory of 
the minor planet Vesta by M, Perrotin, the Director of the 
Observatory, and numerous observations of comets and planets 
made by M. Charlois. 

The part of the spectrum mapped by M. Thollon extends from 
A to />, and is contained on seventeen beautifully engraved plates, 
each having two horizons 32 cm. long. The whole length is thus 
a little over ten metres, and the number of lines contained in it 
is about 3200, of which 2090 are said to have a solar origin, 866 
are purely telluric, and 246 have a mixed origin — that is to say, 
they result from the superposition of solar and telluric lings. 

Each of the 33 horizons is divided into millimetres, from 
o to 320, hence the lines can easily be read off to of a division. 
Thollon intended at the beginning of his work to express the 
position of the lines on a scale of wave-lengths, and this would 
doubtless have facilitated their identification to a considerable 
extent ; but the method of relative measurement which he 
adopted was more accurate than the absolute measures made 
by Angstrom, and he found that to use a wave-length scale it. 
would be necessary to alter a number of accepted places of lines 
or to alter his measured intervals. It is rather unfortunate that 
such should be the case, for ready reference to the lines and 
comparisons of them with those mapped by other observers are 
rendered somewhat difficult. Beneath each scale are four 
horizons on which are respectively represented: (i) the appear- 
ance of the lines when the sun is 80"^ from the zenith and the air 
is dry ; (2) the appearance of the lines when the sun is 60® 
from the zenith and the air is very moist ; (3) the appearance 
of the lines when the sun is 60® from the zenith and the air is 
very dry ; {4) the lines of solar origin— that is, those that would 
be observed from outside our atmosphere. The width of the 
lines was determined for each of the four horizons, and intensities 
are expressed from 1 to 10, I indicating the weakest and 10 the 
strongest lines. The values for each line are given in the text 
relating to the maps. Another horizon gives the position of iron 
lines, but this is incomplete in some ol the maps owing to M. 
Thollon's death. 

The theory of Vesta, by M. Perrotin, is in continuation of 
hat published in the first volume of “ Annales de TObserva- 
oire de Toulouse, 1880," and deals with the algebraical expres- 
lions of the perturbations produced on its elements by'different 
planets. 

Enlargement of Photographs of Stellar Spectra. 

— The enlargement of all the photographs of stellar spectra 
taken under Prof. Pickering’s direction at the Henry Draper 
Memorial observatories is made by means of a cylindrical lens, 
and the result of the adoption of this method is well known. 
Dr. Scheiner, of Potsdam Observatory (Astronomische Nock- 
richten^ No. 2969), has obtained even better results by fixing 
the negative lengthways in a frame which has a to-and-fro 
movement. The motion causes the width of the lines to be 
ncreased on the plate being exposed, in a manner similar to. 
jhe increase that takes place when a cylindrical lens is inserted 
between it and the negative. The advantage of the arrange- 
ment over that of Prof. Pickering lies in the fact that the. 
diminution of the intensity of the lines in the • process of 
enlargement is much less. 

The method now desci^bed by Dr. Scheiner has been used 
luccessfully at South Kensington for some time* 
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THE SCIENTIFIC PRINCIPLES INVOLVED 
IN MAKING BIG GUNS. 

I. 

CTEAMSHIPS are now called hoats^ and the largest cannon 
are called gtms^ according to a process in language which 
philologists have explained j but while steamships have increased 
in size and complication, the gun, however big, satisfies the 
Hibernian definition of a cylindrical hole with metal placed 
round it ; and the most difficult problem of the gun-maker 
is to dispose the metal in thb most efficient manner, hampered 
as he is by the limitations of the metallui^ical art. 

The difficulties increase with the size of the gun, according to 
the well-known law of Mechanical Similitude. 

Geometrical Similitude is independent of scale ; a geometrical 
theorem is true, however large the figure may be drawn ; but 
the laws of Mechanical Similitude are complicated, when we 
notice the differences between a simple girder and the Forth 
Bridge, or oetween the anatomy of large and small animals. 

As an example of mechanical similitude, consider what sort of 
a steamship would be required to reduce the voyage to America 
from six to five days. The present steamers crossing in six days 
have a speed of 20 knots, and displacement of 10,000 tons, and 
the indicated horse-power is close on 20,000. To cross in five 
days the speed would have to be increased 20 per cent., to 24 
knots ; and now if we apply Fronde’s law that, at corresponding 
speeds as the sixth root of the displacements, the resistances are 
as the displacements, we shall find that the steamer would have 
to be of 30,000 tons, and of 65,000 horse-power, thus exceeding 
even the Great KasierrCs dimensions. 

Wifn given material, say steel, the strongest with which we 
are familiar, a limit of size is soon reached at which the structure 
falls to pieces almost of its own weight ; and recent experience 
with the heaviest artillery seems to show that we are nearing 
this limit. 

The larger the gun or stnicture, then, the greater the necessity 
for careful and scientific design and proportion. It is proposed 
to give here a sketch of the fundamental principles which guide 
the gun-makeri and which he applies to secure the safety of the 
gun under the greatest pressure it can ever be called upon to 
sustain. 

While reaping almost all the glory of success, the gun-maker 
cannot risk the disgrace of a failure ; on the other hand, the 
carriage- maker can work with a small margin of safety, as ample 
warning would be given of any failure, and breakage is easily 
repaired ; but the failure of a gun may be so disastrous that it 
must be avoided at all cost, so that the gun-maker never allows 
himself to work very close to the limits which his theory allows. 

At the present time the design and employment at sea or in 
forts of such monsters as our iio-ton or Krupp’s 135-ton guns is 
severely criticized and condemned in certain circles ; but it is a 
maxim in artillery that one big gun is worth much more than its 
equivalent weight in smaller guns ; and for naval engagements 
a few line-of-battle ships armed with the heaviest artillery are 
invincible, if properly flanked and protected by the light cavalry 
of frigates. 

So, too, with steamships ; the largest and fastest always fill 
with passengers, and by making rapid passages, and therefore more 
in a given time, are found to be more profitable in spite of 
their great initial cost and expense of working. 

The size of the gun is settled by the thickness of armour it is 
required to attack ; the calibre increasing practically as the 
thickness to be pierced, but the weight of the gun mounting up 
as the cube of the calibre. Thus if an 8-inch gun weighing 
13 tons can pierce 12 inches of armour, a i6-inch gun is required 
to pierce 24 inches, and the 16* inch gun will weigh 104 tons. 

Part I. — The Stresses in a Gun. 

(i) The theory of gun-making begins with the investigation of 
the stresses set up in a thick metal cylinder, due to steady 
pressures, applied either at the interior, or exterior, or at both 
cylindrical surfaces. 

So far, the dynamical phenomena which arise from the propa- 
gation and reflexion of radial vibrations are beyond our powers 
of useful analysis ; so that we restrict ourselves to the investigation 
of the elastical problem of the thick cylinder of elastic material, 
subject to given internal and external pressures, applied steadily, 
as in the case of a tube tested under hydraulic pressure. 

Fig. - 1 is drawn representing the stresses set up in a 
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cylinder or tube B, by an internal pressure pi ; we denote by 
Ti and To the inner and outer radii, the suffixes i and o denoting 
inside and outside ; and then r can be used to denote any 
intermediate radius. 

^ The stress at any point at a distance r from the axis will 
consist of a radial pressure, /, and a circumferential tension, t ; 
the radial pressure p decreasing from pi at the inner radius r,- ta 
zero at the outer radius r^,, the atmospheric pressure not being 
taken into account ; while the circumferential tension / at the 
same time diminishes from ti to /<>. 

The British units employed in practical measurements with 
guns are the inch and the ton ; so that r being measured in 
inches, / and / are measured in tons per square inch. 

(2) To determine the state of stress at any point of the cylinder, 
we suppose it divided by a diametral plane roViO riro \ and 
the equilibrium of an inch length of either half is considered. 

The stresses p and t being represented graphically by the 
ordinates of the curves pippo^ Utto^ the equilibrium of either half 
of the cylinder requires that the area of the circumferential 
tension-curve rJdjTo and its counterpart should be equal to the 
area of the rectangle O/,-, and its counterpart, these latter repre- 
senting the thrust due to the pressure pi on the half cylinder. 

Then, denoting the area rddoro by Q, and calling it the 
resistance of the section r,rt„ 

Q = Mi (I). 

^ If we divide the resistance Q by the thickness of the cylinder 

- r,*, we obtain the average circumferential tension in the 
material ; and when the cylinder is thin, the maximum circum- 
ferential tension A* and the average tension Q/(r^ - r,) will not 
be appreciably different ; so that a knowledge of the average 
circumferential tension will be sufficient for practical purposes 
in such cases as, for instance, of the cylindrical shell of a 
boiler ; and we have thus the elementary formula ordinarily 
employed in the design of boilers. 

But when, as in a gun or hydraulic press, the thickness has to 
be made considerable, we must have the means of determining 
the maximum tension A, and of contriving that ti shall not 
exceed a certain proof limit suitable for the material. 

(3) Now, just as the equilibrum of either half of the cylinder 
requires that the area rdd^ro = /,r/, so the equilibrium of either 
half of a part of the cylinder bounded internally by the radius 
r,*, and externally by any radius r, requires that the area 
rditr should equal the rectangle Opt minus the rectangle Op ; 
or, in the notation of the Integral Calculus — 

^ tdr Piri -- pr (2). 

The first attempt at a solution of these equations (i) and (2) 
is due to Peter Barlow, when called upon to calculate the 
strength of the cylinder of the Bramah hydraulic press, in a 
paper read before the Society of Civil Engineers in February 
1825, and published in the Edinburgh Journal of Science^ and 
in the Trans. I.C.E., vol. i. 1836. 

(4) Barlow assumed that under an internal pressure the metal 
is compressed radially as much as it is stretched circumferen- 
tially, so that the cubical compression of the metal is zero, and 
he is justified therefore in putting / = / in the material of the 
cylinder. 

Then equation (2) becomes 


\ pdr = pin - pr\ 

Vi • 

so that, differentiating with respect to r, 

^ - d{pr)ldr, or dp/p -f 2dr/r = o ; 


and integrating again with respect to r, 


or 


log / + log =: constant, 

/r® = a constant ;/=;/ = ar-® .... (3) ; 


so that / and /, if equal, vary inversely as the square of the 
distance* from the axis. 

Thus, a cylindrical tube under internal and external pressures 
which are inversely as the squares of the internal and external 
radii respectively, will, according to Barlow’s law, have at any 
point a radial pressure and an equal circumferential tension, 
also inversely as the square of the aistance from the axis* 
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When the thickness of the cylinder is considerable, compared 
with the bore, this solution of Barlow will give a very fair 
indication of the true result. 

(5) But Rankine showed (“ Applied Mechanics/’ § 273) that, 
by superposing the state of hydrostatic stress produced by equal 
internal and external pressures, we obtain the algebraical solu-^ 
tion of the most general case where the internal and external 
applied pressures are arbitrary. 

For if we suppose the state of stress in the cylinder is a hydro- 
static stress, composed of a radial pressure and an equal 
circumferential pressure then equation (u) becomes — 

y pdr = //- - piVi ; 
and differentiating with respect to 


so that 


• p :=. d {pr)ldr, or dpjdr = o ; 

p ^ ^ constant ; and then t — - b . . . (4). 

(6) The superposition of this state of stress on Barlow’s s,tate 


of stress gives — 

= err — - + 


or 




/ = ar-'^ - b . . . . (s), 
p - t = 2 b-, 


values which will be found to verify equation (2) ; and now the 
constants a and b are determined for arbitrarily applied internal 
and external pressures pi and by the equations 


so that 


Pi = ar, — 2 + b, 

a = ~ 

ri~^ - ro- 


po — aro~'* + b 

ifi - foYr^ . 
- rP 


b = 

• 

These results were first obtained by Lame and Hart (the late 
Sir Andrew Searle Hart, of Dublin), but in a much more com • 
plicated manner. Lame’s solution was given in his **Le9ons 
sur la thcorie mathematique de I’elasticite des corps solides ” ; 
while Hart’s treatment of the question will be found in Note W 
to Robert Mallet’s “ Physical Conditions involved in the Con- 
struction of Artillery ” (1856). An investigation of the same 
problem by Maxwell, when about eighteen years ^Id, in the 
Trans. R. S. Edin., vol. xx. 1850, has been generally over- 
looked. 

Rankine’s treatment analyzes the mechanical signification 
of the separate terms of the solution, and obtains them by 
simple reasoning from the state of stress, without an (appeal to 
the laws of elasticity and the consequent state of strain. 


I 



I 

< 



Fig. 2. 


(7) Putting = poi'J^ makes ^ o, and gives the particular 
case considered first by Barlow ; and putting /, = po makes 
^ r= o, and gives the additional particular case of uniform 
hydrostatic stress invented by Rankine. 

But, in the general case, a and b may have any values, posi- 
tive or negative, according to the relations between /*• and po^ rt 
and ro. 

Thus, as in Fig. I,*with = o, we find — 


(8) Now using / to denote the average value of the circum- 
ferential tension, so that 


and then 


ti -piK^^ . 

-1* ^ » ' 


/ = air - » + ^ 
t 


ft 


r-* - 


ar -^ ~ b => Pif— 1 ^^ “ 


*r;*-rP* 

f o ^ i 
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+ r, 


— 3 


+ rf 


( 6 ) 


n-* - r.- 

(7) 

ri-t - r.--* 


.( 8 ) 

.( 9 ) 


then 


/ = Mi/(r r,), 


li •_ 
t ~ 


+ r? 


nin + r,) 


/ij- 1 


rt - Vi 

Vi + n 


(10) 


I thus showing that the maximum tension /# may exceed the 
average tension / by a considerable amount ; and it is this 
maximum tension /< which must be carefully watched and kept 
I down below a certain working value ; so that, with given U, the 
maximum allowable pressure in the tube is given by 


pi = ti 


a . 


rd 


r S 


+ r/ 


This is the formula now used in the design of a hydraulic 
press, or of a thick tube, of bore 2^*, to stand an internal 
pressure Pi ; U being fixed ^y the strength of the material, and 
then being calculated. 

We notice that pi is always less than fi, so that a tube, how- 
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^ver thick, cannot stand, if unsupported, an internal pressure 
greater than the working; tenacity of the material. 

But, as the pressures in gunnery often exceed the tenacity of 
any known material, the requisite strength must be provided by 
an initial compression of the tube due to shrinking on one or 
more cylindrical jackets. 

(9) 2 is drawn representing graphically the state of stress 

set up in a tube A by an external applied pressure dio, as in the 
tube or flue of a boiler by the external pressure of the water, or 
in the internal tube of a gun by the shrinkage pressure of the 
outside jacket. ‘ 

Denote by pi and p,, the inner and outer radii of the tube A, 
and by p any intermediate radius. 

The stress at any point of the tube will now consist of a radial 
pressure ts, and of a circumferential pressure r, represented by 
the ordinates of the curves ; and dividing the tube 

by a diametral plane pc^piOpipo^ and considering the equilibrium 
of inch leneth of either half, we shall And as before that the area 
Pi^iToPo ^ the rectangle ~ tiopo ; while considering the 
equilibrium of any coaxial cylindrical portion, bounded ^y the 
radii p^ and p, then the area prropo = rectangle - rectangle 
Os> ; or, in the notation of the Integral Calculus — 


of the arbitrary pressures applied to the interior and exterior 
surfaces. 

(10) Now with = o, 


so that 


and then 


O = ^ + apt “ ~ ^ -f apo “ - ; 


a 


Pi 





Pi 


- Po' 


-j > 


~ 3 + ap - 2 =r SJo 

pi 


T 

= $ 

— 

ap-- 

II 

PC 

tIJL 





pi 

~ - Po- 

To 

= tHo 

Pi 

-4 






pi 

-- Si „ 



pj‘ - pr 

Ti 

= dio 



2pi - 

- 3 





pi 

^ '2 

Pa-- 


- Pi 


. .(13) 
. .(14) 
. .(IS) 
. .(16) 


Given, then, r,. the maximum allowable crushing pressure 
of the material, then 


/ 


Po 


rdp — 3 ><,p^ - 


. . .(II) 


leading, by differentiation with respect to p, to 

T = ~ d{dip)ldp ; (n*) 

the general solution of which can, as before, be exhibited in the 


form- 


= 3 + ap 


= /3 - ap -\ .... ( 12 ) 


or 


(<S ~ t)p^ = 2 a, a + r = 2fit 

where a and 0 are arbitrary constants, determined from the values 


- pt^)l 2 po^ = - prlpo^) . . . ( 17 ) 

is the maximum allowable external pressure on the tube. 

(II) If we makepe, = r^and dSo = /i, the tube A of Fig. 2 
may be supposed to be gripped by ihe cylinder b of Fig. i, of 
which only the upper halves need now be shown, as in Fig. 3 ; 
and now Fig. 3 will represent the cross-section of a tube, a, 
over which a jacket, B, has been shrunk, as at the breech end 
of an ordinary field-gun, and will represent graphically the 
stresses set up when the pressure, 0^ = at the common sur- 
face, is supposed known ; these are called the initial stresses, or 
I stresses of repose ; the internal pressure at the radius p^ and the 



.external pressure at the radius being zero, as the atmospheric 
pressure is insensible in our calculations. 

In Fig. 3 we notice that the total pull resistance across the 
section represented by the area rotJiri, is equal to the total 
thrust resistance of the section popi, represented by the area 
.p^ToTipi, and each of these is equal to the resultant pressure 
thrust represented by the area of the rectangle O/,*. 

(12) Now, suppose a pressure P (say 15 tons on the square 
inch) is applied at the interior of the tube, either by the steady 
pres'iure of water, as in a hydraulic press, or by the momentary 
pressure of gunpowder, as in the bore of a gun. 

VVe suppose that the additional stresses due to this pressure, 
P, which we shall call the poivder stresses, are the same as those 
which would be set up in a homogeneous cylinder of internal 
radius and external radius ; by a steady pressure, P ; and 
these fxiwcler stresses will therelorc, by what precedes, in equa- 
tions (6), (7), (8) (Fig. i), at a distance r from the axis, consist 
of a radial pressure — 

(18) 


I having a maximum value at the bore of 

T — p P< ^ ^ 

We must superpose these powder stresses on the initial 
stresses of the compound cylinder to obtain the stresses when 
the cylinder is used as a gun (or hydraulic^ press) ; these are 
called the firing stresses, and they are exhibited graphically in 
Fig. 4. 

(13) We now see the reason for setting up initial stresses in 
the gun by shrinking a jacket over the interior tube. 

For the maximum circumferential tension at the bore on firing 
is reduced by the initial stresses from 


pi 


— 3 


- -j* 


and a circumferential tension — 


Pi 


2 ^ 


.. . . (19) 
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T = 

Pi 


— 2 




— a _ 


— 2 

f 

. — a 


to P'"- 


„2 


+ ro‘ 


Pi-'^ - ro 


- 


pi 


20i 

— i .1 


— 3 


Po' 


. (20) 


while at the interior of the jacket the circumferential tension is 
altered from 


Pi 


— 2 




.2 ^ 




to P 


pV--- - r,--^ 


. (2O 


The maximum stresses in the gun are thereby equalized to a 
great extent, and material can be econoaiized. 
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(14) Thus, with pilpo = r./zv = i, and P = 15, the powder 
stresses are given by circumferential tensions — 

T = t*=: 17, 5; 

so that, with a shrinkage pressure wo = pi = 3, the principal 
firing stresses are given by circumferential tensions — * 

Trf = 17 - 8 9, a great reduction on 17, 


= 5 “ S = 

A, = 2 + 2 = 4. 

We need not consider the radial pressures for practical 
purposes. 

To equalize these maximum tensions, t, = 9 and A = 10, the 
tube might be made slightly thicker and the jacket thinner, or 
else the shrinkage pressure wo or pi slightly diminished^ keeping 
to the same bore and external diameter. 

(15) We have thus shown how the^ initial stress, the powder 
stress, and the firing stress at any point of a gun composed of 
a tube and a single jacket is found, and exhibited graphically in 
3 and 4. 

The curves in the figure are seen to be all similar to a curve 
whose equation is of the form y ^ ax ~~ now called the Barlow 
curve. 

When the gun is built up of three or more concentric cylinders, 
the method of procedure is the same ; the initial pressure 
between the cylinders may be supposed known from the amount 
of shrinkage given in the manufacture ; and now, taking any 
intermediate cylinder of the gun under initial pressures pf and 
po at the internal and external surfaces, of radii and we 
erect ordinates to represent /,* and and draw the Barlow curve 
joining their ends. 


The Barlow curve representing the circumferential tension or 
pressure will always appear as an equal reflection of the pressure 
curve, the position being assigned so as to make the area of the 
circumferential tension curve equal to pou - par ^ ; and it may 
happen that this area may vanish or become negative, showing 
thkt'sbYnfe dr alPof the Initial ^irbufnfhr^ntial t^nsiohs* are 'really 
pressures. 

(16) But practically the gun-maker reverses this procedure > 
with him it is the maximum circumferential firing tension A* of 
a tube or hoop -which is limited by the strength of the metal ; 
so that, starting with these A’s,^ as given, he calcuhites the 
pressures between the successive coils of the gun, proceeding 
inwards; and finally determines the maximum allowable powder 
pressure in the interior of the bore. 

Afterwards he subtracts the powder stresses from these firing 
stresses, and thus obtains the initial stresses in the gun ; 
and then from these initial stresses he calculates the amount, 
of shrinkage to be given to the coils or hoops to obtain 
the requisite state of initial stress. But we shall ohow subse- 
quently that the requisite amount of shrinkage is given just as 
simply from the firing stresses as from the initial stresses ; so 
that henceforth we need only determine the firing stresses. 

(17) Then Fig. 5 represents the maximum allowable firing 
stress over the powder-chamber of the American 8-inch gun, 
shown in cross-section, as composed of an inner lube, A, over 
which a jacket, B, and two hoops, c and D, have been shrunk on. 

In practice, the maximum allowable tension in the jacket and 
hoops is restricted to 18 tons per square inch, but in the inner 
tube to 15 tons per square inch, so as to allow for erosion of the 
bore, the weakening due to the rifling grooves, and the possible 
failure of the tube. • 

(18) In the notation of the ** Text-book of Gunnery,” 1887, 
by Major Mackinlay, R.A., supposing there are n cylinders in 
the cross-section of the gun, the successive rad ii of the cylindrical 




surfaces, beginning from the outside, are denoted in inches by 
r„, r„ - 1, . . rj, /-j, r, ; and the firing pressures at the 
surfaces of separation are denoted by/„-i, . - •\P^^P\^ and 
/o finally denotes the powder pressure at the radius of the 
bore. 

We notice that there is no sudden change in the value of the 
radial pressure ; but that the circumferential tension, A changes 
suddenly from one cylinder to the next. 

As we are concerned principally with the maximum 
which occur practically at the inner surface of a cylinder, we 
denote them, proceeding inwards, by Ai — I, Ai — 2f • • • fa> 

A, ; and we shall suppose them to change suddenly to t*n - i» 
Pn - 2, . • . t\<t in proceeding inwards to the next cylinder. 

(19) Starting from the outside cylinder, the stress formulas 
give, since pn = o, 


while 
so that 


/» - 1 = i. 1 + o * 

/*» — j — j, _ j t n- 


in 




or 


_ Si 

^1# — 1 — • — 1* • 

r""* - -f r"*'* 

• n — 1 n 


• • (22) 


giving pn — . 1 .w^ep /« — j i» assigned by its maximum allowable 
value. 
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Also 

Ai — 1 — = /w — 1, (23) 

giving /'w, if required for the diagram. 

Proceeding inwards to the next cylinder, we have (with* 
different values oi a and b ) — 

pn—i- ar„l^ + _ 1 = ar-l , + 


_j = ar"® ^ - <5, = ® , - ^ ; 

SO that, eliminating the a and b, firit b and then a, 

- 2 - /« - 1 = „ l s ” '■» i 1 )» 

- 3 + P» — j = 2. g + t ) > 

and therefore, by division, 


pn 2 - — 1 = - 


r* — “ 

' « — 2 ' 1/ — 1 


w-S ^ //—I 


(tft — ^ 4- p„ _ j>, 


or 


- 


pfi ^ ^ — 


^ — 1 - 2 


(A/ _ 2 + A ~ 1) + - 1 • (^V 


y* a- 

' « — 1 ^ '11—2 


giving /ii-- 2 when , is known, and when U assigned) 
by its maximum allowable val ue in practice. 

Also • 

Ai-2 " f - A-i • • • 
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thus determining fn - ^ ; a knowledge of is required 

when we come to the determination of the amount of shrinkage 


necessary to produce Ph^\* 
Proceeding successively in this 


manner, we finally obtain- 


- 3 _ 


A = +/s • . . . (iH‘) 

= ^ +/») +A . • . . (ii.) 


A = 


_ »'i 


a - r a 


^{/o+A)+A .... (i.) 


r^a + V 

thus determining /g, the maximum allowable powder pressure in 
the gun, for maximum working values of ^1* — 1 > 

land these arc the fundamental equations employed in gun- 
making. 

(20) VVitV, no shrinkage, or a homogeneous gun, the maximum 
allowable powder pressure would be reduced to 


® a» 

0/ “T ^ 0 

SO that we perceive the advantage of the shrinkage in strengthen, 
ing the gun. 

(21) In Fig. 5 the dimensions are taken from the American 
Notes on the Construction of Ordnance,'* No. 31, by Lieut. 
Rogers Birnie, slightly altered to round numbers ; the diameter 
of the powder- chamber of the 8-inch gun is supposed to be 10 
inches ; so that = 5 ; and we put = 7, = ii, rj ~ 13, 

^4 = If ; instead of 4*75, 7, 11, 13 x5, and 1575, as given in the 
Note 31. 

Now, solving equations (25), (iv.), (Hi.), (ii.), (i.) with = o, 
^3 = /“a = /j = 18, = 15, we shall find — 


/3 = 


16" - 13^ 


X 18 = 3 7, 


i6*^ +13^ 

A = 37 ) + 37 = 7 ' 3 , 

A = *8. 

A = 287. 


= * 4 ‘ 3 ; 

/'a a 14*4 ; 

^'2 = 7-3; 

= 4-3. 


Thus, the maximum allowable powder pressure in the chamber 
of this gun is nearly 29 tons per square inch ; so that if the 
pressure is limited to 17, the gun has a factor of safety 

29 -f-i 7 =i 7. 

Joining the tops of the ordinates for p^ and /i, and &c., 
by Barlow's curves, we have the graphical representation of the 
maximum allowable firing stresses of this gun ; in which it must 
be noticed that the area of the rectangle, p^r^ = 143 ’5, is equal 
to the area of all the circumferential tension curves bounded by 
the jagged edge • • • 

(22) With a powder pressure /p = 287 (tons on the square 
inch) the powder stresses will be given by 


/o - 


i6-^ 

16^ 5^ 


287 = 34 ’ 9 . 


A - vs 7’^ - 16-2 

A A -.3-,. 


13*, 


and 


'1 = ^0 - A +A = *9*3 = A; 
A = 3*5. ti = 91 = fii 
A = * o , /j = 7*2 = ; 

A = 0. ^4 = 6-2. 


Subtracting these powder stresses from the firing stresses, we 
are left with the initial stresses in the gun in a state of repose, 
represented in Fig. 6 , and given by 


A = o, 
A = 4 9 , 
A = 38, 

A = 27, 
A = 0, 


A = - *9 '9. 

4 = - IS . 

/j — “ 2*4, 

*= 7 - 2 , 

t\ = 81, 


/, = - 8 


|'3; 


8-3; 

10*8. 


(23) The data to which the gun.maker works are, first, the 
calibre of the gun ; and secondly, the maximum powder pressure 
to be expected at any point of the bore ; from these data, and 
the quality of the steel at bis command, and also from the 
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capacity of his machinery in producing and shaping the various 
pieces, the gun-maker proceeds to calculate the requisite thick- 
ness and number of the coils, arranged so that the maximum 
working tension shall not exceed certain practical limits laid 
down (18 tons per square inch in the coils, and 15 in the tube). 

Thus, suppose he is called upon to design the cross-section of 
a gun over the powder-chamber, 10 inches in diameter, to stand 
a pressure of 20 tons per square inch. 

He will generally take a factor of safety, say 2, and allow for 
double the pressure, so that he puts p^ = 40, and then /q = *5- 

He has given as 5 inches, and now is settled by the 
manufacture of the solid steel block or log, which is bored out 
to form the inner tube A ; and now he can calculate pi and 

Practical considerations of manufacture decide the thickness 
and external radius to be given to the jacket B ; and now, 
knowing and — 18, he can calculate and /'j. 

Similar practical metallurgical and manufacturing considera- 
tions decide the most suitable thickness for the hoops c, D, . . . ; 
and when he finds the radial pressure has become zero (or 
negative) the gun-maker knows that he has given his gun 
sufficient thickness and strength. 

(24) A rule, suggested by Colonel GadoHn, was originally found 
convenient, by which the radii of the coils were made to increase 
in geometrical progression ; this rule, though useful when guns 
were formed of a steel tube strengthened with wrought-iron 
hoops, is obsolete now that steel is used throughout ; it was, 
however, formerly employed as a first approximation in the 
e'entative solution of the problem. 

# 

The Longitudinal Stress in the Gun, 

^ (25) So far we have not yet taken into account the distribu- 
tion of longitudinal tension in the gun ; and it must be confessed 
that no satisfactory rigorous theory exists at present for the 
determination. 

Practically it is usual to take the longitudinal tension as 
uniform across a cross-section, and as due to the powder- 
pressure in the bore, treated as a closed vessel, closed at one 
end by the breech-piece, and at the other by the projectile. 

Thus, with Tq and as the internal and external radii, and 
Pq as the powder-pressure, the longitudinal tension will have 
its average value 


"VAMa® - V) = A/(^2W - 1) 

tons per square inch. 

The average circumferential tension being 

A»'o/(A - A)i 

this longitudinal tension will be 


(26) 




r"* — 


r. + r„ 


of the average circumferential tension, reducing to one-half in a 
thin cylinder, in which we may put r, = 

For thii reason it was formerly considered safe to leave the 
longitudinal strength to take care of itself ; but some alarming 
failures, in which the gun on firing drew out like a telescope, 
have shown the necessity of carefully hooking the coils together, 
to provide the requisite longitudinal strength. 

The larger the gun, the greater the number of separate parts 
requisite in its construction, and the greater the difficulty of 
providing for longitudinal strength. . . 

(26) By taking a simple cylindriral tube under given internal 
and external pressures, and supposing it closed by hemispherical 
ends, a certain theory of distribution of longitudinal tension can 
be constructed. , 

For while the cylindrical part has the same transverse stresses 
as previouslyr investigated, the stresses in the hemispherical ends 
may be considered the same as would be produced if they were 
joined up into a complete spherical vessel, under the same 
applied pressures. 

A similar procedure to that already given for the cylinder is 
shown by Raokine (“ Applied Mechanics,” § 275) to lead to 
radial pressure / * + b, and tension t a= - b, in all 

directions perpendicular to the radius r. 

For equation (2) for the cylinder becomes modified in the 
sphere to 


J u 


2 wrtdr =a ] 


(27) 
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or, differentiating with respect to 

2r/ = - d{r'p)ldr 

=:; — 2rp — r^dpjdr^ 

t =Z -- P - irdpfdr. (28) 

(27) The first assumption of Barlow, that there is no cubical 
compression, gives / = i/ ; and therefore 

^(P/P + 3^^!^ — 
or 

pr^ = «, a constant, 

/ = 2/ = 

Rankine’s second assumption of uniform hydrostatic stress 
gives ^ =z ^ p; and therefore 

dp/dr = o, / = a constant. 

Hence, in the general case, 


p ar-- ^ / = iar “ * - . . . . (29) 

where a and If arc determined from the given values pi and po of 
the internal and external applied pressures ; so that 

pi = ai-i - ^ po — avo - * + 

_ _ pi ~ Pc • 


n 


~ .Po _ b = - P »'> 

- n) “ * ’ rP - rp 


(30) 


(28) We may now take - b to represent the longi^ 

tudinal tension at fadius r in the cylindrical part of the closed 
vessel. 

Unfortunately for the strict mathematical accuracy of this 
method, we must suppose the circumferential tension to change 
suddenly from its value given from the formula - - b to 
one given by a formula of the form - b\ in passing 

from the cylindrical part to the hemispherical end. 

A. G. Greenhill. 


( To be continued , ) 


STUDIES IN BIOLOGY FOR NEW ZEALAND 
STUDENTS.^ 

TT is now generally recognized that of all recent works dealing 
-*■ with elementary natural science, none have more thoroughly 
revolutionized our methods of teaching than those of Huxley, 
well known ; and the years 1875-77 will be for all time memor- 
able to English-speaking students, as those which marked their 
publication. The principles therein laid down are now so well 
known and generally adopted, that explanation of them would 
be here superfluous. In his work on “Physiography'' the 
author points out (preface, p. viii.) that any intelligent teacher 
will have no difficulty in making use of the resources of his 
surroundings, in the manner and to the end laid down by him- 
self ; and this, in the long run, is the refrain of the method by 
which he has effected the revolution alluded to. So far as 
external evidences go, this wise counsel appears to have been 
nowhere more readily acted upon than in New Zealand. 

Prof. Hutton, now of Christchurch, New Zealand, early took 
the hint ; and, in so doing, produced the first of the series of 
pamphlets now under consideration. He chose for his purpose 
the Shepherd's Purse (cf. Nature, vol. xxiv, p. 188), and Prof. 
Parker, who succeeded him, has, in turn, prepared notes serial 
with those of his predecessor — upon “The Bean Plant” (1881), 
and now upon “The Skeleton of the New Zealand Crayfishes.” 
During the interval between the publication of Prof. Parker’s 
pamphlets there appeared the third of the series, entitled “The 
Anatomy of the Common Mussels {Afyiilus latus^ edulis, and 
niagellanicus)*^ This, the work of Alex. Purdie, and the least 
didactic of the series, was originally presented as a thesis for the 
degree of M, A. in the University of New Zealand. 

The pamphlets alluded to arh illustrated — in the case of that 
before us, by six clear woodcuts; and those of Parker, with 
which we need now alone be concerned, chiefly depart from the 
precedent laid down by Huxley in their less rieid adherence 
to the single type organism chosen for study. Wherever parts 
of this are, by adaptive change, so modified as to be non- 

’ Studies in Biology for New Zealand Students.** No. 4. **The 
Skeleton of the New Z^and Crayfishes (PaUnurus and Paranephropi)** 
By T. J. Parker, B.Sc., P.R.S., of the University of Otago. (Wellington: 
Colonial Museum and Geological Survey Department. London : I'rObner 
a^d Co.) 
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typical in structure, Parker has introduced supplementary de- 
scriptions of corresponding parts of less modified allies. The 
necessity for this mode of procedure is now generally recognized ; 
and the only danger to be averted in the future is that of un- 
conscious reversion to the old condition of the omnium 
gatherum of scraps.” Let the type organism be always adhered 
to as closely as possible. Prof. Parker has exercised, in the 
matter, a wise discretion ; and, having availed himself of the 
researches of Boas, has, given to the world of carcinologists a 
laboratory guide which cannot fail to be of great service to 
them. The arthropods of the genus Palinurus hap*pen to 
have furnished him, a few years ago, with material for original 
observation ; the results of his inquiry are brought to bear upon 
the needs of the beginner in' the pamphlet before us, and the 
value of the latter is thereby enhanced. 

In dealing with the morphology of the eye-stalk (and of 
the pre-oral region generally). Prof. Parker states the alter- 
native views, and gives the names of their leadings upholders. 
Although he adopts the belief that the ophthalmic and 
antenpulary regions of the arthropod body do not form the 
first and second metameres, and introduces, in accordance there- 
with, a revised nomenclature, his remarks, when dealing with 
the real point at issue, are so framed as to leave the mind of the 
student unbiassed. And moreover, he has so arranged his book 
that consideration of this vexed question in morphology i.s 
deferred until the concluding paragraph. This is as it should 
be. He naively summarizes the position in the words ; — 

“The fact of the eye-stalk bearing a flagellum seems to prove 
conclusively that it and the antennule are homologous. The 
question then resolves itself into this : Are the eye-staUj[s and 
antennules appendages in the ordinary sense, i,e. lateral onshoots 
of the first two metameres, or are they to be looked upon 
as prostomial appendages comparable with the tentacles of 
Choetopods and the antennoc of insects ? ” 

Mindful of comments upon the general question raised in 
the above, which have already appeared in this journal (Nature, 
vol. XXXV. p. 506), we are of opinion that eomally good argu- 
ments are still to be adduced on both sides. The extraordinary 
facts of development of the invertebrate nervous system which 
are now accumulating, render it doubtful if we are justified in 
regarding the prostomium as something so very different from 
the rest of the body as we are wont ; and we are led to ask 
whether it may not merely represent a precociously differentiated 
portion of the common perisoma ? It there is any truth in the 
belief that the symmetry of the bilateralia is a laterally com- 
pressed radial one, the probability that the prostomium may 
represent that which we suggest becomes vastly increased ; and 
it is worthy of remark that that lobe in some Chictopoda 
{Nemodrilus^ Fhreoryctes) so far conforms to the characters of a 
body segment as to become externally subdivided. Nor must it 
be forgotten that the Catometopa bear (especially the Ocy podidee)^ 
an optic style which would appear to present us, in its variations, 
with a series of conditions transitional between that of the eye- 
stalk of Milne- Edwards’s Palinuf'us (to which Parker appeals 
in seeking to show that that appendage and the antennules are 
homologous) and that of the ordinary podophthalmatous forms. 

We congratulate the students of the University of Otago upon 
the good use which, in their interests, their Professor has mado 
of the advice of his distinguished master. We cannot, however, 
allow to pass unnoticed the statement (p. 7) that the seventh 
abdominal somite (by which term Prof. Parker designates the 
lelson) bears append^es only in Scyllarus. This is not the 
case, as has been previously pointed out in these pages (Nature^ 
vol. xxxii. p. 570). The supposed appendages, did they exist, 
would be at least peri-proctous in position ; and, as there is reason 
to believe the antennules (which Parker, be it remembered, admits 
to be serially homologous with the ophthalmites) to have been 
originally peri-stomid, if not meta-stomial, the supposed peri- 
proctous appendages might, with equal reason, be denied< 
homology with the other abdominal members. 

Finally : the altered position of the sterna in the anterior 
cephalic region and the consequent displacement of their ap- 
pendages is said to be “a result of the cephalic Jlcxure^ by 
which, in the embryo, the anterior cephalic sterna become bent 
strongly upwards.” Allowance has not yet been made, in dealing 
with this question, for the fact that, in the Decqpods, these 
changes are greatly exaggerated by the general enlargement of 
the cephalo-thoracic reg^n, consequent upon the aggregation 
therein of the more important and specialized viscera, and upoa 
specialization of the thoracic appendages for ambulation. 

G. B. H, 
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THE MANCHESTER WHITWORTH 
INSTITUTE. 

^PHE inaugural proceedings in connection with the formal 

^ organization and constitution of the Manchester Whitworth 
Institute took place on Thursday last, July 17. Among those 
present were Lord Hartington, Sir F. Leighton, Sir Joseph C. 
Lee, Sir J. J. Harwood, Mr. W. Mather, M.P., Sir Henry 
Roscoe, M.P., Mr. O. Hey wood, and many representatives of 
educational institutions in the city. 

The governors first held their inaugural gathering in the 
building which is to form part of the museum, and which stands 
in one corner of the park. Afterwards, a meeting was held in 
a tent in the park. At this meeting Lord Hartington said that, 
although he had not been aware that he would be called upon 
to address them before the evening proceedings, he was pleased 
to move a resolution which acknowledged the wise benevolence 
and generowity of the legatees of Sir Joseph Whitworth, and 
commended the Institute to the support of the public as sub- 
scribers and donors of works of art and books, and to the com- 
munity of Manchester for a contribution from its municipal funds 
for maintenance. He described the new departure taKcn that 
day as of a very important and possibly momentous character — 
probably the most important and ambitious step which had been 
taken yet in the direction of the movement of technical and 
scientific instruction and art education. That undertaking was 
the embodiment of a great idea, and the charter of the institution 
appeared to have embodied the ancient idea of a University, 
under which various colleges independent of one another agreed 
to co-operate in a common management and government, while 
retaining a considerable independence for a common end and a 
common good. In one respect, however, the ancient course 
seemed to have been reversed, for the University was prepared 
to support the colleges, which were the technical and art schools, 
instead of the colleges supporting the University, as of old. In 
conclusion, he expressed a hope that the example of the Whit- 
worth legatees would lead others, and especially the Corpora- 
tion, to assist and promote the useful objects of^the Institute. 

The proceedings connected with the opening' of the Institute 
were continued in the evening, when the Mayor en tertained a 
distinguished company at a banquet in the Town Hall. The 
loyal toasts having been honoured, 

The Mayor proposed the residuary legatees of the late Sir 
Joseph Whitworth. 

Chancellor Christie, in responding, said it was the earnest 
desire of the late Sir Joseph Whitworth that his fortune should 
be employed in promoting the cause of education, and especially 
of science and art education. He desired that there should be 
a graduated system of schools and colleges, by which a deserving 
lad might rise from the lowest elementary school to the highest 
institutions for the teaching of science, literature, or art. How 
best to accomplish this exercised Sir Joseph Whitworth for 
many years, but he was never able to perfect a scheme. That 
work he left to his legatees, and they had already spent over 
;^300,000 in carrying out what they believed to be his ideas, 
while other liabilities still remained. 

Mr. Alderman Thompson proposed Success to the Whit- 
worth Institute.” 

The Marquis of Hartington, in responding, said that his con- 
nection w'ith the question of technical education was an ex- 
tremely slight and superficial one. He did not pretend to be 
be an expert on the matter, and he had only taken it up because 
he had been struck with the fact that every other country in 
Europe gave more time and money to the promotioiof technical 
education in some form or another than did the English nation. 
This stale of things was coincident with complaints of the great 
severity of the commercial and industrial competition to which 
we were exposed. He could not help asking himself whether 
there was any connection between our neglect of technical edu- 
cation and the increased severity of the competition to which 
we were exposed. Then there was another question. Suppose 
the severity of the commercial competition were due to other 
causes, were we giving ourselves every chance in neglecting the 
techniq|a^^,fiducation of our industrial population? He thought 
it wasllBiar^ly possible to exaggerate the importance of this 
question. To us the maintenance of our place in the race of 
commercial and industrial competition was not a question of 
greater or less prosperity at any particular moment ; it was not 
A question of being leader or follower in the world's civiliza- 
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tion ; it was for many millions of our population a question of 
actual existence. Jf, through any circumstances, we ceased to 
be the greatest producers of the necessaries the world requirdl ; 
if, through any circumstances, we ceased to be the greatest dis- 
tributors of the wealth of the world, not only would these small 
islands cease to be the seat of a great empire, but their limited 
extent would fail to produce the materials of bare existence for 
millions of people whom our industrial supremacy alone had 
brought together and enabled to exist here. We had received 
from our predecessors a great inheritance — the commercial and 
industrial leadership of the world. Up to the present time that 
inheritance had not shrunk or dwindled. Our pre-eminence 
had been largely due to the natural advantages we had enjoyed, 
but we knew that the conditions of supremacy, such as we 
had hitherto enjoyed were not filways permanent. History 
taught us that in ancient times Greece and her colonies, and 
in modern times Italy and Holland, enjoyed that commercial 
supremacy which had more lately been ours. That supremacy 
had passed away from those countries under the changing condi- 
tions of commercial and industrial enterprise in Europe, and 
it would be rash to predict that our natural advantages, 
to which we owed so much, were sure to continue. It 
would be impossible for human foresight to make adequate 
protection against what might happen, but it must be a great 
advantage to any nation when the leaders and captains of its 
industries and commercial pursuits were able to avail themselves 
^f the most complete scientific education which it was possi))le 
to give. It was such considerations as these that had induced 
him upon more than one occasion to call the attention of his 
fellow-countrymen to the importance of this question. He 
could not pretend to do more. How these things were to be 
attained he left to experts to say. We might have long to wait 
before, by the action of the State, any measures would be taken 
which we might hope would place us on a footing as regarded 
technical and scientific education with other European nations, 
and it therefore gave him the greatest satisfaction to see that 
localities where the need was more especially felt had them- 
selves taken the initiative, and had founded institutions for the 
purpose of making some advance in that which had been con- 
sidered to be the business of the State in other countries. There 
was one feature of the present time which was calculated to give 
cause for just and legitimate satisfaction. He alluded to what 
he thought he saw in the growth of local public spirit. Such a spirit 
had never been altogether wanting among us. That it existed 
formerly among us was abundantly proved by the munificent 
foundations for religious, educational, and charitable purposes 
which our forefathers had handed down. There was a time 
when there wa.s a tendency for even these ancient foundations 
to lapse into lethargy, and mismanagement began to prevail, 
but all that had begun to change, and now we had not only 
been occupied in reforming the abuses of those old foundations 
and institutions, so as to make them fully available for the new 
and growing wants of the people, but there had been shown to 
exist at the present time to as great an extent as formerly a 
disposition on the part of individuals who had acquired wealth 
in certain localities to use that wealth not for any selfish or 
personal purpose, but for the benefit and advantage of that 
population in the midst of which they had lived. He doubted 
not that the example which had been set by men like Sir Joseph 
Whitworth would be largely followed. 

Sir Frederick Leighton also responded. 


WEIGHTS, MEASURES, AND FORMULA 
USED IN PHOTOGRAPHY. 

'T^HE Photographic Convention of the United Kingdom, at a 
^ meeting held in the Town Hall, Chester, on June 26, 
considered the Report of a Committee which had been ap- 
pointed to consider the weights, measures, and formulae used in 
photography. The Committee consisted of W« Bedford, C. H . 
Bothamley (Secretary), A. Cowan, A. Haddon, A. Levy, A 
Pringle, and G. Watmough Webster. The Report was drawn, 
up by C. H. Bothamley. The following recommendations were 
unanimously adopted by the Convention : — 

A. Wiights and Measures. — ( 1 ) If the metric system be used, 
weights will naturally be expressed in grammes and measures 
in cubic centimetres. 
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(2) If the English units be used, the minim and the drachm 
should not be employed at all. All weights should be expressed 
either in grains or decimal parts of a grain, or in ounces and 
fractions of an ounce ; all measures in fluid grains, or in fluid 
ounces and fractions of a fluid ounce. 

B. Formula, — (3) Formulae should give the number of part$ 
of the constituents, by weight or measure, to be contained in 
some definite number of parts^ by measure^ of the solution. 
The mixture can then be made up with (a) grammes and cubic 
centimetres, or {b) grains and fluid grains, or {c) ounces and 
fluid ounces, according to the unit selected. 

(4) The standard temperature for making up solutions should 
be 15® C. or 62® F. Jso appreciable error will be introduced 
by the fact that these two temperatures are not quite identical. 

(5) Formulae should give the quantities of the constituents to 

be contained in x parts of the finished solution, and not the 
quantities to be dissolved in x parts of the solvent. When a 
solid dissolves in a liquid, or when two liquids are mixed, the 
volume of the solution or mixture is, as a rule, not equal to the 
sum of the volumes of its constituents. The expansion or con- 
traction varies with the nature of the solids and liquids and the 
proportions in which they are brought together. In making up 
a solution, therefore, the constituents should first be dissolved 
in a quantity of the solvent smaller than the required volume of 
the finished mixture, and after solution is complete, the liquid, 
cooled if necessary to the ordinary temperature, is made up to 
the specified volume by addition of a further quantity of the 
solvent. ^ 

(6) It is very important to specify, in the case of liquids, 
whether parts by weight or parts by measure are intended. The 
etiuivalence between weight and measure only holds good in the 
case of water and liquids of the same specific gravity: a fluid 
ounce of ammonia solution or of ether weighs less than an 
ounce ; a fluid ounce of strong sulphuric acid weighs nearly two 
ounces. 

(7) Whenever possible, formula: should give the quantities of 
the constituents required to make up 10, 100, or 1000 parts of 
the solution. 

(8) When a mixture a developer) is to be prepared just 
before use from two or more separate solutions, it is desirable 
that the proportions in which the separate solutions have to be 
mixed should be as simple’as possible — i to i, 1 to 2, 1 to 3, 

1 to 10. 

(9) When metric units are employed, the original French 
spelling, “gramme,” should be used in preference to the con- 
tracted spelling, “gram,” in order to avoid misreading and 
misprinting as “grain.” 


SCIENTIFIC SERIALS. 

In the yournal of Botany for June and July we find contri- 
butions to systematic and descriptive botany by Mr. £• G. 
Baker, on new plants from the Andes, and on the genera and 
species of Malvese ; by Mr. F. N. Williams, a synopsis of the 
genus- Tunua of Garyophyllacem, and others, — Mr. A. Fiyer 
records what he believes to ,bc an example of hybridity^ in 
Potamogeton, — Mr. H. T. Soppitt describes a new parasitic 
fungus, Puccinia digraphidis^ the tel eutospore -form of which 
occurs on Phadaris arundinacea^ while the aecidio-form is 
parasitic on Cofwallaria majalis. 

The original papers in the Nuovo Giornale Botanico Italiano 
for July all refer to the geographical distribution of Italian 
plants, chiefly Hepatiem and Fungi. * Among the papers read 
at the meetings of the Italian Botanical Society the following 
are of special intefest : — Signor O. Kruch contributes to our 
knowledge of the foliar fibrovascular bundles of Isoetes . — The 
exhaustive researches of Prof. Arcangeli on the structure of the 
various organs in the Nymphseaceae are represented by an account 
of the leaves of NympAaa add ATar/Aar.— Signor U. Martelli 
gives a very interesting account of the dissociation of a lichen 
(Lecanora sub/usca) into its constituent algal and fung;al elements, 
the complement of Stahl and Bonnier *s observations on the 
synthesis of lichens. — Prof. Arcangeli describes the carnivorous 
habits of an Aroid, E^lieodiceros muscivorus. 

American journal of Science^ July, 1890.— The inconsis- 
tencies of utilitarianism as the exclusive theory of organic 
evolution, by Rev. John T* Gulick. The author criticizes 
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various conclusions arrived at by Mr. Wallace in his volume oi> 
“ Darwinism.” — ^The southern extension of the Appomattox for* 
mation, by W. J. McGee. In a paper entitled “ Three 
Formations of the Middle Atlantic Slope,” published in this 
yoiirnal in 1888, a distinctive late Tertiary formation well dis-^ 
played on the Appomattox River in Eastern Virginia was defined 
and named after that river ; and its principal characters, distri- 
bution, stratigraphical relations, and probable age were re- 
corded. The present number contains the result of an ex- 
tension of the research into the Carolinas, Georgia, Alabama, 
and Mississippi. — An experimental proof of Ohm’s la^, pre- 
ceded by a short account of the discovery and subsequent 
verification of the law, by Alfred M. Mayer. The experiment 
described is very suitable for lecture demonstration, and all 
details are given. A low- resistance Thomson galvanometer is* 
joined up to a box containing coils of i, 2, and 3 ohms resistance, 
and to a coil of wire wound round a disk of wood which slides on 
an upright magnet i *5 cm. in diameter. The quick movement 
of this coil causes the production of a magneto-electfic current,, 
and adopting the conception of the lines of magnetic force it may 
be said that a ring with one coil cuts a certain number of these 
lines, this cutting of the lines causes the current, and is the 
electromotive force. A ring with two, three, or four coils clits 
two, three, or four times the number of lines, and increases the 
electromotive force in the same proportion. The resistance in 
the circuit can also be changed by means of the resistance coils, 
and hence it can be proved that the current is directly as the 
electromotive force and inversely as the resistance by observa- 
tions of the galvanometer deflections. — Microscopic magnifica- 
tion, by W. Le Conte Stevens. If F be the equivalent focal- 
length of the eye-piece of a microscope, / that of the objective,, 
T the tube length, and D the distance of distinct vision, the mag- 
nification, M, is expressed by the formula M= 

— Notes on the minerals occurring near Port Henry, N. Y., by 
J. F. Kemp. — Occurrence of goniolina in the Comanche series 
of the Texas Cretaceous, by Robert T. Hill. — A method for the 
reduction of arsenic acid in analysis, by F. A. Gooch and P. E. 
Browning. — On the development of the shell in the genus- 
Tornoceras, Hyatt, by Dr. Charles E. Beecher. — Fayalite in 
the obsidian of Lipari, by Jos. P. Iddings and S. L. Penfield.. 
—On some selenium and tellurium minerals from Honduras, by 
Edward S. Dana and Horace L. Wells. The locality from 
which the minerals were obtained is the El Plomo mine,. 
Ojojoma District, Department of Tegucigalpa, Honduras. An 
analysis of one showed that it contained 29 ’31 per cent.^ of 
selenium and 70*69 per cent, of tellurium, the great proportion 
of selenium constituting it the nearest opproach to native 
selenium which has yet been found in nature. ^ It is proposed to- 
call this mineral selen- tellurium. Some tellurium -iron minerals 
are also described. — Some connellite from Cornwall, England, 

I by S. L. Penfield. 

American Journal of ATathematics^ vol. xii., 4 (Baltimore, 
July 1890). — This number opens with a short note (pp. 323-336) 
on confocal bicircular quartics, by Prof. Franklin, and closes with 
a memoir on the theory of matrices, by H. Taber (pp. 337-396.) 
The memoir is a full investigation of the subject, touching upoa 
the results already obtained by Cayley (“Theory of Matrices,” 
Phil, Mag,^ 1858)9 Hamilton (“Quaternions,” 1852), the two^ 
Peirces, and Clifford. The writer was not aware of Buchheim’s 
paper, with an identical title, in the London Mathematical 
Society's Proceedings (vol. xvi. ) until after his own paper was 
written. There is much which is substantially the same in the 
two memoirj^ but Mr. Taber claims to have “treated the 
whole subject more in detail and more systematically than 
Mr. Bucheim ” (sic). 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, July 15. — M. Hermite in the chair. 
New studies on the rotation of the sun, by M. H. Faye. An. 
account is given of Dr. Wilsing's observations of faculse for the 
purpose of determining the time of rotation, and of tho recent work 
done by M. Duner, in which Fizeau's method was adopted.— 
On the photography of the polarization fringes of c^stals, by 
MM. Mascart and Bouasse. A method of obtaining photo^ 
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graphs of these fringes is described. — On the freezing of meat 
by cold liquids, by M. Th, Schloesing. A new method for 
freezing and preserving large quantities of meat is described. — 
The active elasticity of muscle, and the energy used in its crea« 
tion, in the case of dynamic contraction, by M. A. Chaiiveau. — 
On linear differential equations, by M. Cels. — Method of mea- 
suring the difference of phase of the rectangular components of 
a refracted light-ray, by M. Bouasse. — On the measurement of 
the vapour-tension of solutions, by M. Georges Charpy. The 
author uses the condensation hygrometer to determine indirectly 
the tension of the vapour above the solution employed. — On 
the laws of Berthollet, by M. Albert Colson. — Researches on the 
double nitrites of rhodium, by M. E. Leidie. Double nitrites of 
rhodium and potassium, sodium, ammonium, and barium 
respectively are described, methods of preparation and properties 
of each salt being given. — On some combinations of camphor 
with phenols and their derivatives, by M. E. I.eger. Many of 
the compounds obtained yield crystals of definite form and 
constant composition, and are hence proved to be true compounds. 
— On mannite hexachlorhydrin, by M. Louis Mourgues. The 
method of preparation and properties of this body arc given ; its 
an^ysis indicates that it possesses the formula C^HgCle. 
Raoult's method gives its molecular weight as 278 ; the 
writer is of opinion that its constitution corresponds to 
CH2CI(CHC1)4CH2C1. — On some new derivatives of iS-pyrazol ; 
a contribution to the study of the nitric ethers, by M. 
Maquenne. — Researches on the division of the embryonic 
cellules among the Vertebrata, by M. L. F. Henneguy. — 
On the colouring reagents of the fundamental substances of 
membrane, by M. L. Mangin. The author compares the 
actionc of colouring matters of membrane with their chemical 
composition, and establishes the results furnished by the colour- 
ing reagents by chemical analyses of the tissues. — On the ex- 
pansion of silica, by M. H. Le Chatelier. The experiments 
show that amorphous silica expands very little between 600® C. 
und 1000® C. Quartz expands regularly up to nearly 600®, and 
then reaches a point where increase of temperature causes contrac- 
tion. Calcined chalcedony expands slowly up to 200®, then the 
coefficient of expansion is enormously increased for a time, but 
finally it returns to the original value. Tridymite behaves 
much like chalcedony, expanding slowly up to about 120®, 
when an abrupt change takes place ; the slow expansion then 
returns again, and finally contraction takes place with increase 
of temperature. Thus the change in the coefficient takes place 
at a higher temperature in the minerals of high density (quartz, 
chalcedony) than for those of lower density (tridymite and cal- 
cined chalcedony). — Analysis of the menilite of Villejuif, by 
M. Auguste Terreil. — On the prediction of storms by the simul- 
taneous observation of the barometer and the higher atmo- 
spheric currents, by M. G. Guilbert. 

Amsterdam. I 

Royal Academy of Sciences, June 28. — Prof, van de 
Sande Bakhuyzen in the chair. — Dr. Beyerinck described ex- 
periments relating to the culture of Zoochlorella, Lichen gonidia, 
and other lower Algae in a pure state. — The same speaker treated 
of the artificial infection of Vida Faba with Badllus radidcola. 
Twelve pots filled with sterilized river-sand, which was ren- 
dered very poor in nitrogen by washing with distilled water, were 
divided into four sets, each of three. On April 25, a well- 
sterilized seed of Vida Faba was planted in each pot. The 
pots were of such a construction that the dust of the air was 
wholly excluded from the sand, and^ the watering could also 
take place under perfect dust-exclusion. The nrst set was 
watered with a mixture of 0*1 monopotassium phosphate, 0*03 
calcium chlorate, 0*06 magnesium sulphate, pro i litre distilled 
water ; the second set with the same mixture ; the third^ set 
with the same mixture, to which was added o'2 gr. calcium 
nitrate ; the fourth set with the same mixture, to which was 
added 0*2 gr. ammonium sulphate. When the plants bad de- 
veloped their second leaf, the three pots of the first set, and 
one single pot of each of the three latter sets, were infected with 
a gelatine culture of Bacillus radicicola var. faba^ cultivated 
in 1889 from the tubercles of Vida Faba^ and since that 
time kept in * successive cultures. The bacteria wherewith 
the infection took place were mixed with sterilized common 
water. On June 20 there was found on one old cotyledon a 
PeniciUium^ and therefore the experii^Kent was not further con- 
tinued. All the plants were taken from the pots, and their roots 
well washed and examined; every single one of the six in- 
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fected plants bore many tubercles, whilst no single one of 
the six remaining not infected plants showed the least sign 
of tubercles. The presence or absence of nitrogen as nitrate or 
as ammonium is therefore indifferent with regard to the prac- 
ticability of the infection. By another set of experiments it 
was shown that gelatine cultures of Badllus ornitkopi^ cultivated 
in 1889 from the tubercles of OrnUhopus perpusillus^ had no 
power to infect Vida Faba, But negative results are not equal 
to positive in value. 
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LA VO/SJER. 

La Rhiolution Chimique : Lavoisier. Par M. Berthelot. 
(Paris : Fdlix Alcan, 1890.) 

A mongst the crop of literature which the centenary 
of the French Revolution has produced, there are 
probably no works more interesting to the historian of 
science in general, and certainly none more interesting 
to the historian of chemistry in particular, than the two 
biographies of Lavoisier which then appeared, the one 
due to the patient industry of M. Grimaux, and the other 
to the patriotic zeal of M. Berthelot. These works have 
necessarily much in common, but they differ essentially 
in the standpoint from which their authors regard thei 
subject. M. Grimaux’s book was the first to make its 
appearance. It deals more especially with the public 
life of Lavoisier, with his work as a fcrmier-ght^ral 
and at the Ri^gie des Poudres, and with his labours as an 
economist and as a social and political reformer. Tc^a 
reader but little versed in the history of science the 
general tendency of M. Grimaux’s work is to place in 
high relief the political side of Lavoisier's career ; and to 
magnify the servant of the State at the expense of the 
chemist. Hence [it was but proper and natural that M 
Berthelot, the Perpetual Secretary of the Academy, should 
have felt urged to set forth in a clearer light the nature of 
the service which his illustrious predecessor, who fought 
so nobly for the Academy during the dark days of the 
Great Terror, has rendered to science. M. Berthelot has 
accordingly occupied himself almost exclusively with the 
scientific part of Lavoisier’s work. If he dwells at all on 
the details of his career as an administrator, it is only for 
the purpose of explaining the conditions which directed, 
controlled, or in any way modified.the course of his inves- 
tigations. For the greater part of these details he is 
mainly indebted to M. Grimaux. M. Berthelot has, 
however, enjoyed this advantage over M. Grimaux, that 
he has been in a position to study the minutes of the 
Academy, more especially at about the period of the 
Revolution, and he has had the rare privilege of being 
able to peruse the laboratory Journals of Lavoisier, which 
had been preserved by the pious care of Madame 
Lavoisier and her descendants. These documents are 
of the greatest interest and importance, for they enable 
us not only to determine the exact time and sequence of 
his researches, but also to trace the gradual development 
of his conceptions, and the manner in which he shook 
himself free from the trafhmels of phlogistonism. These 
registers, thirteen in number, are deposited in the Archives 
of the Institute. flThey have been most carefully examined 
and collated by M. Berthelot, and a statement of the 
results of the analysis forms a considerable and specially 
valuable section of his work. 

It is a remarkable circumstance, as M. Grimaux has 
already stated, that, in spite of the glory which surrounds 
the name of Lavoisier, a century should have elapsed 
before any substantial effort should have been made to 
do justice [to his memory. Beyond the iloge by Four- 
croy (inspired, there is too much reason to fear, by the 
extraordinary revulsion of [public feeling which imme- i 
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diately followed the death of Robespierre), and the short 
biographical notices by Lalande and Cuvier, there had 
been no real attempt to deal with the career of the man 
whom his countrymen regard as the Newton of 
chemistry until the appearance of M. Grimaux's book. 
Dumas — who exercised such a predominant influence on 
chemical thought in France, and who throughout his life 
professed the most fervent admiration for Lavoisier, the 
official republication of whose works he superintended — 
never did more towards the realization of his oft>repeated 
intention of producing such a monograph as M. Grimaux 
has now given us than is to be seen in a few enthusiastic 
pages, more eloquent, perhaps, than exact, in his Lemons 
de Philosophic Chimique.” The tardiness of this repara- 
tion does not fail to strike M. Berthelot, and* he ventures 
to discuss its cause. We do not propose to follow him in 
this. Qui si excuse ^accuse : the conclusion is not credit- 
able to the national fame or to its sense of retributive 
justice. No statue of Lavoisier is to be found in the city 
of his birth and death. Republican Paris is apparently 
unwilling to give any outward and visible sign of contri- 
tion for the great crime of May 8, 1794. 

It is hardly surprising that in a book written at a time 
when France had invited the world to assist her to com- 
memorate an epoch which had such a tremendous influ- 
ence on her destiny, M. Berthelot should have sought 
and found a parallel between the work of I.avoisier and 
the great upheaval which so completely changed the 
social and political aspect of his country. The active 
revolt against phlogistonism no doubt had its origin in 
France, and Lavoisier was unquestionably the leader in 
the revolution. That, however, is not saying that he was 
the actual author of it. Black, who in this as in other 
matters was far ahead of the scientific thought of his age, 
had already convinced himself of the inadequacy of 
Stahl’s generalization even as a theory of combustion, 
and Black’s influence still counted for something in this 
country. Indeed, as Lavoisier admits, it also counted 
for much with at least one man in France, and that man 
was Lavoisier himself. He spoke of Black as “ le savant 
illustre qui le premier a rduni et mis en corps de doctrine 
le phdnom^ne de la fixation de I’air dans les corps.” 
Black’s great discovery was, in fact, the real beginning 
of la revolution chimique. M. Berthelot is constrained 
to admit this. 

“ La th^orie du phlogistique recevait par Ih une prenii^re 
atteinte : les changements survenus dans les propridtds 
de la chaux et des alcalis caustiques se trouvant expliquds, 
non par la presence ou I’absence de cet agent mystdrieux, 
comme on I’avait hiit jusque-lh ; mais par celle d[une 
mati^re clymique ddterminde, que Ton pouvait recueillir, 
peser, et transporter d’une combinaison dans une autre. 
Aussi les partisans de la thdorie rdgnante se hit^rent-ils de 
rdfuter Black. II s’engagea h cette occasion une premiere 
lutte, qui prdluda h la grande discussion de Lavoisier." 

Black, however, was not fitted to lead a revolution. A 
man of philosophic calm, gentle and somewhat retiring 
n disposition, he had nothing of the fire and energy of 
Lavoisier; he hated controversy, and was, constitution- 
ally so indolent that it was only under pressare that he 
could be induced to write out the results of hil investiga- 
ions for publication. • Black, who wrote French with 
ease — he was bom at Bordeaux, and spent much of his 
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youth 'there— frequently corresponded with Lavoisier, and 
next to his friend Hutton there was probably no one who 
knew more of his opinions on current scientific topics. We 
have it on the authority of Thomas Thomson that Black 
felt hurt at the publication of several of Lavoisier’s 
papers in the Mimoires de VAcadimie, without any 
allusion whatever to what he himself had previously 
done on the same subject. Thomson adds, however, 
that, “ from the posthumoys works of Lavoisier, there is 
some reason for believing that, if he had lived, he would 
have done justice to all parties ; but the re is no doubt 
that Dr. Black, in the meantime, thought himself 
aggrieved, and that he formed the intention of doing 
himself justice by publishing an account of his own 
discoveries^ however, this intention was thwarted and 
prevented by bad health” (“History of Chemistry,” 
vol. i. 330). 

We have ventured to say this much in justice to Black, 
not because we wish in any way to disparage Lavoisier, 
or to minimize the greatness of his services to the philo- 
sophy of chemistry, but because we think that M. 
Berthelot has allowed his analogy to run away with him. 
To say that Lavoisier was the actual author of la 
rh/olution ckimique is hardly more true than the 
statement that Marat was the author of the Revolution 
of 1789. The learned author of the “ Introduction h. la 
Chimie des Anciens et du Moyen Age” stops short of 
attempting to prove the truth of Wurtz’s saying that 
“ chemistry is a French science ; its founder was 
Lavoisier of immortal memory ; ” but we cannot help 
thinking that the circumstances under which his book 
was produced have in some measure warped his critical 
faculty ; and that, seduced by analogy — that fruitful 
parent of error — he has been led to claim for his hero a 
pre-eminence in the creation of the new order of things 
that the unbiassed historian could not possibly grant. 

T. E. Thorpe. 


plants and animals found living in the dark places of the 
Rotterdam aqueducts. 

A small laboratory was fitted up in the water-tower of 
one of the reservoirs, so that Prof, de Vries and Dr. F. 
Dupont, who conducted the microscopical investigations, 
might have every opportunity of examining the plants 
and animals in a living condition. In the first part (50 
pages) of the paper the attached organisms found in the 
aqueducts in 1887 are described, beginning with Creno- 
thrix Kiihniana (one of the “ iron-bacteria ”), of which a 
full account, with figures, is given. This organism was 
found to be undoubtedly the chief cause of the impurity 
of the Rotterdam water-supply, as it also had been in the 
case of the “water-calamity” of Berlin in 1878. Its 
powers of reproduction are so enormous that in a very 
short space of time it can spread in abundance over a 
wide area and render a vast amount of water impure. 
De Vries comes to the conclusion from his observations 
that Crenotkrix does not vegetate in the soil, as had been 
supposed to be the case by Brefeld and Zopf in the 
Berlin investigations, but is derived merely from the 
basins and canals of unfiltered water. 

’ The fixed plants and animals — (i) in th.e Meuse and in 
the open basins, (2) in the covered-in canals for the un- 
filtered water, and (3) in the dark chambers containing 
the purified water — are successively described, and various 
interesting observations noted. Spongilla {Meyenia) 
fluviatilis was found, in the dark passages, covering the 
walls in a thin layer, and was of a white colour, in place of 
being green as it is when exposed to the light. The fresh- 
water mussel, Dreyssena polymorpha, and the hydroid 
zoophyte Cordylophora locus iris were found in great 
abundance in some parts; lower worms. Rotifers, Infusoria, 
some Crustacea, and a few Molluscs in others ; and a 
luxuriance of fresh-water Polyzoa of the genera Plumatella 
and Paludicella in other parts of the system — over 30 
species in all being observed, and these very much the 
same forms which Kraepelin had found in the Hamburg 
aqueducts, and Potts in those of Philadelphia — while 


THE ORGANISMS INFESTING WATER- 
WORKS. 

Die Pflanzen und Thiere in den dunkeln Raumen der 
Rotterdamer Wasserleitung. Bericht iiber die Biolo- 
gischen Untersuchungen der Crenothrix-Commission su 
Rotterdam, vomjahre 1887. Erstattet von Hugo de 
Vries. (Jena: Gustav Fischer, 1890.) 

' I "HE water- works of Rotterdam obtain their supply of 
water from the River Meuse, and apparently were 
able to filter and purify it in a satisfactory manner until 
the spring of 1887, when the Schizomycete Crenotkrix 
Kiihniana made its appearance in great abundance in the 
various reservoirs and aqueducts. This gave rise to so 
much trouble and difficulty in obtaining a pure water- 
supply, that new and improved filters were made, and 
finally a Commission of investigation was appointed, which 
carried on its work chiefiy during the winter 1887-88. 
Some further questions bearing on the matter were 
investigated in the following year, and now we have 
before us the chief scientific results of the Report sent in 
by the Professor of Botany at Amsterdam, Hugo de 
Vries, and giving a most interesting account not only of 
this'particular pest, the Crenotkrix, but also of the other 
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Crenotkrix was present everywhere, apparently covering 
everything in great abundance. In the filters, however, 
and in the channels containing filtered water, only Creno- 
tkrix and a few other Algae were found. The Sponges, 
Zoophytes, Polyzoa, and Molluscs were entirely absent. 

The second part of the work deals with the free- 
swimming animals — the fresh-water Crustacea. Of these, 
two species, Asellus aquaticus and Gammarus pulex 
unlike the attached animals (Polyzoa, &c.), are able to 
penetrate into the filtered waters along with the 
Crenotkrix j and in 1887 these Crustaceans developed in 
the purified water to such an extent as to be a perfect 
plague, thus giving an excellent example of the rate of 
increase of a species unchecked (for a time, at least) by 
competition. The Gammari and Aselli which penetrated 
to the filtered waters bad the field to themselves, they had 
found a niche of nature previously unoccupied by any 
animals, they had food and other conditions necessary for 
ife, and plenty of room, so they increased with astonishing 
rapidity. 

In regard to their nourishment, the Gammari were 
bund by de Vries to subsist upon the Crenotkrix, which 
they thus to some small extent helped to keep 
down ; while the Asellus^ as was proved by an 
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examination of the faecal pellets and of the alimentary 
canal, eats the wood-work used in the construction of the 
filters, and also the hyphae, conidia, &c., of the Fungus 
Melanomma pulvis-pyrius. The Aselli are found to eat 
away the softer spring wood of the beams, and leave the 
harder autumn wood of the annual rings standing out as 
ridges. Consequently one important practical conclusion 
at which the Rotterdam Commission arrived was that 
the wooden beams in the filters should be removed, and 
their place be taken by cement, which would not afford 
shelter and nourishment to the Crustacea, Fungi, and 
other organisms. The Report is illustrated by woodcuts, 
and a plate giving a plan of the Rotterdam water-works, 
so as to show the connection between the various 
reservoirs and aqueducts and the course taken by the 
water in passing through the system. 

W. A. Herdman. 


AMERICAN GEMS. 

Gems and Precious Stones of North America : a Popular 
Description of their Occurrence ^ Value^History ^Archceo- 
logy, and of the Collections in which they exist; also 
a Chapter on Pearls, and on Remarkable Foreign Gems 
owned in the United States. Illustrated with Eight 
Coloured Plates and numerous minor Engravings. By 
George Frederick Kunz. (New York: The Scientific 
Publishing Company, 1890.) 

’"T'HE general dissociation in Nature of useful and 

•L ornamental materials, which has often been com- 
mented upon, finds nowhere a more striking illustration 
than in the North American continent. Rich as this part 
of the globe is in coal, the ores of iron, and of almost all 
the metals employed in the arts, as well as in all kinds of 
building materials, yet the value of gem-stones found 
within its limits is practically insignificant. As the author 
of the work before us admits, 

“ the daily yield from the iron and coal mines, or from 
the South African diamond mines, or a week’s yield of 
the granite quarries, would exceed in value the entire 
output of precious stones found in the United States 
during a year.” 

Small though their aggregate value may be, however, there 
are many facts concerning the variations in character and 
the mode of occurrence of these interesting and beautiful ob. 
jects, the gem-stones, which can better be studied in North 
America than in any other part of the world. Nor could 
we possibly wish for a more fully informed guide than 
Mr. Kunz : his skill as a mineralogist is well known, and 
he has frequently, in his caffacity of gem-expert to Messrs. 
Tiffany and Co., been able not only to reject the spurious 
but to recognize fot*the first time the latent capabilities of 
mineral varieties not previously employed as gems. 
Since the year 1883, Major J. W. Powell, the Director 
of the U.S. Geological Survey, has published a valuable 
series of annual volumes on “ The Mineral Resources of 
the United States” ; and the chapters on precious stones 
in these reports have been written by Mr. Kunz. 

The book aims at combining the exact information 
required by the mineralogist with the curious and some- 
times trivi^, but by no means unimportant, lore dear to 
the collector and the archseologist As is fitting in sucli^a 
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work, the typography and illustrations are of remarkable 
excellence, and reflect the highest credit upon the printers 
and engravers of the United States ; indeed, it would be 
hard to find anywhere a volume which combines so 
many excellences, alike in the paper, printing, plates, 
and binding. 

Every care has evidently been given to making the 
scientific part of the work trustworthy ; and we may es- 
pecially refer to the chapters which deal with the corun- 
dums, the beryls, and the felspars of the United States, 
as containing much new and valuable information. The 
details concerning the silicified (“ jasperized ”) woods of 
Arizona given in this book are more complete and satis- 
factory than any that have before appeared, while the 
accounts of the pearls and pearl-fisheries of North America 
are fqll of interest. In order to make the work more 
complete, the twelve chapters on the gems of the United 
States are followed by two others on the precious stones 
of Canada and Mexico respectively. Little more than 
an enumeration of the gem-stones of the Dominion can 
be given in the space at the command of the author, but 
more justice is done to the jades, opals, and obsidians of 
Mexico. 

The two last chapters deal respectively with thejapi- 
daries’ work performed by the aborigines of North 
America, and the work of the same kind now being done 
in the country ; and both chapters abound with curious 
and interesting facts. The publication of this book 
cannot fail to call attention to the importance of sys- 
tematic searches being carried on with a view to the 
discovery of some of the more valuable gem-stones, in 
districts where no authentic account of their occurrence 
at present exists. Collectors, archaeologists, jewellers, and 
dealers will all find their respective wants anticipated by 
Mr. Kunz ; and by attention to the methods of discrimina- 
tion and the detection of fraud which he indicates, will 
be saved frequent disappointment and much pecuniary 
loss. J. W. J. 

OUR BOOK SHELF. 

Timbers, and how to Know Them. By Dr. R. Hartig, 

Professor of Botany in Munich University. Translated 

by W. Somerville. (Edinburgh: Douglas, 1890.) 

The original of this little book is the third edition of a 
small pamphlet entitled “ Die Anatomischen Unterschei- 
dungsmerkmale derwichtigeren in Deutschland wachsen- 
der Holzer,” and why the translator should have altered 
the significance of the title is not explained. In any case 
it would not be easy to justify the more ambitious title of 
the English translation, seeing that no additions have 
been made teethe original, and that the original title claims 
too much. For the book does little more than give in 
bare outline the more conspicuous features observed on 
the transverse sections of our common woods ; and al- 
though this is done fairly well, the treatment is neither 
exhaustive nor free from defects. 

The only other alterations made by the translator are the 
additions of an index and a glossary. The former appears 
adequate and useful, the latter has shortcomings, especi- 
ally under the headings bordered pit,” ** parenchymatous 
cells,” &c. Definitions sac\i Vertical resin-duct, one 
which runs longitudinally, i.e. parallel to the outside of a 
stem,” are, to say the least, not improved by the additional 
remark. * 

With regard to the actual translation, it is good and 
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accurate on the whole : so faithful is it that Mr. Somerville 
has omitted to correct Hartig’s own mistake as to the 
generic name of the teak, which reappears in the English 
edition as Tectonia — surely the translator knows it should 
be Tectona! 

The chief defects in the original pamphlet may be 
summed up in that characters are relied on for distin- 
guishing closely allied woods which do not serve the pur- 
pose. For instance, the broad medullary rays, so called, 
of the alder are a very treacherous guide ; and the admis- 
sion that the wood of yEsculus “ occupies a position mid- 
way between ” the hard and soft woods, itself shows how 
useless the property of hardness is, as a class j^character, 
unless defined in a rigid manner. 

Both the selection and the description of the seven 
exotic timbers mentioned in the appendix are faulty, and 
we are driven to the conclusion that there is room for a 
much better book on the subject than the little pioneer 
under reidew. As a pioneer, however, it is to be ■ wel- 
comed, with its useful, compact information, as well as its 
failings. 

Advanced Physiography {Physiographic Astronomy). By 

John Mills. (London: Chapman and Hall, 1890.) 

The introductory part of this book is a reprint of the 
elementary lessons in the subject by the same author 
(Nature, vol. xlii. p. 76), and the remainder is intended 
to meet the requirements of advanced students in con- 
nection with the Science and Art examinations. The 
new material constitutes a fair general outline of the 
subject, but some of the descriptions suffer from want of 
detail. There are also indications of the author’s un- 1 
familiarity with some parts of the subject. On p. 248, ' 
for example, it is evident that the author is not well 
acquainted with stellar nomenclature, as he does not 
seem to be aware that Roman capitals are reserved for 
recently discovered variable stars. Again, on p. 253, he 
gives some figures relating to variable stars, which he 
evidently does not understand ; he forgets to point out 
that Dun^r’s observations of stars were all of one spectro- 
scopic group, and that the numbers given show that the 
maximum of variability occurs in that particular group. 
It should be an author’s duty to use no term which he 
has not explained, but on page ii4he refers to the moon’s 
mean horizontal parallax, although the meaning is not 
even hinted at. 

The excellent plan of writing a head-line over each 
important paragraph has been adopted, but has not 
been employed consistently throughout Thus, under 
the heading “ To weigh a planet having a satellite,” we 
find also a reference to the determination of the masses 
of the moon and the satellites of Jupiter and Saturn ; 
and again, the chapter headed “ Celestial Photography ” 
consists largel;^ of terrestrial magnetism. 

The illustrations are numerous, but of varying quality ; 
it is difficult to imagine what kind of telescope would give 
such a view of the moon as that represented in Fig. 93. 

Travels in Africa. By Dr. Wilhelm Junker. Translated 

from the German by A. H. Keane, F.R.G<S. (London : 

Chapman and Hall, 1890.) 

The work of which this is a translation records Dr. 
Junker’s experiences as a geographical explorer from the 
year 1875 to 1878. Besides an excursion to the Siwa 
Oasis and Natron Valley, it includes “ a careful survey of 
the Bdraka watercourse, wanderings through Upper 
Nubia, an expedition to the Sobat River, and numerous 
journeys throughout Makaraka Land and surrounding 
regions.” It is to his later work that Dr. Junker chiefly 
owes his fame as an explorer ; but in the present volume 
he give» an account of many notable achievements, 
and, as the translator points put, his descriptions of 
Makaraka Land and neighbouring districts wul . supply 
cartographers with plentiful material for filling up their 
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blank spaces in an extensive region. Dr. Junker is a 
good writer as well as a bold and scientific traveller, and 
no one who begins to read his narrative will find it hard 
to go on to the end. The translator has done his work 
carefully, and the interest of the story is much increased 
by a valuable map and many good illustrations. 

Selected Subjects in connection with, the Surgery of 
Infancy and Childhood. By Edmund Owen, M.B., 
F.R.C.S. (London : Bailli6re, Tindall, and Cox, 1890.) 
In this volume Dr. Owen has published (by request) the 
Lettsomian Lectures delivered by him at the Medical 
SfKriety of London in the present year. The position of 
Lettsomian Lecturer has been held by so many illustrious 
members of the profession that he seems to have under- 
taken with diffidence the task entrusted to him. The 
subjects with which he decided to deal have of late, as he 
says, been attracting considerable attention ; and no one 
can doubt that they are of great practical importance. 
Dr. Owen discourses on them not only with learning, but 
with the directness, clearness, and force that spring from 
careful and long-continued observation. 


^ LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers oj, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications.) 

The Correspondence on Russian Transliteration. 

As absence from England prevented our replying at the time 
to the last letters on the system of Russian transliteration 
proposed in Nature (vol. xli. p, 397), we thought it best to 
delay reply till any further communications from foreign cor- 
respondents had arrived. Since our last note (Nature, vol. 
xli. p. 535) four letters have been received 

(1) Mr. Wilkins (Nature, May 22, p. 77) writes from 
Tasbkend to point out that the system fails to distinguish 
between the few Russian words which differ only in their final 
semi-vowel. This is quite correct, but could only be avoided 
by the adoption of a separate symbol for each of these two 
characters and their retention at the ends of words. The addi- 
tion to the trouble of printing that this would involve would be 
far more serious than the chance of error : krob, a roof, is hardly 
more likely to be confused with krob, blood, than, in a quite 
analogous case, is- the German band, a volume, with band, a 
ribbon. 

We do not accept Mr. Wilkins’s criticism that ui does not 
** even remotely ” represent the sound of u. In the use of the 
letter in such a word as OoibuH we fully admit that this is so ; but 
in other cases, as after a labial, it seems to us to represent the 
sound fairly well. Phonetically, Prlbuilov (to take Mr. Wilkins’s 
own case) is not so exact as Pribu’lpff, as the word would 
probably be rendered by the elaborate refinements of the 
** Historical Ei^lish Dictionary ” ; but even this is inadequate. 
We despair of any correct phonetic rendering of Russian words 
in English characters till a system is arranged on the lines of 
Dr. Murray’s ; and then the si^d would appear in some such 
guise as *Ijfbvi>f 9 lf!fi. Ui sedms 4o us on the average, and cer- 
tainly in the case chosen by Mr. Wilkins, a better phonetic 
equivalent than y — a letter whidt is unhdrly overworked in 
nearly all sjrstems of transliterations, and which we have 
reserved exclusively for the double symbols >0, ye, yu, 

(2) Mr. Wilkins, and our second critic, Baron Osten-Sacken 
(Nature, May 22, p. 77), agree in condemning the adoption 
of th for m. A strong case cart no doubt be made out for the 
claim of j to represent that letter, and zh was accepted (laigelv 
on phonefic grounds) as one of those mutual concessions which 
Baron Osten-Sacken commends. Zh has been largely used — 
almost universally in America — and it represents the sound 
better than the Englbh j. No.doobt the French J oiionr is as 
near to it as the ssK sound in the word a»{h)ure. Am tne system 
proposed was Intended for Englidi-speaking countries we thoimht 
it ^^visable to adopt a Frendi sound for one letter. Tne 
sjiHin is not so ambitious as Baron Osten-Sacken suggests it 
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iihould be. The methods of transliteration used in Germany 
and France difTer so much from one another, and both from the 
English, that it seemed hardly possible, however desirable, to 
get one system adopted for the three languages. 

In regard to Baron Osten- Sacken’s other points, we regard 
tch and stch as inadvisable for h and ra respectively, as, without 
the use of brackets, they would be mistaken for other sequences ; 
and it was generally agreed that brackets should only be used 
as a very last resource. Finally, as for the rare and practically 
extinct V is as good a phonetic equivalent as anything else, and 
more convenient than the already overburdened j'. 

(3) We cordially agree with the main point in Mr. Chisholm’s 
argument (Nature, May i, p. 6), viz. that different systems 
are required for different purposes. The phonetic method 
adopted by the Geographical Society is unquestionably the best 
suited for their maps, but is quite inadequate for bibliographic 
use. We are glad to see that the system proposed for the latter 
purpose has Mr. Chisholm’s approval. 

(4) Mr. Groves (Nature, May i, p. 6) quotes a case that 
strikes him as very cumbrous ; but we fail to see that the altera- 
tion to SKRJIPSKY is a sufficient improvement to be worth 
the inconveniences that the changes would involve in other 
cases. Under no system could a page of transliterated Russian 
hope to read like Addisonian English. 

We do not see that, in the cases we quoted in our reply to 
Mr. Groves’s former letter, we really misunderstood him. We 
•do not know whence or how the three Gazetteers derived^ 
their renderings of Nizhni 1 ; we only quoted them to show how 
many different spmlings were current, and that the word, as 
transliterated by the new system, is neither unintelligible nor 
materially different from forms already in use. In the cases to 
which we attached most weight, viz. the titles of journals 
<|uoted from Scudder, Bolton, and the Geological Record 
the transliterations were certainly derived direct from the 
Russian, and we thought it probable that the Chemical 
Society’s Journal would also have quoted the papers from the 
original rather than from second-hand German sources. 

In conclusion, it is advisable again to repeat that the system 
was proposed solely for bibliographic use in the English language : 
the bibliographers who laid down the requirements of the system 
insisted that it should be based on two principles and should 
satisfy four rules. Had these been published in the original 
note, some subsequent criticisms would probably not have been 
made. Considering that the criticisms that really apply to this 
non-phonetic, unsesthetic system do not require any changes to 
be made in it, we hope that it will be adopted by other journals 
and catalogues. A supplementary list of those that do so will 
be published in the fuller account and explanation of the system 
that will be issued shortly. H. A. Miers. 

J. W. Gregory. 


Discovery of a New Comet. 

While sweeping the northern sky at iih. 3Sm. on the night 
of July 23, with a lo-inch reflector, power 40, I found a 
nebulous object near $ and C Ursse Minoris, which I could not 
identify. It was faint, round, about V in diameter, and with a 
very slight central condensation. I noted its position relatively 
to the stars near, but clouds then came over and prevented 
further observations for nearly an hour. On reobserving the 
object I found it to be a comet, a considerable displacement 
having occurred in its position. 

On July 24 I obtained another view of it, and found its 
diurnal motion to be about to the south. At iih. the 
comet was close to a star of about the ninth magnitude. At 1 ib. 
40m. the comet was centrally projected upon the star, and the 
latter appeared to b^ involved in an extensive atmosphere. At 
about X2n. 30m. the comet reappeared on the other side of the 
star. I could not resist the impression that the star was 
decidedly fainter when the comet was passing over it. 

The rough estimated positions* of the comet were z — 

July 23, 12 228 + 7*8 

„ 24, 12 228 -f- 77 

On July 25 and 26 the sky was cloudy and the comet not 
eeen. It will be invisible daring moonlight, but on about 
August 5 or 6 it oimht to be picked up before moonrise in the 
region between y Ursae Minoris and i Draconis, or at about 
226^ + 66\ 
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I It is probable that this comet is approaching its perihelion 
I and becoming brighter, in which case it may be readily seen 
when the sky is clear and free from moonlight. 

Bristol, July 27. W. F. Denning. 

P.S. — The comet was observed at Nice on July 25, loh., 
when its R. A. was ish. 14m. (2284**), Decl. 76® 37' N. 


The Rotation of Mercury. 

In the February number of Himmcl twd Erde^ and elsewhere, 
I have seen “that the otherwise meritorious, but in his obser- 
vations and their discussion not always cautious and strict 
Schroeter,” took the rotation period of Mercury to be twenty- 
four hours, but that Schiaparelli has now found that Mercury 
behaves to the sun as the moon to the earth, always showing 
the same side. The reporter also explained, by way of com- 
pliment to Prof. G. Darwin, why the planet next to the sun 
should differ in this respect from its companions. • 

As all astronomers lilce fair play, I went through Schroeter’s 
papers, and read Schiaparelli’s letter. No. 2944, Astronomische 
Nachrichten^ which shows the usual industry, lucidity of style, 
and good faith of the Professor. 

Semroeter and his companion Harding found the southern 
hemisphere of the planet rounded {rttndlich) like the northern, 
but believed that they saw every twenty- four hours a certain change 
of form of the southern end of the lighted crescent, not perceptible 
in the northern. This was the leading observation, of which 
Schiaparelli remarks: “Of all facts known with regard to 
Mercury’s rotation, this reappearance about every twenty-four 
hours of a truncation of the southern horn is the most mftnifest 
and anciently known” (“un apparente troncatura del como 
australe ^ il piu manifesto e anticamente cognosciuto ”). 

Schroeter and Harding had for some time tried in vain to 
trace on the face of the planet some spot confirming their con- 
clusion, when one day Harding first and Schroeter afterwards 
perceived a dark streak appearing in the east and moving west 
over the face of the planet. BoUi observed the phenomenon, 
with varying distinctness and under different combinations, 
during many days, and held that it confirmed their original 
hypothesis. Schroeter found that considerable increase of the 
minifying power of his instrument lessened the distinctness of 
the shading. 

Schiaparelli commenced his investigation because he con- 
sidered Schroeter’s result doubtful, and had instruments far 
superior to those used ninety years ago. 

He has observed Mercury since 1881 more than 500 times, 
and has made on the most favourable days about 150 drawings, 
“to say the truth of very unequal value, but nevertheless so far 
agreeing as to furnish a result.” That is, drawings on which 
the admittedly indistinct and varying feeble shadings united into 
one dissolving view did not always appear to be the same. The 
author also tdls us that he made “one of his best observations 
when the planet was only at 3** 2' from the limb of the sun,” 
and “the disk of the planet then appeared perfectly round and 
uniformly bright ; ” and finally confesses, “ Of these forms and 
streaks I have endeavoured to give an idea on the annexed 
drawing without concealing from myself the futility of such an 
attempt.” 

The Professor first made use of his “eight-inch instrument,” 
then of “the eighteen,” which showed the shading less dis- 
tinctly, so as to make him write, “ I have the impression that 
if one looked with a still stronger instrument all would appear 
dissolved in still more minute formations.” 

He lastly fcrmulates three hypotheses: (i) the peric^ is 24 
hours ; (2) the period divides the 24 hours without remainders ; 
(3) there is no rotation properly speaking. He adopts No. 3, 
and concludes that the different appearances are caused by the 
great libration consequent upon the large eccentricity of its orbit. 

Should there be no farther hypotheses possible, when the 
results of research are so conflicting, indistinct, and variable ? 

R. 


Birds and Flowers. 

In reference to Mr. Wallace’s letter (p. 295) witK regard to a 
note in Nature (July 17, p. 279), I correctly quoted«Mr. Scott- 
Elliot’s remark, who says : — 

“I am led to entirely disagree with Mr. Wallace’s opinion 
that the colour of flower-seeking birds is (juite unconnected with 
their habits. As a matter of fact a peculiar shade of red found 
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on the breast of Cinnyris c/talybea, C, afra, C. famosa, 
C. sonimanga, and C. bicoilaris is exactly the same as that 
which I found in the majority of omithophilous flowers in 
South Africa. It is, moreover, not a common colour in flowers ; 
and since Labiatse, Aloes, Irids, and Leguminosse all assume it 
when they become omithophilous, some reason must be shown 
why the simple explanation civen by Darwin should be set 
aside while no other is offered.”* 

The Writer of the Note. 


CHELSEA BOTANIC GARDEN. 

'T^HE physic garden at Chelsea covers an area of 
between three and four acres. It stands by the 
side of the Thames at the east end of Cheyne Walk, 
oppositei Battersea Park, a short distance west of Chelsea 
Hospital. On three sides it is inclosed by a high 
brick wall, and on the fourth you look through iron 
railings on to the Thames Embankment and the river. 
Within this area there are a dwelling-house, rooms for the 
gardeners, a large lecture-room, and four conservatories, 
and the rest is laid out in walks, flower-beds, and grassy 
interspaces. It is now too much surrounded by houses 
for trees to prosper, but one of the cedars of Lebanon 
lanted in 1683 still survives. Amongst the others may* 
e seen, or were until lately, well-grown examples of 
Oriental plane, Salisburia, Wistaria, hawthorn, black 
walnut, black mulberry, and many others. One of the 
most striking features of the garden is a large bed of 
yuccas on the north. It contains one of the finest collec- 
tions of the different species and hybrids of rhubarb to 
be found anywhere in the country. The most valuable 
portion of its contents is a collection of between 300 and 
400 hardy plants and shrubs, which are or have been 
used in medicine. These are arranged, shrubs and 
herbaceous plants intermixed, according to the system 
of Jussieu and De Candolle. There is a smaller collec- 
tion arranged after the system of Lindley, who for many 
years directed the garden and gave the lectures. From 
these are sent up the plants which are required for the 
examinations which are held in the old hall of the Com- 
pany near Blackfriars Bridge. Against the wall that 
flanks the garden on the east are nailed the fig and other 
tender shrubs, and beneath there is a narrow border con- 
taining Ferula, Verbascum, Acanthus, the fibre-yielding 
Chinese and Indian Boehmeria nivea, and a crowd of 
other herbaceous plants. In the centre of the garden 
there is a statue of Sir Hans Sloane, and a tank full of 
buckbean and water violet, surrounded by rockwork on 
which grow saxifrages, Hieracia, and spiny Astragali. 
South of the main walk that cuts the garden into two 
halves are beds full of non-medicinal plants, arranged 
in natural orders, another tank full of water lilies, 
bur-r^eds, and bulrushes, and south of all have lately 
been laid out a couple of beds containing types of the 
twenty natural orders a knowledge of which is required 
for the elementary examination of the Science and Art 
Department. The present rainy season has suited the 
garden capitally, and during many years'' acquaintance 
with it the w'riter of this article has never seen the 
herbaceous plants look more luxuriant than they do 
at the present time. 

It would take up more space than we can spare to say 
even a few words about each of the distinguished botanists 
who have been connected with the garden. Here was laid 
the foundation of the classical '* Gardener’s Dictionary ” 
of Philip Miller, which was first published in 1731, ran 
through eight editions in his life-time, has been translated 
into German, French, and Dutch, and formed the founda- 
tion and model of the many gardeners’ dictionaries that 
have since been written. Amongst the well-known 
botanists of older date who were more or less connected 
with, the garden, were Doody, Petiver, Hudson, Rand, 
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and Alchorne, and in later times Lindley, Fortune, 
Thomas Moore, Curtis, Anderson, and David Don. Full 
particulars about all these will be found in Field’s 
history of the garden, published in 1820, and a second 
‘edition, considerably enlarged, published by Dr. Semple 
in 1878. 

The ground was originally taken by the Apothe- 
caries’ Company in 1673, as a spot on which to build 
a convenient house for their ornamental barge. In 
1674 a wall was built round the open space, and 
the cultivation of medicinal plants commenced. At 
first the ground was rented, at a nominal sum, from 
Lord Cheyne, who was then lord of the manor of Chelsea. 
In 1712 the property was purchased by Dr. (afterwards 
Sir Hans) Sloane. In 1722, Sir Hans Sloane granted the 
use of the ground in perpetuity to the Apothecaries’ Com- 
pany at a yearly rent of £5, to the end, says the deed, 
“ that the said garden may at all times hereafter be con- 
tinued as a physic garden, and for the better encouraging 
and enabling the said Society to support the charge 
thereof, for the manifestation of the power, wisdom, and 
glory of God in the works of the creation, and that their 
apprentices and others may better distinguish good and 
useful plants from those that bear resemblance to them 
that are hurtful.” If these conditions are not fulfilled by 
the Apothecaries, the garden reverts tq,the Royal Society 
I on the same terms, and if they fail to fulfil them it falls 
; to the College of Physicians. Under this deed the 
i Society of Apothecaries has now held the garden for 
I 170 years, during which time, of course, the land has 
; greatly increased in value. 

At the present time the garden is used for botanical 
purposes by four classes of students ; — 

Firstly, those who are going up for the preliminary 
examination of the Apothecaries’ Company, in which 
materia medica is one of the principal subjects. This 
examination, we understand, is often taken by those who 
seek places as chemists and druggists, and who do not 
intend to proceed to the L.S.A. Secondly, the ladies 
who compete for the silver medal which has lately been 
offered annually by the Apothecaries’ Company. Thirdly, 
pharmaceutical students. One of the largest private 
pharmaceutical schools is situated in the neighbourhood. 
Fourthly, students who are intending to go up for the 
botanical examinations of the Science and Aft Depart- 
ment. For this there have been about 3000 entries per 
annum for many years, and 25 per cent, of the marks 
(30 per cent, being a second class pass) are allotted for a 
description of a plant and a diagnosis of its natural order. 
Probably we should be justified in estimating that a quarter 
of these 3000 candidates live in London, and cannot get 
living specimens to study without undertaking a railway 
journey, and of course it is only fair to assume that those 
who have passed their examination will continue to take 
an interest in the science, particularly as many of them 
teach botany in elementary schools. It is only the 
first and second of these four classes of students who 
have any direct claim on the Apothecaries’ Company, 
but they have always construed liberally the ** others ” 
mentioned in Sir Hans Sloane’s deed. Last year the 
number of admissions by students’ tickets, as registered in 
the visitors’ book, was 3000. A course of twelve lectures 
and demonstrations have been given for many years in 
summer by Mr. J. G. Baker, and at these the annual 
attendance ranges from 55010 700, or an average of 50 
or 60 students to each lecture. 

The Society of Apothecaries have given no public inti- 
mation that thev are dissatisfied with the present condi- 
tion of things, but they bear the whole expense of kera- 
ing up the garden, and reap only a share of the benefit. 
A Committee has been appointed by the Royal Society 
to consider their position in the matter ; and last week a 
meeting was held in the Town Hall at Chelsea, at which 
Lord Meath presided and Prof. Flower was one of the 
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speakers, at which the following resolution was passed : 

That this meeting of the inhabitants of Chelsea, having 
heard that there is a probability of the old physic garden 
on the Chelsea Embankment bein^ no longer kept up by 
the Apothecaries' Company, considers that every effort 
should be made to preserve it for the public as an open 
space.” Under these circumstances we wish to put in a 
ptia that the claims of the London students of systematic 
botany and materia medica should not be overlooked, or 
the scantiness of their opportunities for the study of living 
plants forgotten. 


THE SEARCH FOR COAL IN THE SOUTH OF 
ENGLAND! 

(i) 'T'HE bare facts of the recent discovery of coal- 
measures at Shakespeare Cliff, near Dover, have 
been published in the press, and the full account cannot 
be written till the completion of the inquiry which is now 
going on. It is, however, not unfitting that the bearing 
of the discovery on the general question of the existence 
of workable coal-fields in Southern England should be dis- 
cussed within these walls, not merely on account of its 
general interest,^ut because it naturally follows the paper 
read by Mr. Godwin-Austen before the Royal Institution, 
in 1858, “ On the Probability of Coal beneath the South- 
Eastern parts of England.” In 1855 he had placed before 
the Geological Society of London the possibility of the 
existence of coal in South-Eastern England at a workable 
depth. In the two years which had elapsed, “ the possi- 
bility ” had grown in his mind into the “ probability,” and 
in the thirty-two years which have passed between the 
date of the paper before this Institution and the present 
time, “the probability” has been converted into a 
certainty by the recent discovery at Dover. In this com- 
munication, the lines of the inquiry Laid down by Godwin- 
Austen will be strictly followed. We must first examine 
the conditions under which the coal-measures were 
accumulated. 

(2) The seams of coal are proved, by the surface-soil 
traversed by roots and rootlets, to which in some cases 
the trunks are still attached, to have been formed in situ 
by the growth and decay of innumerable generations 
of plants [J^pidotiendra, Sigillaria, Calamites), pines ' 
( Trigonocarpa, Dadoxylon, Sternbergid) allied to 
Salisbuna, and a vast undergrowth of ferns, all of 
which contributed to form a peat-like morass. Each 
seam represents an accumulation on a land-surface, just as 
the sandstones and shales above it point to a period of 
depression during which sand-banks and mud-banks were 
deposited by water. The fact also that the coal-seams in 
a given sinking are parallel, or nearly parallel, implies 
that they were formed on horizontal tracts of alluvium, 
while the marine and fresh-water shells in the associated 
sandstones and shales prove that they were near the level 
of the sea, or within reach of a mighty river. This tract 
of forest-clad marsh-lands^ as Godwin-Austen and Prest- 
wich have pointed out, occupied the greater part of the 
British Isles, from the Highlands of Scotland southwards 
as far as Brittany, *and eastwards far away into the valley 
of the Rhine, and westwards over the greater part of 
Ireland. It swept round the hills of South Scotland and 
the Lake district and the region of Cornwall, It occupied 
a delta like that of the Mississippi, in which the forest- 
growths were from time to time depressed beneath the 
water-line, until the whole thickness of the coal-measures 
(7200 feet thick in Lancashire, 7600 in South Wales, and 
8400 in Somersetshire) was built up. After each depres- 
sion the forest spread again over the sand and mud of the 
submerged parts, and another peat-layer of vegetable 

X Friday Evenins Lecture delivered at the Royal Institution on June 6, by 
Prof. W. Boyd Dawkins, F.R.S. 
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matter was slowly accumulated above that buried beneath 
the sand and mud. The great extent of this delta implies 
the existence of a large river draining a large continent, 
of which the Highlands of Scotland and the Scandinavian 
peninsula formed parts, and which I have described 
before the Royal Institution under the name of Archaia. 

(3) At the close of the Carboniferous age, this vast 
tract of alluvium was thrown into a series of folds by 
earth- movements. These have left their mark, in the 
south of England and the adjacent parts of France, in the 
anticline of the English Channel, the syncline of Devon- 
shire, the anticline of the Mendip Hills and of the lower 
Severn, and the syncline of the South Wales coal-fields. 
These great east and west folds have been traced from the 
south of Ireland on the west, through 35 degrees of lati- 
tude, through North France and Belgium, as far as the 
region of Westphalia. Next, the upper portTons of the 
folds were attacked by the subaerial and marine agents of 
denudation over the whole of the Carboniferous area, 
leaving the lower parts to form the existing coal-fields 
which lie scattered over the surface of the British Isles, 
and are isolated from each other by exposures of older 
rocks ; and a broad cast and west ridge was carved out of 
the folded and broken Carboniferous and older rocks, 
extending from the anticline of the Mendip Hills east- 
ward through Artois into Germany, and constituting the 
ridge or axis of Artois of Godwin-Austen. 

The next stage in the history of the folded Carbonfferous 
and older rocks is marked by the deposition of the Permian 
and Secondary rocks on their eroded and water-worn 
edges, by which they were partially concealed or wholly 
buried, and these newer strata thin off as they approach 
the ridge of Artois. This barrier, also, of folded Carboni- 
ferous and older rocks sank gradually beneath the sea in 
the Triassic, Liassic, Oolitic, and Cretaceous ages, and 
against it the strata of the first three named ages thin off, 
while in France and Belgium the Cretaceous deposits 
rest immediately upon the water-worn older rocks. 

From these general considerations it is clear that the 
coal-measures which formerly extended over nearly the 
whole of Southern England can how only be met with in 
isolated basins under the newer rocks, and that these are 
thinnest along the line of the above-mentioned barrier. 

(4) The exposed coal-fields in Britain, and on the Con- 
tinent also, Godwin-Austen pointed out, along this line, 
are of the same mineral character, and the pre- Carboni- 
ferous rocks are the same. This ridge or barrier also, 
where it is concealed by the newer rocks, is marked by 
the arch-like fold (anticlinal) of the chalk of Wiltshire, 
and by the line of the North Downs in Surrey and Kent. 
Godwin-Austen finally concluded that there are coal-fields 
beneath the Oolitic and Cretaceous rocks in the south of 
England, and that they are near enough to the surface 
along the line of the ridge to be capable of being worked. 
He mentioned the Thames Valley and the Weald'of Kent 
and Sussex as possible places where they might be 
discovered. 

These strikingly original views gradually made their 
way, and in* the next eleven years became part of the 
general body of geological theory. They were, however, 
not accepted by Sir Roderick Murchison, the then head 
of the Geological Survey, who maintained to the last that 
there were no valuable coal-fields in Southern England. 

(5) The next important step in the direction of their 
verification was that taken by the Coal Commission of 
1866-67, by whom Mr. Godwin-Austen was examined at 
length, and the results of the inquiry embodied in the 
Report by Mr. Prestwich. In the Report Mr. Godwin- 
Austen’s views are accepted, and fortified^ by a vast 
number of details relating both to the coal-fields of 
Somersetshire and of France and Belgium. Mr. Prest- 
wich also calls special Atention to the physical identity 
of the coals of these two regions, and to the fact that the 
Carboniferous and older rocks in both are similarly 4 is- 
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turbed. He concludes, further, that the coal-fields which 
now lie buried beneath the newer rocks are probably 
equal in value and in extent to those which are exposed 
in Somerset and South Wales on the west, and in Belgium 
and Prance on the east. 

We will now proceed to test these theoretical conclu- 
sions by the light of recent observations. 

(6) The coal-fields of Somerset and Gloucester were 
proved by the labours of^Prof. Prestwich and the Coal 
Commission of 1866-67 to' be small fractions of the great 
coal-basin which lies buried beneath the Triassic, Liassic, 
and Oolitic rocks, from the Mendip Hills northwards 
past Bristol to Wickwar. On the west also three small 
isolated coal-basins occur — those of Nailsea and Portis- 
head, which are partially, and that of Aust, which is 
wholly, concealed by the newer rocks. The coal-mea- 
sures are folded and broken, and traversed by great 
“ oyerthrust ” faults, which at Kingswood give the same 
series of coals twice over in the. sinkings of one colliery. 
Their southern boundary is the line of the Mendip Hills. 
They also probably occur at a depth which remains to be 
proved, still further to the south, in the valley of the 
Axe and the district of Glastonbury, the most southern 
boundary being the mountain limestone of Cannington, 
near Bridgwater. The great Somerset and Gloucester 
field may extend to the east under the newer rocks, 
between Freshford and Beckington, in the district south 
of Bath. 

The value of the evidence of the coal-fields of the 
west of England on the general question consists in the 
fact that they may be taken as fair samples of those 
which lie concealed along the line of the buried ridge 
through South-Eastern England in the direction of France, 
Belgium, and Germany. 

(7) One of these concealed coal-fields has been struck 
in a deep boring at Burford, near Witney, in Oxfordshire, 
at a depth of 1184 feet, under the following rocks : — 


while all the rest of the borings to the south terminate in 
the Devonian or Old Red rocks, it may be inferred that 
the chalk of the North Downs probably conceals the coal- 
measures. It must also be noted that there are no 
Wealden rocks in the London area, and no Lower Green- 
sands, and that the Lower Oolites at their thickest are 
only 87 feet. The secondary rocks, which are of great 
thickness in the midland and northern counties, thin pff 
as they pass southwards towards London, against the 
ridge of older rocks, as both Austen and Prestwich have 
pointed out. 

It is therefore in the area south of London, rather than 
in that immediately to the north, that the coal-measures 
are to be looked for at a workable depth beneath the sur- 
face, and underneath the chalk of the North Downs. It 
must, however, be noted that the line of the South Wales 
syncline through Burford passes to the north of Ware, 
and that there may be coal-measures in the northern- 
parts of Essex and of Hertfordshire at a workable depth. 

(9) The Report of the Coal Commission was published 
in 1871, and in the following year the Sub- Wealden Ex- 
ploration Committee was organized by Mr. Henry Willett, 
to test the question of the existence of the Carboniferous 
and pre-Carboniferous rocks in the Wealden area by an 
experimental boring. The site chosen was Netherfield, 
about 3 miles south of Battle, in Sussex, where the lowest 
rocks of the Wealden formation constitute the bottom of 
the valley. The rocks penetrated were as follows : — 


Section of Netherfield. 

Purbeck strata 

Portland strata 

Kimmeridge clay 

Corallian strata 

Oxford clay ... ... 


Feet. 

200 


57 

1073 

5«5 

60 


1905 


Oolites 
Lias 
Rhsctic 
Triassic rocks 


Feet. 

148 

598 

10 

428 


The sandstones and shales of the coal-measures were 
penetrated to a depth of 225 feet (De Ranee, Manch. 
Geol. Soc., March 26, 1878). 

These coal-measure rocks form, as suggested by Hull, 
one of the same series of coal-basins as those of South 
Wales and the Forest of Dean, and probably mark the 
line of the continuation of the South Wales syncline in 
the direction of Harwich, where Carboniferous shale has 
been struck at a depth of 1052 feet from the surface. 

This boring proves not merely the presence of coal- 
measures at a workable depth in Oxfordshire, but also 
the impottant fact that the Triassic rocks, which are of great 
thickness further north, have dwindled down to an unim- 
portant thickness in their range southwards and east- 
wards. Further, that south, in the London area, these 
rocks are wholly absent ; and farther to the east, at 
Harwich, the Liassic and Oolitic strata and Lower 
Greensand are absent, and the Gault rests on the eroded 
Lower Carboniferous rocks, inclined at a high angle. 

(8) The water-worn surface of the folded rocks, which 
are older than the Carboniferous, has been rept^tedly 
struck in deep borings for water in the neighbourhood of 
London, at depths ranging from 839 feet at Ware to 1239 
feet at Richmond. They consist of Silurian strata in the 
north at Waye, and of Old Red Sandstone or Devonian 
rocks in the other localities. From their high angle of 
dip, as in the case of similar rocks underlying the coal- 
fields of Somerset and Northern France and Belgium, it 
may- be inferred that coal-fields lie in the synclinal folds 
in the neighbouring areas. 

^ From the fact of the Silurian rocks being in the north, 
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This boring showed that the coal-measures and older 
rocks are, in that region, more than 1900 feet from the 
surface of the ground. We may also infer, from the fact 
of the bottom of the bore-hole being in the Oxford clay, 
and from the known thickness of the Bath Oolitic strata 
in the nearest places, that it lies buried beneath consider- 
ably more than 2000 feet of newer rocks. With this 
valuable, though negative result, the Sub-Wealden ex- 
ploration came to an end. It was a purely scientific 
inquiry, paid for by subscription, and largely supported 
by those who had no pecuniary interest in the result. 

The experience of the boring at Netherfield showed 
that the search for the coal-measures and older rocks of 
Godwin-Austen’s ridge would have to* be carried out at 
some spot further to the north, in the direction of the 
North Downs. In the district of Battle the Oolitic rocks 
were proved to be more than 1700 feet thick, and the 
great and increasing thickness of the successive rocks of 
the Wealden formation above them, which form the sur- 
face of the ground betweeii Netherfield and the North 
Downs, rendered it undesirable* to repeat the experiment 
within the Wealden area proper, where the Wealden 
rocks presented a total thickness of more than 1000 feet, 
in addition to that of the Oolites. My attention, there- 
fore, was directed to the line along the North Downs, 
where Godwin-Austen believed that the Wealden beds 
abruptly terminated against ‘the ridge of coal-measures 
and older rocks, and where, therefore, there would be a 
greater chance of success. 

(10) The evidence, also, of the French, Belgian, and 
Westphalian coal-fiads pointed in the direction of the 
North Downs. 

The Carboniferous and older rocks, which we have 
hitherto traced only as far as the area of London from 
their western outcrops, in Somerset, Gloucestershire, and 
South Wales, reappear at the surface in Northern France, 
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Belgium, and Westphalia, and contain most valuable 
coal-fields, which are long, narrow, and deep. These ex- 
tend from the district of the Ruhr on the east, through 
Aachen, Li^ge, Namur, Charleroi, Mons, and Valencien- 
nes. The enormous value of the last field led, during the 
last hundred years, to numerous borings through the 
newer rocks, which have extended the western range of 
the coal-measures upwards of 95 miles away from its 
disappearance under the Oolites and chalk, as far as 
Flechinelle, south of Aire, or to within 30 miles of Calais. 
It occupies throughout this distance a narrow trough or 
syncline, 1 1 miles across at Douchy, and about half a mile 
at its western termination. It is represented still further 
to the west by the faulted and folded coal-fields of 
Hardinghen and Marquise, which are within about 12 
miles of Calais. The coal-measure shales and sandstones 
found in a boring at Calais, at a depth of 1104 feet from 
the surface, in 1 850,^ reveal the existence of another coal- 
field in the same general line of strike, and making for 
Dover and the North Downs. 

(11) We have seen that the range of the coal-measures 
has been pushed farther and farther to the west by ex- 
perimental borings, until they have been proved to exist 


underneath Calais. The opposite shores of the Straits of 
Dover, therefore, presented the best locality for a trial 
still further to the west. In choosing a site, the Channel 
Tunnel works, close to Shakespeare Cliff, Dover, appeared 
to me to present great advantages, which I embomed in 
a report to Sir Edward W. W’atkin, in 1886. The site is 
within view of Calais, and not more than 6 miles to the 
south of a spot where about 4 cwt. of bituminous material 
was found embedded in the chalk in making a tunnel, 
which, according to Godwin-Austen, had been probably 
derived from the coal-measures below. 

Brest wich also had pointed out, in 1873, in dealing with 
the question of a tunnel between England and France, 
that the older rocks were within such easy reach at Dover, 
that they could be utilized for the making of a submarine 
tunnel. Sir Edward Watkin acted with his usual energy, 
and the work was begun in 1886, and has beenfcarried on 
down to the present time, under my advice, and at the 
expense of the Channel Tunnel Company. The boring 
operations have been under the direction of Mr. F. 
Brady, the Chief Engineer of the South-Eastern Railway, 
to whose ability we owe the completion of the work to its 
present point, under circumstances of great difficulty. A 
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Fig. t.— Boring at Shakespeare Cliff. 


shaft has been sunk (a. Fig. i) on the west side of the 
Shakespeare Cliff, close to the shaft of the Channel 
Tunnel (b) to a depth of 44 feet, and from this a bore-hole 
has been made to a depth of 1180 feet. 


Section at Siutkespeare Clijf, Dover. 

Lower grey chalk, and chalk marl 
Glauconite marl 
Gault 

Neocomian 
Portlandian 
Kimmeridgiaiv 
Corallian ... 

Oxfordian... 

Callovian ... 

Bathonian 

Coal-measures, sandstones, and shale sand clays, "I 
with one seam of coal y /o 

The coal-measures were struck at a depth of 1204 feet 
from the surface, or 1160 feet from the top of the bore- 


Feet, 


500 


660 


This fact IS doubted by Gosselet. I am, however, informed by Prest- 
wich that both he and Klie de Beaumont identified them as coal-measures 
at the tinie, and I Me no reason for doubting the accuracy of those two 
eminent observers* The cores weroi unfortunately, lost in the first Paris 
Exhibition. 
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hole, and a seam of good blazing coal was met with 20 
feet lower. 

(12) This discovery proves up to the hilt the truth of 
Godwin-Austen’s views as to the range of the coal- 
measures along the line of the North Downs, and as to 
the thinning off of the Oolitic and Wealden strata against 
the buried ridge. The former are less than one-third of 
their thickness at Netherfield, and the latter are wholly 
unrepresented. It establishes the existence of a coal-field 
in South-Eastern England, at a depth well within the 
limits of working at a profit. The principal coal-pits in 
this country are worked at depths ranging from over 1000 
to 2800 feet, and one at Charleroi, in Belgium, is worked 
to a demh of 3412 feet. 

The Dover coal-field probably forms pari of the same 
narrow trough as the Calais measures, prolonged west- 
ward under the Channel further to the south than 
Godwin-Austen drew it in 1858. Whether it is a trough 
similar to that which extends through Northern France 
for more than 100 miles from east to west, as Godwin- 
Austen has drawn it in the diagram on the wall, reaching 
as far to the west as Reading, or whether it is a smal^ 
faulted; insignificant frigment of a field, such as that of 
Marquise and Hardinghen, remains to be proved. It is. 
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however, one of a chain of coal-fields which will, in my are now being worked in Westphalia, Belgium, France, 
opinion, ultimately be proved to extend under the newer and Somersetshire. The Westphalian coal-field contains 
rocks between Dover and Somerset, along the line of the 294 feet of workable coal, distributed in 117 seams ; that 
North Downs, in long narrow east and west troughs. It of Mons, 250 feet, in no seams; and that of Somerset, 
is probably a continuation beneath the Straits of Dover 98 feet, in 55 seams. The North French coal-field in 
of the coal-measures struck at Calais (see Fig. 2). 1887 yielded 7,119,633 tons, and gave employment at 

The further question as to the value of these fields may I the pits to 29,000 men, and is rapidly increasing its 
be answered by the amount of coal in the fields which I output. 



Fig. 2. — Probable Range of Coal-mejjiurefi between Dover and Calais. 


It may bejinferred that the buried coal-fields which necessary base is laid down for further discoveries, which 
await fhe explorer in the North Downs are in all prob- in all probability will restore to South-Eastern England 
ability not inferior to these. Godwin-Austen, in his the manufactures which have long since fled away to the 
memorable paper before the Geological Society, in 1855, coal districts of the west and north, and which will put 
said that if one of these buried fields were once struck off by many years the evil day when the energy stored up 
in South-Eastern England, their exploration would be in the shape of coal in these islands shall have been 
an (easy matter. It has been struck at Dover, and the spent. 


RECENT ADDITIONS TO THE LITERATURE 
OF INSULAR FLORAS. 

The Lacc.^dives. 

T hese small islands, fourteen in number, are situated 
between 10° and 14^ N. lat., and at 120 to 180 miles 
from the Malabar coast of India. They are of coral 
formation, almost without exception portions of atoll 
rings, and nowhere elevated more than twenty feet 
above the sea, so that storm- waves sometimes 
sweep completely over them. In 1847 such a wave 
destroyed 1000 of the small population, and there have 
been equally disastrous cyclones in much more recent 
times. Indeed, according to Hunter’s Imperial Gazetteer 
of India, the islands, which have an area of two to three 
square miles, are nowhere more than ten or fifteen feet 
above the level of the sea. In 1871 the population was 
estimated at about 13,500, and the almost sole cultivation 
is the coco-nut palm. It is supposed that the abundance 
of this palm may have attracted the first settlers, but as 
that event occurred more than 350 ^ears ago — how much 
more it is impossible to say — this point must remain 
uncertain. The total annual value of the exports, con- 
sisting almost entirely of the products of tHe coco-nut 
palm, is said to be about 7,000. From the physical 
character of the group, it was not expected that the flora 
contained any endemic element, but until quite recently 
there was no published account of the vegetation, beyond 
broad generalizations. Dr. D. Prain, Curator of the 
Calcutta Herbarium, has supplied the want in the 
“ Memoirs by Medical Officers of the Army of India,” 
Part V., where he gives an enumeration and analysis of 
all the plants hitherto known by him to have been collected 
in the islands, and he has since communicated to the 
writer a list of some twenty additional species. Briefly, 
the vegetation consists, apart from cultivation, of very 
widely dispersed plants — whose wiae area is due to ocean 
currents, birds, or winds — plus a number of weeds of 
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tropical cultivation. Dr. Prain has not visited any of the 
islands himself, and collectors have not concerned them- 
selves with the question of colonization of plants from 
drift-seeds or from seeds conveyed to the islands by 
carpophagous birds ; hence his deductions are mainly 
based on probabilities, which he discusses in considerable 
detail, followed by a table giving the full distribution of 
all the plants then known to him from the islands. These 
number eighty, including seventeen purely cultivated 
plants. It is interesting to know what is cultivated, of 
course ; but it is undesirable to encumber the distri- 
butional tables with plants of this category. Dr. Prain 
estimates that the presence of eleven species is certainly 
due to the sea, seventeen probably so, and twenty-two 
possibly so ; whilst birds are regarded as the agents in 
two, three, and five instances respectively. The two ferns 
collected in the island of Anderut are set down with 
certainty to the wind, and two or three other plants 
probably to the same agency. The rarity of ferns 
seems to be accounted for, in part at least, by the ex- 
treme flatness of the islands rather than by unfavourable 
conditions, for Dr. Treub found eleven species of ferns on 
the elevated part of Krakatab only three years after the 
great eruption, which absolutely destroyed all the vege- 
tation previously existing, and covered the island with a 
volcanic deposit of intense heat from one to sixty yards 
in thickness. 

One common tree in the vegetation of many islands of 
the Indian Ocean we miss in Dr. Praia’s list, and that is 
Cordia subcordata, the iron-wood of the Keeling Islands. 

The Kuriles. 

Mr. Kingo Mi^abe, lately appointed Professor of 
Botany at the Agricultural College, Sapporo, Japan, and 
formerly a student at Harvard, U.S., and for a short time 
in this country, is the author of a “ Flora of the Kurile 
Islands,” which is published in the Memoirs of the 
Boston [U.S.] Society of Natural History, vol. iv.. No. 7. 
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This is perhaps the most finished piece of systematic 
and geographical botany yet published in English by a 
Japanese botanist, and it will give the author a reputation 
for completeness and conciseness that might be envied 
by many western botanists. The enumeration is based 
partly on personal observation and partly on scattered 
records and herbarium specimens, for which full refer- 
ences are given ; and all authorities are cited, so that the 
sources of information are not uncertain, as is too often 
the case. 

The Kurile Islands form a chain nearly 800 miles long, 
extending from the southern point of Kamtschatka to 
Yezo ; and, by treaty with Russia in 1875, they are now 
all under Japanese rule. The principal islands are about 
twenty-four m number, but they are only partly inhabited, 
on account of their barrenness and lack of good water. 
The whole chain is described as of volcanic origin, and 
fifty- two cones have been observed, seventeen of which 
were active. The coasts generally are precipitous and 
unapproachable, and the few bays and coves they possess 
are insufficiently sheltered to be safe for ships in bad 
weather. Indeed, some of the islands can only be visited 
in the perfectly calm weather of the summer-time. In 
consequence of the sea-currents from the noith, the 
climate is very cold for the latitude (about 43” to 51°), 
and dense fogs prevail during easterly or southerly winds. 
There is, however, a marked difference in the climate 9 i 
two or three of *the southern islands, which come under 
the influence of a warm current running to the north- 
east. North of Etorofu the islands are locked in ice 
from November till April or May, and the mountains are 
snow-capped throughout the summer ; hence it is not 
surprising to learn that the vegetation is of a sub-arctic 
character. 

Mr. Miyabe’s enumeration comprises 299 species of 
flowering plants, and 18 vascular cryptogams; but it is 
not supposed that these numbers exhaust the flora. These 
317 species belong to 187 genera and 53 natural orders, 
and 21 of the latter are represented by a single genus, 
and 9 by a single species each. The natural orders com- 
paratively rich in genera are : Compositse, 1 5 : Rosacese 
and Liliacete, 12; Graminete, ii ; Ranunculacese and 
Ericaceae, 8 ; Cruciferas and Umbelliferie, 7 ; and most of 
these orders are the richest in species, though the Caryo- 
phyllaceae and Scrophulariacea: come in before the Cru- 
ciferae and Umbelliferac. The Compositae number 30 
species ; the Rosaceae, 23 ; the Gramineas, 17 ; and the 
Ericaceae, 16. It is noteworthy that in this small flora, 
or, rather, portion of a flora, the Compositae form a rela- 
tively high percentage, as they do in the Arctic flora and 
in the various regions of Central and Eastern Asia, from 
the Caspian to Japan, whose floras have been analyzed 
by Maximowicz. So far as at present known, the Kurile 
flora contains no endemic element, unless we except two 
imperfectly-known plants, which, however, as Mr. Miyabe 
observes, are much more likely to be forms of more 
widely-spread species. North of the islands mentioned 
as under the influence of a warm sea-current, the flora 
is largely composed of species having a wider range, 
many of them all round the northern hemisphere, 
and species having a more or less wide area in 
North-East Asia. The facts that upwards of 25 per 
cent, of the spdbies are British, and that 84 per cent, 
of the genera are spread over Europe, Northern Asia, 
and North America, will assist us in forming an idea of 
the general composition of the vegetation. Only three 
of the genera are restricted to the mountains of tropical 
Asia and North-Eastern Asia — namely, Skimmia^ Craw- 
furdia, and Acanthopanax. Mr. Miyabe finds that 26 
per cent, of the species are American- Asiatic ; and 10 
per cent, of these reach Eastern North America. Only 
six genera occur which do not reach Japan — namely, 
Parryay Tetrapoma^ Claytonia^ Lupinus, Artneria, and 
DocUcatheon. 
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The existence in the southern islands, Kunashiri and 
Etorofu, of such plants as the following is strong evidence 
of a warmer climate : Dianthus superbus, Hypericum 
erectum, Skimmta japonica. Ilex crenata, Rhus Toxico- 
dendron, Hydrangea scandens, Aralia racemosa, Acantho- 
panax ricinifolia, Crawfurdia japonica, and Bambusa 
Kurilensis. The bamboo is said to grow so thick and so 
tall in the neighbourhood of Shana, in Etorofu, as to form 
almost impassable thickets. 

Mr. Miyabe concludes his discussion of the flora of the 
Kuriles in the following word^ ; — “ From these observa- 
tions I agree with Prof. Milne in the opinion that, at the 
time of the last great southerly migration of the rich 
polar flora, Japan received her portion mostly through the 
island of Saghalin, and but little, if any, through the then 
uncompleted chain of the Kurile Islands.” 


The Bahamas. 

A provisional list of the plants of this chain of islands, 
by John Gardiner and L. J. K. Brace, edited by Prof. C. 
Dolley, appears in the Proceedings of the Academy of 
Natural Sciences, Philadelphia, 1889, pp. 131-426. 

This is not intended as a critical review, and perhaps 
an avowed provisional list is, in a sense, exempt from 
such an ordeal ; yet it seems no more than right to call 
attention to the extraordinary notes and remarks under 
some of the species, genera, and orders, so that the 
writer who is responsible for them may have the*oppor- 
tunity of claiming all the credit due to him. Taking the 
first of the dicotyledons. Clematis Vitalba, it is said 
to be indigenous and nearly cosmopolitan ” ; and Del- 
phinium sp. is recorded as indigenous from old world,” 
whatever that may mean. The Bixineas, “ as a whole, have 
fully bitter and astringent properties, and some of the 
members are poisonous.” This is indefinite, but the 
Compositae are described as ‘‘plants mostly possessing 
a bitter principle which renders them tonic ” ; and Eupa- 
torium (a genus of about 500 species) “is extensively 
used as a remedy for malaria.” A more definite state- 
ment, “ grasses are valuable as food for cattle and men,” 
is true, although the instances on record of men having 
eaten grass itself are exceedingly rare. Some of the 
remarks on the distribution of the plants enumerated, and 
really restricted to the West Indian region, or the West 
Indian and Mexican regions, are equally incomprehen- 
sible. Thus Alvaradoa amorphoides, a shrub inhabiting 
the Bahamas, Cuba, and Mexico, including the interior 
province of Chihuahua in the north, is said to be found on 
“all tropical coasts.” The work abounds in indefinite, 
and often unintelligible, remarks on the medicinal proper- 
ties of plants. Under Clethra tinifolia we find the note ; 
“This plant does not appear to be of use for anything. 
The order [Ericaceae] has astringent properties. Its 
leaves and flowers are used as a diaphoretic ; they are 
saponaceous and detergent.” 

The list itself is largely compiled from Grisebach’s 
“ Flora of the British West Indies,” and from names 
communicated from Kew to Mr. Brace, based on speci- 
mens suppiKed by him from time to time ; and is so far 
approximately correct. On the other hand, some of the 
additional names are strangely inaccurate and far-fetched 
Thus, Sinapns Brassicata, Linn., a Chinese plant, now be- 
lieved to be the same as S.juncea, is put down as naustard, 
and as native of the West Indies. It is trae that Grisebach 
uses this name in his “ Flora of the British West Indian 
Islands,” therefore it is, to that extent, excusable. That 
an “ M.D.” and a Professor of Biologfy should be so care- 
less of his reputation as to publish such undigested matter 
is inconceivable. Apart from its faults, the list is imper- 
fect so far as our present knowledge goes, and it may be 
better to await an emended edition before attempting to 
give any particulars of the flora here. 
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Fernando Noronha. 

Darwin landed on this island on the outward voyage of 
the Beagle, and collected a few plants, and Moseley suc- 
ceeded in obtaining specimens of a few plants from the 
main island and the islet of St. Michael’s Mount, but was 
prevented from making a complete collection in conse- 
quence of the Challenger being unprovided with the 
necessary authorization. These plants were described by 
the writer, and some of them figured in the ** Botany of the 
Challenger Expedition.” Provided with funds by the 
Royal Society, Mr. H. Nc Ridley, formerly of the British 
Museum, and now Government Botanist for the Straits 
Settlements, visited the island in the summer of 1887, 
accompanied by Mr. G. A. Ramage and the Rev. T. S. 
Lea. The party remained on the island, or rather 
group, for there are several islets besides the main island, 
forming a chain, which may have formerly been con- 
tinuous. Thus they had time to explore thoroughly the 
natural history ; and an account of the botany, by Ridley, 
has just appeared in the current volume of the Jourhal of 
the Linnean Society. The singularly unconnected form 
of the introductory matter is doubtless due to the hurried 
manner in which it had to be completed before the 
author’s departure for Singapore. 

Fernando Noronha is in about 3° 50' S. lat., and nearly 
200 miles from the nearest point of the Brazilian coast. 
The whole chain is about eight miles in length, and the 
main island five miles long and nearly two miles across 
in one part, though very much narrower generally. 

The fragment of the flora published in the “ Botany of 
the Challenger'' was considered sufficient to enable us to 
form an opinion of its general character, and state that 
there was no peculiarly insular element in the vegetation. 
This is fully borne out by the subsequent discoveries. 

Mr. Ridley gives no analysis of the composition of the 
flora beyond classifying the plants as weeds, such plants 
as might be introduced by sea-currents, and such as have 
berries and eatable seeds, with examples ; but he does 
not tabulate the whole. His very brief “ summary ” 
follows : — 

“ The whole group of islands possesses certain charac- 
teristics common to all truly oceanic islands and some of 
those which are merely the relics of vanished continents. 
In the first place there is the absence of indigenous 
mammals, and more noticeably of bats, of fresh-water 
fish, and amphibians. Again, the number of indigenous 
species, both of plants and animals, is very small, while 
the number of individuals is very large. The insects are 
small and dull in colour, and but few of the plants have 
showy flowers, white and yellow being prevailing colours. 
A considerable proportion of the indigenous plants are 
shrubby or arboreous, as in many other oceanic islands ; 
but arl^reous or even shrubby Compositse do not exist, 
indigenous species of the order being rare in the group.” 

There will be differences of opinion, of course, as to the 
teachings of the data collected by Mr. Ridley and his 
companions, especially as to whether the present vegeta- 
tion be a remnant of a former continental flora or a 
purely derived insular flora of comparatively recent 
origin. 

Mr. Ridley himself states ** that there is ho evidence 
whatever to show a former connection with the mainland 
of Brazil at any time, in spite of what has been asserted 
by Dr. Rattray to the contrary.” On the other hand, in 
a sketch of the geology of the island, based on petro- 
logical notes by Thomas Davies, which follows the 
enumeration, it is merely doubted that the evidence is 
sufficient to prove a connection.” 

It appears, too, that some American petrologists, who 
have found similar rocks to those of Fernando Noronha 
in the neighbourhood of Cape San Roque, seem to con- 
sider that ‘ the group may have been connected at one 
time with the mainland at this pamt.” 

Boughly counting the plants in the enumeration, we 
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find there are nearly two hundred species of phanero- 
gams, including weeds and a few others undoubtedly 
introduced, intentionally or unintentionally, by man. Out 
of this total, about thirty-two are describea as new, or, in 
about half-a-dozen instances, more fully described than 
was possible from the imperfect material previously 
known. So far as present evidence goes, these are all 
endemic in Fernando Noronha ; but while so much 
remains to be done in the investigation of the Brazilian 
flora, it should not be assumed that they are really so. 
Some of them, indeed, are admittedly very closely allied 
to previously-described species, and botanists might 
differ as to the propriety or expediency of treating the 
majority of them as independent species. And as to the 
whole, they present no peculiar characteristic suggesting 
the improbability of their occurring on the mainland. 

The poverty of the flora in species may be largely due 
to climatal and other conditions. The climate is so dry 
generally, or the periods of drought are so protracted, 
that marsh plants, epiphytes, and ferns are almost wholly 
wanting. Mr. Ridley discovered one Pelleea geraniee- 

folia, but it was rare and local, and this very widely- 
spread fern will grow in comparatively dry situations. 

A large number of the plants, including several of the 
supposed endemic species, bear edible fruits ; yet there 
^is only one fruit-eating bird on the island, and that is the 
^^endemic dove, Zenaiaa noronhee.” This fact tempts Mr. 
Ridley “ to wonder whether the number of endemic 
species with edible fruit could possibly have all been 
introduced by this single species of dove, or whether 
other frugivorous birds may not at times have wandered 
to the shores.” This sentence can hardly convey what 
Mr. Ridley had in his mind when he wrote ; and being 
so distant from home he probably had no opportunity of 
revising it in print. Moreover, it is hardly correct to 
designate this group of islands as “oceanic.” 

Prominent in the vegetation among the assumed new or 
endemic plants are : Erythrina aurantiaca, Cereus insu- 
laris, Bignonia roseo-alba, Pisonia Darwinii, Sapium 
sceleratum, and Ficus noronhee. There are also described 
two species of Oxalis, three of Ceratosanthes, a genus of 
Cucurbitaceae, a Sesuvium, a Cuscuta, a Physalis, a 
Solanum, a Lantana, and three of Cyperus, besides a 
few others of less familiar genera. Of greater botanical 
interest is an apparently dioecious Combretacea, pro- 
visionally placed in Combretum as the type of a new 
section, Terminaliopsis. Taken as a whole, the vegeta- 
tion is quite that of the mainland deprived of the 
moisture-loving element. 

In conclusion, it may be stated that the woods men- 
tioned by the earlier writers have almost disappeared 
since the main island has been made a convict settlement. 

W. Bottino Hemsley. 


THE BRONTOMETER. 

F or more than a century meteorologists have been 
puzzled by the exceptional action of the barometer 
during some (not all) thunderstorms, and during some 
(but not all) heavy rains. As a general rule, one expects 
the barometer to fall for rain and bad wjpather, but in 1784 
Rosenthal pointed out that “when a thunderstorm ap- 
proaches the place where a barometer is situated, the 
mercury in the tube begins to rise ; the nearer the thunder- 
cloud comes to the zenith of the observer, the higher does 
the mercury rise, and reaches its highest point when the 
storm is at the least distance from the observer. As soon, 
however, as the cloud-has passed fhe zenith, or has become 
more distant from the observer, the weight of the atmo- 
sphere begins to decrease and the mercury to fall.” 

The recent rapid increase in the number of self-record- 
ing barometers in use has led to much interest being 
taken in these fluctuations, which are sometimes very 
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numerous, and fyt from the simple rise and fall noted by 
Rosenthal, Planer,^ Toaldo, ana other early writers. A 
very good illustration was afforded by my Redier baro- 

f raph on August 2-3, 1879, of which the curve is repro- 
uced below. 


It might for a moment be supposed that the zig-zag about 
2 a.m. was due to what is Imown as ** pumping” in the 
barometer, but that is not the case. ** Pumping” 
rarely takes a minute from its lowest to its highest 
point, t.e. two minutes from one maximum to another,^ 



Camden Square, London, August 1879. 


whereas these niaxima are at intervals of about half 
an hour. 

Several explanations of these oscillations have been 
offered, and in my paper in the Proc. Roy, Soc. I have 
endeavoured to give a summary of them, but I have long 
felt that as a preliminary to a theory we ought to be sure 
of the facts. 

Years ago, when Sir Francis Ronalds, F.R.S.,had his 
collection of electrometers in the dome of Kew Observa- 
tory, he devised what he called a storm clock, which was 
really a paper going at a regular rate, so that the observer 
needed only to record the phenomena, and the position of 
his writing showed the time. 

In 1890 we ought to do better than half a century ago, 
and, thanks to the great skill of MM. Richard Freres, of 
Paris, the new machine, if it does not absolutely justify 
its name ‘‘ brontometer ” (Bpovn) fi€Tpov, thunderstorm 
measurer), is a very near approach to it. 

And first as to the object, we want to find out (i) the 
nature of the oscillations already mentioned ; and (2) to 
what they are due. 

The only way to do this is to get them on so large a 
scale that they can be critically examined, and to find out 
with what phenomena they are synchronous, or indefinite 
relation as to sequence and time. Irrespective altogether 
of these barometric oscillations there are several features 
in thunderstorms not at all understood, such, for instance, 
as whether the rush of rain which sometimes accompanies 
an exceptionally fine flash of lightning is the cause or the 
result of that flash. For this and other points abso- 
lutely accurate time is of the highest importance, and 
evidently all phenomena must be recorded on one sheet 
of paper. 

A method adopted for seme of his instruments by Mr. 
H. C. Russell, F.R.S., of Sydney, might with advantage 
be copied in some^of the European Observatories. As 
a general rule, and for ordinaiy phenomena, half an inch 
of hour of time, i.e. 12 inches per diem, gives 

a sufinciently open scale ; but when special phenomena 
occur it is vei^ handy to be able to accelerate the speed 
five or ten times, and this Mr. Russell does with ease. 
But even ten times times the ordinary speed, or 5 inches 
an hour, would not enaAile one to read closer than to 
quarter minutes, which would be useless for ascertaining 
the details of a thunderstorm and the correlation of the 
various phenomena with the peculiar oscilktions already 
mentioned. 

These, then, are some of the reasons which led me, 

, NO. 1083, VOL. 42] 


more than three years since, to consult M M. Richard as 
to the construction of the brontometer, now at length 
completed. • 

It is provided with endless paper, 12 inches wide, tra- 
velling under the various recording pens at the rate of 
r2 inch per minute, or 6 feet per hour. This is about 
1 50 times faster than is usual in meteorological instru- 
ments, and enables the time of any phenomenon to be 
read off with certainty to a single second of time. 

The traces are made in aniline ink by a series of seven 
Richard pens. 

The first pen is driven by the clock which feeds the 
paper, so that the time scale and the paper must go 
together. The pen usually produces a straight line, 
which serves as the base line for all measurements, but 
at 55 seconds after each minute the pen begins to go, at 
an angle of about 45’, one-tenth of an inch to the left, 
and at the sixtieth second it flies back to its original 
position. 

_ The second pen is driven by one of Richard’s anemo- 
cinemographs — a name which they have given to a pat- 
tern of anemometer not yet known in England. The 
external portion has some resemblance to the ordinary 
windmill governor, but it differs from it in that the plates 
are curved, not flat ; they are made of aluminium, and 
are so light that they have little momentum, and have 
thus a great advantage over cups, which run on for many 
seconds after the wind-force has decreased or ceased. 
The fans make one revolution for each metre of wind 
that passes, and send an electric current to the bronto- 
meter, where it acts on an electro-magnet, and tends to 
draw this (second) pen towards the left ; but a train of 
clock-work is constantly tending to draw the pen to the 
right, the jcu<^t result being that the pen continuously 
shows, not the total motion (as is the case with most 
anemometers), but the actual velocity almost second by 
second. It does this certainly with an error of less than 
five seconds, for th« fans will stop dead in less than that 
time, and the clock-work train will bring the pen from 
indicating a velocity of 70 miles an hour to 20 miles an 
hour in three seconds, and down to a dead calm in seven 
seconds. The trace will thus resemble that of a pressure 
anemometer, but with a much more open scale than was 
ever before available. 

The third pen is actuated by a handle, and q^n be set 
at zero or at i, 2, 3, or 4 spaces from it. The author’s 

* I believe that half a minute would be nearer, but until the brontometer 
has baen worked during a heavy gale no one knows. 



NATURE 


[July 31, 1890 


326 


original idea was, partly by watching a storm-rain-gauge, 
and partly by estimation, to decide on the intensity of 
the rain, and to indicate that intensity by moving the 
pen further and further from zero as the fall becomes 
heavier. Experience alone will show whether that is, or 
is not, superior to moving it one step for eachj^oth of an 
inch of fallen rain, which can be done by making a 
Crosley rain-gauge send a current into the room where 
the brontometer is placed, and strike a bell there. In 
a heavy storm there will, however, be so much for 
the bbserver to do, that very probably count would be 
lost. It may, therefore, be necessary to make it act 
automatically. 

The fourth pen is actuated somewhat like a piano. On 
the occurrence of a flash of lightning, the observer presses 
a key, the pen travels slightly to the right, and flies back 
to zero. Referred to the automatic time-scale, this gives, 
to a second, the time at which the key was depressed. 

The fifth pen is similar, but, being intended to record 
the thunder, the observer will continue to hold down the 
key until the roll is inaudible. The time of the departure 
of this pen from zero will evidently be later than that for 
the lightning by the time-interval due to the distance of 
the flash, and possibly something may be learned from 
the accurate record of the duration of the thunder. 

The sixth pen is similar to the third, and is intended to 
record the time, duration, and intensity of hail. ' 

The seventh and last pen is devoted to an automatic 
record of atmospheric pressure. As the rapid motion of 
the paper, which is indispensable for studying the details 
of a thunderstorm, has enlarged the time-scale more than 
a hundredfold, it was imperative that the barometric scale 
should itself be greatly enlarged. But the range of the 
barometer in London is more than inches, and no 
enlargement less than ten times the natural (mercurial) 
scale would be of any use ; hence a breadth 0/25 inches 
of paper would be necessary, unless some mode of shifting 
the indication could be devised. 

Several plans were tried, but finally a modification of 
Richard’s statoscope has been adopted, which is so sen- 
sitive that it will indicate the opening or shutting of a 
door in any part of the house, gives a scale of 30 inches 
for each mercurial inch {i.e. about three times that of a 
glycerine barometer), and yet only requires 4 inches 
breadth of the brontometer paper. Without entering 
into all the details of construction, it is desirable to ex- 
plain the general principle, and its application. As it 
was essential that the apparatus should record accurately 
to 0*001 inch of mercurial barometric pressure, it was 
evident that friction had to be reduced to a minimum, 
and considerable motive power provided. This is done 
by placing in the base of the brontometer a galvanized 
iron chamber, which contains about 3^ cubic feet of air ; 
on the upper part are a series of elastic chambers, similar 
to the vacuum boxes of aneroid barometers, but much 
larger. When the instrument is to be put in action, these 
chambers are connected with the large air-chamber, and 
a tap is closed which shuts off communication with the 
external air. Any subsequent increase, or decrease, of 
atmospheric pressure will compress, or allow to dilate, the 
air in these chambers, and the motion of the elastic ones 
produces that of the recording pen. 

Obviously, any large change in the temperature of the 
confined air would vitiate the readings ; but (i) the in- 
strument is not required to give absolute, but merely dif- 
ferential, values, and (2) the influence of the changes of 
temperature is greatly reduced by the chamber being 
surrounded with 4 inches thick of non-conducting mate- 
rial, besides nearly i inch of wood outside of it. The 
change of* temperature in a room, and during the short 
time that the statoscope will be worked without resetting 
to zero *(«>. without oftening the tap) has not hitherto 
produced any me^isurable effect. 

* G. J. Symons. 
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NOTES. 

Tiis Society de Physique et d’Histoire naturelle de Geneve 
has decided to celebrate its hundredth anniversary. It was 
founded in 1790, having originated in informal meetings of 
|<» eminent men of science who lived at that time in Geneva. On 
October 23 a special meeting will be held, at which papers will 
be read relating to the history of the Society and to the labours 
of its members. It is hoped also that some honorary members 
may be disposed to contribute to the success of the meeting by 
sending scientific communications. In the evening there will be 
a banquet. Members who intend to be present are asked to 
write to M. de la Rive, the President, some days before the 
celebration. 

The International Exhibition of Mining and Metallurgy, at 
the Crystal Palace, was officially opened on Monday by Lord 
Thurlow, F.R.S., one of the honorary vice-presidents of the 
Exhibition. We shall give some account of the Exhibition 
when the arrangement of the specimens is in a more forward 
state. 

The British Medical Association is holding its fifty-eighth 
annual meeting at Birmingham. The President, Dr. Willoughby 
F. Wade, delivered the opening address on Tuesday. On 
Wednesday Sir Walter Foster delivered an address in medicine ; 
to-day Mr. Lawson Tait delivers an address in surgery ; and to- 
morrow, at the concluding general meeting. Dr. W. H. Broad- 
bent will speak on therapeutics. At the meeting to-day the 
Association's gold medal ‘‘for distinguished service” will be 
presented to Surgeon Parke, of the Emin Relief Expedition. 

The summer meeting of the Institution of Mechanical 
Engineers is being held at Sheffield. It began on Tuesday# 
July 29, and will not be concluded until to-morrow. The 
following is a list of the papers : on steel rails, considered 
chemically and mechanically, by Mr. Christer P. Sandberg, of 
London ; on recent improvements in the mechanical engineer- 
ing of coal-mines, by Mr. Emerson Bainbridge, of Sheffield ; 
description of the Parkgate iron and steel works, by Mr. Charles 
J. Stoddart, managing director; description of the Sheffield 
water works, by Mr. Edward M. Eaton, engineer ; description 
of the I.oomis process of making gas for fuel, by Mr. R. N. 
Oakman, Jun., of London ; on milling cutters, by Mr. George 
Addy, of Sheffield ; on some different forms of gas furnaces, by 
Mr. Bernard Dawson, of Malvern ; on the Elihu Thomson 
electric welding process, by Mr. W. C. Fish, of London 
(communicated through Prof. Alexander B. W. Kennedy, 
F. R. S. , Vice-President). 

The Leeds Executive Committee, appointed for the purpose of 
making arrangements for the visit of the British Association, 
met on Monday. The Mayor, Alderman Elmsley, in opening 
the proceedings, said that some of the most eminent men of 
science in K^urope and America bad announced their intention of 
being present. Many of the principal manufacturers of T.eeds 
had most generously consented to open their works for inspection 
by members of the Association^ Arrangements had also been 
made for excursions to places of interest, historical or otherwise. 
He had no doubt that the inhabitants of Leeds would show all 
the hospitality and enthusiasm that was required. In the course 
of the proceedings it was stated that it was the original intention 
to have a guarantee fund of not less than £$ 00 ^ but that fund 
now amounted to not less thaVi £6540. A report of the Execu- 
tive Committee recommended that a call of 50 per cent, should 
be made on the guarantors, but Mr. Benson Jowitt, in moving 
the adoption of the report,, expressed his belief that eventually 
it would turn out that the call had been more than sufficient to 
meet the demands which had been made upon it. The Vicar of 
Leeds, Dr. Talbot, having seconded the adoption of the report, 
it was carried, and the proceedings terminated. 
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The National Association for the Promotion of Technical 
and Secondary Education has issued its third annual report. It 
speaks of the past year as the most eventful one of its existence, 
so far as the actual realization of the objects of the Association 
are concerned. The report will be of great interest to anyone 
who may wish to obtain a general view of the progress which 
is being made towards the establishment of a proper national 
system of technical and secondary education. 

Attempts have been made in Parliament this week to secure 
that the money to be raised from the new tax on spirits shall 
be applied in Scotland to the establishment of a perfectly free 
system of elementary education. The Government declines to 
accept the proposal, which has, therefore, for the present been 
rejected. On Tuesday evening Mr. Goschen said the matter 
had been spoken of as a small one, but he thought the decision 
whether or not the standards above the compulsory standards as 
well as the compulsory standards themselves should be freed 
was by no means a very small question. The argument had 
been put forward that the Government would be justified in 
freeing parents from the duty (which hon. members now entirely 
discarded) of educating or contributing to the education of their 
children. They had relieved parents from that duty where the 
State had enacted^ compulsion, but the Government were 
not prepared to sanction the principle that beyond the 
compulsory standards education must necessarily be free. 
Mr. Mundella strongly supported the scheme. He pointed out 
that the compulsory standard varied in different districts from 
the third to the sixth. The compulsory standard had been fixed 
as a minimum, but the Chancellor of the Exchequer would tend 
to stereotype it, and in many places make it the maximum. 
Children were passing out of school at an earlier age year by 
year. In other countries the standard was not one of class, but 
of age. In Scotland children were passing the fifth standard as 
early as 10 or ii years old. The payment of fees had been a 
great hindrance to the attendance of children at schools. That 
was why they were dealing with the question now. No doubt 
the child’s wages were a great temptation, but the fee might | 
just make the difference to a poor parent in deciding whether to 
keep his child at school or not. The present system was a great 
hardship on precocious children who passed the fifth standard at 
an early age. 

The Board of Agriculture announce that they have received 
information reporting the presence of the Hessian fly in the 
counties of Lincoln, Suffolk, and Herts slightly, and badly near 
Errol, in Perthshire. Owing to the twisted condition of much 
of the corn, it is more than usually difficult to detect the presence 
of the insect. Information is being prepared, and will at once 
be circulated by the Board. 

The returns presented to the Middlesex County Council by 
the various inspectors under the muzzlingorder show that during 
the quarter ending June last five dogs were seized with rabies in 
the county, as against seven ith the previous quarter. But for 
the number of cases of rabies the Board of Agriculture would 
have been asked to withdraw the order. During the same 
period 526 dogs were seized, 87 of which were claimed and the 
remainder slaughtered. These figures compare with 1039, 108, 
and 946 respectively for the March quarter. The total number 
of dogs seized in the year was 3256, of which 488 were claimed 
and 2634 slaughtered. In the same period there were 49 cases 
of rabies, as against 22 in the previous year. 

The trustees of the South African Museum, in their Report 
for the year ended December 31, 1889, say that in the course of 
this period valuable assistance was rendered in the palaeonto- 
logical section by Prof. H. G. Seeley, F.R.S., who, during his 
brief visit to the colony^ examined the South African fossils in 
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the Museum, and determined and labelled a considerable number 
of them. The trustees were glad to learn that Prof. Seeley dis^ 
covered in the Museum series an apparently new genus, and they 
had much pleasure in intrusting to his care some of the most 
interesting specimens for further investigation in England. 

j We learn from the Bulletin of the Torrey Botanical Club 
that, through the cordial co-operation of the officers of the New 
York State Fish Commission, and the great personal interest of 
its President, Mr. Eugene BlackforJ, the Brooklyn Institute has 
been enabled to open a sea-side laboratory for teaching and 
research in zoology and botany, under the direction of Dr. 
Bashford Dean. The laboratory is located at Cold Spring 
Harbour, Long Island, 32 miles from New York, reached by 
the Long Island Railway. The session opened on July 7, and 
was to extend over eight weeks ; the fee is 24 doMars. The 
location is described as a capital one, and an extensive corps of 
lecturers on special subjects has been secured, those on the 
botanical side being Dr* W. G. Farlow, Dr. N. L. Britton, and 
Prof. Byron D. Halsted. 

The death is announced of Dr. Alexander von Bunge, the 
veteran Professor of Botany at the University of Dorpat, at the 
age of 87. Dr. von Bunge was engaged, in the year 1830, in a 
scientific expedition in China, and subsetiuently in Khorassan 
and Afghanistan. Ills speciality of recent years was the flora 
of Russia and of Northern Asia. He was a foreign member of 
the Linnean Society of London. 

Shocks of earthquake have lately been felt indifferent parts 
of Austria-Hungary. On July 23 two violent though short shocks 
took place in the Muehl district, in Upper Austria, and on July 
25 a violent shock occurred in the valley of the Tscherna, in 
Moravia. A telegram received at Budapest from Mehadja on 
July 25 announced that two violent shocks of earthquake had 
been felt at the Hercules Baths, near that place, at half-past 
1 1 on the previous night. The direction of the disturbance was 
from east to west. 

The Paris Museum of Natural History received recently from 
M. J. Bretonniere an interesting sample of limestone (from the 
suburbs of the town of Constantine in Algeria) in which there 
I are a number of excavations, due apparently to Hcltcida. M. 
Stanislas Meunier thinks that land-snails are enabled to penetrate 
the rock through the agency of the siliceous particles which were 
shown by Hancock in 1848 to be the instruments used for similar 
work by some marine mollusksL 

In his recent thesis on the influence of the sea-shore on leaves 
M, Pierre Lesage shows by conclusive evidence that a marine, 
habitat leads to a thickening of the leaves. The palissade-cells 
are more numerous and larger than in the leaves of the same 
plants grown inland. Apparently the sea-salt is the cause of this 
alteration, as plants cultivated in artificially salted soil yield 
thicker leaves. The observations of M. Lesage bear on some 
ninety species (jjT plants which are in their natural state found 
near the sea (in Brittany) as well as inland. 

An excellent paper on the Peabody Museum of American 
Archaeology and Ethnology in Cambridge, U. S., by Frederick 
W. Putnam, has been reprinted from the Proceedings of the 
American Antiquarian Society, October 23, 1889. Mr. Putnam, 
dealing with the problems suggested by the collections of the 
Museum, thinks that the following are the elements to be taken 
into consideration in any endeavour to trace the present North 
American tribes and nations back to their origin. First, small 
oval-headed Palaeolithic man. Second, the long-headed Eskimo. 
Third, the long-headed peqple south of the Eskimo. Fourth, 
the short-headed race of the south-west. Fifth, the Carib 
element of the south-east. All these elements, Mr. Putnam 
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holds, must be studied with their differences in physical 
characteristics, in arts, and in languages. ** From a com* 
mingling of all," he says, ** with greater or lc«5s predominance 
of one over the other, uniting here and subdividing there, 
through many thousand years, there has finaily resulted an 
American people having many characteristics in common, not- 
withstanding their great diversity in physical characteristics, in 
arts, in customs, and in languages. .To this heterogeneous 
people, the name Indian was given, in misconception, nearly 
four hundred years ago, and now stands as a stumbling-block in 
the way of anthropological research ; for under the name re- 
semblances are looked for and found, while differences of as 
great importance in the investigation are counted as mere 
variations from the type." 

The Ra^^al Society of Victoria has issued the second part of 
the first volume of its Transactions. Baron von Mueller begins 
this collection of papers with important ** records of observa- 
tions on Sir William Maegregor’s highland plants from New 
Guinea." Mr, Arthur Dendy writes on the anatomy of an 
Australian land planarian ; Prof. W. Baldwin Spencer on the 
anatomy of Amphiptyches urna (Grube and Wagner). A paper 
on the preparation of alkyl-sulphine, selenine, and phosphonium 
salts is by Prof. Orme Masson. Mr. A. W. Howitt, in a well- 
arranged and instructive paper, deals with the organization of 
Australian tribes. The following are among Mr. Howitt's 
conclusions.* — (i) The group is the sole unit. The individual 
is subordinate in the more primitive form of society, but be- 
comes more and more predominant in the advancing social 
stages. Thus group marriage becomes at length completely 
subordinate to individual marriage, or even practically extinct 
and forgotten where descent has been changed from the female 
to the male line. (2) An Australian tribe is not a number of 
individuals associated together by reason of relationship and 
propinquity merely. It is an organized society governed by 
strict customary laws, which are administered by the elder men, 
who in very many, if not in all, tribes exercise their inherited 
authority after secret consultation. (3) There are probably in 
all tribes men who are recognized as the headmen of class 
divisions, totems, or of local divisions, and to whom more or 
less of obedience is freely given. There are more than traces 
of the inheritance by sons (own or tribal) of the authority of 
these headmen, and there is thus more than a mere foreshadow- 
ing of a chieftainship of the tribe in a hereditary form. (4) 
Relationship is of group to group, and the individual takes the 
relationship of his group, and shares with it the collective and 
individual rights and liabilities. The general result arrived at 
is that the Australian savages have a social organization which 
has been developed from a state when two groups of people 
were living together with almost all things in common, and 
when within the group there was a regulated sexual promiscuity. 
The existence of two exogamous intermarrying groups seems to 
Mr. Howitt to almost require the previous existence of an 
undivided commune from the segmentation of which they arose. 

Ax the meeting of the Royal Society of Tasmania on May 20, 
Mr. Morton drew attention to a recent dredging trip in the 
harbour. The result of the dredging trip was of important 
interest, as the forms obtained resembled the marine fauna of 
Port Jackson. Among the specimens dredged were a large 
number of mussels, and each contained a small crab, which on 
examination appeared to belong to the genus Fabia. It was 
rather curious to learn from some of the old residents that many 
years back, when mussels were numerous as at present, in the 
majority of cases every mussel contained a crab similar to those 
exhibited, and that the oysters, while mussels were in large 
quahtities, were few. Some time afterwards the mussel became 
nearly extinct, while the oyster multiplied. Whether that was 
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due to this parasitical crab or not he was unable to say, but the 
fact was singular that while the crab was now noticeable in the 
mussel the oyster was increasing in numbers. Whether history 
would repeat itself it would be difficult to say, but it would be 
kiteresting to observe the result. 

The trustees of the State Museum of Natural History, New 
York, have issued their forty-first Annual Report. It is accom- 
panied by the reports of the director, the State botanist, the State 
entomologist, and the State geologist. The directors call 
attention especially to the important and beautiful collection of 
minerals and gems bought for the Museum from Mr. George 
F. Kunz. They describe this collection as ‘*one of the most 
perfect to be found in any American museum." 

* In the seventh volume of the “Bulletin of the U.S. Fish 
Commission," lately issued. Dr. W. R. Hamilton has an inter- 
esting note on the croaking or grunting noise made by the 
“Perch" {Haploidonottis grunniens). This fish is furnished 
with a masticatory apparatus in the gullet, and the lower 
division of this has its upper surface flat and triangular in out- 
line, and studded all over with spheroidal “teeth," if they may 
be called genuine teeth. The upper division is composed of 
two parts united by a ligament ; their lower surfaces are also 
supplied with similar teeth. The divisions of this apparatus 
have powerful muscles attached to them by which they can be 
pressed together and moved laterally on each other. By this 
process the fish masticates the crustaceans on which it feeds. 
When this action takes place, the croaking is produced by the 
teeth coming in contact and gliding over each other. About 
twenty years ago, being interested in this subject, Dr. Hamilton 
procured from an Ohio River fisherman a perch weighing 18^ 
pounds, which he declared was the largest perch he had ever 
caught. Dr. Hamilton divided the head on one side, and thus 
exposed, its masticatory apparatus; and while he moved its 
grinders as he supposed the fish had done during life when 
crushing a crawfish, an exact imitation of the croaking sound 
was produced. 

The Committee of the Felsted School Natural History 
Society, in issuing their eighth annual report, are able to 
congratulate the Society on a large increase of members during 
the past year. The members seem to give a good deal of 
attention to scientific study, but the Committee “ continue to 
lament the very serious diminution of the old collecting spirit 
once so rife in the school, and to hope for its return." They 
attribute this defect to “ compulsory games." 

Messrs. Dean and Son announce for publication “ Serge's 
Complete Natural History of the Animal, Vegetable, and 
Mineral Kingdoms." It will be edited by R. F. Crawfurd, 
and illustrated with about 400 coloured plates and woodcuts. 

Part 22 of Cassell’s valuable “ New Popular Educator " 
has been issued. The number is accompanied by a map of 
Africa, and there are, as usual, many illustrations. 

The new number of the Journal of the Royal Agricultural 
Society of England (third series, vol. i. part 2) begins with an 

I article, by Mr. D. Pidgeon, on the development of agricultural 
machinery. This is followed by articles on the agricultural 
lessons of “the eighties," by Prof. Wrightson ; the Report of 
the Royal Commission on Horse-breeding, by Lord Ribblesdale ; 
tuberculosis in animals, and its relation to consumption in man, 
by Mr. W. Duguid ; fifty years of hop-farming, by Mr. Charles 
Whitehead ; the best means of increasing the home-production 
of beef, by Mr. G. Murray ; and the herbage of pastures, by 

I Dr. W. Fream. 

The Meteorological Office of Calcutta has just issued Part II. 
of “Cyclone Memoirs," containing a full description of a very 
violent cyclonic storm which passed through Bengal from August 
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21 to 28, 1888, written by Mr. A. Pedler. The text is accom 
panied by eighteen plates, giving the general meteorologica 
conditions, and showing the track of the storm-centre day by 
day. Mr. Pedler states that this storm fully bears out the con 
densation theory of the formation of cyclones. It was formed 
over an area where comparatively low pressure had for some 
time been persistent, and there is abundant evidence of heavy 
rain falling over the district in which the storm was developed, 
and to the south of it. Several points of interest are referred to 
in the discussion, viz. the irregular cyclonic circulation of light 
winds near the centre of the storm^ with a violent circulation of 
the clouds above these light winds, and these conditions appeared 
to shift their position, like an eddy ; secondly, the sudden change 
from light winds to winds of hurricane force, extending chiefly in 
the southerly direction. Also the entire absence of a calm 
centre, and the fact that the lowest barometric pressure was re- 
corded from ten to fourteen hours after the storm centre (as 
judged by [the winds) had passed. The storm was remark- 
able for the slight barometric depression which accompanied it, 
considering the excessive force of the winds. 

Dr. R. J. soring, of the Meteorological Office, Berlin, has 
submitted to the Friedrich- Wilhelms Universitiit, on the occasion 
of his taking his diploma, a useful paper on the vertical de- 
crease of temperature with height in mountainous districts, and 
its dependence upon the amount of cloud." In most works 
upon this subject, the special effect of cloud upon temperature 
has been limited to very moderate heights ; in this paper the 
author has carefully investigated the observations at mountain 
stations up to about 4100 feet. The results arrived at are: — 
(i) In the morning, when the weather is clear, there is a constant 
tendency to an inversion of temperature. In summer this 
tendency extends to some 1650 feet, and in winter considerably 
higher. This condition recurs in the evening in a smaller 
degree. (2) If the sky is overcast, neither a daily nor yearly 
l>eriod of the vertical gradients is strongly marked. (3) A 
departure from the law of direct proportional decrease of tem- 
perature with height occurs chiefly during the morning hours of 
clear days — the change of temperature then takes place more 
slowly in the lower strata of air than in the upper — and on 
cloudy days, during the warm season, when, in the lower strata, 
the vertical decrease of temperature appears to be accelerated. 

The Allahabad Pioneer reports the result of a recent expedi- 
tion to investigate the upper course of the Ira wadi, the source of 
which, as is well known, is one of the still unsolved problems of 
geography. It has long been known from native report that 
two rivers, the Mali Kha and the Meh Kha, the former from the 
north, the latter from the east, unite a little below lat. 
zd"* to form the Irawadi. The sources of the Mali Kha are 
known to be in the mountains to the east of the Brahmakund, 
which form the south-eastern water-parting of the Lohit 
Brahmaputra ; but the Meh Kha, which is stated to be the 
larger stream, and which Coloi^el Walker supposes to be iden- 
tical with the Lu River of Tibet, has never before been seen by 
any European. The junction of these two rivers has now for 
the first time been reached by an expeditionary party as- 
cending from Bhamo. On May 27, Captain Barwick, of the 
Indian marine, accompanied by Mr. Shaw, the Deputy Com- 
missioner of Bhamo, and Major 'Fenton, of the Intelligence 
Department, left Bhamo in the Pathfinder^ a paddle-steamer of 
about 35 tons, with a view to reaching the point of confluence. 
From Bhamo as far as Maingna the stream is well known. 
Above Maingna the river runs between mountains from 1200 to 
2000 feet high, and a succession of rapids has to be passed 
through, which by dint of hard struggling and after many attempts 
the Pathfinder successfully ascended, not, however, without 
several hairbreadth escapes from foundering, the whirlpools 
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simply taking charge of the vessel. After six days’ steaming,, 
the party reached the confluenceof the streams, distant about 150* 
miles from Bhamo. Here the river was found to be 500 yards 
wide, one branch, the Mali Kha, trending to the north-eastward,, 
the other, the Nmaika(Meh Kha of the map), to the eastward. 
Up the former the explorers proceeded some six miles, and then 
came upon a series of rapids. It was decided not to go further, as 
the small quantity of fuel remaining was reserved for steaming 
up the other branch. A halt of a day was made, and the 
position fixed in lat. 2$® 56' N., and long. 97® 38' E. Re- 
turning to the confluence, Captain Barwick proceeded three 
miles up the Nmaika, when a rapid prevented further pro- 
gress. The Kachins are said to have been very friendly, though 
they had never seen or been in communication with Europeans 
before. 

The recent expedition to the Bellenden Ker Range*(says the 
Colonies ^and India) has added a long and interesting list of 
new specimens of Australian flora to Queensland. Since the 
publication of the official report the Queensland Government 
Botanist (Mr. F. M. Bailey) has discovered ten more new 
plants, making a total of forty-one species entirely new to 
botanical science, and the collection is not yet exhausted. There 
I ^re also several specimens of mosses and lichens, which so far 
have remained untouched, Mr. Bailey having had no time up to 
the present to devote to their examination. The total number 
of new species will probably extend to fifty — a result far exceed* 
ing that of any previous Australian botanical expedition. In 
the 1889 report of the proceedings of the Linnean Society of 
New South Wales there is an account of four new specimens to 
be added to the list of those discovered by the Bellenden Ker 
expedition. One of these belongs to the genus Coccincillida^ 
and has been named Chilocorus Baileyi^ after the Queensland 
botanist. A large and remarkable dark blue earthworm, over 
seven inches long, has been named Perichcrta terra^regina — the 
latter a rather pedantically inflated version of Qneenslandia, 
The worm was found by Mr. Meston on the top of the Herberton 
Range, at 2700 feet, and given to the Brisbane Museum. Two 
Bellenden Ker lizards of a genus new to Australian herpetology 
have been named by Mr. C. W. de Vis, Curator of the Queens- 
land Museum. They belong to the order Gechonida, and are 
called respectively Tropidophorus Queen slandiie and Perochirus 
Mestoni^ the latter after the discoverer. 

An experimental study of the transpiration of plants has been, 
recently made (we learn from Humboldt)^ by Herr Eberdt, of 
Marburg. The general method was to periodically weigh an 
air-tight vessel containing the roots of a plant (chiefly Asclepias 
Incamataj A. Comuti^ or Mercurialis perennis) in water, while 
the organs of transpiration projected. Absorption was also 
measured by means of a graduated capillary tube. We may 
note the following points : — The absorption and emission.-values 
did not generally differ much* Increase of transpiration by 
sunlight occurred though the latter had parted with its beat-rays 
by passage through an alum solution ; but when, after action of 
diffuse daylight^the dark heat-rays of sunlight (passed through 
a solution of iodine in carbon-sulphide) were thrown on the 
plants, transpiration was also increased. Direct sunlight causes 
more emission than absorption (shown by a relaxed appearance 
of the plant) ; and on passage into duller light, the emission falls 
off more quickly than the absorption, and the plant freshens. In 
plants with strong cuticle or few stomata, there was but little in- 
crease of transpiration from drying the air in a bell- jar over the plant 
by means of a dry air-current. The stomata of Trianea bogotensis^ 
being watched through a microscope while light- and heat-rays 
were thrown on the plant from above, they were seep to open 
more slowly if the heat-rays were cut off; but with heat-raya 
alone they remained closed.* If opened in light, they remained 
open when the heat-rays acted alone, and closed when these too 
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were stopped. A sooty metallic plate at 30® to 25® held 3 to $ 
seconds over the leaf opened the stomata, while dark heat- rays 
of sunlight failed to do so. The stomata opened also on passing 
a stream of warm, nearly saturated, air over the leaves. A 
shaking of plants acts not by way of shock, but by changing the 
atmosphere about the leaves, and therefore like wind. Strong 
shaking stimulates transpiration ; while weak vibration has no 
perceptible effect. The effect of wind was studied by directing 
air-currents of measured ^rength on the plants. The action of 
the weaker currents proved proportionally greater than that of 
stronger. The transpiration is greater if the leaves are free to 
be moved than if they are fixed. 

The additions to the Zoological Society’s Gardens during the 
past week include two Ravens {Corvus corax\ British, presented 
by Mr. V/alter Chamberlain, F.Z.S.; two Wheatears (Saxicola 
arnanthe), two Whinchats {Pratincola rubeira)^ two Great Tits 
{Partis major) f British, presented by Mr. J. Young, F.Z.S, ; a 
Cuckoo (Ctiai/tis ^anortis), British, presented by Mr. Valentine 
Marks; a Black Tortoise {Testudo carbonaria) from Jamaica, 
presented by Master Morris Blake ; a Dwarf Chameleon {Chama- 
Icon pumilis) from South Africa, presented by Mr. H. Tholen ; 
a Brazilian Hangnest {Icterus jamaicat)^ two Bluish Finches 
{Spermophila ctvrulescens)^ a Tropical Seed- Finch {Oryzoborus 
torridus)^ a Thick -billed Seed-Finch {Oryzoborus crassirostris) 
fronv Brazil, a Black-faced Kangaroo {Macropus melanops 6 ) 
from South Australia, deposited ; a Thar (Capra jemlaica 9 )» 
two Mule Deer ( Cariacus mac rot is 9 9 ), five Cuming’s Octodons 
iOctodon cumin^i)^ bom in the Gardens. 


OUR ASTRONOMICAL COLUMN 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on July 31 s 
fSh. 37m. S3s. 


Name. 

1 

Mag. 

Colour. 

R.A 1890. 

Ded. >890. 

! 

<i)G.C. 4447 


Bluish-green, 

h. m. 8. 

18 49 27 

• t 

+32 S 3 

(2)I!).M. 4 “ 31^^199 •••' 

5 

1 Yellowish-red. 

18 7 46 

+ 3 * *3 

f 3) 7 «> Ophiuchi ^ 

4 

Yellow. 

17 59 54 ; 

+ 33. 

(4)oHerculis 

4 

Bluish-white. 

18 3 18 ' 

+a8 45 

(5) 219 Schj ' 

<6) V Coronje 

8 

Red. 

1 ^8 43 57 : 

- 8 I 

Var. 

yellowish-red. 

! 15 45 35 

+ 39 S* 

1 


Remarks. 

(1) The well-known Ring Nebula in Lyra, which has been 
described in great detail by various observers. The spectrum 
consists of bright lines, but the line near A 500 is the only con- 
spicuous one. When the image of the nebula is sharply focussed 
on the slit, the chief line is seen as two bright dots connected 
by a faint line, indicating that nebulous matter fills the interior 
of the ring. (This is also confirmed by the telescopic appear- 
ance.) The line F and the one near A 495 jire exceedingly 
faint, but they are undoubtedly present. In my own observa- 
tions, with a lo-inch refractor, I have also glimpsed a less 
refrangible line, but have not been able to determine its position 
with any degree of accuracy. Further investigation of this line 
should be made with as large an aperture as possible. It is not 
far from b. 

(2) D’ Arrest and Duner agree in describing the spectrum of 
this star as one of Group II. with well-developed bands. The 
bands at the red end are the strongest, indicating that the star 
is well advanced in condensation. The bands in the red are the 
last to disappear in pissing to stars like a Tauri, and hence this 
collision. As in similar stars, the line absorptions at this 
sta|P affdrd an interesting study. We do not know yet, for 
instance, the stage at which the Ijydrogen lines first appear, 
‘*‘’pugh we now certainly know that they are present in a 

ibnia^: The same also applies to D and b. 
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(3) The integrated spectra of the components of this double 
star present an appearance similar to that of a well-developed 
star of the solar type. No attempt has apparently yet been 
made to separate the two spectra. This should be done, if 
possible, and the usual more detailed observations as to whether 
the temperature is increasing or decreasing should be made. 

(4) A star of Group IV. (Gothard). 

(5) According to the observations of Duner, this star has a 
fine spectrum of Group VI., the principal bands being very wide 
and dark. In addition to these, the secondary bands 4 and 5 
(A 589 and 576 respectively) were easily seen, and band 2 (A 621) 
was also feebly visible. What is most required in this group of 
stars is a very detailed examination with the laigest possible 
apertures. If such be undertaken, particular attention should 
be given to the presence or absence of line absorptions. 

(6) This variable is chiefly of interest because its spectrum is 
one of Group VI. We have as yet no knowledge, as we have 
in the case of variables of Group II., of the variations of spec- 
trum which accompany the increase of light at maximum. The 
range of variation in V Coronae is very considerable — 7*5 to 12 
in a pe^riod of about 357 days ; and it is not unlikely that well- 
marked changes may take place in the spectrum. Dun^r states 
that the carbon band near A 564 is weaker than that near A 517, 
and that the secondary bands are not visible ; but he gives no 
indication of the magnitude of the star at the time of his obser- 
vation. Prof. Lockyer’s investigations appear to indicate that 
the dark carbon bands should be proportionately less strongly 
marked at maximum than at minimum. There will be a maxi- 
mum about August 5. 

A. Fowler. 

Distribution of the Perihelia of Comets, — In 1880, 
Dr. Henry Muirhead directed attention to the arrangements 
which the perihelia of comets exhibit in relation to the sun’s 
line of flight, and pointed out that, taking the twenty-two 
comets given in the Encyclopaedia Britannica ” along with 
thirteen others whose elements were given in Nature up to 
the date of his communication, and arranging them according 
to their heliocentric longitudes, the perihelia were seen to be 
crowded into the quadrants which the sun’s line of flight bisects, 
as compared with those taking place in the quadrants flanking 
the said line (Proceedings of the Philosophical Society of Glas- 
gow, vol. xiii.). By examining the succeeding volumes of 
Nature, Dr. Muirhead has obtained the heliocentric longi- 
tudes of the perihelia of forty-one more comets, and in a com- 
munication to the Philosophical Society of Glasgow, on February 
S, 1890, he showed that they also exhibit the same tendency to 
cluster near heliocentric longitudes 263® and 83® — that is, the 
longitude of the ‘‘ apex ” and quit ” of the sun’s way adopted 
by him. 

It will be remembered that Mr. IL S. Monck, in a letter to 
the Observatory^ in December 1888, remarked that, in ex- 
amining catalogues of comets, he found 177 comets with peri- 
helia north of the ecliptic, against 115 with southern perihelia. 
With respect to this circumstance, Mr. Monck wrote Our 
observing stations are chiefly situated in northern latitudes. 
Comets are rarely visible when very remote from their peri- 
helia ; therefore, comets which pass their perihelia north of the 
ecliptic are more likely to be detected and observed than comets 
which pass their perihelia to the south of it. . . . As the point 
towards which the sun is moving lies to the north of the 
ecliptic, it might be expected that more comets would, on the 
whole, come to us from the north than from the south.^ But a 
comet coming from the north wilj[ usually have its aphelion north 
and its perihelion south. The fact that three-fifths of the comets 
have their perihelia to the north and their aphelia to the south 
thus becomes more significant, and 1 can hardly regard it as 
wholly the result of the position of our observing stations.” 

Later, however (August 1889), Dr. Holetschek drew attention 
to a pamphlet Ueber die Richtungen der grossen Axen der 
Cometenbahnen,” in which he shows that * • the tendency of comet 
perihelia or aphelia to accumulate rather in small latitudes, and 
about the longitudes 90® and 270^ than in other places, can be 
explained by purely terrestrial considerations, and, consequently, 
this accumulation offers no proof of the motion of the solar 
system or of the ultra-solar origin of comets.” In fact, it 
appears that the distribution in latitude of the perihelia of 
comets is nearly uniform, and has not a marked maximum in 
the latitudes of the sun’s line, of flight, although, as Dr. Muir- 
head indicates, a clustering of aphelia and perihelia occurs 
near the heliocentric longitude of the line. ^ 
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The Rocks of the Moon# — M. Landerery in continua- 
tion of his memoir last year on the polarizing angle of the lunar 
surface^ has just communicated to the Paris Academy there 
suits of some determinations of the angle of polarization of 
igneous rocks. He finds that specimens from different localities 
give practically identical results, the probable errors never bein|i 
greater than ± 5'. The polarizing angle increases from 30® 51' 
for ophite, through syenite, basalt (31° 43'), serpentine, trachyte, 
granite (32® 20'), diorite, diabase, andesite (32° 50'), to obsidian 
(33]* 46')- Vitrophyre, a black rock from the Rhodope chain, 
which contains large crystals of sanidine, magnetite, and horn- 
blende, in a fiuidal, non-perlitic matrix, has a polarizing angle 
of 33® 18', which approximates very closely to that of the lunar 
surface. Without presuming too much on thi§ result, the author 
regards it as at any rate an additional proof of the similarity, 
and therefore common origin, of our earth and its satellite. 
The fact that the polarizing angle of ice is more than 37®, is 
another objection to M. Him’s hypothesis of lunar glaciation. 

Brooks’s Comet {a 1890).— Dr. Bidschof gives the following 
ephemeris in Asfronomtsche Nachrichten^ No. 2979 : — 

Ephemeris for Berlin Midnight. 


1890. 

h. 

R.A. 

111. s. 

Decl. 

Log r. 

Log A. 

Bright- 

ncHs. 

Aug. I... 13 

11 I . 

• +45 37 9 - 

0*3121 

... 0*3714 

... 1-38 

S -*3 

7 39 . 

- 43 57 9 ■■■ 

0*3160 

... 0*3849 

... 1*27 

9 -*3 

S 4 • 

. 42 24*2 ... 

0*3200 

... 0*3978 

... 1*18 

13-13 

3 9 • 

40 56*5 ... 

0*3242 

... 0*4100 

... 1*09, 

17... 13 

* 45 . 

39 34’5 - 

0*3285 

... 0*4215 

... 1*02 

21. ..13 

0 47 ■ 

38 177 ... 

0‘3330 

... 0*4323 

- 0 95 

25-13 

0 12 . 

37 5’8 -. 

0*3376 

... 0*4423 

... 0*89 

29.. .12 

59 58 . 

35 58-6 ... 

0*3422 

... 0*4517 

... 0*83 

Sept.2...i2 

59 54 

34 561 ... 

0*3470 

... 0*4605 

... 0*78 


The brightness on March 21 has been taken as unity. 


Brorsen's Comet. — Mr. E. Barnard, of Lick Observatory, 
notes, in the above number of Astronomische Nachrichten^ that 
he has made many searches for this comet from December of 
last year to the end of April, but with only a negative result. 
He notes that during the search he has found several unrecorded 
nebula?. 

Two New Comets {b and c 1890). — M. Coggia, at Mar- 
seilles, has discovered a pretty bright comet having the follow- 
ing positions {Astronomische Nachrichtcu^ 2980). 

Marseilles Mean Time. R.A. Dccl. 

h. in, h. m. s, ^ * A * 

July 18 ... 10 31*0 ... 8 48 ■b'14 42 4^ 

19 ... 9 38 8 ... 8 55 58 ... 44 2 48 

Mr. Denning discovered a faint comet at Iiri^tol on July 23 ; 
its position at 13 hours Greenwich •mean time being R.A. 
I5h. 12m., and Decl. +78“. It was moving towards the east 
{Edinlmrgk Circular , No. 8). 

A New Asteroid M. Charlois, of Nice Observatory, 

discovered an asteroid of the twelfth magnitude on the 15th inst. 


THE SCIENTIFIC PRINCIPLES INVOLVED 
IN MAKING BIG GUNS. 

■ ■ ■ ■ II. 

Tart II. — The Strains in the Gun. 

(29) CO far we have dealt only with the stresses in the metal, and 
we have determined these stresses in the manner gi^n 
by Rankine in his “Applied Mechanics,” § 273, p. 290, in which 
the only assumption^nade is that the metal of each cylinder is 
homogeneous. But when the gun-maker wishes to set up a 
given pressure of shrinkage between two cylinders, he has to 
determine, by calculation or experiment, the slight amount by 
which, when cold, the external radius of one cylinder must 
exceed the internal radius of the next cylinder which is shrunk 
on it ; the outer cylinder being expanded by heat and slipped 
on, in order that the giyen initial pressure may be set up on 
the cooling of the outer cylinder ; and this, too, when other 
cylinders are shrunk on afterwards. . , « 

We must therefore determine the strains and deformations set 
up in a given cylinder due to given applied pressures, and thus 
we require the equations giving the strains due to given applied 

* Continued from p. 309. 
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stresses when the coefficients of elasticity of the metal are 
known. 

(30) Now, it is proved in Thom.son and Tail’s Natural 
Philosophy,” §§ 682, 683, for a substance of which k is the 
elasticity of volume or bulk-modulus, and n is the elasticity of 
figure or rigidity, that when the stress is a simple longitudinal 
tension P, the principal strains in the substance are an exten- 


sion 


pression 


P^^ -f in the direction of the tension, and a com- 
(dn dire(itions perpendicular -to the 


tension. 

We use the words tension and pressure^ as before, to denote 
stresses measured in terms of pul) or thrust per unit area, with 
our practical unit?, measured in tons per square inch ; while the 
words extension and compression are used (in accordance with 
the terminology of Maxwell, Everett, and Unwin) to mean the 
strains^ measured by the ratio of linear elongation omcontraction 
to the original length. 

Thqs, the tettsion or pressure being the stress^ the extension 
or compression is the corresponding strain ; and Hooke’s law 
of elasticity {ut tensio sic vis), translated into a formula, 

gives = _Pr£55H!?_ = the modulus of 

strain extension compression 

elasticity. 

(31) Then, by superposition, if e,/, ^are the extensions pro- 
duced in three rectangular directions by tensions P, Q, K in 
these directions — 




with two similar expressions for / and g ; or, in Thomson and 
Tail’s notation, § 694 — 


’where 


M 


M^ = P - cr(Q + R), (32) 

M/= Q - cr(R -f P), (33) 

M^=: R - cr(r 4- Q), (34) 


I I T,. Qnh 

-f — F , or M = 

3« ^ 3 h + n 


so that M is Young’s modulus of elasticity, the modulus which 
is directly observable when a test-piece of the substance (steel) 
is placed in a testing-machine, and the ratio M — ¥/e is ob- 
served of P, the tension, to e, the extension, no lateral tension 
being applied, or 

Q = o, R = o ; 


also, 


(T 


3h - 2n 
6h 2n ' 


called Poisson’s ratio, is the ratio of the lateral compression to 
the linear extension of the substance when the stress is a simple 
tension. 

(32) Again, by independent investigation, as in § 692, or by 
solution of the preceding equations (32, 33, 34), we find — 


P = {k + ^-n 

). + 

(k- * « 

\ 3 j 

) (/ + £-)• • 

• ( 35 ) 


)/ + 

(k - -? « ' 

) + f), . 

. (36) 

R = ^ A + ft 

.V 3 > 

)^-f 

(k - * 

\ 3 / 

){^ +/); . 

. ( 37 > 


or, in Lame’s notation (“ Theorie del’Elasticite,” § 19) — 


with 


P = A6 2/xc, 
Q- \0 + 2fJLp, 
R xe + 2/ig, 

$ ^ a + b + Cf 


the cubical expansion ; and 

\ = >6 - 


w, fL - n. 


The above equations shew that when the strain is given as a 
simple uniform longitudinal extension e, the stresses consist of a 
unimrm longitudinm tension, (i -f in)e = (\ -f 2fi)e, in the direc- 
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tion of the strain, and of uniform lateral tension, {k - in)e = 
in every direction perpendicular to the strain. 

(33) These equations, and the previous equations, which show 
that, when the stress is a simple uniform longitudinal tension P, 
the strains consist of a uniform extension P/M in the direction 
of the tension, and of uniform lateral compression <rP/M per- 
pendicular to the tension, are so fundamental in the theory of 
the elasticity of isotropic bodies, that we are almost tempted to 
make a digression here on their proof* in the manner given in 
Thomson and Tait’s ‘‘Natural Philosophy,” §§ 682, 683, and 692. 

It is necessary to describ/^ and compare the notations carefully, 
for subsequent purposes, as the variety of notation in the subject 
of elasticity is very confusing. 

(34) Applying these principles to the gun, we take the three 
principal directions of stress and strain, as (i.) circumferentially 
to the gun, (ii.) radially, (iii.) longitudinally; and now, esti- 
mating tensions and extensions as positive, we have — 

i P= /= 

Q = - ^ - b ; 

while the value of R is still indeterminate. 

For the determination of the strains, we denote by u the 
increase of radius, r, of a circumferential fibre ; and then irwu 
being the elongation of the fibre of original length 2irr, the 
circumferential extension 

e = 2 wul 2 irr = w/r ; 

while the radial extension / = dtijdr ; the longitudinal extension 
g being as yet undetermined. 

(3^) Expressing the strains e and /in terms of the longitudinal 
tension R, 

Me = Mu/r = P - <r(Q + R) 

. . -= .ar — ^ + <r{ar “"*** + ^) - <rR 

(l + (r)ar ~'^ - (l - <r)b - <rR ; 

or 

Mu = (i + <r)ar^'^ - (t - (r)br - <rRr ; . . . (38) 
so that, differentiating with respect to r, 


We have proved, then, that either the longitudinal tension R 
or the longitudinal extension g of the gun must be uniform, for 
the values of the stresses given by the formulas of Barlow, Lam^, 
Hunt, and Rankine, to be strictly accurate ; we shall follow the 
ordinary practice in assuming that R is uniform, but the work 
will be almost precisely the same if we assume that g is uniform 
(Prof. P. G. Tait, “On the Accurate Measurement of High 
Pressures,” Proc. R.S. Edinburgh, 187^80). 

(37) Now, let us determine, for the simplest case of the tube 
A and the jacket B, the requisite shrinkage for producing a given 
initial pressure Uo = pi at their common surface ; the shrinkage, 
denoted by S, being defined as the excess of the outside diameter 
2 po of the tube A over the inside diameter 2ri of the jacket B, 
when both are finished cold in the lathe ; so that 

iS = - Ti. 

The jacket B is now expanded by heat till its inside diameter 
is greater than 2 p^ and then slipped over the tube A ; on cool- 
ing, the jacket B shrinks and grips the tube A with the requisite 
pressure, pi =0^. 

Taking the practical rule that the expansion of steel is one- 
ten- thousandth for every 15® F., the jacket must be raised in 
temperature something over 150,000 S/2r^ degrees Fahr. 

Denoting by u and v the outward displacement of any circum- 
ferential fibre of the jacket or tube, of radius r in the jacket and 
p in the tube; then, since the tube and jacket fit closely at thijir 
I common surface, 

p<» 4 “ Vfl = + «i, 

or 

ui Vo P0 - ri = ^S. 

(38) Supposing the tube and jacket to be both of steel of the 
same quality, so that M, the modulus of elasticity, is the same 
for both ; and assuming that R is uniform, then in the jacket B, 
from (38), 

Mui = (ti + <rpi)ri - (rRr^, 
and in the tube A, 

Mv0 = ( - -f irS,)pa - trRpo ; 


M/= Mdufdr 

= - (l + a)ar^^ - (l - (r)b - (Td{Rr)/dr 
= Q - <rP - ad(Rr)ldr. 

But with 

M/= Q - <r(R + P), 

Barlow, Lame, and Hart’s expressions for the stresses are verified, 
provided that 

d{Rr)/dr = R ; 
or 

dRJdr = 0, R = constant. 


(36) On the other hand, expressing the strains e and f in terms 
of the longitudinal strain or extension g^ since 

R = <r(P -f Q) + M^, 

M^ = Muir = P - <r(Q -h R) 

= (l - cr')T ” ^)Q aMg 

== (I - 0 (P - ^'Q) - <rMg, 

putting 



so that 

Mu=:(i - (rV{(i + (/)ar-^-'(i - (r')M “ (rMgr ; . (38*) 
and differentiating with respect to r, 

M/= Mdu/dr 

=: (I - <r 2 )(Q - i/P) - <rMd(gr)ldr, 
agreeing again in giving 

M/= Q - (r(R -h P, 
provided f^at 

d(gr)ldr = g; 
or 

dgjdr =: o, g — constant. 
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and now, since pi = and we may put n = p^, subtraction 
gives — 

M(w,* “ Vo) =5 {ti 4 - To)ri, 


or 

S = (/i + ro)2rilM; (39) 


and ti and having been determined either from the formulas 
(6) to (16), or graphically from Fig. 3, from the given value of 
pi = Vio9 the requisite value is determined of the shrinkage S, or 
of S/2ri = {ti -i- t<,)/M, which is the shrinkage, estimated as a 
fraction of the diameter. 

This formula shows us that the shrinkage S is the elongation 
or contraction which would be produced in a bar of steel, one 
square inch in section, and equal in length to the diameter 2/7, 
by a pull or thrust of U + To tons. 

If we had taken g as uniform, we should find in a similar 
manner — 

S = (I - a^){ti -f To)2riiM (40) 

With steel, e* = } about, so that cr’ = ^ ; and the values of 
the shrinkage calculated on the two assumptions of uniform R 
and uniform would be in the ratio of i to t - <r*, or as 16 to 
15 ; thus differing by about 6 per cent., a difference which is 
practically insensible. 

(39) In the numerical example we have given of the initial 
stresses of the tube and jacket, /* = S, = S ; so that Sjiri — 
lo/M. 

For gun steel M s 12,600 about (Unwin, “Testing of 
Materids of Construction,” p. *249) ; and supposing the tube and 
jacket to represent a 3-inch field gun, 2r< 0 ; and then 

S • 1/210 as 0*00476, 


4*76 thousands of an inch. 

(40) In heavy gun, one or more hoops are shrunk on over 
the jacket ; for inmnce, in the iio-ton gun, three such series 
are superposed. Diagfems in section of modern guns will be 
found in recent numbers»of the Engineer and of Engineering. 
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. addition of each hoop that is shrunk on modifies the (41) Denote, as before, by pmt the radial pressure at the 
initial stresses previously existing. The annexed diagram (Fig. 7), radius, of the common sunace of the mth and m + ith 
taken from the American ‘‘Notes on the Construction of Ord- hoops, as reckoned from the interior ; and by tm thecircum- 

imnce. Nos. 31, 33, 35, by Lieutenant Rogers Bimie, shows the ferential tensions at the exterior radius, r,;,, of the mth hoop, and 

shrinkage (enlarged 50 times) of the different parts, and the at the interior radius, rm^ ofthe ith hoop, 
intermediate and final arrangements when a jacket, b, an inner f Denote also by «'m, the outward radial displacement from 
hoop, C, and an outer hoop, D, are successively shrunk on the the unstrained position of the outer surface of the wth hoop, and 

tube A of the American 8-inch gun, shown in longitudinal of the inner surface of the ^ -f ith hoop, 

section in Fig. 8. Then, with uniform R, from (38), 

But knowing the initial stresses in the gun, as determined in 
the manner already explained in Part I., we can determine the Hum = 

requisite shrinkage at each common surface, for any number of 

layers, by a formula as simple as that just found for the tube A ! 'M.u'm = (^m + - <rRr,» ; 

and jacket B, if only we assume that M, the modulus of elasticity, so that 

is the same throughout. M(«m ~ « w) = {tm - 


STAese or AtscMBLAas ! BAfira mcparkd ron asscmblaoc 



Fig. 8. 


Now, using the notation mSm + i.to denote the shrinkage when 
unstrained between the mth and m ith hoops, 

tnSm + 1 ~ 

— (^m *" . • • • (4^) 

the same as for a single tube. A, and jacket, B ; and showing that 
thcahrinkage, mSm + ii « the elongation or contraction which 
wouIdTbe produced in a bar of steel, of modulus of elastiaty M, 
one square inch in section, and of length equal to the diameter 

NO. 108“?, VOL. 42! 


2 rmf by a pull or thrust of - / w tons. On the assumption of 
uniform we should find — 

mSm + 1 =* ( I — ““ ^ m)2rwi/M, • • • (42) 

practically the same as for uniform R. 

(42) The stress formulas in the mth hoop give — • 

2(lm ~ {Pm ■+• — {pm — • 4" Zm'— l)Z'm —a* 

2 dfth =2 (Pm ^Pm — i fm — 1 > 

so that ^ 

"• “ (fm “• — 1) i)* 

'W N 
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These values of /m and /'m are the initial stresses or circum- 
erential tensions ; and as the powder pressure po increases ^em 
by equal amounts, their difference is unaltered ; so that /m ~ is 
the same for the initial stresses or the firing stresses ; and we 
may calculate the shrinkage, S, by the above formula from the 
values of the firing stresses, or of the initial stresses ; the former 
being chosen, as given more directly when the maximum allow- 
able tensions, repr^ented by ffK, are given* 

(43) As a numerical illustration, let us calculate the shrinkages 
in the American 8-inch gun, taking the previous results of § 22, 
and M. = 12,600 (tons per square inch) for all the coils* 

Then the final contraction of the bore 

y. l/l =19*9 X lo 12,600 = o*oi6, 

or 16 thousandths of an inch ; and similarly, 

3S2 = 127 X 14 12,600 = 0*014 ; 

2^3 = *07 X 22 12,600 =5 0*019 9 

3S4 = 3*6 X 26 -7- M = 0*007 ; 

4S5 =s 8*1 X 32 -i- M = 0*021, 

the elongation of the external diameter of the last coil. 

Lieutenant Refers Birnie, following Clavarino (** Note on the 
Construction of Ordnance,*' No. 6), calls the extension or com- 
pression the relcUive elongation or relative contraction ; so that 
the above values of oS^, o^si 4S5» niust be divided by 
10, 14, 22, 26, 32, to obtain his values of the relative elongation 
or contraction ; and then, by § 37, 150 thousand times the 
relative elongation or contraction is the number of degrees 
Fahrenheit a jacket or coil must be raised in temperature to be 
ej^panded sufficiently so as to slip over the inner cylinders. 

A. G. Greenhill. 

( 7 h de continued.) 


THE TOKIO TECHNICAL SCHOOL. 

"T^HE Japan Weekly Mail in a recent article describes the 

Tokio Technological School, situated at Asakusa, a suburb 
of that city. The inclosure in which the school buildings stand 
formerly belonged to the Shogun’s ^vemment, and was used 
for the storage of rice. Several of its storehouses, which were 
ranged round a creek or blind canal leading off the river, still 
remain, and are utilized by the institution. A frame building of 
two stories, the chief m(^em portion, faces the roadway and 
runs at right angles to the creek. Here are the offices, show- 
rooms, and lecture-rooms ; the workshops are to be found 
between this building and the river. There are two great 
departments in the school, the Technological and the Mechanical. 
Of these the former is the more varied and interesting. To it are 
attached a dyeing shop, porcelain and glass furnaces, and techno- 
logical laboratories ; to the mechanical department are attached 
a drawing office, a pattern shop, and a foundij. 

The history of the school begins with its foundation in 1882, 
for the purpose of training foremen and managers for manufac- 
tories, and instructors for industrial schools. It was intended 
that the course of instruction should include all branches of 
industrial education c.oncerned with arts and manufactures. 
The course was to extend over three and a half years, of 
which the first year should be devoted to general preparatory 
instruction and the others to special training in some par- 
ticular branch. Next year certain alterations were made, making 
the course one of four years, and raising the standard. In 
August of that year the first batch of students, numbering 
sixty in all, were admitted. The school was shortly afterwards 
brotight into connection with the Imperial University, and placed 
under the control of that institution — a step which led to a com- 
plete change in its curriculum. The preparatory course was 
abolished, and a short complete course, extending over two 
years, was instituted, j^ain, in 1888, a new Imperial decree 
severed its bobnection with the University, and placed it under 
the direct control of the Education Department. The school 
set itself anew to remodel its course of instruction, abolishing 
the short general course and resuming the course of three years ; 
and elective courses were eAablished with the view of making 
the school more popular and generally useful to mechanics and 
craftsmen. The laboratories and workshops are each provided with 
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responsible superintendents, foremen, and assistants. The general 
direction is in the hands of a Committee, consisting of the manager 
of the school, two officials of the Education Department, and 
two officials of the Department of Agriculture and Commerce. 
Candidates for entrance to the regular courses must be not 
under seventeen nor over twenty-five years of age, and unless 
they have passed satisfactorily through a normal or middle 
school, must undeigo an examination in Japanese, arithmetic, 
algebra and geometry, physics and chemistry, and English 
translation. Students sent up by local governments need not 
undergo this examination. The elective courses have been in- 
stituted for the benefit of artisans and mechanics, who, having 
no general scientific training, are anxious to study some part of 
the regular course. These candidates receive this privilege only 
when the convenience of the school admits of it, and are allowed 
to study for two years, taking one or more of the subjects im- 
mediately connected with their special crafts. An elective 
student must be at least seventeen years of age, and must have 
followed, for more than one year, some trade having special 
relation to the subjects of instruction which he has chosen. The 
fee paid by these students is about 3r. monthly. 

In the mechanical engineering section-boilers, steam-engines, 
force-pumps — these last happen now to be in great demand in 
Japan as an improvement on the clumsy well-bucket — and 
sawing-machines are manufactured. The shop is also 
prepared to execute orders for steam and hot-water heating 
apparatus, and has already fitted up the new Engineering 
College in the University grounds with a complete set of 
hot- water pipes and fittings. All the casting and founding 
required by the College are carried out at the Asakusa School. 
An improved pattern of perforating machine, now in use at the 
Imperial Printing Office, is also turned out. It is claimed for 
this pattern that it possesses a superiority over the one in 
common use in Europe for perforating stamps and other paper. 
Experiments are likewise in process on printing-presses, with 
the view of perfecting a machine for native use. The dyeing 
department is chiefly concerned with practical instruction in 
the best methods of fixing colours, rather than in any more 
original researches. Of late years the importation into Japan of 
aniline dyes has increased to such an extent that the total annual 
value of these imports now exceeds .jf 35,000. Unfortunately, 
although these colours are very attractive to buyers, their proper 
use^ is still little understood. Silk, cotton, and other fabrics 
which have been coloured by native dyers do not wash well, and 
half the imported dye-stuffs run to waste. It is one of the 
chief aims of the instructors in this department to teach artisans 
how to fix these colours. Just now the school dye-shop is busy- 
ing itself with this particular branch, and also with a series of 
experiments on the dyeing of moimtain silk. This silk, which 
is soft in texture and durable in wear, refuses the ordinary dye, 
circumstance attributable to the presence in it of a large- 
amount of calcium carbonate. The pottery and glass depart 
ment is associated with the name of Dr. Wagner, who has for 
a long series of years enjoyed the confidence of the Japanese 
Government. Dr. Wagner is admitted to be the best authority * 
on all matters connected with Japanese technology, and has 
directed his particular attention to the fabrication of a ware 
known in Japan as asahi-yaki^ and elsewhere as Dr. Wagner's 
faience. Unlike the Satsuma, which is also faience, but of a 
i^uch harder kind, this ware receives its decoration when in its 
unglazed state, which is a manifest advantage. It is made 
chiefly from a clay found in the Enya district of the Tochigi pre- 
fecture, with slight admixture of clays from other localities. 
The colour of the faience when baked varies from white, having 
a warm brown tinge, to lightish pink. Much of the asahi-yaki 
is exported to Germany and to the United States, and a certain 
amount to France, but little or none finds its way to Great 
Britain. Artists are at work on the spot decorating the plates 
and other articles preparatory to the receiving of the glaze. 
The object which Dr. Wagner and his colleagues have in view 
is technological and not artistic, and consists in perfecting 
native potters in the manipulation of the material. 


‘ SCIENTIFIC SERIALS. 

Thb Quarterly youmal of MUroseopieal Seience for June 
1890 contains : — On the cmbnrology of a scorpion (.Euseorfiut 
italuus), by Malcolm Laurie (Plates xiii.-xviii.)- The develop* 
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ment of this scorpion, of which very elaborate details are given, 
would appear not to agree closely with any other Arachnid type 
as yet described ; the development of the central and lateral 
eyes entirely confirms the descriptions of Lankester and Wourhe, 
as well as those of Parker, but Patten’s conclusions are shown 
to be without foundation. The mode of formation of the ventral 
nervous system is exceptional among Invertebrates, resembling 
rather that of Chordata. — On the morphology of the compound 
eyes of Arthropods, by S. Watase (Plate xix.). Reprinted, 
with a short introduction by the editor, from a recent number 
of the Studies from the Biological Laboratory, Johns Hopkins 
University.” — On the structure of a species of earthworm belong- 
ing to the genus Diachseta, by Frank Beddard (Plate xx.). This 
new species, D, ivindlei^ is from the Bermudas. — On HekaUro- 
branchus shrubsoli^ a new genus and species of the family 
Spionidx, by Florence Buchanan (Plates xxi. and xxii.). This 
worm was found at Sheppey in soft mud, usually covered by an 
inch or so of brackish water ; in addition to the figures of the 
anatomical details there are coloured portraits of this Annelid. — 
An attempt to classify earthworms, by Dr.W. B. Benham. Some 
idea may be formed of the progress made within the last twenty 
years in our knowledge of this group when we state that the 
author enumerates and gives analyses of nine families of Lum- 
bricomorpha, containing thirty-two genera and over 200 species. 
The author wishes the following correction made : — In Fig. 39, 
which illustrates the anatomy of Lumbricus, the oesophageal 
pouch (cp) is placed in somite xi. ; followed by a pair of calci- 
ferous glands in the same somite and a second pair in somite xii. 
The pouch (cp) should be in somite x. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, June 19. — ** Contributions to the Molecular 
Theory of Induced Magnetism.” By J. A. Ewing, F.R.S., 
Professor of Engineering in University College, Dundee. 

After referring to the discussion by Maxwell of Weber’s 
theory, which ascribes the magnetization of iron and other 
magnetic metals to the turning towards one direction of molecules 
which are already permanent magnets, and to suggestions by 
Profs. Wiedemann and Hughes, and lately by Mr. A, E. 
Kennelly (the Electrician, June 6 and 13, 1890), the writer 
describes experiments which he has made bearing directly on 
the molecular theory. The experiments have been made by 
grouping near to one another a large number of small pivotted 
magnets each free to turn about a fixed centre, and studying the 
configuration which the group assumes and the manner in which 
it yields when an external magnetic force is imposed. The 
results do not support the idea that the molecular magnets form 
closed chains in unmagnetized iron. They lead, however, to 
the important conclusion that no arbitrary conditions of direc- 
tional constraint need be postulated to make the behaviour of 
the molecular magnets agree with what is known about magnetic 
quality. 

In the writer’s view the molecular magnets are perfectly free 
to turn in response to external magnetic forces, except in so far 
as they arc constrained by the magnetic forces which they 
mutually exert on one another. This theory is briefly discussed 
in the paper in relation to the form of the magnetization curve, 
to the character of cyclical processes, and to the known effects 
of temperature, vibration, stress and so forth, and the following 
conclusions are stated • 

( 1 ) That in considering the nmgnetization of iron and other 
magnetic metals to be caused oy the turning of permanent 
molecular magnets, we may look simply to the magnetic forces 
which the molecular mt^nets exert on one another as the cause 
of their directional stability. There is no need to suppose the 
existence of any quasi-elastic directing force or of any quasi- 
frictional resistance to rotation. 

(2) That the intermolecular magnetic forces are sufficient to 
account foi* all the general characteristics of the process of mag- 
netization, including the variations of susceptibility which occur 
as the magnetizing force is increased* 

(3) That the intermolecular magnetic forces are equally com- 
petent. to account for the known facts, of rctentiveness and 
coercive force, and the characteristics of cyclic magnetic pro- 
cesses. 

(4} That magnetic hysteresis and the dissipation of energy 
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which hysteresis involves are due to molecular instability 
resulting from intermolecular magnetic actions, and^ are not due 
to anything in the nature of frictional resistance to the rotation 
of the molecular magnets. 

(5) That this theory is wide enough to admit explanation of 
^the differences in magnetic quality which are shown by dif- 
^ferent substances, or by the same substance in different states. 

(6) That it accounts in a general way for the known eflfects 
of vibration, of temperature and of stress, upon magnetic 
quality. 

(7) That, in particular, it accounts for the known fact that 
there is hysteresis in the relation of mognetism to stress. 

(8) That it further explains why there is, in magnetic metals, 
hysteresis in physical quality generally with respect to stress, 
apart from the existence of magnetization. 

(9) That, in consequence, any not very small cycle of stress 
occurring in a magnetic metal involves dissipation of energy. 

Anthropological Institute, June 24. — E. W. Brabrook, 
Vice-President, in the chair. — Mr. J. E. Price exhibiteeP parts of 
a skeleton found at West Thurrock, Essex. — Mr. H. H. Risley 
read a paper on the study of ethnology in India. This paper 
states the results of certain inquiries into the customs and 
measurements of the features, stature, &c., of some of the chief 
tribes and castes in India, conducted during the last five years 
under the authority of the Government of Bengal. Owing to 
the influence of the caste system, which forbids intermarriage 
between members of different castes, India offers a peculiarly 
i^vourable field for anthropological researches. The measurements 
disclose the existence of two extreme types — the Aryan and 
Dravidian. The Aryan type — as represented by the Brahmans, 
the Rajputs, and the Sikhs — is tall and fair, with a finely cut nise, 
and features on the whole superior to those of the average 
European. The Dravidians, as seen in the Kol tribes, who re- 
cently revolted against the oppression of their Hindu landlords, 
arc short and very black, with a broad flat nose, closely ap- 
proaching in its dimensions to that of the Negro. The proportions 
of the nose are regarded by European anthropologists — by Prof. 
Flower, F.R.S., of the British Museum, and Prof. Topinard, 
of Paris — as the best test of race distinctions. The Indian 
statistics bear out this opinion. They show that in Bengal caste 
is so closely connected with race that the social standing of a 
caste is in inverse ratio to the average width of the noses of its 
members. The lower the caste the broader and more Negro-like 
is its nose ; and conversely, in ascending the social scale, we meet 
with continually finer noses, till in the higher castes European 
proportions are reached. The proportions of the head are of 
interest in connection with the theory propounded by Herr Karl 
Penka, of Vienna, and favoured by Prof. Sayce, that the Aryans 
were a dolichocephalic (long-headed) race who came originally 
from Scandinavia. The long-headed type is very numerous in 
the Punjab and North-West Provinces at the present day, and its. 
distribution is such as to give considerable support to Herr 
Penka’s opinions. The inquiry has also brought to light the 
existence in Bengal of totems such as are found among the North 
American Indians. Large tribes, like the Kols, are subdivided 
into two or three hundred groups, each of which is called after 
an animal, a tree, or a plant ; and the rule is that a member of 
a particular animal group, such as the snakes, the tortoises, the 
eels, or the mangooses, may not marry within that group. Thus 
a snake man may not marry a snake woman, but must select his 
bride from among the frogs, the tortoises, the mango-trees,' or a 
host of groups which include the whole fauna and flora of the 
district. The paper attempts to account for this custom, which 
the late Mr. J. F. McLennan called exof^amy, by connecting it 
with the theory of natural selection. Among other interesting 
facts the Bengal inquiry shows that the practice of infant marriage, 
and the custom forbidding widows to marry a second time, are 
greatly on the increase, and are being adopted by the lower 
castes as marks of social distinction. It is feared that the spread 
of infant marriage will have a weakening effect on the race, and 
will multiply and aggravate those special diseases of women 
which Lady DufferinV Fund was instituted to deal with. ITie 
increase in the number of widows is in ' itself a great evil. It 
lowers the position of women in India, and tends to lower the 
standard of social morality. 

Paris. 

Academy of Sciences, July 24. — M. Hermite in thh chair. 
— M. Boussinesq i>resented th^ second and last volume of his 
** Course of Innnitesimal Analysis,” and commented upon the 
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application therein given of the integral calculus to physics and 
mechanics. — New researches on the relative stability of salts in 
the solid and dissolved state ; aniline salts, by M. Berthelot. 
The author compares the heat of formation and the properties of 
the more stable aniline salts, such as the sulphate, nitrate, and 
chloride with the unstable ones, e,g. the acetate and benzoate. 
The observations furnish a new confirmation of thermo-chemical 
theories. — Heat of formation of certain amides, by MM, Berthe- 
lot and Fogh. The amides investigated are acetamide, propion- 
amide, benzamide, and succinimide ; and the experiments show 
that the heat of formatioi), of anilides, acetanilide and benz- 
anilide, is greater than that of the corresponding amides. — The 
share of the end-plates of motor nerves in the expenditure of the 
energy which produces contraction ; influence exercised on the 
heating of a muscle by the number and nature of the changes of 
state which the end-plates excite in the contractile bundle, by 
M. A. Chauvcau. — Discovery of a comet by M. Coggia at 
Marseilles Observatory. (Sec Our Astronomical Column.) — On 
the meins of recognizing the Cysticerci (bladder worms) of 
7 'tEnia saginata^ which cause ** measles” in the calf and ox, in 
spite of the rapid disappearance of the Cysticerci on exposure to 
the air, by M. A. Laboulbcme. — On the sensibility of plants 
when regarded as ordinary reagents, by M. Georges Ville. The 
author has extended to peas and wheat his observations in 1867 
on yeast as a test for phosphoric acid, and finds that their vary- 
ing growth is an indication of extreme delicacy for very minute 
amounts. — On the production by electric discharges of images 
reproducing the principal characteristics of solar activity, by M^ 
Ch, V, Zenger. — On the combination of observations, by M. R. 
Lipschitz. This is an extension of Gauss’s application of the 
caUulus of probabilities to errors of observation. — The diagram- 
mometer : an additional apparatus for the study of curves, by 
Colonel Kozloft'. — On the physical property of the surface of 
contact of two liquids under the influence of mutual affinity, by 
M. G. Van der Mensbrugghe. — On internal crystalline reflection, 
•by M, Bernard Brunhes. — On the double elliptic refraction of 
<}uartz, by M. F. Beaulard. — On a magnetic anomaly observed 
in the neighbourhood of Paris, by M. ^ Th. Moureaux. A dis- 
cussion of the earliest results of a detailed magnetic survey of 
France now being made indicates that regions of local disturb- 
ance exist in the Paris basin. — Researches on the double phos- 
phates of titanium, tin, and copper, by M. L. Ouvrard. — Re- 
searches on the optical dispersion of organic compounds : the 
ethers, by MM. Ph. Barbier and L. Roux.— Upon certain 
hydrates of the haloid esters, by M. Villard. The author finds 
that the iodide and fluoride ot methyl form hydrates like the 
chloride and bromide. Experiments on the haloid compounds 
of ethyl show that the chloride and fluoride yield similar 
hydrates. The fluorides were gases prepared by M. Moissan’s 
process, and yielded colourless crystalline hydrates. — On oxy- 
gluconic acid, by M. L. Boutroux. The author has obtained by 
the oxidation of either glucose or gluconic acid by bacterial action 
an acid, to which he gives the name oxygluconic, having the 
formula of glucoronic acid, Ci,Hi0Oi4, but differing from the 
latter in being Isevorotatory, very soluble in alcohol, and not 
yielding crystals on evaporation. The new acid appears to be 
^ identical with one recently obtained by M. Emile Fischer by 
the replacement of the acid radical of saccharic acid with an 
aldehyde group, using the action of sodium amalgam on its 
lactone. — On the examination of the impurities contained in 
alcohol, by M. Ed. Mohler. — On a new process for the deter- 
mination of mineral matters in sugar by means of benzoic acid, 
by M. E. Boyer. — On the mineral springs of Cransac (Aveyron), 
by M. Ad. Carnot. — On the combinations of haemi^lobin with 
oxygen, by M. Christian Bohr. — Possibility pf injections into 
the human trachea as a means of introducing medicines, by M. 

R. Botey. — Claim of priority in the discovery of craniectomy, 
by M. Gueniot. — On the mechanism of respiration in Ampul- 
laria^ by MM. Paul Fischer and E. L. Bouvier. — On the repair 
of the shell in Anocbn^ by M. Moynier de Villepoix. Numer- 
ous experiments on the growth in water with varying amounts of 
ehalk in solution of the shell after artificial injuries indicate that 
it is a product of secretion of the mantle, that it is at first a 
purely organic formation, and that the lime for its consolidation 
IS obtain^ from the surrounding medium. — On the secretion of 
silk in Bombyx mori (common silkworm), by M. Raphael Dubois. 

— The gangrene of the potato stem, a bacterial disease,, by MM. 
Prillieux and G. Delacroix. — On the angle of polarization of 
igneous rocks and the chief lunai<' deductions therefrom, by M. 

J. J. Landerer. (See Our Astronomical Column.) 
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Berlin. 

Physiological Society, June i8.— Prof, du Bois-Reymond, 
President, in the chair. — Dr. Blumenau gave an account of 
his researches on the development of the corpus callosum, 
carried out chiefly upon the brains of embryonic pigs, from 
which he concluded that the grey matter on the upper and 
lower sides of this structure grows by a fusion with the neigh- 
bouring bundles of arched fibres. — Prof. H. Virchow spoke on 
the gill-slits of the sturgeon, which he had examined With a 
view to finding a transitional form between the gills of 
Selachians and the osseous fishes. His anatomical and embryo- 
logical investigations showed that with reference to its gills 
the sturgeon does not occupy that intermediate position which 
has been assigned to it by zoologists. — Prof. Gad described an 
experimental confirmation by Dr. Zagari of Donders’s statement, 
denied by Knoll, that the inhaling of carbonic acid at the end 
of an expiration materially increases the depth of the ensuing 
inspiration. He had further found that this reflex effect is not 
observed after section of the vagi, and is not affected by sec- 
tion of the recurrent laryngeals. , It did not take place when a 
glass tube was pushed down the trachea and one bronchus, 
so as to protect these portions of the air- passages from the 
action of the gas ; but it reappeared on withdrawing the tube 
until its end rested at the bifurcation of the bronchi. From 
this it follows that the reflex inspiration is set up by the action 
of the gas on the mucous membrane of the bronchi. The effect 
was observed when the carbonic acid gas was diluted witli 50 
per cent, of air, but not upon further dilution. Marshall Hall's 
theory of respiration receives no confirmation from the above 
experiments. The concentrated COj which makes its exit into 
the lungs themselves is probably inactive owing to its inevitable 
dilution by the residual air. 
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THURSDAY, AUGUST 7, 1890. 


THE HISTORY OF BOTANY. 

History of Botany (1530-1860.) By Julius von Sachs. 

Authorized Translation by H. E. F. Gamsey, M.A. 

Revised by Prof. I. Bayley Balfour, F.R.S. (Oxford : 

Clarendon Press, 1890.) 

A FTER fifteen years’ interval, this admirable book 
has made its appearance in, English. The transla^ 
tion does justice to the original, and to say this is very 
high praise, for the “ History of Botany” is perhaps the 
most generally interesting, and the most finished in style, 
of all Prof. Sachs’s works. 

There have been scarcely any alterations in this edition, 
which still represents the state of the author’s mind in 
1875. To quote his words, in his preface to the present 
translation : — 

“ I came to the conclusion that my book itself may be 
regarded as a historical fact, and that the kindly and 
indulgent reader may even be glad to know what one, 
who has lived wholly in the science, and taken an interest 
in everything in it, old and new, thought from fifteen to 
eighteen years ago of the then reigning theories, repre- 
senting as he did the view of the majority of his fellow 
botanists.” 

The paragraph which follows must, we think, in fairness 
be quoted, though this is done with some regret ; — 

“ However, these remarks relate only to two famous 
writers on the subjects with which this history is con- 
cerned. If the work had been brought to a close with 
the year 1850 instead of i860, 1 should hardly have found 
it necessary to give them so prominent a position in it. 
Their names are Charles Darwin and Karl Niigeli. I would 
desire that whoever reads what I have written on Charles 
Darwin in the present work should consider that it 
contains a large infusion of youthful enthusiasm still 
remaining from the year 1859, when the ‘Origin of 
Species’ delivered us from the unlucky dogma of con- 
stancy. Darwin’s later writings have not inspired me 
with the like feeling. So it has been with regard to 
Niigeli. He, like Hugo von Mohl, was one of the first 
among German botanists who introduced into the study 
that strict method of thought which had long prevailed 
in physics, chemistry, and astronomy ; but the researches 
of the last ten or twelve years have unfortunately shown 
that Niigeli’s method has been applied to facts which, as 
facts, were inaccurately observed. Darwin collected 
innumerable facts from the literature in support of an 
idea; Nageli applied his strict logic to observations which 
were in part untrustworthy. The services which each of 
these men rendered to the science are still acknowledged ; 
but my estimate of their imflbrtance for its advance would 
differ materially at the present moment from that con- 
tained in my ‘ Hist®ry of Botany.’ At the same time, I 
rejoice in being able to say that I may sometimes have 
overrated the merits of distingpiished men, but have 
never knowingly underestimated them.” 

We are sorry that these words have been written. The 
position of Darwin in biology needs no defence, even 
when the assailant is Prof. Sachs. With regard to 
Nageli, the case is different ; but, although recent investi- 
gation has re-opened some of the questions which he 
appeared to have decided, we feel that here also the 
critic’s first thoijghts wbte best, and that the estimate of 
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1875 is, in the main, more just as well as more generous 
than that of 1889. 

A very brief sketch of the contents of the work, which 
will already be familiar to so many botanical readers, 
must suffice. The first of the three books into which 
the whole work is divided is occupied with the history 
of morphology and classification, from 1530 to i86o. 
The early efforts at classification by the German and 
Dutch botanists of the sixteenth century are first. dis- 
cussed, and it is shown that they were already guided by 
the perception of natural affinity — an idea which, as the 
author says, “ is not the discovery of any single botanist, 
but is a product, and to some extent an incidental pro- 
duct, of the practice of describing plants.” But for a 
time these necessarily feeble attempts at a n^ral ar- 
I rangement had to give way to artificial systems based on 
' a priori principles of classification. Of this tendency 
Cesalpino is the first great representative, and the author 
shows -how great was the influence of this remarkable 
man on the succeeding period of systematic botany. It 
was Cesalpino who first founded a classification mainly 
on the organs of fructification. 

' The period inaugurated by Cesalpino culminates in 
Linnaeus. 

“ Linnaeus,” says Prof. Sachs, “ in whose works the 
profound impression which he had received from Cesal- 
pino is everywhere to be traced, retained all that was 
important in his predecessor’s views, but perceived at 
the same time what no one before him had perceived, 
that the method pursued by Cesalpino, Morison, Ray, 
Tournefort, and Bachmann, could never do justice to 
those natural affinities which it was their object to dis- 
cover ; and that in this way only an artificial though very 
serviceable arrangement could be attained, while the 
exhibition of natural affinities must be sought by other 
means” (p. 81). 

The author does full justice to the unrivalled excellence 
of Linnaeus as a descriptive botanist, and further points 
out that his fragment of a natural system was much the 
most truly natural proposed up to the middle of the 
eighteenth century. Linnaeus’s famous sentence, “It is 
not the characters which make the genus, but the genus 
which makes the characters,” shows, indeed, a remarkable 
insight into the meaning of natural affinity. 

The development of the natural system by the two 
Jussieus, Pyrame de Candolle, Robert Brown, and other 
illustrious systematists is next traced. In the concluding 
chapter of the first book there is a fine sketch pf the 
splendid work of Hofmeister in establishing the relations 
between Cryptogams and Phanerogams, and of his posi- 
tion relative to the theory of descent. The author says 
(p. 202) • 

“ When Darwin’s theory was given to the world 
eight years after Hofmeisters investigations, the relations 
of affinity between the g^eat divisions of the vegetable 
kingdom were so well established and so patent, that the 
theory of descent had only to accept what genetic 
morphology had actually brought to view.” 

The subject of the second book is the history of 
vegetable anatomy. An admirable account is given of 
the work of the great founders of the anatomy of plants 
in the seventeenth century, Malpighi and Grew, who 
remained the leading authorities in this branch of science 

Q 
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for 130 years. In speaking of the period of barrenness 
which followed this brilliant beginning, the author is 
especially severe on our own country. “ In England,” he 
says (p. 246), “ the new light was extinguished with Hooke 
and Grew, and has so remained, we may almost say, to 
the present day.” We may hope that, if this passage 
had been written fifteen years later. Prof. Sachs would have 
found some reason to modify his judgment. 

The following chapters deal with the revival of vege- 
table anatomy and histology in the present century. 
Due justice is done alike to the patient investigations of 
von Mohl and to the brilliant method of the erratic 
Schleiden, while, as will be gathered from what has been 
said above, the many-sided activity of Nageli receives in 
the text folly adequate recognition. 

The third book is on the history of vegetable 
physiology, and this is of special interest from the 
fact that the author is himself the leading physio- 
logical botanist of our time. The first chapter is con- 
cerned with the history of the sexual theory. The 
chief credit for the discovery of sexuality in plants is 
given to Camerarius of Tubingen, who in 1694 published 
the first experimental researches on the necessity of 
fertilization for the ripening of the seed ; though in special 
case%, as those of the fig and the date-palm, the fact of 
sexuality had been known even to Theophrastus and 
Pliny. The author justly points out that Linnaeus, 
though his system called general attention to the ex- 
istence of male and female organs in the flower, had 
little or nothing to do with the discovery of their 
functions. 

The following passage discusses the relation of Kaspar 
Friedrich Wolff to the old theory of “ evolution,” ac- 
cording to which all the parts of the mature organism 
pre-exist in little in the embryo. 

Wolff conceived of the act of fertilization as simply 
another form of nutrition. Relying on the observation, 
which is only partly true, that starved plants are the first 
to bloom, he regards the formation of flowers generally 
as the expression of feeble nutrition (^egetatio langues- 
cens). On the other hand, the formation of fruit in the 
flower was due to the fact that the pistil found more mr- 
fect nourishment in the pollen. In this, Wolff was going 
back to an idea w’hich had received some support from 
Aristotle, and is the most barren that can be imagined, 
for it appears to be utterly incapable of giving any ex- 
planation of the phenomena connected with sexuality, 
and especially of accounting for the results of hybridiza- 
tion. .Wolff may have rejected the theory of evolution 
on such grounds as these, but he failed to perceive what 
it is which is essential and peculiar in the sexual act ” 

(p. 405)- 

This passage appears of special importance, for theories 
akin to those of Wolff have reappeared even in our own 
day. 

The investigations of Koelreuter on hybridization, and 
those of Sprengcl on cross-fertilization, the full signifi- 
cance of which was first shown by Darwin 60 or 70 years 
later, mark the closing years of the eighteenth century. 
But, in spite of all that had been done, there were still 
some botanists who, on more or less feeble grounds, ex- 
pressed 4oubts as to the sexuality even of the Phanero- 
gams, and it was the work qf Gartner, towards the | 
middle of the present century, which ‘'once more con- | 
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firmed the existence of sexuality in plants, and in such a 
manner that it could never again be disputed.” 

The concluding sections of this chapter give the re- 
markable history of the discovery of the details of fer- 
tilization in the flowering plants, and sketch the rise and 
progress of our knowledge of corresponding processes 
among the Cryptogams. These are subjects on which 
an immense amount of good work has been done in more 
recent years, and some future historian will have much to 
add to Prof. Sachs’s brilliant summary. 

The nutrition of plants forms the subject of the next 
chapter of the “ History." The ideas of the ancients are 
first considered, and then the gradual rise of the modern 
doctrine of assimilation is traced from its first beginnings 
in the discoveries of Malpighi and Hales, of whona tfae 
former showed that the green leaves are the organs which 
prepare the food, while Hales proved that a large part of 
this food is taken up in a gaseous form. It would be 
useless to attempt to summarize this interesting story. 
Probably no piece of scientific history has ever been 
better told, and few, if any, are better worth the telling. 
Prof. Sachs is here, above all, on his own ground, and 
we are conscious that we are reading the words of a great 
master. It is scarcely necessary to add that here, also, 
more recent research has been extremely active, and 
modern investigations on such questions as the source of 
the nitrogen in plants, and the course of the ascending 
sap, will probably do much to modify the views expressed 
in this work. 

The concluding chapter is on the movements of 
plants, and here, once more, the historian is treating 
of phenomena of which he is himself among the greatest 
investigators. 

The translators and the Clarendon Press deserve the 
warmest thanks of English readers, whether botanical or 
not, for bringing before them a scientific history distin- 
guished at once by its clearness, its fairness, and the 
author’s unrivalled mastery of his subject. 

D. H. S. 

A TEXT-BOOK OF PHYSIOLOGICAL AND 
PA THO LOGICAL CHEMISTR Y. 

Text-book of Physiological and Pathological Chemistry ^ in 
Twenty-one Lectures for Physicians and Students. By 
Dr. G. Bunge, Professor of Physiological Chemistry at 
B&le. Translated from the second German edition by 
the late L. C. Wooldridge, M.D., and completed for 
the press by his Wife. (London : Kegan Paul, 1890.) 

T he appearance of Bunge’s text-book in its English 
dress reminds us keenly of the loss which physio- 
logy has sustained by the death of the translator. It is 
some consolation to be able to temper this regret with 
the satisfaction that so interesting and instructive a work 
was made available to English students by one so 
capable as the late Dr. >Yooldridge. He wisely con- 
tented himself with translating the original without those 
annotations or additions which are often supplied, and 
which, while they may be of intrinsic merit, frequently 
destroy the individuality of the original. Criticism of 
Dr. Wooldridge’s share in the English version thus 
resolves itself Into asking how he has done his work as 
a translator, and the answer is : " Admirably.” While 
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r the original text is closely followed and accurately 
rendered, the result is, unlike some translations, such 
pleasant reading that the student will scarcely realize 
that it is a translation. But in justice to the author it 
must be said that this is also partly due to the simple 
style and language of the original, and to the lecture-form 
of its arrangement. 

The aim of the author has been to deal with such por- 
tions of the subject as are “ ripe for a connected account,” 
omitting “all disconnected facts and mere descriptive 
matter” and all descriptions of analytical methods; to 
provide such references to the literature of the subject as 
shall more particularly suffice to put the student on the 
track of the remainder ; and thus as a whole to tell the 
reader what is most certainly known, and to enable him 
to pursue further any points in which he is . specially in- 
terested. In all this the author has been very successful, 
and particularly with respect to the references to original 
memoirs, which are quoted judiciously and comprehen- 
sively. The work is divided into twenty-one lectures. 
Of these the first propounds the author’s views as to the 
“ aims and prospects of modern physiological research,” 
and consists of a Somewhat remarl^ble protest against 
the modern tendency to regard cell-activity as the ex- 
pression and outcome of chemical, physical, and mech- 
anical processes. It is indeed a distinct return to the 
vitalistic views of the past, and urges the existence of 
some psychological factor of activity, based on the belief 
that “ for the moment it is not apparent how any further 
progress of importance can be made with the help of 
chemistry, physics, and anatomy only ; ” and concludes 
by saying that “ what these sciences fail to achieve will 
stand out more prominently, and thus the mechanical 
theories of the present will assuredly carry us eventually 
to the vitalism of the future." There are probably few phy- 
siologists who will agree with this view. Most will rather 
hold with Heidenhain {Pfluger^s Archiv, xliii., Suppl.- 
Hft. p. 63) that, granted the existence of the psycholo- 
gical factor, still it must produce its recognizable effects 
by purely chemical, physical, and mechanical means, 
and accept those views of the “activity” of a cell which 
stand out so clearly in his masterly work on secretion. 

The second and third lectures treat of the chemical 
elements which constitute living organisms, their circula- 
tion through the vegetable and animal kingdoms, the 
principle of the conservation of energy as applied to 
living things, and, finaUy, the correlation of plants and 
animals. The next three lectures deal with the organic 
food stuffs and foods, their composition, importance, and 
function, in connection with nutrition. In these a clear 
and comprehensive account is given of the various 
endeavours which have been made to determine the 
molecular weight ofproteids. The sections on the rSle 
of gelatin and cellulose, and of a vegetarian 
general, are most instructive, and there is a very full 
statement of the physiology of 'the organic compounds of 
iron, leading up to the author’s views as to themodeof 
action of iron-salts in the treatment of chlorosis. Lecture 
VII., on the inorganic food-stuffs, contains an interesting 
and valuable account of various salts, more particularly 
those of sodium and potassium, in their relationship to 
nutrition; and Lecture VIIL concludes this part of the 
subject by treating of subsidiary artidea of diet, such as 
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tea, coffee, alcohol, bouillon, &c. Digestion and the ab- 
sorption of digestive products form the subject-matter of 
Lectures IX.-XII. In these the well-selected and copious 
references to the literature of the subject will be found to 
be by no means the least valuable part. Lecture XIII., on 
the chemistry of blood and lymph, will probablydisappoint 
those who turn to it for an account of the clotting of blood. 
Perhaps Prof. Bunge thinks the subject not yet “.ripe 
for a connected account,” and fhis is, perhaps, to a 
large extent true. Still, he would have done well to 
treat it from a general point of view, rather than almost 
entirely with regard to the part played by the leucocytes ; 
some account at least of the work of Hammarsten and 
the translator seems called for in connection ^ith this 
part of the subject. The gases of the blood, and their 
relation to the processes of external and internal respira- 
tion, are dealt with in the next two lectures. These call 
for no special remark apart from saying that the fact that 
the oxidations of the body take place in the tissues might 
have been more decisively brought out. Existing views 
as to the condition of CO3 in the blood are clearly 
•stated. Lecture XVI. gives an admirable exposition of 
recent work and existing views as to the seat and mode 
of formation of the nitrogenous products of metabolism, 
followed, in natural sequence, by a chapter on the func- 
tions of the kidneys and chemistry of urine. Hepatic 
metabolism is the subject of Lecture XVIII. In this the 
questions which arise with regard to its glycogenic 
activity are scarcely so clearly put forward as might be 
expected. On the other hand, the older and current 
views on fat-formation are well explained in Lecture XX. 
The remaining lectures (XIX. and XXL) deal with the 
source of muscular energy and diabetes respectively. 

It is well for those English students who cannot read 
the original that this interesting and instructive work by 
Prof. Bunge has, in this well-turned version, been made 
accessible to them. We cannot conclude better than by 
hoping it may attain the recognition and approval in this 
country which it so fully deserves from every point of 
view, and which it appears to have already secured in 
the original, judging by the speedy issue of the second 
edition, of which the copy here reviewed is a translation. 

THE ADVANCEMENT OF SCIENCE. 

The Advancement of Science : Occasional Essays and 
Addresses. By E. Ray Lankester, M.A., LL.D., 
F.R.S. (London: Macmillan'and Co., 1890.) 

U NDER this title. Prof. Ray Lankester has repub- 
lished * number of essays, which have appeared at 
intervals during the last eighteen years. All of them are of 
more or less permanent interest, and we are glad to have 
them presented to us in the convenient form of a well- 
printed octavo volume. While some of the essays are 
somewhat too technical for the general reader, the 
majority are of great and very general interest, well 
worthy of being read and thought over by all. 

These essays are nine in number. The last treats of 
the history and scope of zoology, and is reprinted from 
the last edition of the “ Encyclopaedia Britannfca” ; it 
forms a most excellent trdktise on the subject, and fairly 
though briefly sketches the history of zoology from the 
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seventeenth century to the present day. In the second 
essay the relations that should exist between the State and 
biology are considered, and there can be little doubt but 
that as a result of this address to the Biological Section of 
the British Association at Southport, followed by the hfth 
essay, which gives an outline of the scientific results of 
the International Fisheries Exhibition, held in London in 
the same year (1883), we are in great measure indebted 
for the valuable help'given by our Government towards 
the establishment of the Laboratory at Plymouth belong- 
ing to the Marine Biological Association of the United 
Kingdom. 

The third and sixth essays, on Pasteur and hydrophobia 
— or rabies, as we would prefer to call this formidable 
disease — and on centenarism, are full of interest, and while 
in the former the author has to content himself with a 
narration of the chief results of Pasteur’s invaluable 
labours, in the latter we 6nd an account of a subject 
which has been critically worked out by himself. 

Three of the essays relate to the subject of Darwinism, 
and possibly will be found the most interesting in the 
volume. The first is on the subject of ** Degeneration/ a 
chapter in Darwinism,” and was delivered as one of the 
evening lectures at the British Association meeting at 
Sheffield, in 1879. In it Prof. Lankester calls attention 
to the fact that degeneration, or the simplification of 
the general structure of an animal, may be due to the 
ancestors of that animal having taken to one of two 
habits of life, either the parasitic or the immobile. Other 
new habits of life appear also to be such as to lead to 
degeneration. Let us suppose, for example, a race of 
animals fitted and accustomed to catch their food, and 
having a variety of organs to help them in this chase ; 
suppose such animals suddenly to acquire the power of 
feeding on the carbonic acid dissolved in the water 
around them, just as green plants have. This would lead 
to degeneration ; for they would soon cease to hunt their 
food, and would bask in the sunlight, taking food in by 
the whole surface, as plants do by their leaves. Another 
possible cause of degeneration appears to be the indirect 
one of minute size. And so, as is well shown, this 
hypothesis of degeneration enables very numerous cases 
of animal structure to be accounted for. The second of 
this set, forming the seventh of the collected series, is on 
parthenogenesis, and in it we find the fasciaating accounts 
given to us by the painstaking zeal of von Siebold of the 
habits and manners of the little wasps belonging to the 
genus Polistes — a story both wonderful and romantic. 
The third of these, the eighth of the whole set, treats of 
Haeckel’s theory of heredity, in which the transmission 
of acquired characters by heredity is dftcussed, but this 
phase of belief Prof. Lankester will no longer insist upon, 
and he points out that Weismann’s essays on this question 
should be carefully studied by naturalists. 

The last essay to be alluded to is the fourth, on examina- 
tions. The author claims that but few have had a wider or 
a more continuous experience in examinations than he 
has had. On this somewhat vexed question he has a 
good deal that is to the point to say, showing that the 
use of examinations in schools and Universities is different 
from their use as a test of fitpess for entrance into a pro- 
fession, or a post in the Home or Indian Civil Service, 
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or as a means of deciding a question of relative f 
merit. 

We feel sure that as each of these essays originated 
in a desire to promote the interests of science, so the 
author, in collecting the present series, will be found to 
have had the same aim in view. 


OUR BOOK SHELF. 

Agenda du Chimiste. Par MM. Salet, Girard, et Pabst. 

(Paris: Hachette and Co., 1890.) 

In this volume will be found a most complete and ex- 
haustive compilation of facts and numerical tables of use 
to the chemist. The first edition was published in 1877 
by M. Wurtz, and in subsequent editions the work has 
been thoroughly brought up to date. It is now published 
annually as a chemical year-book, the publication of each 
year containing a few special articles called for by the 
events of the past twelve months. This year the fol- 
lowing are among the special articles contributed : The 
Progress of the Industry of Colouring Matters,” “ Review 
of the Exhibition of 1889 ” as regards matters of chemical 
interest, and ** Views of the International Chemical Con- 
gress concerning Nomenclature.” ,The numerical data 
included in the book are most full, and ought to be of 
great service in the reduction of observations. The col- 
lection of them representsan immense amountof labour,and 
the accompanying descriptions of experimental methods 
are very clear and concise. A most useful portion of the 
work is that in which all the known physical constants of 
the elements and numerous compounds are given. Special 
care appears to have been taken in collecting the pub- 
lished thermo-chemical data, with the result that the 
chapter upon this subject is one of the most valuable in 
the book. The tables for use in quantitative analysis, 
and especially those referring to commercial methods, 
will doubtless be fully appreciated for the saving of time 
and arithmetical labour which their use will effect. It is, 
moreover, of no mean advantage that all formulae are 
given according to the ordinary nomenclature, and not 
according to the old notation still retained by many 
French chemists. The volume is small and handy in 
spite of its five hundred pages, and cannot fail to be of 
service in the laboratory. A. E. T. 

The Philosophy of Clothing. By W. Mattieu Williams. 

(London ; Thomas Laurie, 18^.) 

Mr. Williams is a somewhat eccentric writer, and by 
most people some of the notions set forth in this little 
book will be regarded as fads.” He is generally able, 
however, to give a good reason for the opinions he 
advances, and much of his advice, although opposed to 
the rules of fashion, is sound and practicable. The 
subject is one which occupied the close attention of 
Count Rumford ; and of his researches Mr. Williams, as 
I he himself says, has made free use.” 


LETTERS TO THE, EDITOR. 

[The Editor dots not hold himstlf rtsfonsible for opinions ex- 
pressed by his correspondents. Heither can he undertake 
to- return, or to correspond with the writers of, rejected 
mcmuscripts intended for this or any other part of Naturk.*. 
No notice is taken of anonymous communications.'l 

The Zoological Affinities of Heliopora cerulea, Bl. \ 

The remarkable blue conU, Heliopora cerulea, of Blainville, 
represents, I believe, one of tMse species that, in common with 
Stplaster, Millepora, and other allied genera, have been recently 
relegated to the Hydrozoic subdivision of the Coelenterata. So 
far as I remember, however, and without having present access 
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^ to the most recent literature of this subject^ Heliopora was 
thus transferred with reference to the structure of its corallum 
only» the living animal having been but imperfectly if at all 
observed. 

In the course of mjr professional investigations of the fisheries 
of Torres Straits I have on several occasions obtained specimens 
of Heliopora^ but had hitherto been unsuccessful in observing 
the living animal. Last < year I obtained this coral on the 
Warrior Reef near New Guinea, but while apparently living 
when collected, and kept for days on board ship with the water 
continually changed, the zooids refused to make their appear- 
ance. ^'hrough the courtesy of Captain Dawson, R.N., and 
I the officers of li.M.S. Rambler^ I have this season journeyed 
north in that ship, and was afforded the opportunity of conduct- 
ing a series of investigations in the neighbourhood of the Adolphus 
Islands, off Cape York, close to the scene of the recent Quetta 
wreck, and with relation to which tfte Rambler had been told 
off to make a careful survey. 

At low spring-tide on the reef adjacent to the “Mid-Brother” 
rock, 1 came across a luxuriant growth of Heliopora^ and was 
fortunate on this occasion to accurately determine the nature 
of the fabricators of this remarkable coral. The first living 
manifestations presented, and those visible only with the aid of 
a pocket lens, were the protrusion of a transparent body and two 
elongate tentacles from the numerous circular pores with which 
the corallum is studded. At first sight some near affinity of the 
animal to the bitentaculate Hydrozoon Lar sabellarum of Gosse 
was suspected. The movements of the zooids during extension 
and retraction were, Ifewever, more active than those which 
usually obtain among the Coelenterata, and together with their 
general aspect and comportment suggested a nearer relation to 
the Annelida. This last-named section of the Invertebrata was 
found on a closer examination to represent their actual position 
in the zoological scale. On splitting one of the smaller flattened 
branches of the coral perpendicularly and parallel with its wider 
axis, I found thatrihe entire coronid system was exposed to view. 

^ The little annelid fabricators, having an averi^e length of one- 
^ fifteenth of an inch, wriggled into the water in every direction, 
a large number at the same time remaining passively in the 
tubular chambers which they originally constructed. 

The most prominent external characters of the annelid of 
Heliopora cerulea consist of the bitentaculate head and six 
pairs of lappet-like branchioe, which originate in segmental 
pairs on the dorsal surface and commence about the sixth 
segment posteriorly from the head. Fine isolated or paired set» 
are developed in duplicate on the majority of the residual seg- 
ments, and two brush-like fasciculi of closely adpressed setae are 
conspicuous on the dorsal aspect of the penultimate and anti- 
penultimate caudal segments. On my return to Brisbane a few 
weeks hence, I purpose preparing and remitting a more detailed 
account, with illustrations, of the organization of Heliopora. In 
the interim it has occurred to me that this brief announcement 
of its nature may prove of interest to many of your readers, more 
especially as it may assist in throwing fuller light on the affinities 
of the many fossil genera that have hitherto been affiliated with 
this type among the Coelenterata, but which in common with 
Heliopora should probabl)f find their true position among the 
more highly organized section of the Tubicolous Annelida. 

W. Saville-Kent, 

Commissioner of Fisheries, Queensland. 
Thursday Island, Torres Straits, June 18. 


an unimportant matter compared with the suggestion that I 
have published a “selected ” — that is, a “cooked/' — comparison. 

Then your reviewer complains that I make no reference to 
Prof. Vogel's observations of Algol, whilst I give my own “later 
division ” of my observations into groups. 1 made no reference 
fo Prof. Vogel's observations, because they were not published 
until some considerable time after the final revise of my article 
had been passed for press ; whilst, so far from my division of 
my observations into groups being later than Prof. Vogel's 
work, it was two full years earlier, having been communicated 
to the Royal Astronomical Society in •January, 1888, by the 
Astronomer- Royal (see The Observatory^ vol. xi. p. 109). I 
also gave my results in one of the Gresham Lectures, Easter, 
i 888 . E. W. Maunder. 

Royal Observatory, Greenwich, S.E., August i. 


I REGRET that my words allowed the interpretation which 
Mr. Maunder points out, for I had no intention of insinuating 
that the comparisons were “cooked.” What I take ejAeption 
to is that, according to the values given, 7 Cassiopeise has a 
motion in the line of sight of - J2, although on February 19, 
1887, Mr. Maunder determined it as - 54*2, and eight minutes 
afterwards as + 60*9 ; and again, /3 Pegasi is stated to have a 
motion in the line of sight of - 8, although in November 1881 two 
determinations, made within ten minutes of each other, differed by 
nearly 114 miles per second. It would seem, therefore, that in 
makihg a tabular statement, even of the mean of such values 
fcAnd by different observers, the magnitude of the probable error 
should be mentioned ; for, as I remarked at the time, “ To one 
unacquainted with instrumental difficulties, the motion of stars 
in the line of sight would appear to be a quantity that may be 
determined with some accuracy,” whereas this is not the 
case. I have no intention of questioning Mr. Maunder’s skill 
as an observer, but the fact that the discordances, when ex- 
pressed in wave-lengths, are very small, only supports my con- 
tention that, until more perfect instrumental conditions are 
possible, many of the values are useless, and their determination 
an affectation of accuracy. 

Mr. Maunder has himself to blame for my want of informa- 
tion with respect to Algol. He gives no reference to the report 
of the remarks made by the Astronomer- Royal in January 1888, 
and his own comments, at the meeting of December 1889, upon 
Prof. Vogel's work, led me to suppose nothing had been done 
previously. The Reviewer. 


Gregory’s Series. 

Gregory’s series, on which are founded nearly all the 
methods of obtaining the approximate value of ir, is made to 
depend, in works on trigonometry, on De Moivre’s theorem 

and results flowing from it. 

The following does not require the use of V - i, but depends 
only on two things — that the circular measure of an angle and 
its tangent are practically equal when the angle is indefinitely 

small, and that tan (A - B) = ^ ^ ® -. 

I -h tan A . tan B 
Let 

tan B = tan {a^ -f aiX -f -f- &c.) s* x ; 

tan {<Zq + ofi{x + A) + ^(x -H h)'^ -4- &c.l- ^ x h \ 

. *. tan ^ + 2 a^ + + &c. -f terms involving //, say 


Chambers’s “Hand-bqok of Astronomy.” 

As the writer of the article on “Spectroscopic Astronomy” 
in the above work, I should like to be permitted to comment 
upon two points whereifi your reviewer has, though doubtless 
inadvertently, scarcely done me justice. 

On p. 292 (Nature of July 24) the reviewer says that I have 
jrfcY/rrf certain determinations and.arranged them in parallel 
• columns to demonstrate the efficiency of the method adopted.” 
The reference is to the comparison which I gave of the results^ 
obtained by Dr. Huggins, Mr. Seabroke, and at Greenwich, for' 
^ motions of stars in the line of sight. But I made no selection. 

I took all the stai-s that had been observed at two or more of 
these Observatories, and gave the mean of all the observations 
of each star. I might further add that I think your reviewer is 
scarcely fair in his description of the discordances of my obser- 
vations ; expressed in wave-length, the average difference from 
Che mean is but a small fraction of a tenth metre. But this is 


I -f x(x + h) 

• ta^/^{<Zi 2a^ + 3 a, + &c. -4- II} 

h{ai 2 ^ 3 # 4- -4- &c. 4- H) 

= _ _ I 

{l 4- x(x 4- h)} . (ai -i- 2 a^ •+• 4- &c. + H) 

Let ^ = o ; 



(I + .x“j . + 2 a^ 4- 3a^x^ + &c.)* 

Equating coefficients of like powers of jr, 

aj = I, a, = o, = - 4 , &c. ; 

. (? = -b A* - 4 a* + &c., 

where evidently =: o, or a multiple of w. 

Taking 8 = ^ , 

4 

4 

R. Cha&trss. 
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The Perseid Meteor Shower. 

With reference to the letter of Mr. Monck in Nature of 
July 24 (p. 296), I would remark that his attempted explanation 
of the displacement in the Perseid radiant point is altogether 
futile. If your correspondent were better acquainted with the 
facts in detail, I think he would readily admit this. 

My observations in this branch have been effected in the hope 
that they might prove useful, and I am sorry to see that Mr. 
Monck has so thoroughly misapprehended them. The shifting 
radiant of the Perseids is fully proved, and anyone who will take 
the trouble to watch the' sky at the proper season may readily 
observe the fact for himself. W. F. Denning. 

Bristol, August 2, 1890. 


COMPARISON OF THE SPECTRA OF NEBULA 
ANp STARS OF GROUPS I. AND II. WITH 
THOSE OF COMETS AND A UROR^. 

I. 

'^HE first step towards my present views as to the 
-*■ evolutions of the various groups of cosmical bodies 
was taken when one day I was attempting to trace the 
origin of the absorption flutings in stars of Vogel’s Class 
II La. So far, no one had endeavoured to trace their 
origin, all the work having been confined to the absorp*-' 
tion lines. It is true that both Dr. Huggins and Vogel, 
as ^ell as others, had published maps of the spectra of 
these stars, showing the absorption flutings as well as 
the lines, but the origins of the former were not inquired 
into. 

It was at once perfectly obvious that among the chief 
absorption flutings were the most prominent of those seen 
in the spectrum of manganese at the temperature of the 
oxy-coal-gas flame— a temperature at which only one line 
is visible, while in the sun all the lines of manganese are 
visible. In order to investigate this further all the 
flutings seen when the principal metals were exposed to 
this temperature were mapped, with a view of determining 
whether any others besides those of manganese were 
visible in the stellar spectra. Several others, notably one 
of lead, were found to be present. 

Here, then, was proof positive of low temperature : 
from solar absorption to the absorption of these stars of 
Class lll.a we passed from phenomena which we can 
reproduce at the temperature of the arc to those visible 
at the temperature of the oxy-coal-gas flame. , 

It was next found that identical absorption phenomena 
are seen in comets long before they reach perihelion. 
This was a striking result, considering the vast differ- 
ence in the way in which the phenomena of distant and 
near meteoric groups are necessarily presented to us ; 
and bearing in mind that in the case of comets, however 
it may arise, there is an action which drives the vapours 
produced by impacts outward from the swarm in a direc- 
tion opposite to that of the sun. 

It must be a very small comet which, when examined 
spectroscopically in the usual manner, does not in conse- 
quence of the size of the image on the slit enable us to 
differentiate between the spectra of the nucleus and en- 
velopes. The spectrum of the latter is usually so obvious, 
and the importance of observing it so great, that the 
details of the continuous spectrum of the nucleus, how- 
ever bright it may be, are almost overlooked. 

A moment’s consideration, however, will shovir ' that if 
the same comet were so far away that its whole image 
would be reduced to a point on the slit-plate of the in- 
strument, the differentiation of the spectra would be lost ; 
we should have an integrated spectrum in which the 
brightest' edges of the carbon bands, or some of them, 
would or would not be seen superposed on a continuous 
spectrum. ^ 

‘ But another revelation still more startling was in store 
for me, when my assistants and myself had exhausted all 
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the flutings then known to us as origins for the so-called 
dark bands which remained, and found that none would 
fit, and we seemed at the end of our tether. 

My ten years’ work on carbon made itself quite uncon- 
sciously felt at this juncture. It suddenly flashed upon 
me that the 517 2, 5167, 5i6‘6, 5167, 517*1, &c., recorded 
by Dun^r in his observation of a Orionis as the edge of 
a dark band, could be nothing but the edge of the brightest 
band of carbon, the bright cometary band par excellence, 
and therefore that these so-called stars not only resemble 
comets in their absorption flutings, as we now learn, but 
in their radiation flutings as well ; in short, these stars 
were comets, with the difference — a trifling one from my 
then point of view — that they were not moving round 
our sun. . 

This surmise has since been abundantly confirmed. 
The dark band of Dundr is a contrast band — the spectrum 
looks dark there on account of the extreme brilliancy of 
the carbon fluting. The other carbon flutings were next 
sought for and easily found. 

These “stars,” then, instead of being like our sun, con- 
sisted of swarms of meteorites. We have in these bodies 
a spectrum integrating the radiation of carbon and the 
absorption of manganese and lead vapour, as in the case 
of some comets. 

The law of parsimony compels us to ascribe the bright 
fluting of carbon in these “ stars ” t6 the same cause as 
that at work in comets, where we know it is produced by 
the vapours between the individual meteorites or repelled 
from them. Hence wo are led to conclude that the ab- 
sorption phenomena are produced by incandescent vapours 
surrounding individual meteorites which have been ren- 
dered intensely hot by collisions, while the carbon light 
comes from the interspaces. 

I propose in the present paper to give a summary of 
the evidence of cometary kinship, so to speak, among the 
other cosmical bodies ; and I shall follow this by an 
historical statement showing how previous observers 
have suspected the presence of carbon in “ stars.” 

First as to cometary kinship. 

The discussion of cometary spectra which I communi- 
cated to the Royal Society in November 1888 (Roy. Soc. 
Proc., vol. xlv. pp. 159-217), contained, among other 
matters, conclusions which have a special bearing on the 
relations of their spectra to those of other bodies. 

It is obviously desirable to compare this material with 
the more complete lists of lines which I have now obtained 
from a very thorough search after all the observations 
hitherto made of other groups of celestial bodies, since 
such a comparison — a much more complete one than 
was possible in the first instance — would strengthen or 
weaken my hypothesis according as the increased area of 
observation increased or decreased the number of co- 
incidences in the spectra of the various groups. 

The more the coincidences are intensified the greater is 
the probability that comets, nebulae, stars with bright lines, 
stars with mixed flutings, and the aurora have a common 
origin, independent of the chemical origins which have 
been assigned to the various lines by laboratory observa- 
tions. 

In the tables which follow, the individual observations 
are not given, but under each heading ail the lines or 
flutings which have been recorded find place. 

I. Comparison of Comets and Nebula, 

We may conveniently begin with a comparison of 
comets and nebulee. The Great Comet of 1882 and Comet 
Wells, when near perihelion, are excluded from the list of 
cometary lines and flutings, as their temperature was too 
high for fair comparison with most of the nebulae and 
other low temperature phenomena. 

In cases where any of these higher temperature lines 
correspond to lines ,in the comparison spectrum, however, 
they have been added to the list of cometary lines, in 
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brackets, as sometimes the phenomena compared may 
attain a temperature slightly higher than that of comets 
at mean temperature. 

For the nebulm, all the lines recorded in the visible 
spectrum by Messrs. Huggins, Vogel, Copeland, Fowler,' 
and Taylor, are given. The list of lines has been con- 
siderably extended since my preliminary discussion of the 
spectra of nebulm in November 1887. D3 and a line at 
447 have been observed in the spectrum of the nebula in 
Orion by Copeland, and Mr. Taylor has also recorded D3 
and lines, or remnants of flutings, at 559 and 520. In the 
nebula in Andromeda, carbon flutings and the lead 
flutings at 546 have been observed by Mr. Fowler and 
confirmed by Mr. Taylor ; since these observations were 
made, I find that Vogel {Bothkamp, Bead., Heft i, 1872, 
p. S7) observed a line at 518, probably carbon 517, in 
nebulae numbered in Sir J. Herschel’s General Catalogue 
4234, 4373» and 4390. 

Other nebula lines with which I was not previously 
acquainted are 479, 509, and 554. All these lines were 
observed by Vogel in the nebula G.C. 4378 {Bothkamp, 
Beob., Heft i, 1872, p. 57). 

With reference to the appearance of D.., in nebulae and 
bright-line stars, I wrote, in November 1887 (Roy. .Soc. 
Proc., vol. xliii. p. 139) : — “ It is right that 1 should here 
point out that som^ observers of bright lines in these so- 
called stars have recorded a line in the yellow which they 
affirm to be in the position of D, ; while, on the other 
hand, in my experiments on meteorites, whether in the 
glow or in the air, I have seen no line occupying this 
position. 

“ I trust that some observer with greater optical means 
will think it worth his time to make a special inquiry on 
this point. The arguments against this line indicating 
the spectrum of the so-called helium are absolutely over- 
whelming. The helium line so far has only been seen in 
the very hottest part of the sun which we can get at. It 
is there associated with b, and with lines of iron which 
require the largest coil and the largest jar to bring them 
out, whereas it is stated to have been observed in stars 
where the absence of iron lines and of b shows that the 
temperature is very low. Further, no trace of it was seen 
in Nova Cygni, and it has even been recorded in a 
spectrum in which C was absent, and once as the edge of 
a fluting.^ 

“ It is even possible that the line in question merely 
occupies the position of Dj by reason of the displacement 
of D by motion of the * stars’ in the line of sight. On this 
point no information is at hand regarding any reference 
spectrum employed. 

“ If, however, it should eventually be established that 
the line is really D^, which probably represents a fine form 
of hydrogen, it can only be suggested that the degree of 
fineness which is brought about by temperature in the 
case of the sun, is brought about in the spaces between 
meteorites by extreme tenuity." 

The observations of Dr. Copeland {Monthly Notices 
R.A.S., vol. xlviii. p. 360), have now, I think, established 
the identity of the yellow line, in the nebula of Orion 
at all events, with D3. In a letter to Dr. Copeland, I 
suggested that the ,line, at 447 was in all probability 
Lorenzoni’s f of the chromosphere spectrum, seeing that 
it was associated both in the nebulae and chromosphere 
with hydrogen and D3. This he believes to be very prob- 
able. The line makes its appearance in the chromosphere 
spectrum about 75 times to 100 appearances of D3 or the 
lines of hydrogen. . 

The association of the line at 447 with D3 therefore 
strengthens the view that there is an action in space, 
away from condensations, whereby matter is reduced to 
its finest forms. 

The tpectrum Is very bright ; two strong bands are .seen in the 
red| then the D line, followed by a bri^t line (D3) m the edge of a band. 

(Konkoly, “ Ncuer Stern bei % Orionis/* Astr, Nachr.y No. 2712). 
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With regard, then, to the comparison of the spectra of 
comets and nebulae the case stands as follows * — 


Comets. 

Nebulae. 

Probable Origins. 

A of Probable 
Origins. 


411 

H 

4101 

43* 

— 

CH 

43* 

— 

434 

H 

434. 

— 

447 

• ? 

— 

468-474 

468-474 

C (hot) 

468-474 

— 

479 

? 

— 

483 I 


C (cool) 

483 

486 

486*3 

H 

486 

— 

495 

? 

— 

500 

. 500 

Mg 

500 

— 

509 

? 

■ • — 

5*7 

5*7 

C (hot) 

5*7 

519 


C (cool) 

5*9 

52* 

520 

Mg 

52* 

[527] 

527 

Fe 

527 

546 

546 

Pb 

546 

_ 

554 

? 

— 

558 

559 

Mn 

558 

56* 


C (cool) 

56* 

564 

— 

C (hot) 

564 

568 

— 

Pb, Na 

568 

5872 

?(D3) 

t. 


The table shows that there are many striking similarities 
between the two spectra, and there is no doubt that many 
of the lines are identical. The flutings of hot carbon, 
for example, are common to both, as are also the flutings 
of magnesium, manganese, and lead. The hydrogen line 
486 has only been seen in one comet, namely. Comet III. 
1880, by Konkoly (“O’Gyalla Observations,” i88i, p. 5.) 

Other flutings and lines again are special to comets and 
others to nebulm. Thus, there are practically no indica- 
tions of hydrogen in comets, although the hydrogen lines 
are amongst the brightest in nebulse. .Again, the lines 
447, 479, 495, 509, and 554 are seen in nebulas, but 
not in comets. On the other hand, the cool carbon 
flutings and the fluting at 568 are seen in comets, but not 
in nebulas. Most of these apparent discrepancies are 
explained by a consideration of the differences in the 
conditions of comets and nebulae. It must be remembered 
that in the case of comets there is an action which repels 
the vapours produced by collisions, and the vapours first 
affected will, of course, be those which are least dense. 
Hydrogen will thus be repelled from the . comets, whilst 
the denser vapours of magnesium and carbon remain. 
There is then a good reason why hydrogen lines should 
not be seen in cometary spectra. As there can be no such 
repulsion in the sparse swarms which constitute nebulae, 
hydrogen lines are seen in them. 

Two other lines special to nebulae are 5872 and 447, 
to which reference has already been made. The evidence 
tends to show that D3 and f are finer vapours than 
hydrogen, and hence there is even greater reason for the 
absence of thqpe lines from cometary spectra, even were 
the temperature higher, than for the absence of the lines 
of hydrogen. 

The line at 527 is probably the iron line E ; this was 
seen in the hotter comets, namely, Comet Wells and the 
Great Comet of 1882, so that there is no discordance with 
regard to the appearance of this line. The other lines 
special to nebulae are 479, 495, 509, and 554 ; but as no 
origins for these have yet been determined, it is not 

f iossible to explain their absence from cometary spectra, 
t is not improbable that 554 is an error in measurement 
for the manganese fiutinjg at 558, the latter having been 
recorded by Mr. Taylor in the nebula of Orion. 

The apparent absence of the cool carbon flutings from 
nebulae is in all probability due to insufficient observations, 
as indicated by the discussion of comets. The lowest 
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temperature (magnesium) and the hot carbon stages of 
comets are both represented in nebulae, and the inter- 
mediate cool carbon stage is therefore not likely to be 
entirely absent. 

The absence of the hot carbon fluting at 564 from the 
spectra of nebula: may possiby be due to two causes. It 
is much fainter than either 517 or 468-474, and may have 
escaped notice on that account ; or, as in the nebula in 
Andromeda, it maybe masked in the same way as in comets. 

It is suggested that* the ordinary nebulae are not hot 
enough to give the line or fluting at 568, but it appears 
when the swarms become more condensed — that is, in 
bright-line stars. The absence of 568 is therefore prob- 
ably due to the low temperature of nebulae. 

4,11. Comparison of Comets and Aurora. 

If we exclude the exceptional cases of Comet Wells 
and the Great Comet of 1882, the number of lirtes and 
flutings recorded in comets is small, and therefore only 
the most general list of auroral lines must be taken for 
comparison. It would be unfair, for example, to take the 
long list of lines given by Gyllenskiold. The lines stated 
are taken from the table which I gave in a note in 
January 1888 (Roy. Soc. Proc., vol. xliii. p. 321) which ha^ 
since been slightly rearranged before taking the means. 


€ 

Comets. 

Aurorae. 

Probable Origins. 

X of Probable 
Origins. 


4** 

H 

4101 

[426] 

426 

? 

> 

43 * 

43* 

CH 

431 

— 

435 

H 

434 

468-474 

474-478 

C (hot) 

468-474 

483 

482 

C (cool) 

483 

486 

486 

H 

486 

500 

500 

Mg 

5006 

5*7 

5*7 

C (hot) 

5*7 

5*9 

5*9 

C (cool) 

5*9 

52* 

522 

Mg 

52* 

— 

53 * 

? 

; — 

— 

535 

T 1 

535 

— 

539 

Mn 

540 

546 

545 

Pb 

546 

558 

558 

Mn 

558 

56 1 


C (cool) 

561 

564 

1 

1 C (hot) 

564 

568 

— : 

Pb, Na 

sr 

— 

606 

1 ? 


[ 6*51 

I 620 

i Fe 

6*5 


630 

i ? 

f 


Here, again, it will be seen, that there are many striking 
coincidences. The hydrocarbon fluting at 431 and the 
hot and cool carbon flutings at 468-474, 483, 517, and 
519 are common to both. The flutings of magnesium 
500 and 521 and the flutings of lead and manganese at 
546 and 558 are also common. The iron fluting at 615 
is not seen in comets at ordinary temperatures, but since 
it was recorded in the Great Comet of 1882, it has been 
added, in brackets, to the list of cometary flutings. The 
line at 426, which was seen in Comet Wells, has also 
been added. It will be noted also that there are apparent 
discrepancies ; some lines appearing only in comets and 
others only in aurorae. The explanation' of the absence 
of hydrogen lines from comets which has already been 
given applies equally in this case. As there is no repul- 
sion in tpe aurora similar to that exercised upon comets 
by the sun, there is no reason for the absence of hydro- 
gen. Jn the aurora the hydrogen lines may also be pro- 
duced partly from aqueous '^pour. The citron carbon 
flutings 561 and 564 have not oeen recorded in the aurora, 
although they are often seen in comets ; their apparent 
absence from the aurora is probably because they 
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fall in the brightest part of the continuous spectrum, 
and are consequently masked. 

Thelines special toaurorae are 531,535, 539, 606, and 630. 

III. Comparison between Comets and Bright-line Stars. 

In the Bakerian Lecture for 1888 I gave a complete dis- 
cussion of the spectra of bright-line stars, as mr as the 
observations then went, and the conclusion arrived at 
was that they are nothing more than swarms of meteorites 
a little more condensed than those which we know as 
nebulae. The main argument in favour of this conclusion 
was the presence of the bright fluting of carbon which 
extends from 468 to 474. This, standing out bright 
beyond their short continuous spectrum, gives rise to an 
apparent absorption-band in the blue. The var)fing 
measurements made by different observers may possibly 
have thrown a little doubt upon the conclusion that the 
bright band was due to carbon, but recent observations at 
Kensington have placed this beyond doubt. Direct com- 
parisons of the spectrum of all the three stars in Cygnus 
with the flame of a spirit lamp have been made by Mr. 
Fowler, and these showed an absolute coincidence of the 
bright band in the stars with the blue band of carbon seen 
in the flame. It was found quite easy to get the narrow- 
spectrum of the star superposed upon the broader spectrum 
of the flame, so that both could be obseiVed simultaneously. 

Other evidence of carbon flutings was shown by slight 
rises in Vogel’s light-curves near 517 and 564. These, 
however, could not be as well seen as the band in the 
blue, because they fall on the bright continuous spectrum 
from the meteorites. In the stars in Cygnus, Mr. Fowler 
detected brightenings near 517, and perfect coincidences 
were found with the fluting at 517 in the spirit-lamp 
flame. In this case both 517 and 468-474 were simul- 
taneously seen to be coincident with flame-bands- 

Measurements were made of the brightenings in the 
spectrum of y Cassiopeiae by Mr. Fowler on September 
18, and these were also found to be coincident with the 
carbon flutings 517 and 468-474 ; the citron fluting at 564 
was not seen. It may be remarked that C, F, and 
were seen very bright. 

The conclusions drawn from my suggestions as to the 
presence of carbon, as well as hydrogen, in bright-line 
stars, are therefore strengthened. 

In the following table, all the lines and flutings recorded 
in bright-line stars, with the exception of y Cassiopciae, 
are given. The lines recorded by Sherman in y Cassiopeia: 
have not yet been confirmed. 


Comets. 

Bright-line Start. 

Probable Origins. 

X of Probable 
Origins. 


1 

4101 

H 

4101 

43* 

— 

CH 

43* 


434 

H 

[ 434 

468-474 

468-474 

C (hot) 

468-474 

483 

— 

C (cool) i 

1 483 

486 

486 

1} 

486 

500 

— 

Mg 

500 


507 

?Cd 

508 

5*7 

5*7 

C (hot) 

5*7 

5*9 


C (cool) 

5*9 

521 

— 

Mg j 

521 

[527] 

527 

Fe 

527 


540 • 

Mn 

540 

546 

i 

546 

55 fl 

558 

Mn 

i 558 

561 


C (cool) 

1 56* 



(C hot) 

Pb, Na 

i 564 

; 568 

[ 579 ] 

. [589 (D)] 

579 

587a 

589 

Fe 

?(D|) 

Na (D) 

1 579 

1 5889, 5895 

635 

? 

i “ . 

’I. 
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The coincidences here are between the flutings of hot 
carbon, manganese 558, and lead or sodium 568. D has 
only been seen bright in one of the stars (y Argus), which 
is probably one of the hottest ; since D was seen bright in 
two of the hottest comets, I have inserted it in the list of 
cometary lines and flutings, and [527] and [579! are added 
for the same reason. 

Although nine lines or flutings are common to comets 
and bright'line stars, six occur in comets which do not 
appear in bright-line stars, and five in bright-line stars 
which do not appear in comets. 

The apparent absence of hydrogen from comets has 
already been referred to, as well as the absence of Dg, 
The cool carbon flutings are not seen in the bright-line 
stars because the temperature is too high, and the line at 
500 is absent for the same reason ; 521 is probably also 
absent because of the higher temperature. The lead 
fluting at 546 may be masked by continuous spectrum 
in the bright-line stars ; at all events, it appears as an 
absorption-band when the swarms further condense. 
Besides the hydrogen and D3 lines, the lines 507, 540, 
and 635 appear in bright-line stars, but not in comets. 

IV. Comparison of Comets and Stars of the Mixed 
Fluting Group. 

In the Bakerian l.ecture I also gave evidence to show 
that stars of Group II. (Vogel’s Class Ill.a) are of a Come- 
tary character, and a little more condensed than the 
bright-line stars. The ground on which this conclusion 
was arrived at was the probable presence of bright carbon 
flutings, in addition to the metallic absorptions. Obser- 
vations of a Herculis and Mira Ceti by Mr. Fowler at 
Kensington and by myself at Westgate-on-Sca have fully 
confirmed this view. The rapid increase of brilliancy of 
the flutings of Mira at its maximum in 1888 left little 
doubt in my mind that they were due to carbon, and Mr. 
Fowler’s comparisons showed perfect coincidences with 
the carbon flutings, with the dispersion of two prisms 
of 60”. 

Some of the origins which I suggested for the dark 
bands have also been tested by direct comparisons. 
Dundr’s bands 4 and 5 were found to be coincident with 
the manganese and lead flutings at 558 and 546 respec- 
tively, and band 3 was found to be coincident with the 
manganese fluting about 586. 

Mr. Maunder observed the spectrum of a Orionis 
on December 16, 1887, and made comparisons with the 
spectra of carbon, sodium, and manganese, as given by a 
Bunsen flame. He states the results as follows (“ Green- 
wich Observations,” 1887, p. 22) : — “The carbon band at 
5164 was coincident (within the limits of observation with 
this dispersion) with the bright space towards the blue of 
Band VI. (Dundr’s band 7), and the sodium lines were 
clearly represented by two dark lines near the middle of 
Band II. (Dundr’s band 3), but the two manganese bands 
observed, not only did not coincide with any great band 
of the spectrum, but were very far distant from any of 
them. There were, indeed, faint lines about the neigh- 
bourhood of either manganele band, but the entire spec- 
trum is full of such lines, and no fluting, nor anything 
corresponding to one, could be detected near the place 
of these two bands. A third manganese band was very 
close to Band II. (Dundr’s band 3) of the stellar spec- 
trum.” On the other hand, Vo^el measured the position 
of the sharp edge of a fluting m a Orionis as 559*1, and 
Dundr’s measures for the same vary from 557*5 to 559 ' 3 * 
none of which can be described as “ very far distant ” 
from the manganese fluting near 558. Mr. Maunder’s 
observation can only be explained by assuming that the 
band in question is variable. This might be produced 
by variations in the intensity of the carbon flutings ; the 
manganese fluting falls on the carbon fluting near 564, 
and, according to their relative intensities, the manganese j 
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fluting will be visible or will be masked by the carbon. 
According to Gore, the star was at a minimum in 
December 1887. 

The fluting near 586 corresponds to Dundr’s band 2,- 
for which Duner measures wave-lengths varying from 
585*4 to 586*1. It apparently escaped Mr. Maunder’s 
notice, at the time he made his observations, that no 
reference was made in my paper of November 1887 to 
any band In the star spectra which fell near the third 
fluting of manganese near 535. The first two flutings, 
near 558 and 586, fell so near to two of the dark bands 
in the spectra of the stars of Group II. that there was 
strong ground for believing them to be due to manganese. 
This has since been abundantly confirmed by Mr. Fowler’s 
direct comparisons of the manganese flutings with the 
spectra of several stars of the group. 

Under the heading of “ Dundrs Bands ” I give the 
mean wave-lengths measured by Dundr for the dark 
bands, pnd the limits of the bright spaces which are due 
to carbon. 

The figures first given refer to the sharp edges of the 
flutings ; the other figures indicate approximately where 
the flutings fade away. 

This comparison shows that there is a very close rela- 
tion between comets and Group II. independent of the 
•probable origins suggested. Bright carbon flutings, the 
manganese fluting at 558, the lead fluting at 546, the iron 
fluting at 615, and the magnesium fluting 521, are 
common. * 


Comets. 

Dun^r's Bands. 

Probable 

Origins. 

A of Probable 
Origin. 


461-451 

Bright space 

Cb 

460-451 

— 

461-473 

(10) Dark space 

— 


468-474 

472-476 

Bright space 

C (hot) 

468-474 

— 

476-486 

(9) Dark space 

— 


483 

— 

— 

C (cool) 

483 

— 

495-486 

? Bright fluting 

? 


SCO 

495-502 

(8) Dark fluting 

Mg 

500 

5*7 

516-502 

Bright fluting 

C (hot) 

5*7 

5*9 

— 


C (cool) 

5*9 

521 

516-522 

(7) Dark fluting 

Mg 

521 


524-527 

(6) Dark fluting 

Ba(2) 

526 

546 

544-55* 

(5) Dark fluting 

Pb ! 

546 

558 

559-564 

(4) Dark fluting 

Mn (I) : 

558 

56* 

— 

— 

C (cool) 

561 

564 

— 

— 

C (hot) ' 

564 


585-594 

(3) Dark fluting 

Mn (2) j 

586 

[675] 

616-630 

(2) Dark fluting 

Fe ! 

615 


647-668 

(l) Dark fluting 

? i 



The cool carbon flutings are seen in comets, but not in 
stars of Group II. the reason being that the temperature 
is too high. The hot carbon fluting at 564 is ’in all 
probability present in stars of Group II., but is always 
masked, in some cases by continuous spectrum, and in 
others by the absorption fluting of manganese, which is 
nearly coincident with it. 

The line, or probably fluting, at 495 has not yet been 
recorded in comets, but its association with the fluting at 
500 in Nova Cygni indicates that its apparent absence is 
entirely due to incomplete observations. 

The second fluting of manganese, near 586, though one 
of the most prominent in stars of Group II., has not 
been observed in cometary spectra, probably because 
there is not sufficient continuous spectrum from the 
sparse meteoritic background of the comet to produce the 
aosorption of more than the first fluting of manganese. 

Dundr’s band i, 647 to 668, has not yet had nfi origin 
assigned to it. ^ J. Norman Lockyer. 

LTo be continued^ 
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ON THE STUDY OF EARTHQUAKES IN 
GREAT BRITAIN.^ 

T here can be little doubt that the more important 
contributions to our knowledge of earthquakes 
must be made in countries like Switzerland, Italy, and 
Japan ; countries where earthquakes are frequently oc- 
curring, where, occasionally, they are so disastrous as to 
arrest universal attention, and where, at the same time, 
therd are many skilled observers aided by a sympathetic 
and intelligent public. In England, as every strong 
shock shows, there is no lack of observers. But our 
earthquakes that are strong enough to attract general 
notice within the disturbed area are few and far between. 
If we exclude special districts, like Comrie and the 
Durham coast, we shall probably be well within the 
mark in* stating the average number recorded as less 
than one a month. 

The number of earthquakes that occur in Great 
Britain must, however, be far greater than this. From 
various causes, many shocks that are felt are never 
placed on record. Others, again, that might be felt, must 
certainly pass unnoticed, for, wherever seismic studies are 
newly organized, it is found that people become educated 
in detecting earthquake-shocks. But, however skilful 
observers may become, there must always be a large* 
number of shocks that never could be felt, either from 
the rmall amplitude or the long period of their vibrations. 
Even in Tokio, where they talk about earthquakes as we 
in England talk about the weather, “the majority of 
shocks pass unfelt by people, while seismographs register 
them sufficiently to allow measurements ” (S. Sekiya, 
Japan Seism. Soc. Trans., vol. x. p. 59). 

There is every reason to conclude, then, that, with the 
aid of simple time-recording seismoscopes, the earth- 
quakes of Great Britain would be found sufficiently 
numerous to repay a more careful and systematic study. 
That we shall have to be content, as a rule, with observ- 
ing shocks that would elsewhere be considered slight is 
evident of course ; but in their very feebleness we possess 
advantages which are not afforded by severer shocks of 
other lands. Not only are the phenomena much less com- 
plex ; but, not being unnerved by danger, the observer 
is able to concentrate his attention on them more calmly 
and completely. Still more important is the fact, and in 
this lies their greatest value, that, the smaller the area 
disturbed, the more nearly can the position of the epi- 
centrum be determined. If, as is frequently the case, 
the shock be felt only within a small circular area, we 
cannot be far wrong in regarding the centre of that area 
as the approximate site of the epicentrum. And thus we 
easily obtain the solution of what, in a great earthquake, 
is one of the most difficult and important of the problems 
to be attacked. 

Methods of Study in Great Britain. — Owing to the 
feebleness of our shocks, and their comparative rarity in 
a given district, the methods of study employed by us 
must clearly be different from, and inferior to, those 
adopted with such signal success in Italy and Japan. 
We can hardly expect, for instance, that cAtly recording 
instruments will be widely used in this country ; for, 
even in Italy, as Prof, de Rossi points out {Bull, del Vulc. 
z/a/., anno iv., 1877, p. 5), it has been found better to 
have a large number of observatories containing cheap 
and simple instruments, than a few equipped with 
seismographs more perfect and refined. 

If, on the one hand, then, our methods of earthquake 
study are limited by the nature of the shocks we experi- 
ence, on the other we possess advantages, apart from 
those already mentioned, that are more or less wanting 
• 

‘ A Paper by Charles Davison, M. A, » King Edward’s High School, 
Birmingham ; read before the Birmingham Philosophical Society on 
February 5, A few passages added since the paper was read are 

enclosed in brackets. 
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in regions where the phenomenon attains a more destruct 
tive and interesting development. For instance, mos- 
parts of England at any rate are so densely populated 
that we are able, almost wherever a shock occurs, to pro- 
• cure a large number of observations of very considerable 
value. And again, in the ease and accuracy with which 
we can regulate our clocks in the neighbourhood of every 
large town, we have an aid in our work which is as 
valuable as it is rare in foreign countries. These two 
facts in particular I mention here because they form the 
foundation of our two most promising methods of investi- 
gation. 

Looking at earthquakes chiefly from a geological point 
of view — that is, regarding them as mere incidents, but at 
the same time delicate indices, of the progress of terres- 
trial evolution — the prime object of our inquiries is in 
every case to determine the position of the epicentrum, 
and, if possible, that of the seismic focus. For this pur- 
pose, we have three methods at our disposal, depending 
severally upon observations of the direction, intensity, 
and time of occurrence, of the shock in different parts of 
the disturbed area. 

The first method is interesting historically from its 
having been used by Mallet in the earliest scientific study 
of an earthquake. But modern seismologists have with 
good reason generally discarded it ; and, in any case, it 
could hardly be employed with success in this country. 

The method of intensities is far more trustworthy, and 
is attended with good results whenever the observations are 
sufficiently numerous and made at places that are fairly 
evenly distributed over the disturbed area. With the aid 
of such a scale as that drawn up by MM. de Rossi and 
Forel, the intensity of the shock at any point may be 
roughly estimated. Then, drawing lines including all 
places w'here the intensity is at or above a certain degree 
of the scale, we obtain a series of lines of equal intensity 
(isoseisnial lines), which, closing in towards the epicen- 
trum, enable its position to be approximately determined. 
For the slighter shocks that we experience, it would be 
difficult to over-estimate the value of this method, the 
only one that in certain cases can be applied. 

The last of the three methods, I think I may say, is 
still upon its trial ; and if, so far, it has not yielded all 
the results that are to be expected from it, I believe the 
reason is that it has not yet been attempted in a country 
where the conditions are so favourable for its application 
as they are in many parts of England. What we require 
for the purpose is, not a network of time-recording instru- 
ments extending over the whole country, so much as a 
moderate number suitably placed and regularly observed 
in specially selected districts. If, by means of these 
instruments or otherwise, the times of a shock can be 
ascertained with accuracy at five or more places, these, 
under certain conditions, are theoretically sufficient to 
determine the position of the epicentrum, the depth of 
the seismic forces, the velocity of the earth- wave, and, 
consequently, the time of occurrence at the focus. And 
it should be noticed that time-recorders in Great Britain 
are practically free from the objection which attends them 
in Japan and other regions where earthquakes frequently 
last tor one or several minutes. For, in such cases, 
the character of the shock varies s<r greatly throughout 
the disturbed area, that it need not, and probably will 
not, be one and the same vibration which is registered 
in different places, and considerable errors may thus be 
introduced.^ If, then, we remember that our earthquake 
shocks seldom last for more than a few seconds at most, 
and that, in many parts of England and some parts of 
Scotland, it should be possible to ascertain /the time of 
occurrence correctly to within a small fraction of a minute, 

I think there can be little doubt that, for all but the 
slightest shocks, a most fruitful method of earthquake 

* £. Knipping and H. M..Pau]. Japan Seism. Soc. Trans., vol. vi. p. 37 ; 
also J« A. Ewing, vol. iii. pp. 63-64, and J. Milne, vol. iv. pp. xoo-zoz. 
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study in this country would be a system for securing 
accurate time-records whenever a shock is felt. 

Seismoscopes. — A large number of simple and inex- 
pensive seismoscopes have been devised and used for 
recording the time of occurrence of an earthquake shock ; 
but it is difficult to find one that in all respects is* 
thoroughly satisfactory.^ To be so, they should fulfil the 
following conditions : — They should be inexpensive, 
simple in their construction, easy to arrange, and require 
little attention when once erected. They should record 
the occurrence of shocks and tremors with equal facility 
in whatever direction they may arrive ; and they should 
be equally sensible in recording a feeble shock. It is 
very aesirable also that they should be of similar con- 
struction, at any rate in a given district, if not throughout 
the whole country, so that observations from different 
places may be rightly comparable. 

Again, in countries where earthquakes are frequent, 
and where the shocks may succeed one another at short 
intervals, it is important that the record should be made 
without stopping the clock. In Great Britain, however, 
our catalogues show that, except at Comrie, it is not 
usual for sensible earthquakes to follow one another 
rapidly, and it is therefore worth while considering 
whether, on account of their much greater cheapness and 
simplicity, it might not be well to avail ourselves in this 
country of clock-stopping apparatus. Such instruments, 
are, of course, defective in that, until re-set, they arc | 



incapable of recording a second earthquake. But they 
possess a compensating^ advantage in the accuracy with 
which it is possible to time the occurrence of a shock. 

Clock-stopping Apparatus. — As it is possible to make 
with ease, and at little cost, an extremely delicate appa- 
ratus for stopping a clock at the moment of a shock, 1 
I quote the following description of one devised by Prof. J. 
Milne (Japan Seism. Soc. Trans., vol. iii. pp. 61-62) ; — 
is the pendulum of a clock with a small piece of 
wire standing out at right angles to its face. . . . This 
wire, as the pendulum swings, passes beneath a series of 
teeth cut in a strip of wood lightly hinged at A and 
terminating at the other end, ^ with a piece of stiff wire. 
... If such a contrivance is allowed to fall, the teeth 
catch on the projecting pin of the pendulum, and it may 
arrest it at any portion of its swing.” The arrangement 
which, at the time of an earthquake, allows the toothed 
lever to fall “ consists of a piece of stiff wire, w, 8n which, 
near to one end, is a small cylinder of lead, L. The short 
end of this wire is pointed, and rests on a pivot-hole 
made in the head of a drawing-pin pressed into the side 
of the clock-case, S. To prevent this wire from falling, it 
is held up by a small silk thread, T, fastened to a second 
drawing-pin. As suspended, it is very unstable, and, 
instead of remaining at right angles to the clock-casc, it 
swings round against it. When, however, the wire, B, 
rests on the end of w, it retains its position, as shown in 
the figure.” 



This instrument is so sensitive that it is difficult even 
to shut the clock-case without stopping the clock. The 
reason of this appears to be “ that, if the clock-case 
receives a small displacement at right angles to w, the 
weight remains steady by its inertia, whilst the long arm 
of w in contact with B multiplies the initial motion” 
approximately in the proportion of the length of the long 
to that of the short arm of w. 

It would appear that a displacement parallel to the 
wire w would not give this multiplication ; but, practi- 
cally, Mr. Milne observes, “it seems impossible to give 
a motion in that direction to which the apparatus does 
not seem to be just as sensible as to a motion in any 
other direction. The only bther motion which does not 
result in stopping the clocks appears to be a very slow 
easy swing ; ” and Ihus the instrument will probably be 
incapable of recording the occurrence of the dying-out 
vibrations of a very distant shock. 

The instrument may be placed in a cellar or out-house, 
or out of doors under the cover of a close-fitting box. A 
strong stake should be driven into the ground, to the 
depth of two or three feet, the floor, if any, ^ing removed 
for a few inches round the stake to prevent the instrument 
being disturbed by the vibrations of the house. The 
clock-case should then be screwed firmly to the stake. 

If several of these instruments are erected in a district, 

* A CommittM of the British Association is at present considering the 
form of seismoscope most suitable for use in this country. 
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they should be placed at distances of not less than 5 to la 
miles apart.^ The sites selected should, if possible, be 
free from the vibrations of passing carts and trains. If 
two or three of these record the occurrence of a shock 
at very nearly the same instant, it may be inferred that 
the disturbance is not accidental in its origin, and the 
inference will be strengthened if several instruments 
closely agree in their indications. But a record from one 
alone must obviously be regarded as doubtful, if all the 
others were at the time in good working order. 

Suggestions for the Observation of Earthquakes (with- 
out the use of special instruments), — Lists of questions 
for aid in the study of earthquakes have been drawn up 
by Prof. Heigi and Prof. Milne.^ The following ques- 
tions are founded partly on these lists, but chiefly on the 
accounts of earthquakes in different places, and especially 
in this country. It is hardly necessary to insist that all 
notes should be written down on the spot, or as soon 
after the shock as possible ; but it may be useful to re- 
mark that it is often just as important to note when a 
given phenomenon is not observed as to describe it fully 

* If the clock be carefully rated, it should be possible to obtain the time 
of a shock correct to a tenth of a minute. The velocity of earth-waves i» 
subject to wide variations, even in traversing the same rocks ;.but, taking it 
at xooo feet per second, it follows that the earth-wuve will pass over more 
than a mile in one-tenth of a minute. A good deal more than a mile, then, 
should sepMate every pair of stations where seismoscopes are pUced. 

A. Heim, "Die krdbeben gnd deren Bcobachtung " ; Arch, ttes Sc. 
hhys. *t not., 3me pir. t. iii. pp. 986-7 ; Fouque, “ I.«s Tremblements d« 
Terre,” pp. 133-4 J Japan Seism. Soc. Trans., vol. i. part ii. pp. 3-4. 
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when it is observed. This applies particularly to the mere 
fact of the perception of the shock, as a knowledge of 
the places where it is just not felt is of service in enabling 
us to determine the boundary of the disturbed area. 

The questions are arranged in the following sections : 

A, for places where the shock is felt ; B, for those where 
it is not felt ; and C, inquiries to be made after the shock. 

In each case, the questions to which it is most important 
that answers should be given are marked with an asterisk. 

A. — For Places where the Earthquake is felt. 

I . — Place of Observation. 

* (a) Its name and position. 

^ (b) Nature and form of the surrounding ground, espe- 
cially with reference to its geological structure and the 
neighbourhood of mountains, rivers, cliffs, &c. 

2 . — Situation of Observer. 

* (a) Whether indoors or in the open air ; if indoors, 
on which floor of the house. 

(b) If indoors, the direction of the street or of the 
longer axis of the house (if detached). 

* (c) How occupied at the moment of the shock — 
lying down, working, &c. 

3 . — Time of Occurrence. 

* (^) Time at which the shock was felt ; if possible to 
a tenth of a minute. 

Is the time given the correct time obtained after 
comparison with an accurately rated chronometer 1 and, 
if so, how long after the shock was the comparison made, 
and how is the chronometer regulated? 

4 . — Nature of Shock. 

* Describe the nature of the shock as closely as 
possible, stating especially : (a) the number of the more 
prominent vibrations ; (b) their relative intensity ; (c) 
whether there was any tremulous motion before or after 
the vibrations ; (rf) whether any vertical motion was 
perceptible ; [{e) whether, in the latter case, the move- 
ment in the principal vibration was first upwards and 
then downwards, or vice versd]. 

5 - — Duration of Shock. 

* Total duration, exclusive of that of the sound phe- 
nomena (stating whether estimated, or determined by 
watch). 

6. — Intensity of Shock. 

* Was the shock strong enough (a) to make win- 
dows, doors, fire-irons, or crockery, &c., rattle ; (J>) to 
cause the chair or bed on which you were resting to be 
perceptibly raised or moved ; (<•) to make chandeliers, 
pictures, &c., swing, or to stop clocks ; (</) to overthrow 
ornaments, vases, &c., or cause plaster to fall from the 
ceiling ; (<?) to throw down chimneys or make cracks in 
the walls of buildings ? 

7. — Direction of Shock. 

(<j) Direction of the principal shock or shocks. 

\b) Means by which the direction was ascertained. 

\c) Was any change of direction perceptible during the 
earthquake ? 

8. — Sound-Phenomena. 

* (a) If any rumbling sound was heard at the time of 
the shock, what did it resemble ? 

[* (b) Did the sound end abruptly, or die away 
gradually ? 

* (c) Did the sound become deeper or higher towards 
the endjn 

*(d) TM it precede, accompany, or follow the shock 
(Tiipes useful, especially the intervals between the be- 1 
ginning of the shock and of the sound, and between the 
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ending of the same'; stating whether estimated, or 
determined by a watch.) 

* (e) Duration (given by ga and 8^, if not determined 
separately). 

9 . — Effect on the Water of Ponds^ &*c. 

Were any movements observed in the water of ponds, 
rivers, lakes, or the sea, at, or shortly after, the time of 
the shock ; if so, of what kind ? 

Accessory Shocks. 

* Were there any slight shocks preceding or following 
the principal shock or shocks ? If so, a list of these, 
with the place of observation, time of occurrence, and 
answers to any of the above questions, would be of great 
value. 

B.— For Places where the Earthquake is not 

FELT.* 

1. — Place of Observation. 

* (a) Its name and position. 

*(b) Nature and form of the surrounding ground, 
especially with reference to its geological structure and 
the neighbourhood of mountains, rivers, clifis, &c. 

2. — Situation of Observer, 

* (<2) Whether indoors or in the open air ; if indoors, 
on which floor of the house. 

* {b) How occupied at the moment of the shock — lying 
down, working, &c. 

C.— Inquiries to be made after the Shock. 

I. — Damage to Buildings. 

(a) N aturc of the building damaged. 

(b) Situation to the building, direction of its longer 
axis ; neighbourhood to the edge of a cliff or bank, and 
on which side of this it lies ; nature of the rock on which 
it rests. 

(c) If any cracks formed, state in which walls ; the 
direction and width of the cracks, and the points from 
which they start (sketches useful). 

(d) If it is noticed that some walls are much damaged, 
while others at right angles to those are but little affected, 
what are the directions of these walls ? 

2. — Rotation of Objects. 

* (a) If objects, such as chimneys, grave-stones, gate- 
pillars, &c., have been rotated on their bases during 
the shock, describe the initial and final positions of the 
objects (sketches useful); or state the direction and 
amount of the rotation (looking down on the object from 
above, is the direction the same as that in which the 
hands of a watch rotate, or opposite to that direction ?). 

(b) Is there any evidence of rotation in bodies with a 
circular base ? 

3 . — Effects on the Ground, Springs, Sr*c. 

{a) Were any fissures or cracks formed in the ground ? 
If so, state their length, width, depth, and direction, the 
nature of the ground in which they o^cur, and their rela- 
tion to neighbouring cliffs, banks, &c. 

{b) Was the height. Quantity, or temperature of the 
water in springs affected by the shock ? 

4 . — Observations in Mines. 

If the earthquake was felt in a mining district, in- 
quiries should be made as to the nature of the shock and 
of the sound-phenomena when observed by men in the 
mines ; the depth of the workings in such cases, &C. 

' [Tha value of obtervationt under this heading would be greatly increased 
if they arc the result of numerous inquiries made in a district.] 



August 7, 1890]. 


ATA TURE 


349 


5 ' — Records of Self-registering Instruments. 

* An ex^ination should be made of the records of 
self-registering instruments within or near the disturbed 
area — particularly of recording barometers, magnetic and 
tidal apparatus — with a view to determine the effects ^f 
the^ shock on these instruments, and also to ascertain by 
their means the exact time of occurrence. 

While answers to any of the above questions would be 
useful in the study of an earthquake, especial pains 
should, if possible, be taken to determine accurately the 
tiine at which the principal shock occurs. Immediately 
it is felt, the time should be noted to the nearest second, 
and written down at once, a few seconds (to be ascer- 
tained by trial) being allowed for taking out the watch 
and reading off the time. As soon afterwards as pos- 
sible, the watch used should be compared with an accu- 
rately regulated clock. But if this cannot be done, if the 
record cannot be relied on as correct to within a small 
fraction of a minute, a less close approximation cannot as 
a rule possess much value. The chief use of such a 
record is then to determine the epoch of the shock ; and, 
in a matter of this kind, when two consecutive shocks in 
a given district ma)r be separated by an interval of 
several years, a question of a few minutes, more or less, 
is of very little moment. • 

Next in impcArtance to time-observations are tliose on 
the intensity of a shock. Without the aid of delicate 
instruments it is of course impossible to estimate the 
intensity with accuracy. But good results have been ob- 
tained by the use of a rough scale, according to which 
the intensity is determined by its effect on men and 
their dwellings. The following is the Rossi-Forel scale,^ 
which is widely adopted by Italian and Swiss seismo- 
logists : — 

Rossi-Forel Scale of Intensity. 

I. Micro-seismometric shock : noted by a single seis- 
mograph, or by some seismographs of the same model, 
but not by several seismographs of different kinds ; the 
shock felt by an experienced observer. 

II. Extremely feeble shock: recorded by seismographs of 
different kinds ; felt by a small number of persons at rest. 

III. Very feeble shock : felt by several persons at rest ; 
strong enough for the duration or the direction to be 
appreciable. 

IV. Feeble shock : felt by persons in motion ; disturb- 
ance of movable objects, doors, windows ; cracking of 
ceilings. 

V. Shock of moderate intensity : felt generally by 
everyone ; disturbance of furniture and beds, ringing of 
some bells. 

VI. Fairly strong shock: general awakening of those 
asleep ; general ringing of bells, oscillation of chandeliers, 
stopping of clocks ; visible disturbance of trees and 
shrubs ; some startled persons leave their dwellings. 

VII. Strong shock: overthrow of movable objects; 
fall of plaster ; ringing of church bells ; general panic, 
without damage to buildings. 

VIII. Very strong shock: fall of chimneys, cracks in 
the walls of buildings. 

IX. Extremely strong shock : partial or total destruc- 
tion of some buildings. 

X. Shock of extreme intensity : great disasters, ruins ; 
disturbance of strata ; fissures in the earth’s crust ; rock- 
falls from mountains. 

Results to be expected. — It may be useful, in conclusion, 
to point out some of the results we may expect to obtain 
from a systematic study of earthquakes in this country. 

The mere indication of the occurrence of a shock felt 
ht a given place on a given day is of service in the com- 

* Arch* dcs Sc* phys* ei nai., p^r, t, xi. pp. 148-149; Fouqud, “Lcs 

Tremblements de Terre,** p. aa (footnote) ; Bu//, del Vnlc* tla/.^ anno iv. 
(1877), pp. 39 - 40 « 
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pilation of earthquake statistics, and will tend to give 
completeness to our seismic record. With the help of 
such a record we can study the laws of the periodicity 
and geographical distribution of earthquakes. The time 
is past for drawing up chronological tables of shocks felt 
over the whole earth ; but the importance of making our 
records complete for a definite area of study is becoming 
more and more evident. 

The accurate determination of the time of occurrence 
in different places is of the very highest importance. 
Such observations, if sufficiently numerous, will help us 
in investigating the position of the area which constitutes 
the epicentrum ; the way in which the vibrations are 
propagated outwards from the epicentrum ; the velocity 
of the earth-wave, and the laws according to which the 
velocity varies with the distance from the origin. ^ A 
knowledge of the time will also determine tfie question 
of the coincidence of shocks in distant areas, separated 
by a. region in which the shock is not felt at all, and of 
other phenomena which may seem to be more or less 
intimately connected with the earthquake. 

By a study of the intensity in the different parts of the 
disturbed area, we are enabled to draw one or more iso- 
seismal lines with a fair approach to accuracy. From 
the form of these lines we can ascertain the approximate 
position of the epi centrum ; and, from the relative dis- 
tances between consecutive pairs of such lines, we can 
determine the way in which the intensity decreases as 
the earth- wave radiates from the origin, and the rwations 
of this decrease with the form and geological structure 
of the ground. 

The chief point to which our researches at present tend 
is thus the discovery of the position of seismic foci. But 
our ultimate object is something higher than and beyond 
all this. With certain exceptions, the slightest earth- 
quake that occurs must indicate the site and mark the 
epoch of a step in the process of terrestrial evolution. 
To determine the laws of seismic distribution in space 
and time would therefore be to discover, in part, the laws 
that regulate the development of the earth’s great surface- 
features. The study of earthquakes is fascinating enough 
in itself, but it acquires a loftier signihcance when viewed 
in its wider relations ; for through it we may press for- 
ward to the solution of the great problem of geology — 
the origin and growth of mountain-chains. 


THE HORNED DINGS A URS OF THE UNITED 

STATES. 

I N vol. xxviii. of Nature (pp. 439 and 515), an account 
was given by Prof. Moseley of the magnificent skele- 
tons of Iguanodons now mounted in the Brussels Museum 
of Natural History, which were at that time regarded as 
among the most remarkable of that extinct group of giant 
reptiles commonly known as Dinosaurs. Since that date, 
however, we have been gradually — ^^thanks to the inde- 
fatigable labours of the transatlantic palaeontologists-y- 
acquiring a fuller knowledge of the representatives of this 
curious group, of which the remains are preserved in such 
fine condition in the Secondary rocks of the United 
States Within the last few years, from the writings of 
Profs. Marsh and Cope — and more especially the excellent 
figures by which those of the former are illustrated — we have 
acquired so much information as to the form and structure 
of the gigantic Jurassic species belonging to the Sauro- 
podous sub-order of the Dinosaurs — such as Brontosaurus 
— that we have begun to regard these extinct creatures as 
old friends (or should we rather say enemies?) and to Hatter 
ourselves that our knowledge of the whole ^class is well 
nigh complete. 

RecfiBt discoveries in the topmost Cretaceousor Laramie 
deposnS^f North America have, however, brought to light 
the existence of a group of Dinosaurs, hitherto only very 
imperfectly known, which are remarkable, not only on 
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account of their gigantic dimensions, but as being the 
most bizarre and uncouth-looking forms which palae- 
ontologj' has yet brought to our notice. These are the 
so-called homed Dinosaurs of the Laramie, in regard to 
which several important memoirs have been published 
both by Prof. Cope and Prof. Marsh. There is, however, 
unfortunately some difierence of opinion between these 
two eminent palaeontologists as to the comparatively 
trivial point of the proper nomenclature to be applied to 
the varipus genera ; and we must not be supposed to 
prejudge this question if \^e adopt the names employed 
by Prof. Marsh, to whom we are indebted for our 
illustrations. 

As their name implies, one of the most striking features 
in the organization of these uncouth monsters is the pre- 
sence of large hom-cores on the skull, as shown in Fig. i. 


approach to these dimepsions ; that of the huge Bronto- 
saurus being very small in comparison with the bulk of 
its owner. The skull of Triceratops is remarkable for 
its wedge-like form when viewed from above, and carries 
a pair of large hom-cores immediately over the eyes, and 
a short and single core above the nose. During lire it may 
be inferred with a high degree of probability that these 
cores were sheathed with horn, like those of oxen, and 
that they proved equally effective weapons of defence. 
Equally remarkable is the huge ilange-like expansion of 
the posterior region of the skull, evidently necessary for 
the attachment of muscles sufficiently powerful to support 
such a ponderous structure ; and it is also peculiar for the 
presence of an epoccipitalhon^ (e), which is quite unknown 
in all other animals. The structure of the teeth is some- 
what similar to that obtaining in /guanodon, but each 
tooth has two distinct roots. As in the latter, 
the extremity of the lower jaw is devoid of 
teeth, and likewise has a separate predentary 
bone at its extremity. The upper jaw is, how- 
ever, quite peculiar in having a distinct toothless 
rostral bone at the extremity of the premaxilla;. 
It would thus seem probable that the mouth 
of these reptiles formed a kind of beak sheathed 
in horn like that of a tortoise. In young in- 
dividuals the nasal horn-core is a separate 
ossification, but in the adult it becomes firmly 
anchylosed to the underlying bones ; so that 
in this respect we have a precise analogy with 
the hom-cores of the giraffe. The brain of the 
creature is very minute — relatively smaller, in- 
deed, than in any known vertebrate ; this, how- 
ever, might have been expected from the size of 
the brain in other Dinosaurs, since, in the same 
groups, large animals always have relatively 
smaller brains than their smaller allies. 

Besides mentioning that the limb-bones re- 
semble those of the armed Dinosaurs known as 
Stegosaurus, the only other portion of the skele- 
ton to which we shall allude is the pelvis, of 
which a representation is given in Fig. 2. In 
this portion of the skeleton the haunch-bone or 
ilium (//) is remarkable for its great extension 
both in front of and behind the cavity, or aceta- 
bulum (a), for the head of the thigh-bone ; and 
also for its horizontal or roof-like expansion, 
which is in marked contrast to the vertical 
plate-like form which is assumed by this bone 
in most other members of the order. With one 
important exception, the general contour of the 
pubis and ischium also comes nearest to that 
found in Stegosaurus ; this being especially 
shown in the relation of the former bone to the 
ilium, and in the shape of the plate which it 
gives off to form the inner wall of the aceta- 

Fio. 1. — LeTt lateral and superior aspects of the skull of ‘J'rueratofis jlaMlatut ; from bulum. The remarkable exception is, hOWCver, 
the Cretaceous of the United States. nat. size, a, nostril ; t, eye ; c, supratemporal that whereaS in StegOSaurUS, IgUanoaOTt, and all 

fossa epoccipital bone : /r, frontal, and A', nasal horn-core ; predentary bone allied fnrma the nubis crives off a lone 

y, quadrate bone ; n rostral bone. (After Marsh.) Oiner auieu lorms ine pUDlS gives on d iqiig 



These horn-corcs are so like those of the oxeik that some 
detached specimens found lying on the surface of the 
ground were actually described as belonging to an extinct 
bison. 

The type of skull of which we give a figure belongs to 
the best known genus, for which Prof. Marsh proposes the 
name of Triceratops. It is remarkable not only for its 
gigantic size— the length of the figured specimen, which 
is said to indicate an immature individual, being about 
six feet — but also for its peculiar armature and structure. 
An imperfect skull of another species exceeds these 
dimensions, huge as they are, and is estimated when 
entire to have bad a length of over eight feet. No other 
known animals, except whales, ha'i^e a skull making any 
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backwardly projecting process running parallel 
with the ischium, in the present'iorm there is no trace of 
any such process. 

Mainly from the absence of this postaoetabular process 
of the pubis. Prof. Marsh is disposed to regard the- 
horned Dinosaurs as cohstituting a distinct primary group 
of the order ; equivalent to those generally known as 
Sauropoda, Theropoda, and ‘Omithopoda. The resem- 
blance in the structure of the limb-bones, and in a 
less degree that of the pelvis, to the loricated forms 
known as Stegosaurus, together with the nature of the 
dentition, render it, however, far more probable that we 
should regard these strange reptiles as peculiarly modi- 
fied forms referable to the sub-order Omithopoda — the 
group which includes Iguanodon and Stegosaurus. In the 
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course of his description Prof. Marsh remarks that, 
from the relatively large size of the humerus, the horned 
Dinosaurs were evidently quadrupedal ; and since the 
presence of a postacetabufar process to the pubis is 
evidently (as exemplified in birds and Iguanodori) in 
some way connected with the bipedal progression,* it 
may be a fair inference that, owing to the resumption j 


of a quadrupedal progression in the forms under con> 
sideration, this process has been lost. We may note 
that the pubi^ of Triceratops seems undoubtedly 
to correspond with the pre<acetabular portion of the 
pubis of Stegosaurus, and not with the pubis of Megalo- 
saurus, wbicn represents the postacetabular portion of the 
latter. 



r III. 2. — Left lateral aspect of the pelvis of Trkcratofs jhibellatus. ^ nat. size, a, acetabulum; ilium ; /, pubis; 

/V, iscliiuiii. (After Marsh.) 


The nature of the dentition clearly shows that the 
horned Dinosaurs of the Laramie were of herbivorous 
habits, and as it seems impossible that any carnivorous 
Dinosaurs could have successfully waged war against such 
giants, we may fairly regard them as the lords of the 
plain in the distant Cretaceous epoch. 


THE MEETING OF THE BE/T/SH ASSOCIA- 
TION AT LEEDS. 

/^N September 3 the sixtieth meeting of the British 
Asso ciation will be opened at Leeds by the President- 
elect, Sir F. A. Abel, F.R-S. The address, the lectures to 
the Association, and that to the operative classes will be 
delivered in the Coliseum, in which upwards of 3400 
persons can be well and easily accommodated. By the 
courtesy of the Mayor and Corporation, the Victoria Hall 
will be used as the reception-room, and other rooms in 
the Town Hall will be provided for the various offices. 
Excellent Section rooms within short distances of the i 
Town Hall have been secured by the kindness of various 
public and private bodies. 

A guide-book, giving an account of the geology, history, 
places of interest, and manufactures of Leeds and the 
district, has been prepared, and a list of lodgings and hotel 
accommodation has be^n drawn up. Various facilities 
are offered by the railway companies. 

His Worship the Mayor of Leeds proposes to invite 
the members and associates to a reception and conver- 
sazione in the Municipal Art Gallery ; a soiree will be 
given by the Executive Committee; and an afternoon 
reception at the Yorkshire College. 

From the facility of access due to its central position 
in the railway system, from the number and variety of its 
industries, and from the beauty and interest of the country 
by which it is surrounded, Leeds offers exceptional advan- 
tages to visitors, of which many eminent members and 
foreign men of science have already expressed their 
intention of availing themselves. 

Members interested in applied science and manu- 
factures will be able by the courtesy of employers of 
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In conclusion we may venture to express the hope that 
i future “finds” will enable the palieontologists of the 
United States to give us ere long a complete restoration 
of the skeleton of these mighty denizens of a long-past 
epoch. 

! R. L. 


labour to acquaint themselves with most of the modern 
processes by which the wealth of England is being 
augmented. They will be able to follow the smelting 
and working of iron until it is converted from clay-iron- 
stone and hematite into tools, engines, pumps, textile 
machinery, and, in short, into everything which can be 
made of iron or mild steel. They can inspect the 
modern improvements in the old industry of Leeds by 
which wool, shoddy, and mungo are converted or recon- 
verted into woollens or worsteds, and subsequently into 
clothes. Tanning, boot and shoe making, brewing, and 
the manufacture of sanitary, fire-resisting, and artistic 
earthenware employ a large number of hands ; while 
among minor industries may be noted the manufacture of 
sulphuric acid and other chemicals, of bottles, of paper, 

I of soap, of matches, and of soda-water. 

Those interested in geology or scenery will find on the 
coast and in the diversified strata exposed, much that will 
instruct and interest them ; while, to the historian, the 
architect, %nd the archaeologist, the minsters, the cathe- 
drals, the abbeys, the churches, the castles, the Roman 
remains, and the historic houses will furnish many objects 
worthy of attention. 

Excursions may be taken or will be organized, in many 
cases by invitation, to most of the following places : — 
Add Church, Kirkstall Abbey, Temple Newsam, Farn- 
ley Hall, Harewood House, Boston Spa, Low Moor 
Iron-works, Pontefract Castle, the Ruskin Museum, 
Walton Hall and Wakefield, Aldborou^h, Beverley 
Minster, Bolton Abbey and Skipton, Castle Howard, 
Ingleborough, Harrogate, Hcmsley and Rivaulx Abbey, 
Malham Tarn and .Gordale Scar, Richmond, Ripon 
Cathedral and Fountains Abbey, Settle and the Victoria 
Cave, Scarborough and the coast, Wensleydale, and York. 
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NOTES. 

A MEETING was held at Stonyhurst College, on Tuesday, to 
consider a proposal for the establishment of some memorial of 
the late Father Perry. Sir Edward Watkin, M.P., presided, I 
and he was supported by the Bishops of Salford, Shrewsbury, I 
and Mangalore (India), Sir John Lawson, and a large body of 
Catholic gentry. It was resolved that the memorial should con- 
sist of a 16-inch equatorial telescope. A Committee of scientific 
men was appointed. 

The Town Council of Edinburgh has resolved to renew the in- 
vitation to the British Association to meet in Edinburgh in 1892. 

The Australasian Association for the Advancement of Science 
will hold its third annual meeting at Christchurch, New Zealand. 
The first general meeting will take place on January 15, 1891, at 
8 p.m., when Baron F. von Muller, F.R.S., will resign the chair, 
and Sir James Hector, F.R.S., President-elect, will deliver an 
address. The railway authorities of Queensland, New South 
Wales, Victoria, and South Australia have consented to allow 
members who are going to attend the Christchurch meeting to 
obtain retui n tickets to Sydney or Melbourne at single fares ; 
and various steamship companies have undertaken to convey 
members to Sydney or Melbourne and back at a reduction of 
20 per cent, on the ordinary rates. Application has been made 
to the New Zealand Shipping Company and to the Shaw, Savill, 
and Albion Company for passages at reduced rates to members 
of the British Association visiting New Zealand to attend the 
meeting, and it is expected that this will be granted. Informa- 
tion may be obtained from Mr. A. Vaughan Jennings, 27 
Chancery Lane, the local secretary in London. 

The International Medical Congress, now at work in Berlin, 
held its first meeting on Monday in the Renz Circus. The 
Berlin correspondent of the Times says it is calculated that no 
fewer than 4500 members of the medical profession were present, 
representing every State and city in Europe. Many also came 
from North and South America. The French delegates, 34 in 
number, were received with marked cordiality. The medical 
profession in England was largely represented, among those 
present being Sir James Paget, Sir Henry Acland, Sir Joseph 
Lister, Sir John Banks, Sir William Turner, of Edinburgh, Sir 
William Stokes, of Dublin, Prof. Grainger Stewart, of Edin- 
burgh, Dr. Dick, Director-General of the Naval Medical De- 
partment, Mr. Ernest Hart, representing the British Medical 
Association, Surgeon J. K. Notter, of Netley, representing the 
War Office, and Dr. Lauder Brunton. The proceedings began 
with the opening address of the President, Prof. Virchow, who 
heartily welcomed to Berlin his confreres from all parts of the 
world. The President was followed by Dr. Lassar, Secretary- 
General of the Congress, who sketched the general plan of the 
labours of the Congress, and gave some interesting statistics 
regarding the representation of the countries taking part in it. 
After Herr von Gossler, Minister of Public Worship, and Herr 
von Forckenbeck, Burgomaster of Berlin, had welcomed the 
members in the name of the State and of the town of Berlin, 
several of the foreign delegates addressed the Congress. Dr. 
Hamilton, Surgeon-General of the American Army, was the first 
speaker. He was followed by Sir James Paget, who, on 
mounting the tribune, was warmly received. A paper on **The 
Present Position of Antiseptic Surgery,*' by Sir Joseph Lister, 
brought the proceedings to a close. At the end of the plenary 
sitting, the Congress resolved itself into its various Sections, 
which met in the halls of the Exhibition buildings in Moabit. 
The proceedings in the Sections on Monday were, for the most 
part, confined to the election of the various office-bearers. The 
serious work*began on Tuesday. 

On July 22 Messrs. D. C. Worcester and F. S. Bournes left 
.^Minneapolis for the Philippine Islands, where they will spend 
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two years in the study of distribution, the collection of birds and 
corals, and the prosecution of general zoological and botanical 
work. The expedition was fitted out at a cost of over $10,000, 
by Mr. L. F. Menage, of Minneapolis, and the collections made 
by Messrs. Worcester and Bournes will be deposited in the 
museums of the Minnesota Academy of Sciences at Minneapolis, 
where also the work upon the collections will be conducted after 
the return of the explorers. 

On Friday evening an important decision was arrived at in 
the House of Commons with regard to the revenue to be derived 
from the new duties on spirits in England. Mr. A. Acland 
moved that the Council of any county or county borough should 
receive power to use for the promotion of technical education 
any part of the share allotted to it, and that the remainder 
might be used as an educational endowment within the meaning 
of the Endowed Schools Act, the County Council acting as the 
governing body of the endowment. To the second part of 
this amendment — that relating to intermediate education — the 
Government declined to assent. The first part, however, they 
accepted. Mr. Mundella, Sir Lyon Playfair, and Sir Henry 
Roscoe expressed regret that the entire proposal of Mr. Acland 
was not adopted, but were unanimous in thinking that the 
decision of the Government, so far as it went, was most satisfac- 
tory. Sir Henry Roscoe said he wished to allowed to say 
how gratified he was at the acceptance by the Goverment of the 
first portion of his bon. friend's amendment. To the great 
centres of industry which had already accepted the Technical 
Education Act it would be a matter of very great importance. 
In small places also, especially in the country, the money would 
be of the very greatest consequence. 

Dr. Nansen's expedition to the North Pole will start in the 
spring of 1892. Captain Sverdrup, who will take the nautical 
command, is at present on board a fishing-boat in the Polar 
seas, practising manoeuvring among ice. Dr. Nansen wishes 
that his crew may consist wholly of Norwegian sailors, but will 
admit some foreigners among the scientific staff. 

Science announces that Prof. R. S. Woodward, who was for 
many years chief geographer of the U.S. Geological Survey, 
has been appointed assistant in the U.S. Coast and Geodetic 
Survey. Before his connection with the Geological Survey, Prof. 
Woodward was assistant astronomer of the U.S. Transit of 
Venus Commission. He was chairman of the Section of Mathe- 
matics and Astronomy of the American Association for the 
Advancement of Science in 1889, and is well known for his 
investigations in mathematics, astronomy, and physics. 

We learn from Science that records have been received, at the 
office of the U. S. Coast and Geodetic Survey, of observations 
made during the last cruise of the Pensacola. The stations in- 
clude the West Coast of Africa, and some islands in the North 
and South Atlantic. The work was done by an officer of the 
survey, Assistant E. D. Preston, aided by members of the ship's 
company. Gravity and magnetic measures were made at St. 
Paul de Loanda (Angola), Cape of Good Hope, St. Helena, 
Ascension, Barbadoes, and Bermuda. In addition, magnetic 
observations alone were made at the Azores (Fayal), Cape 
Verde Islands (Porto Grande), Sierra Leone (Freetown), Gold 
Coast (Elmina), and in Angola at Cabiri. The pendulums 
used in the gravity work were the ones employed in 1883 in 
Polynesia, and in 1887 at the summit of Haleakala and other 
stations in the Hawaiian Islands. The computations are now 
under way at the office in Washington. 

Prof. Huxley contributed to the Times of Tuesday a valu- 
able letter on medical education — the subject with which Dr. 
Wade had dealt in his Presidential address to the British Medical 
Association. In this letter Prof. Huxley urges that the scien- 
i tific training of medical students, and of those who propose to 
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become medical students, should be much more thorough and 
exact than it has hitherto generally been. Those who know 
what modern medicine is/^ he says, ** are well aware that four 
years would be but a brief period of study, even if it could be 
allotted exclusively to the practical branches of the medical 
science and art. But in the present condition of middle-class 
education the youth of 17 too commonly enters the medical 
school, not only devoid of the slightest tincture of scientific 
knowledge, but, what is worse, so completely habituated to 
learn only from books or oral teaching that the attempt to learn 
from things and to get his knowledge at first hand is somethin!^ 
new and strange. Thus a large proportion of medical student's 
spend much of their first year in learning how to learn, and when 
they have done that, in acquiring the preliminary scientifi-* 
knowledge, with which, under any rational system of education, 
they would have come provided.” Prof. Huxley does not, of 
course, underrate the importance of a proper literary training 
for medical students. This, with adequate instruction in science, 
they might, he thinks, obtain, if our methods of education were 
improved. The reform for which he especially pleads is that 
‘•the time wasted in forcing upon the medical student a sham 
acquaintance with Latin should be devoted to teaching him the 
use of his own language and the right enjoyment of its literyy 
wealth, no less tJian to the study of science.” 

The third summer meeting of the University Extension and 
other students began at Oxford on Friday last. At the opening 
meeting Prof. Max Muller delivered an address. He defended 
the method of teaching by means of lectures, but admitted that 
most lectures were too long, and recommended that they should 
be limited, as in Germany, to three-quarters of an hour. He 
also defended the annual gatherings at Oxford against the | 
charge of being mere academical picnics. He showed how 
well the different classes of lectures had been arranged so as to j 
meet the requirements of different classes of students. He 
pointed to the large and zealous classes attending these lectures, 
and to the substantial work done by students who stayed at 
Oxford for two or three weeks after the public lectures given 
during the first fortnight were over. Finally, he dwelt on the silent 
influence which a stay at Oxford must exercise on everyone. 
“T doubt not,” he concluded, “that while teachers and hearers 
are exploring together in this place the ruins of ancient thought 
and the labyrinth of modern science, they will feel the silent 
influence of Oxford, and take to heart the lesson which our | 
University has taught to so many generations of Englishmen, 
Scotchmen, and Irishmen — respect for what is old and the 
warmest sympathy for what Is new and true.” 

A CONFERENCE in Connection with the University Extension 
movement was held on Tuesday in the debating hall of the 
Oxford Union, Mr. Arthur Sedgwick, of Corpus Christi, pre- 
siding. There was a large attendance. The subject for discussion 
was — Is it desirable that local committees should seek to obtain 
a Treasury grant in aid of the expenses of University Extension 
teaching? If so, on what conditions is it desirable that the 
grant should be distributed? The chairman said, speaking as a 
private individual, and not as a delegate, he most heartily 
assented to the proposal to ask for State aid for University ex- 
tension. It seemed to him that there was no test which they 
could apply in order to see whether an object was worthy of 
State aid which could not bd successfully applied to University 
extension. In order that the movement might have its proper 
development it was absolutely necessary that there should be 
elements of permanence in it. Experience had shown that, at 
any rate with existing machinery and existing resources, it was 
extremely difficult to establish this element of permanence. Mr. 
Macan moved, “ That this conference supports the proposal of 
State aid to University extension, provided that aid could be 
given without undue State interference.” Mr. Mackinder 
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seconded the resolution, which was carried by an overwhelming 
majority. In the evening a second conference was held in the 
Examination Schools, the chair being occupied by Mr. J. G. 
Talbot, M.P. The subjects discussed included University 
extension teaching in training colleges, village lectures, students' 
associations, and University extension teaching in connection 
with free public libraries. 

Mr. Cosmo Newbery, the analyst of the Mines Depart- 
ment, Victoria, has been speakii^ strongly as to the necessity 
for a central School of Mines in Victoria. He would like that 
such a school should, if possible, be established in connection 
with the Melbourne University. If that proved to be impossible, 
he would be content with the development of the well-known 
school at Ballarat. Mr. Newbery's views on the subject are 
vigorously supported by the Australian Mining Standard^ 
which thinks that a central school, thoroughly organized, could 
not .fail “ to exercise an important influence in the development 
of mining science in Australasia.” 

The University College of Bristol has issued its Calendar for 
the session 1890-91. 

A “ Bibliothhjue Dartvinienne ” has recently been started in 
Paris. The series will deal for the most part with sociological 
subjects. The first volume is by M. P. Combes, and relates to 
I animal civilizations. 

Advantage is being taken of the Eiffel Tower to obtain high 
pressure through a manometric tube (the height of the tower) 
containing mercury. M. Cailletet proposes to utilize the enor- 
mous pressure — about 400 atmospheres — for his researches on the 
liquefaction of gases, and interesting results may be looked for. 

We extract from La Nature of July 26 the following facts 
relating to exceptional seasons in past centuries. They have been 
collected by,M. Villard, of Valence, for France especially, and 
for Europe generally. In 1282 the winter was so mild that corn- 
flowers were sold in Paris in February. New wine was also 
drunk at Liege on August 24. In 1408 the winter was so severe 
that nearly all the Paris bridges were carried away by the ice. 
Ink froze in the pen, although a fire was in the room. [A similar 
fact is quoted by Dove as occurring at Sebastopol on December 
13, 1855.] All the sea between Norway and Denmark was 
frozen. The summers of 1473 and 1474 were disastrously hot. 

In the winter of 1544-45 wine was frozen in barrels all over 
France. It was cut with hatchets and sold by the pound. In 
1572-73 nearly all the rivers were frozen. The Rhone was 
traversed by carriages at various places. In 1585 the winter 
was very mild ; corn was in ear at Easter, but the third week in 
May was extremely cold. 

The Annalen der Hydrographie und Maritimen Meteorologic 
for July contains an article by Dr. G. Meyer, on the influence 
of the moon on weather. Although such investigations have 
hitherto given a negative result, the author thought that with the 
materials furnished by synoptic charts he might eliminate local 
influences^and he gives tables extending over a number of years, 
which seem to show the influence of the moon in lowering the 
height of the barometer in the months of September to January, 
at the time of full moon, and in raising it during the first quarter. 
The Deutsche Seewarte, which communicates the article, points 
out that a similar result has been independently arrived at by 
Captain Seemann, one of the assistants of the institution. The 
same effect or any other is not perceptible in other months. 

An ingenious contrivance has been recently adopted at the 
Hippodrome in Paris, with a view to producing scenic effects, 

,n the central oval space, without the spectators opposite being 
seen at the same time. An elliptical screen of fine steel netting is 
et down in comparative darkness, so as to be about 12 feet 
n front of the benches. This is painted on the inner side with 
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a representation of the Place du Vieiix Marche at Rouen (the 
piece being Jeanne if Arc), and, as it is strongly illuminated, 
at a given moment, from the centre, the light outside being 
low, a spectator at any point has an excellent view of the 
scene, while seeing nothing of the crowd beyond. 

The additions to the Zoological Society’s Gardens during the 
past week include a Malbrouck Monkey {Cercopithecus cyno^ 
sums 6 ) from West Africa, presented by Miss Florence 
Schuler; an American Black Bear {Ursus americantts) from 
Canada, presented by Mr. John Sands ; a Common Otter (Lutra 
vulgaris) from Ross-shire, presented by the Hon. J. S. Gathorne 
Hardy, M.P., F.Z. S; two Cape Doves {G*,na capensis) from 
South Africa, presented by Miss Grace Debenham ; two 
Imperial Eagles {Aquila imperialis) from Spain, presented by 
Mr. Walter Suck ; two Smooth Snakes (Coronella lavis) from 
Hampshire, presented by Mr. E. Penton, F.Z.S ; a Hairy 
Armadillo {Dasypus villosus) from La Plata, a Greater Sulphur 
Crested Cockatoo (Cacatua gal erita) from Australia, deposited ; 
five Common Peafowls {Pavo cristatus), six Ring-necked 
Pheasants (Pkasianus torquat us), three Gold Pheasants ^Thau* 
tnalea picta), five Silver Pheasants {Euplocamus nycthemems), 
^even Californian Quails {Callipepla californica), a Vulpine 
Phalanger {Phulangisla vulpina 9 ) bred in the Gardens, 


“ OUR ASTRONOMICAL COLUMN 


Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on August 7 
iQh. 5m. 29s. 


Name. 


tOO.C. 4435 

(2) G.C. 4499 

(3) D.M. -H 30* 
<4) f Aquils . 
(5) A Aquils . 
•<6) 222 Schj. ... 
(7) S Hercults 


!. Mag. 

Colour. 

R.A 2890. 

Decl. 2890. 



h. m. s. 

• / 


— 

19 12 77 

+»9 S 3 

• «« ••• •■■i 

— 

19 26 19 

•f 9 0 

3409 ... 6 

Yellowish-rcd. 

19 0 43 

*+•30 34 

... ... 4 

Yellow. 

18 54 36 

55 


Ycllowish-white. 

Tp 0 24 

- 5 3 

9 

Very red. 

18 53 30 

+ 14 13 

Var. 

Reddish-yellow, i 

i 16 46 33 

-fiS 8 

Remarks* 


(1) This cluster is thus described in the General Catalogue : 
** A globular cluster ; bright ; large ; irregularly round ; gradu- 
ally very much compressed in the middle ; easily resolved.” 
Dr. Huggins has observed that the spectrum is continuous, with 

a suspicion of unusual brightness in the middle,” but he ap- 
parently made no attempt to determine the position of the 
brightness. Such a maximum of light in one part of the spec- 
trum is suggestive of radiation phenomena, tnough of course it 
is possible that it may be simply a contrast effect due to the 
presence of dark lines or bands. In any case trustworthy mea- 
sures may give some clue to the constitution of the stars of 
which the cluster consists. 

(2) The G.C. description of this object is as follows : Con- 
siderably bright ; small ; irregularly round ; easily resolvable.” 
It is thus apparently an undoubted cluster, and it is therefore 
very remarkable that Dr. Huggins records : “I believe that the 
spectrum consists of one bright line.” If this be confirmed, the 
object must evidently be a cluster of nebulous stars,” and 
resolvability can no longer be a criterion for non-nebulosity.” 

(3) Duner describes the spectrum of this star as a feebly-deve- 
loped one of Group II. ; only the bands 2, 3, and 7 being seen. 
As the complete series of bands has been recorded in stars of 
much smaller magnitude with the same instruments, it is clear 
that there are decided specific differences. A more detailed 
examination, with special reference to the presence or absence of 
bright lines or fiutings and dark lines, is suggested. 

(4 and 5) These are stars of the solar type and of Group IV. 
respectively. The usual observations are required in each case. 

(6) The spectrum of this star is one of Group VI. The dark 
tmnds are sfVong, but the blue zone is very feeble. Further 
details should be looked for. 

(7) This variable has a spectrum of Group II., and the ap- 
4)roaching maximum of August 15 may be utilized for ascertain* 
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ing whether, in common with other variables of the same group, 
bright lines appear at or near maximum. The magnitude at 
maximum appears to vary between 6*6 and 7*7, whilst that at 
minimum is about 1 1 ‘5, the period being about 408 days. The 
line of hydrogen at G is apparently the most easily seen in this 
class of objects. The bright fiutings of carbon should also be 
carefully observed as the star fades. A. Fowler. 

Catalogue of Red Stars. — No. V. of the Cunningham 
Memoirs of the Royal Irish Academy contains a new edition of 
Birmingham’s “ Catalogue of Red Stars,” by the Rev. T. E. 
Espin. The work undertaken by Mr. Espin is (i) the observa- 
tion of such stars of Mr. Birmingham’s Catalogue as seemed to 
merit special attention ; (2) a search for new red stars ; (3) the 
spectroscopic observation of all stars not previously observed 
with the spectroscope. This comprehensive programme was 
commenced about four years ago, and much important work has 
been done under each of the heads. The original catalogue con- 
tained ruddy and orange stars in addition to those having a 
decided red colour, but these are now given in a separate \ht. 

In some remarks on the spectroscopic observations of the stars 
in the Catalogue, Mr. Espin brings forward “one of the most 
striking examples of the disagreements among spectroscopic 
observers,” viz. the difference between the spectrum of 152 
Schjellerup as observed by Secchi and Dr. Huggins. The former 
observer remarked that the dark zones coincided with the car- 
bon fiutings given by an alcohol fiame. Dr. Huggins made the 
c >mparison, and, either from imperfect instrumental conditions 
or a different comparison spectrum, found t’aere was no such 
coincidence, although later observations, by Vogel, Duner, and 
others, have established Secchi’s view. 

^ A useful list is given of stars with bright lines in their spectra 
discovered up to the date of publication, and no one has worked 
more assiduously in this direction than Mr. Espin himself. After 
an admirable and ei^tended account of the discovery and the 
spectra of these stars the following conclusions are arrived at : — 

(1) That in stars of type I.r (Group I.) where the hydrogen 
lines and D^ are bright, the lines vary, and this variation is not 
simultaneous. 

(2) That in stars with type Ill.r one or more of the hydrogen 
lines may be brilliant and the others invisible, as in Mira, where 
y and 5 were conspicuous, but there was no trace of e and F. ^ 

(3) In the cases of R Andromed^c, R Cygni, and S Cassio- 
peiae, the extremely brilliant F line was detected after the 
maximum. 

(4) In Vogel’s type I./% the hydrogen lines may really be 
faintly bright, and in one of the stars of this class the existence 
of other bright lines is proved, and they will hence, probably, 
be found in others. 

It should be remarked that the stars of Group II. which have 
bright lines in their spectra Mira Ceta) are classified by 
Mr. Espin as a new type, IlI.r. 

The total number of stars contained in the Catalogue is 1472, 
of which 766 are given in the red star catalogue, 629 in the 
list of ruddy stars, and 77 in an addendum. Besides these there 
are K 2 “ bright-line” stars. Seven new variables were detected 
by Mr. Espin during the four years of observation, and he 
concludes that the work of discovering new red stars in the 
northern heavens is complete as far as magnitude 8*5. Every 
spectroscopist appreciates this valuable and important Catalogue, 
and Mr. Espin is to be congratulated on having been able to 
complete it in so short a time. 

Ancient Eclipses. — In the Astronomical Journal, No. 
220, Mr. John Stockwell continues his discussion of the secular 
and long-period inequalities in the moon’s motion. The follow- 
ing are tne dates of the sixteen eclipses that ^ave been investi- 
gated, and some particulars referring to them. 


No. 


Date. 

No. 


Date. 

1. 

A. 0 « 

1140 March 20 

9. 

B.C. 

480 April 19 

2. 

A.D. 

xojo Augnst 30 

* 10. 

B.C. 

546 October 23 

3. 

A.D. 

304 June 16 

ZI. 

B.C. 

556 May 19 

4 - 

A.D. 

360 August 28 

12. 

B.C. 

584 May 28 

S- 

A.D. 

348 August 29 

13. 

B.C. 

602 May 18 

6. 

B.C. 

309 August 15 

14. 

B.C. 

609 September 30 

7. 

B.C. 

423 March 21 

IS- 

B.C. 

762 June 15 

8. 

B.C. 

430 August 3 

i6. 

B.C. 

1 184 August 28 


I. This eclipse is mentioned by Halley, by William of 
Malmesbury, and in the Saxon Chronicle. It is shown that 
the line of central eclipse passed over Cambridge. 



NATURE 


355 


August 7, 1890] 


2. This is the eclipse of Stiklastad, and Mr. Stockwell’s 
computations appear to satisfy the account given by Hansen 
in vol. ii., p. 388, of his Darlegung.” 

3* Observed at Alexandria by Theon. 

4. An annular eclipse which occurred before sunrise in any 
part of Mesopotamia, so that it could not have oCcasionednhe 
phenomenon mentioned by Ammianus Marcellinus (book xx. 
chap. 3). 

5. This eclipse was total in the eastern parts of Mesopotamia 
at 9h, 50m., and satisfies the phenomenon described by 
Ammianus. 

6. The eclipse encountered by the fleet of Agathocles while 
on its voyage from Sicily to Africa. 

7. The eclipse described by Thucydides as having occurred 
during the eighth year of the Peloponnesian War. 

8. This eclipse is shown to be identical with that described 
by Thucydides as having occurred during the first year of the 
Peloponnesian War, when the darkness was so great that some 
of the stars were visible. 

9. The account given by Aristides (“ Scholiast/’ ed. Frommel, 
p. 222) of the eclipse which took place while Xerxes was on 
the march from Sardis to Abydos at the beginning of the Persian 
War is confirmed by the computations. 

10. This is shown to explain the disappearance of the sun 
described by Xenophon (‘‘Anabasis/’ liook iii.) as having 
occurred at Larissa. 

IT. Contrary to the conclusions of Hansen and Prof. 
Airy, Mr. Stock well finds that this eclipse - does not satisfy 
Xenophon’s acc<junt. 

12, 13, and 14. Each of these has been supposed to be 
Thales’s eclipse. Mr. Stockwell finds that both 13 and 14 satisfy 
equally well the astronomical conditions of the problem, but 
thinks the former is rather the more probable of the two. 

15. The record of this eclipse was discovered on the Assyrian 
tablets in the British Museum, and the computations show that 
an eclipse happened at Nineveh at two o’clock in the afternoon 
on the date given. 

16. Homer mentions a singular darkness that occurred during 
one of the great battles of the last year of the Trojan War 
(“Iliad,” Book xvi.). Mr. Stockwell explains the darkness by 
means of this total solar eclipse. 

Many of the conclusions arrived at with respect to the dates of 
eclipses differ widely from those generally accepted, and are 
open to much discussion. 

Coggia’s Comet {b 1890 ). — Edinburgh Circular No. 9 
contains the following elements and ephemeris, computed by 
Dr. Berberich, of Berlin, from observations made at Marseilles 
on July 19, and at Kiel on July 21 and 22. Dr. Berberich finds 
there must be an error in the comet’s place deduced at Marseilles 
on July i8| the date of discovery. He also points out that the 
orbit closely resembles that of the comet of a.d. 1580. 


Elements of Comet Coggia. 

T » 1890 July 7*9775 Berlin Mean Time. 

W- ii ^ 20 52 ) 

a =: 14 4 f Mean Eq. 1890*0. 
i = 63 28 17 ) 

log q =s 9’88 oo7. 


Ephemeris for Berlin Midnight. 


1890. R. A. 

h. m. 8. 
Aug. 7... 10 43 24 

8.. . 10 47 12 

9.. . 10 50 S3 

10.. . 10 54 27 

11. . .10 57 si 

12. . .11 I 10 

13. . .11 4 31 

14.. .11 7 4* 

15.. . 11 10 45 


Decl. Log Log r. Bright- 

, , ness. 

...+28 10 ... o ’2$26 ... 9‘9826 ... 0 50 
... 27 10*4 

... 26%o-3 ... 0*2601 ... 9 9929 ••• o’46 

... 25 30*7 

... 24 41*7 ... 0*2676 ... 0*0033 ... 0*43 
... 23 53*2 

... 23 S3 ... o*27S2 ... 0 0137 ... 0*39 
... 22 18*0 

... 21 31 ‘2 ... 0*2827 ••• 0*0240 ... 0*36 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

‘^HE annual summer meeting of the Institution of Mechanical 
^ Engineers was held last week in Sheffield. There could 
be no more appropriate centre around which either (his Institu- 
tion, or the sister Society, the Iron and Steel Institute, could 
gather. Sheffield has, however, of late years been somewhat 
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tardy in offering a welcome to visitors. Six years ago it wa» 
proposed that the Iron and Steel Institute should hold a session in 
Hallamshire, but Hallamshire would not open its doors, and the 
Iron and Steel Institute had to journey to Chester. It is 29 
years since the Mechanical Engineers met in Sheffield, and now, 
when they once more congregate there, they find but a partial 
welcome. The fact is, the big Sheffield steel makers — the Browns, 
Firths, Cammells, Jessops, and Vickers— have always pursued 
an absurd policy of secrecy. There is as much Abracadabra 
about these Sheffield steel makers as ever was practised hx 
the alchemists of old. One can walk into the other sUJel works- 
of the country with no more fn^nality than presenting one’s 
card^ and see all that is to be seen ; but these Sheffield works re- 
main a sealed book. The reason given for this is that “ The 
Foreigner ” comes over here and learns loo much, imparting no 
information in return. Unhappily for the cogency of this argu- 
ment it is just the foreigner that the steel makers must admit. 
All those firms who do work for foreign Governments mast 
admit foreign Government inspectors. These nsen come into 
the works to stay for months or even years. They are experts in 
the business they are engaged upon. They come and go where 
they will, ask what questions they will, make analyses, tests, 
and experiments at will ; in short, they obtain a thorough and 
complete knowledge of everything that goes on. When they 
return home they would look on two or three hundred a year 
as an ample income, or a hundred pound note as a handsome 
consulting fee. 

In the face of such facts is it not childish to shut out the 
necessary engineer, who simply wants to satisfy his scientific 
curiosity regarding the chief material he uses? 

Although the big steel makers had shut their dooiis on the 
Sheffield visitors, there were still some things of interest left. 
Many of the older class of crucible steel makers were willing to* 
explain the whole process of steel production as introduced by 
Huntsman one hundred years ago, and indeed were able to give 
practical illustrations of the same. Steel affords as much food 
for contemplation to the industrial economist as to the physicist 
and chemist. That the addition of less than one half of one 
per cent, of carbon should so entirely change the character of 
the metal is curious enough, although so familiar ; but that the 
making of crucible cast steel should have stood, as it has, 
through the last century of industrial change and revolution is- 
still more surprising. Watt, Faraday, and Thomson, nay, even 
Bessemer and Siemens, have lived and laboured without writing 
a single record on the process. Crucibles are still made by 
hand, charged by hand, pulled out of the fire by hand, teemed 
by hand, and in fact the steam-engine is not called into 
requisition throughout the process. The steel manufacturer 
makes no chemical analysis to find the grade of his steel. He 
breaks a piece, and his eye tells him by the fracture the percentage 
of carbon nearly enough for all practical purposes ; i.e. as nearly 
as his neighbour knows, who does the same. And yet if one 
wants trustworthy steel of the highest grade one has to go io 
Sheffield for it, and pay the Sheffielder's price. AH the science 
of all the engineers, chemists, and physicists of the last hundred 
years, allied with the industrial activity engendered by the 
fierceness of modern competition — even the mingling of science 
and commercial acumen, as in the persons of Siemens and 
Bessemer — has failed to unseat the ancient steel trade of Sheffield. 
No wonder the grimy town remains the stronghold of industrial 
empiricism, where they fall down and worship with the prophets 
of the rule of thumb. « 

But though the crucible steel maker is conservative in his 
method of working, he proved liberal in showing his work to 
others, andLthe members of the Institution had a good opportunity 
of seeing tne way in which the finer kinds of steel they use are 
produced. The works of Messrs. Seebohm and Dieckstahll, 
Samuel Osborn and Co. , and many others in which crucible 
steel making is carried on, were open to inspection ; but, had 
not Park Gate come to the rescue, those who were unacquainted 
with the Bessemer or Siemens processes would have had to go- 
to South Wales, Glasgow, or the north-east, where they could 
find works open to their inspection quite as well organized as 
any they missed seeing at Sheffield. 

There were eight papers down for reading during the meeting, 
the sittings being held on the 29th and 30th alt. in the large 
hall of Firth College. The President of the Institution, Mr. 
Joseph Tomlinson, presided throughout. The papers on the 
agenda were as follows 

“On Steel Rails, considered chemically and mechanically,”' 
by C. P. Sandberg, London. 
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‘‘On Recent Improvements in the Mechanical Engineering 
of Coal Mines/' by Emerson Bainbridge, of Sheffield. 

“ Description of the Park Gate Iron and Steel Works,” by 
C. J. Stoddart. 

‘‘ Description of the Sheffield Water Works,” by Edward M. 
Eaton, Engineer. 

“ Descriotion of the Loomis Process for making Gas Fuel,” 
by R. N. Oakman, Jun., of London. 

“ On Milling Cutters,” by George Addy, of Sheffield; 

“ On some Different Forms of Gas Furnaces,” by Bernard 
Dawson. 

“On the Elihu Thomson Electric Welding Process,” by W. 
C. Fish, of London. 

The first five papers only were read, the other three being 
adjourned until the next meeting. 

Steel rails first occupied the attention of members, Mr. 
Sandberg opening the business part of the meeting by reading 
his paper. Tfjie author attributed the well-known greater 
durability of the first Bessemer rails made in Sheffield, to 
the hammered blooms and slow running mills of early days. 
There is no doubt that hardness is a virtue in railway lines, and 
hardness may be obtained by work ; but it can also be obtained 
chemically. By the latter means, however, other desirable 
features may be jeopardized. In the tables showing results of 
tests, given as an appendix to the paper, this point was strongly 
iirought out, the amount of phosphorus being, in the case of 
some Russian rails, exceedingly high, in fact dangerously so in 
the opinion of some of our best authorities. In dealing with 
the question of silicon, the author gave a seasonable reminder 
as to the different composition required for steel which was to be 
used in bridge and ship work, and that intended for rails. This 
point was taken up in the discussion, Messrs. Windsor Richards, 
Jeremiah Head, and others speaking on the question of me- 
chanical tests. Tensile tests were generally pronounced as un* 
desirable, being costly, and of little or no use ; the falling 
weight test, and a test for hardness, together with such light as 
might be thrown by chemical analysis, being considered suffi- 
cient. It may be pointed out, however, that there is no well- 
ostablished means of testing for hardness. Mr. Wicksteed 
spoke to the point when he referred to the desirability of 
ascertaining the percentage of elongation, although, as will 
be seen, this is not a sure guide. This question leads 
up to another which arose in the discussion. Some of the 
rail-makers present exclaimed against engineers insisting 
on steel containing a given percentage of certain alloys. 
The engineers have nothing to do with chemical analysis, 
the metallurgists say ; it is a subject they know little or 
nothing about, and yet they lay down the law to the steel 
makers, whose business it is. Let the engineers be satisfied with 
results, and leave to those who understand the question the 
means of attaining these results. This is very good logic as far 
as it goes, but unfortunately it is not easy to make tests which 
will definitely settle the question of practical use. One speaker 
very well said that he looked on the Metropolitan Railway as 
the best testing machine for rails in the world ; and so long as 
engineers find that a given chemical analysis gives a durable and 
safe steel rail, they will be justified in asking for that analysis as 
supplementary to mechanical tests. Speaking on the latter 
question, the author says in the paper : “ As for tensile tests, 
they tell us very little ; for soft rails broke at only 33 tons per 
square inch, instead of 41 tons for the good rails ; while the 
brittle rails gave almost the same tensile strength as the good 
rails, and even more elongation and contraction.” Could the 
transverse test under a falling ball have been substituted 
for these slow and costly tensile tests, it would hiTve shown 
better the merits of safe or brittle rails. It may be mentioned 
in passing that the hardness machine of Prof. Turner, of Mason’s 
College, Birmingham, to which Mr. Hadfield made reference, 
appears to promise well as a means of determining the second 
desirable feature in steel rails. By the tables to which reference 
has been made, it was shown that 0*24 per cent, of silicon in 
steel rails gave the best results. This the author considers the 
most striking feature in the analysis. 

Mechanical engineering in coal-mines, as described in the 
contribution of ^Mr. Emerson Bainbridge, next occupied the 
attention of the meeting. We do not propose giving an abstract 
of this paper m the present notice ; it would be like trying to 
run the River Thames through a la-ii^ch main. The author 
ranged over the whole field of mining engineering ; the illustra- 
tions, which wet-e shown by aid of the magic lantern, being 
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more than a hundred in number. This paper had evidently 
cost the author much trouble and time in its preparation, and 
was one eminently fitted for the consideration of the members 
of the Institution of Mechanical Engineers. Mr. Bainbridge is 
well .known in the north as a mining engineer of ability — a fact 
which it is well to emphasize, as his paper was received by 
some members, not themselves acauainted with its subject, in a 
very ungracious spirit. It is to be hoped that the proposal 
which he made to withdraw the paper from publication in the 
Transactions will not be carried out. 

The papers of Messrs. Sandberg and Bainbridge were the 
only two taken on the first day of the meeting, the sitting being 
adjourned about one o’clock for the members to visit the various 
works open to their inspection. 

On the members reassembling on the next day, Wednesday, 
the 30th ult., the first paper taken was that of Mr. C. J. Stod- 
dart. The author is the managing director of the Park Gate 
Iron and Steel Works, and in his contribution he dealt with the 
new plant for steel making lately erected there. Should it ever 
be necessary to put these works into the market, the paper 
would form an excellent auctioneer’s catalogue, it reading 
more like a document of that nature than a memoir to be 
put before a meeting of a scientific or technical Society. There 
were, however, a few passages of historic interest which we 
reproduce. These works, which are near Rotherham, were 
founded in 1823, and here many of the iron rails used on the 
first railways were rolled ; am ongst some of the later ones were 
thoSe for the Metropolitan Railway, many of which were case- 
hardened. Here, also, were rolled a large paVt of the iron 
plates used in the construction of the Great Eastern ; whilst 
armour plates were first rolled here also. The latter were pre- 
sumably for the Warrior^ as she was our first armour-clad ship, 
and they were very .different from the compound steel and iron 
plates now so elaborately prepared, being, it will be remem- 
bered, no more than 44 to 5 inches thick. Park Gate 
has, however, had to abandon these early methods of iron 
working, and, advancing with the times, has laid down within 
the last two years a costly steel plant, the outline particulars of 
which are duly set forth in Mr. Stoddart ’s catalogue. We are 
not, however, disposed to quarrel with the author of the paper 
for not going more fully into particulars, as he was liberal 
enough, in his capacity as managing director, to invite the 
meeting to make an excursion to his works on the day follow- 
ing the reading of his paper. The members were therefore 
enabled to see for themselves the {five blast furnaces, plate and 
sheet mills, bar mills and their appurtenances, four 25-ton 
Siemens furnaces, cogging mills, slab rolls, billet mills, and 
plate mills duly set forth in the author’s list of plant. The 
capacity of the steel works is from seven to eight hundred tons 
of steel and from four to five hundred tons of plates per week. 

Mr. Oakman’s paper on the Loomis process of making gas 
fuel was next brought before the meeting. The apparatus 
in which Loomis gas is made consists mainly of a generator and 
steam boiler. The generator is not novel in principle, the air 
being drawn through the charging door in the top, whilst an ex- 
hauster is used to set it in motion. The result is producer gas, 
which is superheated and then led through the boiler to produce 
steam, finally passing to the gas-holders. This part of the 
process is carried on for about five or six minutes, after which 
the admission of air is suspended, and the steam which has been 
generated is carried through the incandescent fuel, having been 
previously superheated in the superheater. The second opera- 
tion produces, of course, water-gas, which, however, has one 
great advantage over ordinary w^^ter-gas, inasmuch as it 
possesses a strong and characteristic odour. This proceeds 
from the hydrocarbons taken up from the fuel, a bituminous 
coal being used. The apparatus has been applied with success 
in Sheffield, notably by the big steel house of T. Firth and Sons. 
A representative of that firm stated during the discussion that a 
saving of at least 50 per cent, in the cost of fuel in the manu- 
facture of crucible steel was made by using Loomis gas, as 
compared with the old method of melting by coke — a statement 
which we have no difficulty in accepting when it is remembered 
bow extremel]^ wasteful is the present usual method of firing. 

The discussion which followed the reading of the paper soon 
fell into the familiar groove which seems to have become stereo-* 
typed for use whenever the question of gas fuel comes to the 
fore. Mr. John Head and Sir Lowthian Bell both spoke. The 
former naturally soon brought the subject round to the Sie- 
mens furnace; upon the merits of which he was speaking 
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—especially in the matter of cheapness — when he was stopped 
by the President. The practice Mr. Head follows at meetings 
of the scientific and technical Societies is not tending to enhance 
the respect felt for the once honoured name of Siemens. Sir 
Lowthian Bell said what he said in Paris last year over again. 
The position he takes up — that no more heat can be got from a 
pound of fuel than Nature put in it — is perfectly sound, but 
there is no need to repeat the truism at such great length and 
so often. 

The Sheffield Water Works was the subject of the last paper 
read at the meeting. 

On the whole, it cannot be doubted that the meeting of 
the Mechanical Engineers at Sheffield was below the average, 
and badly managed. If Mr. Eaton’s paper on the water- 
works had been taken as read, and Mr. Addy's contribution 
on milling cutters had been brought forward, the meeting 
might have done something to redeem its character as a repre- 
sentative assemblage of Mechanical Engineers. The Catalogue 
of the Park Gate Iron and Steel Works might also have been 
taken as read. Both the latter and the water-works paper were 
acceptable as guides to the respective excursions, but that was 
no reason why members should be required to sit and listen 
whilst Mr. Bache read through them at a speed which rendered 
it quite impossible to follow. 

We have not space to refer to the visits to works in Sheffield 
open to visitors, and indeed there was not much of exceptional 
interest. Exception must be made, however, to a loom for weaving 
horse-hair cloth, . which was seen at the works of Laycock #nd 
Sons. The wonderful ingenuity displayed by designers of textile 
machinery appears here to have« reached its culminating point. 
Horse-hair has several undesirable features from a textile point 
of view. The filaments are generally no longer than 3 or 4 
feet ; though exceptional hairs have been known as long as 6 
feet, we believe. The thickness differs considerably at each 
end ; the material is very elastic, and it is so hard that it will 
speedily wear away the hardest steel over which it may be 
dragged. In order to overcome these difficulties, the designer 
of this loom, Mr. W. S. Laycock, has introduced a shuttle with 
jaws that take hold of each hair as it is presented, and a device 
which is known as the selector. The latter is a hand — for we can 
call it nothing less — which picks up one hair, and only one, to 
present to the jaws of the shuttle. It has to let go at the very 
instant the shuttle takes hold, otherwise the hair would be 
dragged through its fingers, which would soon be worn away. 
Sometimes, however, the fingers fail to grasp this single hair ; 
it must be remembered if it were to take two hairs the cloth would 
be spoiled. It then makes a second try, and, if the second fail, 
yet a third. Supposing the third attempt also prove unsuccess- 
ful, there being no time to make a fourth, the selector promptly 
stops the weft motion, so that no change takes place whilst the 
shuttle is making its traverse without a hair to form the weft. 
Theophrastus Such, after a visit to a textile factory, had a night- 
mc^re, in which mechanism usurped the place of humanity, and 
became the inexorable master of mankind. The conceit is 
worked out with much skill, and appears quite plausible when 
viewed in the light of mechanism which not only performs the 
most delicate operations, but knows when it misses, tries again 
as long as trying is of avail, and, if it fail at last, takes steps to 
prevent mischief following. 


former comprises nearly three-fourths of the surface of the 
sphere, it is not a subordinate part in that system. 

With reference to this discussion of the subject I have pre- 
pared the accompanying bathymetric map. 

1. The Bathymetric Map, and the General Features 

OF THE Oceanic Depression displayed by it. 

I. The Map . — In the preparation of the bathymetric map 
I have used the recent charts of the Hydrographic Departments 
of the United States and Gr^t Britain,^ which contain all 
depths to date, and the lists of new soundings published in 
German and other geographical journals. In order that the 
facts on which the bathymetric lines arc based may be before 
the reader a large part of the depths are given, but in an 
abbreviated form, 100 fathoms being made the unit ; 25 signify- 
ing 2500 fathoms or nearly (between 2460 and 2550); 2'3, 
about 230 fathoms, *4, about 40 fathoms. Onlyofor some deep 
points is the depth given in full. The addition of a plus sign 
( +J signifies no bottom reached by the sounding.® 

In the plotting of oceanic bathymetric lines from the few lines 
of soundings that have been made, the doubts which constantly 
rise have to be settled largely by a reference to the general 
features of the ocean, and here wide differences in judgment 
may exist in the use of the same facts ; but through the depths 
stated on the map, the reader has the means of judging for him- 
self. In the case of an island the lines about it may often have 
their courses determined by those of adjoining groups, or by its 
own trend ; but in very many cases new soundings are needed 
for a satisfactory conclusion. ^ 

Some divergences on the map from other published bathy- 
. metric maps require a word of explanation. The northern half 
of the North Pacific is made, on other deep-sea maps, part of a 
great 3000-fathom area (between 3000 and 4000) stretching from 
the long and deep trough near Japan far enough eastward to 
include the soundings of 3000 fathoms and over in mid- ocean 
along the 35th parallel. It has seemed more reasonable, in 
view of present knowledge from soundings, to confine the deep- 
sea area off Japan to the border- region of the ocean, near the 
Kurile and Aleutian Islands, and leave the area in mid-ocean to 
be enlarged as more soundings shall be obtained. Again, in the 
South Pacific, west of Patagonia, the area of relatively shallow 
soundings (under 200D fathoms) extending out from the coast, is 
on other maps bent southward at its outer western limit so as to 
include the area of similar soundings on the parallels of 40*" and 
50®, between 112® and 122® W. The prevailing trends of the 
ocean are opposed to such a bend, and more soundings are 
thought to be necessary before adopting it. 

It may be added here that in the Antarctic Atlantic, about the 
parallel of 66i® S. and the meridian of 13J® W., a large area of 
3000 and 4000 fathoms has been located. It was based, ^ I 
have learned from the Hydrographic Department of the British 
Admiralty, on a sounding in 1842 by Captain Ross, R.N., in 
which the lead ran out 4000 fathoms without finding bottom. 
The sounding was, therefore, made before the means available 
were sufficient to insure the accuracy of such deep casts."® 

2. The Feature lines of the Oceanic and Bordering Lands . — The 
courses of island-ranges and coast-lines have a bearing on the 
question relating to the courses of the deep-sea troughs, and 


ON THE ORIGIN OF THE DEEP TROUGHS 
OF THE OCEANIC DEPRESSION: ARE 
ANY OF VOLCANIC ORIGIN?^ 

T^HE consideration of the question with regard to the origin 
of the ocAn's deep troughs requires, as the first step, a 
general review of oceanic topography ; for according to recent 
bathymetric investigations, the deep troughs are part of the 
system of topography, and itj grander part. We need, for this 
purpose, an accurate map of the depths and heights through all 
the great area. Such a map will ultimately be made through the 
combined services of the Hydrographic Departments of the 
civilized nations. At the present time the lines of soundings 
over the oceans, especially over the Pacific and Indian, are few, 
and only some general conclusions are attainable. ^ It is to be 
noticed that the system of features of the oceanic area are 
involved in the more general terrestrial system ; but since the 

’ .This paper is accompanied in the American Journal of Science from 
which it is reprinted, by a bathymetric map. 
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* I am indebted to the Hydrographic Departments of Great Britain aa 
well as the United States for copies ot these charts. • 

a On the map the bathymetric lines for looo, 2000, 3000, and 4000 fathoms, 
besides being distinguished in the usual wav by number of dots, have been 
made to differ in breadth of line, the deeper being made quite heavy in order 
to exhibit pltinly the positions of the areas without the use of rolours. The 
line for 100 fathoms is, as usual, a simple dotted line. As the bathymetric map 
herewith published is necessarily small, and none of the ordinary maps of 
the oceans give either deep-sea soundings or a correct idea of tiy trends of 
the oceanic ranges of islands, 1 state here that the charts of the U.S% 
Hydrographic Department for the Atlantic, Pacific, Indian, and Arcttcl^eana 
may be purchosea of dealers in charts in the larger sea-boara cities for $0 
cents a sheet and less according to size. (There are sever^ ghvts to 
each ocean.) One of the firms selling them in New York City is that of 
T. S. and J. D. Negus, 140 Water Street. The British Admii^ty have pub- 
lished a map of the Pacific with its soundings on a wngle sheet, and 
for the Atlantic and Indian Oceans with part of the Pacific, besides chvts 
of the Antarctic and Arctic seas. The occasional Bulletins from the Hydro- 
graphic Department and Petermande MitUilungen eaiAexa nearly all the. 
new date issued for the perfecting of such a chart. • 

® The communication received from the Admiralty Ofim adds that Some* 
of Ross's soundings up to 2660 fathoms have been i^wd correct, and hen^ 
the sounding in 68® S., refared to, has been retained on pur charts until 
disproved.'* “ Another sounding obtained by I^ss tn the Atlonuc has had 
strong doubts thrown upon it by a sounding of 3000 fathoms obtained not 
very far from iu position." Sec the accompanying map, near latitude /40 S. 
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therefore, by way of introduction, they are here briefly reviewed.^ 
The system of trends in feature-lines takes new significance from 
a bathymetric map, for the courses are no longer mere trends of 
islands or emerged mountain peaks ; they are the trends of the 
great mountain ranges themselves ; and, in the Pacific, these 
mountain courses are those of half a hemisphere. Some of the 
deductions from such a map are briefly as follows : — 

(1) Over the Pacific area there are no prominent north-and- 
south, or meridional, courses in its ranges, and none over the 
Atlantic, except the axial range of relatively shallow water in the 
South Atlantic. And to this statement it may pertinently be 
added that there are none in the great ranges of Asia and 
Europe, excepting the Urals ; none in North America ; none in 
South America, excepting a part of those on its west side. 

(2) The ranges in the Pacific Ocean have a mean trend of not 
far from north-west-bv-west, which is the course very nearly of 
the longer diameter of the ocean. One transverse range crosses 
the middle rSouth Pacific — the New Zealand — commencing 
to the south In New Zealand and the islands south of it, with 
the course N. 35® K., and continuing through the Kermadec 
Islands and the Tonga group, the latter trending about N: 22® 
E., and this is the nearest to north and south in the ocean, 
except toward its western border. 

(3) The oceanic ranges are rarely straight, but, instead, 
change gradually in trend through a large curve or a series of 
curves. For example, the chain of the central Pacific becomes, 
to the westward, north-north-west ; and the Aleutian range and 
others off the Asiatic coast make a series of consecutive curves. 
Curves are the rule rather than the exception. Moreover, the 
intersections of crossing ranges, curved or not, are in general 
nearly rectangular. 

(4) Approximate parallelisms exist between the distant 
ranges or feature-lines; as (i) between the trend of the New 
Zealand range and that of the east coast of North America ; 
and also that of South America (which is continued across the 
ocean to Scandinavia) ; also (2) between the trend of the foot of 
the New Zealand boot with the Louisiade group and New 
Guinea farther west, and the mean trend of the islands of the 
central Pacific both south and north of the equator, and also 
that of the north shore of South America. These are a few 
examples out of many to be observed on the map. 

(5) The relatively shallow-water area which stretches across 
the North Atlantic from Scandinavia to Greenland — the Scan- 
dinavian plateau, as it may well be called — is continued from 
these high latitude seas south-westward, in the direction of the 
axis of the North Atlantic (or parallel nearly to the coast of 
eastern North America and the opposite coast of Africa), and 
becomes the “ Dolphin Shoal.” 

It may be a correlate fact in the earth’s system of features that 
a Patagonian plateau stretches out from the Patagonia coast, or 
from high southern latitudes, in the direction of the longer axis 
of the Pacific, and embraces the Paumotu and other archipelagos 
beyond. - 

The above review of the earth’s physiognomy, if accompanied 
by a survey of the map, may suffice for the main purpose here in 
view : to illustrate the general truths — that system in the feature- 
lines is a fact ; that the system is world-wide in its scope ; and 
— since these feature-lines have been successively developed with 
the progress of geological history — that the system had its 
foundation in the beginning of the earth's genesis and was 
developed to full completion with its growth. 

II. Facts Bearing on the Origin op the Deep-sea 

Troughs. 

In treating of this subject, the facts from the' vicinity of 
volcanic lands that favour a volcanic origin are first mentioned ; 

* This subject of the syirtem in the earth's feature-lines is presented at length, 
with a map, in my Expedition Geological Report, pp. zz-sj and 414-434 ; and 
also more briefly in the American J aumat of Science, II. ii. 381, 1846. 

3 As parallelisms may have imporunce that is not now apparent, 1 draw 
attention to one between the Mediterranean Sea that divides Europe from 
Africa, and the West India (or West Mediterranean) sea that divides North 
from South America. Both have m eastern, middle, wadwestem deep basin. 
Their depths (see map) in the East Mediterranean, are 3170, 3040, and 1585 
fathoms ; in the West Mediterranean (the three being tne Caribbean, the 
West Caribbean or Cuban, and the Gulf of Mexico), 3804, 3438, and 3080 
fathoms. Furth^, in each Mediterranean Sea, a shallow- water plateau 
extends from a foominent point on the south side, northward, to islands 
between the eastern and middle of the deep basins ; one from the north-east 
angle of Tunis to Sicily, the other from the north-east angle of Honduras to 
Jamaica^and Haiti, the two about the same in range of depth of water. 
Aod this last parallelism has its MralJels through geological history, even to 
the Quaternary, when the great Mammals made migrations to the islands in 
ntkch/rom the continent to the south. 
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secondly, those from similar regions that are not favourable to 
such an origin ; thirdly, facts from other regions bearing on the 
question 

A. Facts apparently favouring a Volcanic Origin. 

1. The Pacific soundings have made known the existence of 

two deep-sea depressions, if not a continuous trough, within 
forty miles of the Hawaiian Islands ; one situated to the north- 
east of Oahu, or, north of Molokai, with a depth of 3023 
fathoms, or 18,069 ihe other east of the east point of 

Hawaii, 2875 fathoms, or within 750 feet of 18,000 feet. 
Again, 450 miles north-east of Oahu, there is a trough in the 
ocean’s bottom, over 80a miles long, which runs nearly parallel 
with the group and has a depth of 3000 to 3540 fathoms ; 
and, as far south, another similar trough of probably greater 
length has afforded soundings of 3000 to 3100 fathoms. The 
depths about the more western part of the Hawaiian chain of 
islands have not yet been ascertained, and hence the limits of 
the deep areas are not known. Such depths, so close to a line 
of great volcanic mountains, the loftiest of the mountains not 
yet extinct, appear as if they might have resulted from a sub- 
sidence consequent on the volcanic action. 

The subsidence might have taken place (l) either from 
underminings — which the amount of matter thrown out and 
now constituting the mountain chain, with its peaks of 20,000 
to 30,000 feet above the sea-bottom, shows may be large ; or 
(2) from the gravitational pressure in the earth’s crust, about a 
vfflcanic region which speculation makes a source of the ascen- 
sive force and of the upward rising of the lavas, the sub- 
siding crust following down the liquid surface beneath. In 
either case the mass of ejected material might be a measure 
more or less perfectly of the maximum amount of subsidence. 

2. In the western part of the North Pacific, at the south 
end of the volcanic group of the Ladrones off the largest island 
of the group, Guam, the Challenger found a depth of 4475 
fathoms, one of the two deepest spots yet known in the Pacific. 
The situation with reference to the group is like that off the east 
end of the Hawaiian group. 

3. East of Japan and the Kuriles, a region of ranges of vol- 
canoes, there is the longest and deepest trough of the ocean, 
the length 1800 miles, the depths 4000 to 4^0 fathoms ; and 
farther north-east, south of one of the Aleutian Islands, a depth 
of 4000 fathoms occurs again; and depths of 3100 to 3664 
fathoms also still farther east. It is probable that the 4000- 
line trough continues from the Kurile to this deep spot off the 
Aleutian volcanic range ; and if so, the length of the trough 
is over 2500 miles. The map is made to suggest its extension 
still farther eastward ; but among the very few soundings made, 
none below 3664 fathoms have yet been obtained off the more 
eastern Aleutians. 

Other similar facts may be found on the map ; and still 
others mav exist which are not now manifest owing to the 
sinking ot oceanic areas and islands. But no cases can be 
pointed to which are more decisively in favour of volcanic origin. 

B. Facts ffom the Vicinity of Volcanic Re^ns apparently not 
referable to a Volcanic Origin. 

The ocean off the western border of North and South 
America affords striking examples of the absence of deep 
troughs from the vicinity of regions eminently volcanic. The 
South American volcanoes are many and lofty ; and still the 
ocean adjoining is mostly between 2000 and 2700 fathoms in 
depth ; and just south of Valparaiso, it shallows to 1325 
fathoms. The only exception yet observed is that of a shore 
trough of 3000 to 3368 mhoms close by the Peruvian shore. 
It ma^, however, prove to be a long trough, although certainly 
stopping short of Valparaiso. The watersi however of the 
Pacific border of America deepen abruptly compared with 
those of the Atlantic border ; and the significance of this fact 
deserves consideration. 

The facts off Central Ameriba are more remarkable than 
those off the coast to the south* The volcanoes are quite near 
to the Pacific coast, and still the depths are between 1500 and 
2500 fathoms. 

The condition is the same off the west coast of North Ame- 
rica. Of the two areas of 3000 and over, nearest to the east 
coast of the North Pacific, one is 600 miles distant in the lati- 
tude of San Francisco, and the other is within 10^ of the 
equator and 20® of the coast ; both too far away to be a 
consequence of volcanic action in California, Mexico, or 
Central America. 
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In the North Atlantic the European side has its volcanoes, 
and has had them since the Silurian era, and yet the non- 
volcanic North American side of the ocean has far the larger 
areas of deep water and much greater mean depth. The 
Azores or Western Islands, which are all volcanic, have depths 
around them of only looo to 2000 fathoms, and no local 
troughs. Iceland, the land of Hecla, is in still shallower waters^ 
with no evidence of local depressions off its shores. The Cana- 
ries are volcanic, but no deep trough is near them. 

C. Facts from Regions not Volcanic which are unfavourable to 
the idea of a Volcanic Origin, 

1. In the North Pacific, near its centre, the area of 3000 or 
more fathoms about 35® N. ; the two similar but smaller areas 
toward its eastern border ; the areas north of the Carolines in 
the western part of the ocean ; the broad equatorial area about 
the Phoenix group ; the area in the South Pacific in 170® W., 
east of Chatham Island, and another just south of Australia, 
are all so situated that no reason is apparent for referring them 
to a volcanic origin. Some of the areas are in the coral island 
latitudes,^ and^ the supposed volcanic basis of coral islands makes 
a volcanic origin possible, but their probable size and position 
appears to favour the idea of origin through some more funda- 
mental cause. The area in the South Pacific, east of Chatham 
Island, is 450 miles distant from the land. The border of 
southern Australia, abreast of the deep-sea trough, has no 
known volcano. 

2. In the Atlantic^ away from the West Indies, — The 3000- 
fathom areas of the North and South Atlantic — that is, the* 
three in the North^Atlantic, the two in the South Atlantic, and 
the two equatorial, one near the coast of Guinea and the other 
near that of South America — occupy positions that suggest no 
relation to volcanic conditions. The Cape Verdes, north of the 
equator, are partly encircled by one of the deep areas, some- 
what like the eastern end of the Hawaiian group ; but this 
bathymetric area appears to be too large to owe its origin 
directly to volcanic work in the group. The coast of Guinea near 
the 3000-fathom area has nothing volcanic about it, and the 
opposite coast of South America, near another, is free from 
volcanoes. 

The only facts in the Atlantic that suggest a volcanic origin 
are the depression of 2445 fathoms within 40 miles of the west 
side of the volcanic Cape Verde archipelago, and that of 2060 
fathoms within 20 miles of Ascension Island ; and a connection 
is possible. 

3. In and near the West Indies. — The most remarkable of 
the depths of the Atlantic area are situated in and near the region 
of the West Indies, as is well illustrated and discussed by Mr. 
Alexander Agassiz in his. instructive work on the “Three 
Cruises of the Blake,*' The deepest trough of the ocean, 4561 
fathoms, occurs within seventy miles of Porto Rico ; and yet 
this island has no great volcanic mountain, though having 
basaltic rocks. By the north side of the Bahama belt of coral 
reefs and islands, for 600 miles, as Mr. Agassiz well illustrates, 
the depth becomes 2700 to 3000 fathoms within twenty miles 
of the coast-line, and at one point 2990 within twelve miles, a 
pitch-down of 1 : 3*5 ; and nothing suggests a volcanic cause for 
the abrupt descent. Cuba and Hayti are not volcanic, and look 
as if they were an extension of Florida, so that no grounds exist 
for assuming that the Bahamas rest on volcanic summits. 

One of the strangest of 3000-fathom troughs is that which 
commences off the south shore of Eastern Cuba, having there 
a depth of 3000 to 3180 fathoms. It is within 20 miles of this 
non-volcanic shore, and nearly three times this distance from 
Jamaica. No sufficient reasoiiu appears at present for pronounc- 
ing its origin volcanic. It is continued in a west-by-south 
direction to a point beyond the meridian of 85® W., or over 700 
miles, making it a v^iy long trough, and the depths vary from 
2700 to 3428 fathoms. The depression extends on into the Gulf 
of Honduras, carrying a depth of 2000 fathoms far toward its 
head, and in a small indentation of the coast it stops ; for 
nothing of it appears in the outline of Pacific coast or the 
depths off it, and nothing in the range of volcanic mountains on 
the coast. Against the three deepest parts of the trough there 
ate^frstfhhe Grand Cayman Reef, 20 miles north of a spot 3428 
fathoms deep ; second^ banks in 13 and 15 fathoms within 15 
miles of a depth of 2982 fathoms ; and thirds Swan Island Reef, 

15 miles soutn of a depth of 3010 fathoms ; the first of the three 
indicating a slope to the bottom of x : 5, and the last of i : 4*4. 
Why these greatest depths in the trough, so abrupt in depression, 
Aould be on one side of shoals or emeiged coral reefs, it is not 
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easy to explain ; and the more so that the part of the trough 
south of Cuba has nothing volcanic near by in the adjoining 
mountain range, and the fact also that the westernmost end dT 
the trough extends on for 175 miles, and there has a depth of 
3048 fathoms, with 2000 fathoms either side and no coral reefs. 

D. Arrangement of the Deep-sea Troughs in the two halves of the 
Oceans^ pointing to some other than a Volcanic Origin, 

The western half of the Atlantic and Pacific oceans contains 
much the larger part of the 3000- fathom areas and all the depths, 
over 4000 fathoms. In the North Atlantic the areas pf 3000 
and over in the western half, or off^the United States, are very 
large ; and the bathymetric line of 2500 fathoms extends west- 
ward nearly to the looo-fathom line. This important feature 
can be appreciated for both oceans from a look at the map 
without special explanations. 

As a partial consequence of this arrangement, the Pacific, 
viewed as a whole, may be said to have a westward slope in ita 
bottom, or from the South American coast toward Japan. This 
westward slope of the bottom exists even in the area between 
New Zealand and Australia — the ocean in this area being shallow 
for a long distance out on the east side and deepening to 2500- 
2700 fathoms close to that non-volcanic land, New South Wales, 
in eastern Australia. In the Atlantic, the slope is in the 
direction of its north-east-south-west axis, either side of the 
Dolphin Shoal, but especially the western side, rather than from 
east to west, it commencing in the Scandinavian plateau and 
ending in the great depths adjoining the West Indies. 

Owing to the system in the Atlantic topography, the Dolphin 
Shoal — the site of the Atlantis of ancient and modem fable — is 
really an appendage to the eastern continent, that is to Eprope, 
and is shut off by wide abyssal seas from the lands to the west 
that have been supposed to need its gravel for rock-making. 

But the view that the west half of an oceanic basin is always 
the deepest becomes checked by finding in the Indian Ocean 
that the only areas that are 3000 fathoms deep or over are in 
the eastern part of the ocean and off the nortn-west coast of 
Australia, and near western Java and Sumatra. The greatest 
depths in its western half or toward Africa, are 2400 to 2600 
fathoms.' 

III. Conclusions. 

1. The facts reviewed lead far away from the idea that vol- 
canic action has been predominant in determining the position of 
the deep-sea troughs. It has probably occasioned some deep 
depressions within a score or two of miles of the centre of 
activity, but beyond this the great depths have probably had 
some other origin. 

2 . It is further evident that the deep-sea troughs are not a 
result of superficial causes of trough-making. Erosion over the 
ocean’s bottom cannot excavate isolated troughs. The coldest 
water of the ocean stands in the deep holes or troughs instead of 
running, as the reader of Agassiz’s volume has learned. 

The superficial operation of weighting the earth’s crust with 
sediment, or with coral or other organic-made limestone, and 
filling the depressions as fast as made, much appealed to in 
explanations of subsidence, has not produced the troughs ; for 
filled depressions are not the kind under consideration. More- 
over, the areas are out of the reach of continental sediments and 
too large and deep to come within the of possibilities 

of organic sedimentation or accumulation. The existence of 
the troughs is sufficient proof of this. The deep trough^ of the 
West Indian and adjoining seas are in a region ot abundant 
pelagic and sea-border life, and yet the marvellous depths exist. 
And the depths of the open oceans are no le^ without explana- 
tion. Those ^lose by tne Bahamas, extending down to 16,00a 
and 18,000 feet, are evidence of great subsidence from some 
cause ; and the coral reefs for some reason have manifestly kept 
themselves at the surface in spite of it.^ 

3. If superficially acting causes are insufficient, we are^ led to 
look deeper, to the sources of the earth’s energies, or its interior 

* In the Arctic seas, going north from the Scandinavian plateau, the water 
deepens north of the latitude of Iceland, between Greenland and ^itzbergen, 
to 2000 fathoms, and farther north to 2650 fathoms, in the latitude nearly of 
Greenwich ; and it is probable that the aooo-fathom area jsxtends over the 
region of the North Pole, The continents of Euiope twith Asm probably) 
and North America are proved by the shallow soundings over the adjoining 
Arctic seas and the islands or emerged land, to extend to hbout Sa^^N., 
which is about 450 miles from the Pole. , ‘ 

> The migrations from South America alluded to in note ^ on page 358, 
proving an devation of aooo feet^to make it possible, prove also that a large 
part ot the West India seas afterward suffered subsidence in the Quaternary, 
now far the Bahama and Florida region participated in the subsidence 
is not known. That it did not^iarticipate in it has not been proved* 
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agencies of development, to which the comprehensive system in 
its structure and physiognomy points. Whatever there is of 
system in the greater feature-lines, whether marked in troughs or 
in mountain diains, or island ranges, must come primarily from 
systematic work within. The work may have been manifested 
in long lines of flexures or fractures as steps in the process, but 
the conditions which ^ave directions to the lines left them subject 
to local causes of variation, and between the two agencies, the 
resulting physiognomy has been evolved. 

We have from the Pacific area one observation of a volcanic 
nature bearing on the comprehensiveness of the system of feature 
lines in the oceans, and althoVigh I have already referred to it, I 
here reproduce the facts for use in this place. 

If the ranges of volcanic islands were, in their origin, lines 
of fissures as a result of comprehensive movements, the lines 
should continue to be the courses of planes of weakness in the 
earth’s crust. The New Zealand line, including the Kermadec 
Islands and the Tongan group, has been pointed to as one of 
these lines, tad one of great prominence, since it is the chief 
north-eastward range of the broad Pacific, and nearly axial to 
the ocean. The series of volcanoes along the axis of New 
Zealand is in the same line. It was noticed, at the Tarawera 
eruption of 1883, that four or Jive days after the outbreak, and 
three after it had subsided, White Island, in the Bay of Plenty, 
at the north end of the New Zealand series, became unusually 
active ; and two months later there was a violent eruption in the 
Tonga group, on the Island of Niuafou. The close relation in 
time of the latter to the New Zealand eruption is referred to by 
Mr, C. Trotter, in Nature of December 7, 1886.^ May it not 
be that these disturbances were due to a slight shifting or move* 
ment along a series of old planes of fractures, taking place 
successively from south to north ; and, hence, that even now 
changes of level may take place through the same comprehensive 
cause that determined the existence of the earth’s feature lines ? 
Owing to the long distance of the Tonga group from New 
Zealand an affirmative reply to the question cannot be positively 
made. But there is probability enough to give great interest to 
this branch of geological enquiry. JAMES D. Dana. 

SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, July 28.— M. Hermite in the chair. 
—Aquatic locomotion studied by photo-chronography, by M. 
Marey. The author has made similar investigations on animal 
locomotion to those of Mr. Muybridge, but with different appa- 
ratus. A single camera, the sensitive plate of which takes the 
form of an endless band moving past the focus of the lens, has 
been used in the investigations, and appears to possess many 
advantages over the multiple camera system. The contractions 
and dilatations of the body of the medusa, the undulations of 
the lateral fins of the ray, and the rapid movements of the 
dorsal fin of the Hippocampus (sea-horse), have all been 
analy2ed, and in the zoetrope the successive photographs 
appear to have reproduced the motions to perfection. — Obser- 
vations, orbit, and ephemeris of the comet discovered by M. 
Coggia (^1890) at Marseilles Observatory, by M. Stephan. — 
On the observation of the annular eclipse of the sun of June 17, 
by M. A. de la Baume Pluvinel. A detailed description of the 
instruments employed by the author for his observations in 
C|inea (Island of Crete) is given. As previously noted (Nature, 
July 10), the results give further support to the view that the 
oxygen absorption bands in the solar spectrum are of telluric 
origin. — Observations of the minor planet recently discovered 
by M. Charlois (^, made with the coude equatkirial and the 
Foucault telescope at Algiers Observatory, by MM. Rambaud 
and Sy. Some observations of position and comparison stars 
are given. — Observations of Coggia’s comet, made with the 
great equatorial of Bordeaux Observatory, by MM. Picart and 
Courty. — Observations of the same comet made at Paris Obser- 
vatory, by Mdile. D. Klumpke. — On a new method of exposi- 
tion of the theory of theta functions, and on an elementary 
theorem relative to hyperelliptic functions of the first dimen- 
sion, by M. F. Caspary. It is shown that the fifteen hyper- 
elliptic funcrions of the first dimension are proportional to the 
fifteen elements of an orthogonal system. — Earthquakes in 
Madagaseshr, by M. R. P. Colin, Director of the Antananarivo 
Observatory. The five earth-tremorr observed this year appear 
to have had an influence on the azimuth error of the transit 
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instrument. — On the water of crystallization of neutral sulphate 
of alumina ; analvsis of a natural product, by M. P, Marguerite- 
Delacharlonny. The analysis of two samples of definitely crystal- 
lized natural sulphate of alumina from Bolivia supports the 
author’s previous conclusion that its formula should be written 
wjth sixteen instead of eighteen molecules of water of crystal- 
li^tion. — On the optical rotatory power of camphor in solution 
in various oils, by M. P. Chabot. The author finds that the 
rotation produced by the . solutions is sensibly proportional to 
their strengths, and that, after allowing for the slight rotation 
due to the oil, the calculated molecular rotatory power of 
camphor is practically constant. — On the malonates of lithia 
and on the malonate of silver, by M« G« Massol. Some experi- 
ments on the heats of formation are given. — Researches on the 
optical dispersion of organic compounds ; fatty acids, by MM. 
Ph. Barbier and L. Roux. The authors have examined the 
normal fatty acids from formic to pelargonic as well as isobutyric 
and isovaleric acids, and find that the specific dispersive powers 
increase with the molecular complexity, and that those of isomeric 
acids are practically equal, though the normal acids have slightly 
the higher value. — On the presence of furfural in commercial 
alcohols, by M. L. Lindet. — Contribution to the study of arti- 
ficial musk, by M. Albert Baur. — Mode of action of bacterial 
secretions on the vasomotor nervous system ; connection be- 
tween these phenomena and diapedesis, by MM. A. Charrin 
and E. Gley. — Does haemoglobin exist in the blood os a homo- 
geneous substance ?, by M. Christian Bohr. — On the identity of 
structure of the central nervous system of Pelecypoda and other 
{dollusca, by M. Paul Pelseneer. — On the bathymetric distribu- 
tion of the deep-sea Brachiopods collected in the Travailleur 
and Talisman expeditions, by MM. P« Fischer and D. P. 
CEhlert. — On the position in the plant of the compounds which 
produce the sulphuretted essential oils of the Cruciferae, by M. 
Leon Guignard. 
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THE INCOME-TAX AND THE PROMOTION 
OF SCIENCE. 

T he case of the Commissioners of Inland Revenue 
V. Forrest (the latter representing the Institution of 
Civil Engineers), which was finally decided on the ist 
inst. by the House of Lords, is of great importance to 
all scientific corporations, associations, and institutions 
in this country, and, incidentally, the judgments cannot 
fail to interest, and possibly also to amuse, men of 
science, because it became necessary for their Lordships to 
consider what is science, or, rather, what the Legislature 
meant by the word science in a particular statute. 

■ Shorn of all technicality, the question was whether the 
Institution of Civil Engineers was liable to pay income- 
tax under the Revenue Act of 1885, section 1 1 of which was 
framed with the object of imposing a duty of 5 per cent, on 
the yearly value, income, or profits of bodies which escape 
probate, legacy, and succession duties, inasmuch as they 
never die and have no legal heirs or successoes. 
The net was* thrown with the object of catching 
trading corporations, companies, and associations, 
and compelling them to pay, in the shape of an annual 
impost, an equivalent for the various death duties levied 
on private individuals. The Act imposing this tax, how- 
ever, exempted different classes of associations, and notably 
in sub-section 3 of section 1 1 it exempted all property the 
income or profit of which is applied for religious or 
charitable purposes, “ or for the promotion of education, 
literature, science, or the fine arts.” The whole question 
therefore resolved itself into this ; Is the Institution of 
Civil Engineers an association “ for the promotion of 
science ” ? The Commissioners thought it was not, in 
the sense used in the Act ; Lord Coleridge and Mr. 
Justice (now Lord) Field sitting in one Court agreed with 
the Commissioners ; Lord Justice Lopes in the Court of 
Appeal, and the Lord Chancellor in the House of Lords, 
were of the same opinion ; but Lord Esher and Lord 
Justice Fry in the Court of Appeal, and Lord Watson and 
Lord Macnaghten in the House of Lords, held that the 
Institution was one for the promotion of science, and 
therefore exempt from the tax. The Institution therefore 
had a majority of the judges in the Court of Appeal 
and in the House of Lords, and it is now the law of 
England, until the Legislature chooses to alter it, that the 
Institution and all similar associations and bodies are 
exempt from this tax. Science, and, indeed, literature 
and the fine arts as well, owe a debt of gratitude to the 
Institution for its sturdy stand against the demand for 
payment. Although it is successful, its costs, over and 
above what it wiH receive from the Crown as the losing 
party,wouId, if invested, probably yield an income sufficient 
to satisfy the demand made upon it ; by continuing the fight 
it has been the means of reKeying the revenues of every 
association of the kind in the country from a burden of 
5 per cent, per annum, an impost which in some cases 
would be intolerable, and would perhaps lead to the ex- 
tinction of many struggling associations which are worthy 
of more support than they receive. In a sense, all science 
is relieved of a tax, and this it owes to the Institution of 
Civil Engineers. 
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We have said that the question turned on the meaning 
to be attached to the phrase '' promotion of science,” and 
ultimately to the word “ science.” The consideration of 
this question was complicated by the circumstance that 
in 1843 an Act was passed for dealing with the application 
of local rating (the Act of 1885, which was in question in 
this case, dealt wholly with Imperial taxation) to ** ex- 
clusively” scientific and literary institutions supported 
wholly or in part by voluntary contributions. Under this 
Act it has been decided, for example, that the Zoological 
Society and the Russell Institution are liable to local 
rates, and it was against decisions such as these, and 
the instinct of judges to seek for a precedent, that the 
Institution of Civil Engineers had to fight in the present 
instance. Lord Macnaghten, however, boldly threw over 
the Act of 1843 and the decisions under it altogether, 
and refused to regard them as throwing any light on the 
Act of 1885. It referred, he said, merely to local rates, 
exemption from which is an invidious distinction, and 
throws a burden on everyone in the neighbourhood ; 
while the present case being one of Imperial taxation, the 
range of exemption is far more extensive, and the con- 
ditions far more liberal. 

The previous statute, and all the decisions finder it, 
being thus disposed of, the judges were deprived of pre- 
cedents, and had to answer for themselves what was 
science in the intention of the Legislature in 18S5. 
Most intelligent people have a satisfactory working 
definition of the word ; but it evidently perplexed 
the keen and experienced legal intellects of the 
judges in the House of Lords. The Lord Chancellor 
thought it cbuld not, in this place, be equivalent to know- 
ledge, because this would exempt almost every institution 
in the country, but that it did refer to science generally, 
and not to any particular branch of it. The Institution 
was, he argued, established for the benefit and interest of 
civil engineers, and not directly (though, no doubt, in- 
directly) for the advantage of the whole community. “ I 
think a member of it makes a very good bargain for him- 
self in becoming a member of it,” and hence he did not 
regard it as exempt from taxation. Lord Watson took 
quite a different view, without going largely into questions 
of definition. It was indisputable, he said, that there 
was a science of civil engineering, that its development 
is of the utmost consequence to the national interests, 
that the labours of the Institution are of value to the pro- 
fession at large, and constitute a substantial addition to 
the sum of human knowledge, and that it would •be 
difficult to say what more effective measures could be 
adopted for the promotion of engineering science than 
those of tile Institution. He found, therefore, that the 
latter applied its income, not to the professional ends of 
individuals, but for ** the promotion of science,” and that 
it was entitled to the exemption. Lord Macnaghten faced 
the question of the meaning of the word science” in the 
Act ; — 

“I see no reason why it should be confined to 
pure or speculative science. The expression plainly 
includes applied science, and it was intended, I think, to 
denote a particular branch of science, as well as universal 
science or science generally.” * 

This being his view. Lord Macnaghten, like Lord 
Watson, found no diffictdty in arriving at the Conclusion 
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that the Institution of Civil Engineers did in fact promote 
science : — 

“ Substantially, as it seems to me, the whole of the 
Society’s income is applied to the promotion of science. 
My Lords, I cannot conceive in what better way the pro- 
motion of mechanical science, and in particular of those 
branches of mechanical science which lie within the 
province of civil engineering, could be effected. I cannot 
doubt that by means of the discussions on the papers 
read at the ordinary meetings of the Society much new 
light has been thrown on scientific questions, and much 
knowledge, which would otherwise have perished, has 
been preserved. I see no trace of a selfish or illiberal 
spirit in the proceedings of the Society, nor do I find any- 
thing to lead me to suppose that its property and income 
are applied otherwise than bond fide for the promotion of 
science. The action of the Society may incidentally 
benefit the profession to which its members belong — I 
have no doubt that is so — but I agree with the Master of 
the Rolls in thinking that ‘ that which this Society does 
is something higher and larger than the mere education 
of students and others for the profession of civil 
engineers.’ ” 

The admirable definition of the object of the Institution, 
embodied in the charter of 1828, was stated in the course 
of one,pf the judgments to have been drafted by Thomas 
Tredgold. The Institution, it says, is established for the 
purpose of 

*‘the general advancement of mechanical science, and 
more particularly for promoting the acquisition of 
that species of knowledge which constitutes the pro- 
fession of a civil engineer, being the art of directing 
the great sources of power in nature for the use and con- 
venience of man, as the means of production and of 
traffic in States both for external and internal trade, as 
applied in the construction of roads, bridges, aqueducts, 
canals, river navigation, and docks, for internal inter- 
course and exchange, and in the construction of ports, 
harbours, moles, breakwaters, and lighthouses, and in the 
art of navigation by artificial power for the purposes of 
commerce, and in the construction and adaptation of 
machinery, and in the drainage of cities and towns.” 

It is only right to say, in conclusion, that the utility of 
the work done by the Institution was admitted in the 
warmest manner by those judges who found themselves 
compelled to decide against its claim to exemption, now 
happily established. 


PRINCIPLES OF ECONOMICS. 

Principles of Economics. Vol. I. By Prof. Alfred Mar- 
shall. (London: Macmillan and Co., 1890.) 

E conomics admit of being reduced to principles 
more than other sciences dealing 'with human 
actions, for the reason which Prof. Marshall has thus 
expressed: *‘Wide as are the interests of which the 
economist takes account when applying his doctrines to 
practice, the centre of his work is a body of systematic rea- 
soning as to the quantities of measurable motives.” lliese 
measurable motives are not necessarily self-interested : 
<‘The range of economic measurement may gradually 
extend to nauch philanthropic action.” Even now the supply 
of labour Und of capital is largely due to the motive of 
family a'ffection. llie uniformities of ^action resulting 
from such measurable motives may be regarded as the 
laws of motion in what Jevons called the mechanics of 
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industry— z. science which Prof. Marshall has cultivated 
with more success than any of his predecessors, owing to 
an unexampled combination of antithetical powers, the 
comprehensive grasp of mathematical reasoning, and the 
cafcfiil handling in detail of the observed facts. 

As in physical mechanics innumerable conditions may 
be comprehended under the principle of virtual velocity, 
so also there is a unifying principle in the mechanics of 
industry. “ Most economic problems have a kernel re- 
lating to the equilibrium of demand and supply.” It is 
the peculiar merit of Prof. Marshall’s arrangement to 
treat the law of supply and demand generally, before 
applying it to particular markets,” such as that relating 
to labour. It is here that he differs most from Mill, who 
seems to put asunder what the nature of things has 
joined together under one law — distribution and exchange. 
If Prof. Marshall’s conception does not come as a surprise 
to his readers, it must be considered that he himself, in 
published and unpublished writings, has prepared the 
scientific world to accept his view. The services of 
others, particularly Prof. Walras, in improving upon the 
old wooden conception of distribution are not to be for- 
gotten. Still it is true that, as far as we know. Prof. 
Marshall is the first adequately to treat v^at he has else- 
where called the pure theory of domestic (as opposed to 
international) value ; uniting in a comprehensive view 
the doctrine of final utility, which Jevons and other 
recent writers have made prominent, with the equally 
eternal verities relating to “cost of production,” which 
are connected with the name of Ricardo. The “ theorems 
of Ricardo and Marshall ” are rightly coupled by Signor 
Pantaleoni in his masterly “ Principii di Economia Pura.” 

The relation between cost of production and demand 
is thus expressed by Prof. Marshall, following Cournot. 



In the annexed diagram the abscissa indicates the 
amount of a product, and the ordinate the price thereof. 
dd' is the demand curve, representing the quantity of the 
product which is demanded at each price ; ss’ the supply 
curve, representing the .quantity which is offered at each 
price. The intersection of these curves determines the 
equilibrium of the market — generic term used in a wide 
sense, covering the temporary equilibrium of a fish-market 
and those slow processes of competition which it requires 
a generation to work out. * 

From this point of view is apparent the inaccuracy of 
those who describe valua as altogether an affair of final 
utility, and speak of Ricardo as being “ preposterous ” in 
the classic sense of putting the cart before the horse. 
To use our own illustration, these economists might be 
compared to a physicist who should insist that in the 
determination of the pdsition at which a balloon reaches 
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equilibrium, the buoyant gas' plays a more important 
part than the heavy car. To be sure balloons could not 
go up without gas ; whereas they might, and sometimes 
do, without a car. Still, from a mathematical point 'of 
view, we submit, it is legitimate to attribute to the 
positive and negative forces a “ fundamental symmetry ” 
— as Prof. Marshall characterizes the equilibrating motives 
towards utility and from disutility. By parity of reasoning 
they also are to be condemned who, neglecting final 
utility, worship only cost of production. But it may well be 
doubed whether this form of what we may call the mono- 
physite heresy in regard to the doctrine of value is attri* 
butable in a serious degree to Ricardo. It is tenable that 

** the older economists seem to have been rightly guided 
by their intuition when they silently determined that the 
forces of supply were those the study of which was the 
more urgent and involved the greater difficulty." 

The theory of cost of production would be easy if all 
economic action were as simple as in the case of one who 
goes on picking and eating blackberries until the labour 
of picking just compensates the pleasure of eating. The 
concrete case l» greatly complicated by the element of 
ti/ue. Under cost of production we must include the 
less direct efforts and sacrifices, such as that of the parent 
who, vicariously competing in the labour market, supplies 
an educated employer or artisan to that occupation where 
there appears to be the best opening. Before the educa- 
tion is completed perhaps the opening has ceased to 
be the best. The normal tendency to equilibrium is 
thus ever interrupted by the introduction of some new 
condition : — 

“ There is a constant tendency of the surface of the 
sea towards a position of rest, but the moon and sun are 
always shifting their places and always therefore changing 
the conditions by which the equilibrium of the sea is 
governed ; and meanwhile there are ceaseless currents of 
the raging winds ; the surface is always tending towards 
a position of normal equilibrium, but never attains it." 

In this troubled scene everything is in flux, and subject 
to the theory of fluxions : — ■ 

“The amount of the commodity and its price, the 
amounts of the several factors or agents of production 
used in making it and their prices — all these elements 
mutually determine one another [we italicize words which 
convey a lesson which has never before been taught 
thoroughly], and if an external cause should alter any one 
of them, the effect of the disturbance extends to all the 
others.” 

If there is any of the economic variables of which it 
may be said that it is determined without determining, it 
might be the old Ricardian “ inherent properties ” of land^ 
about which Prof.«MarshaU has much that is new to say. 
As for the quasi-rents which more recent theory has 
evolved, they are all affected with the fallacy which Prof, 
Marshall’s scientific method is particularly adapted to 
guard against — the treating at constant quantities which 
are variable. The “ margin ” from which the remuneration 
in any skilled occupation is measured is itself a variable, 
varying with the remuneration ; because the supply of 
competitors is dependent upon the prospect held out by 
the great prizes in that occupation. The apologist of the 
existing economic rigifne who defends the profits of the 
successful employer as being a rent of ability, the Socialist 
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who attacks the interest of capital as being a rent of 
opportunity, are alike building their insecure construc- 
tions upon the sands of a shifting coast-line. 

We are prevented by the narrowness of our limits from 
exhibiting the important results obtained by the full treat- 
ment of the subject to which we have barely adverted—’ 
namely, the simultaneous determination both of the 
relative value of products, and the remuneration* of pro- , 
ducers, in a rigime of free competition. We must 
hasten on to observe that the same methods of abstract 
reasoning are applicable, mutatis mutandis, to a rigitne 
of monopoly. This case is important, not only for itself, 
on account of the prevalence of trusts and monopolies, 
but also by reason of the analogy between governmental 
and monopolistic action. Prof. Marshall, by original 
methods, deduces the startling conclusion 

“that it might even be for the advantage of the com- 
munity that the Government should levy taxes on com- 
modities which obey the law of diminishing return, and 
spend part of the proceeds on bounties to commodities 
which obey the law of increasing return.” 

This reasoning is, of course, very abstract ; abstracting 
the indirect evils which governmental interference may 
produce. But it at least suffices to destroy the a priori 
presumptions in favour of “ economic harmonies ” and 
unqualified laisses faire. Prof. Marshall reaches these 
and other important conclusions by estimating the “ con- 
sumers’ rent ” — that is, the advantage which consumers 
derive from a fall of price. In connection with this 
subject we should advert to his beautiful theory of the 
elasticity of 'demand. The more elastic or expansive 
demand is, the greater is the increase of consumers’ rent 
due to a given fall of price. 

We should like to dwell upon the practical importance 
of these conceptions. But it is impossible here to analyze 
a work almost every page of which presents a new idea. 
We must be content with indicating methods as distin- 
guished from particular theories. The mathematical 
method appears to be established in its proper position 
by the precept and example of Prof. Marshall ; — 

“Our observations of nature, in the moral as in the 
physical world, relate not so much to aggregate quanti- 
ties as to increments of quantities. ... It is not easy to 
get a clear full view of continuity in this aspect wi thout 
the aid either of mathematical symbols or diagrams.” . . . 

Prof. Marshall expresses some preference for diagrams : — 

“ Experience seems to show that they give a firmer 
grasp of many important principles than can be got 
without their aid, and that there are many problems of 
pure theor;^ which no one who has once learnt to use 
diagrams will willingly handle in any other way.” 

Developing a metaphor suggested by our author, we 
might compare these mechanical aids to reason to the 
machinery employed in material production. Appliances 
useful to one producer will not be equally so to another. 
There is what Prof. Marshall calls the “ law of substitu- 
tion,” according to which each producer selects the ex- 
pedients most serviceable in his own case. Usefulness 
will depend much on familiarity. “It seeVis doubtful 
whether anyone spends his time well in readihg lengthy 
translations of economic doctrines into mathematics that 
have not been made by himself.” ^ 

By way of illustrating this character of intellectual 
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machinery, we shall advert to some passages which seem 
to us to contain things which some would rather have 
expressed otherwise. In the first note of his ** Mathe- 
matical Appendix/’ Prof. Marshall, referring to the 
weakened motive power of distant or deferred pleasures, 
thus writes : — 

Let ^ be a pleasure of .which the probability is and 
which will occur, if at all, at time /. Let r be the rate of 
interest per unit which must be added to present pleasures 
before comparing them to future, and let R = t + r; then 
the present value of the pleasure is 

Should it not be more clearly expressed here, or else- 
where, that*\his formula holds only of marginal utility, 
and that it is not a general psychological truth irrespec- 
tive of conditions imposed by a money market? For 
instance, I anticipate a series of pleasant hours extended 
over several weeks during which I shall be occupied in 
mastering this stupendous work. But I do not observe 
that the anticipated pleasure of the third week differs 
from that of the first acccu-ding to an exponential law of 
variation. 

Another verbal modification is suggested by the fre- 
quent use of the law of substitution ” ; which, as above 
intimated, imports that producers will, as a rule, substitute 
the less for the more expensive methods of production. 
Might it not be well more often to substitute the simpler 
statement that the producer will seek to maximize his 
net advantages, considered as a function of different 
variables, e.g-. labour, capital borrowed, &c. ? From the 
principle that the partial differential of this function with 
respect to each of the variables is equated to zero follow, 
more easily perhaps than by verbal exposition, proposi- 
tions of the form that “ wages tend to equal the net 
produce of the worker’s labour” (pp. 547-48). No doubt 
it is convenient to have a term which, as we understand, 
covers two distinguishable cases : where the maximum of 
advantage is pursued by varying the variable, or by 
discon tinuously passing, from one function to another. 
Indeed, this is a distinction on which Prof. Marshall, 
true to his motto, Natura nil facit per sallum, has, 
probably for good reasons, not insisted as much as 
might have been expected. 

The condition above mentioned, that the first term of 
variation should be equated to zero, may of course in- 
dicate 4 minimum, as well as maximum, of utility. Prof. 
Marshall, following the analogy of physics, attributes to 
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a miniq}um the property of equilibrium. For example, 
in the '^iiase represented by the annexed figure, which 
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corresponds to the author’s Fig. 20 (p. 424)— ss' and dd’ 
being, as above explained, the supply and demand curves 
— Prof. Marshall says, “h and l are points of stable 
equilibrium, and K is a point of unstable equilibrium." 
This interpretation may appear doubtful, when we con- 
sider that the supply curve, when descending^ is the locus 
of minimum advantage for the producer. At any assigned 
price, eg. sh or bk, this locus represents the very worst 
arrangement for the producer, the very bottom of the 
trough, where he cannot, even theoretically, be supposed 
content to stay. If this view be accepted, some doubt 
will be thrown on the ” theory of multiple positions of 
equilibrium ’’ {ibid.). A solution of these little difficulties, 
consistent with the author’s conclusions, will probably be 
found by those who follow out the hints afforded by his 
pregnant notes. 

A comparison with the eminent mathematical econo- 
mists Messrs. Auspitz and Lieben suggests one more 
scruple. Those theorists regard the demand curve as 
the envelope of a series of discontinuous curves, each of 
t/ie sort contemplated by Prof. Marshall, corresponding 
to different scales of living. This conception, if accepted 
as important, might have some bearing on the theory of 
“ consumers’ rent.’’ 

But in dwelling on such technical points we should 
run the risk of conveying an unfair impression of 
the worth and accuracy of Prof. Marshall’s work. 
The theoretical subtleties about which a difference 
of opinion is possible “have a very narrow range of 
practical bearing." Prof. Marshall is the first to admit 
of his theory, “when pushed to its more remote and 
intricate logical consequences, especially those con- 
nected with multiple position of equilibrium, that it 
slips away from the conditions of real life, and soon ceases 
to be of much service in dealing with practical problems.” 
Besides, this is a subject on which, as Disraeli said, the 
author is much more likely to be right than the critic. In 
this sort of mixed mathematics the authority of one who 
is, above all others, conversant with both ingredients of the 
mixture is almost supreme. He, of all mathematical 
economists, has best complied with his own maxim that 
the economist, while he employs “ systematic reasoning 
as to the quantities of measurable motives, .... must 
never lose sight of the real issues of life ; and these are 
all, with scarcely any important exceptions, affected more 
or less by motives that are not measurable.” 

Of the two parts of the economist’s work we have here 
dwelt somewhat exclusively on that which best admits of 
being viewed synoptically, the more abstract side. We 
must be content with recording, without illustrating, the 
judgment that the moral and mathematical parts of Prof. 
Marshall’s work are on a level of excellence. He not only 
applies the differential calculus to measure increments such 
as “a shilling’s worth of happiness," but he also brings a 
higher faculty to judge of go^s which cannot be measured 
by money, such as “ the fulness and nobility of human life,” 

a pure heart, and a love towards God and man." He 
renders to the queen of the sciences the things which 
belong to her province, and to the spiritual side of 
our hature things which transcend man’s power of 
calculation. 


F. Y. E. 
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SADI CARNOTS ESS A Y. 

Reflexions on the Motive Power of Heat, &*c. Front the 
original French of N.-L.-S. Carnot. Edited by R. H, 
Thurston, M.A., LL.D., Dr. Eng^-, Director of SiSley 
College, Cornell University ; “ Ojflcier de V Instruction 
Publique de France”', etc., etc., etc. (London: Mac- 
millan and Co., 1890.) 

soyons fas exigeants: la perfection est si rare! 
This is one of the rules laid down by Sadi Carnot 
for his own guidance : — and we will endeavour, as far as 
possible, to give his present Editor and Translator the 
benefit of it. They need it sadly. 

There is no Press-mark on the book before us, but it 
bears internal evidence of having been printed in the 
United States. Surely there are few, if any, British 
printers who, at the end of a line, would divide words 
into such startling fragments as knowl-edge, quan-tity, 
uncer-tainties, transfor-mation, mecha-nism, hypothe-sis, 
mo-tive, &c., &c. ! 

The book is (described as) a “ Translation of the famous 
work of Carnot.” It is made from the Reprint of 187S, 
to which Carnot’s surviving brother had added a slight 
but very interesting biographical sketch of the Author, as 
well as some extremely important excerpts from his un- 
published MS. These additions are translated also. An 
exceedingly inconvenient arrangement, the separation of 
the longer foot-notes from the text of Carnot’s Essay and 
their collection at the end of the book, is explained as 
“ simply a matter of convenience in book-making.” We 
presume, though it is not stated, that the quite un- 
necessary reprinting of Sir W. Thomson’s paper, on 
Carnot’s Theory, is also a simple matter of book-making ! 

The book is prefaced by a Publisher's Note, a Note by 
the Editor, and an Essay (also by the Editor) on The 
Work of Sadi Carnot. We forbear to comment on the 
first two of these. On the third we would make two 
4 remarks : — 

(1) It is somewhat difficult for us who have lost so 
.recently (and from our little island alone) men like 

Faraday, Joule, and Clerk-Maxwell, to feel the full justice 
of the statement that Sadi Carnot was perhaps “ the 
greatest genius, in the department of physical science at I 
least, that this century has produced.” Exaggeration like 
this leads the reader to doubt the judicial competence 
of the man who employs it. We yield to none in our 
estimation of the value and originality of Carnot’s 
work : — but such feelings must not blind us to the 
relative merits of others. 

(2) Our opinion of the competence of the Editor is not 
enhanced by his informing us that at eighteen Hamilton 
“conceived” Quaternions (he means, presumably, the 

- Characteristic Atnetion, a totally different thing) ; nor 
by his even more striking novelties in scientific 
history. . 

As to the Translation itself, two questions arise. Was 
it necessary, and is it satisfactorily carided out ? We have 
much doubt as to the propriety of translating any 
scientific work from French, German, Italian, or Latin, 
into English. If ft man cannot read it in the original, his 
ignorance (all but criminal) should be punished. But if 
the propriety of translating at all is doubtful, the possi- 
bility of procuring a really adequate translation is much 
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more doubtful. It may be confidently laid down, as an 
axiom, that no adequate translation of a really scientific 
work can be made except by a man whose knowledge of 
the subject is at least nearly on a par with that of the 
Author. Such men are always scarce, and can usually 
employ their time more profitably than in reproducing, itt 
3 L different idiom, the thoughts of another. 

But if a translation must be made, accuracy is essential* 
Change of idiom is inevitable, change of meaning (how- 
ever slight) intolerable. Let us see how the present 
Translator stands in this respect. The task before him 
was a difficult one, for Carnot’s reasoning is in several 
places somewhat delicate ; and in one or two places a little 
obscure. Failure was therefore ^ priori mere probable 
than success ; and, while even complete success was not 
likely to be of much use to any one, failure was certain to 
make the result misleading : — i.e. a great deal worse than 
useless. 

One of the first passages which we chanced to read, on 
opening the book (p. 21), runs thus : — 

I “Scarcely a year had passed when the proscription, 
which included the Director, obliged him to give up his 
life, or at least his liberty, to the conspirators of fructidor. 
. . . (Our mother) fled to St. Omer, with her*family, 
while her husband was exiled to Switzerland, then to 
Germany.” 

Compare the words we have italicised with the corre- 
sponding ones in the original (given below) : — and then 
judge of the fitness of the perpetrator for the translation 
of a work of real difficulty and of particular nicety of 
reasoning. • 

“ Une ann^e h peine s’dtait dcoulde quand la proscrip- 
tion vint frapper le Directeur, obligi de dlrober sa vie, 
tout au moins sa liberti, aux conspirateurs de fructidor. 
.... (Notre m^re) se rifugia k Saint-Omer, dans sa 
famille, tandis que son mari lexilait en Suisse, puis en 
Allemagne.” 

There is more than one first-class blunder for every 
single line in the passage translated ! 

On p. 26 we read : — 

for his name .... was henceforth the cause 
of his advancement {sit) being long delayed.” 

Who, attempting to put this bad English back again 
into French, could possibly hope to reproduce the 
original ? It runs thus : — 

“ . . . . car son nom .... devait suffire pour que 
ddsormais il n’attendit son avancement que de la longeur 
du temps.” 

The wori “ Anvers,” which occurs more than once, is 
not translated at all ; while for “ plusieurs places fortes ” 
we find (p. 26) the extraordinary substitute (we cannot 
call it an equivalent) “ many trying places ” ! 

After these experiences we might have dispensed with 
any further examination of the book. But we fidt bound 
to examine at least a part of the translation of the Essay. 
We selected as a first testa well-known passage, in which 
Carnot elegfantly meets a supposed objection to his 
reasoning. The original is as follows ; — . 

“. . . la quantity deShaleur ndeessaire pour reporter le 
liquide k sa temperature premiere sera aussi infinimen^ 
petite et ndgligeable relativement k celle qui est ndees- 
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saire pour donner naissance h la vapeur, quantity 
toujours finie.” 

The meaning is absolutely clear, the contrast being 
between an infinitesimal, and an essentially finite^ quantity 
of heat. What sort of notion of Carnot’s reasoning can 
he have who translates the passage as below (p. 59) ? 

“The 'quantity of heat necessary to raise the liquid to 
its former temperature will be also indefinitely small and 
unimportant relatively to that which is necessary to 
produce steam — a quantity always limited** 

The sting is, of course, in the tail ; — its proper place. 
But this one word suffices to destroy the entire argument. 

In the trtinslation of the foot-note (preparatory to the 
discussion of the air-engine) where Carnot gives experi- 
mental facts as to the temperature-effects of condensation 
and rarefaction of gases, we have, among other blunders, 
a really amusing one. Carnot says ; — 

“ . . . I’air qui vient toucher immddiatement la boule 
du thermomdtre reprend peut-^tre par son choc centre 
cette boulcy ou plutdt par I’effet du ddtour qu’il est fored 
de prendre h sa rencontre, une densitd &c.” 

The*translator would almost seem to have thought that 
a game at Bowls is here alluded to ; for he gives the 
passage in the form : — 

“ The air which has just touched the bowl of the ther- 
mometer possibly takes again by its collision with this 
bowl, or rather by the effect of the ditour which it is 
forced to make by its rencounter, a density &c.” 

Since so much of this passage has been left un- 
translated, it is to be regretted that the whole sentence 
(and, for that matter, the whole Essay) has not been left 
in its own strikingly original and well-chosen language. 

Many years ago we met with a book something, like 
this one. The writer was translating from Laplace, and 
rendered the passage 

“Si I’on prend, pour unitd de temps, la seconde 
ddcimale ou la cent-millidme partie du jour moyen . . 

in the following exquisite fashion ; — 

“If we take the second decimal, or the to(^no the 
mean day as the unity of time . . .” 

This is perhaps finer than anything in Mr. Thurston’s 
translation, but he occasionally rises nearly to its level. 

We .conclude, as we commenced, with a maxim of 
Carnot’s ; — 

De I’indulgence, de I’indulgence ! 

P. G. T. 


TRIASSIC FISHES AND PLANTS. 

Fossil Fishes and Fossil Plants of the Triassic Rocks of 
New fersey and the Connecticut Valley, By J. S. New- 
berry. (Washington : Government Printing Office, 
1888.) 

T he fourteenth of the splendid series of monographs 
issu^, and so liberally distributed, by the U.S 
Geologicaf Survey, is by Prof. Newberry, and deals with 
the fossil fishes and plants of thaeast coast Triassic areas 
known, as the Palisades and the Connecticut Valley. 
Their red shales, sandstones, and conglomerates occur 
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for the most part in narrow basins parallel to the coast 
or coast ranges, intersected by sheets and dykes of 
diabase, and average about 5000 feet in thickness. In a 
I very few spots the almost barren shales are charged with 
carbonaceous matter, and in these plant and fish remains 
have been met with. The two areas are separated by 
the wide Hudson Valley tract of older rocks, and are 
distinguished by all the Palisade beds dipping at an 
angle of 3° to 15'’ west, while the Connecticut beds dip as 
uniformly to the east. Various theories accounting for 
their deposition are discussed, but the simplest would be 
to regard them as local deposits of a fiat, shallow, sandy, 
thoroughly sheltered coast-line, subjected to heavy tides. 
With gradual and intermittent subsidence, and consequent 
continued encroachment on the land, most extensive 
beds of varying fineness might be formed. A dip, such 
as that observed, would ensue, as the beds passed suc- 
cessively under low-water mark, and fell under pressure 
of the sea into the ordinary slopes of a shelving shore. 
Sun cracks, ripple marks, and footprints would be formed 
in each bed in the belt exposed l^tween the high-water 
marks of neap and spring tides. That the deposits 
originally swarmed with prey is evident from the foot- 
prints of nearly 100 varieties of animals, only a part of 
which were perhaps amphibious, which made them their 
promenade. Almost every trace, however, of such or- 
ganisms as mollusca, annelids, Crustacea, and plants, 
have disappeared. 

The second part of the memoir, relating to the fossil 
fishes, occupies about two-thirds of the volume, and com- 
mences with some preliminary remarks on the gradual 
discovery of the fauna under consideration. Some of these 
fishes were among the first fossils to attract the attention 
of American geologists, and two species were figured and 
described by Agassiz in his “ Poissons Fossiles.” To 
Messrs. W. C. and J. H. Redfield, however, palaeontology 
is mainly indebted for the knowledge of the fauna previous 
to the researches of Dr. Newberry ; and their original 
collection, now in the Yale College Museum, has furnished 
much of the material for the present memoir. Dr. 
Newberry himself undertook excavations at Boonton, 
'N.J., in 1866, thus obtaining a large series of specimens 
for the Columbia College, New York ; and numerous 
discoveries have been more recently made in other 
localities, by various investigators, to whom the author 
expresses indebtedness. 

The detailed descriptions of the genera and species, 
illustrated by no less than twenty plates, form the first 
satisfactory account of the American Triassic fish-fauna ; 
and this will prove of great value for comparison with the 
corresponding assemblages of fishes met with elsewhere. 
To the Lepidosteoid family of Lepldotidse are assigned 
Ischypterus, with eighteen species, Catopterus, with six 
species, Acentrophorus, Dictyopyge, and Ptycholepis, each 
with one species ; while . the Crossopterygian family 
of Ccelacanthidse is represented by a peculiar genus 
and species — Dipiurus longicaudatus. Some interesting 
general remarks upon each genus precede the more 
detailed discussion of the various species ; and, in the 
case at least of Ischypterus, we are inclined to agree with 
the author when he suggests that future researches may 
tend to reduce the num^r of specific types he at present 
feels justified in recognizing. In such cases as the present. 
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it is most difficult to distinguish the results of crushing 
and disintegration from actual specific characters ; and 
even in a formation so little disturbed as the black Triassic 
shale in which these fishes are entombed, the apparent 
form of the head and trunk cannot always be relied upon 
in specihc diagnoses. 

Ischypterus is undoubtedly identical with Semiouotus, 
as Dr. Newberry suspects, and is thus represented both 
in America, Europe, and South Africa. Ichthyologists 
will doubtless also agree with the systematic position in 
which the author places the genus. To us, however, it 
appears that this determination was more conclusively 
proved by the researches of Dr. Traquair in 1877, when 
be offered to the Geological Society some detailed re- 
marks on the osteology of the fish ; and on that occasion 
the intimate connection between Ischypterus and Semio- 
notus was equally pointed out. Each of the species is 
illustrated by at least one figure, and good reason is given 
for assigning to one of the larger forms the supposed 
fragment of a Tetragonolepis, brought from Virginia by 
Lyell. • 

Catopterus dud Dictyopyge are retained as distinct 
genera, in accordance with the usual custom ; and 
then follow two interesting types which the author him- 
self has added to the list. A very distinct species of 
Ptycholepis is described from Durham, Conn., and an 
equally peculiar species of Acentrophorus is made known 
from the Chicopee Falls, Mass. Of these genera, the 
first has hitherto been known chiefly from the English 
and German Lias, though also rarely obtained from the 
Austrian Keuper ; while the second has previously been 
found only in the Permian magnesian limestone and 
marl slate of Durham, England. 

A preliminary definition of the Ccelacanth fish Diplurus 
longicaudatus was given by Dr. Newberry several years 
ago ; and the detailed description and figure now pub- 
lished are a welcome addition to our knowledge of the 
group to which the fish belongs. The finest specimen is 
nearly complete, and is only disappointing in the matter 
of cranial osteology. The largest specimen discovered 
measured about three feet in length, thus exceeding in 
size any Ccelacanth hitherto met with below the Jurassic. 

The third portion of the memoir deals with the fossil 
plants, only seventeen species of which have been brought 
together. These confirm the views of Saporta as to the 
infra-lias, or, at most, Keuper, age of the formation, 
arrived at ffom a study of the far more important series 
described by Fontaine in the sixth monograph of the 
Survey, issued in 1883 ; a series procured from the coal- 
bearing outliers of the sanfe age in Virginia and Carolina. 

Of plants common to the Rhsetic of Europe we have 
Clathropteris pMlyphyll^t ChtirpUpis MUnsteriy Otoza- 
uu'tes latioKy O. brevifoliuSy two species of PachyPhyllum 
hardly separable from P.peregrinutHy Equisetum Eogerst, 
claimed by Saporta to be identical with £. arenaceutn, 
and the doubtful stems well known in many Triassic 
rocks, sometimes referred to Catamites, but here referred 
to Equisetum Meriatii, Brong., and Schizoneura. 

Among the novelties is Dendrophycus triassicus, a 
supposed algoid with a cabbage-like leaf destitute of 
transverse nerves. From the fact, that there is in the 
British Museum an identical structure, from a gritty 
tertiary limestone of Mull, which can hardly be organic, 
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we should question the vegetable nature of this fossil, 
without, however, being able to suggest any other plausible 
origin. There is a new Cycadinocarpus, founded on a 
compressed cycas-looking nut, possibly the fruit of one of 
the Otozamites ; and the obscure plant, referred to bjf 
Fontaine under the misleading name of Bambusium 
Carolinense, now called Zoperia simplex. Whether, aS 
suggested by the author, this ftiay prove to be an aquatic 
Monocotyledon — " a kind of gigantic Schollera ” — there 
are no sufficient materials for discussing. It is some- 
what surprising to find Baiera Miinsteriana located 
among the Cryptogams, as there are so many forms con- . 
necting it with Ginkgo, all possessing the remarkable 
twin fibro-vascular bundles in the petiole which result in 
the symmetrically cleft leaf, that its position is scarcely 
doubtful. We prefer that the Cycads should precede the 
Conifers, but in so small an assemblage of species, their 
want of arrangement is of no great importance. 

A. S. W. AND J. S. G. 

I SEA ANEMONES OF THE NOB TH ATLANTIC. 

Den Norsks Nordhavs-Expedition, 1876-1878.# XJX. 
Zoologi : Actiuida. Ved D. C. Danielssen. Med 25 
Plader og i Kart. (Christiania : Grondahl and Son’s 
Bogtrykkerl, 1890.) 

A NOTHER part of the General Report, of the Nor- 
wegian North Atlantic Expedition has just been 
published, containing a memoir on the Actinida of the 
North Atlantic, by D. C. Danielssen. It will be remem- 
bered that tltis fine series of memoirs is published under 
the sanction of the Norwegian Government, and with 
some assistance from their Treasury. They have been 
distributed to very many of the Academies and learned 
Societies of the world, and reflect immense credit on the 
zeal and intelligence of the Norwegian naturalists. 

All the specimens described by Dr. D. C. Danielssen 
in this memoir were collected from deep water, and most 
of them from the “ cold area.” These anemones, for the 
greater part, proved capable of accommodating them- 
selves to changes of habit and temperature, and it was 
therefore possible to keep them alive for a considerable 
period, during which their external characteristics were 
observed and their portraits taken. That, despite the 
heavy rolling sea so generally met with in the North 
Atlantic, the artist has done his part well, is proved by a 
glance at the first five plates which accompany this 
memoir, which have been printed in colours by Werner 
and Winter, of Frankfort-on-the-Main. 

This meiftoir represents the first serious attempt, since 
the publication of Richard Hertwig’s Report on the 
Challenger Actinaria, to describe the sea anemones of an 
extended area, taking their anatomical features as the 
basis of their classification ; and it seems to us to justify 
the remark that a very much larger series of facts must 
be noted before an even fairly plausible scheme of classi- 
fication of this group can be formulated. No doubt the 
systems of Gosse and Andr6s, based for the ^ost part on 
mere external characteristics, have had their day ; but no 
new scheme to take tj^eir place has yet been properly 
developed ; a wider and closer anatomical investigation 
of even well-known species must be undertaken' ere this, 
can be looked for. 
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Perhaps this will in some measure account for the fact 
that of the Actiniae collected during the expedition, thirty- 
nine out of forty-one are described as new species, for 
which eighteen new genera are diagnosed, and five new 
families are formed. The large majority of these new 
forms belong, as might be expected, to the Hexactiniae 
of Hertwig, but some belong to the Edwardsiae, Zoantheae, 
and Ceriantheae ; while a new tribe has been provisionally 
made to receive two forms (Fenja and ^Egir), not at first 
sight clearly appertaining to the Actinaria. These forms 
have elongated, cylindrical, vermiform bodies, with an 
apparently complete body cavity ; the oral disk is sur- 
rounded witt tentacles, and opens into an oesophagus, 
which is continued into a closed intestine, which opens 
at the aboral end of the body. There are twelve septal 
chambers, complete in themselves, with twelve pore 
openings around the anal opening. 

In Fenja mirabilis the body is 70 mm. in length and 
1 5 mm. in breadth at the anterior extremity, whilst the 
posterior part is rather narrower ; the surface of the 
body is smooth and shining. 

In ^gtr frigidus the animal is surrounded with a 
mucous Investment, and the body is but 30 mm. in length ; 
from 8 to 10 mm. in breadth at the anterior extremity, 
to 4 to 5 mm. in breadth at the somewhat rounded pos- 
terior extremity. While in Fenja the ovaries do not 
materially differ from the type in the Actinida, those in 
Aigir greatly approach the form generally met with in 
the Alcyonida. 

It would seem useless to speculate as to the position 
these strange forms must occupy until something more is 
known of their structure and something of their develop- 
ment. Dr. Danielssen writes that, if the ccelom is to be 
regarded as the distinctive feature, then it is evident they 
cannot be placed among the Coelenterata ; but he adds 
that perhaps too much stress has been laid on the so- 
called gastro-vascular apparatus as a systematic feature 
in this group, and that what is called the oesophagus in 
Actinida is possibly a rudimentary intestinal formation. 

We have alluded to these two forms in some detail as 
being of very special interest, but an almost equal interest 
attaches to others which are also to be found described, 
but which our space forbids us to do more than thus 
generally refer to. In addition to the coloured plates 
representing the new species, there are nineteen with the 
various anatomical details, making this memoir one of 
thd*best illustrated of the series. It follows so closely on 
the memoir on the Alcyonida by the same distinguished 
author, that we cannot but express our admiratiori for 
the energy he displays in working out the natural history 
of the Norwegian coast, which is now better known than 
that of our own shores. 


Ol/F BOOK SHELF. 

Smithsonian Report^ 1887. (Washington ; Government 
Printing Clffice.) 

This important publication is increasing year by year in 
value, in cbnsequence of the pains taken to increase the 
quantity and Quality of the records df progress in the various 
science^ In the fn'esent volume it brings the records of the 
Institution donm to June 30, 1 887. We find the proceedings 
of- Hie Board of Regents and of the Executive Committee, 
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the Report of the Secretary on the general work of the 
establishment, the National Museum, and the Bureau of 
Ethnology. But there is very much more than this, 
altlfough these matters are by no means of merely local 
interest. The progress of astronomy. North American 
geology and palaeontology, vulcanology and seismolog)', 
geography and exploration, physics, chemistry, mineralogy, 
zoology, and anthropology, take up no less than 500 pages, 
and are admirably done. We should' add that the record 
of each branch of science is accompanied by a full biblio- 
graphy, which largely increases its usefulness. The mis- 
cellaneous papers this year deal chiefly with the Western 
mounds and Indian archaeology. 

Travels and Discoveries in North and Central Africa. 
By Henry Barth. (London: Ward, Lock^ and Co., 

I *890) 

Fortv years ago Barth was invited to join a mission 
I which the British Government was about to despatch to 
I Central Africa. He accepted the invitation, and was 
I absent from Europe nearly six years, in the course of 
which he travelled from Tripoli to Bdrnu, and from 
Bdrnu to Timbuktu. The account of his explorations, 
published in 1857 in German and English, was im- 
mediately recognized as one of the most , important and 
fascinating of modem books of travel ; and even now, 
after so long an interval, it has lost but little of its 
interest. In the present volume, which belongs to the 
Minerva Library, the first half of the great traveller’s 
elaborate work is reproduced with many of the original 
illustrations. The books of travel by Darwin and 
Wallace, which have been reissued in the same series, 
differ considerably from that of Barth, who was not a 
naturalist; but, as Mr. Bettany, the editor, says, “to 
make up for this he is extremely rich in topographical, 
historical, and anthropological details.” Mr. Bettany 
contributes to the volume a short introduction, in which 
he brings together some of the leading facts relating to 
Barth’s career. 

Weather Forecasting for the British Islands. By Captairr 
Hen^ Toynbee, F.R.A.S., &c. (London ; Edward 
Stanford, 1890.) 

This is a most interesting and useful little book, and 
should be in the possession of all those who take any 
interest whatever in weather forecasting. It is written 
with the intention of showing what a single observer can 
do as regards this subject, supposing him to have a baro 
meter, means for observing roughly the direction and 
force of the wind, and power to recognize cirrus clouds 
and the direction from which they are coming. To make 
the book more complete, the author has added some 
daily weather charts to illustrate the application of the 
principles and variations which occur in prac tice, and to 
show what can be learnt from them. 

The En^clopadia of Photography, By Walter E. Wood- 
bury. (London: Iliffe and Sbn, 18^.} 

This is the second part of the work we noticed before, to 
be completed in about twelve parts issu^ monthly. The 
ground covered is from B to Coffee Process, between 
which entries will be found information us^ul to all 
classes of photograjdiers. Bsomide paper, camera-bellows 
making, carbon process, may be mentioned as among the 
subjects most fully treated of. When completed, the 
work will contain over 1000 references, and be illustrated 
by about 300 explanatory sketches and diagrams by the 
author. 

Japan and the Padfie. Bv Manjiro Inagaki, B.A. (Can- 
tab.). (London : T. Fimer Unwin, 189a) 

This book, so far as it has any elements of interest, 
appeals rather to politicians than to students of science^ 
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The subject with which the author deals is the relation of 
Japan to the Eastern Question^ and therefore to England 
and Russia. It is a striking fact that such matters should 
be discussed in an English work by a native of Japap. 
Mr. Manjiro Inagaki cannot, however, be congratulated 
on the way in which he sets forth his ideas. His facts are 
thrown together so loosely that it is sometimes difficult to 
make out the propositions which he wishes to prove or to 
illustrate. 


LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature, 
No notice is taken of anonymous communications.] 


Indiscriminate Separation, under the Same Environ- 
ment, a Cause of Divergence. 


I HAVE accumulated a large body of facts indicating that 
separated fragments of a species, though exposed to the same 
environment, will in time become divergent. I find that, 
wherever a species possessing very low powers of migration is 
for many generations divided into a series of fragments by^ 
barriers that do hat obstruct the distribution of surrounding 
species, more or less divergence arises in the separated portions 
of the species, though, in the same areas, there is no divergence 
in the environing species whose distribution is not obstructed. 

1 still further find that, whenever the distances intervening 
between the different fragments are an approximate measure of 
the time and degree of separate breeding (as is frequently the 
case, as long as the divergence does not involve any physio- 
logical and psychological segregation), these distances are also 
an approximate measure of the degree of divergence. 

The validity of this conclusion is called in question because it 
is inconsistent with the theory that all divergence is due to 
diversity of natural selection, and that all diversity of natural 
selection is due to exposure to different environments. The 
divergences in the cases above referred to, it is said, are 
probably due to differences in the environment that are not 
easily recognized. This was the explanation suggested by 
Darwin when the facts were reported to him in 1872. The 
division of a species into isolated portions did not seem to him 
to furnish any factor that could produce divergence unless it was 
aided by exposure to different external conditions. The same 
view is expressed in his ** Origin of Species," sixth edition. 


p. 319. 

My reply is twofold, (i) The theory that all the divergences 
in Sandwich Island land mollusks are due to differences in the 
environment requires us to believe that there are occult in- 
fluences increasing in difference with each additional mile^ of 
separation, and that these influences control the natural selection 
of the mollusks, but have no influence on any of the other 
species occupying the same areas. A theory that involves so 
heavy an assumption cannot be received when a siinpler theory 
is open to us, (2) I believe I can entirely remove this objection, 
urged against my conclusion on these purely theoretical grounds, 
by showing that there are certain causes of divergence, not de- 
pending on exposure to different environments, that are neces- 
sarily introduced by the division of a species into isolated 
groups ; and that, under the inHuence of these causes, diversity 
of habits may arise producing diversity of natural selection, even 
while the fragments exposed to the same environment. ^ 

I have elsewhere called attention to the fact that the inde- 
pendent breeding of separated groups, so far as we can judge, 
always tends to produce divergence ; and I have shown that, 
when a species is indiscriminately broken into independent 
fragments, the tendency to divergence will, on the average, vary 
in direct proportion to the instability of the species, and xn 
inverse proportion to the size of the fragments, for on these 
factors depends the probable degree of departure of the average 
characters of the fragment from the average character of the 
species previous to its being broken into fragments, and, 
therefore, the degree of segr^ation. ^ r 

I wish now to show that the maintenance of certain classes of 
characters always belonging to an unbroken species is due to a 
form of selection that can continue only so long, and so far, as 
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free crossing continues. Reflex selection is a formative prin- 
ciple, depending on the relations in which the members of an 
inter-generating group of organisms stand to each other, while 
they continue to inter-generate ; but when two portions of an 
original species have become so divergent as to compete with 
each other in the same area without crossing, they form in- 
cipient species, and each belongs to the environment of the 
other. While they are members of the same inter- generating 
group, their mutual influence results in reflex selectioni which 
maintains the' correspondence with #each other by which power 
to cross is preserved ; while they are members of groups that do 
not cross, their mutual influence results in mutual selection that 
inevitably tends toward the preservation of variations that, 
through greater divergence, best escape from competition. I 
have elsewhere defined reflex selection as being the exclusive 
propagation of those better fitted to the relations in which the 
members of the same species stand to each other, re|plting from 
the failure to propagate of those less fitted. Among those that 
are equally fitted to the environment of the species, and there- 
fore equally preserved by natural selection, there is often great 
difference in the degrees of fitness for sustaining such relations 
to the rest of the species as will secure an opportunity to pro- 
pagate. To this class of influences belong the different forms of 
sexual selection through which the sexual instincts and other 
sexual characters of the different sexes are kept in full co- 
ordination. In like manner we must believe that the pollen of 
any species is kept up to its full degree of potency by the con- 
stant selection which results from the failure to propagate of the 
individuals whose pollen is less potent or whose germs are more 
difficult to fertilize than the average. We cannot call this 
sexual selection ; but we have to class it as the form of reflex 
selection through which the physiological co-ordination of the 
male and female elements with each other is so maintained as to 
secure full fertility.^ Again, there is a constant selection of 
animals that are suitably endowed with the recognition marks 
and calls by which the different members of the species know 
each other, and that have the corresponding instincts that lead 
them to associate with their own kind who are thus endowed. 

I have elsewhe^ called this principle of social co-ordination 
** social selection," and have classed it as a form of reflex 
selection. 

There are several other forms of reflex selection. One of 
these secures harmony in the habits and modes of life of the 
different members of a freely inter-generating group of organisms ; 
for individuals, whose habits are not sufficiently co-ordinated 
with those of the mass of the species to allow of their inter- 
breeding with them, will fail of propagating. This we may call 
co-ordinative industrial selection. We are now prepared to ' 
understand one reason why independent breeding resulting from 
indiscriminate separation is in time transformed into segregation. 
Independent breeding is in its very nature the suspension, not 
only of one form, but of all forms of reflex selection between the 
separated portions of the species. The importance of the cessa- 
tion of natural selection iq producing the different stages of the 
degeneration of oigans that are disappearing has been fully* 
discussed by Prof. Romanes (see Nature, vol. xli. p. 437, and 
previous cbmmunications there referred to), who points out that, as 
the power of the special form of heredity by which any organ is 
produced has been built up by the many generations of natural 
selection that have acted in favour of the orphan, so the graduqJ 
weakening of that power follows the cessation of the natunu 
selection. Prof. Weismann seems to appeal to the same principle 
when he attributes the disappearance of ** rudimentary organs " 
to the action ot ** panmixia." Now, in the cessation of reflex 
selection which follows independent breeding, a similar principle 
is introduced, and the inevitable result must be the weakening of 
the power of heredity by which the portions of the species were- 
held in correspondence with each other before their separation. 

I have elsewnere shown that separate breeding necessarily 
disturbs unstable adjustments ; ana we here see that the most 
stable of the adjustments by which each part of a species is kept 
in correspondence with every other part gradually becomes un- 
stable under the continued influence of separation. Whenever 
a species is divided into two portions that do not interbreed, the. 
four forms of reflex selection above described will cease to act 
between the two portions, apd they will continue* bx sexual, 
social, physiological, and ii^ustrial harmony with teiich other,* 
only in so far as the force of the old heredity bolds them to the 
old standards. But the power of heredity hi these respects will 
in time fail, if reflex selection is entirely removed. If the 
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separate breeding is long continued, incompatibility in all these 
respects tends gradually to arise ; but it is manifest that incom- 
patibility of industrial habits implies diversity in the forms of 
natural selection that shape each portion. I therefore maintain 
that separation which necessarily includes the cessation of reflex 
selection between the portions separated is a cause of segregation 
and diveigence, and that it introduces diversity of natural selec- 
tion, which is a still further cause of divergence. 

Unless the separated portions of a species possess exactly the 
same average character (whll:h we must believe is seldom, if 
ever, the case), separation must, from the first, be more or less 
segregative ; and even in cases where the portions completely 
correspond in character (if there are any such cases), the cessation 
of reflex selection which is involved in the separate breeding, 
must result in segregration as soon as the power of heredity 
begins to weaken ; and this is in due time followed by other 
forms of intensive segregation. I therefore conclude that in- 
discriminate separation may be regarded as a preliminary form 
of segregation (1.^. discriminate separation), and that in the 
nomenclature we ordinarily use both principles may be called 
“segregation" without confusion. 

26, Concession, Osaka, Japan. John T. Gulick. 


The Affinities of Ileliopora cccrulea. 

In Prof. Moseley’s admirable account of the structure and 
affinities of Heliopora^ published in the Transactions of the 
Royal ?iociety, 1876, and afterwards in the ChalUnger Reports, 
there occurs the following passage ; “ . . . directly the coral {i.e, 
JHelioporc^ was left at rest a swarm of a species of Leucodora^ 
closely resembling Leticodora nasuta^ which infests the coral and 
perforates it all over, expanded themselves at once." 

This will probably explain the cause of the curious mistake 
that Mr. Saville Kent has made, in his letter published in last 
week’s Nature (p. 340), in supposing that Heliopora is a tubi- 
colons annelid. Heliopora is nol a tubicolous annelid, nor does 
it beloi^to the “ Hydrozoic division of the Coelenterata," but 
it is, without a shadow of doubt, as Moseley described it to be, 
an Alcyonarian. 

When I was preparing my paper on the “ Siphonoglyphe in the 
stomodmum 01 Alcyonarians " in 1883, ProK Moseley kindly 
placed at my disposal his preparations of Heliopora^ and I was 
able then fully to confirm his conclusions as to the Alcyonarian 
nature of this interesting coral. 

During my visits to ttie coral reefs on the coasts of North 
Celebes and the adjacent islands, I came across many large and 
beautiful specimens of Heliopora^ some of which I carefully 
preserved for further investigation at home. I never found the 
polyps fully expanded with the eight pinnate tentacles standing 
out from the disk like the petals of a flower, but in the few 
instances when I saw the polyps protruded i inch or thereabouts 
from the surface of the coral the tentacles were partially with- 
drawn, so that their characteristic features were hidden. 

Since my return from Celebes I have made a laiKe cumber of 
sections of the material 1 brought back with me with a view to 
the publication of a short paper on some further details of its 
an^omy, and 1 have recently been able to supplement this by a 
series of preparations 1 have made from the excellent material 
given to me by Prof. Haddon, who found Heliopora in abun- 
dance in Torres Straits. 

I will not venture, in the present state of my investigation, to 
state my opinion as to the position that Heiioporaohould occupy 
in the group to which it undoubtedly belongs ; 1 merely wish to 
call the attention of the readers of Nature to the fact that its 
Alcyonarian characters are beyond dispute. 

Downing College, August 9. SvpNEY J. HiCKSON. 


Meteors. 

Last night, between 1 1. 12 and 11.52, I and another observer 
saw altogether eighty-three meteors, eighty of which were 
Perseids. Some of them were very brilliant, especially those 
near the neighbourhood of Aquila« 

The remaining three meteors had^iflerent paths, one having 
a direction exactly opposite to that of the Perseids. 

* The ofher observer was watching the radiant point and the 
region arotmd it, while I observed the south-west quadrant. 
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More observations would have been made, but were in- 
terrupted by clouds. W. J. Lockyer. 

Observatory House, Westgate-on-Sea, August 12. 


A LIQUID COMPOUND OF NICKEL AND 
CARBON MONOXIDE. 

T N the August number of the Journal of the Chemical 
Society a full account is given of the remarkable new 
compound described by Mr. Mond, in conjunction with 
Drs. Langer and Quincke, at the last meeting of the 
Chemical Society. The following is an outline of the 
main facts described in their communication. 

Carbon monoxide is found to be affected in a very 
curious manner when passed over finely divided metallic 
nickel heated to a temperature of 3So'’-45o° C. The metal 
becomes converted into a black amorphous powder con- 
taining nickel and carbon, the carbon monoxide becoming 
at the same time changed into the dioxide owing to the 
loss of carbon. A comparatively small amount of nickel 
is capable of decomposing a very large quantity of carbon 
monoxide, and at the commencement of the operation 
the gas may be passed over at a very rapid rate without 
ftny escaping decomposition. As the operation continues, 
the change becomes less and less complete, but even 
after numerous repetitions of the experiment carbonic 
anhydride continues to be formed. The solid product of 
the reaction appears to vary in composition somewhat 
widely according to the temperature and the time during 
which the operation is carried on. The highest propor- 
tion of carbon found was 85 per cent. Some time ago 
MM. Gautier and Hallopeau obtained a similar product, 
containing 80 per cent, of carbon, by the action of carbon 
bisulphide upon metallic nickel. The nickel is only 
partially removed by acids, for even after repeated ex- 
traction the whole of the nickel is not found in solution. 

When this black substance was allowed to cool in the 
current of carbon monoxide another change was found to 
occur, with production of some volatile substance, whose 
vapour rendered a non-luminous Bunsen gas flame placed 
in its path highly luminous. Further, on heating a por- 
tion of the tube near the exit a mirror of metallic nickel 
was obtained mixed with a little carbon. Evidently a 
gaseous substance containing nickel was contained in the 
issuing gas, a circumstance of considerable importance 
in view of the non-volatility of the ordinary known com- 
pounds of nickel. Experiments were then made with the 
idea of obtaining larger quantities of the new substance 
and isolating it from the other gaseous products. It was 
eventually found that when finely divided nickel, obtained 
by reducing nickel oxide in a current of hydrogen at a 
temperature of about 400% is allowed to cool in a slow 
stream of carbonic oxide, the latter gas is very readily 
absorbed as soon as the temperature has fallen to about 
100°. If the current of carbon monoxide is continued, 
or if that gas is replaced by an inert gas, such as carbon 
dioxide, nitrogen, or even hyd^en or air, the issuing 
gas carries away with it large quantities of the new nickel* 
containing vapour. After about an hour the quantity ot 
this vapour evolved becomes less, and finally its evolution 
ceases. The property of the nickel to produce it is re- 
stored by heating it to 400** again and allowing once more 
to cool ; indeed, up to a certain limit it forms the com- 
pound more abundantly aftir repeated use. If the issuing 
gas is collected and heated to 150”, its vdlume is found to 
largely increase, nickel nlore or less contaminated with 
carbon being deposited. At a temperature of 180° the 
nickel deposited was found to be quite free from carbon. 

The new volatile compound was eventually isolated by 
leading the mixed issuing gases through condensers 
placed in a freezing mixture of ice and salt, in which the 
vapours condensed to a colourless mobile liquid of very 
high refractive power. 
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The final arrangement adopted for the preparation o 
the liquid is as follows. A quantity of nickel oxide is 
placed in a combustion tube, and reduced at about 400*^ 
by the passage of a current of hydrogen gas. The tube 
and contents are then cooled down to about 30°, and purp 
dry carbon monoxide instead of hydrogen passed through 
the tube without further heating it. The issuing gas is 
caused to pass through a Y tube surrounded by ice and 
salt. The lower end of the Y tube projects through the 
vessel containing the freezing mixture into a small flask 
in which the liquid collects. The gas leaving the Y tube 
still retains about 5 per cent, of the new body, and is 
therefore collected, dried, and again passed over the 
nickel until no more liquid condenses. The tube con- 
taining the nickel is then re-heated to 400° in a slow 
current of hydrogen, again cooled, and the operation re- 
commenced. In this manner it is easy to obtain ten to 
fifteen grams of the liquid in each operation. 

The liquid boils at 43“ under a pressure of 751 mm. 
Its specific gravity is 1*3185 at 17“. At -25° it solidifies to 
a mass of needle-shaped crystals. The liquid is soluble 
in alcohol, and even more readily in benzene and chloro- 
form. It is perfectly indifferent to dilute acids and 
alkalies, and is not attacked by concentrated hydrochloric 
acid. Strong nitric acid oxidizes it readily. As regards 
its composition, the nickel was estimated by weighing the*| 
nickel deposited'en passing repeatedly through a heated 
tube, and the carbon by passing the vapour mixed with 
air over copper oxide, and absorbing and weighing the 
carbon dioxide produced. The following numbers were 
obtahied ; — 

Calculated fjr 

I. II. Ni(CO) 4 . 

Nickel ... 33*35 ••• .33*37 ••• 34*34 

CO ... 66-6o ... 65*99 ••• 65*66 

Its composition, therefore, appears to be represented by 
the formula Ni(CO)4. Its vapour density, the first density 
determination of a nickel compound, was determined by 
Victor Meyer's method at 50°. The value obtained was 
6*01. Ni(C0)4 corresponds to the density 5*9. At 60® the 

vapour was found to explode with considerable violence. 

Vapour of nickel-carbon oxide, as its discoverers term 
it, reauces an ammoniacal solution of cuprous chloride, 
first decolorizing it and subsequently precipitating from 
it metallic copper. It also precipitates metallic silver 
from ammoniacal solutions of silver chloride. Chlorine 
decomposes it with production of nickelous chloride, 
NiCla, and carbon oxychloride, COCIj. Bromine reacts in 
a precisely similar manner. The electric spark decom- 
poses it slowly into nickel and carbon monoxide. 

Experiments have also been made to ascertain the 
possibility or otherwise of preparing a similar compound 
of cobalt and carbon monoxide. It was found, however, 
that cobalt does not form such a compound ; indeed, it 
is quite possible to separate nickel from cobalt by re- 
acting with carbon monoxide in the above manner, the 
nickel only being removed. The metallic mirrors ob- 
tained by the decomposition of nickel-carbon oxide by 
heat were found to consist of unusually pure nickel, con- 
taining no traces of cobalt. They consisted of a grey 
metallic powder of specific gravity 8*2834 at 1 5'’*4* 

It became interesting, therefore, to ascertain the atomic 
weight of this pure nickel, especisdly in view of the recent 
wora of Drs. Kriiss and Schmidt. Accordingly, a series 
of three determinations werq made, with the following 
results: — If O = 16, Ni ■» 58*58, 58*64, and 58*52. These 
numbers are sufficiently close to. the value 58*74, long ago 
obtained by Dr. Russell, to justify the conclusion that 
nickel, as we have known it, is indeed a simfde sub- 
stance, whose atomic weight lies very near to the figure 
hitherto accepted — a conclusion which is further' sup- 
ported bv the determination of the vapour density of this I 
remarkable new compound, nickel-carbon oxide. 

A. E. Tutton. j 
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BRITISH MUSEUM NATURAL HISTORY 
PUBLICA TIONSy 


T he present Part (IV.) concludes Mr. Lyddkker’s 
** Catalogue of the Fossil Reptilia and Amphibia 
in the British Museum (Natural History)," the four 
volumes making together a work of 1247 pages. In 
Part I. the author records the Ornithosauria, the Croco- 
dilia, the Dinosauria, the Squamata, the Rhyncho- 
cephalia, and the Proterosauria ; Part II. contains the 
Ichthyopterygia and SauropterjTgia ; Part III. embraces 
the Chelonia ; and Part IV. the anomalous group of (jie 
Placodontia, the Anomodontia, and the class Amphibia, 




Fig. u—Cyamotius^PiacodNs) /atic€/s, Owen, a, palatal aspect ; b, fron^l 
aspect of cranium ; from the Muschelkalk of Daireutfa, Germany. 

ncluding the Ecaudata, the Caudata, and the Laby- 
rinthodontiaf with supplementary notes and additions to 
the preceding orders. The earlier parts having been 
already noticed in Nature, we shall confine our 
attention to Part IV. 

Amongst the rare remains of Reptilia met writh in the. 
Muschelkalk of Baireuth, Bavaria, none are of more 
nterest than those belonging to the anomalous group of 
:he Placodontia, the ordinal position of which is still 
uncertain. The skull and teeth of one of these reptiles 

* *‘ ChtKlogue of th« FomU Reptilia and Amphibia in the British Museam 
,'Natural Historv), Cromwell Road, S.'W.” Part IV.. containing the Orders 
Anomodontia. Ecaudata, Caudata. and Labyrinthodontia ; and Supplement. 
By Richard Lydekker, B. A., F.CLS., &c. Pp. 395 and xxiv. With index to 
the entire Work. Illustrated by 66 Woodcuts. (London : Printed by Order 
of the Trustees : and sold by Longmans and Co. : B. (juaritch ; Asher 
and Co. ; Kegan Paul, Trench, Trflbner, and Co., ftc., 1890)^ 
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was originally referred by Count Munster, and afterwards 
by Agassiz, to the class of fishes, under the genus Pla~ 
codus; but more perfect specimens enabled Prof. Owen, 
in 1858, to show that this animal was really a reptile 
which probably fed upon shell-bearing mollusks and used 
its flat, broad, palate-like teeth, so thickly-coated with 
enamel, for pounding and crushing their shells (see Phil. 
Trans., 1858, p, 169). 

Two genera, Placodus and Cyamodus, are referred to 
this group, at present known only by the skull and teeth, 
no vertebrae or bones of the pectoral or pelvic girdles, or 
limbs, having been as yet discovered. Owen originally 
referred this singular form to the Sauropterygia, but sub- 
sequently he regarded it as belonging to the Anomo- 
dontia, in which order Seeley also places the Placodontia. 
The present author, however, assigns the Placodonts to 
no ordinal position, a course which, we think, is to be 
regretted. If not Anomodont reptiles, why not give 
them the value of an order ? Surely they have as good a 
claim to such a position as Proterosaurus f 



Fig. 2. — Left lateral aspect of skull of GaUsaurus planicepst Owen ; frona 
the Karoo beds ('InassicX South Africa. (} nat. sise.) an upper cheek- 
tooth ; an incisive tooth. 


In the group of Anomodont reptiles are included 
several forms having a well-differentiated series of cheek- 
teeth, canines, and incisors, a character of dentition con- 
sidered at one time to be peculiar to the Mammalia. 
Good examples of such dentition may be seen in the 
skulls of GalesauruSf jElurosauruSy Lycosaurus^ &c. 

Another no less singular fimily, placed in this order, is 
that of the Dicynodontidse, in which the surface of the 



Fig. 4. — Lateral view of the skull of Dicynodon laceriicepSy Owen ; from 
the Karoo seriesi South Africa. 

palate and mandible are without teeth, the skull being 
provided with a pair of tusk-like maxillary teeth, growing 
from persistent pulps ; the alveolar margins of the jaws 
being trenchant, and probably encased in a horny beak- 
like sheath, as in Hyperodapedon. 

Another remarkable form of Anomodont, from these 
Reptiliferous beds of South Africa, has been referred to 
the genus Pariasaurus by Owen. In the form of its 



Fig. 3.^Right lateral aspect of imperfect cranium of JEiurctauruM feltnu* 
Owen ; from the Karoo beds (Triassic), Beaufort West, South Africa, 
(i nat. sIse.) a, upper indsivc tooth ; upper cheek«tooth« enlarged. 


The Anomodontia, which follow next in order, are a 
truly Triassic group, and have been met with in Russia, 
{ndia. North America, and in South Africa. It is espe- 
cially from this last-named region that the British Museum 
collection has been most largely recruited, the majority 
of the specimens having been procured by Messrs. A. G. 
and T. Bain, Dr. Atherstone, and Sir Geotge Grey. 
Quite recently. Prof. H. G. Seeley, F.R.S. (assisted by 
the Government Grant Committee of the Royal Society), 
visited the Cape, where he was most successful in ob- 
taining a large series of reptilian remains, not yet fully 
worked out, but of which sufficient is already known to 
justify us in believing it will prove one of the most 
valuable additions made for years past to our National 
Museum. 



Pic. s.— PaIrmI o^act «f cnuiium of Empidttu tfwktrit, Com ; from the 
Permim of Toxu, North America. Q oat. eize.) 


The interest attaching to these South African Triassic 
rocks fif l^riassic they be) lies in the fact that they have 
yielded evidence of one of the earliest mammals known — 
Tritylodon — ^represented by a most remarkable although 
imperfect cranium, with dentition similar to Co^'s genus 
Polymeutfidonf from the Eocene of North America. 
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head it is very like a huge Salamander, 8 to 10 feet in 
length, having a numerous and uniform series of 
moderately tall marginal teeth , in its jaws, with swollen 
and narrow crowns, omameh^ with a few deeply- 
marked flutings descMdiiW from the cutting edge, and 
with liumerous small cOhical teeth on the palate. The 
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skull is deeply channelled on its surface, as in the 
Crocodilia and the Labyrinthodontia. 

From the flattened wearing away of the crowns of the 
teeth, Prof. Owen has suggested it was a vegetable- 
feeding reptile. The vertebrae of Pariasaurus are no|o- 
chordal, frequently having intercentra present, and there 
are not more than two vertebrae united to form the 
sacrum. 

The Permian rocks of Texas have yielded to Prof. 
Cope a most remarkable genus of Anomodont reptiles, 
named by its describer En^edias molaris. The dentition 
forms an uninterrupted series without a distinct tusk, the 
incisors differing but little from the cheek-teeth in form, 
each tooth haying a more or less distinct transverse 
edge. The teeth are about fifty-six in number. 

The genus Naosaurust also from the Trias of Texas, 
makes us acquainted with a very curious reptile, in which 
the neural spines of the vertebrae are of most enormous 
height, and each spine has often as many as six paired 
horizontal processes at intervals produced from its sides. 



Fig. 6.— Anterior viewr of a dorsal vertebra tX Naotnurtts clatngty. Cope ; 
from the Permiaa^f Texas. (} nat. sue.) C*, centrum. 


This reptile when living must have had an enormous 
dorsal crest, like some mpnstrous newt, rising front its 

back, but it is difficult to conceive any advantage which 

its owner could possibly derive from such an unwieldy 

^^^^•urnmg to the Ainphibia, one cannot fail to be struck 
by the similarity in the 'fonn of ; the craniuni, and its 
external ornaiMentation, in the LabyrinthodonUa and the 
Crocodilia. The body is also long, usually lacertiforim 
and the feet pentadactyle ; a bony thoracic bucWer and 
bony scutes are frequently, present on the ventr^ aspect 
of the body. Doubttess these old Triassic reptiles were 
ancestrally related to the later Crocodilia, as well as to 
other and higher forms of Vertebrata. 

Teeth in the Labyrinthodonts are usually present on 
the palatines and vomers, and more rarely on the ptery- 
goids : and there is very generally an ossified ^lerotic 
nng to the orbit. The vertebrae exhibit considerable 
vanation in :condition, being amphicoelous, Md fully 
in some instances, or with a notochordal canal, 
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or with large intercentra and the centra represented by 
paired lateral pieces (pleurocentra) in others. 

The parietal foramen is always present in the cranium, 
and in the Mastodonsauridae the occipital condyles are 
well ossified. 

The Trias of Wurtemberg has yielded the finest known 
examples of these Labyrinthodont reptiles, quite re- 
cently described and figured by Dr. Fraas ; but the most 
complete skeletal remains of Amphibia have been o^ 
tained from the Gaskohle (Lower Permian) of Bohemia 
by Dr. Anton Fritsch, of Pra^e; others from Germany 
by Prof. Credner, of Leipzig ; and by Prof. Gaudr^ from 
the Lower Permian of Autun. The best examples in the 
collection are those of Archagosaurus from the Lower 
Permian of Saarbriicken, and of Loxomma from the 
Coal-measures of Coalbrookdale and Scotland. 

To the Ecaudata (frogs and toads) liltle interest 
attaches in a palaeontological sense, as no tailless forms 
of Amphibia are known earlier than the Miocene period ; 
but good examples of these have been obtained from the 
Brown-Coal of Rott, near Bonn, and from the Fresh-water 
Tertiary Limestone of Oeningen, which also yields the re- 
mains of Cryptobranckus scheuchzeri^ closely related to the 
giant salamander now living in the fresh- waters of Japan. 

Contrasting for a moment the Mammalia with the 
Reptilia, while many genera of the former, such as 
Dinotheriunty Mastodon^ Machairodus^ Phenacodus, 
PalcEotherium, Anthracotheriunty Taxodon, Sivatperium, 
DinoceraSy and others, have died out, eight entire orders 
of Reptilia and Amphibia, embracing more than 200 
genera, have all disappeared. This is the niore a-eadily 
understood when we consider the comparative periods 
of geological time during which the Mammalia and 
Reptilia have respectively flourished ; for whilst it is true 
that the earliest known forms of Mammalia made their 
appearance as far back as the termination of the Triassic 
period, yet ^uring the whole of the succeeding Jurassic 
and Cretaceous periods their numbers were few and their 
forms quite insignificant ; and it is not until we arrive at 
Eocene times that the Mammalia commence to occupy 
anything like a prominent position, in the animal 
kingdom. On the other hand, the Amphibia began^ to 
be abundant as early as the Coal period; and the Reptilia 
(ushered in by Proterosaurus) in the Permian attained a 
maximum development both in size and numbers in the 
Lias and Oolites, whilst the Mammalia were yet only in 
the incipient stage of their development. 

Great credit is due to Mr. Lydekker for the manner in 
which he has performed the task of preparing these Cata- 
logues for the National Collection, a work which will 
doubtless prove of extreme value to students of com- 
parative anatomy and to workers at a distance who desire 
to know what objects in any particular family or genus 
the Museum possesses. 

We could wish that gpreater distinctness had been given 
in printing these Catalogues to the important fact of par- 
ticular specimens being the ones which are known at 
** types,” and which are the actual ones that have been 
figured and described ; where this is mentioned it does 
not catch* the eye at once, as it should do. We would 
advocate the placing of such information in a separate line ; 
and, if possible, they should be marked prominently by the 
use of special type. Perhaps the word “ type ” or figd. 
could be inserted in black letter and begin a separate line. 

Again, the formation and locality are harfly prominent 
enough, and under each genus we would like to we the 
“ range in time ” and also the “ geographical distribution 
given as a separate paragraph. .... ,, , 

We hope tnis series of Catalogues, so helpful to all real 
workers, may be continued and completed for *ve^ 
group in the Geological Department The Trustees could 
not perform a more, useful service to scieAce than by 
urging forward the issue of these works in every 
Department of the Museum. 
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THE AUSTRALASIAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE. 

T he third annual meeting of this Association will be 
held, as we stated last week, at Christchurch. New 
Zealand. On January 15, the President>£lect, Sir James 
Hector, F.R.S., will hold a reception in the grounds of 
Christ’s College, and the first general meeting will take 
place in the evening, when Baron F. von Mueller, F.R.S., 
will resij;n the chair, and an address will be delivered by 
his successor. 

The Council of the Australasian Association invite 
the members of the British Association to attend this 
meeting, and a circular relating to the matter, signed by 
Profs. A. Liversidge, F.R.S., W. Baldwin Spencer, and 
F. W. Hutton, the general secretaries, will be distributed 
at the Leeds meeting. The cheapest way of reaching 
New Zealdhd is by the direct steamers which leave 
Plymouth every fortnight for Wellington. These steamers 
call at Teneriffe, Cape Town, and Hobart on their*way 
out, and at Rio de Janeiro and Teneriflfe on their way 
back. In the circular to which we have referred, it is 
stated that return tickets will be issued to members of 
the British Association proceeding to New Zealand to 
attend the Christchurch meeting for jCS 4 , which is 20 per 
cent, below the ordinary return fares. These tickets will 
be issued by the New Zealand Shipping Company and 
by the Shaw, Savill, and Albion Company, and holders 
may return by either line. In addition to this advant- 
age, members of the British Association will be allowed 
to travel over the New Zealand Government railways 
(lyyohiiles) at half fares during January and February. 

Visits to places of interest in the immediate neigh- 
bourhood of Christchurch will be made during the meet- 
ing. After the meeting is over, excursions will be made 
to the West Coast Sounds ; to the top of Ruapehu ; and, if 
possible, to the Upper Rakaia. The trip to the top of 
Ruapehu will start from Napier, and will be accompanied 
by Mr. H. Hill. The trip to the Sounds will start from 
Port Chalmers, and will be accompanied by Prof. Hutton. 

Members of the British Association have thus a 
splendid chance of visiting New Zealand, and of seeing 
for themselves what is being done in science by our 
kinsfolk in Australasia ; and no doubt a good many will 
avail themselves of the opportunity. Those who decide 
to accept the invitation are requested to notify their 
intention, as well as the name of the steamer by which 
they propose to go, to Prof. F. W. Hutton, the general 
secretary in Christchurch, in order that arrangements 
may be made for their reception. The following steamers 
will leave Plymouth in time for the meeting : — 

Company. Steamer. j New&auSJd. 

I 

N.Z. Shij^pinf; Co. S.S. Kaikoura. -Nov. IS, 1890 Dec. 28, 1890 
*Sh^iv, Savill, andj | j 

Albion Co. S.S. Doric. Nov. 29, i890|Jan. ii, 1891 

’ { 

Members going by the Kaikoura could viHt the Hot 
Springs district of the North Island before attending the 
meeting. | 


NOTES. 

Nothing of scientific value can be extracted from the ghastly 
descriptions of the recent electric execution. These graphic 
horrors are too^evidently manufactured for sensational or political 
purposes to be trusted, even had the writers been spectators of 
the scene. But we may at least gather from them that an entire 
absence of physiological knowledge, aitd a very scant acquaint- 
ftnee with elementary physical principles, were exhibited alike 
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by the contrivers of the operation and by the actual operators. 
With our present physiological knowledge, electric currents^ 
I whether steady, interrupted, or alternating, are not qualified 
primarily to produce death, but torture — which, of course, may 
lead ultimately to death. They have been recommended, in the 
interests of humanity, as efficient and (if the expression be per- 
mitted) healthy substitutes for the ‘*cat.** But Nature’s own 
operations, in a thunderstorm, suggest the true substitute for the 
axe or the cord, viz. the discharge of a condenser of sufficient 
capacity, charged with so-called ‘^statical” electricity. 

I The French Association for the Advancement of Science has 
been holding its annual meeting at Limoges. The meeting 
began on August y^and will come to an end to-day. M. A. 
Cornu, the President, chose as the subject for his address the 
part played by physics in the recent progress of the sciences. ” 

A CONSIDERABLE impetus to scientific study ought to be given 
by the science scholarships which the Royal Commission for the 
Exhibition of 1851 is about to establish. They amount in the 
aggregate to jCSooo a year, and are to be used for the beneht 
of English provincial colleges, and of colleges in Wales, Scotland, 
Ireland, and the colonies. In accordance with the recommend- 
ations of a scientific committee, each of the scholarships will be 
;^iSO a year in value, and will be tenable for two years — in rare 
cases for three ; and they are to be restricted to ^hose branches of 
science (such as physics, mechanics, and chemistry), the exten- 
sion of which is specially important for our national industries. 
A series of seventeen scholarships will be allotted to various 
institutions annually. The first allotment, as the Commissioners 
explain in a paper they have issued, is to be considered experi- 
mental and temporary. *^The selection now made of institutions 
to which nominations are offered will be subject to modification 
in the future, having regard not only to the manner in which the 
nominations are exercised, but also to the claims of other univer- 
sities and colleges which may from time to time be brought 
under the consideration of the Commissioners.*’ 

The Reale Istituto di Scienze e Lettere of Milan offers prizes 
as follows : — (i) A historico-critical investigation of works on the 
variations of climate in geological times (with estimation of 
hypotheses as to the causes of those changes). Prize, 1200 lire 
(the lira equals 9i^.). (2) A monography of the Protista of 

spring water in Milan. Cagnola Prize of 2500 lire, and a 
gold medal of 500 lire. (3) Elucidation, by personal observa- 
tions, of some points in the physiology of Ihe nervous system, 
especially the brain. Fossati Prize of 2000 lire. (4) Elucidation 
of the physiology, or the macro- or microscopic anatomy, of the 
brain. Fossati Prize of 2000 lire. (5) Draper’s theory of the 
progressive development of the light-rays of a body whose 
temperature is gradually raised having been attacked by Prof. 
Weber, a thorough* investigation of the phenomena is desired, so 
as to establish their laws, to exclusion of the ordinary influence 
of the observer on the meaning of the phenomena. Secco-Com- 
meno Prize of 864 lire. Papers to be written in Italian, French, 
or Latin, and sent in, with motto, to the Secretary, Palazzo di 
Bren, Milan. The dates are— for ^No. 1, April 30, 1891 ; for 
Nos. 2 and 3, May I, 1891 ; for No. 4, April 30, 1892 ; and for 
No. 5, May i, 1893. ^ 

Thk Berlin Academy of Sciences has recently granted 
(each) to Prof. Dames, of the Mineralogical Museum, for a 
geological investigation of DaleciU’lia and the island of Gotland } 
to Prof. Urban, of the Botanical Garden, for a visit to Paris, to 
study the specimens West Indian flora there ; and to Dr. 
Rinne, for study of the Central German basalts. Further, jC 7 S 
has been granted to Prof. Nnssbaunt for publication of his studies 
on Californian Cirrbipedia, and for printing of Dr, Schu- 
mann’s researches on the union, of races. jC 7 S i* .granted to 
the Anatomical Society, to further the publication of Prof. His’s 
uniform anatomical terminoloKy* 



August 14, 1890] 


NA TURE 


375 


Dr. St. George Mivart, F.R.S., has been appointed 
Professor of the Philosophy of Natural History at the University 
of Louvain. The professorship is one of those included in the 
Faculty of Philosophy and Letters. 

This week the Royal Archaeological Institute has been 
holding its annual Congress at Gloucester. The first meeting 
took place on Monday, when the chair was taken by Sir John 
Dorington, in succession to Lord Percy. In his presidential 
address, Sir John described the neighbourhood of Gleva as it 
was under Roman civilization in contrast with its later condition 
in the time of the Saxon invasion. 

On Tuesday the Royal Horticultural Society held a meeting 
and show in the Drill Hall, and certificates were distributed by 
the Committee. A paper by Mr. Badger, on fruit-drying by 
evaporation, as practised in America, was read by Mr. Wilkes, 
the Secretary. Little fruit, it is said, will be preserved in Eng- 
land this year by the processes described, a worse season 
generally for plums and apples having seldom been known. 

On Monday the Fellows of the Royal Botanic Society held 
their fifty-first anniversary meeting. The Council, in their 
report, congratulated the Fellows upon the firm position held b;^ 
the Society in the^year of its jubilee, and thanked them for their 
actio n in response to which 109 new names were added to the 
list. The result was a permanent growth of prosperity, as shown 
by the total subscriptions for the year — ;^35fi8 — wjiich had not 
been reached since 1885. 

The Ke 70 Bulletin for August opens with some interesting 
notes on Natal aloes, by Mr. J. Medley Wood, the curator of 
the Natal Botanic Gardens. There are also sections on Gambia 
mahogany, Ceylon cacao, chestnut flour, wine production in 
France, and ramie as food for silkworms. The number closes | 
with a list of the staffs of the Royal Gardens, Kew, and of 
botanical departments and establishments at home, and in India 
and the colonies, in correspondence with Kew. 

In the new number of Internationales Archiv fiir Ethno- 
graphie (Band iii.. Heft 3), there is an article (in German) by 
Dr. Richard Andree, of Heidelberg, on the Stone Age of Africa. 
Dr. J. D. E. Schmeltz contributes a finely-illustrated and 
valuable study (also in German) of decorated weapons used in 
the East Indies. There is also a short English paper on Zufli 
fetiches, by Dr. H. Ten Kate, of the Hague. 

The Japanese collections of Heinrich von Siebold were 
lately presented to the Hofmuseum of Vienna. They consist of 
about 5200 specimens, many of which are of great value. In 
recognition of the donor’s generosity, the Austrian Emperor has 
raised him to the rank of Freiherr. 

In the museum of the Industrial Society of Muhlhausen, there 
s an interesting ethnr^raphical collection, including a number 
of fine American antiquities. The objects are being rearranged I 
by Herr £. Grosse. • ' 

A WORK on Hindoo folk-lore has just been issued from the 
London Printing Press at Lucknow, the author being Rai Baha- 
dur Mol Manucha, chairman of the Fyzabad Municipal Board, 
and well known in Oudh as a legal practitioner. In the preface 
he says Uiat while he was enjoying the vacation at Hardwar on 
the Ganges, it occurred to him that if a few notes on religious 
belieft, social customs, superstition and folk-lore, proverbs and 
sayings, puns, riddles, aphorisms, and other miscellaneous matters 
in common vogue among the Hindoo community generally, and 
among the country people especially, were brought together, 
they would ** aid a great deal in throwing light upon the hither- 
to partially explored regions of the mode of life led by the 
common people.” In a lengthy article on the little book the j 

NO. 1085, VOL. 42I 


Times of India says the author has gathered together a little 
of everything that his preface promises. We learn, for instance, 
that if a person is drowned, struck by lightning, bitten by a 
snake, or poisoned, or loses his life by any kind of accident, or 
by suicide, then he goes usually to hell. If he die naturally on 
a bed or a roof, he becomes a ** Bhut,” or evil spirit, and with 
this belief care is taken on the approach of death to move the 
person carefully on to the floor. The earth is believed to be 
resting on the horn of a cow and^ the raised trunks of eight 
elephants, called “Diggai,” or ‘‘elephants supporting the 
regions, and each of the cardinal and sub-cardinal points of 
the compass has its appropriate guardian. An eclipse is pro- 
duced by the occasional swallowing up of the sun or moon by 
the severed head of Bdhu, son of a demon family, who was de- 
capitated by Vishnu for disguising himself as a god and drinking 
nectar. ^ 

In the thirteenth of his “ Res Ligustica;/' recently published, 
Count Salvador! announces the occurrence of Cypselus affinis in 
Liguria on May 14 last. The Count gives full synonymy of the 
species, and an interesting account of the species on this its first 
visit to Europe. 

It has been known for some time that Dr. Loria was engaged 
in prosecuting zoological researches in the Papuan sub-region, 
and now two instalments of his collection have been described 
by Count Salvador!. The localities visited by the Ldtia ex- 
pedition have been Pulo Penang, Timor Cupang, Pulo Semau, 
Port Darwin, and Port Moresby in South-Eastern New Guinea. 
Three new species have been discovered in the latter locality, 
and have been named by the author, yKgot holes loria^ Arses 
orientalis^ and Pitta loria^ the last-named being the only species 
collected on the island of Su-a-u, a small islet near South Cape. 

Prof. GigilIoli has ju*t issued the second part of his 
“ Primo Resoconto dei risultati della inchiesta ornitologica in 
Italia,*' the first portion of which we noticed last year. This 
second instalment is in the form of a goodly octavo volume of 
nearly seven hundred pages, and is entitled “Avifauna Locale.” 

It consists of reports from the various provinces of Italy, 
furnished by different observers, with remarks as to the nidifi- 
cation, distribution, and migration of the various species. As 
.0 the value of these local lists there can be no question, and 
Prof. Giglioli may be trusted to choose men with a thorough 
knowledge of local ornithology to record the observations* As 
far as we can judge. Prof. Giglioli has been fortuuate in his 
coadjutors. 

Tm£ problem as to the origin of the nephrite of which the 
tombstone of Tamerlane, at Samarcand, is made — a question 
which has interested a good many mineralogists— seems to have 
been definitely solved by M. Grombehevsky's visit to the 
nephrite-mines on the Raskem-daria, on the eastern slop^ of 
the Pamir. M. Grombehevsky found there a big dyke of 
nephrite, of extreme hardness, embedded in the rocky banks 
of the Raskem-daria, which consist in that place of white 
jadite. The Chinese used to extract the nephrite by lighting 
great fires on the rock, and afterwards throwing water on it 
v^hen it was heated. They stopped these operations in the 
course of the present century, when the heir to the throne, after 
having slept in a bed made of Raskem nephrite, fell ill. A 
large piece pf the stone, so much liked by the Chinese, which 
was on its way to Peking, was put in chains (like Yakoob-Beg’s 
guns, which are still kept in chains at Yanghi-ghissar) and 
thrown on the road-side at Kutcha, where it remains. After a 
careful analysis of the samples brought by M. Grombehevsky, 
Prof. Mushketoff (in th^ Avestia of the Russian Geographical 
Society, xxv., 6) comes to the conclusion that the Raskqm 
nephrite and that of Tamerlane’s tombstone are identical; 
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As to the white jadite in which the dark nephrite is embedded 
on the Raskem-daria, and which was extracted by the Chinese 
on the Tunga River, it is like the jade obtained in Burmah 
on the tributaries of the Irawadi, and described in a recent 
issue of the Scottish Geographical Magazine* 

Some curious results have appeared in an examination, by 
Herren Geisler and Ulitzsch, of school children in the (Saxon) 
Freiberg district, with reference to growth {Humboldt)* 
Twenty-one thousand children (of both sexes) were measured. 
The boys, up to the eleventh year, were found to be about 0*6 
to 0*9 cm. taller than the girls ; but they were then overtaken 
by the girls ; and this superiority of the girls continued till the 
sixteenth year, when the boys again grew more than the girls. 
This is against Quetelet's opinion, that boys are throughout 
bigger than girls. 

The Liverpool Geological Society has issued Part II. of the 
sixth volume of its Proceedings. Among the contents is an 
address by the President, Mr. H. C. Beasley, on the life of 
the English Trias. Mr. T. Mellard Reade contributes geological 
notes on an excursion to Anglesey ; a note on a boulder met 
with in driving a sewer heading in Addison Street, Liverpool ; 
and a note on some mammalian bones found in the blue clay 
below the peat-and-forest bed at the Alt mouth. 

At the meeting of the Linnean Society of New South Wales 
on June 25, Mr. Fletcher exhibited one living and several 
spirit specimens of Notaden Bennettii^ Gthr., from three dif- 
ferent localities — namely, Dandaloo, on the Bogan River 
(collected by Mr. A. Fletcher), Warren, on the Macquarie 
(collected by Mr. Thacher), and Narrabri (collected by Mr. 
Henry Deane). He remarked that though this toad has 
hitherto been rare in collections, it is at times not uncommon 
in its native haunts. In two of the localitiescabove named 
he had been informed that during April and May of this 
year considerable numbers had appeared, though ppssibly the 
recently prevalent floods may have been concerned in bringing 
them prominently under notice. From what he had seen of 
living specimens in captivity, the animals were expert burrowers ; 
and from what he had heard as to their avoidance of water, 
their comparatively sudden appearance, followed shortly after- 
wards by a noticeable diminution in numbers, he was inclined 
to think that the species perhaps resembled the«American spade- 
foot toad {Scaphiopus) in keeping generally out of sight except 
during a short breeding period. Mr, Ogilby remarked that Mr, 
Helms, who is away on a collecting expedition for the Australian 
Museum, had recently sent down specimens of the same species 
from Bourke, 

Some habits of crocodiles have been lately described by M. 
Voeltzkow* Travelling in Wituland, he obtained in January 
last ^9 new-laid eggs of the animal, from a nest which was five 
or six paces from the bank of the Wagogona, a tributary of the 
Ooi, The spot had been cleared of plants in a circle of about 
six paces diameter ; apparently by the crocodile having wheeled 
round several times. Here and there a few branches had been 
laid, but there was no nest-building proper. The so-called nest 
lay almost quite open to the sun (only a couple of poor bushes at 
one part). The eggs lay in four pits, dug in the bard, dry 
ground, about two feet obliquely down. Including eggs broken in 
digging out, the total seems to have been 85 to 90. According 
to the natives, the crocodile, having selected and prepared a spot, 
makes a pit in it that day, and lays about 20 to 25 eggs in it, 
which it covers with earth. Next day it makes a second pit, and 
so on. From fhe commencement it remains in the nest, and it 
sleeps there fill the hatching of the loung, which appear in 
about two mpnths, when the heavy rain period sets in. The 
egg-laying occurs only once in the year, about the end of 
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January or beginning of February. The animal, which M. 
Voeltzkow disturbed, and saw drop into the water, seemed to be 
the Crocodilus vulgaris so common in East Africa. 

•In the last official report from Gambia, the Colonial Surgeon 
has an interesting paragraph on native diseases. The natives 
of Africa, he says, who are world-renowned for their superstition, 
attribute all diseases to one of two causes : either they have been 
** witched,^" or some enemy has made **greegree'* against them. 
Of the latter there are two forms : {a) the ^‘greegree^' that is 
administered to a person, and most usually consists of an infusion 
made of roots, leaves, or bark from trees supposed to have the 
desired properties; (b) the **greegree*' that is prepared against 
a person. This is done with much ceremony, and the process 
is accompanied by incantations, recalling the scene of the 
** witches* cauldron ’* in ** Macbeth. ” The treatment relied upon 
for cure, and much practised in the country, is to call in a man 
who is supposed to be a ** doctor,** who, after looking at the 
patient, sits down at his bedside and writes in Arabic characters on 
a wooden slate a long rigmarole, generally consisting of extracts 
from the Koran. The slate is then washed, and the dirty infusion i.s 
drunk by the patient. As a result of this state of ignorance and 
superstition, unqualified practice of every description is openly 
ctirried on, and drugs and poisons are dailyrsold by persons 
who are wholly ignorant of their properties, but who have 
acquired sufficient influence over ignorant patients to extort 
money. 

The Deutsche Seewarte has just published in a tabular fomi 
the results of the meteorological observations made on German 
and Dutch ships for the ten-degree square, lat. 20^-30® N., 
long. 30^-40® W., situated in the centre of the North Atlantic. 
This is, in fact, the eighth such square which has been similarly 
published in the last few years ; the results for each month are 
grouped in one-degree squares, of which there are one hundred 
in each ten-degree square, and the observations for any part of 
such sub-square are so grouped as to be readily available for 
combination with the materials collected by other institutions. 
The winds are recorded under 16 points, with additional columns 
for variable winds, caln^s, and storms. Other columns include 
the means of the various data, the duration of rainfall, and re- 
marks of special interest extracted from the logs used in the 
discussion. The volume contains xxvi. + 193 large quarto pages. 

In the third number of the Sammlung von Vortrdgen und 
Abhandlungen, Prof. Foerster, the Director of the Berlin 
Observatory, has brought tc^ether seven lectures delivered 
by him in recent years to scientific societies and artisan 
audiences in Berlin and Hamburg, and various papers re- 
printed from Himmel und Erde^ the Prussian Normal /Calender^ 
and other sources. Four of the lectures have relation to standard 
time, the universal meridian, and the Washington Conference ; 
others are included in the prediction of earthquakes and meteoro- 
logical phenomena, luminous night clouds, the red skies which 
followed the Krakatib eruption, and Karl Braun*s cosmogony. 
In a paper on the zodiacal light, it* is held that, although the 
constitution of the light is still a matter of doubt, the evidence 
gained by means of the q>ectroscope and polariscope indicates 
that it consists not merely of sunlight reflected from bodies of a 
meteoritic nature, but also of innate light, due, probably, to 
electrical effects in a gaseous 'medium. A paper from the 
KaUnder for 1891 contains an account of recent work done at 
Potsdam on the motion of stats in the line of sight, the instru- 
ments employed in the investigation being fully described. 
Prof. Foerster enjoys some renown in Germany as a popular 
exponent of scientific questions, and numerous reprints of his 
papers and discourses have appeared* 

The demand for techical eduction in New South Wales is 
rapidly increasing both in Sydney and in the principal centrer 
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of population throughout the country. At present there are 
between 3000 and 4000 students enrolled, as against a total of 
2200 this time last year. A tender has been accepted for the 
erection of a new technical college in Sydney, to cost ;fi9,S37,* 
and the building is to be completed by March next. 

The American journal Bradstreefs in a recent article de- 
scribes a school of manual training at Baltimore, which claims 
to be the pioneer public mapual training school, as well as the 
only absolutely free school of the sort in the world. The school 
was opened in 1884 with sixty pupils and four instructors ; now 
it has 549 pupils and fifteen instructors. It has had manual | 
training for its chief object. The ordinary work of advanced j 
public school grades is here but a department called the literary 
department. This is an essential difierence from the manual 
training in so many schools, where, it is one feature of many, and 
not the chief. It is not meant to teach trades, but rather the 
use of the tools used in all common trades, and the rudiments of 
mechanical industry. The regular course of the school takes 
three years, but there is a preparatory course of two years for 
the benefit of those who could not continue the ordinary public 
school course. All the students have their daily work in the 
shops, drawing-rooms, physical laboratory, and literary depart- 
ment. Each class has its own recitation-room, and only leaves 
it for drawing, shop, and laboratory work. In shop work the 
classes are limited to twenty-four boys, while in drawing and 
other studies double that number are instructed at a time. In 
the first year fifteen weeks are devoted to carpentry, five to wood- 
turning, and twenty to forging. In the second year fifteen 
weeks are devoted to pattern- making, five to moulding, fifteen 
to vise-work, and five to soldering and brazing. In all the shops 
instruction is given as to the care and use of tools, laying off and 
designing work, and the composition of the material used. 
Each class makes some special design for graduation, and the 
class this year is engaged on a ten horse-power dynamo, thirteen 
lathes, and a Gordon printing press. The dynamo will be set up, 
and is expected to furnish electricity enough to light both 
buildings with incandescent lights. The boys also do all the 
plating required, and make all repairs on the machinery in use. 

The additions to the Zoological Society’s Gardens during the 
past week include an Ashy-black Macaque {Macacus ocreatus) 
from the East Indies, presented by Mr. W. J. Bosworth ; a 
Two-banded Monitor ( Varanus salvator) from the East Indies, 
presented by Captain W. J. Rule; a Wapiti Deer (C^rvus 
canadensis 9) from North America, an Aard Wolf {Proteles 
cristatus) from South Africa, two Patagonian Conures {Conums 
patagonus) from La Plata, purchased ; two Ariel Toucans 
(Ramphastos ariet) from Brazil, received in exchange ; a Barbary 
Wild Sheep {Ovis tragelaphtis)^ born in the Gardens. 


OUR ASTRONOMICAL COLUMN 
Objects foe t^b Sfecteoscope. 


Sidereal Time at Greenwich at to p.m. on August 14 « 
iph. 33 ®- 5 »- . 


Name. 

Mag. 

Colour. 



^5*0 ••• ••• 

(3J O.C. 45^4 ••• 

(3) a Sagttt« 

(4) fi AquiIss **• ... •«. 

(5) 6 AquIlsB .M ••• ... 

(6) 483 Binn 

(7) S Scorpii 

4 

4 

3‘4 

^^ar. 

Pals tins. 
Gresnish-blus. 
Yellowiah-rsd. 
Yellow. 

Whits. 

Very red. 

h«m. s. 
X 9 37 45 
19 4 * 50 
29 43 99 
19 49 54 
19 *9 54 
18 58 3a 
z6 zx 7 

J 

, • f 

+*4 »5 
+50 *5 
-i-TS x 6 
+ 68 
+ a 54 
- 5 49 
-aa 37 


Rimarks^ 

(1) This is a small planetary nebula which gives the usual 
soectrum of three bright lines, in addition to a comparatively 
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distinct continuous spectrum of considerable length. In further 
observations special attention should be directed to the character 
of the chief line, and maxima of brightness in the continuous 
spectruin should be looked for. It is not improbable also that 
many faint lines may be found with the improved instruments 
now in use. In the General Catalogue the nebula is thus de- 
scribed : A planetary nebula ; bright ; very small ; round. 

(2) This is one of the so-called “ nebulous stars ” appearing 
in ordinary instruments as a star out of focus. The centra) 
nucleus gives a continuous spectrign, but the surrounding 
atmosphere gives a spectrum consisting of three bright lines. 
It would be a considerable advance in our knowledge if the 
spectrum of the nucleus could be determined. It may be that 
we are simply in presence of a star like those of the Pleiades, 
produced by the intersection of streams of meteorites, or it may 
be an ordinary case of condensation of a nebula. In the former 
case the spectrum would probably be that of a hot star, whilst 
in the latter case it would be one of an early grouf, possibly 
consisting of bright lines. Further observations are obviously 
required. The General Catalogue description is as follows: 
‘*A nebulous star; bright; pretty large ; round; star of xith 
magnitude in the middle.” 

(3) A bright star, with a well-marked spectrum of Group II. 
The bands 2, 3, 7, and 8 are strong, and x, 4, 5 are well seen 
(Dun^r). The usual observations for bright carbon flutiogs and 
absorption lines are required. 

(4) and (5) Got hard states that these are stars of the solar 

type and of Group IV. respectively, the former being confirmed 
by Vogel. The usual more detailed observations are required 
in each case. • 

(6) This is a comparatively bright star of the rare type of 
Group VI., and offers a good opportunity for a detailed study 
of this kind of spectrum. In addition to the three usual carbon 
bands, it shows the secondary bands 4 and 5 (Duner). The 
intensity of band 6 (X 564), as compared with the other carbon 
bands, is not recorded by Duner. The presence or absence of 
line absorptions should be particularly noted. 

(7) The spectrum of this variable has not yet been recorded. 
According to Gore’s catalogue, the period is about 177 days, 
and the magnitude ranges from 9*1-10*5 at maximum to < 12*5 
at minimum. There will be a maximum about August 19. 

A. Fowlee. 

Lightning Spectra. — Mr. W. E. Wood, in the current 
number of The Sidereal Messenger^ gives the results of some 
observations of lightning spectra made on June 22, 1890. The 
results were obtained with a Browning direct-vision spectroscope 
of small dispersion, and having no scale, so that the lines 
mapped in the accompanying diagram are eye estimates. 



With respect to the 25 bright lines shown it is remarked, ^Uwo 
moderately bright lines lie in the violet, one hesLvy bright line in 
the. blue, and which I estimate to be the familiar F line, one 
brilliant line in the green (the coronal or auroral line ?), one 
brilliant line on the yellowish-green, a double line in the yellow 
— very brilliant (the sodium line ?), a fainter but fairly broad 
line on the edge of the red, and two very bright lines ivi the 
centre of the red, one of which I think is a hydrogen line. 
The fainter bright lines lie approximateljr as shown in the 
diagram. The intense flashes, those which usually do the 
damage during a storm, gave exceptionally faints continuous 
spectra, and rarely more than the lines number 4 and <• 
Heat-lightning flashes ga>m the principal bright lines 1 to 8, 
and the spaces between were occupied by a multitude of finer 
bright lines. An absorption band in the violet occurred in all 
Mgkt flashes of heat-lightning, and in some cases I saw tw6 
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such bands in the red, lying on either side, of the pair 7 and 8. . . . 
It might be well to state that the line, which I judge to be the 
auroral line, was in all cases the most noticeable, and especially 
so in dischaiges of heat electricity, which seemed to occur in the 
upper and more rarefied strata of the air/’ 

Solar Activity. — Prof. Tacchini gives the following results 
of solar observations during tlie second quarter of this year 
(jCompUs rendus^ August 4) : — 
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0*71 
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26 . 

•• *35 
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A comparison of these figures with those of the first quarter 
of this year shows that the spots are slowly increasing in magni- 
tude, and that the number of days without spots is diminishing. 

The following results have been obtained for the pro- 
minence : — 
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Denning’s Comet {c 1890). — Dr. A. Berberich has com- 
puted the following orbit of the comet discovered by Mr. 
W. F. Denning at Bristol on the 23rd ult., from observations 
made at Nice on the 24th and 25th, and at Strasburg on the 
27th {Astronomische Nachrichten^ No. 2982) 

T = 1890 Sept. 247573 Berlin Mean Time. 

O t .u 

W = 1 58 26 64 ) 

a = 96 3S 42 > Mean Eq. iSqo'o. 

, = 99 37 67 ) 
log q ss o'I2288 

AX cos /3 = + o''o8 ; Ai8 + o'-o6. 


Ephemtris for Berlin Midnight. 


1890. 

R.A. 
h. m. s. 

Aug. 14 ... . . 

15 22 56 

15 

23 42 

16 

24 29 

17 

25 16 

18 

26 4 

19 

26 52 

20 ... ... 

27 4* 

21 ... ... 

28 30 


Decl. 

+S* 457 
51 22-0 

49 57 4 
48 32’0 
47 5 9 
45 39 a 
44 *1*9 
42 44*3 


Brightness as i*8a on August 17, and » i'9S on August 21, 
that at discovery being taken as unity. 

The comet will pass ))erihelion about September 25, at a 
distance of 1 ’33 the mean distance of the earth from the sun. 

From the ephemeris given it will be semi that the comet is 
between B Bootis and 0 Draconis on August 1$. 


GEOGRAPHICAL NOTES. 

The Russian Official Messenger of August i gives the follow- 
ing news about the work done by M. Grombehevsky during 
la st spring. On March 13 the expedition left Khotan for 
N‘ya. After having passed through the oasis of Keria, the 
travellers crossed the desert, where they met with a succession 
of barkhans (downs), reaching to the unusual height of 200 feet. 
From Niya they visited the Sougrak gold-mines, which are 
worked by nearly 3000 families living in caverns excavated in 
the loess and conglomerates on the slopes of the hills. Lumps 
of gold 2 IIA. in weight are sometimes found in these mines. 
Leaving Njya, the expedition crossed the border-ridge, which 
consists of several chains— the pastes across them attaining 
heighu of from 10,500 to ir,ooo feet— and reached Tolu, 
whence -it returned to Keria. There M. Grombehevsky re- 
' ceived the good news that the expedition would be allowed to 
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continue its work till January i, 189^1, and that ;^20D had been 
granted for that purfio^e ; so that M. Grombehevsky made 
arrangements to start for Rudok, in Tibet, in the first half of 
May. 

The following telegram about M. Grombehevsky’s expedition, 
dated Marghilan, July 19, has appeared in the Russian Official 
Messenger. The expedition had reached Polu, but had been stopped 
there by the Chinese authorities, who insisted upon the immediate 
return of the expedition to Kashgar, and ordered the population 
to leave their settlements and to* camp in the mountains. 
Brought to despair, M. Grombehevsky spent his last money in 
bribing some inhabitants, and, without a guide, left Polu in the 
night of May 17, going farther south into the depth of the 
unexplored wilderness. 

The last number of the Izvestia of the Russian Geographical 
Society is of unusual interest, especially on account of its maps. 
It contains three reduced photographic copies of the hypsometric 
map of Russia, by General Tillo, and it is impossible not to ad- 
mire the distinctness with which the two chief lines of upheaval, 
the south-west to north-east direction, and the north-west to south- 
east direction, appear on this map, even amidst the plateaus and 
the depressions of middle Russia. Another interesting map 
renders, on a scale of 7 miles to the inch, the surveys of M. 
Grombehevsky, made during his recent attempts to reach 
Tibet from the north. The map is accompanied by two letters 
pfrom the explorer, written in December 1889, at the sources of 
the Khotan-daria and the Kara-kosh. The «^hme issue contains 
a letter from the chief of the Tibet expedition, M. Roborovski, 
dated from Niya, December li, 1889 ; & paper on the geodetical 
surveys in Russia ; and a most interesting summary, by M. 
KuznetsofT, * of his several years' study of the flora of the 
Caucasus. 

In a communication to the Societe de Geographic of Paris, 
M. G. Marcel, who is one of the librarians of the Bibliothique 
Nationale, has given some particulars of Louis Boulanger, an 
astronomer, geometer, and geographer of the sixteenth century. 
In 1511 he published at Lyons a work, ** Equate rii Ccelestis 
Motus,” of which only one copy is known. It is in the Biblio- 
th^ue Mazarin, and is described by M. Marcel as hitherto 
ignored by bibliographers. In 1514 he brought out a piracy 
of Muller’s ** Cosmographise Intrt^uciio.” The globe accom- 
panying this is regarded as the first on which the word 
** America” is found. Another globe has been found by M. 
Marcel at the Bibliotheque Nanonale, which he regards as 
having been made by one of the school of Schoener between 
1513 and 1518, and on it the then new name of the New World 
occurs four times. It is therefore either the first or the second 
cartographic document in which America is mentioned. 


T//£ SCIENTIFIC PRINCIPLES INVOLVED 
IN MAKING BIG GUNS.^ 

IIL ^ 

Part III. — Wire Gun Construction. 

A N inspection of Fig. 5 (p. 307), and of the serrated edge of the 
curve of circumferential tension, /, shows that only the 
inner fibre of each coil is doing its full share of resistance when 
the gun is fired. 

Great economy of material can be effected if we can make all 
the circumferential fibres lake up R full uniform working tension 
(say of 18 tons per square indi) when the gun is fired ; but to 
secure this condition onl]f approximately, the number of coils 
would have to be laigely increased, and the cost, complication, 
and time of manufacture, of a gun would be enormous. 

But, by adopting Mr. J. A, I^ongridge’s plan of strengthening 
the inner tube a hy steel wire, wound round with appropriately 
varying tension, we are theoretically able to make the curve of 
circumferential firing tenston, f, a straight line for a determinate 
powder pressure ; and how all parts of the wire coil are equally 
strained, and take an equal sliare in the resistance. 

The subject has Imn investigated theorefically by Mr. 
Longridge, assisted by Mr. C. H. Brobks, beginning in 1855 ; 
and bis theories are set forth in papers in the Proceedings 
of the Institution of Civil Engineers in i860, 1879^ <^^4^ 

* Comtaiicd fiem p. 334. 
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bodied in Mr. Longridge’s Treatise on the Application of 
Wire to the Construction of Ordnance/^ 1884 (Spon) ; and again 
in a paper in 1887, Further Investigations regarding Wire 
Gun Construction.” 

I)n Woodbridge, of America, claims to have originated the 
system of strengmening guns with wire, in 1850; but to Mn* 
Lon^ridge belongs the credit of pointing out the proper mode 
of winding on th^e wire ' with initial tension so adjusted a^ to 
make the firing tension of the wire uniform for the maximum 
proof powder pressure. 

Mr. Longridge's principle is applicable not only to engines of 
destruction, but also to peaceful purposes, such as strengthening 
the cylinders of hydraulic presses and lifts, and the copper pipes { 
of steam-engines ; for which a great, and, we hope, a profitable 
future is in store. 

Keturning to the application of the principle to artillery, the 
great object attained is the notable reduction in weight of the 
gun — a matter of importance in siege artillery, where the weight 
of the largest single piece of metal, the gun itself, is limited by 
the difficulty of transport over bad roads and rough country. 
By the use of Mr. Ivongridge’s principle, the weight of a 
howitzer can be reduced from five tons to three and a half — 
c(uite sufficient to make all the difference between getting the 
gun into position, or being compelled to leave it behind. 

It is also claimed as an advantage of the wire gun that the 
construction will be found cheaper and more expeditious, when 
once the appropriate machinery is erected ; and that this machi- 
nery need not be nearly so elaborate and expensive as that re- 
quired with the pritent system of construction with steel coils 
shrunk on over each other. 


As we have seen in Part II., the appropriate initial state of 
stress is, in the coil gun, dependent on suen delicate fitting as 
thousandths of an inch, and a slight irregularity in the texture 
of the metal may be sufficient to completely modify the initial 
stresses as designed.- With the wire gun, on the other hand, 
the wire can be coiled on to the, inner tube from an equal parallel 
coil of wire, and the appropriate tension given by means of a 
certain weight running on the free part of the wire, and inci- 
dentally testing the strength of the wire. Certain practical^ dif- 
ficulties exist in securing the ^nds of the wire, and in providing 
for longitudinal strength, which experience will doubtless soon 
overcome. 

Besides Mr. Longridge’s ’^Treatise,” the most important is a 
long article in the Revue d* Artillerie^ on Steel Wire Guns,” by 
Lieutenant G. Moch, since published as a separate book, and 
also translated in the American ‘^'Notes on the Construction of 
Ordnance,” No. 48, i888. 

Lieutenant Moch resumes Longridge’s and Brooks’s calcula- 
tions, and presents the mathematical work in a more ooncise and 
elegant form ; he applies his formulas to the design of the wire 
guns, proposed in 1871 by Captain Schultz, who was unaware 
of Mr. Longridge’s previous work. 

We shall attempt here to present the essence of Lieutenant 
Moch’s article in a concise and geometrical form, depending on 
the method and formulas of Parts I. and II., and illustrated by 
the design of one of Schultz’s guns ; referring the reader who 
wishes to pursue the subject in all its practical details to Moch’s 
original article, and to Longridg2’s “Treatise.” 

(44) Taking the cross-section of the gun across the powder- 
chamber, as composed of the inner tube, a, the wire coil, B, 
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and an outer jacket, c, then in the ideal state, the firing stresses 
will be represented in Fig. 9, where the curve of circumferential 
tension, is a straight line in the wire coil b. 

The outer jacket, c, is merely required for protection of the 
wire from damage by shot, so that it may be supposed fitted over 
the wire without any appreciable shrinkage ; when the gun is at 
rest, the jacket C will then be in a state of repose free from 
stress ; but when the gun is firjed, we may suppose the stresses 
in c to be the poWder-Stresses (§ 12, p. 306), on the assumption 
that the gun behaves as if homogeneous* 

We denote by the internal radius of the tube, by and 
the internal and external radii of the wire coil, and by the 
external radius of the jacket, all measured in inches in our units. 

Then in the jacket c the curves t\t^ of circumferential ten- 
sion and of radial pressure, representing firing stresses, will 
be Barlow curves, the reflexions of each other in their medial 
axis D3^>a. 

(45) The continuation of the Barlow curve r^p% in the dotted 
line up to /o will give graphically the powder pressure p ^ ; but 
now the curve of firing radial pressure between and will be 
the broken curve p^Pip^^ of which in the tube a is the por- 
tion of another Barlow curve, but of which ptpi in the coil B is 
easily seen to be a portion of a hyperbola. 

For the curve of firing circumferential tension in the wire 
being the straight line /O9, the condition of equilibrium of any 
cylindrical portion of the wire coil, bounded internally by the 
radius r, requires that the rectangle of circumferential resist- 
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ance should be equal to the rectangle Op rectangle Op^ ; or^ 
in other words, 

the rectangle p^ == rectangle O/, 


or 


the rectangle Oj/j = rectangle ; 


which proves that the curve p^p is a hyperbola, with O3O and 
as asymptotes. 

(46) The tangent at any point of this hyperbola — ^say at p^ 
is drawn by joining the point with points on 0.^0 or at 
double the distance of /g from or OgO, by a well-known 
property of l||e hyperbola. 

But to draw the tangent at p^ of the Barlow curve we 
must join /g with a point on O3O at a distance from Og treble 
the distance of /g from Og^g. 

Similarly we can draw at pi the tangent to the hyperbola /g/i, 
and the tangent to the Barlow curve /j/o# when we know the 
position of of this Barlow curve, / j/q. 

(47) The position of OiOi is fixed by the condition that the 
curve of circumferential tension in the tube a is the reflexion of 
the curve Pip^ in ; and the position of this curve of cir- 
cumferential tension, is settled by the condition that the 
rectangle is equal to the sum of the areas of qjrcumferential 
resistance, bounded by /g/ g in the jacket c, by the straight line 

in the wire coil B, and by the curve V 1 the*Uibe A. 

(48) It will be noticed In the diagram that, with the numbers 
given there, the curve /o^'i lies to the left of the line r^rj, showing 



N A TURE 


[August 14, 1890 


3«o 


that when the gun is fired the interior of the tube is still in a 
slight state of compression, so that the circumferential firing 
stresses of the tube are insignificant pressures, the chief stress 
being thrown upon the wire. 

This theoretical result appears to be of great practical ad- 
vantage in prolonging the life of the gun, as it is found that 
the tube of the wire gun has hitherto shown an unexpected 
vitality ; a^ very gratifying result, when it is considered how 
short the life of our large guns is, in consequence of the erosion 
of the bore. 

An empirical formula, N = 2400 ir - 50, given by General 
Maitland (Proc. I.C.E., vol. Ixxxix. p. 205) for the life of a 
gun, where c denotes the calibre in inches, and N the number of 
full charges that can be fired before the gun requires relining, 
will illustrate forcibly the comparative longevity of large and 
small guns : thus, if ^ = i6, N = 100 ; if ^ = 12, N -■ 150 ; but 
if = 0*3, as in the new magazine rifle, N = 7950. 

We have now determined graphically the firing stresses in the 
wire gun, where the powder pressure, /o, is exactly adjusted, so 
as to produce uniform t in the wire ; a less powder pressure 
would obviously strain the inner fibres less, and less man the 
outer fibres ; vice versd^ a powder pressure greater than 

(49) But now the gun-maker nas to determine the initial 
stresses in his gun from the above state of firing stress, by the 
operation of stripping off the powder stresses, assuming the gun 
to behave as if homogeneous. 

As a first consequence, the initial stresses in the jacket C will 
be reduced to zero, as they should be ; because we have sup- 
posed the jacket c slipped on with merely a mechanical fit. 

Secondly, in the wire coil n, the state of initial ctrcumferential 


tension will be obtained by subtracting the ordinates of the 
prolongation of the Barlow curve from the ordinates of the 
straight line ; whence we obtain the symmetrical Barlow 
curve 09^^, by reflexion of the Barlow curve rVg • • produced. 

The curve of radial pressure rJHi in the wire coil B, obtained 
by subtracting the ordinates of the Barlow curve /2/0 
hyperbola easily plotted, but is of a more com- 

plicated analytical character. 

Finally, we come to the state of initial stress in the tube A, 
obtained also by stripping off the powder stresses from the firing 
stresses ; and consisting of the curve of initial radial pressure 
A Barlow curve, and its reflexion, t^Tq, the curve of circum- 
ferential pressure in the tube A ; th e position of TiT^ being 
settled so as to make the area riTiT^r^ equal to the area 5 

and now the state of initial stress is represented in Fig. 10. 

(50) We notice that is considerable, and may with im- 
perfect design become dangerously near the crushing pressure of 
the material of the tube A ; practically, however, the great 
crushing pressure Tq is considered advantageous, as tending to 
improve the resisting power of tbe material against the great 
enemy, erosion. 

In^ the Severn tunnel, as a different exemplification of these 
principles, the crushing effect in the brick tube, due to the head 
of water of the land springs, was not allowed for sufficiently ; if 
the land water arouna the tunnel is not kept down by pumping, 
the head of water soon becomes sufficient to cause the bricks on 
the interior of the tunnel to crush and splinter ; and until the 
interior is strengthened considerably with stepl or cast-iron curbs, 
the expense of pumping cannot be avoided.* 

(51) There is considerable divergence of opinion as to the 



proportions to be given to the tube A and the wire coil B ; 
Longridge preferring a comparatively thin tube, A, of some 
softer material, like cast-iron, while Schultz made his tube of 
steel, and considerably thicker in proportion, with the advant- 
age of throwing the longitudinal strei^th into the tube. 

As the theory is considerably simplified if we take the tube A 
and the wire of the coil b of the same elasticity, we shall make 
Fig. 9 represent the design of one of the Schultz guns, as 
dc3cribed by Moch, altering the dimensions and stresses to 
round numbers in inches and tons. 

Now Figs. 9 and 10 represent the section across the chamber 
of the Schultz 34-centimetre (13}- inch) gun, in ^^ich we have 
made = 7, =: 10, =? 14, = 18, in inches, to the nearest 

integer. 

(52) We assume that, under a powder-pressure, /o, of 20 tons 
on the square inch, the wire coil is under a uniform circumfer- 
ential tension of 30 tons on the square inch ; a very moderate 
estimate for what steel wire is capable of sustaining, as 60 
would not be excessive. 

Numerical calculation by means of the formulas of Part I. 
gives the following values of tbe stresses, in round numbers : — 
A =* A - ^5 ; = 7f = 9. = /i = 30 f whence 

A " * 4 # = - S’Sf io— " all 1“ tons per square inch. 

In Fig. 10 the initial stresses are represented ; and we find, as 
before, ^2 = 14, 9 | = 7, t\ ss 20, = 27, while the 

initial stresses in the jacket c are niiy 

(53) There still remains an important practical detail to be 
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settled theoretically — the fornmla for the varying tension with 
which the wire must be wound on the tube A, in order that 
when the coil is complete the curve of initial tension of the wire 
should become finally 

The formula has been investigated in ali its generality by 
Mr. Brooks in Longridge's “Treatise^*' but we shali follow 
Moch in bis article in considering the very much simplified case 
of uniform modulus of elasticity. 

As we have already used the word imtial to distinguish the 
stresses in a gun in a state of repose when finished, we shali 
call the va^ing tension with which the wire is wound on the 
gun tbe winding tentioHt and dehote it 9, in tons per square 
mch. 

(S4) Now, to determine 0 for any radius, rr, of the coil B, Moch 
assumes that the winding tension of the wire is equal to the 
imtial tension, increased by the eireumferential tension (pres* 
sure) due to the initial radial pressure, 0, ht tbe radius r, acting 
on the partly finished tube and coil between the radii r. and r ; 
and thus 


0 a ^ -f « 


f* + r.* 


In other words, it is assnmed that the tension of repose, is 
less than the winding tension, 0 , by the amount due to the pres- 
sure V at a radios r, and sero pressure at the radius r., treating 
the material as homogeneous.* 
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Now, by the foraulas of 8 7 (p. 305), 

9 — * "• A _ a — ir=ra» 

^ 2 ^ ^ — 2 


where 


so that 


= (A + ^ - A J-nra — ? 


A = A 


-2 _ ^,-2' 


= t{r^ - r)lr - 


^ — a _ ^ 3 


and the expression for the winding tension, 6, finally reduces to 
the form — 


where 


,= A + i- + -“- +i. 

r r - Tf, r + To 

L = — ^ 

M = ^(fj — fj) — A^o — _*~2* 


N =4^3 + ro) + A^o 

^0 


• - rg-- 
a _ - —a 
a _ ** 

a _ r,~ 


after considerable algebraical reduction. 

(55) A great simplification is introduced if we put = r^, 

equivalent to supposing that the jacket c fits loosely over the 
coil B, so that the firing stresses do not extend into the jacket 
c, which, therefore, now contributes nothing to the strength of 
the gun ; and now A = o, L = - tr^ M = - {/ + A)''o* 

N = /r, + (/ + A)'o» we thus obtain the formula (51) of 
Longridge’s “ Treatise,” or formula (50) of Moch’s article. ^ 

With the numbers of Fig. 10, we find = 34* while obviously 
we always have 9^ = ^0, as the winding tension of the last layer 
of wire is the same as tne tension in rapose. 

Having plotted out by points the curve for the winding 
tension 0, a curve of the fourth degree, it will be found practi- 
cally correct enough to replace it by the most approximate 
straight line ; and now in winding the coil, the difference of the 
tension weights destined for two consecutive layers of wire re- 
mains constant. 

(56) We have now finished the theory of the wire gun, so far 
as the circumferential strength is concerned ; and for its experi- 
mental verification, an interesting article in Note No. 38, on the 
Construction of Ordnance, ** On Winding and Dismantling an 
Experimental Wire-wound Gun Cylinder,” by Lieutenant W. 
Crozier (Washington, June 1886), may be consulted ; and ac- 
cording to recent reports a lo-inch gun has been recently con- 
structed in America by Captain Crozmr, on designs based upon 
his experimental results. 

The theory of the longitudinal stresses in the wire gun has 
not been touched upon, Mcause it is still a point of dispute as to 
whether the tube alone should provide the longitudinal strength, 
or whether it should be partly borne by the outside jacket, the 
wire coil being obviously unable, except in Canet’s double 
coning system, of giving any assistance in this direction. 

Mr. Longridge’s principle of strengthening a tube with wire, 
wound with appropnately varying tension, wul be found useful 
in peace and in war t he can claim credit that a gun strengthen^ 
on this principle, the 9*a-inch wire gun, was chosen mm its 
great strength to test the extreme range of modern artillery in 
1888, with what w^ called the *' Julmee rounds ” ; when, with 
an elevation of about 40*, a range of 21,000 yards, or la miles, 
was attained, the projectile weighing 380 pounds, and the 
muzzle velodlty being about 2369 f-s. 

The dimensions in the diagrams have been purposely taken in 
round numbers, so as not to represent invidiously txiy particular 
gun ; in some cases, inappropriate stresaes have made their a^ 
pearance ; and now it is tne art of the gun-designer to modify 
slightly the dimensions of the parts of his first rough sketch, so 
as to atta^ to more uniformity of strength and a better theoretical 
result. 

There is no claim to originality in the theory that has been 
given above, and we fear that due credit has not always been 
properly aarignedto the right investigator} but the attempt has 
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been made to present the essential points of the theory in as 
simple a form as possible, with a minimum recourse to algebrai- 
cal formulas. The subject has been written about so much of 
late years that the reader is apt to be confused with the variety 
of notation and treatment ; and it is hoped that the graphical 
method presented here will enable the theorist to present his 
results to the practical gun-maker in a more intelligible and 
convincing form. A, G. Greenhill. 


ON PUTREFACTIVE^ORGANISMS.^ 

^HE author said his difficulty was to decide in which wajr to 
^ treat his subject. He might summarize the investigations 
of twenty years, and endeavour to show the original motives 
which led to their being undertaken, and then contrast this with 
the new meaning which has been derived from the inve^gations 
founded on recent methods and instruments ; or, sqpondly, he 
might show the results of a series of continuous observations on 
certain saprophytic organisms placed under increasingly adverse 
environments, so as to endeavour to discover their behaviour in 
regard to the great Darwinian law. He inclined to^ this last as 
the view of his work that might have the broadest interest to a 
Society like that he was addressing; but the value of the 
improvements in recent lenses led him to give the priority to the 
results so obtained. In the case of larger animals, it was well 
[ known that a change of environment produced changes in the 
organism ; but that these changes were hard to follow up, owing 
to the few generations that come under the notice of the student 
or observer. But in the case of micro-organisms the generations 
succeed each other so rapidly that it is easy to follow the changes 
produced by environment. He could show the effect on certain 
micro-organisms of a gradual change of temperature, and how 
in from seven to eight years an organism arose which lived and 
multiplied at a temperature of 157® F., whose ancestors had 
lived at a temperature of F., and would have died if exposed 
to temperatures above loo^ He said there wm nothing harder 
than to carry an audience to a just appreciation of the lower 
forms of life, but nevertheless he hoped to point out some of the 
practical results due to the improvements in modern microscopes. 
If they took a glass of drinking-water and put in it some shreds 
of fish, or any other organic substance, it soon became turbid 
and chaiged with the minutest organisms. To illustrate the 
number of these organisms. Dr. Dallinger said that visible td 
the human eye in the heavens there were in all probability with 
our most powerful modern telescopes 100,000,000 stars ; and if 
they supposed that each of these, like our sun, was attended by 
eight primary bodies and twenty secondary planets, there would 
be two thousand eight hundred millions of bodies in space 
accessible to human research. The same number of there 
minute organisms to which he had referred would lie in a space 
equal to one ten-thousandth of a cubic inch. Any such a 
molecule of even dead matter must arrest the attention of the 
human mind ; but when we remembered that these were complex 
idtal forms, they had a significance of a high order, and their 
inconceivably rapid multimication would make the mind pause 
and think. A decomposing mass of matter was amass of beings 
endowed with life, and producing definite products. The life of 
the organism was not even an incidental product, the oxganisma 
were there for a purpose. They break up the decoipposing 
organic matter into its elements, and so make it ready again ^ 
the purposes of life. Dr. Dallinger went on to describe 
some of the organisms which he has observed and examined. 
He said, that if they took some putrescent fluid from different 


mixture of putrefaction, and examined it with a sufficiently 
powexihl microscope, the field of view in the microscope became, 
as it were, charged with life in an instant. There were many 
kinds of organisms, and they had many movements. There 
were rod-shaped organisms, spiral forms, a perfect oval form with 
two flagella, or whips. Another would be like the calyx pf a 
papilionaceous flower, and have four flagella. Another would 
iiave a delicate, egg-shape, and another be shaped like a double 
convex lens, and move with a beautiful wave motion. The fluid 
speck seen under the microscope was densely peop What 
were these organisms, andtvhat their functions amid the denizens 

* Abstract of an Address delivered before the Bristol NaCjDualists* Society,, 
by the Rev. W. H. Dallinger, F.R.S. ^ 
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of earth ? They were extremely small, and the largest of them 
so small that one hundred millions could be packed within a cube 
whose side was equal to the diameter of a coarse humw hair, 
and there were from ten to twenty less than this. This group 
were amenable only to the most powerful microscopes. It was 
known long ago that they carried on putrefaction ; now they 
knew that the process was a fermentation. Dr. Dallinger then 
went on to contrast ordinary saccharine fermentation, like that of 
yeast, producing carbonic acid and alcohol, with the fermentation 
produced by these saprophytic organisms, and showed that both 
could be prevented by taking care to keep away any of the germs 
of the fermentation, that both could be arrested by the action of 
heat, and that both tended to break up the organic matter into 
simpler forms. In the case of the saprophytes, water and 
carbonic acid were produced eventually from the decaying mass 
on which they dwell, and thus by the vital functions of these 
organisms the chemical elements in the animal body were 
restored tc nature, to become once more part of the protoplasm 
of living things. There were, however, two things in which 
these saprophytic ferments were different from ordina^ ferments ; 
in the latter a special organism produces a special product, 
whereas in the former there was no such detinite product, and in 
the saprophytic ferment the final process was produced, not by 
one definite organism, but by a series of organisms. He did 
not think that these ferments destroyed one another ; but 
between the beginning and the end of the putrefaction there was 
a definite incoming and disappearance of many forms. In from 
50^ to do** north latitude, he believed these organisms were 
limited to ten forms, and of these eighf were definitely 
deterpiined, and their life-history made out. There were some 
present everywhere, and they acted at once. Dr. Dallinger said 
the object of his study was biological, and not pathological. 
Some of the results he discovered some time ago, but the large 
progress of recent years was due to the great improvements m 
our instruments. These organisms were all different, no two of 
them behaved alike. He said that if they added a very small 
ouantity of putrescent fluid to a speck of water on a slide Kept at 
oc® F., it was very easy to find some of these organisms almost 
directly, using a lens magnifying ipoo diameters ; and they 
would be found to increase with a rapidity that no description 
could suggest. He then showed on the screen the first kind of 
organism that appears, and mentioned that when seen in reality, 
they were in a constant state of movement, and that the 
saprophytic ferment begins to split up and break down the 
organic tissues. This first organism, Bacterium termo, would 
produce profound changes in the putrefying tissues, and prepare 
the way for other organisms. It would be seen that this 
organism would be densest round the mass that was being 
broken up, forming a felt-like covering or garment to it ; soon 
a new oiganism of a spiral form would make its appearance 
(this was shown on the screen), while Bacterium termo would 
become less abundant, and be diffused over the entire fluid. 
The new one, like Bacterium termo^ would be densest next (o the 
putrid matter, and would form a covering to it. The decaying 
tissue would now rapidly change, and would give off noxious 
gases. This form would continue for an indefinite time, and be 
succeeded by one or two new form.s. (These were shown on the 
screen.) One of these new forms would have a single flagellum, 
and the other would have two ; and they would move rapidly 
about and glide continuously over the decomposing matter. 
Xhey increased very rapidly, one method of increase being bjr a 
process of division. In another method two bodies would unite 
together, and an amoeboid condition ending in the fusion of two 
forms resulting in a sac from whence spore was produced, giving 
rise to new generations. Their rate of increase* was inconceiv* 
ably rapid, and it was not surprising that the putrid tissue was 
surrounded by a garment of these organisms. They had in all 
probability their food and suitable conditions for their life 
produced by the functions of their predecessors. Then a time 
came when this form died out, and a very remarkable organism 
appeared which also invested the putrid matter with a garment 
of living organisms ; they stuck to the mass and waved to and 
fro. These were sboym on the screen as they would be seen in 
the microscope, clustering round the matter. With this was 
shown the next organism-^a most wonderful one. It has a rigid 
flageUumstrfhed with a hook and a long trailing flagellum. The 
animal swms about, and when it comes to a piece of decayit^ 
tissue, it ohen anchors itself by thectrailing flagellum, which, is 
coiled into a spiral ; then it darts up and down upon the decay- 
ing matter. The action of this was shown by, a mechanical 
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slide, the up-and-down motion and the coiling and uncoiling of 
the flagellum being seen. These were succeeded by a group 
which had a free flagellum without any hook, and which fastens 
itself down by means of its trailing flagellum, and hammers the 
, decomposing tissue by throwing itself against it. This proce.ss 
was also shown on the screen by means of a mechanical slide. 
Dr. Dallinger said that this occurred at about the middle of the 
putrefactive action, the greater part of which is accomplished by 
this. The mass now gradually broke up. The next kind, which 
was also shown on the screen, and its process explained by a 
mechanical slide, has two trailing flagella by which it anchors 
itself ; it then springs up and darts down, and further promotes 
the decomposition. At the close of this stage there is little lefl: 
of the original tissue but some water chafed with carbonic acid, 
and a slight deposit of fragments. Dr. Dallinger said that four 
years ago he found a new organism which acts as a gleaner, and 
gathers up the fragments of the dibris left by the others. It is 
armed with six flagella, and swims about in the liquid, and when 
it comes within a certain distance of the solid remnants twists its 
middle flagella together, and springs up and down on the dibris^ 
removing entirely tiny particles. They move in a most 
beautifullv rhythmic manner up and down. He showed a 
picture of these on the screen, and also a mechanical slide of a 
group of three, with their pretty rhythmic action. And thus the 
organic tissues were broken up into their ultimate elements. 
Dr. Dallinger mentioned that the last form was comparatively 
rare, and was more frequent in warm countries. It was clear, 
he said, that different climates had somewhat different forms. In 
conclusion, be said that twenty years ago, when in a state of 
ill-health, he took to this research, and found all these beauties 
and a thousand times more ; and he urged those present to take 
up some field of microscopical research, and seek for the hidden 
beauties of Nature. They would find much ple^n^urc in the 
doing of it. They need not be appalled by the high powers 
he had used 5 there were many facts to be found by the help 
of far lower powers. If they did this they would find that life 
would have a pleasure it had never known before. 


HIGHLAND PLANTS FROM NEIV GUINEA. 

we have already noted, Baron von Mueller contributes to 
the Transactions of the Royal Societ3r of Victoria (vol. i., 
Part 2) some important records of observations on Sir William 
MacGregor’s highland plants from New Guinea. The following 
are his general conclusions : — 

** The memorable expedition, so valiantly and circumspectly 
carried out by His Excellency Sir William MacGregor, the 
Governor of British New Guinea, for the ascent and exploration 
of the Owen Stanley’s Ranges, has for the first time brought 
also the flora of the temperate and the sub- Alpine zone of that 

f ;reat island within the reach of elucidation. In a brief pre- 
iminary reMit, written in July last, attention was drawn to 
the extraorainaiy commigration, by which plants of Asiatic, of 
far southern and even of sub-Antarctic types had mingled 
together in the Papuan highlands. From the material thus 
brought together only a commencement could be made to study 
the vegetation of the higher mountains regarding geographic 
points of view ; in order to obtain a full insight into the Papuan 
Alpine flora, it would r^uirs to explore the hitherto inac- 
cessible more central culminations in the island, where on tiers 
still some few or perhaps several thousami feet higher in yonder 
latitudes, according to varied physical conditions, a glacier flora 
would be more fully reached. To form extensive conclusions on 
the nature of the Papuan Alpine flora would at present be pre- 
mature ; but from what we have now seen, it promises to be 
eminently interesting. On this occasion shall merely group 
these bignland plants on geographic principles, with a hope that 
it may yet fall to my own share to carry on these comparisons 
more amply at some future time from fuller material, the total 
snb-Aljpine and Alpine flora of New Guinea in all likelihood 
comprising several hundred species of vascular plants. Such 
future researches will be to m^lf all the more fascinating, as 
from 1853 to 185s the whole fipra of the Australian Alps became 
elucidated by field*work of my own, it being utterly unknown 
before. In tnese pages is alluded only to those plants, which 
Sir William MacGregor gathered in altitudes between 8000 and 
13,000 feet, therefore in the region above the mountain zone, 
involved in almost penaawnt clouds. 

** Of the 80 plants, specifically and distinctly recorded in these 
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I pages as emanating from the most elevated regions, nearly hal 
the number seems endemic, so far as hitherto can be judged, 
while not yet all the highlands of South-Eastern Asia are ex- 
plored, and while we yet remain in uncertainty about the 
constancy of some of the characteristics on which the adopted 
new specific forms are systematically established. Of these 
restricted Papuan plants, two — namely, Ischnea elachoglossa and 
Dccatoca Spencerii represent new genera, the one allied to the 
exclusively Italian Nananthea, the other to the Australian 
and chiefly Alpine Trochocarpa. Of the other endemic 
plants are of Himalayan types— namely, Hypericum Mac- 
gregorii^ Sagina donatioides^ Ruhus Macgreg^orii, Anaphalis 
Maria y Myriactis bellidiformis^ Vaccinium parvulifoliuniy 
V. amblyandrumy V* Helena y V. Macbainiiy Gaultiera mt4ndula, 
Rhododendron gf^acilentuviy R. spondylophylluniy RunlminicolutUy 
R.pJueochitoUy Gentiana EUingshauseniiy Trigonotis Haackciy^nd 
T. oblitay though some of these show also a touch of the Sundaic 
vegetative element ; and here at once may be alluded to the 
extensive display of Ericaceous (inclusive of Vaccinaceous) plants, 
which forms of vegetation are in Australia so very scantily 
developed, and then only in Alpine regions. Contrarily, 
however, we now perceive otherwise almost a preponder- 
ance of upland Australian or New Zealandian or sub- 
Antarctic types in the highlands vegetation of New Guinea, 
so far as already revealed ; this is demonstrated by the 
endemic occurrence of Ranunculus amerophyllusy Metrosideros 
Regeliiy Rubus diclinisy Olearia Kemotiiy Vittadinia Alina y 
V\ macray Veronica Lendcn/eldii, Libocedrus Papuanoy Phyl- 
locladus hypophylluSy Schcenus curvuluSy and Festuca oreo- 
baloidcs ; furthermore this repetition of the features of the 
southern flora so far north is rendered still more expressive and 
significant by the occurrence of numerous plants absolutely 
identical with our southern species — namely, Epilobium pedun- 
cu/arcy Gatjum australCy Lagenophora BillardUrity Styphelia 
ntonfanay Wmphrasia Broivniiy Myosotis australisy Sisyrinchium 
pulchelhmiy Astclia alpinay Carpha alpinUy Carex Jissilisy 
Un^nid ripariay ' U. Hooherii, Agrostis montanay Danthonia 
peniciUaiay FestucU pusillay Lycopodium scariosuniy Glcichenia 
(near pay and Dawsonia superba — most of these being now shown 
for fhe first time ta approach so near to the equator. Four 
Borneo plants, hitherto only known from lofty altitudes of Kini- 
Balu, have now been traced to the Papuan highlands also, viz. 
Drimys piperitay Drapeies ericoidesy Rhododendron Lowiiy 
Phyllocladtis hypophyllnsy three being of far southern typ>e. 
Even a few of such British plants, not almost universally cosmo- 
politan, have now come like messengers from home before us 
from New Gttin'ea a^ there also indigenous ; thus, 
officinale and Scirpus caspitosusy these being wanting even in 
the Malayan islands and in continental Australia, irrespective 
of the widely distributed Aira caspilosay Festuca ovinuy Lyco- 
podium clavatumy L. SelagOy and perhaps Z. alpinumy as well as 
Hymenophyllum Tunbridgense oxA Aspidiutn aculeatum. For 
the familiar northern genus Potentilla a truly indigenous position 
in the southern hemisphere has been gained now for phyto- 
geography, as well as for Myriactis and Trigonotis,^ while 
Astelia, Uncinia, and Pawsonia are now seen to enter equinoctial 
regions in the eastern hemisphere* The Styphelia montanay the 
Astelia, and the Carpha mentioned indicate the commencement 
of a truly Alpine flora. 

“On the Finisterre Range, the ascent of which was acconn- 
plished by Mr. Zodler and bh party during 1888 (this enterprise 
being inspired hy myself in a lengthened interview with the 
leader), tree vegetation exists to the summit, therefore up to 
11,000 feet, as indeed already telescopically ascertained by M. 
Mikluho Maclay. I can, houmver, furnish no data, which might 
assist our present purpose, oathe nature of the vegetation there, 
as— against my expectation-^no botanic specimens whatever, 
resulting from that eourageous exploit, came to me as one who 
since many years has been engaged occasionally on connected eluci- 
dations or tne Papuan flora. Sir William MacGregor found the 
arbpr^ous vegetation to cease on the Owen Stanley’s Ranges at 
11,500 feet (despatch, July 1889, *p. 16), and this cessation was 
not due to a change of geologic formation. The limits of tree 
vegetation may, however, on some other Papuan culminations 
under altered physical conditions be somewhat higher so near to 
the equator, in comparison to cones of vegetation in the Hima- 
layas and near the verge of the tropics. 

Aitwegards prospective utilitarian gain from the world of 
plants likely to emanate from this ei^emtion, we may look for- 
ward to the acquisition of the * cypress ’ {Libocedrus PapHana)^ 
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which constitutes the principal forests on the summit of Mount 
Douglas and Winter’s Height, for arboreta even of countries of 
the cool temperate zone, and with this cypress-like tree could 
doubtless be associated in parks far outside of the tropics alsa 
the tall * bamboo’ (see Sir William MacGregor’s despatch, p. 8), 
with which the dry region above the nebular zone begins at 
(about 8500 feet). The several hardy and gaudy rhododendrons 
could aptly^ be consociated by dissemination with the many 
Sikkin species, now so frequent as garden favourites. The dwarf 
raspberry would give us an additional table-fruit. How far the 
Korthalsia palm would bear actual frigour, remains to be ascer- 
tained. The species of Papuan highland grasses are rather 
gregarious than numerous. 

“ Why so many plants from cold southern latitudes suddenly 
reappear on the Papuan and perhaps also on the Bornean high- 
lands in evidently coseval forms of common origin ; why the 
highest regions, and these almost only, should, like in New 
Zealwd, reiterate plant-life, otherwise typical of Tasmania, of 
continental Australia, of Islands in the Southern Ocean, and 
also of Fuegia and Patagonia; whether this indicates iPeontinuity 
of portions of the Papuan Island with a once vastly extending 
southern land, now mostly submerged ; what clues can be ob- 
tained for all this from the study of glacial drifts occurring 
during former enormous telluric changes, such as geologic 
science endeavours to explain ; what part possibly could have 
been taken by any migratory birds in effecting so wide a dis- 
persion of some of these pli^nts even into $0 exceptional isola- 
tions ; all this and other momentous considerations involved in 
these questions must be reserved for future discussions and 
generalizations in a special essay, perhaps under the advantage 
of access to ampler working material, and at not too distant 
a day.” > 


SCIENTIFIC SERIALS. 

The American Meteorological yournal for July contains an 
article by Prof. H. A. Newton on the late Prof. E. Loomis, of 
Yale College, U.S. (see Nature, vol. xl. p. 401). In early 
life he paid much attention to terrestrial magnetism, and pub- 
lished the first magnetic charts of the United States ; but his 
most important contributions were to meteorology. In a dis- 
cu.ssion of the storms of 1842, he adopted the use of synchronous 
charts very much like those now generally employed. The 
later years of his life were spent in discussing the materials 
collected by the Signal Service, and he published twenty-three 
memoirs upon them, entitled “Contributions to Meteorology.” 
A large portion of his estate was bequeathed to the endowment 
of an astronomical observatory. —Prof. H. A. Hazen has an 
article setting forth the observations most needed in the study 
of tornadoes. He points out that, after fifty years’ observations, 
our knowledge of this subject is very unsatisfactory. — Lieut. 
Finley gives tornado statistics for the States of Florida and 
South Carolina. The observations for the latter extend over 
128 years. The month of greatest frequency in Florida is Sep- 
temter, and in South Carolina, March. — M. H. Faye con- 
tinues his articles on trombes and tornadoes, dealing espe- 
cially with their action upon forests, and the carrying of heavy 
dibris to great distances.— Prof. W. A. Rogers continues hia 
article concerning thermometers, dealing principally with the 
pulsatory movements of a mercurial column found tp exist 
in nearly all the thermometers investigated. — The last articlq^is 
devoted to American opinions on the relation of the influenza 
epidemic to meteorological conditions, being abstracts of papers 
read at the meeting of the American Medical Association in 
May last. ^ 


SOCIETIES AND ACADEMIES. 

London. 

Entomological Society, August 6. — Captain H.J. Elwes,. 
Vice-President, in the chair.— Prof. Meldola, F.K.S., ex- 
hibited a male specimen of Polyommatus dorilisy Hufn., 
a common European and Asiatic species, which had been 
taken at Lee, near Ilfracombe, in August i^7» by Mr. 
Latter. At the time of its capture Mr. Latter suppom the 
specimen to be a hybrid between Polyommatus ptlheas and one 
of the “ Blues,” and had only recently identified it as belonging 
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to a welMcQown species. Mr, Stainton, F.R.S., Mr. Jenner- 
Weir, and Colonel Swinhoe made some remarks on the specie 
men, and commented on the additions to the list of butterflies 
captured in the United Kingdom which had been made of late 
years. — Mr. W. F. H. Blandford exhibited, and made remarks 
on, five specimens of Athous rhombeus^ Ol. , recently collected 
by himself in the New Forest.— The Rev. Dr. Walker exhibited 
a large collection of Culeoptera which he had recently made in 
Iceland. The following genera, amongst others, were represented, 
viz. Patrobus^ Nebria^ Byrrhus^ Aphodius^ Phihnthus^ Bary- 
twtus^ Chrysomela^ Agabus^ Crcophilus^ and Carabus, Mr. 
Champion, Dr. Sharp, F.R.S., and the Chairman made some 
remarks on the collection. — Captain Elwes exhbiled three species | 
of the genus Atossa^ Moore, three of the genus Eicysma^ Butl., 
and three of the genus Campylotes^ West., — all from the^ Hima- 
layas and North-Eastern Asia. The object of the exhibition was 
to illustrate the remarkable differences of venation in these closely- 
allied forms of the same family. Colonel Swinhoe, Mr. Warren, 
and Mr.^foore took part in the discussion which ensued. — Mr.‘ 
P. Crowley read a paper entitled “Descriptions of Two New 
Species of Butterflies from the West Coast of Africa,^' and ex- 
hibited the specimens, which he proposed to name rtl^pectively 
Charaxes gabonica and Cymothoe marginata. He«also exhibited 
several other new species from Sierra Leone, which had been 
recently described in the Annals and Mag. of Nat. Hist. 

Paris. 


by M. G. Chesneau. — On some derivatives from acetylacetone, 4 
by M. A. Combes. — Experimental researches on thermic sensi- 
bility, by M. Charles Henry.—* Experimental researches on 
the affected nerves of chronic lead poisoning, and on the causes 
determining their appearance, by MM. Combemale and Francois. 
— On the combinations of haemoglobin with carbonic acid, and 
with a mixture of carbonic acid and oxygen, hy M. Christian 
Bohr. — On the colouring of the silkworm by feeding, by M. 
Louis Blanc. From the investigations it would appear that very 
soluble and diffusible substances, such as fuchsin, are absorbed 
I by the epithelium intestinal of the silkworm, and colour the cells 
of the secretory organs, but not the product of secretion. — On 
the cellular division of Spirogyra orthospira^ and on the re- 
arrangement of the colouring matters driven to the ends of the 
spindle, ,by M. Degagny.— The treatment of black rot, by M. 
A. dePEcluse. 


BOOKS, PAMPHLETS, and SERIALS RECEIVED. 

La Photogmphie Tudiciaire : A. Bertillon (Paris, Gauthier-Villars). — 
British C^e Birds. Part 4 : R. L. Wallace (U. Gill) — The Canary Book, 
Part 4 : R. L. Wallace (u. Gill).— The Elements of Solid Geometry : R. 
B. Hayward (Macmillan).— Les Facultds Mentales des Animaux : Dr. F. 
de Courmelles (Paris, J. K. Baillihr^.—Enslish- Eskimo and Eskimo- English 
Vocabularies: R, Wells and J. W. Kelly (Washington). — Photogravure : W. 
T. Wilkinson (Uiffe). — Bulletin from the I.aboratories of Natural History of 
the State University of Iowa. Vol. i., Nos. 3 and 4 (Iowa).— Journal of 
Physiology, Vol. xi., Nos. 4 and 5 (Cambridge). 


Academy of Sciences, August 4. — On the exhaustion 
land by culture without manure ; study of drainage waters, by 
M. P. P. Deherain. — Observations of Coggia*s comet (July 18, 
189#) made with the Brunner equatorial of Toulouse Observa- 
tory, by M. E. Cosserat. Observations of position were made 
on July 21 and 22. — Elements and ephemeris of Denning’s 
comet (July 23, 1890), by M. Charlois. The elements have 
been calculated from observations made at Nice on July 24, 28, 
and 30 . — PJsumJ of solar observations made at the Royal 
Observatory of the College of Rome during the second quarter 
of 1890, by M. P. Tacchmi. (See Our Astronomical Column.) 
—On the density of nitrogen and oxygen according to Regnault, 
and the composition of air according to Dumas and Boussin- 
gault, by M. A. Leduc. The author draws attention to a 
difference between the results obtained by Regnault and by 
Dumas and by Boussingault. U x ^ the proportion of oxygen 
in 100 volumes of air, d and d' the densities of oxygen and 
nitrogen, then 

dx + d{loo ^ x) = 100, and x = 

d a 

Replacing d and ^ by Rcgnault’s values {d = i ’10563 and 
/f = 0-97137), we get 

^ = 21-324, 

and for the percentage composition of air by weight, 

Oxygen = 23*58, and Nitrogen = 76-42. 

Dumas’s mean value was 23*0 ± 0*1, and the author throws out 
several suggestions as to the probable cause of the discordance. 
He has also made some determinations of the density of nitrogen, 
and obtained values comprised between 0*972 and 0*973. — 
Electrical resistances of ^ses in a magnetic fleld, by M. A. 
Witz.. The author has previously communicated his researches 
the action of magnetic fields on Geissler tubes (May 12, 
1890), and has studiea the effects produced by variations in the 
intensity of the magnetic field and the position of the tube with 
respect to the lines of force ; he has now determined the influence 
exercised by changes in the pressure of the gas ifi the tube. The 
experiments have led to the conclusion that the action of magnets 
upon Geissler tubes is due to a variation in the capacity of the 
tubes, so that they constitute true condensers, and their illumina- 
tion is the result of an oscillatory discharge of the same order 
as that of a Leyden jar, of which the period T is a function of 
the capacity C of the jar, and of the coefficient L of self-induction 
of the conductor of small resistance, and T ss w ^CL. A varia- 
tion of the capacity C would thus modify the vibratory 
state of the, gas and would be jthe cause of the differences 
observed iri the luminous phenomena in intense magnetic fields. 
— Reactions of alkaloid salts, by M. Albert Colson. Some in- 
vestigatiops on heats of formation are given. — On the division of 
sulphuretted hydrogen between the Aietals of two dissolved salts, 
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FRESHWATER ALGAE. 

Introduction to Freshwater Alga, with an Enumeration 
of all the British Species. By M. C. Cooke, M.A., 
LL.D., AL.S. With 13 Plates. (London; Kegan 
Paul, Trench, Triibner, and Co., Limited, 1890.) 

D r. COOKE is justified in saying, in his preface, that 
no apology is needed for the production of this 
volume, the latest addition to the ** International Scien* 
tihc Scries." Notwithstanding the increased attention 
which has been paid of recent years in this country to 
this interesting and beautiful class of plants, we have had 
hitherto no popular hand-book devoted to their structure 
and their classification ; the only existing works on 
British freshwater Algse, by Hassall, and by Dr. 
Cooke himself, having been published at a price which 
places them out of the reach of the great majority of 
collectoi's of Algae. 

More than one-half of the present volume is occupied 
by a general actfount of freshwater Algae, the main points ^ 
connected with their structure and modes of multiplica- 
tion, and useful instructions as to their collection and | 
preservation. The greater part of this introductory por- 
tion is very good, and will serve admirably to interest and 
to instruct those who are turning their attention to the col- | 
lection and determination of the plant -denizens of our 
streams and pools. In the chapters headed “ Poly- | 
morphism,” “Spontaneous Movements,” and “Notable 
Phenomena,” a large mass of interesting information is 
brought together, and the views of the leading authorities 
well and clearly presented. In the chapter on “ Conjuga- 
tion,” although the present writer naturally dissents from 
Dr. Cooke’s conclusion as to the nature of the process in 
the Zygnemacese, no objection can be taken (except on 
one minor point) to the way in which both sides of the 
controversy are presented. 

The last two chapters of the Introduction, “ The Dual 
Hypothesis,” and “Classification," are much less satis- 
factory. By the “ dual hypothesis ” is meant the theory 
that Lichens are compound organisms made up of a 
fungal and an algal constituent. Dr. Cooke is, of course, 
perfectly at liberty to come to a different conclusion on 
this subject from that of nearly all biologists who have 
investigated it experimentally ; but, at least, if the hypo- 
thesis is discussed, the arguments oh both sides should 
be fairly stated. The synthetical construction of a Lichen 
out of its constituent elements has been affirmed by 
authorities so worthy of inspect as Stahl and Bonnier — a 
fact which, if established, settles the question in a sense 
opposite to that*accepted by Dr. Cooke ; and yet these 
observations are not even alluded to, much less contro- 
verted, by him.‘ 

The chapter on Classihca’tion is chiefly occupied by 
animadversions on a system different from that adopted 
by the author, which has been proposed by other writers 
on the same subject, “the most pretentious of philoso- 
phical systems,” which he treats with' a, certain amount 

« M»rtelU hM quite recently recorded » complemenury proceu in the j 
of n lichen (Ltcontr* ttAJusccii into to ugal and ftingal 
elements. , 
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of unphilosophical scorn. Any attempt to classify accord- 
ing to their genetic affinities a class of plants about.which 
so much still remains to be learnt as our freshwater 
Algae, must necessarily be to a large extent tentative ; 
but we do not think that practical algologists will be 
grateful to Dr. Cooke for perpetuating,* as the basis of 
his classification, the obsolete system of Rabenhorst’s 
“ Flora Europaea Algarum aquae dulcis ct subnlarinae,” 
published in 1864, placing together, for example, Palmelta 
and Apiocystis in one family, Protococcus and Pedu 
astrum in another family, and retaining, as a primary 
group, the “ N ematophyceae.” F rom the sentence on p. 1 87, 
the reader would suppose that the separation of the 
Protophyta as a 

structors of paper systems,” for whom he expresses so 
great a contempt, instead of having the sanction of such 
authorities as Luerssen and Sachs long before these 
“paper systems” were published. 

The latter and smaller part of the work is occupied by 
a description of the families and genera, and of all the 
known British species, of freshwater Algae. Though not 
so stated on the title-page, the two largest families, the 
Desmids and Diatoms, are not included ; but this was 
inevitable, to bring the work within moderate compass. 
The Characeae, which also form a part of Hassall’s 
“ Freshwater Algae,” are likewise, and, as we think, 
rightly, excluded. The plates include a drawing of 
one species of each genus ; they are copied from the 
plates in the author’s “ British Freshwater Algae,” and 
are not improved in the process. , It is no fault of Dr. 
Cooke’s that^ with Algae, even more than with flowering 
plants, it is often almost impossible to distinguish the 
species from verbal descriptions only ; those given here are 
mostly taken from the best writers, and could, on the whole, 
scarcely be improved. Small inexactnesses in spelling 
1 or in expression occur with irritating frequency — such as 
“ immovable ” for “ motionless ” in describing the spores 
of Chantransia, “ Kutzing ” (and Kutz.) throughout for 
“ Kutzing,” “ Bulbochoete ” for “ Bulbochaete” “ Glaeo~ 
cystis"' for Gloeocystisf “cytioderm” for “cytoderm,” 
&c. ; but of more serious inaccuracies we have noticed 
very few. We must, however, enter a word of protest 
against the Glossary, taken, apparently, almost verbatim 
from the author’s “ British Freshwater Algai.” A good glos- 
sary is an excellent thing ; a bad glossary is useless, or 
worse. What are we to make of such definitions as the 
following : “ Antheridia, certain reproductive organs 
supposed {sic) to be an^ogous to anthers, or fecun- 
dative ” ; “ Carpospore, spores produced by conjugation 
{sic) in a gporocarpium ” ? Under the Chroococcaceae 
we find a constant reference to a mucous, gelatinous, 
or crustaceous “ thallus ” ; turning to the glossary, we 
find a thallus to be “ an expansion somewhat resembling 
a leaf” ! “ Trichogonia ” are “ the female reproductive 
organs in Batrachosperms ” ; under the Batracho- 
spermeae we find no reference to any sexual organs 
of reproduction. 

The work, as it stands, will be in the hands of every 
collector and lover of Algae. If, in preparing a second 
edition^ Dr. Cooke will consent, in deference to the 
views of other algologifts, to re-write the two chapters in 
his “ Introduction ” to which we have called attention, 

.■./ S 

irf.- * 
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and will bring his Glossary ” into harmony with the 
present condition of science, his “ Freshwater Algae ** 
will have a still higher claim to a permanent place in 
botanical literature. Alfred W. Bennett. 

APHASIA, OR LOSS OF SPEECH 

On Aphasia, or Loss of Speech, and the Localization of 
the Faculty of Articulate Language. By Frederic 
Bateman, M.D., F.R.C.P., Senior Physician to the 
Norfolk and Norwich Hospital, &c. Second Edition, 
greatly enlarged. (London : J. and A. Churchill, 
J890.) ^ 

T he subject of aphasia has always been, and still is, 
not only of the greatest interest, but also of the 
greatest difficulty. Its interest is, of course, largely due to 
the fact that a study of partial or total loss of language 
may not only help in an analysis of language itself, but 
also may throw light on the exact anatomical situation of 
that function which has been said to set up an insur- 
mountable barrier between man and the lower animals. 
Its difficulty is greatly increased by the fact that each 
investigator seems to define it in a different way. For 
instance, in the book whose title is given above, which is 
a second and greatly enlarged edition of Dr. Bateman’s 
“ Aphasia,” first published twenty years ago, two entirely 
different definitions are accepted as correct. In the 
opening chapter aphasia is defined as “ the term which 
has recently been given to the loss of faculty of language, 
and of the power of giving expression to, thought, the 
organs of phonation and of articulation, as well as the 
intelligence, being unimpaired.” On p. 154, however. Dr. 
Bateman states that he will “ employ the term as a title 
for the whole group of disorders of speech, thus embracing 
not only the loss, but all the various degrees of impair- 
ment, of that faculty.” This latter definition will, of 
course, denote an enormous number of affections, such as 
all the losses or alterations of speech due to gross cerebral 
lesions, to insanity, diseases of the medulla, cretinism, 
deaf-mutism, chorea, and so forth, many of which have 
hardly been touched upon in this work. The former 
definition also, in spite of its greater connotation, would 
include such diseases as deaf-mutism, which is hardly a 
form of true aphasia. 

It is, perhaps, better to limit the term aphasia much 
more than either of the above definitions would 
allbw. As Ross has so well shown in his small but 
highly philosophical work, ‘‘ Aphasia,” the mechanisms of 
speech must include {fi) the receptive organs ” — that is, 
the eye, the ear, and the touch (as in reSding from 
raised letters) ; (^) the apperceptive centres in the 
brain, where the various sensory phenomena are appre- 
ciated as language — that is, the. angular gyros and 
supra-niarginal convolutions for written language, and 
the first temporo-sphenoidal convolution for spoken 
language ; (f) the emissive motor centres in the brain at 
the posterior end of the third left portal convolution 
(Broca’s convolution), fi'om which discharges are sent 
through tbe* internal capsule to the various organs of pho- 
nation ; and (<f) the executive organs, including the nerve 
nuclei in t^ medulla, the. peripheral nerves from theie, 
and the'wiKious muscles of the larynx, pharynx, and 
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tongue. Now of these four sets of organs the first and 
last should not be included in considering true aphasia 
.so that we should not include as aphasia such disorders 
of speech as arise from deafness, blindness, bulbar 
paralysis, or paralysis or other diseases of the larynx or 
tongue. The two remaining groups, {jb) and {c), alone re- 
main, and the organs of both are situated entirely in the 
brain, so that we can shortly define aphasia as a disorder of 
speech due to cerebral disease, the intellect being un- 
affected. It can, moreover, be seen to be roughly of two 
kinds — sensory when the apperceptive organs are affected, 
and motor when the emissive organs are affected. Now 
on these points Dr. Bateman has not been sufficiently 
explicit, with the result that some subjects have been 
included in his work which might well have been left out. 

Aphasia may be divided, moreover, as regards causation, 
into organic where there is a distinct gross lesion, and 
functional where no known lesion is present. Of the 
functional causes, hysteria is by far the most common, and 
is generally the cause of those apparently anomalous cases 
\^here speech suddenly vanishes, only to return in as 
sudden a manner. 

Nearly the first hundred pages of the book contain a 
most excellent account of the history of aphasia from the 
earliest times ; but we regret to notice that while great 
stress is laid on cases reported more than fifty years ago, 
when nervous diseases were so little understood and 
when the examination of aphasic patients was most in- 
complete, yet the later and most thorough accounts of 
aphasia are noticed very slightly or not at all. Thus, 
although we find some slight references to Kussmaul’s 
classical work, and also a slighter account of the works 
of Ross and Broadbent, Wernicke and Lichtheim are 
altogether neglected. And be it remembered that these 
names stand out pre-eminently as writers on this difficult 
subject. 

All through this work there is ail undercurrent of dis- 
belief in any possibility of localizing the cerebral situation 
for speech, and after considering all the various views of 
localization, from that of Schroeder van der Kolk, who 
localized it in the corpora olivaria of the medulla oblon- 
gata, to that of Broca, with his localization in the posterior 
part of the third left frontal convolution, the author 
finally agrees with Kussmaul in saying that a simple 
centre of language or seat of speech does not exist in the 
brain, any more than a seat of the soul exists in a single 
centre.” Indeed, as the author’s cases (to which I shall 
refer immediately) show, he seems to take extraordinary 
pains to satisfy his readers that Broca’s convolution is 
not the seat of language, as in ipany cases of aphasia it is 
entirely unaffected. Nowadays, however, a neurologist 
does not attempt to fix on Broca’s convolution alone as 
the' seat of language, but says that either the supra- 
marginal or angular gyri, or the first temporo-sphenoidal 
convolution (all on the left aide), or their connections 
with the motor r^ion, are affected, as a rule, in sensory 
aphasia ; or Broca’s convolution, or its connections through 
the internal capsule with the medulla, are affected in 
motor aphasia. We know how sufficiently well that a 
lesion at the front of the anterior lobes, or in the motor 
area proper, would not be accompanied by aphasia, just 
as we know that a lesion, in the other regions mentioned 
would almost certainly be accompani<ed by aphasia. 
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The author’s own cases are tea in number, and are of 
much interest. Cases I. and IV., however, seem to us 
to have probably been general paralysis of the insane, 
and therefore not true aphasia, no typical lesion 
being found in the brain. There is no mention as to 
whether the pia mater was adherent to the cortex, 
which would have been probably the case in both in> 
stances. Case V. is given as one of disease of the spinal 
cord producing paraplegia with aphasia, but as no post- 
jnortem examination was held, it is impossible to say 
that there was not a lesion on each side of the brain 
which would explain the symptoms more simply. In 
Case VIII., again, no post-fnortem examination was made,' 
and it appears to us to be a disease of the medulla or 
pons and not of the brain proper. Cases VI. and X. are 
evidently both hysterical aphasia, one occurring in a 
woman at the climacteric period, the other in a man. 
In the latter case, Dr. Bateman does not consider that it 
was hysterical, but the whole history of the man appears 
to us to prove conclusively that it was a typical case of 
hystero-epilepsy, which is much commoner, even in 
England, than is supposed. In Cases III. and VII. wi 
have motor aphasia, but without lesion of the anterior 
lobes, but, inasmuch as the disease was found in the 
internal capsule, the fibres from Broca’s convolution 
would, of course, be easily affected. Case VII. is 
again one of motor aphasia, but is rare, as it is 
accompanied by left hemiplegia instead of the usual 
right hemiplegia. This, however, is a coincidence which 
has occasionally been observed, and in which the speech 
centres seem to be localized on the right side of the brain 
instead of the left. There appears to have been no post- 
mortem examination in this case. It is much to be re- 
gretted that Dr. Bateman has not given better examples 
from his own experience of the various classes of aphasia, 
particularly of the sensory variety. 

In mentioning the various kinds of aphasia Dr. Bate- 
man describes fifteen different classes. On analyzing 
these, however, it can be seen that many of these are 
mere degrees of a larger class, and it would have been 
much better to have made fewer varieties. Perhaps the 
most useful division is as follows : — Motor aphasia, in- 
cluding agraphia and aphemia. Sensory aphasia, in- 
cluding word blindness, or inability to understand 
written language, and word deafness, or inability to 
understand spoken language. Finally, rather as a result 
of ^sensory aphasia, and, as it were, merely a symptom of 
it, verbal amnesia, in which a patient either constantly 
uses wrong words, as in paraphasia, or cannot remember 
the names of things, as in the aphasia of recollection. 

Perhaps these cases of verbal aphasia are the most 
difficult of all to fathom, and they have been the cause of 
various neurologists assuming that in the brain there is a 
a definite centre for the understanding and remembrance of 
nouns, and another for the understanding of propositions. 
Ross, however, has pointed out that such an assumption 
is altogether unnecessary, and shows, by a careful analysis 
of the evolution of language, that in a lesion of any of the 
various auditory or visual centres such a dissolution of 
language would occur as would exactly cause inability of 
understanding propositions or nouns ; and, moreover, that 
highly abstract nouns, such as virtue^ would disappear 
first, and, if the injury were greater, then an inability to 
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understand even concrete nouns would occur. In fact, 
the way in which Ross looks upon all forms of aphasia as- 
mere paralyses, either' sensory or motor, is to us the 
most satisfactory view yet mooted. These highly philo- 
sophical explanations have been entirely unnoticed by ' 
Dr. Bateman. 

A most useful part of this work is a chapter on the 
medical jurisprudence of aphasia. This is a .subject 
which we believe has not been touched upon in any 
previous English text-book, and it is of the greatest im- 
portance. Undoubtedly in former times many pure 
aphasics have been considered insane, and so incapaci- 
tated for various legal functions. Now, however, the 
distinction between insanity and aphasia is»clear, and 
although certain cases of aphasia could not be made to 
understand legal documents, still other cases would have 
slight difficulty in this respect, and each case would have 
to be decided on its merits. 

The treatment of aphasia is intensely interesting, for, 
although apparently it is a hopeless task to attempt to 
form, as it were, new speech centres in the brain, yet it is 
really wonderful how much may be done in this way by 
systematic and painstaking efforts. 

To summarize briefly, we may say that Dr. BatCman’s 
work is one that should be read by everyone interested 
in the faculty of language, or in diseases of the nervous 
system. It contains an enormous amount of valuable' 
material, which has been put together by great labour, 
and is written by one who has devoted many long years 
to his subject. Ernest S. Reynolds. 

CHEMICAL CRYSTALLOGRAPHY. 
EinUitung in die chemische Krystallographie. Von Dr.' 

A. Fock. (Leipzig : Verlag von Wilhelm Engelmann, 

1888.) 

I N contradistinction to works on systematic and phy-. 

sical crystallography, this little volume is devoted to 
crystallography in its far more fascinating relations to' 
chemical constitution. It has been a most noticeable 
fact that while pure crystallography in its geometrical 
and physical aspects has been brought to a state of great 
perfection, our knowledge of the essentially intimate 
connection between crystallographic form and chemical 
constitution has until recently been almost at a stand- 
still, and our information upon this branch of the subject' 
is confined to a few isolated facts, many of which even 
are greatly in need of more complete investigation. Xs 
to whether chemists will ever be able to predict with 
tolerable certainty the crystalline form of a new sub- 
stance of ^ven composition, opinions among crystallo- 
graphers are divided, and it may with reason be advanced 
that, in view of the meagre collection of facts before us, 
opinions cannot claim to have any real value at all. 
Since crystallography has commenced to be studied a 
little more from the side of the chemist, almost every 
number of the crystallographer’s journal, the Zeitschrift 
fur Krystallographie^ edited by Prof. Groth, contains con- 
tributions to our knowledge of such relations. And whether 
it be ever possible or not to attain the great genejralitatioh; 
if chemists will only more generally tackle the study of 
crystallography, the subject will at least be raised from itsf 
present position ofdoubt and uncertainty. British chemrsts ‘ 
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in particular are somewhat behind in this respect, for the 
dearth of crystallog^phers in this country, the home of 
Miller, one of the greatest names in crystallography, is a 
subject of general remark among Continental workers in 
this domain of science. What is required is, first, that 
chemists shall make practical crystallography, the diffi* 
culty of becoming skilled in which has been greatly over- 
estimated, one of the essential accessories of their main 
subject : and secondly, tfiat special care be taken never 
to permit a series of well-crystallizing bodies, differing 
chemically from each other in an ascertained manner, to 
escape being thoroughly investigated crystallographically, 
with the object of discovering what geometrical differ- 
ences accopipany the constitutional ones. 

To those who take up the subject from this standpoints 
Dr. Fock’s work will be of great assistance in placing ; 
before them in a succinct, concise, and very complete 
manner, the present state of our knowledge. The earlier 
chapters deal with the history of the growth of the views 
now entertained as to the nature of the architecture of 
crystals. Then follow a series of chapters upon the 
modes of formation of crystals, by resolidification of 
the fused substance, sublimation and separation from 
saturated solutions ; upon the complicated influence of 
water of crystallization upon the geometrical form, and 
the various theories that have been put forward as to the 
condition of the water in crystals containing it. The 
nature of double salts, and the evidence of thermo- 
chemistry as to the mode of union of the simple salts in 
the double molecule, are very fully discussed, and form 
a most interesting chapter. Then follow a series of 
chapters upon the ultimate structure of crystals, as evi- 
denced by the mode of formation of crystallites, and the 
order of growth in larger crystals. 

By fer, however, the most interesting portion of the 
book is that which deals with the relations between the 
crystalline form and chemical composition of crystals. 
The development of the theory of isomorphism is very 
clearly traced from the first observation of De ITsle, in 
1772, that the sulphates of copper and iron separated in 
mixed crystals from a solution of the two, to the latest 
definition of the theory given by Sohncke with reference 
to his 65 systems of points. The subject of mixed ciystals, 
and the rules which govern their formation, are entered 
into at length, and their relations to true isomorphism 
clearly defined. A very suggestive term, that of "physical 
isomerism,*’ is given to polymorphism, reminding one 
forcibly of the similarity between the various forms of the 
same compound or allotropic forms of elementary sub- 
stances on the one hand, and the isomerism so 
characteristic of many of the compounds of carbon on 
the other. The last few chapters of the book are devoted 
to a risumi of all the more important researches upon iso- 
gonism or morphotropy — that is, partial or particular-zone 
isomorphism. The researches of Groth upon the crystal- 
lographical relations between the derivatives of benzene 
naturally take a prominent place in such a description, 
being, as they were, the first which were instituted in a 
systematic planner. And here, in spite of many addi- 
tions whiclf have recently been made in other branches 
of organic chemistry to our knowledge of such morpho- 
^opic. relationships, the subject must perforce end for 
the present, until more facts have been accumulated and 
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observations multiplied. It is not, however, the mere 
accumulation of records of measurements of isolated 
compounds which is so much needed, it is the systematic 
crystallographical investigation of series of compounds- 
whose chemical relationships are indubitably established 
that will be calculated to throw most light upon the sub- 
ject. To this end it is earnestly to be desired that British 
chemists will not merely content themselves, in describing 
well-crystallizing new compounds, with attaching to them 
the meaningless terms " prisms ” or " tables,” but will have 
their crystallographical characters thoroughly investigated, 
and their relationships to other compounds of the same 
or related series definitely made out. 

A. E. Tutton. 


OUR BOOK SHELF. 

British Rainfylly 1889. By G. J. Symons, F.R.S. 

(London : Edward Stanford, 1890.) 

This work deals with the distribution of rain over the 
British Isles during the year 1889, as observed at nearly 
^000 stations in Great Britain and Ireland. The author 
begins with his usual report for the year, in which he 
points out rather particularly, the list oifiy dealing with 
the years 1884-88, that heavy falls of 3, 4 or 5 inches per 
diem may occur in all parts of the country. Then follows 
an interesting article on the amount of evaporation, in- 
cluding illustrations of evaporators and numerous tables. 

Under the heading "Staff of Observers” the volume 
contains returns from 299 stations which sent no perfect 
record in 1888, the losses being 181, resulting in a net gain 
of 118. The author informs us that this is the largest 
increase since the year 1882 ; and we are glad to see that 
Scotland, which has been retrograding ever since 1883, 
has at last improved considerably. 

Coming now to the rainfall and meteorology of the year 
1889, we have, first, notes of some of the principal pheno- 
mena, amongst which we may mention the following;— 
January 6, at Nottingham, an extraordinary thickness 
(an inch at least) of rune on all the trees, &c. ; June 6, 
at Cambridge Observatory, severest thunderstorm ever 
remembered. 

The observers* notes for the months and for the year con- 
tain some interesting information : — In July, atFinchely, 
Etcbingham Park, there were 22rflays of absolute drought 
followed by 15 wet out of the 20 following days ; in the 
same month the traffic for a distance of ten miles was 
suspended on the upper level of the Caledonian Canal 
owing to the scarcity of water. 

Of the heavy rains in short periods recorded, the highest 
was that of 3*37 inches per hour, lasting for 12) minutes, 
at Petersfield, Compton ; but following this, in Warwick- 
shire, 3*64 inches fell in i hour 5 minutes— a quantity 
unequ^Ied at any station in the British Isles for at least 
ten years. Of the extremes of rainfall for the year, the 
largest fell at Stye, in Cumberland (152*85 inches), the 
least at Dingwall, East Ross (£4*51 inches). 

Among the absolute and partial droughts, of the former 
the longest was at Cargenin Kirkcudbright, where no rain 
fell between June 8 and July’ 9, or for 30 clear days ; 
and of the latter the longest uisted for 45 days from June 
3, at Portland, Co. Waterfcgrd. The definitions of these 
two kinds of drought are respectively ; — Periods of inore 
than 14 consecutive days absolutely without rain; periods 
of more than 28 consecutive days, the aggregate rainfall 
of which does not exceed 0*01 inch per diem. 

With regard to the relation of the total rainfall in 1889 
to the average, we find that it is 8 per cent, below the true 
average as well as 13 per cent, below that of 1870-79. 

T^e general tables of the total rainfall for the year are 
giveh, with an explanation of their arrangement 
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The result of this systematic and laborious task of 
gathering all these records and observations reflects great 
■credit on the editor, who seems to have spared no pains 
to insure the accuracy of the information recorded. 

Photogravure. By W. T. Wilkinson. (London: Iliflfe 
and Son, 1890.) 

The aim of photographers has long been to produce 
prints, permanent and artistic in effect, with the delicacy 
and truthfulness of a photograph from nature. The process 
of photogravure seems to fulfil these requirements, and 
for purposes of book illustration should form a most im- 
portant factor from the commercial point of view. The 
process is both simple and interesting, and requires little 
apparatus or material which is not already found even 
in most amateur’s photographic dark rooms. 

Mr. Wilkinson describes in this little book a method 
employed in obtaining a finished plate, the process being 
divided into six stages. The first is the production of a 
transparency upon a special (transparency) carbon tissue 
from the negative ; in the second, from the transparency 
a negative in ordinary carbon tissue is made ; the third 
consists in laying the etching ground upon a polished 
copper plate ; in the fourth the carbon image (second 
stage) is mounted and developed upon the prepared 
copper plate ; (he fifth stage deals with the protection of 
the margin, ana etching and burnishing ; and the sixth 
and last stage gives us the print from the plate, done in 
much the same manner as copper-plate etchings and 
mezzotint engravings. The frontispiece, by W. L. Colls, 
.affords a good illustration of a result of this process. 

JZlements of Euclid. Book I. By Horace Deighton, 
M.A. New Edition, Revised. (London ; George Bell 
and Sons, 1890.) 

The present edition of Mr. Deighton’s book is a great 
improvement on many of the works on this subject. In 
.addition to the ordinary propositions, the solutions of a 
large number of important propositions are incorporated 
in the text with Hders attached to them, which will be 
found useful, since in examinations nowadays more is 
required than is contained in Euclid. 

Abbreviations and other symbols are used throughout, 
with the exception of the first fifteen propositions, and 
great clearness is obtained in the propositions and 
problems by making the construction lines thin, and also 
by printing the letters referring to the figures in a larger 
and more conspicuous type. 

At the end of Book I. a series of examples is given on 
the propositions in it, and a short chapter on plane loci is 
.added. This book will be especially instructive to 
beginners, the author having smoothed the path for 
those who wish to acquire facility in solving geometrical 
questions. 

Camping Voyages on German Rivers. By Arthur A. 
Macdonell. (London: Edward Stanford, 1890.) 

In this book Mr. Macdonell gives an account of boating 
expeditions on German rivers. Some of the streams he 
describes have already been dealt with in English book& 
but he may fairly claim that no previous work of the kind 
is so nearly comlI>lete as his own. Every German river — 
with the exception of the Lahn — ^which an Englishman 
would care to see, he has navigated ; and his experiences 
with regard to each are carefully recorded. We need 
scarcely say that for young and vigorous travellers there 
is no more delightful way of visiting a beautiful country. 

It not only pro^des them with healthy physical exercise, 
but takes them into the midst of enchanting scenery, and 
gives them opportunities of becoming intimately ac-* 
quaipted with interesting, towns and villages. Mr. Mac- 
doneilhas thoroughly appreciated the happiness which 
lias thus come in his way ; and in this booK he contrives 
to communicate to his readers a good deal of the pleasure 
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with which he recalls- his adventures, and depicts what he 
has seen. The work is based on notes taken down each 
day in the course of the various voyages, and to some ex- 
' tent this no doubt accounts for the brightness and fresh- 
ness of the narative. The value of the book is much 
increased by good maps, of which no fewer than twenty 
are given. 

Efpnng Forest. By E. N. Buxton. Third Edition. 

(London : Edward Stanford,, 1890.) 

We are glad to welcome a new edition of this excellent 
little Guide. Mr. Buxton says the idea of writing it oc- 
curred to him when he observed bow small a percentage 
of the summer visitors to Epping Forest ever ventured 
far from the point at which they were set down by train 
or vehicle. No one to whom this Guide is known will be 
content to go to Epping Forest without tryifig to see as 
much of it as can be conveniently visited. Mr. Buxton 
has Jived all his life in one or other of the Forest 
parishes, and knows exactly what parts of the subject 
are most worthy of being fblly dealt with. He knows 
also how to express concisely and clearly all that he 
wishes to say. For visitors who are interested in natural 
history he has added some chapters on “the different 
forms of life which they may expect to find in the course 
of their rambles.” 


LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications.'^ 

The “Barking Sands” of the Hawaiian Islands. 

About a year ago Nature printed my letter from Cairo 
giving a condensed account of an examination of the Mountain of 
the Bell {febel Nagous) on the Gulf of Suez, and of the acoustic 
phenomenon from which it is named. In continuation of my 
researches on sonorous sand, which are conducted jointly with 
Dr. Alexis A. Julien, of New York, I have now visited the so- 
called “ barking sands ” on the island of Kauai. These are 
mentioned in the works of several travellers (Bates, Frink, Bird, 
Nordhoff, and others), and have a world- wide fame as a natural 
curiosity ; but the printed accounts are rather meagre in details 
and show their authors to have been unacquainted with similar 
phenomena elsewhere. 

On the south coast of Kauai, in the district of Mana, sand- 
dunes attaining a height of over one hundred feet extend for a 
mile or more nearly parallel to the sea, and cover hundreds of 
acres with the water-worn and wind-blown fragments of shells 
and coral. The dunes are terminated on the west by bold cliffs 
{Pali) whose base is washed by the sea ; at the east end the 
range terminates in a dune more symmetrical in shape than the ' 
majority, having on the land side the appearance of a broadened 
truncated cone. The sands on the top and on the landward 
slope of this dune (being about 100 yards from the sea) poAess 
remarkable acoustic properties, likened to the bark of a dog. 
The dune has a maximum height of 108 feet, but the slope of 
sonorous sand is only 60 feet above the level field on which it is 
encroaching. At its steepest part, the angle being quite uni- 
formly 31*, the sand has a notable mobility when perfectly dry, 
and on disturbing its equilibrium, it rolls in wavelets down the 
incline, emitting at the same time a deep bass note of a treinu- 
lous character. My companion thought the sound raembled 
the hum of a buzz saw in a planing mill. A vibration is some- 
times perceived in the hands or feet of the person moving the 
sand. The magnitude of the sound is dependent upon the 
quantity of sand moved, and probably to a certain extent 
upon the temperature. The drier the sand the greater the tmount 
possessing mobility, and the louder the sound. At the time of 
my visit the sand was dry to the depth of four or five inches ; its 
temperature three inches beneath the surface was 8^* F., that of 
the air being 83* in the shikle (4.30 p.m.). 

When a iarge mass of sand was moved downward I heard the 
sound at a distance of 105 feet from the base, a light wind 
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blowing at right angles to the direction. On one occasion horses 
standing close to the base were disturbed by the rumbling sound. 
When the sand is clapped between the hands a slight hoot-like 
sound is heard ; but a louder sound is produced by confining it 
in a bag, dividing the contents into two parts and bringing, them 
together violently. This I had found to be the best way of 
testing sea-shore sand as to its sonorousness. The sand on the 
top ol the dune is wiad-furrowed| and generally coarser than that 
of the slope of 31*^, but this dso yielded a sound of unmislaljable 
character when so tested. A bag full of sand will preserve its 
power for some time, especially if not too frequently manipulated. 
A creeping vine with a blue or purple blossom (kolokolo) thrives 
on these dupes, and interrupts the sounding slope. 1 found the 
main slope 120 feet long at its base ; but the places not covered 
by this vine gave sounds at intervals 160 paces westward. At 
94 paces further the sand was non-sonorous. 

The native Hawaiians call this place Nohili^ a word of no 
specific me^pin^, and attribute the sound caused by the sand to 
the spirits of the dead, uhane^ who grumble at being disturbed ; 
sand-dunes being comimonly used for burial-places, especially in 
early times, as‘ Reached skeletons and well-preserved skblls at 
several places* abundantly show. 

Sand of similar properties is reported to occur at Haula^ about 
three miles esut of Koloa, Kauai ; this 1 did not visit, but, 
prompted by information communicated by the lion. Vladimar 
Knudsen, of Waiawa, I crossed the channel to the little-visited 
island of Niihau., On the western coast of this islet, at a place 
called Kaluakahua^ sonorous sand occurs on the land side of a 
dune about 100 feet high, and at several points for 600 to 800 feet 
along the coast. On the chief slope, 36 feet high, the sand has 
the sadne mobility, lies at the same angle, and gives when dis- 
turbed the same note as the sand of Kauai, but less strong, the 
slope being so much lower. This locality has been known to the 
residents m the island for many years, but has never been before 
announced in print. This range of dunes, driven before the high 
winds, is advancing southward, and has already covered the road 
formerly skirting the coast. 

The observations made at these places are of especial interest, 
because they confirm views already advanced by X)r. JulieP and 
myself with regard to the identity of the phenomena on sea- 
beaches and on hill-sides in arid regions {Jibel Nagotis^ 
Rig-i-Kawatt^ &c.). The sand of the Hawaiian Islands pos- 
sesses the acoustic properties of both classes of places ; it g*^^ 
out the same note as that of Jebel Nagous w'hea rolling down 
the slope, and it yields a peculiar hoot-like sound when struck 
together in a bag, like the sands of £tgg, of Manchester. (Mass.), 
and other sea-beaches — a property that the sand of Jebel Nagous 
does not possess. These Hawaiian sands also show how com* 
pletely independent of material is the acoustic quality, for they 
are wholly carbonate of lime, whereas sonorous sands of all 
other localities known to us (now over one hundred in number) 
are siliceous, being either pure silex or a mixture of the same 
' with silicates, as feldspar. 

The theory proposed by Dr. Julien and myself to explain 
the sonorousness has 'been editorially noticed in Nature, 
but may properly be briefly stated in this connection. We 
believe the sonorousness in sands of sea-beaches and of deserts 
to be connected with thin pellicles or films of air, or of gases 
. thence derived, deposited and condensed upon the surface of 
the sand grains during gradual evaporation after wetting by the 
sets, lakes, or rains. By virtue of these films the sand grains 
become separated by elastic cushions of condensed gases, capable 
of considerable vibration, and whose thickness we have ap- 
proximately determined. The extent of the vibrations, and the 
volume and pitch of the sounds thereby produced iH’ter any quick 
disturbance of the sand, we also find to be largely dependent 
upon the forms, structures, and surfaces of the sand grains, and 
especially upon their purity, or freedom from fine silt or dost 
(Proceedings Am. Assoc. Adv, Sci., 38, 1889). 

1 should be lacking in courtesy if 1 closed this letter without 
expressing my great obligations to Mr. H. P. Faye, of Mana, 
and to Mr. Geo. S. Gay, of Niihau, for both a generous 
hospitality and a sympathetic assistance in carrying out my 
investigations. H. Carrington Bolton. 

Honolulu, II. I., May 26. 


* Relative Growth of ^oyB and Qirla. 

A. ‘*note " in Nature of August 14 (p. 376) referring toaome 
. measqrements made by .Herren Geialer and Ulitzsch on school 
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children at Freiberg (Saxon), speaks of the fact that between the 
ages of II and 16 years girls are taller than boys as if it had not 
been previously observed and recorded. The fact has been well 
known for many years, and was first observed by Dr. Bowditcb, 
of Harvard. In a private letter to me dated March 13, 1876, 
Dr. Bowditch wrote : — A comparison of the rates of growth of 
boys and girls shows that in this community girls about 13 years 
of age are tallsr and heavier than boys of the same age, and I 
wish to see how far this is the case in other countries. Quetelet’s 
observations seem to show that it is not the case in Belgium, but 
some English observations quoted by him indicate that among 
certain classes of the population in England the same thing is 
found.” Again, on June 10, 1876, he wrote : — “ I am exceedingly 
obliged to you for your letter of April 27, and for the statistics 
which it contains. It is very interesting to get a confirmation of 
niy observation on the difference between the two sexes about 
13 years of age. I shall endeavour to verify your conjecture as 
to the cause of it. . . .You refer to Quetefel’s measurements as 
being based on only ten observations for each age. Do you 
understand that the elaborate tables given in his * Anthro- 
pometric,* p. 417, rest entirely on this small number of ob- 
servations?** In his paper on “The Growth of Children,** 
published the following year (1877), Prof. Bowditch demonstrated 
the fact by both tables and diagrams ; and in my “ Manual of 
Anthropometry'* (1878), and in the Reports of the Anthropo- 
metric Committee of the British Association (1880-83), I have 
given similar evidence of the difference of the sexes in this 
Country. The English tables published by Quetelet mentioned 
by Dr. Bowditch refer to factory children, ana were collected by 
Stan way, and published in a Report of the Factory Commission 
so long ago as 1833. Quetelet makes his curves of growth of 
boys and girjs meet at the age of 12 years, but at all other ages 
the girls are shorter than the boys, but his ten observations (on 
selected individuals?) at each age were not sufficient to bring out 
the true difference. The only novelty in the German observa- 
tions is that the boys do not “ catch up ** the girls quite so early 
as they do in England and Acberica. Thi^ point, however, can 
only be decided by a comparison of the actual measurements of 
the German with those of the English and American children. 

Curzon Street, Mayfair, August i6. Charles Rouekts. 


The Perseid Meteors. 

As I merely expressed a wish that the Perseid shower should 
be closely watched on the present occasion, in order to ascertain 
whether the apparent shifting of the radiant was not really due 
to other causes, I do not think I need enter into any controversy 
with Mr. Denning on the subject. I will therefore only say 
that I think bis “Catalogue of Radiants, " recently published by 
the Royal Astronomical Society (the most valuable catalogue 1 
think which has vet appeared), seems to me susceptible (as re- 
gards the Perseids) of a different interpretation from that which 
he places on it in his preliminary remarks. 

Dublin, August 8. W. H. S. Monck. 


In reply to Mr. Monck 1 need only say that I desired no 
controversy on this subject, but simply to uphold one of the 
most conclusive facts of my meteoric observations. I arranged 
my radiants with the utmost care, and on the basis of a practical 
acquaintance with the facts,; and if Mr. Monck considers my 
results in regard to the Perseids will bear another interpretation, 
I must be content to wait for the corroboration which future 
observers will certainly give. ^ 

It is singular that so important a feature as the shifting radiant 
of the Perseids (which I first announced in Nature, vol. xvi. 
p. 362) has not yet been adequately investigated. Mr. D. 
Booths of Leeds, has, however, effected some observations in 
recent years (and especially in August 1887), and his results 
confirm my own. W. F. Denning. 

Bristol. 

The Belipae of Thalee. 

Mr. Page, the author of a work entitled “New Light 
from Old Eclipses,** which was noticed in Nature last 
April, has forwarded the following communication on the 
subject of the eclipse of Thales. The views which Mr. Page 
entertains on the subject of these ancient eclipses are not those 
generally accepted; but he > believes a crucial test of the 
superiority of his system is afforded by this particular eclipse > 
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and the author of the notice referred to is therefore invited to 
furnish a parallel' calculation, based upon the theories which 
have hitherto received general support. This invitation the 
writer must decline, simply because two far abler hands than 
his have already investigated this problem on the lines which 
he would have pursued; and he could add nothing to the 
authority that accompanies the utterances of Dr. J. R. Hind, 
the Superintendent of the English Nautical Almanac,*’ and 
Prof. Simon Newcomb, the Superintendent of the American. 

The following is Mr. Page’s communication : — 

** Herodotus speaks of the eclipse of Thales as follows : — * A 
war commenced between the I.ydiansand theMedes, . . . which 
continued 6ve years ; and it is remarkable that one of their en- 
gagements took place in the night. In the sixth year, when 
they were carrying on the war with nearly equal success, on the 
occasion of an engagement, it happened that in the heat of 
battle day was suddenly turned into night ’ (Herodotus, b. i. , s. 74). 

** This battle was fought on the morning of the (Julian^ July 8, 
or 9 days after the solstice ; conseauently in the time ot longest 
days and hottest weather. It would seem from the above account 
that it commenced in the night, and iwas not ended until the 
time of the eclipse, or 5.24 a.m. ; when the armies ceased 
fighting on account of their fears. 

‘‘From Ptolemy’s canon we deam that Cyaxares, King of 
Media, began to reign B.C. 634, and reigned 40 years, during m of 
which the Scythians ruled over Asia. In B.C. 606 the Scythian 
power was broken, and the Medes and Babylonians conquered 
Assyria. Soon afterwards (f.^. in B.C. 603) that war broke oig 
between Lydia ai^ Media which was terminated by mutual fears 
of this eclipse. As the King of Media reigned 40 years from 
n. c. 634, he must have died B. c. 594, which is the latest date 
that can he fixed for the eclipse ; and as he was 28 years subject 
to the Scythians, he must have reigned 12 years after the defeat 
of the Scythians in B.C. 606 ; and as his war with the Lydians 
could not have taken place for several years after this, and as the 
eclipse was in the sixth year of the war, the date of the eclipse 
cannot possibly be placed earlier than B.c. 600: consequently 
we are compelled to look for it some time between B.c. 600 and 
B.C. 594.” 

Appended to this communication is a calculation by Mr. 
Page of the time of new moon in B.c. 597. This calculation is 
founded upon Ferguson’s tables, to which some corrections 
have been applied by the computer. The calculation cannot 
be given here in detail ; but the result toi which Mr. Page 
is led is July 8, 5 h. 24m. I is., as that at which the so-called 
eclipse of Thales occurred. This date differs some twelve years 
from that which has been assigned by the two authorities just 
mentioned, viz. B.c. 585 — a date, too, which accords with that 
mentioned by Pliny, reckoned by Olympiads. But those who 
find Mr. Page's arguments sufficient will agree with him ; my 
regret is rather that he has chosen to build his theory on 
absolute tables, and to ignore all that the ablest astronomers 
and mathematicians have recently been able to accomplish in 
this direction. William E. Plummer. 


The Rotation of Mercury. 

In your issue for January i6(xli.p. 257), Schiaparelli*® observa- 
tions on the planet Mercury are stated to lead that astronomer to 
the conclusion that •‘Mercury revolves around the sun in the 
same manner that the moon revolves round the earth,, always 
presenting to it the same hemisphere.” 

Permit me to recall the fact that, as a matter of deductive 
reasoning, I recorded this opinion in 1883 ; “ The powerful 
tidal action experienced by* Mercury has greatly retarded its 
primitive axial motion, and increased its distance from the sun. 
No surprise would-be occasioned^ by the proof that the planet 
has already attained to synchronistic motions” (“World- Life,” 
p. 425). This opinion was accompanied by calculations of the 
solar tidal efficiency on Mercury. 

• Alexander Winchell. 

Ann Arbor, Michigan, U.S.A., August 4.. 


Wet and Dry Bulb Thermometers. 

It may, perhaps, interest you to know that on Friday last the 
difference ^tween the wet and dry bulb thermometers, on 
board this ship in Grimsby roads, amounted to 12}”; the dry 
bulb showing 66 % and theiwet bulb 53**5. Wind ^yest force, 
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7 to 8 by Beaufort s scale.. This is the greatest difference I have • 
recorded in this country for ten years. T. H. Tizard. . 

H.M.S. Triton, Grimsby. August 17, 


Experiment in Subjective Colours. 

The following experiment does not seem to be widely known : 
it is not easy to make a clear explanation of the lenses. 

Take a number of the Graphic and a piece of thin paper, . 
which, if put upon the ordinary jirint, allows it to be seen' 
through, as black. Now put the paper over some of the laree 
black letters on the apple-green outer cover : seen through the 
paper, they appear as bright red. W. B. Croft. 

Winchester College, August 18. 


THE SCIENCE AND ART MUSEUM,*DUBLIN 
AND THE NATIONAL LIBRARY OF 
. IRELAND. 

I N the year 1877 the Natural History Museum and the 
Library of the Royal Dublin Society, which, though 
mainly supported for many years by Parliamentary grants, 
had been directly managed by the Society, were, by Act of 
Parliament, transferred to the Science and Art Depart* 
ment, a large sum of money having been at the same 
time paid by Government to the Society for ceding its' 
rights and property. 

Soon afterwards steps were taken by the Science and 
Art Department for providing suitable accommodation 
for an art and industrial addition to the Museum. Into 
a consideration of the various causes which delayed the 
carrying out of this project we need not enter here ; they 
will be found described in the Reports of the Science and 
Art Department. 

At length, in 1884, a hnal competition between rival 
architects’ designs for the new buildings was arrived at, 
and those b/ Messrs. Deane and Son, of Dublin, were 
ehosen by the representative committee, which was 
specially appointed for the purpose of selection. 

The sites for these buildings, which were adopted after 
much discussion, are at right angles to Leinster Houseon 
its Kildare Street or western side. The faqades of both 
buildings, which face one another, are about 200 feet long, 
and are similar, consisting of two rotundas with colon- 
nades, and pavilions at the sides. In the centre of the 
Museum building is a large court about 125 feet by 75 
feet. Opening from it there are in all 24 galleries or 
rooms, which are devoted to exhibiting purposes. 

The foundations were laid by His Royal Highness the 
Prince of Wales on April 10, 1885, the cereinony con- 
nected therewith being the most important presided over 
by His Royal Highness during his last visit to Ireland. 

The tender for the erection of the buildings by Messrs. 
Beckett Brothers, of Dublin, was accepted on November 3, 
and by the 17th operations had commenced. In four years, 
or by November 1889, the Museum building was com- 
plete, and was handed over to the Science and Art De- 
partment, and the transfer to the new galleries of the 
collections yhich had accumulated in the temporary pre- 
mises during twelve years was at once proceeded with. 

It was not until June of the present year that the sister 
building, for the reception of the National Library of 
Ireland, was completed. During the month of July the 
tranter of the books, consisting of about 100,000 volumes, 
from the old Library in Leinster House, has been satisfac- 
torily accomplished.' 

Both institutions are about to be opened on the 29th of 
the present month by His Excellency the Lord-Lieutenant, 
after which, they will continue to remain open, and free to 
the public. 

It may be of interest to add some detaiU -as to the 
principal contents and i^stem of arrangement . in the two 
'.nstitutions respectively. In order to describe the Museum 
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effectively, it is necessary to include here an account of 
the collections in the Natural History Department, which, 
however, remain in their old quarters — a very suitable 
building on Leinster Lawn. It has for a pendant a 
similar building, the National Gallery of Painting, which 
is, however, under different management. The relative 
positions of the five buildings may be compared to a 
capital in which the cross bar represents Leinster 
House, and the other portions of the letter the four 
buildings which have been referred to, with Leinster 
Lawn and the courtyard ot Leinster House between them. 
Close by there is another group of buildings, which con- 
tains the class-rooms of the Metropolitan School of Art. 

Leinster House, which is comparable in a sense to Bur- 
lington House, affords accommodation to the officers of 
the Science and Art Department in administrative charge 
of the variqps institutions, and also to the Royal Dublin 
Society, which, since it has been relieved of its mange- 
ment of the several institutions, has considerably developed 
its various functions in science and agriculture ; for the 
due carrying out of. the latter it has provided itself with 
extensive show yards at Ball’s Bridge in the suburbs of 
Dublin, where the cattle shows, &c., have acquired an 
importance and success never attained while they con- 
tinued to be held in the City premises. 

The Society is possessed, moreover, of a large private 
library, and its members enjoy various privileges, such as 
the use of a general reading-room, free admission to 
meetirigs, lectures, &c. The Society has recently entered 
upon several new lines for the development and encourage- 
ment of the arts and industries of Ireland. 

Returning to the Museum — the building which contains 
the natural history collection consists of two large rooms 
or halls, one on the basement and the other on the first 
floor, the latter having two galleries. The basement room 
contains the sjrstematic collections of fish, reptiles, a 
number of large recent and fossil skeletons, and groups 
illustrative of the geographical distribution 6f animals. 

In the lobby of the first-floor room there is a special 
collection of the mammals of Great Britain and Ireland, 
and in the room itself the main systematic collection of 
mammals is arranged in a row of large central cases, and 
the invertebrate collections in table and wall cases at the 
sides. As in some of the other groups, there are special 
collections of Irish invertebrates. 

The first gallery contains a general collection of stuffed 
birds, and a special collection of Irish birds. In the 
second gallery there are general collections of insects, 
and of birds’ nests and eggs. A room off this galley 
contains a large collection of birds’ skins arranged in 
glazed drawers, for study. Besides the above, there are 
considerable collections of invertebrates — esj^cially of 
insects — in the curators’ rooms. 

A large annex, which was formerly occupied tempor- 
arily by a portion of the art collections, has been made 
use of for the display of the palaeontological collections, 
which are of some extent and importance. The specimens 
of plant and animal fossils are for the most part arranged 
systematically ; they include large numbers of fossils 
from the Sivalik Hills in India, and many ^well-known 
casts of generalized types of animals. The special col- 
lections, not incorporated, include an extensive one of 
Irish mammals. Sir Richard Griffith’s collection of Irish 
Carboniferous and Silurian fossils, and several collections 
of Arctic fossils made by Sir F. Leopold McClintock and 
others. 

From this annex a passage affords access to the new 
building which is about to m opened. In the first tjvo 
rooms the collections of fossils, rocks, and minerals, which 
have been ipade by the Geolo^cal Survey of Ireland, are 
exhibited. In an adjoining room there is the general 
Museum xft>llection of minerals^ with a small one of 
meteorites. The next room is devoted to a large relief 
map of Ireland, coloured geologically. It is on the 
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horizontal scale of one inch to a mile, the vertical scale, 
as is usual, being considerably exaggerated. In this room 
there are also a number of photographs representing 
natural phenomena, including some large transparencies 
which were presented by the United States Government. 
The corresponding rooms on the other side of the building 
are devoted respectively to (i) Greece and Rome; (2) 
Egypt and Assyria ; (3) Ethnography, a very extensive 
and important collection ; (4) Musical instruments ; (5) 
India and Persia. 

The Central Court, from which these rooms open off, is 
devoted mainly to casts of antique and mediaeval sculp- 
tures, and to a large number of models of statues and 
busts by the late J. H. Foley. Close by is the rotunda, 
a hall which has been compared to Napoleon’s tomb. It 
contains casts of antique sculptures, and in the centre a 
group of three bronze guns, with their carriages, &c., 
which were taken at Sobraon and Maharajpur, and pre- 
sented to Lord Gough by the Honourable East India 
Company. 

Ascending to the first floor, we meet in succession 
rooms devoted to (i) textiles (lace and embroidery) ; 
(2) wood carving ; (3) glass and ceramics ; (4) furniture ; 
(5) casts of ivories and metal-work ; and on the opposite 
side (i) woven materials, models of looms, &c. ; (2, 
ifidustrial models ; (3) and (4) rooms intended for 

the famous collections of Irish antiquities made by the 
Royal Irish Academy ; and (5) arms and armour. The 
gallery of the Central Court contains a number of casts 
of Celtic antiquities, a large collection of metal-work, 
and electrotypes, besides many other objects of con- 
siderable interest. In the gallery of the rotunda there 
are a number of casts of modern sculptures, &c. 

On the south side of the building there is a second 
floor containing four rooms ; these have been allotted to 
the Herbarium and Botanical Museum, the collections 
included in which are considerable, having been brought 
together from many different quarters. They have not 
yet, however, been arranged for public inspection. The 
various collections of Cryptogams are, perhaps, the rnost 
valuable. There are also several well-known collections 


of Irish plants. 

It will be seen from the above sketch that this Museum 
covers a very wide field. This will be still further appa- 
rent from a study of the general “ Guide ” which is about 
to be issued. 

There are some special features in the arrangement of 
the specimens which may be touched upon briefly. The 
objects in the Museum are largely provided with fully 
descriptive labels and maps. In the mounting of the 
specimens many novel devices- have been made use of, 
and some ingenious contrivances have been founded upon 
inventions which, though used in American museums, 
have not hitherto been adopted in Europe. 

The Museum is open free to the public daily, Sunday 
and two week-day evenings being included. The daily 
avcragoattendance is about 600, and there is every reason 
for believing that the institution, which is now about to be 
fairly launched on its more extended career, will become 
increaiungly popular and increasingly instructive to the 
people of Ireland. 

Tne National Library is being arranged in its new 
quarters, upon principles which have* been for many 
years the subject of earnest consideration and study by 
the librarian, Mr. William Archer, F.R.S. 

The principal public reading-room is a very handsome 
apartment, capable of accommodating 200 readers. With 
the exception of a few works of reference, such as 
dictionaries, &c., the books are all arranged in stores, 
which are .close at hand, in one of the wings of the 
building. These stores f^re in five stories, which are 
connected by ordinary (not spiral) stairs of low gradient,, 
and the books are arranged on free standing presses, 
within easy reach of hand and eye ; thus no ladders are 
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required, and no wall presses are used. Although the 
ultimate potential storage capacity of the building when 
complete may be extended to 600,000 volumes, at present 
only about 100,000 have to be provided for. 

The arrangement of the books is according to a modi- 
fication of the decimal system of Mr. Dewey, of the State 
Library of New York. It is claimed for this system that 
it brings together on the shelves all works of cognate 
character, be they general or specific. 

Within the space available here it is not possible to 
fully illustrate this system, but a few lines may be devoted 
to explaining the general principles of the method. The 
whole Library must be regarded as being divided into nine 
libraries, numbered as follows: (i) Philosophy, (2) Religion, 
&c., (5) Natural Science, and up to (9) History. Each of 
these is again divisible, if necessary, into nine parts. 

Thus the number 54 represents the 4th division 
(Chemistry) of the 5th class (Natural Science) ; 541 
represents Theoretical Chemistry, and 5412 represents 
the 2nd division (Atomic Theory) of Theoretical Che- 
mistry. 

Every book as it is received in the Library will receive 
a number, which will at the same time indicate its place 
on the shelves, and be a summary of its contents. 

When he receives the title from a reader, the attendant 
will, after a little practice, be able to go directly and withouf 
reference to theiplace marks, to the exact shelf or quarter 
of the stores by simply translating the title into its 
corresponding number. 

One advantage of the system is that the special works 
contained in the Library on a given subject can always be 
seen together at a glance. It is needless to point out 
that the complex character of many books will furnish 
complex exceptions to the more simple nomenclature. 

The Library, as an all-round, modern, working student’s 
library in science and literature, is a very valuable one, 
though it is not at present so in the sense that it contains 
any particular literary treasures. 

The administration of these several institutions, to- 
gether with the Botanic Gardens at Glasnevin, and the 
Metropolitan School of Art, is carried on by the Science 
and Art Department, which is represented locally by the 
Director of the Science and Art Museum, under whom 
there are heads of the several departments and institu- 
tions. Two local bodies were created in 1877 to aid the 
Department in the supervision of these institutions, one 
the Board of Visitors of the Museum and Botanic Gardens, 
and the other the Council of Trustees of the National 
Library, the functions of the latter including the selection 
of books for the Library. 

The total cost of the several institutions is provided 
in the annual estimates of the Science and Art Depart- 
ment which are voted by Parliament. 


COMPARISON OF THE SPECTRA OF NEBULAE 
AND STARS OF GROUPS /. AND II. WITH 
THOSE OF COMETS AND A URORMI 

II. 

•General Comparisons. 

I N the preceding article I showed that the spectra of 
nebulae, aurorae, bright-line stars, and stars of Group 
11 . are closelv related to the spectra of comets. In the 
table which follows, all the spectra are brought together 
and compared. It is not sufficient, to show that each group 
resembles comets in some respects, as each one might 
have some feature which was absent in the other. I 
therefore give the following table to show how far they 
resemble each other. In me last column the dark bands 

^ Continued from p. 345. 
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which are simply due to absence of radiation, and are 
not really abso^tion-bands, are omitted. 


Nebulae. 

Aurora. 

Comets. 

Brif^ht-Unc 

Stars. 

Stars with Mixed 
Flutings. 

4101 

411 


4101 

mmmm 

— 

426 

[426] 

— 

— 

— 

431 

43* 

— 

449 (bright space) 

434 

447 

435 


• 434 


_ 

468-474 

461-451 bright 

468-474 

474-478 

468-474 

472-476 bright 

479 

482 

483 

— 

— 

486 

486 

486 

486 

— 

4958 

— 

— 

4958-486 bright 

500 

500 

500 

— 

502-^^959 dark 

509 

— 

" 

507 

— 

5*7 

S17 

5*7 

5*7 

516-502 bright 

—A 

5*9 

5*9 

— 

— 

520 

522 

521 

— 

522-516 dark 

— 

— 

— 

— 

524-527 dark 

527 

— 

[527] 

527 

— 

— 

53 * 

— 

— 


— 

535 

— 

— 

— 

— 

539 

546 

540 

— 

546 

545 

— 

544-55* dark 

554 

— 

— 

578 

— 

559 

558 

558 

561 

564 

559-564 ^rk 



564 

— 

— 

— 

568 

568 

— 

— 

— 

[5793 

579 

— 

— . 

«... 


— 

585-594 dark 

5872 (D3) 

— 

[5^9] 

5872 

— 


— 

589 

— 

— . 

606 

_ 

— 

_ 

— 

620 

[6*5] 

— 

616-630 dark 


,630 


635 



It will be seen that there are three flutings which run 
through the five columns, namely, 468-474, 517, and 558 — 
these are due to carbon and manganese, and are the 
familiar cometary bands ; four more — hydrogen 486, mag- 
nesium 500, magnesium 521, and lead 546 — occur in four 
out of the five columns. Out of the thirty-four lines or 
flutings given, there are nineteen which occur in less than 
three columns, but this number is greatly reduced when 
slight differences of temperature, masking effects, and the 
exceptional conditions of comets are taken into account. 

It is now universally agreed that comets are swarms of 
meteorites, and the tables which I have given show that 
nebulae, bright-line stars, stars with mixed^ flutings, and 
the aurora, have spectra closely resembling those of 
comets, the special features of which are the carbon 
bands, to which I have recently added the absorption 
bands of manganese and lead ; all are therefore pi;obably 
meteoritic phenomena. ^ • 

The following is a list of the bodies which contain 
either one or both of the carbon flutings near 517 and 
468-474, the latter being a group of flutings, which, as I 
have befori shown (Roy. Soc. Proc., yol. 35, p. 167), 
sometimes has its point of maximum brightness shifted 
from 474 to 468. Tae fluting near 564 has been omitted 
from the table, as it is generally masked, either by con- 
tinuous spectrum or by the superposition of the fluting of 
manganese near 558. The wave-lengths given are as 
measured by the various observers stated. 

The spectrum of the aurora is added for the sake of 
completeness. 

It will be seen from the table that the record of the 
presence of carbon is unbroken from a plandt^ nebula 
through stars with bright lines to those resembling a Her- 
culis, i.e, entirely thrdbgh Groups 1 . and II, of my 
classification. 
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Name. 

Fluting 468-474. 

Fluting 517. 

Reference. 

Planetary nebula 

469*4 (Copeland) . . . 

— * 

Copernicus, vol. l, p. 2. 

Nebula in Orion 

470 (Taylor) 

— — 

Monthly Notices, vol. 49, P. 126. 

Botbk. Beob., Leipzig, Hen i, 1872, p. 57. 

99 99 f» 

Nebula, Gen. Cat., No. 4373 - 

ff ff f 9 4 ^ 34 ' 

■M. ■ - 

518 (VogeU 

5 lHVogef) 

*» 9 f »f *p 439 ®* 



518 (Vogel) 

99 99 99 P* S®* 

Nebula in Andromeda . . . 

468-474 (Fowler) . . 

517 (Fowler) 

Roy. Soc. Proc., vol. 45, p. 216. 

99 99 ... 

— . 

517 (Taylor) 

Monthly Notices, vol. 49, 126. 

7 Argils 

468 (Ellery) 

— 

Observatory, vol. 2, p. 418. 

99 • 

464*6 (Copeland) • . . 

— 

Copernicus, vol. 3, p. 205. 

Arg.-Oeltzen, 17681 .... 

461-470 (V(^el) . . . 


Astro- Pbys. Obs. zu Potsdam, vol. 4, No. 
14, p. 16. 

>9 99 • • . . 

473 (Pickering) . . . 

_ 

Astr. Nachr., No. 2376. 

Lalande, 13412 

469 (Vt^el) 

mmmm mmmm 

Astro-Phys. Obs. zu Potsdam, vol. 4, No. 
149 P* * 7 * 

1st Cygnus 

470 (Wolf and Rayet) . 

— . 

Comptes rendos, vol. 6$, p. 292, 

99 e* 

465-470 (Vogel) * . . 

' — ■ 

Astro-Phys. Obs. zu Potsdam, vol. 4, No. 
14 , p. 17 - 

*9 

468-474 (Fowler) . . . 

517 (Fowler) 

New observations. 

2nd Cygnus 

470 (Wolf and Rayet) . 

Comptes rendus, vol. 65 (1867), p. 292. 

99 

464 (Vogel) middle of 
band . 

— " 

Astro-Phys. Obs. zu Potsdam, vol. 4, No. 
14. P. * 7 - 

99 

468-474 (Fowler) . . . 

517 (Fowler) 

New observations. 

3rd Cygnus 

470 (Wolf and Rayet) . 

5*7 (Vogel) 

Comptes rendus, vol. 65 (1867), p. 292. 

99 

461-468 (Vogel) . . . 

Astro-Phys. Obs. zu Potsdam, vol. 4, No. 
14, p. 17. 

99 

468-474 (Fowler) . . . 

517 (FosA'er) 

New observations. 

7 Cassiopeiae 

— — 

517 (Sherman) 

Astr. Nachr., No. 269K' 


468-474 (Fowler) . . . 

517 (Fowler) 

New observations. 

0 Ceti* 

468-474 (Fowler) . . . 

517 (Lockyerand Fowler) . 

New observations. 

a Herculis ........ 

468-474 (Fowler) ... 

517 (Lockyer and Fowler) • 

New observations. 

a Orionis 

— — 

517 (Lockyer and Fowler) . 

New observations. 

Aurora 


— — 

Botbk. Beob., Leipzig, Heft I, 1872, p. ^3. 

99 

1 

474-478 (Vogel) • j 

517 (Backhouse) 

' Nature, vol. 7, p. 463. 


We have now to inquire into the previous work on this 
subject. 

Carbon in Stellar Spectra. * 

Secchi, in^ 1869, was the first to call attention to the 
possible existence of indications of carbon in stellar 
spectra in connection with stars of his types III. and IV.^ 
He even compared the spectrum of 1 52 Schjellerup with 
the carbon spectrum obtained from benzene. His micro- 
metric measures of the distances of the principal bands 
in the two spectra from the sodium line D gave great 
weight to his statement.^ 

But although .Secchi observed the coincidence of the 
edges of two dark bands in his types III. and IV., and 
remarked that the light-curve in one case faded towards 
the red, and in the other towards the violet end of the 
spectrum, he did not recognize that we were dealing with 
radiation in one case and absorption in the other. 

Indeed, Secchi regarded type IV. as presenting chiefly 
radiation phenomena, for later,’ when writing with 
respect to stars of this type he states : — 

Quelques-unes des raies noires et les plus importantes, 
cdfncident h trfes-peu-prfes avec celles du troisieme type ; 
cependant le spectre, dans son ensemble, se presente comme 
un spectre direct appartenant d un corps gazeuv, plut6t que 
comme un spectre d’absorption. Si on le consid^re comme 
un spectre d’absorption, on trouve qu’il pr^sente le carac- 
t^re des composes du charbon, tels ou’on les obtient en 
produisant une s6rie d’6tincelles ^lectriques dans un 
melange de vapeur de benzine et d’air atmosph^rique et 
dans I’arc voltaique entres les charbons.” 

From the foregoing, it is evident that Secchi had ob- 
served the coincidence of the flutings of carbon with the 
dark flutings in stars in his fourth type, but missed the 
significance of it altogether. 

' Atti dtlF Acad, dd Sueoi Lineei. xxv., 1873. 

’ These an^ />tiwr comparisons led Secchi to n ne let coadurionc i che 
nelle stcDe di 40 tipo vi e certo il carbonio jjn una combtnariona di debole 
tensiona^U’ Idrogeno, d eh: questa combinasionc esiste nello stcsso stato, o 
in altro prossimo anche in quello di 3° tipo.” 

’ ” LeSjle.l," vol. ii. p. 458. 
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Dr. Huggins, however, in a footnote to the first edition 
of Schellen’s “ Spectrum Analysis,” edited by him, gave 
an observation of his of the spectrum of 152 Schj., and a 
diagram of the spectrum of this star, which combated 
Secchi’s work. In his words : — 

** He compared the spectrum of the star, using 
a narrow slit, with the bright lines of sodium and 
carbon. The line marked D he found to be co- 
incident with that of sodium. The less refrangible 
boundary of the first of the three principal bright bands 
in the sj^ctrum of carbon is nearly coincident with the 
beginning of the first group of dark lines ; the second of 
the carbon bands is less refrangible than the . second 
group in the star ; the third band of the carbon spectrum 
falls on the bright space between the second and third 
group of dark lines in the spectrum of the star. The ab- 
sorption bands are therefore not due to carbon.” 

Vogel, in 1884, showed that Dr. Huggins’s observations 
were inaccurate ; that the bands really did coincide with 
I the carbon bands ; and that Secchi’s statement was per- 
' fectly correct with regard to this star (152 Schjellerup).' 

* ** Neben dem Spectrum det Natriums erschienen noch ganzschwach swei 
Banden des Alkohof«spectniiiiSt die vollkommen mit^den dunklen Banden des 
Stemspectrums tu cotncidiren schtciten. Der Anfang der ersten Bande de.s 
AlkohMapectmms wurde zu -f- 14' 37"*'gemesien. Auf den Anfang der 
zireiten Bande wurde wiederbolt der Faden gestelJt, und coincidirte jedesmnl 
der Faden so vollkommen als mOglich mit der Bande im Sternspectrum. 
Auch dlrecte Veigl^hungen awiscben Alkoholspectivm und Sternspectrum 
I konnten gemadit werded. da das Sternspectrum hell genug war und sich 
imnz gut von den das ganse Ocsichtsfela durchsetzenoen mattleuchtenden 
Banden dei AlkOhotspecmims abhob/* Following some measures made on 
une z, it ia noted Bel den Verglelchungen mu dem Natrium- und Alko- 
olspectmm wurde wiederbolt die iTeberzeu^ng gewonnen, dasseine Coinci- 
dens mit den Natrium-Linied. sowie mit d^ briden stflrksten Banden des 
KohlenwasieretoffeiMelnima im Spectrum der Flammen und des Starnes 
stattfand. Ich aetzie an diaoem Abiode da der Himmel besonders gunstig 
war, noch das stark zeretMUonde RotherAird'sche Prisma ein und aonnte 
damit wontgttent die beiden sOriuten Banden im Sternspectrum meseen und 
wiederum mtrch dbrecta VenrleidMing die absolute Coincldenz der hellsten 
Bande des K^hlenwasseratottipemrums mit einer Bande des Stemspectrums 
beobaehten/* In sutomiim up th# dbaervations of the spectrum of this star 
Prof Vogel remarked. ** V^ieioht man diese Beobachtungen mit den Seite 
14 angefuhrten des Kohlenwassefstoffes, so ergiebt aieh zweifellos das Vor- 
handensein von KohJenwassefStOff in der Atmosphftre des Stemes. Astro- 
physikalischen Observatoriums zu Potsdam/' No. 24,. p. 23, 1884. 
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Similar comparisons of the carbon spectrum with 
the spectra of other stars of the same type were made, 
and the coincidences led Vogel to the following final 
conclusion : 

“ Die charakteristischen Banden dieser Stemspectra 
scheinen durch die Absorption von Kohlenwasserstoffeif, 
die in der Atmosphare derbetreffenden Sterne vorhanden 
sind, hervorgebracht zu werden.” 

Quite recently, Mr. Maunder, in commenting upon the 
Rev. T. E. Espin’s admirable revision of Birmingham’s 

Red Star Catalogue,” wrote ; ^ “In the note on No. 364 
[152 Schjellerup], it should surely have been made clear 
that the difference between Secchi’s and Huggins’s account 
of its spectrum was due to the one having compared it 
with the spectrum of a hydrocarbon, and the other with 
that of carbonic oxide, and that the perfect accuracy of 
Huggins’s description has been abundantly confirmed, 
though, for the reason just given, he missed the re^ 
cognition of the absorption bands of the stellar spectrum 
as those of carbon.” 

Mr. Maunder here refers — I presume with authority — 
to a statement made by Dr. Huggins which I have not 
been able to trace. In the note already quoted, Dr. 
Huggins refers to the spectrum of carbon without giving 
any idea of the actual compound used for making the 
comparison, and I have not been able to find any subse-) 
quent statemen^which justifies Mr. Maunder’s remarks. 
F urther, it is not sufficient to simply state the compound 
used, as the spectrum obtained depends upon the condi- 
tions of experiment. It does not follow, therefore, that, 
even if carbonic oxide were employed, the spectrum ob- 
tained was not the so-called “hydrocarbon” spectrum. 

I fancy that now most workers are agreed that the band 
at 517 is a true carbon band, and obtainable, therefore, 
from any carbon compound. 

Dun^r, in 1884, discussed the evidence as to carbon 
absorption in stars of type IV.^ The mean wave-lengths, 
given by him for the bands in this group are compared 
with those found by Vogel in the following table : — 


Number of 


Dundr’s band. Wave-length. 

Mf* 

2 

621 

3 

604*8 

4 

589*8 

5 ••• 

576*0 

6 (beginning). • 

563*3 

7 •». 

55* 

6 (end) 

545 

8 ... 

528*3 

9 (beginning).. 

5 * 6*3 

9 (end) 

496 

10 (beginning).. 

4727 

10 (end) 

463 

End of spectrum 

437 


Vogel’s measures. 

MM 

Specirum begins 660 

Band 656 

Band 622 

Band 606*5 

Line in a band 5^9 '3 

End of the band S84'8 

Line ; 5757 

Line, beginning of a band 563 *i 

Line 55^ 

Line 544 

Group of lines 5^^ 

Line, beginning of a band 5 1 5 '9 
Line 5*3*2 

Beginning of a band ... 472*9 

Band 437 

Spectrum ends 430 


Dundr compared Vogel’s measures and his own with 
the following wave-lengths of the hydrocarbon bands 
said to be given by Hasseloerg : — s 


Beginning^! band 
End ,, ,, 
Beginning of band 
End „ 
Beginning of band \ 
End „ „ ^ 

Beginning of band 
End „ ,, 
Maximum 
Beginning of l)and 
End „ ,. 


MM- 

*6187 

594 

563*4 

.543 
( 5 * 6*4 

1507 

4737 

.467 

436*7 

/43**9 

1423 


ObsirvatPi^^ No. 264, July 2890. 


^ ** Sur Ics Etoilea k Spactrea da la TroKitoo CImm/* Stockholm, 2884. 
3 Ueber die Spectra der Cometen," pw ai.* 
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These values differ slightly from those measured by 
Hasselberg in 1880, and given in the work referred to by 
Dundr. 

From a comparison of the two sets of wave-lengths, 
those found in the spectrum of a body of type IV. and 
those given by Hasselberg, Dundr concluded that : — 

“ Les longueurs d’onde des bandes 6, 9 et 10 dans les 
spectres 1 11.^ sontdonc k considdrer comme identiques k 
celles des bandes 2, 3, et 4 dans le spectre de I’hydrogdne 
carbond. Mais aussi la longueur d’onde 437 .de la 
bande au violet, ok pour mon i^fracteur dtait la fin du 
spectre, et la longueur d’onde 430 de la fin du spectre 
visibly selon M. Vogel, sont d’accordavec les deux bandes 
violettes de I’hydrogdne carbond. On peut done rdgarder 
comme extrdmement probable que : 

bandes principales dans les spectres lll.b sont dues 
d I'absorption exercee par un contpose du carbon gut se 
trouve dans les atmospheres de cet btoiles” ^ 

It will be seen from the passage which I have given 
in a n6te that most of the discussion had turned on the 
coincidence between bright carbon bands seen in the 
laboratory and dark absorption bands seen in stellar 
spectra (type IV.). It is not a little curious to see 
Dundr, in the passage I have underlined, holding to a 
possible similarity between stellar and cometary structure 
based upon carbon radiating in one case and absorbing 
in the other. 

The next important advance was made_ by Dr. 
Copeland, who, in January 1886, in a communication to 
the Royal Astronomical Society on the spectrum of a new 
star in Orion, wrote as follows ; — ^ 

“ The spectrum is unmistakably of the third type, of 
which a Orionis is the brightest member. But in this 
star the bright bands are so strikingly developed that they 
form the most salient parts of the spectrum. Adopting 
this view an examination of the preceding numbers and 
the descriptions of the bands, &c., to which they refer, 
reveals the sttirtling fact that this spectrum is not so 
much a continuous one, interrupted by dark lines and 
dusky bands, as a not very luminous spectrum upon 
which a series of bright bands are superposed. One of 
the bright bands, that beginning with the ‘ very bright 
line,’ W.L. 516*2 m.m.m. is most readily identifiable as 


s Dundr, in his conclu«ioD$ as to the spectra of stars of Ciass III.^ 
wrote . , , . . 

•‘Si Ton passe ensuite h considdrer le ddveloppement ultdneur^ de 
Tdtoile, il csi dvident qu*h mesiu’c qu*elle se refroidit davantage, die parvient 
enhn h une temperature ou le carbone qui doit se trouver en abondance, 
soit dans son atmosphere soit sous une forme quelconque dans son photo- 
sphere, pcui se combiner avec i'dl6mcnt Thydrogfene ou un autre, qui 
ensemble avec le carbone donne origine au * Spectre de Swan.' A partir de 
cela, le spectre se inontre coupd par une large et faible bande h la longueur 
d’onde 516 mm< et par une autre encore plus pAlc h 473 mm., et les parties 
dll spccire au-delh de celle-ci sont irbs faibles. Mais peu h i>eu ces deu^ 
bandes gagnent en intensity, et en rocme temps la bande k 563 mm. se fait 
valoir, d^abord h peine visible, puU de plus en plus forte. A cette dpoime 
se d^veloppc la bande dtroite a 576 mm., et finalecnent les trois bandes 
principales sont presque dgales entre elles en intensitc, et on reconnait, 
dans le spectre, tous fes ddails caraetdristiques. Ce serait s'engager dans 
une discussion inutile si I'on voulait seulement exprimer une supposition $ur 
le moment ou les bandes secondatres dans le rouge et daM I'orange ffftlt 
Icur apparitioni aucun fait n’dtant connu qui pdt ctre citd h Tapput. 

“Ce qui ost sans doute trbs remarguabJe c est que dans les spectres IH.^ 
on n'aper^oit tra^'e de la bande carbonique h la longueur d'oride 618*7 mm. 
laqueiie cst si bi^lante dans les tubes de Plilcker conienant de I'hydrog&ne 
carbond. Ccci elt au resta en parfaite analogic avec ce qu*on voit dan< les 
spectres des com^tes qui doivent Icur apparence au m6me compose carbonique 
qui les spectres stellaires et it y a des analogies aussi pour les nnms 

bandes. Ainsi la bande h 563 mm. est sou vent bien faible mcme dans de bm- 
lar 
dai 


aSSwa, •WMwa. 


seulement un peu plus faible que la bande dans le vert ; niais. il fout 
souvenir qu’elle est sUude dans une partlc dejk tr8.s faible daps Ics species 
des dtoiles. Il cst done fort possible qu'un affaiblisscmcnt mediocre suffise 
pour rendre enti^ment imperceptible la lumi^re restante. // njr a done 
voir dafu c§ia uno divorsiU entre les comites et cesitoiies^ 
Quant aux bandes violettes, elles sont tr^s faibles dans les tubes de Plilcker 
mais fortes dans le spectre de la flamme de I'alcool. On en a vu uim trace 
dans les spectres des comktes les plus brillantes., Dans les dtoil^ 111 .^ trie 
brillantes et pas trop rouges, on a aussi une zone violetty Uquelle se 
termine, comme les metures momrent^ h la longueur dnnde 43^ wm. done k. 
la positiop de la secoode de ces nSmdes, et h la position de la prtmikrt il y a» 
dans les spectres'de ces dtoiles; une bande/' 

“ Monthly Notices vol. alvi., p. 112 
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the great hydro-carbon band seen in the spectrum of 
every comet that has been examined under favourable 
circumstances. This identification is strongly supported 
by the second bright line, 5137, which is also found both 
in hy^o-carbon and cometary spectra. It is, however, 
on bringing the spectra of the star and of the blue flame 
of a spirit-lamp at the same time into the field of the 
spectroscope that their exact agreement becomes most 
evident. For not only do they agree perfectly in wave- 
length and in beginning with two plainly distinguishable 
bright lines, but silso in the delicate gradations of light by 
which they similarly fade away towards the violet, thus 
forcing the extreme probability of a common origin upon 
the observer. 

“ But the presence of luminous lines does not rest on 
this single band, for the second cometary and hydro- 
carbon band which has its bright edge at W.L. 472*9 
(Hasselberg, ‘ Ueber die Spectra der Cometen’) is also 
found in the new star’s spectrum at W.L. 472*2. 

Of the three other luminous bands agreeing wi’ith the 
coal-gas spectrum, which were all measured at Dun Echt 
in that of comet 1881 two lie beyond the limit 

to which I have yet traced the spectrum of this star, 
and the third, failing between W.L. 563 and 534, in a 
bright and otherwise difficult part of the spectrum, has 
not made its possible presence evident. 

“ This leaves the origin of the brijght bands beginning 
at 542*8 and 494*4 an open question ; but excepting their 
geneial appearance, there is no reason why they should 
be due to the same substance as the great band at 516*2. 
On the other hand, the presence of the bright hydro- 
carbon bands in a spectrum of type III. removes any 
difficulty there may be in accepting Secchi’s conclusion 
that they appear in a reversed (dark) form in spectra of 
type IV.” 

Dr. Copeland also made determinations of the position 
of the bright bands in Nova Andromedse,^ and noted — 

*Mt seems probable that the three * bright’ bands, of 
wave-lengths 546*8, 514*0, and 489*2, are identical with 
the three brightest bands afterwards measured with the 
same apparatus in Mr. Gore’s Nova Orionis, of which 
the brightest parts were at wave-lengths 542*8, 516*2, and 
494*4. The trace of a condensation of light at W.L. 
471*6, seen on September 20, agrees well with the bright 
line in Nova Orionis at W.L. 472*2. . . . In conclusion, 
it seems worthy of remark that the spectrum described 
above is the same as that given by any ordinary hydro- 
carbon flame, burning so feebly that the spectrum of the 
blue base of the flame is just beginning to show through 
the continuous spectrum afforded by the white part of the 
flame.” 

Vogel made some observations of Nova Orionis,^ auid 
found that the wave-lengths of the absorption bands were 
the same as those of a Orionis and other stars of that 
group, the only difference being that the bright spaces 
were .more strongly marked. Dundr also noted* very 
bright parts in the green and blue, which he identified as 
the bright zones 516*8-503*2 and 495*8-484*3. With re- 
spect to these bright parts, he thought they may be partly 
due to the contrast with the very dark and lyoad bands. 

M. Ch. Tr^pied observed that the spectnim of Nova 
Orionis was like a Orionis and /3 Pegasi. He also re- 
marked : — ® 

“ Le 23 ddcembre, j’ai, pour la premiere fois, soup^onn^ 
I’existence de lignes brillantes dans le vert ; mais cette 
observation est un peu incertaine. On sait combien il est 
difficile de decider si les apparences de lignes ou de 
bandes brillantes, dans un spectre faible. sont vraiment 
celles qui caract^risent I’etat d’incandescence d’une 
mati&re giueuse, ou s’il faut les attribuer k un effet de 
contraste causd par le voisinage des bandes obscures.” 

• • 

* Cc/emicfis^ vol. iu p. 227. ^ MMthiy NoHcett vol. xlvii* p. 54. 

3 Astr. NacAr.. No. 2704. ^ Asir. NocAk^ No. 2707. 

5 Comptgs rgnduSf vol. cii. p. 4X9 x886. 
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M. Thollon observed the same Nova, and recorded — * 
Ce qui nous frappa tout d’abord fut I’^lat remarqu- 
able du rouge et surtout du vert, tandis que le Jaune dtait 
relativement sombre. Cette particularity nous sugg^ra 
d’abord I’id^e que nous nous trouvions en presence d’un 
Ipectre de bands brillantes, analogue k celui des comktes, 
mais bien plus compliquy. Les observations compara- 
tives faites sur a d’Orion nous confirmkrent dans cette 
idye. Cette ytoile, en effet, montre avec une parfaite 
yvidence un spectre continu conservant partout I’yclat qui 
lui est propre, et coupy par des bandes et raies obscures.” 

With the exception of Dr. Copeland, however, no 
observer confronted the spectrum of the Nova with that of 
carbon, or the identification dT the bright spaces with the 
carbon flutings would have been evident. 

A short time after Dr. Copeland had published his 
observations, Mr. Maunder challenged the assertion ^ that 
in the Nova **the spectrum is not so much a continuous 
one, interrupted by dark lines and dusky bands, as a not 
very luminous spectrum upon which a series of bright 
bands are superposed" The accuracy of the observations 
was not, however, doubted, nor was the importance of the 
view denied. 

The main objection urged by Mr. Maunder was that 
Dr. Copeland’s measures of the bright parts in Nova 
Orionis did not exactly agree with laboratory determina- 
tions of the wave-lengths of the hydro-carbon bands. He 
does not, however, make mention of the fact that there 
are two perfectly distinct sets of bands seen under different 
conditions. Nor does he refer to the ’’ laboratory work ” 
which has been relied on to show that they are not hydro- 
carbon bands at all. The mean of Dr. Copeland’s mea- 
sures of the bright line in the green, beginning a band, is 
516*2. The wave-length of the first carbon fluting of one 
series is given by Thaldn as 516*4, which, therefore, gives 
a difference of 0002 in the two determinations. The 
line measured by Dr. Copeland at 513*7 is said by Mr. 
Maunder scarcely to support his view, since the second 
maximum of the carbon fluting has a wave-length 512*8, 
and of the blue . carbon fluting it is noted, “ The third 
hydro-carbon band, that in the blue with wave-length for 
its less refrangible edge 473*7, is indeed not far from the 
bright space Dr. Copeland has observed at k 472*2, but 
the correspondence is certainly not very exact.” Since 
this criticism was made, however, it has been shown that 
at different temperatures the maximum of the blue carbon 
fluting may shin from 468 to 474, so that Dr. Copeland’s 
measures may represent the exact position of the band in 
the Nova. 

But it is evident that a vast difference must exist 
between the accuracy attainable in the observatory and 
in the laboratory. Dr. Copeland’s measures appear to 
give the smallest probable error in the determination of 
wave-lengths in such an object as Nova Orionis, yet he 
measured the brightest band once at 517*4 and on the 
following evening at 515*6, a difference of 0018. The 
difference of the observations inter se exceeds any of the 
differences between the bright parts 'measured by Dr. 
Copeland and the accepted wave-lengths of the carbon 
bands ; nevertheless Mr. Maunder says the observations 
are ** undoubtedly very accurate,” hence it cannot reason- 
ably be argued that the bright bands are not carbon 
because of a want of exact coincidence with those 
meastu-ed in the laboratory. 

Mr. Maunder also notes that **the second band in 
order of brightness in the hydro-carbon spectrum begins 
at X 563*4. This is certainly non-existent in spectra of 
the third type; a broad dark band — No. 4 in Dun^r’s 
nomenclature and my own, wave-length 564*2 to 559*2 — 
occupies the very place.” This contention, however, is no 
longer allowable, since the recent researches show that 
the carbon fluting of one series at 563*4 is masked by the 

‘ C^mpUs P9iMdu9^ vol. ciL p. 358^ z88& 

* MtmtAly R,A*S,, xlvi. p. 284. 
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absorption of the first manganese fluting at $57'^, and the 
same argument might be employed to abolish cartmn 
from many cometary spectra. 

My recent work has entirely justified Dr. Copeland’s 
■observations, and to him certainly belongs the credit of 
having established the existence of the carbon baifds 
bright in a new star. J. Norman Lockyer. 


OAT THE SOARING OF BIRDS. 

’^HE interesting problem of the soaring of birds, 
^ though repeatedly discussed, especially in Nature, 
has not yet found a satisfactory solution. This is the 
explanation I propose. 

Suppose that a bird soaring horizontally with a certain 
velocity enters a current of air cutting his own course 
rectangularly. The bird will be seized and partly borne 
by the wind. Instead of passing by calm the distance 
a to 6, he will advance from a to in the same space of 
time (see Fig. i ; the arrow e/ indicating the direction of 
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the wind, and the cross-lines the length-axis of the wing- 
area). The way a to c evidently being longer than a to 
the bird, on arriving at c, has a greater absolute velocity 
than if he had pursued, in a calm, his course a to 6. It is 
■equally evident that, if the initial velocity of the bird and 
the velocity of the wind are properljr adapted, the velocity 
of the bird at the point c can, in spite of the resistance of 
the air to his advancing, be greater than at a. If arriving 
at c the bird can turn against the wind ^ without consider- 
able loss of velocity, it is clear that he is able to continue 
his new course for a short space, before his velocity sinks 
to the initial velocity which he possessed at the point a. 
During this part of his course, the relative velocity of the 
bird (with relation to the air) is more than twice the 
absolute velocity of the ivind, supposing the initial 
velocity of the bird equal or superior to that of the 
wind. Let d be the point where the absolute velocity 
of the bird has sunk to the initial velocity. If the bird 
turns at d, so that his course crosses the direction of the 
wind at right angles, he is again ready to begin the same 
course as when starting from a. Thus, on the way ato c 
■the absolute velocity increases, on c to it diminishes as 
much. 

Let us now suppose the direction of the wing-plane 
unchanged : the course of the bird will no longer lie in 
the horizontal plane, but, from reasons now easily under- 
stood, a to c will gradually drop down to the earth, 
according as fhe relative velocity diminishes ; on the 
other hand, cto d will rise according to the increment of 
4he relative velocity. Which will be the greater, the 
sinking or the rising, depends on several circumstances, 
but principally on the force of the wind, the adaptation 
■of the wing-plane, the size and form of the bird and the 
corresponding proportions between the bearing, of the 
wings and the resistance of the air. This resistance is, 
■of course, in proportion to the weight, less to the 
advancing of large birds than to the advancing of small 

* It has lomr been acknowledged that some birds possess the power of 
changing their erection without any sensible loss of velocity* 
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birds. This is the reason why large and heavy birds are 
the best soarers. ' 

It results from this that a bird suitably built for the 
purpose can not only maintain the same level without 
working his wings, by a uniform and moderate wind, but 
also gain in height by adroit movements. 

It may perhaps be objected that, according to this 
scheme, the course of the bird will not be spiral, but 
run in figures of eights gradually moving in the direction 
of the wind or in continuous windings on the one or on 
the other side and partly vrith fhe wind (Fig. i). Indeed 
it is likely that the movements of the birds will often 
prove that they profit by this principle in manoeuvres the 
purpose of which has not yet been understood. 

The spiral soaring is still to be explained. I think we 
must suppose that commodiousness is the principal motive 
thereof. Let us fancy that a bird, having Required the 
necessary initial velocity, soars in a calm without working 
his wings, not in a ^ rectilinear course, but by suitable 
inclihations and turnings of the wings in circular courses. 
We know that, in order to perform this manceuvre, the 
bird drops the interior wing a little and raises the exterior 
wing just as much, so that the wing-plane, during this 
motion, forms a conic ring, the top of the cone pointing 
downwards. If the velocity did not diminish, the bird 
would be able to continue this course indefinitely, or he 
would rise or sink in a screw-formed course, according as 
the velocity should increase or diminish. By greater 
inclination of the wing-plane to the axis of the edne, the 
circles would become narrower ; by diminishing inclina- 
tion, they would become wider : both these motions are 
easily produced by minimal changes of the form of the 
wing-plane or of the place of the centre of gravity. Let 
us further suppose that the stratum in which the bird 
soars is continually moving in a certain direction. From 
the moment the course of the bird is perpendicular to the 
direction of the wind (point a in Fig. 2 ) till the moment 


a 
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it g^ows parallel with it (^), the bird obtains from the wind 
an addition to his absolute velocity (not considering the 
loss occasioned by the resistance of the air) and also an 
increment of velocity from the moment his course deviates 
from the direction of the wind ip') till the moment it 
grows perpendicular to it (r). From this moment again 
the absolute velocity gradually diminishes, till, at last, at 
the pointy^ it reaches its minimum. From this point (/), 
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a new circle begins identical with the fir^t one, if the 
absolute velocity in /is the same as that in a, which does 
not imply any impossibility, even including the resistance 
of the air to the advancing. It is, however, important 
that the increment of velocity during the course a-b~t\ 
is equal to its diminishing during the course c-e-f. 
Certainly the resistance of the air caused by the wind 
is greater during the latter part of the course than during 
the former, but the way is shorter in which this greater 
resistance is working. 

In which plane or in u^iich planes the different parts of 
the course will pass depends upon the initial velocity and 
upon the changes of the relative velocity of the bird ; 
naturally also upon the invariable quantities — the weight 
of the bird, the size and form of the wing- plane, so far 
as the latter has influence upon the resistance of the air 
to the advancing. Now in a and /the relative velocity is 
the same its the absolute or minimal velocity. In ^ the 
relative velocity is also the same as the absolute velocity, 
but in c they are both greater than in a and / as we have 
shown here above. Thus the relative velocity has in- 
creased during the course a-b-c. During the course <i to ^ 
no increment has occurred, on the contrary ; so much the 
faster has it increased during the course b to c. During the 
course c X.o e the relative velocity increases continually, 
and obtains near e its maximum ; whereas it gradually 
diminishes during the course e to / so as to equal the 
initial velocity. Suppose then that the relative velocity 
diminishes somewhat during the course a to b. This 
diminution, however, will be over-compensated during the 
course b to c, the relative velocity in c being greater than 
that in a. During the whole course c-e-f^ the relative 
velocity is greater than in a and / Surely the supporting 
power of the current of air on the wings depends upon 
the relative velocity. It increases with the relative 
velocity, if we suppose everything else to be unchanged, 
particuUrly the angle of inclination of the wing-plane. 
If, therefore, the initial velocity in <z by a certain pointing 
of the wing-plane is only just sufficient to maintain the 
bird at an unchanged level, the bird must, when describing 
the course a to b, gradually drop down. Even on the other 
side of b the sinking is continued until the relative 
velocity has increased so as to regain the same value as 
in a. From this point the course begins to rise and will 
continue rising until / for to this point the relative 
velocity is greater than in a. Under such circumstances 
we cannot be astonished if the part / of the course will 
be in a higher plane than the part a, even if the resistance 
of the air to the advancing is inflnitesimal. 

Should the initial velocity in a be greater than what is 
required to maintain the bird on the same level, the bird 
would already there have a rising course, and it might 
easily happen that no part of the course would be de- 
scending. However, the resistance of the air increases 
much faster than the relative velocity, and therefore the 
most available initial velocity will be different for different 
bii;fls and for different force of the wind. It is not as yet 
an easy matter to calculate the most favourable initial 
velocity to certain birds and to certain winds. But the 
discrepancies in the descriptions of the forms of the 
circles find, as may easily be seen, their exjilanation in 
supposing a different initial velocity. This is likely to be 
chosen differently by different birds, and may be different 
for the same bird according to different force of wind. 

I am convinced that' the bird always, even when 
soaring with the wind, has a greater velocity than the 
wind, and that thus during this part of the circle hi's 
speed is not hastened by the wind, but on the contrary he 
is here delayed, maybe less than in the other parts of the 
course. On the other hand, the velocity of the bird is 
augmented by the wind, as soon as the wind catches the 
bird fro^the side or obliquely from behind. This gain 
of veloci^ covers the loss caused by the resistance of the 
air to the advancing, end consequently allows, the bird tO 
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nmintain the necessary average velocity. It is less ob- 
vious, but_ nevertheless very likely, that the soaring bird, 
having gained the necessary velocity and having pointed 
his win^s suitably, can, without changing the form of his 
wings, incessantly continue the soaring, as long as the 
fdrce of the wind is unchanged. 

Mr. Peal’s^ explanation no doubt comes nearest the 
truth, when he compares the soaring bird to a kite. We 
may consider the bird a kite, but the string which 
connects him with the earth is not fixed at a point of the 
surface of the earth, but the point of fastening moves 
with the wind, though it may be slower than the wind. 
It is the difference of velocity between the motion of the 
fastening-point and that of the air which affords the 
necessary power for the support and the rising of the 
bird. Magnus Blix. 

Lund, Sweden. 


ELECTJiOLYSIS OF ANIMAL TISSUES. 

A PRELIMINARY account of part of the work was 
given in the Proc. Roy. Soc. Edin., t888, and a 
short description of later results at a meeting of the 
Physiological Society at Cambridge in March last. The 

J ull paper is being published in a volume of memoirs 
rom the physiological laboratory of the^Dwens College, 
Manchester. The chief results are here summarized. 

(1) The first part of the research was directed to 
answering two questions : (a) Is the conduction in animal 
tissues entiyely or chiefly electrolytic ? {b) IVhat are the 
electrolytes ? It is shown that by far the greatest part of 
the conduction at any rate is electrolytic, and that the 
best conductors by far are. the inorganic constituents of 
the tissues. Next to these, but at a great distance, come 
some of the nitrogenous metabolites. The proteids are 
exceedingly bad conductors. 

(2) The changes produced in simple proteid solutions 
were next investigated. It is shown that the proteids are 
affected not by primary electrolysis, but by the products 
of electrolysis of the salts. 

The effects vary to some extent with the current 
densit;^. In solutions of coagulable proteids alkali- 
albumin is formed at the cathode, and acid-albumin 
at the anode, some of the proteid b^ing coagulated at 
the latter. 

(3) The eflfects of electrolysis on isolated tissues and on 
some of the liquids of the animal body. 

. Striped Muscle . — Great changes were found in the 
microscopic appearance of the fibres. The nuclei be- 
came very prominent in those near the anode, with 
apparent coagulation of the sarcous substance, suggesting 
the action of a dilute acid. At the cathode the fibres 
were more homogeneous than before. The striation was 
impaired. Chemically, the same changes in the proteids 
were found as in simple {aroteid solutions, and a distinct 
effect on the distribution of the salts was made out, by 
estimating the ash in different parts of the muscle. 

Blood . — Entire defibrinated blood, blood serum, and 
pure haemoglobin solutions wqfe used. There was no 
indication that haemoglobin, or amy derivative of it, acts 
the part of an ion. At the anode the reaction becomes 
acid, and acid-haematin is formed, whicif remains partly 
in solution and is partly thrown down, the solution 
becoming' less deeply coloured/ When the current is 
strong or long continued the haelnatin suffers further 
change and is decolorised, apparently by the oxygen 
or chlorine set ftte. If a reducing agent is present at 
the anode, the hsemoglobin there is not affected by the 
electrolysis. At the cathode alkali-haematin is ulti- 
mately formed, although Us less definite spectrum does 
not show itself so soon as that of acid-heematin at the 
anode. .The proteids of the serum apd corpuscles are 

* Natvhv voKxxiit. p.'io. 
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partly coagulated at the positive pole. At the cathode 
they are partly changed into alkali>albumin. 

Bile and urine were taken as further examples of 
animal liquids. 

(4) The effect of electrolysis in the living body. 

Pithed frogs and anaesthetized rabbits were used. This 
part of the work is still incomplete. 

G. N. Stewart. 


LOBSTER CULTURE IN THE ISLE OF MULL. 

have been favoured with a circular, issued by 
* * Mr. George Brook, Lecturer on Embryology in 
the University of Edinburgh, and Mr. W. L. Calder- 
wood, late of the scientific staff of the Fishery Board 
for Scotland, expressive of an intentention to establish 
at Lochbuie a small marine laboratory. The pro- 
moters have set themselves to restore our shell fisheries 
to their former condition ; and a leading item in 
their programme is the proposal to construct a lobster 
pond, with suitable apparatus for hatching and rearing 
lobsters. The cost of the entire laboratory, with 
pond and plant, is estimated at 400, that of mainten- 
ance at ;^i5o per annum — exceedingly moderate sums, 
for which an^p.ppeal is made to the public. The con-e 
dition into whieh our lobster fisheries have lapsed is 
shown by the fact that a lobster ground in the far west of 
Ireland is worked by a South of England boat. Our 
import lobster trade is yearly increasing, and the fact 
that our markets are not home-stocked is discreditable 
in the extreme. The problem of artificial culture neces- 
sary for the purpose in view has many times been 
attacked by British naturalists. Saville Kent had it 
constantly in mind while officiating at our several aquaria ; 
he made it a primary object in his schemes for the estab- 
lishment of marine stations in Jersey and at Brighton, 
and he meanwhile attempted to raise interest in it in 
a paper read at the International Fisheries Exhibition 
held at South Kensington. All this notwithstanding, 
the matter has, with us, not yet passed beyond the ex- 
perimental stage, and we arc behind in the international 
race. At Lochbuie the conditions should be favour- 
able ; and as Mr. Brook, in the preparation of his Chal- 
lenger Report, has shown himself capable of perform- 
ing a difficult task under exceptional conditions, we have 
full confidence in his ability to carry out his project. The 
promoters of this scheme propose in other respects to 
pursue a course of scientific study of the marine fauna 
of the west coast of Scotland, but their chief aims are 
unmistakably economic. We sincerely hope that they 
will confine their attention to the one or the other branch, 
for nothing can be plainer than that the extraordinary 
successes which have placed the fishery work of our 
American cousins foremost in that of tne world, have 
been largely, if not wholly, due to their having kept pure 
science and economics scrupulously apart. The Lochbuie 
scheme is a modest though an ambitious one, and Messrs. 
Brook and Calderwood signify their intention of giving 
their services as superinMind^nts. Recent proceedings 
in Parliament have shown that there is disaffection on 
the Scottish Fishery Board ; and it would be an interest- 
ing circumstance should private . enterprise, which has 
done so much for science in Britain, solve the difficulty 
in hand, while the State-aided body fritters aw 4 y a hand- 
some endowment. 


THE FRENCH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 

T he nineteenth meeting of the French Association for 
the Advancement of Science opened at Limoges 
on the 7th inst. 
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After some remarks on the learned societies of Limoges,, 
and some references to Gay-Lussac, the inauguration of 
whose statue took place on the nth inst. Prof. A. Cornu^ 
the President of the Association for the year, delivered R 
discourse on the part played by physics in the progress Of 
the sciences. It is impossible in the space at our dis- 
posal to do justice to this interesting address, but the 
following will give an idea of its character. 

Beginning with chemistry, Prof. Cornu pointed out 
that the introduction and use of the chemical balance by 
Richter, Wenzel, Dalton, and Lavoisier led to the substi- 
tution of the laws of multiple and equivalent proportions, 
and the indestructibility of matter, for the vague hypo- 
theses held by the alchemists. 

Two other physical instruments introduced into chemical 
methods are the calorimeter and barometer. By means 
of the first, Dulong and Petit’s law, that the satqp quantity 
of heat is required to heat an atom of all simple bodies 
to the ^me extent, was discovered ; and but for the second, 
Gay-Lussac could not have made his researches on 
vapour density, which, with the work of Ampere and 
Avogadro, led to the determination of the numerical re- 
lation between the temperature density and pressure of a 
gas and the notion of atomic volume. 

Another common physical instrument, the thermometer, 
has furnished organic chemistry with the means of dis- 
covering important laws of organic series ; and recently, 
with the calorimeter, it has enabled M. Rault to determine 
molecular weights by the freezing of dissolvents, atfd has 
furnished Thomson, Berthelot, Sarrau, Vielle, and other 
workers in thermo -chemistry with the means of arriving at 
the new mechanics of the affinity of atoms according to 
their size, like the universal law of gravitation. 

The introduction of the spectroscope into the chemical 
laboratory for purposes of analysis, by Bunsen and Kir- 
choff, marks an important epoch in the history of chem- 
istry. This instrument has been entirely created by the 
labours of physicists ; the prism of Newton, the telescope 
of Fraunhofer, and the collimator of Babinet marking 
stages in its evolution Bunsen and Kirchoif demon- 
strated the power of their method of analysis by the 
discovery of rubidium and caesium ; in fact, it is only 
necessary to observe an unknown line in the spectrum of 
a substance to establish the existence of a new element. 

It appears therefore that each time chemistry has 
borrowed from physics some new method it has entered 
into a prolific field of investigation, conceptions have 
been extended and given a more precise meaning, and 
chemical knowledge advanced in a manner proportional 
to the power of the adopted methods. 

The other natural sciences have benefited in the same 
way. Up to the seventeenth century astronomers had no 
means of assisting their vision, and therefore they could 
onl)r make observations of the movements of the heavenly 
bodies. In spite, however, of the simplicity of the me.ans 
of observation, the work of Hipparchus, Ptolemy, .Coper- 
nicus, Tycho-Brahd, and Kepler contained a consideraWe 
amount of information with respect to celestial motions, 
but nothing was known of the constitution of the bodies 
observed. With the refracting telescope of Galileo and 
Newton’s reflector, astronomy underwent a transformation : 
.the sun was found to have spots and faculae ; the plains, 
mountains, and craters ' of the moon were observed : 
Venus was shown to go through phases in the same 
manner as our satellite ; Jupiter’s belts and satellites 
were seen ; and the beauty of Saturn and his rings 
revealed. 

Later, Herschel’s large mirrors, worked by his o#n 
hands, enabled him to’ discover double and multiple star 
systems ; to prove that many stars are suns like our own, 
inasmuch as they have other bodies revolving round . 
them. 

Such was the revolution produced in astronomy by the 
employment of the first dptibal instruments. The intro- 
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duction of the spectroscope considerably extended the 
limits of investigation. The chemical constitution of the 
stars was determined in spite of their immense distances ; 
the sun was shown to contain sodium, iron, magnesium, 
calcium, hydrogen, in a state of vapour at its surface — that 
is, the same elements as those which make up the earth’s 
crust ; it also contains nickel, an important constituent 
of meteorites, those nomadic bodies which fill inter- 
planetary space. The sun and the bodies revolving 
round it are therefore composed of the same elements. 

By means of the spectk'oscope it has been proved that 
the moon and the planets shine by reflected light, and 
that the stars, like the sun, are self-luminous, and made 
up of the same elements, thus demonstrating the unity of 
the chemical composition of the whole universe. 

But the spectroscope has not only revealed the sub- 
stance of the stellar world, it affords a means of investi- 
gating a 'component of stellar motion. The principle 
enunciated bjr Doppler, viz. that light-waves, like those of 
sound, vary in length with the relative velocity of the 
source producing it, remained unapplied for some time 
because there was, of course, no means of determining the 
proper colour of a star in repose and comparing it with 
thatreceived,thevariationbeing produced by motion in the 
line of sight. Fizeau showed, however, that by substituting 
lines in the spectrum for the idea of colour the conditions 
necessary for the application of the principle were met ; 
all that was required being a line common to a star and 
some cerrestrial element, and the measurement of the dis- 
placement of this line. This method was proposed by 
P'izeau in 1859, and has been considerably developed; 
numerous lines in stellar spectra are coincident with those 
of terrestrial substances. If they are all shifted towards the 
red the star is receding from the earth ; if towards the 
violet the star is approaching us. The displacement of 
the line is measured with a micrometer, and a simple 
calculation gives the velocity with which the star is 
moving, whatever may be its distance. 

It has been shown that for the application of the 
Doppler-Fizeau principle it is necessary to find in the 
spectrum of the star the lines of a terrestrial element. 
This common element is most often hydrogen — the simple 
body par excellence, the elementary substance of those 
who hold in the unity of matter. 

Among all the methods of rendering impurities manifest, 
the simplest and most delicate is that of spectrum 
analysis. With the spectrum of hydrogen observed in 
the laboratory feeble lines of other substances are always 
present, and to decide upon the true hydrogen spectrum 
becomes therefore a difficult matter. But it was an 
astronomer and not a chemist who first described the 
pure hydrogen spectrum ; the lines photographed by Dr. 
Huggins in the spectra of the white stars having since 
been shown to be reproduced in the laboratory when the 
spectrum of approximately pure hydrogen is observed. 

In physics, the centre of natural philosophy, many 
branches have made rapid and definite advances. The 
results of the development of electrical science is seen on 
all sides, yet no science has had a more humble beginning. 
The first electrical experiment was made si^ centuries 
before our era : this was the attraction of light bodies by 
rubbed amber. The knowledge remained in this stage 
for more than twenty centuries ; then the two electrical 
states were gradually recognized, and conductors and 
non-conductors were separated. In the establishment of 
the identity of atmospheric electricity with that obtained by 
electrical machines the death of Richmann at St. Peters- 
burg should be noticed, and the discovery of the lightning 
conductor by the illustrious Franklin. 

Everyone knows the story of the convulsive movements 
of a frog’s leg in contact with a bimetallic arc observed 
by Galvan van Italian physiologist. Volta saw in this 
circumstance that electricity might be developed by the 
contact different substances ; he discovered the law 
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which permitted the energy to be multiplied ; and in 1794 
summed up all his works in an imperishable monument 
— the voltaic pile. 

All . the sciences benefited by the discovery, but 
chemistry gained the most. Carlisle and Nicholson 
decomposed water ; Davy, with the great pile belonging to 
the Royal Institution of London, decomposed the alkalies 
and alkaline earths, formerly supposed elementary bodies. 
Later, Davy performed an experiment which eclipsed 
eve^rthing accomplished with the invention of Volta. 
By joining two carbon poles to his colossal pile, he pro- 
duced a dazzling and continuous light, and discovered 
the electric arc now so commonly seen. 

In 1820, Oersted discovered that the wire joining the 
poles of a pile exercised an influence on a magnetic 
needle. Ampere discovered the mutual action of electric 
currents, the mathematical law governing it, and, finally, 
the production of magnetism by the sole action of the 
voltaic current. 

The discovery of the electro-magnet was a great event, 
not only in the history of science, but in that of humanity. 
In telegraphy it is the electro-magnet which transmits 
messages from one end of the world to the other with the 
velocity of light ; in the telephone, the word itself ; in 
the powerful machines derived from the memorable 
‘discoveries of Faraday, it is that which, causes the 
transformation of energfy. 

Great advancements have also been made on the 
purely theoretical side. Ampiire, Poisson, Fourier, Ohm, 
Gauss, Helmholtz, Thomson, and Maxwell have done 
much to connect electricity with mechanical laws. 
Again, electro-magnetic and optical phenomena obey 
the same elementary laws, and appear to be two mani- 
festations of the movement of the same medium — the 
ether ; thus optical problems may be settled with the 
equations of electro-magnetism. From an experimental 
point of view, results full of promise have already been 
obtained ; the velocity of light, found by optical methods, 
has also been determined by measures purely electrical ; 
and recently M. Hertz has accomplished experimentally 
the identification of electrical discharges with light- 
waves. 

All these facts show that as our knowledge increases the 
distinctions between different branches of science vanish ; 
the limits which have been traced between them are 
shown to be artificial, and only testify to ignorance of 
natural laws; but the efforts of successive generations 
have not been in vain, and we look forward to the time 
when these limits will be effaced, and all the branches of 
natural philosopher be united in one harmonious whole. 

Prof. Cornu’s discourse^ of which the foregoing is but 
a sketch, was received with much applause. 

After an address by the Mayor of Limoges, the Secre- 
tary of the Association, M. A. Gobin, read the report for 
1889-90, and gave an account of the meeting in Paris 
last year. The financial statement by M. Gallante shows 
that the Association is in a prosperous condition, and 
increasing its number of members. 

Many interesting and important communications were 
made in the different sections. ' The series of excursions 
included one of three days’ duration, and visits were 
made to all places of interest in or nean< Limoges. The 
Congress will be remembered as a very successful one by 
all who were fortunate enough to be present. 


c: EK peters. 

■D Y the death- of Profi C. H. F. Peters, Director of the 
Litchfield Obs^vatory, Hamilton College, Clinton, 
N.Y., astronomy has lost an assiduous observer. An in- 
teresting sketch of hjs career is gpven in ^oAstronomische 
Nachrichten, from which the following details are taken. 
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■ He was bom at Coldenbuttel, in Schleswig, on Sept. 19, 
1813, and educated at the Gymnasium of Fiensburg and 
the University of Berlin, where he studied mathematics 
and astronomy. Having taken his degree in 1836, he 
tried to obtain an appointment at the Observatory of 
Copenhagen, but his application was not successful. He 
then went to Gdttingen, to carry on his studies under 
Gauss. Afterwards he was induced to undertake some 
scientific investigations relating to Mount Etna. 

Having accomplished the task entrusted to him, he was 
made Director of the Trigonometrical Survey of Sicily. 
Of this appointment he was deprived in 1848, when he 
gave great offence to the authorities by expressing sym- 
pathy with the revolutionary party. He escaped on board 
an English vessel to Malta, but soon returned to Sicily, and 
joined the Sicilian army under Mieroslawski, acting first 
as a captain, then as a major, in the engineering branch 
of the service. It was under his direction that Catania 
and Messina were fortified. When Palermo fell into the 
hands of the Neapolitans, in May 1849, he fled to France, 
but soon changed his residence to Constantinople, where 
he proposed to devote himself in peace to scientific re- 
search. Here he secured many friends, and it was in- 
tended that a scientific expedition, under the guidance of 
Peters, should be sent to Syria and Palestine. Various 
obstacles, however, stood in the way ; and the scheme 
had to be given up after the outbreak of the Crimean 
War. . ^ 

He now turned his attention to the United States ; 
and, with recommendations from Alexander von Hum- 
boldt, he went in 1854 to Cambridge, Mass., and from 
thence to Washington; where he obtained an appoint- 
ment on the Coast Survey. After working for some time 
in this position, and establishing an observatory at Utica, 
he accepted, in 1858, the offices of Director of the ob- 
servatory at Clinton, N.Y. (now known as the Litchfield 
Observatory), and Professor of Astronomy at the Hamilton 
College. The duties of these offices he continued to dis- 
charge until his death, which took place on the morning 
of July 19. He was found dead on the road between the 
observatory and his house, and seems to have died of 
heart-disease when returning from his work. 

In 1874 Peters acted as chief of the North- American 
Expedition to New Zealand for the observation of the 
transit of Venus. He discovered no fewer than 48 minor 
planets and several comets, and much important work 
was done at Hamilton College under his supervision, his 
celestial charts and star catalogue being of considerable 
value. Few astronomers leave a better record behind 
them, and his death is much regretted. 


NOTES. 

The annual excursion of the Belgian Royal Malacological 
Society took place under the guidance of MM. X. Stainier and 
J. S. Gardner. The Eocenes from the Thanets to the Lower 
Bagshots were examined at Heme Bay and Sheppey, where 
Mr. Shrubsole assisted, and the Gault and Chalk at Dover and 
Folkestone. The Eocenes seen were pronounced to be in all 
respects identical with beds of corrnponding age in Belgium. 
The Society proposes to revisit England next year. 

Among the excursions which have been arranged by the Local 
Committee of the British Association is one to Malham in 
Craven. This is to take place on Thursday, September It, under 
the guidance of the officers of the Yorkshire Naturalists' Union. 
The district to be investigated is the plateau of Malham and the 
escarpment which it forms along the South Craven fault. It 
includes the only lake in the West Riding, and the remarkably 
picturesque scenery of Malham and Yoredole. In addition 
to these attraction^ every branch of natural history can be 
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successfully pursued in this locality* This advantage arises 
chiefly from the diversified character of the geological forma- 
tions, which include Silurian rocks, mountain limestone, Yore^ 
dale shales, and millstone grits. We believe that this will 
be a popular excursion among members of Field Naturalists’ 
Clubs, who will have an opportunity of observing the methods 
of work adopted by the Yorkshire Naturalists’ Union, and it is 
hoped that as this will be an essentially working excursion, 
any field naturalists and geologists who may take part in the 
Leeds meeting of the British Associatjon will attend the Malham 
excursion. 

We learn that the French physicians who went to the Inter- 
national Medical Congress at Berlin were much gratified by the 
cordiality with which they were received. 

In a letter to the Times the other day, Mr. John Cordeaux 
referred tc^ a unique collection of migrating birds formed at 
Heligoland by Herr Gatke as the result of work carried o» 
during 40 years. This collection, he added, was to be brought 
to England, “ having been secured to the nation by the muni- 
ficence of a single individual.” With reference to this state- 
ment, Prof. W. H. Flower writes from the British Museum 
(Natural History), Cromwell Road, to the Times as follows : — 
** May I supplement the letter of Mr. Cordeaux by saying that 
the individual by whose liberality Herr Galke’s collection has 
been secured for the nation is Mr. Henry Seebohm, and that 
arrangements are being made by which, when the collection 
arrives, it will be permanently exhibited in this Museum ? ‘ ' 

A WORK on “ The Birds of the Japanese Empire,” by Mr. 
Henry Seebohm, is nearly ready for publication. It is illustrated 
with numerous woodcuts. Mr. R. H. Porter is the publisher. 
The same publisher has in the press *‘The Birds of Sussex,” 
by Mr. William Borrer. This work is supplied with a map of 

Sussex, and with six coloured plates by J. G. Keulemans. 

• 

Messrs. Macmillan and Co. announce for publication this 
week an English translation of Prof. Ostwald’s Grundriss der 
allgemeinen Chemie” by Dr. J. Walker, of Edinburgh Univer- 
sity. This work covers the same ground as the author’s classical 
**Lehrbuch,” but the treatment throughout is elementary, and, 
as far as possible, non-mathematical. The new modes of mole- 
cular-weight determination, van ’t Hoff’s theory of osmotic 
pressure, Arrhenius’s hypothesis of electrolytic dissociation, and 
the interesting applications of these to purely chemical problems 
— all receive special attention at the hands of the author. The 
appearance of the book is particularly well-timed, as we learn 
that Profs. Ostwald, Raoult, van ’t Hoff, and Dr. Arrhenius 
have intimated their acceptance of the invitation issued to them 
by the British Association, and will be present at the coming 
meeting in Leeds. 

The first volume of a work by Prof. A. de Mortillet,^ on the 
origin of hunting, fishing, and agricultural pursuits amcMig 
primitive races, has just been published. It contains many 
interesting representations of prehistoric implements in the 
Saint Germaift Museum. 

Attention has been called in various quarters (England, 
Belgium, France, and Germany) to the remarkably cold weather 
prevailing of late years, since 1885, in Central and Western 
Europe ; the yearly averages being constantly under the normal. 
It now appears from an Algerian record, that these years have 
been warmer than usual in Algeria. It is also shown that 
there has been no change in the frequency of north and south 
winds, while in Europe the north-east winds have been increasing 
in frequency. ^ 

In the new number o^the Journal of the Antfcropological 
Institute the most elaborate, paper is one on the Dicri and other 
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Icindred tribes of Central Australia, by Mr. A. W. Howitt. 
There are also papers on characteristic survivals of the Celts in 
Hampshire, by Mr. T. W. Shore ; skulls dredged from the 
Thames in the nsighbourhood of Kew, by Dr. J. G. Garson ; 
and a new spirometer, by Mr. W. F. Stanley. In the paper on 
Celtic survivals in Hampshire, Mr. Shore refers to the feeling 
with which the May-day sunrise was regarded by the ancient 
Celts. ** This May-day sunrise,’’ he says, ** was certainly rever- 
enced in mediaeval Christian time as well as in pagan Celtic 
time, for the line of about 20^ north of east is the line of orien- 
tation of a large number of the oldest churches in Hampshire, 
and of many in other counties. It is a common orientation 
among the oldest churches of Hampshire, in which county there 
are as many as seventy examples of it. I cannot explain this 
on any other ground than the survival of a reverence for the 
May-day sunrise from Celtic pagan time to Saxon Christian time, 
and under % modification to a later date. It appears to me that, 
as there is evidence of the survival of part of the Celtic, people, 
it is not surprising to find that traces of their May-day customs 
have survived also. It is of course possible that in this common 
line of orientation of many old churches we may see all that 
remains of one of the customs of the old British Christianity 
which existed before the coming of the Saxons, 

According to the yournal de la Chambre de Commerce de 
Constantinople^ quoted by the Board of Trade yournal^ the silk 
section of the Agricultural Society of Moscow has offered a prize 
of 500*^ roubles for the best work on the anatomy and embryology 
of the silkworm. Works on this question must be sent not 
later than January i, 1892. 

The Rio Negro Salt Company seems to have had an interest- 
ing stall at the Rural Exhibition recently held at Palermo, near 
Buenos Ayres city. The Buenos Ayres Standard, in an article 
quoted by the Board of Trade yournal^ thus calls attention to 
the subject : — ** Here, in an unpretending but exhaustive 
manner, are displayed the products of those vast salinas or 
salt lakes which lie some few miles north of the town of Pata- 
gones, and which this company has recently commenced to 
work. There are large blocks composed of big crystals taken 
in the rough from the salinas ; barrels of natural brine ; com- 
pressed cakes for cattle ; coarse salt for hides and meat curing ; 
ground salt for kitchen use ; and refined salt, dazzling as snow, 
and in every way equal to the English bottled salt, for use at the 
domestic table ; in short, salt in every form that can be desired 
either for practical wants or the dainty demands of luxury. 
Pamphlets are distributed containing analyses by eminent men 
of science, which demonstrate the excellence and purity of its 
quality, and its adaptability for all known purposes. As regards 
quantity, we were informed that a calculation had been made 
that in a given year it would be possible to take from the Rio 
Negro lakes, occupying an extension of about nine square 
leagues, upwards of two millions of tons, and that, in the 
ensiling season an equal quantity of salt would be found, owing 
to the fact that every winter the lakes became filled with a brine 
of a density of from as"* to 32'’, which in due time becomes a 
solid cake of salt.” 

A Zeitschrift fiir Psychologie und Physiologie der Sinnes* 
organe {Le. organs of sense), has been recently started in 
Germany (April), under the editorship of Herren Ebbtnghaus 
and Kbnig, the former of whom is known for some remarkable 
researches on the memory, and the latter for his studies in 
physiological optics. Among the contributors are Herren 
Aubert, Exner, Helmholtz, Hering, and other eminent men 
of science. Jhe following are some of the subjects that have 
been dealt with : disturbance of the perception of very small 
differe^s df brightness by the proper light of the retina : 
simultlpotie contrast ; disappemnoe of afterimages in eye- 
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movements ; memory of regularly successive and equal sound, 
impressions. 

I In the Victorian Naturalist for June, Mr. G. Lyell, Jun., of 
South* Melbourne, notes that while walking along the edge of a 
^nountain stream in Gippsland last January he observed a 
I peculiar habit of the Victorian butterfly, Papilio macleayanus^ 

■ One of these butterflies was seen to alight close to the water, 
into which it backed till the whole of the body and the lower 
part of the hind wings were submerged, the two forelegs alone 
retaining their hold of the dry land. After remaining in this 
position for something like half a minute it flew away, apparently 
refreshed. During the morning,” says Mr. Lyell, I noticed 
quite a number doing the same thing. In one instance no less 
than four were to be seen within a space of not more than three 
I yards, and to make sure that I was not deceived I captured 
several as they rose from the water, and found in each case the 
body and lower edge of the hind wings quite wet. While in the 
water the fluttering of the wings,, so noticeable at other times, 
was suspended, and so intent were the butterflies in the enjoy- 
ment of their cold bath that they would hardly move, even when 
actually touched by the net. Apparently the heat of the weather 
drove them down to the water, as immediately they emerged 
they flew up again to the hill-sides. I have often noticed butter- 
y-flies of the Nymphalidce family settling near the pools, and 
apparently imbibing the moisture from the damp sand round the 
edges, but never before have I seen butterflies enter the water. 
Possibly it may be a peculiar habit of this particular species or 
genus. Numbers of the white butterfly, Pieris harpalyce, were 
flying about at the same time, but I noticed none alight near the 
water.” 

Some interesting observations on the growth of vegetation in 
the numerous lakes to the east of the Baltic have been lately 
made by Herr Klinge (EngleVs Bot. yahrb,). This growth 
depends on the mean direction of the wind during the period of 
vegetation. As south-west winds prevail in that region, the 
south-west border of a lake is protected, and the grassy and 
mossy growth naturally begins there, and spreads by degrees 
round the north and south ends. The north-east bank, on 
which break the waves from the south-west, shows hardly any 
trace of vegetation. It is generally steep, and tends to 
retire under the action of the waves. Something similar is met 
with in the Baltic : shore-meadows occur in the islands only 
on the east, wind-protected coasts. Further, rivers are displaced 
in the direction of the prevailing winds, eating away their 
eastern banks, while the western grow. The dead arms of 
the lower Embach are, with few exceptions, on the south side 
of the river, which, under the action of the wind, has been 
displaced northwards, t.e^ (with reference to its direction) to the 
left, and so, contrary to Baer’s law of river-courses. Indeed, the 
author rejects this law, and holds the principle of displacement 
according to prevailing winds to be universal. It is noteworthy 
that this relation has of late been pointed out by several 
Continental observers independently. Herr Klinge further finds 
that in the region east of the Baltic, hygrophilous (op moisture- 
loving) plants grow on the south-west side of the. hills, and 
xerophilous plants on the north-east side. 

The Mi&ijelen ' Lake, which lies in Upper Valais, lately 
burst the glacier dam which lay across the valley. Ac- 
cording to the Swiss Ph/rrAsW, a peasant who was close 
to the lake at the time declares the scene was most terrible 
and indescribable. When the ice dam, gave way, the vast 
mass of water came tumbling out, sweeping away the huge 
fragments of the glacier, with the rocks upem it, tumbling, into, 
the crevasses, boifting them up in tufU, and rising over the 
glacier in gigantic waves, /again to carry all before it. ^ Just at 
the end of the glacier the^vaUey had narrowed into a Jktie defile. 
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while the face of the glacier was some hundreds of feet high. 
The water seemed to have tunnelled under ihe ice, which, 
attacked above and below, gave way at last with a deafening 
crash, while the flood hurried down the mountain-side into the 
Rhone. The lake is nearly 8000 feet above the sea-level, and 
usually discharges its surplus water by subterranean channels, 
occasionally bursting its ice barriers as on the present occasion. 
The cantonal Government are constructing an overflow canal, 
which, it is hoped, will put an end to these periodical outbursts. 

In a paper printed in the new number of the Transactions 
and Proceedings of the New Zealand Institute, Mr. Taylor 
White describes an extraordinary meteor which he saw at 
Wimbledon, Hawke’s Bay, on May 4, 1888, between 8 and 9 
o’clock p.m. The nucleus, or head, was of oval form, of a 
transparent light-yellow colour, as of iron at a white heat. 
The tail was in the form of the tail of a pheasant, expanded — 
that is, the two centre streamers were of uniform length, the 
outer ones gradually shortening, so that the outermost streamer 
on either side was very much shorter than those in the middle. 
These streamers were of a dull, opaque orange. T*hey were 
distinctly divided each from each by dark bands, which con- 
sisted of several fine black lines, to, probably, the number of 
five iti eachJbaail. Mr, White is unable to fix the number 

orange streamers, ^nit would guess ten as probably correct. , 

The colours blue and green were also certainly present. No ' 
sound was audible while the meteor was in view. ‘‘But,” says 
Mr. White, “after I had gone into the house, and was describing 
what I had seen, the sound of its striking the earth or sea was 
heard — a loud and lengthened noise, to me like the violent 
shaking of all the forest trees, and evidently above ground, 
thereby differing from the sound accompanying an earthquake- 
coming from the westward ; and this was followed, after a 

hardly perceptible interval, by a fainter sound, like an echo, to 

the north-east. The time which elapsed till the sound was 
heard was from three to five minutes.” Various New Zealand 
daily journals gave full descriptions of the phenomenon at the 
time. According to the New Zealand Times, the apparent size 
of the meteor was “ quite half that of the full moon.” 

The editor of the Journal of the Royal Agricultural and 
Commercial Society of British Guiana contributes to the June 
number some interesting not.es on luminous farva?. Speaking of 
a form referable to the Elaterida, or spring beetles, he sap its 
luminosity, when observed in a dark place, is singularly striking 
and beautiful. The light is emitted along the whole length of 
the body— the head, the front part of the anterior segment, and 
the last segment of the body, being altogether luminous, while 
each, intermediate segment gleams from a small area on each 
side of the back, two regularly-arranged rows of golden brilliants 
being thus observable. The light is continuous, and very bright, 
but it is intensified when the little creature is irritated. At 
intervals, one or more of the dorsal lights will be observed to be 
very dull or nearly extinguished,, but apparently they are never 
quite put out. ‘ • 

Mr. T. D. LATdUCHE, who contributes to the Rccords^)f the 
Geological Survey of India a paper on the sapphire- mines of 
Kashmir, takes the opportunity to offer, some remarks on the 
extent to which the natives of India know the mineral rpources 
of their country. He thinks he is not far wrong in saying that 
in very few instances in India have useful minerals been dis- 
covered in localities that were unknown to the natives, and in 
which the ores had not been worked by them at one time or 
another. Even the more uncivilized hill tribes are more or less 
well acquainted with the minerals their hills contain,, and are by 
no moans la the. condition of the Blacks of Australuiv or the 
Bushmen pf Southern Aftica, in.^whosp country the European 
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prospector has found so great a field for his energies. To take 
a single instance : the Khasis of Assam, who, till the beginning 
of the present century, bad hardly felt the influence of Western* 
civilization, have for ages obtained their iron from an ore which 
occurs as minute grains of magnetite disseminated in the granite 
of their hills. Many a highly-trained European geologist might 
justly have been sceptical as to the possibility of obtaining a pro- 
ductive iron ore from granite, and would very possibly have 
passed the rock over as being utterl}^ useless for such a purpose. 
Yet the Khasis discovered the mineral, and in all parts of the hills 
ancient heaps of slag testify to the use they made of their discovery 
moreover, they obtained the ore by a process which was inge- 
nious and even scientific — in fact, a kind of hydraulic mining 
somewhat similar to the latest process devised for obtaining gold 
in Californ^ Can it be doubted that, if any other useful mine- 
rals existyi in their bills, the Khasis would have found and 
worked ^em long ago? Similarly, in Kashmir, any mineral 
deposits that exist are probably well known to the natives, and, 
if useful, are already worked, and these are not of any great 
importance. 

At a recent meeting of the Wellington Philosophical Society, 
New Zealand, Mr. Hulke exhibited a specimen of a strange 
.cpider that carried its young ori its body without web or fila- 
ment, but simply attached to the body, until they were able to 
run by themselves. 

Mr. John Wheldon has issued Part I. of a catalogue ot 
botanical works, including the library of the Rev. M. J. 
Berkeley. 

The Glasgow and West of Scotland Technical College has 
issued its Calendar for the year 1890-91. The main objects of 
this institution are to afford a suitable education to those w ho 
wish to qualify themselves for following an industrial profession, 
or trade, and to Vain teachers for technical schools. 

We have received the author’s Hairless Paper- Pad Holder and 
Paper-Pad, issued by tfie Leadenhall Press. The Paper-Pad 
consists of a block of fifty sheets (7^ x Sj) of smooth and cream- 
tinted paper mounted together on a stout piece of blotting- 
paper, the price charged being only that for common scribbling- 
paper. The Paper-Pad holder is made of light wood, and should 
be grasped by the left hand, the right hand being free to travel 
over the surface of the paper-pad which is placed on it. After 
each sheet is used, it is torn off and placed under the pad and so 
blotted, and by this means the height of the pad and holder 
is kept constant. For writing in railway carriages, and for 
reporting, this form of support will be most serviceable, and it 
might also be used for the support of sketching-blocks. 

Messrs. Marlborough, Gould, and Co. are issuing what 
they call Marlborough pamphlet cases, the object of which is to 
preserve pamphlets from dust and destruction. The cases hive 
no springs or other contrivances that could injure the contents 
by pressure, and in the bookshelf they resemble ordinary 
volumes, beir% “rounded and cloth-backed.” The makers have 
sent us a case specially intended for numbers of Nature. 

The additions to the Zoological Society’s Gardens during 
the past week include two Brown Bears ( arctos 6 9) from 
Russia, presented respectively by Mr. A. C. de Lafontaine 
and Mr. D. B. GclliUrand; a Panolia Deer {Cervus eldi d), a 
Common Goat {.Capra hircus 6 ) from British Burroab, presented 
by Mr. Charles C. Galbraith ; a Water Pipit {Anihus spipoktta), 
European, presented by Commander W. M. Latham, R.N.,. 
F.Z^S. ; ten Common Chameleons {Chamaleon vulgaris) from 
North Africa, presented i>y Mr. W. Mauger; sfcven Oyster 
catchers {ffeemaiopus oslralegus), European, purchased ; an Axis 
Deer {Cervus axis)^ born in ihi Gardens. 
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OUR ASTRONOMICAL COLUMN 

Objects for the Spectroscope. 


Sidereal Time at Greenwich at lo p.m. on August 2X a 
2oh« om. 4IS. 


Name. 

Mag. 

Colour. 

R.A 189a 

Ded. 1890. 

(i) G.d 4533 ... 

- . , 

* Bluish. 

h. m. s. 
19 54 47 

• / 

+ aa 25 

<*) D.M. + 35® 4001 ... 

9 

— 

20 6 4 

+35 s» 

Md.M. + 35” 40*3 - 

9 



20 7 42 

+35 5 X 

<4iD.M. + 3 ^ 395 ^ — 

9 


30 10 35 

+36 19 

(5) 13 Savittm 

6 

Ycllowish-rcd. 

19 55 5 

+ X 7 X 3 

(6) y Sagittm 

4 

Yellow. 

»9 S 3 54 

-I“i 9 xa 

(71 0 Aquilse 

<8) 229 Schj. ... 

(9) S Cephei 

3 

3 

White. 

20 5 36 

- I 9 

6*5 

Red. 1 

1 19 25 26 

+ 76 21 

Var. 

Very red. 1 

21 36 3*, 

-j-78 8 


Remarks^ 

(1) This is the so-called “Dumb-bell Nebula/* Dr. Huggins’s 
record of the spectrum is as follows : — “ The light of this 
nebula, after passing through the prisms, seemed concentrated 
in a bright line. This line appeared nebulous at the edges. 
No trace of the other lines was perceived, nor was a faint con- 
tinuous spectrum detected. The light from different parts of 
the nebula is identical in refrangibility, and varies only in 
degree of intensity.” The line referred to is, of course, the 
chief nebula line, near X 500, and it will be seen that in this 
case it was not perfectly sharp and well-defined. It is important 
that the observation should be repeated by as many impartial 
observers as possible, as there is still a difference of opinion as 
to whether the line is really sharply defined or not. Other 
lines may also be looked for. Prof. Winlock simply observed 
that the spectrum consisted of a single line, and no continuous 
spectrum. 

(2, 3, 4) These are the three “bright-line stars ” first observed 
by Wolf and Rayet in 1867, and called by them 1st, 2nd, and 
3rd Cygnus, respectively. They were subsequently observed in 
greater detail by Vogel, who found that i^any lines were 
common. It has been shown that most of the lines can be 
explained by a reference to the low-temperature spectra of 
manganese, iron, and sodium, in addition to the radiation of 
hydrogen and carbon. ^ The most striking feature of the spectra 
is undoubtedly the bright band in the blue, which, standing 
out beyond the continuous spectrum, gives rise to an apparent 
absorption band on the less refrangible side. My own observa- 
tions, and those of Mr. Lockyer, have shown that this band is 
coincident with the blue band seen in the spectrum of the spirit- 
lamp flame, and is therefore probably due to carbon. This con- 
clusion is supported by the presence of another carbon fluting, 
near X which, however, is not so obviously seen because of 
the brighter continuous spectrum in that region. These are the 
brightest bands seen in the spectra of comets at mean distances 
from the sun, and the similarity leads to the conclusion that the 
structure of comets and bright-line stars is identical (see Nature, 
August 7, p. 344). Bright-line stars are therefore probably 
swarms of meteorites. It is desirable that the coincidence of the 
carbon bands with those of the “ stars ” should be confirmed by 
other observers. 

«(5) Ifhe spectrum of IhU star is a well-marked one of Group 
II., the bands 2^ being wide and dark. It is probably one of 
mean condensation, and the bright carbon flutings should there- 
fore be well seen. It will be interesting also to know what dmrk 
lines, if any, are present at this stage. ^ 

(6) A star of the solar type (Vogel). Is the temperature 
increasing (Group III.) or decreasing (Group V.)? 

( 7 ) A star of Group IV. Observations of the comparative 
intensities of the hydrogen and other lines arc required, in order 
that the temperature relatively to other stars of the group may 
be determined. 

(8) This is a relatively bright star of Group VI., showing 
the secondary bands 2, 3, 4, 5, and 8, in addition to the usud 
carbon bands, which are very wide and dark. As in other stars 
of the group, further details, especially the presence or absence 
of solar lines, should be looked for. 

(9) This variable of Group VI. will reach a maximum about 
August 25, the period being about •485 days. The magnitude 
at maximum is 7 *4-8 *5, and that at minimum about 11*5. I 
may repeat that we as yet know nothing of the spectroscopic 
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changes which accompany the increase of light in a star of this 
kind, and continuous observations will therefore be of the utmost 
value. It has been sumested by Mr. Lockyer that the chief 
variation may be the r^tive paling of the principal bands at 
^maximum. Colour changes should also be noted. 

A. Fowler. 

Moscow Observatory. — Prof. Th. Bredichin has issued the 
second volume of the second series of Annales dt P Observatoire 
de Moscou^ and it contains some interesting papers. In one 
“On the Origin of Periodic Comets,” Prof. Bredichin brings 
forward many important facts. He first points out the similarity 
of the elements of some comets, and adduces evidence to show 
that they probably once formed part of a single comet which has 
become disintegrated by explosions and planetary perturbations ; 
the multiple comets of Biela, Liais (i860), and 1882 II. being 
quoted as examples of such a development. After deducing the 
expressions for eruptions which do not take place in the plane of 
the orbit of the generating comet, and applying them to some 
examples, the elements of twenty-nine comets having a {period 
less tnan xoo years is given, and some considerations relative to 
their perihelion distances, small inclinations, and direct move- 
ment are urged, as opposed to the hypothesis of the immediate 
transformation of parabolic to elliptic orbits. Two tables of 
290 non-periodic comets arranged in the order of their perihelion 
distance (^), and 44 comets which have developed comse, will be 
useful, irrespective of the fact that they demonstrate that when 
*the value of q is sensibly greater than I the pomet has little 
ability to develop eruptive phenomena aiKi to produce new 
comets. A division of periodic comets into four groups is made, 
the periodic time of the respective groups being 73*8, 33’i, 
14*1, and 6*0 ^ears, and it is shown that the values of the 
eruptive action increases as the period decreases. The influence 
of Jupiter and Saturn on cometar^ orbits is, of course, con- 
sidered, and some relations are pointed out between the times 
of revolution of the above-mentioned groups and those of these 
two planets. In another long paper “ On the Origin of Shoot- 
ing Stars,” Prof. Bredichin attempts to prove that all meteors are 
ejections from comets. A paper by M. P. Sternberg gives the 
results of some determiuations of the length of the seconds 
pendulum made by Prof. Bredichin and himself in 1888-89 in 
various parts of Russia and Europe ; and another paper, by M. 
Ceraski, “ On Luminous Clouds,” contains some interesting facts. 
On June 26, 1885, from observations made at two stations, 
separated by 10 kilometres, the vertical height of a luminous 
cloud was found to be nearly 75 kilometres. A map is also 
given for putting down observations of the paths of Perseid 
meteors, and this, with the eleven papers, renders the volume 
for 1890 as good as its predecessors. 

Leakder McCdkMicK Observatory. — Vol. i., Part 4, of 
the Publications of the Leander McCormick Observatory of the 
University of Virginia contains some double-star observations 
made in 1885-8& The working list from which the double 
stars were selected contained all known pairs between —30'* and 
o'* having distances less than 4^ and several very close and diffi- 
cult pairs north of the equator. The observers were Messrs. 
F. P. Leavenworth and Frank Muller, and the measures appear 
to have been made with much care. 

Coggia’s and Denning’s Comets {b and c 1890).— The 


following 
mische A 

: epbemerid 
’aehrichtm, 

es «re given by Dr. Berberich in Astrotw- 
No. 2984 : — 


Ephifmrides far B^lin MidnighU 



CoGGiA^s Comet. > 

Denning's Comet. 

1890. 

R.A 

Dccl. Bright- 

R.A. 

Decl. 

Bright 


h. m. •« ^ , ness. 

11 27 54 4-i6 49'2 

h. m. c. 


ness. 

Aug. 21 

15 28 28 

+4* *’8 

2'09 

23 

II 33 I 

15 237 0*27 

30 9 

38 58 4 


*5 

” 37 SS 

14 0*8 

31 5 * 

35 S 4'3 

2*17 

27 

114*37 
1147 8 

12 40*2 ' 0*23 

33 33 

32 50 0 


29 

It 22‘0 

35 *0 

*9 465 

2*21 

3 * 

It 51 29 

to 6*1 0*20 

37 0 

26 44*6 


Sept. 2 

II 55 4 * 

852*3 

3845 

*3 44 9 
20 48*4 

2*21 

4 

It 59 45 

7407 017 

4031 

2*16 

6 

12 341 

6 31 *1 

42 18 

55*5 

8 

12 7 31 

523 4 015 

44 5 

15 6*8 

2*08 

10 

12 II 14 

4 17*6 

45 53 

12 22*6 

12 

12 14 51 

3 13*5 0*13 

474a 

9 435 

■ 


The brightness at discovery has been taken as unity. 
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SEXUAL SELECTION IN SPIDERS. 

T7 VERY student of zoology who, of late years, has attempted 
^ to follow the drift of all that has been written on the 
subject of natural selection cannot fail to have observed that the 
less important, though not less interesting, hypothesis of sexual 
selection has received relatively little attention. It must be 
seen, in fact, that to all intents and purposes the hypothesis has 
remained in the state in which it was left by Mr. Wallace's 
criticisms— lately repeated and extended in Darwinism" — of 
Mr. Darwin’s views. And further, it will probably be admitted 
that this circumstance is to be attributed, not to the fact that 
there exists amongst zoologists unanimity of opinion on the 
point— far from it ; but to the fact that, owing to the great 
practical difficulties in the way of making fresh observations on 
the courtship of new groups of animals, there has been little or 
nothing to add to what has been already said. Consequently 
any contribution to the subject should be gladly welcomed ; and 
no apology is needed for drawing attention to a paper on the 
** Sexual Selection of Spiders," which was published last year 
in the United States of America. 

Moreover, since the paper in cmestion is one of the occasional 
papers of the Natural History Society of Wisconsin, it is not 
likely to obtain a wide circulation, at all events on this side of 
the Atlantic, and to meet with that attention which all who read 
it must admit that it deserves. The author, Mr. G. W. Peckham, 
whose name has been for some years past well known to those 
who have devoted their time to the study of spiders, has in the 
present insUOfiik produced a work of much greater general 
interest than any tn^ he has published before. For the series 
of observations which constitute a large part of its subject-matter 
affords a means of testing in practically an unworked order of 
animals — and one especially favourable for the purpose — the two 
hypotheses respecting sexual ornamentation formulated by Mr. 
Darwin and Mr. Wallace. And since the conclusions to be 
derived from these observations are, in the opinion of the author, 
all in favour of Mr. Darwin's views, it will be of interest to see 
from a critical examination of the contents of the paper to what 
extent this opinion is supported by the facts therein set forth. 

Mr. Darwin’s theory ot sexual selection, or in other words the 
theory that the brilliant colours and ornaments of the male are 
due to the constant preference by the female of the best-decked 
males, is too well known to need further explanation here. Mr. 
Wallace, rejecting this theory on the grounds that there is but 
little evidence in its favour and much that is directly opposed to 
it, has put forward an alternative hypothesis which may be 
briefly epitomized as follows. The production of colour in organ- 
isms IS normal, and needs no special accounting for ; the more 
brilliant colouring of the male, the development of plumes, &c., 
is attributable to the greater vigour and activity of this sex, and 
when this colouring becomes intensified at the breeding season 
it is because vitality is then at a maximum ; the duller colouring 
of the female, at all events in birds, is due, through the agency of 
natural selection, to the toning down or elimination of the 
normal tints on account of her special need for concealment. 

Before proceeding to test these two theories in the light thrown 
upon the subject by a consideration of the secondary sexual 
cnaracters of spiders, Mr. Peckham, turning his attention to other 
groups, urges tne following cases as inexplicable by Mr. Wallace’s 
views. If; it is asked, there is a causal relation between high 
vitality and ornamentation, how are we to account for the 
brilliant colours of some tropical pigeons which are remarkable 
neither for pugnacity nor activity ? and how for the gaudy plumes 
of the birds of Paradise, which are by no means noticeable for 
fierceness of disposition ? But in the case of these two objections 
the flaw seems to be the assumption that pugnacity and activity 
are the only criteria of high vitmity. 

It is clear, moreover, that at the time these were advanced the 
author had never read Mr. Wallace’s last work, ** Darwinism ’’ ; 
for on p. 292 of this volume reference is made to the birds of 
Paradise, and their gaudp adornment is spoken of in connection 
with the wonderful activity they display. The following question 
is also raised* Quoting verbatim-^** Perhaps the most difficult 
fact to reconcile with the [Mr. Wallace’s] theory is the absence 
of ornamentation and bright colour in the bats. They have a wide 
expanse of integument, and great activity, the conditions specified 
by Mr. Wallace for the development of gaudy pigment, and no- 
thing, apparently, in their habits to keep it down ; but, except in 
the frugivorous bats, we find little difference between the sexes, 
nor is there any appreciable approach to bright colours ’’ (p. 9}. 

’ At first sight this objection seems to be valid ; for, if we admit 
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the truth of the author’s premises, it seems that his conclusion 
is a just one. But can this be done ? Is it the case that there 
is nothing in the habits of bats to keep down the development 
of gaudy pigment ? Surely not. These animals are nocturnal 
or crepuscular, spending the day suspended from the roof of 
some cave or other dark secluded spot, and only issuing forth at 
nightfall to exercise their activity in hunting for prey. Thus 
that great expanse of integument above referred to — namely, the 
wings — is never exposed to the rays of the sun, and few tnings, 
if any, are more antagonistic to the development of gaudy pigment 
than absence of l^ht. 

These cases, then, do not seem apon examination to be 
seriously opposed to Mr. Wallace’s views. But turning to the 
spiders, we find that the objections are of a somewhat different 
order from those hitherto considered. For after passing in re- 
view all the principal families of this group, and studying their 
moults, it is concluded (x) that there is. no evidence to show that 
there is a ca^al relation between high vitality and adornment, 
since, in tlm first place, as a rule, the savage andg powerful 
female is I^s, sometimes very much less, brightly coloured than 
the malej^ho is comparatively weak and unaggressive ; and, in 
the second place, many of the sluggish and sedentary spiders, 
such as, the Epeirida^ are brilliantly tinted, whilst other 
active, restless forms, such as most Lycosidee^ are relatively dull- 
coloured ; (2) that when the male differs from the female he 
departs in proportion from the normal colouring of the group, 
and that when the female, as well as the male, is showily attired, 

I the resemblance between them is due to the partial or complete 
* transmission of the male colouring to the female, the complete- 
ness of the resemblance depending upon the age of the male at 
the time of the acquisition of his adornments ; and (3) that there 
is no reason to think that the females have had their cdlours 
toned down for the sake of concealment at the time of nesting, 
for in the AUidd, where sexual differences of colour are best 
marked, the females have covered nests. 

Mr. Wallace’s theory, then, however satisfactory it may be in 
the case of butterflies and birds, fails apparently in every 
essential respect when applied to spiders. It is necessary, 
therefore, to look elsewhere for an explanation. 

Now, when we consider the secondary sexual characters of the 
Aiiidaif the first ffict that strikes the attention is that these cha- 
racters exist in the males as modifications in the form of the 
falces, palpi, first pair of legs, or clypeus — that is, of those 
portions of the anterior part of the body which are in full view 
when the male is approaching the female — ^and, moreover, that 
these modifications in form result often in an increase of surface 
for the development of gaudy, often strongly iridescent, hues. 

Thus, in Salticus fomiicarius the ? has short vertical reddish- 
black falces, while those of the i are horizontal, much en- 
larged, and copper-green in colour ; and in Ictus palmarum " the 
falces in the i are comprq^sed, horizontal, and three times as 
long as the face, the fang equalling the falx in length ; the front 
surface of the falces is dark bronzy rufus, and on each outer 
edge is a wide band of snowy-white hairs. In the 9 the falces 
are vertical, and only as long as the face, and the snowy-white 
hairs are absent. The £ is rendered still more striking by the 
long snowy-white hairs which cover his clypeus, while the fore- 
head, and a space just below the first row of eyes, is cover^ 
with bright red hairs. All this ornamentation is lacking ia 
the 9.” 

The clypeus, too, is liable to a considerable amount of varia-^ 
tion with sex. Thus, in Dendryphantes capitatus this part m 
the i is conspicuously marked by several white bands, which 
contrast strikingly with the dark colour of the rest of the face 
in the 9 the whole cljrpeus is whitish, and in no way conspicuous. 
Again, in Afopsus mormon there is a high vertical ridge of hairs 
extending over the forehead in the 3 ; in the 9 > on the other 
hand, these hairs are wholly absent. So, too, in the Theridiida^ 
the heads of the males are frequently higher, in many species 
very much higher, than in the females. 

With regara to the palpi and first pair of legs, it will be 
sufficient to say that in Keyserling’s Arachniden Australiens ’’ 
thirty-four males are described (in the family AtHda\ having 
well-developed fringes or tufts of hair on the palpi, while there 
are only five females so ornamented, and several of these to only 
a moderate extent; and that in the 6 of Synagehs pkaia the 
tibia of the first pair of legs is enlarged and flattened, and the 
anterior face of the enlargement is of a brilliant steel-blue 
colour ; in the £ of Philpms nutalUsccns the anterior less are 
elongate, of a brilliant steel-blue colour, and omamentea with 
rings, spots, and fringes of hairs, whilst in the females of thq^e 



4o6 


NATURE 


[AuGOsr ^1, ¥800 


two species the legs are neither modified nor adorned to any 
remarkable extent. 

It must be understood that the few instances here given of 
the secondary sexual characters have been selected out of a 
number cited by the author, who could himself have filled a 
volume on the subject. Sufficient, however, have been given to 
show how commonly the anterior portion of the body varies in 
clifierent ways in the male sex ; and *^it is of high importance 
to note that the bright-coloured hairs or metallic scales as well 
as the protuberances are either on the anterior surface, or in 
some way so placed as to be plainly in view from the front.” 

In seeking for an explanation of these sexual characters it 
<loes not appear that any of them are of special advantage to 
their possessors in the way of procuring food, avoiding enemies, 
fighting with rivals, &c. ; consequently they cannot be attributed 
to the action of natural selection. But when considered in 
•connection with the habits of the Aitida at the time of mating, 
it is clear to the mind of the author that the clue is to be found 
in the thecry of sexual selection. The courtship of t number of 
-captive species is described, and described with a s^se of the 
ludicrous which is quite irresistible. The following two may be 
selected as instances. 

On p. 37 we read of Sat/ts puUx : — ** On May 24, we found a 
mature female, and plabed her in one of the larger boxes, and 
the next day we put a male in with her. He saw her as she 
stood perfectly still, twelve inches away ; the glance seemed to 
excite him, and he at once moved towards her ; when some four 
inches from her he stood still, and then began the most remark- 
able performances that an amorous male could offer to an 
admiring female. She eyed him eagerly, changing her position 
from ^ime to time so that he might be always in view. He, 
raising his whole body on one side by straightening out the legs, 
and lowering it on the other by folding the first two pairs of 
legs up and under, leaned so far over as to be in danger of 
losing his balance, which he only maintained by sidling rapidly 
towards the lowered side. The palpus, too, on this side was 
•turned back to correspond to the direction of the legs nearest it. 
He moved in a semicircle for about two inches, and then in- 
stantly reversed the position of the legs and circled in the 
-opposite direction, gradually approaching nearer and nearer to 
the female. Now she dashes towards him, wbMe he, raising his 
(first pair of le^s, extends them upward and forward as if to hold 
her off, but withal slowly retreats. Again and again he circles 
from side to side, she gazing towards him in a softer mood, 
evidently admiring the grace of his antics. This is repeated 
until we have counted in circles made by the ardent little 
male. Now he approaches nearer and nearer, and when almost 
within reach whirls madly around and around her, she joining 
^ and whirling with him in a giddy maze. Again he falls back 
and resumes his semicircular motions, with his body tilted over ; 
she, all excitement, lowers her head and raises her body so that 
it is almost vertical ; both draw nearer ; she moves slowly 
under him, he crawling over her head, and the mating is 
.accomplished.” 

Again, on p. 47, cxmo/mXvLg Dendryphantes elegans : — While 
from three to five inches distant from her, he begins to wave his 
plumy first legs in a way that reminds one of a windmill. She 
eyes him fiercely, and, he keeps at a proper distance for a long 
time. If he comes close she dashes at him, and he ouickly 
retreats. Sometimes he becomes bolder, and when within an 
inch, pauses, with the first legs outstretched before him, not 
c^sed as is common in other species ; the palpi also are held 
stiffiy out in front with the points together. Again she drives 
him off, and so the play continues. Now the male grows 
excited as he approaches her, and while still several inches away, 
whirls completely around and around ; pausing, ‘iie runs closer 
and begins to make his abdomen quiver as he stands on tip-toe 
in front of her. Prancing from side to side, he grows bolder 
and bolder, while she seems less fierce, and yielding to the 
excitement, lifts up her magnificently iridescent abdomen, holding 
it at one time vertical, and at another sideways to him. She 
no longer rushes at him, but retreats a little as he approaches. 
At last he comes close to her, lying flat, with his first legs 
stretched out and quivering. With the tips of his front legs he 
gently pats her ; this seems to arouse the old demon of resist- 
ance, and she drives him back. Again and again he pats her 
with a carMsing movement, gradually creeping nearer and 
nearer, which she now permits without resistance, until he 
•crawls over^er head to her abdomen, far enough to reach the 
•epigynum with his palpus.” 

From these cases ana the others that are given it is established 
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that the attitudes and antics of the males are such as to display 
to the best advantage whatever adornments they possess, and it 
is concluded that the female selects as her mate the mrie which 
pleases her best on account of some superiority over his fellows 
in adornment either of colour, or special outgrowths, or both. 
Hence is deduced the further conclusion that the sexual orna- 
ments of the male result from the constant preference by the 
females of the best-decorated males. But it is obvious that this 
conclusion is open to the same criticism as that advanced i^ainst 
Mr. Darwin’s explanation of the sexual ornamentation of; 
birds — namely, the criticism that the conclusion rests upon an 
inference and not upon a fact ; and that the most important link 
in the whole chain of evidence is wanting — namely, the proof 
that the females select as partners the most beautiful males. 
This it will be remembered, is perhaps Mr. Wallace’s strongest 
objection to the hypothesis of sexual selection ; and when we 
consider all the cases that are quoted in this work it will be 
seen that many of those that are advanced as siipporting this 
hypothesis are equally explicable by Mr. Wallace's views. 
Thus, although it is certainly the case that the females are as a 
rule the more powerful and more ferocious, yet, on the other 
hand, judging from the descriptions given of the contests and 
dances of the males, it seems to be this sex which excels in 
activity ; and if activity be a criterion of high vitality we at 
once see the connection between high vitality and ornamenta- 
tion. Again, from the fact that the female watches with atten* 
tion the antics and gambols of the male, it is inferred that she 
is admiring the display of his agility and beauty : that, of coarse, 
may be the case, but is it not conceivable, ^COu'^ldering the 
ferocity of her disposition, that she is merel}^ on the alert to 
ward off an unwelcome advance, or is but awaiting a favourable 
opportunity to seize and destroy her persecutor? Or again, if it 
be asked why it is that the males perform the strange antics in 
the presence of the females if it be not for display, it may be 
answered that the excitement of the males, always great daring the 
breeding season, attains to a maximum at that time in the society 
of the females, and shows itself in the performance of the strange 
antics that are so graphically described. The same objection 
may be made to the idea expressed on p. 41 that the seemingly 
terrible battles of the males are all sham affairs gotten up for the 
purpose of displaying before the females. The fact that tne males 
fight when there is no female to watch them makes it more probable 
that the combats are due to playful excitability or genuine ferocity. 
And lastly, not only, as above stated, is there a Tack of evidence 
to show that the female prefers as partner the most beautiful 
male ; but, more than that, it appears that the success of one 
male over another in courtship may be attributed to excess of 
vigour. Thus, in the case ot Astia vittata^ a species in which 
there are two types of male, it is stated on p. 54 that the 
niger form is much the more lively of the two, and whenever 
the two varieties were seen to compete for a female, the black 
one was successful. He is bolder in bis manners . . . ” ^ 

Thus Mr. Peckham has not vet brought forward a sufficient 
number of facts to carry to all minds that conviction of the 
truth of the theory of sexual selection which he feels himself. 
But whatever be the value of the criticisms here advanced, and 
of others that wilt doubtless be thought of, everj^one will admit 
that the paper contributes a number of new and interesting facts 
to the subject of sexual adornment, and most of its readers will 
probably feel inclined to think that the balance of the evidence, 
so far as spiders are concerned, tends to support the explanation 
proposed by Mr. Darwin. R. I. PococK. 


THE TERMINOLOGY OF HYDROLYSIS^ ESPE- 
Cl ALL Y AS EFFECTEI? BY** FERMENTS^ 

A LL who consider the meaning of words, and who desire, as 
far as possible, to remove ambiguity from the terms 
employed in denoting chemical change, must have felt some 
dissatisfactlott with the nomenclature used, chiefly by physio- 
logists, in^describlog and discussing the remarkable phenomena 

' In connection witli thU psMage it it neceiiary to explain that at the 
time it wan writtan 1 was not aware that Mr. Poulton. in his new work 
on ** Ihe Coloers of Animals/* cites the case of Asha vthnia as affording 
the strongest support to the theory of sexual selection ; nor did I see Mr. 
Wallace's review of this work in Natckr July 94 (p« adg) until after the 
present article had been sent to the publisher. Consequently I had no 
means of knowing what Mr. Wallace's opinion on the point might be— 
except in so far as his reply 20 Mr. Pouf ton is the only one that common 
sense would immediately suggest to any man who holds Mr Wallaco'ayiowa 
on sexual ornamentation, or who crlticixes the subject without prejudging it. 
— R. I. P. 



NA TU RE 


407 


August 21, 1890] 


presented by the living cell and which attend digestion. As 
Messrs. Brown and Morris in their paper “ On the Germination of 
the Gramineae (Chem. Soc. Trans. 1890, 458) have done me the 
honour to accept several of my suggestions, 1 venture to regard 
the opportunity as one which should not be lost of discussing 
the terminology of fermentation phenomena. 

Changes such as a elucose undergoes when it is resolved into 
carbon dioxide and ethyl alcohol take place under the influence 
of the living organism, and there is every reason to believe only 
within the cell ; they involve the formation of products con- 
taining in the gross neither more nor less than the original 
elements of the compound fermented ; and when the products 
are compared with the compound from which they are derived, 
it is seen that their production in all cases involves the separation 
of carbon atoms which were directly united, and also consider- 
able rearrangement of the constituent elements. 

Changes such as that which cane-sugar undergoes on inversion 
lake place not only within the cell but equally well without it 
under the influence of a substance which, although not living, 
is of vital origin : they appear always to involve the flxation of 
the elements of water ; and the products of their action bear a 
very simple relation to the original substance, viz. always that 
of an alcohol to its ether, no separation of directly-united 
carbon-atoms, or any molecular rearrangement such as attends 
the former class of actions, taking place. The agents derived 
ftom organisms which effect changes of this second kind are 
spoken of as unorganized ferments ; changes of the first kind 
are said to b^gQQjlkioned by organized ferments^ ue. organisms. 

There is thus, at Ihe outset, a difficulty in assigning a con- 
sistent meaning to either term — fermentation or ferment ; diverse 
phenomena produced by diverse agents being included under a 
single designation. 

Fermentation, — I'he difficulty is in part met by restricting the 
term fermentation to changes such as occur, for example, daring 
alcoholic fermentation ; and there would seem to be no occasion 
to apply it more widely so as to include changes of the second 
kind, these, as before remarked, being apparently all cases of 
simple hydrolysis. This is true, even if the explanation of 
fermentation suggested by Baeyer in 1870 (cf. Bcr,^ 1870, 63 ; 
Journal of the Chemical Society, 1871, 331) be accepted, which 
represents fermentation proper as the outcome of hydrolysis — an 
explanation which the increase of knowledge in the interval en- 
tirely favours ; inasmuch as hydrolysis takes place in the two 
cases with different results, and affects compounds of different 
types. Moreover, it is to be noted that not only is it impossible to 
represent the phenomena of fermentation proper as the outcome 
of simple hydrolysis, but that also, in certain cases, synthetic as 
well as analytic changes occur ; in the case of butyric fermenta- 
tion, for example. In fact, in many instances, apparently two 
series of concurrent Changes take place : the one series involving 
what,* in the light of fiaeyer’s explanation, may be termed 
recuirent as distinguished from simple hydrolysis ; the other in- 
volving the interaction of the molecules of one or more products 
of this recurrent hydrolysis. There is thus an advantage in em- 
ploying a somewhat empirical expression in connoting phenomena 
which do not all conform to one absolute type, but which have a 
common origin, as they are the outcome of protoplasmic activity, 
especially as most fermentations are attended with evolution 
of gas. 

But it is to be remembered that, whereas carbohydrates^ and 
allied compounds such as glycerol, lactic acid, &c., are said to 
undergo fermentation^ the decomposition of albuminoids under 
the influence of organisms is commonly termed putrefaction; 
this distinction, however, is made on account of the character of 
the products, not because there Is any reason to suppose that the 
changes which occur are essentially different in character from 
those which the cart^ohydrates undergo. The want of a term 
indicative of the fact that the ^action Is one which takes place 
under vital influence without reference to the character of the 
change — equally applicable to simplifications such as occur 
during alc<molic fermentation and to complications such as occur 
during butyric fermentation— is also felt in the case of changes 
such as alcohol undergoes under the influence of Mycoderma 
aceti and vini^ or which ammonia undergoes on nitrification, and 
in ther converse change of denitrification. Dr. W, Rol^rts has 
proposed to speak of changes induced by enzymes (r/. infra) as 
cases of enzymosis ; the corresponding term zymosis might well 
be employed as the synonym of fermentation, and would probably 
be found to ‘be of more general application : thus alcohol may 
be said to undergo oxidation byaymosis or zymic oxidation under 
the influence of Mycoderma aceti ; and in d^cussing putrefactive 
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changes, it would be possible to speak of zymic changes a» 
distinct from those arising from the unassisted interaction of the 
zymic products. Zymosis is preferable to zymolysis, as the effect 
is not always one of simplification. 

^ Ferments, — The expression ferment is more frequently than 
not employed as the equivalent of unorganized ferment ; con- 
sequently it is applied to the very agents which are incapable oC 
producing fermentation proper. This has been so generally felt 
to be the case that several words have been coined in p^ce of 
unorganized ferment, notably zymase and enzyme (cf. Dr, W. 
Roberts, Roy. Soc. Proc., 1881, xxxi.ii45) : the objection *may 
be made to the former that it is indicative of vitality ; the latter, 
however, is expressive, and serves only to indicate the vital 
origin^ of the agent, thus differentiating it from agents such a& 
the mineral acids which act ve^ similarly. 

Enzymic action or enzymosis to use the phrase suggested 
by Dr. Roberta — appears, as already remarked, always to involve 
decomposition by means of water. On this account, 1880,. 
in the secemfl edition of my Introduction to the Study of 
Organic ^emlstiy (Longmans ; footnote, p. 190) I put , 
forward the following suggestions : — 

** Decompositions like those of starch into dextrose, of cane- 
sugar into dextrose and laevulose, of the fats into glycerine and 
an acid, or of ordinary ether into ethylic alcohol, which involve 
the fixation of the elements of water,. may all be said to be the 
result oF hydrolysis / and those substances which, like sulphuric 
acid, diastase, emulsin, &c., induce hydrolysis may be termed 
hydrolytic agents or hydrolysis. The substance hydrolyzed is 
the hydrolyte. The mere fixation of the elements of water, un- 
accompanied by decomposition, as in the conversion of ethylenic 
oxide into glycol, C^H^O + OHj ==: C2H4(OH}2, may be teiibed 
hydration in contradistinction.” 

It is usually necessary to employ a specific enzyme (hydrolyst), 
or one of a very limited number, to effect the hydrolysis of any 
particular hydrolyte, and hence physiologists are in the habit of 
speaking of amylolytic fermentz, proteolytic fcTmenis^ &c., mean- 
ing ferments capable of splitting up starch, proteids, 8tc. But 
the terms amy lolytic, proteolytic, &c., are confusing to the student 
who has learnt that electrolysis signifies splitting up by means of 
electricity, and hydrolysis splitting up by means of water— not 
the splitting up of electricity or of water. As electrolysis and 
even hydrolysis are well-established terms which it would scarcely 
be politic to alter, it appears highly desirable to abandon the use 
of terms such as amylolytic, proteolytic, &c., and I would suggest 
that an enzyme capable of inducing the hydrolysis of starch 
should be termed an amylo-hydrolyst ; one which affects albu- 
minoids, a proteid-hydrolyst ; one which affects fats, 'a glyceride- 
hydrolyst. 

One case remains in which the use of the term ferment cannot 
be avoided by the adoption of thb proposition — that of the 
so-called rennet ferment. It may well that this is also a 
hydrolyst, and that in all cases the formation of a curd, clot, or 
coagulum initially involves hydrolysis — or, perhaps, hydration 
merely-- and the consequent interaction of molecules of the pro- 
duct or products ; but of this we know nothing at present, and 
the observed phenomena are of so different a character that it is 
desirable to connote such changes by a distinct expression. I 
would suggest that we should term the rennets thrombogenic 
enzymes or thrombogens, Henry E. Armstrong. 


SCIENTIFIC SERIALS. 

E Antkropolo^e^ sous ladirection de MM. Cartailhac, Hamy, et 
Topinard, tom^i., No. 2 (Paris, 1890).— The covered mortuary - 
chambers at Les Mureaux (Seine-et-Oise), by Dr. Verneau. 
Through the accidental displacement of the soil in a field at 
Les Mureaux an important discovery was made in the winter of 
1888-89 of a subterranean sepulchral passage, a so-called all£e 
converter which was densely packed with human bones, inter- 
mingled with various stone, bone, and other objects. As in 
other constructions of the kind, this mortuary passage was 
divided into two paved and wdled-in chambers, varying in 
width from X'85 m. to 2'xo m. Owing to the thickness of the 
stone walls dividing these chambers, considerable labour must 
have been required to effect an entrance whenever a fresh 
burial took place. It would appear that sixty or mor^ skeletons 
bad been deposited in thes# chambers, but unfortunately many 

‘Sheridan Lea's zy molys is (cf. Journal of Physioloj^y^ 1890, xl. 254) i|^ 
open to the objection above made to symase* 
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of the bones were damaged or utterly destroyed by the workmen 
originally engaged in the excavations. In the course of M. 
Verneau^s examination of these sepulchral chambers, he discovered 
that a special burying-place haa been allotted to children close 
to the stone hearth, which was placed at the entrance of the 
a//A, while the adult skeletons had been deposited in other 
parts of the chambers. lie is of opinion that the f*>yer or hearth 
was designed to facilitate the ventilation of the air before the 
chamber was opened for the deposition of fresh bodies, but the 
presence in the surrounding ashes of half-burnt animal bones 
suggests the possibility that these rudely constructed hearths may 
have been used for the prcparatioii of funeral repasts* The great 
number of artificially perforated cranial bones proves that the 
process of trepanning was of frequent occurrence amongst the 
Neolithic tribes of Les Mureaux. The great variety of cranial 
types, which range from the extremes of brachycephalism to 
those of dolichocephalism, shows that a blending of several 
distinct faces had taken place prior to the settleiicnt of these 
early people. The objects found at Les Mureauj^ moreover, 
indicate that these tribes must have had communicVtion with 
distant regions, for while the stones of which the alUe is built 
have been obtained from the opposite shores of the River Seine, 
some of the shells, as patella, purpura, and others used for 
ornamentation, must have been derived from intercourse with 
people of the remote sea-coast. Perforated flint and bone 
pendants were found on several of the skeletons, as many as five 
of these objects being suspended around the neck of a very young, 
child. — On the dietary of the Lapps, by M. Rabot. The author 
has borrowed so largely from the narratives of earlier foreign 
travellers, and more especially from those of Dr. Broch and other 
Danish writers, that his work can lay no claim to originality. 
According to the author it would seem that we are justified in 
assuming that the sedentary Lapps and most of those who have 
entirely given up a nomadic life live almost exclusively on fish, 
while the pastoral section of the people prefer animal food. — 
The cephalic index in the population of France, by Dr. 
Collignon. The author here shows how we may trace in the 
distribution of various cephalic indices the main centres of the 
different races which have occupied the French territories. 
Among the various peoples settled in France he distinguishes 
three groups — namely, (1) a Ligurian or Iberian people, the repre- 
sentatives of the Cro Magnon and other primitive tribes, who 
exhibited the dolichocrahalic type, with a short stature and a 
brunette coloration. This race appears to have spread from 
the Gulf of Lyons to the Maritime Alps. (2) A Celtic brachy- 
cephalic race, which predominated in the districts extending 
from the Mediterranan to the eastern limits of France. (3) A 
blonde dolichocephalic people, who had forced themselves 
wedge* like through the Celtic mass of the population, separating 
it into two sections, and advancing from north-east to south- 
west. 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, August ii.— M. Duchartre in the 
chair. — On the equilibrium and mutual reaction of the volatile 
alkalies, by M. Berthelot. The author has considered the cases 
of the mutual reactions of water, hydrochloric and sulphuric 
acids on piperidine, and has determined the various heat changes 
which result. He has also investigated the amount of heat de- 
veloped in the action of ammonia and the fixed alkaline bases 
on the same compound. Pyridine and aniline have been simi- 
larly experimented upon. — On the meteoric i|[pn of Magura, 
Arva (Hungary), by MM. Berthelot and Friedel.^ An examina- 
tion of two samples of this meteorite has led the authors to the 
conclusion that the numerous small crystals are quarts, and not 
diamonds as has been supposed. — On an electric lamp called 
the Stella lamp, destined for use in mines, by M. de Garson.— 
On some new hydrates of gases, by M. Villard. The prepara- 
tion of the hydrates of propane and of the fluorides of carbon is 
described. — On a new fatty acid, by M. E. Gerard. The new 
acid is intermediate between palmitic and stearic aci^, and 
presents analogous properties ; nevertheless its melting-point is 
notably lovrer than that of the more fusible of these two homo- 
logues. The author proposes to call it daturic acid.-— Re- 
searches on the purple produced by Purpura lapillusp by M. 
Augustin Letellier. — On the multiplication and fertilization of 
. ffydatina senta (Ehr.), by M. Maupas. This communication 
l^pmpletes the work recorded in a former paper rmdus^ 

cix., 1889) on the following infusorians : Cycloglana lupus 
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(Ehr.), Naiammata oxiA, Adineta vaga and 

consists of observations of two specimens of Eydatiua senta '^ — 
On a peculiarity in structure of aquatic plants, by M. C. 
Sauvageau. — On the reputed digestive power of the liquid in 
the covered capsule of Nepenthes, by M. Raphael Dubois. The 
author has come to the following conclusions: (l) that this 
liquid contains no digestive juice comparable to pepsin, and that 
the Nepenthes are not carnivorous plants ; (2) that the phenomena 
of disintegration or false digestion observed by Hooker were 
without any doubt due to the activity of external niicro-ot^an- 
isms and not to the secretion of the plant.-r-Anatomical researches 
on hybrids, by M. Marcel Brandza. It has been found that 
(i) certain hybrids present in their structure a juxtaposition of 
particular characters such as are found in both parents ; (2) in 
other cases the structure of different parts of the hybrid is, for 
every tissue, simply intermediate between that of the parents ; (3) 
other hybrids have in certain organs a structure intermediate 
between that of the tissues of both parents, whilst in other organs 
a juxtaposition of anatomical characters peculiar to the parents is 
observed. 
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THEORETICAL BALLISTICS. 


A Revised Account of the Experiments made wiihjhe 
Bashforth Chronograph^ to find the Resistance of the 
Air to the Motion of Projectiles, &*c. By Francis 
Bashforth, B.D., late Professor of Applied Mathe- 
matics to the Advanced Class of R.A. Officers, 
Woolwich, and formerly Fellow of St. John’s Col- 
lege, Cambridge. (Cambridge : University Press» 
1890.) 

R obin S, in the last century, revolutionized the science 
of artillery by his invention of the ballistic pen- 
dulum ; and in our own times Mr. Bashforth has accom- 
plished the same thing for modern rifled artillery, by the 
aid of electricity and by his own chronograph. 

Previous to Robins's experiments, the vaguest ideas 
prevailed as to the velocity of cannon shot and musket 
bullets : it was never supposed that such a light medium 
as the air could offer the enormous resistance it does 
and the resistance of the air being supposed almost 
insensiWa)-;>nd^ Galileo’s parabolic theory being applied, 
the velocity of projectiles was very much underestimated. 
At the same time, to reconcile Galileo’s theory with the 
observed ranges in practice, it was usual to. suppose the 
first part of the trajectory to be a finite straight line, the 
point-blank range, and to add the parabola at the end of 
the straight line. I 

The ballistic pendulum of Robins enables us to dilute 
the velocity of the bullet so as to make it easily measur- 
able ; and by firing at the pendulum from different dis- 
tances, and calculating the loss of velocity through the air, ■ 
we are able to obtain a fair estimate of the resistance. | 
Robins found in this manner that the resistance of the air 
to a bullet, three-quarters of an inch in diameter, weighing 
one-twelfth of a pound, is about 10 pounds, or 120 times 
the weight of the bullet at a velocity of about 1600 feet 
per second. By firing with a charge of powder half the 
weight of the ball at the ballistic pendulum at ranges of 
2 Si 7 Si and 125 feet, he found that the mean velocities of 
impact were respectively 1670, iSS^i and 1425 f.s. 

Now denoting by R the average resistance in pounds 
over the first 50 feet, in which the velocity fell from 1670 
to isso, the principle of energy gives, in foot-pounds. 


5 oR = 


167 0^ - isso^ 

2 X 32’2 X 


or R *= 10. 


Robins proceeds to theorize by the principle of me- 
chanical similitude, and shows that a 24-pound cannon- 
ball fired with a charge of 16 pounds of powder, should 
acquire a velocity of 1656 f.s., and that the resistance of 
the air would then amount to 540 pounds, or nearly 
twenty-three tifhes the weight of the shot. He is now 
able to clear up the difficulty of the supposed point-blank 
range, the distance during which the shot is conceived to 
fly in a straight line. To reconcile the parabolic theory 
of Galileo with the observed very small curvature of the 
trajectory at the outset, ancient writers on ballistics were 
in the habit of making a concession to the vulgar opinion 
(an opinion not yet extinct, although Tartaglia pointed 
out its fallacy) that the path of a shot was a straight line 
for a certain distance, called the point-blank range, 
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during which the shot “ flyeth violently,” the motus 
violentus of old writers. 

But now Robins is able to show that, in consequence of 
the much higher velocity of the shot, and the much 
greater resistance of the air than was ever considered, a 
24- pound shot fired with two-thirds of its weight of powder, 
will, at a distance of 500 yards from the piece, be separ- 
ated from the line of its original direction by an angle of 
little more than half a degree, so small an aberration as not 
to be noticeable with crude'artillery appliances ; and 
generally that the track of the shot departs greatly from the 
parabola, and is much more closely imitated by the com- 
bination of motus violentus in a straight line, motus 
mixtus in a curve or circular arc, and motus naturalis in 
a vertical line, the vertical asymptote of the true path, as 
I taught^ by the old writers on artillery. 

Tl-^e treatise of Robins, “ New Principles of Gunnery,” 
1742, attracted immediate attention, and was translated 
with a commentary by Euler. 

The ballistic pendulum employed by Robins weighed 
I about 56 pounds, and was used only with musket bullets ; 

I and to this day it will probably be found the most efficient 
' instrument for measuring the velocity and retardation of 
small-arm projectiles ; the threads or wires of the electric 
screens being easily missed by bullets, or, if struqki being 
apt to deflect them. 

Experiments were made at Woolwich by Hutton in 
1775 and by Gregory in 1815, and by Piobert, at Metz, in 
1839, to apply the ballistic pendulum to cannon-balls ; and 
I although not such an accurate instrument on a large 
scale, in consequence of elasticity and vibration, still it 
was the only means at hand till the invention of the 
electric telegraph. The application of electricity to the 
measurement of the time of flight of the cannon-ball im- 
mediately suggested itself to various minds — Wheatstone, 
Konstantinoff, and Brdguet — and a chronograph was soon 
produced, capable of registering two instants of time, and 
thence one velocity ; as performed at present by the 
Boulengd chronograph, now in universal use for the deter- 
mination of muzzle velocities and the proof of powder. 

Notwithstanding the obvious advantages of electricity 
so late as 1855 a monster ballistic pendulum was con- 
structed to the order of the Government, and first set up 
at Shoeburyness, then at Woolwich, and finally dis- 
mantled without ever having been used in any course of 
experiments. The model alone of this instrument, shown 
at the Exhibition of 1862, is reported to have cost ;^8oo; 
but for ail practical purposes the pendulum could have 
been replaced by a large box rammed with s&nd,»and 
suspended by chains about 6 or 8 feet long, and the 
indications would probably have been more accurate. 
The expei^menters who followed Robins would have suc- 
ceeded better if they had expended all their care and 
ingenuity upon experiments on a small scale ; and really 
with all their trouble it is found that, when checked by 
electric records, their results are not so accurate as the 
original observations carried out by Robins. 

The problem of the electric chronograph was occupying 
Mr. Bashforth’s mind when he received the appointment 
of Professor of Mathematics to the newly instituted Ad- 
vanced Class of Artillery Officers in 1864-; >vhere he was 
well placed for carryii^ out his experimental ideas, with 
the assistance of his enthusiastic pupils. 

T 
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The conditions to be secured Avhlch Mr. Bashforth set 
before himself were — 

(1) The time to be measured by a clock going uni- 
formly. 

(2) The instrument to be capable of measuring the 
times occupied by a cannon-ball in passing over at least 
nine successive equal spaces. 

(3) The instrument to be capable of measuring the 
longest known time of flight of a shot or shell. 

(4) Every beat of the cloclic to be recorded by the inter- 
ruption of the same galvanic current, and under precisely 
the same conditions. 

(5) The time of passing each screen to be recorded by 

the momentary interruption of a second galvanic current, 
and under precisely the same conditions. \ 

(6) Provision to be made for keeping the strings or 
wires of the screens in a uniform state of tension, notitith- 
standing the force of the wind and the blast accompanying ' 
the ball. 

To secure these conditions practically, Mr. Bashforth 
had to invent his own chronograph, for a detailed de- 
scription of which the reader must refer to the book ; but 
it consists essentially of a brass cylinder provided with a 
heavy dy-wheel movable about a vertical axis ; and of 
two markers tracing spiral lines on paper placed on the 
cylinder, and giving an indication by a jerk on the spiral 
corresponding to the cutting of one of the electric screens 
by the shot, or to half-seconds of the clock. 

The fly-wheel being spun by hand, and the clock 
making continual half-second records, the word is given 
to fire the gun, and then the screen records are registered 
on the paper by the screen-marker. When the paper is 
full, after five or six rounds, the cylinder is transferred to 
a micrometer instrument, and the records read off with 
a vernier and microscope as accurately as possible. 

We may take it that the average travel of the paper on 
the cylinder is an inch for about a tenth of a second, so 
that, with screens 150 feet apart, an average velocity of 
1500 f.s. would give screen records at intervals of about 
an inch. Readings of tenths of an inch will give hun- 
dredths of a second, and of hundredths of an inch will 
give thousandths of a second, which is about as far as can 
be seen or measured with this instrument. But, by treat- 
ing the last significant figure as indeterminate, and 
smoothing down irregularities by differencing and inter- 
polation, Mr. Bashforth is able to assign probable values to | 
the 4th and even 5 th decimal of the second, in the instant 
at which any screen is cut. 

Any improved instrument which would give a velocity 
to the paper of ten times or one hundred times of Mr. 
Bashforth’s velocity would increase the recording ac- 
curacy theoretically to the same extent ; but, as Mr. 
Bashforth claims for his instrument, he has located the 
shot at any instant to within about one foot of range, 
an error comparable with inaccuracies in the measured 
distance between the screens, inclination of the screens, 
and bending or stretching' of the screen wires before 
breaking. 

The chronograph having given us the instants of time, 
say /i, t^, /«>•••. at which screens i, 2, 3,... at equal inter- 
vals of / feet were cut by a shot, we have to employ the 
methods of Finite Differences for coaverting these records 
into expressions for the velocity and retardation at any point. 
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It will be noticed that the chronograph records give, 
by interpolation, / as a function of s, not r as a function of 
/, so that the velocity v is the reciprocal of dtjds^ while the 
d^t 

retardation is v^\ and if the shot weighs W pounds, the 

d^t d‘t 

resistance of the air is W v® poundals, or W ^^2 v^-i-g 

pounds : the shot flying so fast that, practically, we may 
take it as moving in a horizontal line. 

Formulas of the calculus of Finite Differences will give 
us the values of dt/ds and (Ptlds^ in terms of the succes- 
sive differences A/, A®/,... of t ; those employed by Mr. 
Bashforth being — 

/^ = A/ - JA*/ -I- 

as 

^ = A®/ - A®/ -f fUV. 


To take a simple numerical illustration, suppose it was 
found by the chronograph that a shot weighing 70 pounds, 
flying horizontally, cut three equidistant screens 150 feet 
apart at instants of time 2*3439, 2*4325, 2*5221 seconds. 
TlAi time from the first to the third screen ,0*1782 

second, the average velocity over thi^ 300 feet is 
300 -i- 0*1782 =3 1684 f.s. ; and we may take this as being 
the velocity at the middle screen — an assumption which 
is accurately true if the resistance varies as the cube of 
the velocity — that is, if dHIds^ is constant. 

Again, A*/ *= 2*3439 - 2 X 2*4325 •+• 2*5221 =» 0*001 j 
so that d^ifd^ = 0*001 -i- (150)®; and therefore the re- 
sistance of the air is 70 X (1684)* X o’ooi -j- (150)* 
= 14,850 poundals, or 464 pounds. 

Experiment confirmed the reasonable hypothesis that 
the resistance of the air is proportional to the cross- 
section, or to d\ if d is the diameter in inches ; so that, 
for similar projectiles, Bashforth introduces his coefficient 
K, defined so as to make the resistance of the air at a 
velocity v f.8. to a projectile d inches in diameter to be — 


rf® K poundals, or ^ pounds ; 

while, if the weight of the shot is W pounds, the retarda- 
tion due to the resistance is 


and thus 


d* 

W 


K 


f— celoes ; 
Viooo/ 


W 


K 


10^^, or K 




The coefficient K is now found experimentally to be 
the same for all simil2u* projectiles, whatever the weight, 
W pounds, or diameter, d inches ; and the factor of 
mechanical similitude "Wld^f now called the ballistic co- 
efficient and generally denoted by C, enables us to gene- 
ralize the experiments made on one scale d!> projectiles of 
all sizes. 

We now see the convenience of splitting up the resist- 
ance of the air into two factors,’ one of them being the cube 
of the velocity ; for in the retardation the other factor is 
d*/lds*, which is given very simply in terms of A®/,... 

It is very often asserted that ** Bashforth assumed the 
resistance of the air to vary as the tube of the velocity " ; 
whereas in reality Bashforth found it convenient to take 
out the cube of the velocity as one factor of the resist- 
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ance, and to tabulate the other factor, as a slowly varying 
quantity. 

Practically, we find that is about one-thousandth of 
a second when / =» 150, the distance between the screens 
in feet, so that dHlds^ is a decimal beginning with six or 
seven zeros. Mr. Bashforth avoids this inconvenience by 
writing the retardation — 



equivalent to reckoning the velocity in thousands of feet 
per second. 

We have explained this notation at some length, as 
Mr. Bashforth has taken this and all other notation for 
granted as known, which is already given in his “ Motion 
of Projectiles.” The numerical values of K from the ex- 
periments are given in Table XI. for spherical and in 
Table XII. for ogival-headed projectiles ; these two tables 
containing the complete theoretical deduction of all the 
author’s numerous experiments. 

But as for very high or very low velocities the New- 
tonian law of resistance, varying as the square of the 
velocity, is more likely to be near the truth, the author 
has conveftecl kis coefficients K for the cubic law into 
coefficients k for the Newtonian quadratic law, tabulated 
in Tables I.-VI. ; here, again, he has omitted to explain 
the formula required in the use of k\ but it is easily 
inferred to mean that the resistance of the air is 

so that the relation connecting k and K is loook — z/K. 

In the practical use of the tables, we choose the one in 
which or K is the more nearly constant and changes 
the slower. 

The value of k for ogival-headed projectiles has been 
plotted graphically in the following diagram by Mr. A. 
G. Hadcock, quoted by Mr. Bashforth on p. 149 ; curve 
I being drawn from the result of Mr. Bashforth’s experi- 
ments ; curve 2 from the empirical laws of General 
Mayevski deduced from Bashforth’s experiments ; and 
curve 3 from the empirical laws of Captain Ingalls, drawn 
up to represent the resistance of the air according to 
Knipp. 


Vnoemca rso mo imo /mo m/j 



The diagram is interesting as showing how far the 
Newtonian law is true for very low and very high 
velocities, and it confirms in a remarkable way the 
change in the value of ^ as we pass through the velocity 
of sound, so that its final value is about three times its 
initial value, as found out by Robins ; insomuch that the 
resistance of the air to a 12-pound shot moving at 
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1700 f.s., which, according to the experiments of Newton 
on slow motions (*' Principia,” lib. ii.. Props. 38-40), 
ought to have been 144 pounds, was found by Robins to 
he 433 pounds, or three times as much. 

At velocities less than that of sound the projectile is 
always moving among its own waves ; at greater veloci- 
ties the point is supposed to be cleaving undisturbed 
air, like a swift steamer on the water ; and now the chief 
element of resistance arises in the energy drawn ofif in the 
waves ii^the wake, waves which have been photographed 
by Mach and Salcher, according to an article signed 
“ B.” in Nature. 

Recently it has been discovered that with high veloci- 
ties the shot carries the sound of the gun along with it, 
while backwards and sideways the sound is propagated 
at its^ ordinary rate ; this phenomenon is sufficient to 
destroy the utility of range-finders based upon the obser- 
vation of the velocity of sound. 

Curve 3 indicates that the resistance of the air to 
Krupp’s projectiles is about 10 per cent, less than to 
ours ; this may be attributed to the sharper point, better 
centering obtainable with breech-loading, and a slightly 
less standard density of air ; but Mr. Bashforth points 
out, with some justice, that the resemblance of ^piipp’s 
curve 3 to his own is rather suspicious, considering the 
small number of published experiments upon which 
Krupp’s experiments are based. 

Mr. Bashforth honestly prints all the values of K 
derived from his experiments, values often exhibiting great 
discrepancies among each other, and takes their mean 
as the true value ; whether more delicate chronographs 
and improved electrical manipulation will enable us to 
refine on Bashforth’s results remains to be seen, as a 
correction in the first decimal place of the value of K, 
depends upon the millionth of a second — a refinement we 
are very far off from having attained. Mr. F. J. Smith has 
given an account of a chronograph of his own invention, 
and in the August PAtV. Mag. a description of a method 
of eliminating the latency in electro-magnetic records in 
chronogpraphs, which may prove very useful. A chrono- 
graph to read directly to one ten-thousandth of a second 
is now the great desideratum : when chronographs were 
first brought out, the millionth of a second was glibly 
talked about, but so far, the thousandth is very good work 
indeed. 

The experimental part of work is concluded when the 
value of K is obtained ; but on these experiments Mr. 
Bashforth is able to build up his tables of T ' an^ S 
(XXIII.-XXXIII.), which enable us to calculate before- 
hand the performance of any gun,' and save thousands of 
pounds in gqnpowder at the price of a little ink. 

Knowing C, the ballistic coefficient of the gun, then 
the formulas 

/ - C(Tv - T,), s = C(Sv - S,), 
connect the distance s in feet and the time t in seconds* 
for any initial velocity V, and final velocity v. 

An additional table, for D, invented by Mr. W. D. 
Niven, is not given by Mr. Bashforth, but is found of 
great practical use ; it gives d, the deviation in degrees in 
a vertical plane for a flat trajectory, by the formula — 

d A C(Dv - DO. 

Colonel Siacci, of the Italian artillery, has converted 
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Niven’s D into circular measure, or natural tangents, and 
called it I ; and has added another useful function, A, 
the altitude function. The use of these functions is indis- 
pensable in modem ballistics ; but Mr. Bashforth does 
not mention them, as the chief purport of his book seems 
to be to put on record his own share of the work; 
and certainly,* once the experimental part is done, it is 
a very easy matter to sit quietly iodoors and theorize 
upon it. 

A very searching test of Mr. Bashforth’s tables was 
proposed in 1887, when it was decided to fire the 
“Jubilee rounds” from the 9‘2 inch at elevations of 40®- 
45°, to see what is the extreme range attainable with 
modem artillery ; and calculations were invited, to be 
sent in belbre the gun was fired. Mr. Bashforth prints 
the result of his calculations, which assigned a range of 
19,426 yards with an elevation of 40° and an initial 
velocity of 2360 f.s. The range attained one day when 
the gun was fired was over 21,000 yards, and on another 
day was over 20,000, the difference being attributable to 
wind ; so that, with no allowance for wind, and the fact 
that the initial velocity was really about 2375 f.s., we 
must consider that the calculation was close enough to 
show the value of Bashforth’s coefficients ; other calcu- 
lators who allowed for the better shape and steadiness of 
the projectile obtaining even closer agreement. The 
calculation is interesting as showing the great height to 
which the projectile rises, and the consequent necessity 
for a frequent change in the coefficient of resistance due 
to the tenuity of the atmosphere- 
Prop. VII., Robins’s “ New Principles of Gunnery,” 
asserts : — “ Bullets in their flight are not only depressed 
beneath their original direction by the action of gravity, 
but are also frequently driven to the right or left of that 
direction by the action of some other force.” 

This well-known effect in golf is still more marked in 
rifled artillery, especially with high-angle Are ; and now 
in modern ballistic tables we have columns added for M 
and B, two functions calculated theoretically by General 
Mayevski, for assigning the value of this lateral devia- 
tion or drift. 

Mr. Bashforth devotes chapter vi. to a popular ex- 
position of this phenomenon, which is still somewhat 
wrapped in obscurity, in spite of all that has been written 
about it ; a list of which writings is given by Captain 
Ingalls in his “ Hand-book of Problems in Exterior 
Ballistics.” 

The Stability of the axis of the projectile imparted by 
the rotation has the effect of making the head of the shot 
point slightly to the right of the vertical plane of fire with 
right-handed rotation, thus causing drift, and also of 
keeping the head a little above the tangent of the tra- 
jectory, so that in its descent the shot experiences a so- 
called kite-like action, tending to increase the range. It 
is well, however, for theorists to be on their guard in 
offering an explanation, as observers are not always 
agreed as to what really takes place. ,4 

Mr. Bashforth expresses a fear that, after all his labours, 
he will have produced very little eftect ; but we hasten to 
reassure him that his work is held in the highest estima- 
tion by those who have means of making a practical , 
judgment. ‘ j 

^ A. G. GREENHILL. I 

’’ NO. 1087, VOL. 42] < 


BRITISH FOSSILS. 

British Fossils, and where to seek them j an Introduction 
to the Study of Past Ufe. By J. W. Williams. Pp. 96, 
Illustrations. (London : Swan Sonnenschein and Co., 
1890.) 

A t the close of the introduction to this little volume, 
the author informs us that his object has been to 
convey to the young collector of British fossils the ex- 
perience and knowledge acquired by others, whereby his 
own toil and labour may be lightened. The purport of 
this is admirable, but unfortunately the author has not 
succeeded in carrying out his good intentions. The 
volume is small, and merely a compilation ; so there is 
no excuse for the number of errors and misprints by 
which its pages are disfigured. 

The plan of the book seems to be to give a brief notice 
of each main geological horizon, with a list of some of the 
characteristic fossils, but we very much doubt whether 
long strings of generic names, like those given on p. 28, 
for example, are calculated to afford much assistance to 
t|)e young collector, as there is practically no information 
as to what such terms really represent. of the 

illustrations are original, the frontispiece being taken from 
Louis FiguiePs “ World before the Deluge,” and most of 
the other figures from a well-known German work. And 
while on the subject of illustrations we should be glad to 
be informed why amphibians and reptiles like Archego- 
saurus, Cafntosaurt4s, and Placodus, should have their 
skulls figured (as on pp. 45, 46) in a work on British 
fossils, when these genera are totally unknown from 
British strata. Such figures, as well as those on pp. 56, 
57, may lead the inexperienced “young collector,” for 
whom the book is avowedly written, to the conclusion that 
he may expect to meet with entire skulls and skeletons 
of fossil reptiles in his geological excursions. The proper 
course in these cases is, it, need hardly be said, to give 
figures of teeth and some of the bones of such creatures, 
with which the tyro may be expected to meet, and to 
show how their generic affinities can be determined. 
Then, again, in reproducing the old figures of the Devonian 
fishes given on p. 33 the author might surely have alluded 
to the work of Dr. Traquair and other authorities show- 
ing how very far these figures are from being a truthful 
representation of these ancient creatures. 

Leaving the illustrations, we may turn to the text. In 
glancing over the pages we were greatly puzzled to 
know what might be the meaning of the term dermoid types 
mentioned on p. 20, the repetition of the word indicating 
that it can scarcely be a misprint. Omitting mention of 
numerous misprints, obvious enough to the specialist, but 
terribly misleading to the beginner, we notice on p. 29 that 
Tentaculites is given as an Annelid, although its Pteropod 
affinities have long been known. Much discussion has 
taken place as to the affinities of the Palaeozoic plant 
known as Sphenofhyllum, hdt when on p. 43 the author 
calmly teBs us that it is {urobably founded on the leaves 
of ralamit**, he gives us a piece of information as new 
as it is erroneous. It is somewhat amusing to find 
the student referred, on jp. 44* to the author’s book on 
“ Land and Fresh-water Shells,” as if it were the only 
extant treatise on the subject ; but when on p. 45 are 
informed that Labyrinthodonts are characterized as a 
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whole by the presence of “a ventral armour of oval 
scales,” we again have to wonder at the author’s sources 
of information. It is indeed true that many Labyrintho- 
donts have a ventral armour of bony scutes, but these can 
scarcely be described as oval, and in the typical Laby- 
rinthodonts, to which some authorities restrict the term, 
such scutes are totally wanting. The essential features 
by which the Labyrinthodonts are characterized the 
author carefully refrains from mentioning. A trap is set 
for the unwary on pp. 51, 52— the shell mentioned on the 
one page as Ammonites bucklandi being alluded to on the 
next as Arietites bucklandi. Equally unfortunate with 
the author’s mention of the Labyrinthodonts is his allusion 
on p. 59 to the Mesozoic mammals, where he repeats the 
■exploded idea that Stereognathus was an Ungulate, thus 
carefully ignoring all the recent work relating to that 
peculiar group known as the Multituberculata, which ap- 
pears to be allied to the Duck-mole. On the same page 
Megalosaurus is carefully separated from the Dino- 
saurs, to appear as a carnivorous lizard, whereas in the 
list on p, 62 it is placed in the former group. How totally 
out of date is the list on the page last-mentioned oughs^ 
moreover, to have been knowm to anybody acquainted 
with recent palaeontological literature. Page 63 is note- 
worthy as containing at least six misprints in the spelling 
of scientific names ; but perhaps the climax of blunders is 
attained on pp. 74, 75. Thus, on the former page we 
are gravely told that Hyracotherium is a hog ; and if one 
fact has been repeated over and over again almost ad 
nauseam, it is that Hyracotherium is one of the early 
progenitors of the horse, being, in fact, identical with the 
American Eohippus, and we can hardly believe that the 
author wishes the student to understand that horses are 
descended from hogs ! On p. 75 Lingula is carefully 
separated from the Brachiopods, while the well-known 
Crag Polyzoan Fascicularia — one of the commonest of 
Suffolk fossils — is stated to be a shell ! 

Finally, the glossary is an explanation of certain mine- 
ralogical and chemical terms having for the most part no 
sort of connection with British (or, for the matter of that, 
with any other) fossils. What connection can possibly 
•exist between ** astrakanite — a compound of magnesium 
sulphate and sodium sulphate deposited in winter time in 
the salt lakes near the mouth of the Volga,” and the 
fossils of the British Islands, we are totally at a loss to 
imagine. A similar remark will apply to eclogite, which | 
is said to be a rock consisting of red garnets and 
hornblende ; although it really is one of the pyroxenes. 

R. L. 


^OUR BOOH SHELF. 

11 Teorema del Parallelogramma delle Foree dimostrato 
erroneo (con Jl^re.) By Giuseppe Casazza. (Brescia : 
Stabilimento Tipogradco Savoldi, 189a) 

It is curious that the mathematical paradoxer should 
confine himself principally to the problem of ** squaring 
the circle ” — that is, to the attempt to prove that ir is 
the root of a quadratic equation with rational coefficients, 
in algebraical language ; while other simpler questions 
are at hand in which he might prove himself superior to 
the conclusions of ages, by solving the problems of the 
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** duplication of the cube ” and the ” trisection of an 
angle.” 

Some paradoxers attain their own ends by a wroi^ 
result, for instance, in putting ir — ^10 — a result easily 
tested by counting the revolutions of a railway carriage 
wheel of given diameter, in a journey of given length ; 
others by ignoring the rules of the game, as Napoleon is 
reported to have played chess. 

Our author must be congratulated upon having started a 
fresh question of controversy, which had till now b6en uni- 
versally regarded as settled for about three hundred years. 

The parallelogram of forces ” must have been known 
experimentally for thousands of years longer ; but in the 
orthodox world, what is considered at the present time 
the best and simplest way of proving it theoretically in a 
strictly rigorous manner? The proof of our youth given 
by Duchayla is now voted cumbrous and antiquated ; and 
only retained by veteran examiners as a searching test of 
logical power. Nowadays we cannot afford the time to 
linger over the elements, and it is customary to treat the 
“parallelogram of forces” as a corollary to Newton’s 
second law of motion ; but this cannot be considered 
perfectly satisfactory, as we are making the fundamental 
theorem of statics depend upon a dynamical argument. 

Maxwell pointed out that, as we were concerned with a 
statical theorem, it was better in the proof to ignore the 
word “ resultant,” and to pnresent a system of balancing 
forces at each step ; and in this way he succe^ed in 
framing a more simple rigorous statical proof, starting 
from the axiom that the resultant of two equal forces 
bisects the angle between them. 

Again, by determining the conditions of equilibrium of 
three parallel forces, instead of as usual determining the 
resultant of two parallel forces, one figure will serve for 
all possible cases. 

Practically it is the “triangle offerees” which we 
always work with, and not the “ parallelogram,” with the 
advantage in graphical statics of using only three lines 
of construction instead of five. 

To return to our author, it is difficult to make out, with 
an imperfect knowledge of his language, whether he is 
writing ironically or not. His dynamical language is very 
loose ; he uses “ force ” and “ velocity ” as convertible ; 
and throwing his remarks into the style of Galileo’s 
dialogues, he seeks to controvert all Galileo’s conclusions. 
On p. 17 he provides the critic with an appropriate and 
characteristic quotation with which to conclude— “ho 
pero spesso dei moment! in cui gettando all’ aria i libri 
che mi trovo sotto mano, esclamo; Ma io sono un 
allucinato I” A. G. G. 

L'Esprit de Nos Bites. Par E. Alix. (Paris : J. B. 

Bailli^re et Fils, 189a) 

Les Facultis Mentales des Animaux. Par le Dr. 

Foveau de Courmelles. (Paris : J. B. Bailli^re et Fils, 

1890.) 

The writers of these two books have very much the same 
object in view. Their aim is to show that the mental life 
of animals differs only in degree, not in kind, from that 
of man. V anyone still thinks that animals are merely 
machines, or that they have no higher faculties than 
instinct, it would be well worth his while to consider 
what either Dr. Courmelles or M. Alix has to say on the 
subject. No impartial person could study the evidence 
brought together by either of the two writers, and con- 
tinue to doubt that animals display intelligence in the 
strictest sense of the term, and that they share in varying 
degrees many of the emotions which are often supposed to 
be exclusively characteristic of the human race. Of the 
two works, the one by M. Alix is the more elaborate. In 
both books the materials are well arranged, and the 
authors have persistently sought to present* their facts 
and ideas brightly and pleasantly. 
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Elementary Arithmetic. By C. Pendlebury, M.A., 

F.R.A.S., and W. S. Beard, F.R.G.S. (London; 

George Bell and Sons, 1890.) 

In a book on elementary arithmetic it is necessary that 
there should be throughout a good and well graduated 
series of examples. The authors of the present volume 
have got together a latge number of examples and problems 
for written work, and in addition they have arranged 
numerous sets for use in oral teaching form, a very 
important feature in an elementary work of this kind. 
The explanatory matter is written in intelligible and 
simple language, and great attention has been paid to 
the treatment of the money rules and the more impor- 
tant weights and measures. 

This book is intended to serve as an introdvction to 
the one on Arithmetic for Schools,” and the examples 
have been arranged so that they are all different from 
those given in the advanced work. . 


LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications. 1 

* British Association Procedure. 

It has been to me a matter of surprise that a letter by Prof. 
O. Lodge published in these columns on October 17, 1889, did 
not elicit other similar communications, as the views he enun- 
ciated are undoubtedly those of a not inconsiderable number of 
active members of the British Association. Prof. Lodge pointed 
out that the British Association week undoes the benefit of the 
previous holiday, mainly because the conditions under which the 
work of the Sections is carried on are' prejudicial to health. 
This I know from considerable personal experiepce to be the 
case ; and in this and previous years I have had the remark 
addressed to me : ** Surely you are not going to that British 
Association meeting to make yourself ill again.” 

Prof. Lodge suggested that the Sections should sit from 10 
a.m. till 1 or 1.30 p.m., and that the Sectional Committees 
should meet afterwards. Such an alteration would doubtless 
mitigate the evils inseparable from the present system, and it is 
to be hoped that a determined effort will be made at the ensuing 
meeting to promote its adoption. A recommendation somewhat 
to this effect was, I believe, made to the Council by at least one 
of the Sections at the Birmingham meeting, but nothing came 
of it. This is, perhaps, not surprising ; indeed, it is a question 
whether anything ever does come of recommendations to the 
Council — ^so some say. 

Machinery devised odd years ago is no longer capable of 
satbfactorily coping with modem requirements. We do not go 
to British Association meetings to sit for hours together to hear 
papers read such as we have listened to ad nauseam daring the 
previous sessions — our main object is to meet and exchange 
views ; but everything seems to be done to prevent rather than 
to promote this. Far fewer papers should be read ; far more 
care should be devoted to the selection of papers ; much more 
should be done to encourage discussion,^ especiallv between Sec- 
tions; and ample time and opportnnity should be given for 
conversation. ' 

The Sectional Committees are absurdly unwieldy bodies, and 
in the case of some Sections, practically comprise the entire Sec- 
tion : an appeal was made to the Council by my Section to put a 
stop to a practice which enables all the nobodies to become them- 
bers of the Sectional Committee, but.without result : I believe we 
were told that we could do as we liked. Had this been the cose, 
we should scarcely have troubled the Council. The Sectional 
officers, with at most half a dosen other members, would form 
a far more useful Committee than voj larger number ; but if it 
be thought otherwise, let the whole Section sit as a Committee. 

Lastly, a woTd may be said as to the date of meeting. Could 
any time be nfore unsuitable than the beginning of September? 
Most of theee who are engaged in adtandng science are then 
in the middle of their holiday, and can attend only at grave 
^pe^c^ inconvenience. Henry ]E(. Armstrong. 
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The Mode of Obceiving the Phenomena of Earth- 
quakes. 

The publication of Mr. Davison's paper “On the Study of 
> Earthquakes in Great Britain/* in Nature of the 7th inst. (p. 
346) furnishes me with an opportunity of making a few remarks^ 
followed by a suggestion as to the mode of recording the effects 
of seismic disturbances of the earth's crust on the a|marent 
change of position, especially of vertical objects, in the neld of 
vision of the observer. 

Remarks . — It will, I think, be admitted that the descriptions of 
the alleged rocking to and fro of walls, towers, and chimneys,* may 
not unfrequently convey an exaggerated idea of what really takes 
place ; and, probably, the same is true of the narratives of per- 
sonal experiencesof reeling or rolling movements onthepartof the 
narrator. I refer, of course, to the alleged extent of these move- 
ments, for no one can doubt their actual occurrence as the result of 
a tremhlement de la terre. Such composite structures as walls, 
towers, and chimneys have a real flexibility and elasticity, as is 
shown, for example, by the opening and shutting up of Cracks 
and fissures^ in their substance. But the extremely vivid 
accounts which we read of the swaying to and fro of solid 
buildings, as witnessed by persons in the upright position, and 
by others who are recumbent, suggest at least that some of these 
recorded disturbances of position in external objects may be 
more apparent than real, and may depend on some sudden un- 
C{»ntrollable movement of the head, and therefore of the optic 
axes of the observer's eyes. • 

It is well known that, When the head is moVed swiftly to one 
side and back again to a vertical position, upright objects, 
seen in front, appear to shift from their vertical position in an 
opposite direction, and then back again. It is not here needful 
to explain scientifically this very obvious phenomenon. A 
similar apparent displacement of objects, though in a vertical 
direction, occurs when the head is nodded backwards and for- 
wards. Movements of the head in intermediate directions pro- 
duce intermediate effects ; whilst rotatory movements of the head 
give rise to corresponding though mixed kinds of disturbance of 
objects in the field of vision. Lastly, if the observer is in a 
horizontal position, as in bed, for example, a suddenrolling over 
of the head to one side and back again produces like phenomena. 

Now such disturbing movements of the optic axes must fre- 
quently occur in the case of persons suddenly subiected to the 
consequences of earthquake tremors, whether such persons are 
in a vertical or in a recumbent position ; and it is difficult to 
understand bow they should not occasionally seem to exaggerate 
the apparent effects of the disturbance of the earth’s surface and 
the objects planted upon it. The equilibrium of the observer's 
head is suddenly disturbed in a given direction, and an op- 
posite involuntary movement instantly occurs in order to restore 
the previous condition of things. Granting, then, the objective 
reality of the swaying movements of vertical structures during 
earthquakes, there seems to me to be reason to think that the 
effect of these is occasionally enhanced, and their record in- 
fluenced by the subjective impressions due to movements 
occurring in the observer’s own optical apparatus. 

Suggestion . — Supposing this view to be correct (though I can 
(nmim no direct proof of its truth from earthquake records), it 
appears to me that the suggestion of which 1 spoke at the com- 
mencement of this letter would be a useful addition to paragraph 
{a) of Section 2, Division A, of Mr. Davison’s paper (p. 34^^, 
which relates generally to the situation of the observer.” This 
suggestion is that it should alw»s be noted and stated towards 
which point of the compass the ooser;rer’s face was directed at the 
moment of each observation, .conceming the deflection of up- 
right buildings, rocks, and s 6 forth, especially of their lateral 
deflections. For it is obvious that if a sufficient number of such , 
olxKirvations were recorded, it ought to happen, on my hypo- 
thmiii, that persons who looked across the earth-waves would be 
moved op and doim, and thus would have the vertical move- 
ments omy of In front of them exaggerated,^ whilst 

persons who looked along the waves would be swayed sideways 
hy the undulktlons of the soil, and would therefore have the 
extent of the Intend movemenUi apparently increased. Under 
the tesmes conditidil, the ** little hills might appear to dance ^ 
in the latter case, cll&, tow^ walls, and ebimn^s might seem 
to sway inordinatdiy irbm side to side. 

Many such obeervatfens, duly recording the variations in the 
appsirent txtent of the ' movements noted, together with the 
positions of the observer as r^purds the compass, would, when 
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compared with the ^certained direction of the earth-waves, con- 
firm or upset my general supposition. But, if this were found 
to be correct, sudi observations would furthermore constitute, 
even in the absence of special seismic instruments, a certain 
amount of evidence as to the actual direction of the earth-waves 
on any particular occasion. 

Similarly, a record of the exact direction of recumbent ob* 
servers in regard to the points of the compass, might, when 
compared with their respective descriptions 01 the movements of 
objects about them, serve a similar purpose. 

Man himself would thus to a certain extent — that is, as re^rds 
the local direction of the earth-waves — be his own seismo- 
meter. Possibly, some evidence on this subject might even 
now be obtained by comparing the descriptions of the appear- 
ances with the ascertained directions of the outlook of different 
observers. John Marshall. 

92 Cheyne Walk, Chelsea. 


On a Problem in Practical Geometry. 

In treatises on practical geometry rules are given by which 
an arc and its chord or an arc and its tangent may be divided 
proportionally, but they leave an error which is often too great. 

By the following method the points of division move step by 
step towards their required positions until errors are of less 
than any assigned amount. 

Let GMH be the chord (Fig. l), M its middle poiilt, 
AOB tfie perpeiidicular diameter. In AOB produced take 
a scries of points B'B"B"'..., determined thus : BB' == BG, 
B'B" = B'G... Then evidently circles with centres at BB'B''..., 
passing through G, form a series of which each hw on its cir- 
cumference the centre of the succeeding one. These circles 
cut the line AM in a series of points A' A"..., and the arcs 


A Fig I. 



GAH, GA'H, GA"H... get rapidly nearer the straight line 
GH. Any point C on the riven arc GAH may now move to 
its destination 7 on the line GH by steppi^ up to each circle in 
the direction or its centre ; along a patli CC'C^..., up of 
CC' tending to B, C'C" tending to B', and so on. 

That all the arcs which this path crosses and the chord to which 
it tends are divided propdttionally at the points CCC^... 7 
follows from the almost oovious theorem that if the centre of 
one circle is on the circumference of another, lines drawn that 

centre intercept arcs of the circles havitig a constant ratio. 

If the circles become inconveniently large before the required 
approximation is reached, we may use the following: CC^.. 
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ar^ the centres of the circles inscribed in GCH.'<GC'H,.if 
which are easy to construct. Also it may be .nQticed that the 
angle mxide with AO by eacl^. of the parts of CC'C*... i» 
half that made by the preceding part, and the procew nui^ 
brought to an end at any stage with progressive acenragr by 
making the last angle oneothird instead of half of the preciming 
one. 

In Fig. I the process is closed after the second stage by draw* 
ing the last line (C"y) not towards B", but towards the middle 
point P of This may be ^one as soon as thw last arp 

GC"H comes to be less than a quadrant. 

When the chord becomes the tangent AT at A, the points 
A A' A"... coincide, all the circles have AT touching them at 
A, the radius of each is half that of the succeeding one, the 
arcs intercepted AC, AC', AC"... are equal, and so we get 
in the liqiit Ay, the length of the arc AC laid out on the 
tangent. 

But in Fig. 2 an alternative construction is shAwn. Bisect 
TAC by AC', TAC' by AC", and so on. Diuw CC', 
C'C"... at right angles to AC, AC'... The process is shown 
closed after the third stage by drawing C"'y at right angles, 
not to AC'", but to a line AF such that C"'AF is one-third of 
C"'AT. In the result Ay is equal to arc AC. 

John Bsidcb. 

Caught by a Cockle. 

I HAVE often intended writing to you describing a curiot» 
occurrence which I witnessed on the coast of Queendand in 
September 1889, but I have as often forgotten to do to when 
the opportunity came. While out shooting, along a sandy 
beach, I noticed a small muddy patch just covered by the rising 
tide. In this I observed a bird, a sand-piper, which seemed to 
be striving in vain to rise. 1 could not think how the bird had 
become caught, but on coming up to it I found that one claw of 
one foot was firmly held byf large cockle (about ij^in. by 2 in.). 
Of course the bird would have been drowned eventually (though 
the benefit to be derived by the cockle seems rather problem- 
atical) ; and though it seemed to be aware of its danger, yet U 
had made no dltempt to free itself by trying to bite through the 
claw, as one sometimes reads of animals doing when caught ip 
traps. As I believe this is rather an uncommon incident, 1 must 
make that my excuse for troubling you. D. McNabb, 

H.M.S. Dart, New Hebrides, July 3. 


ON STELLAR VARIABILITY. 

O N the hypothesis of the meteoritic origin of th^ 
various orders of .costnical bodies there is a grand 
and orderly variation, .both in light and colour, in thp 
case of every undisturbed swarm during its condensation 
from its most nebulous condition to that of a co.pl dark 
globe. 

As by .virtue of the ordinary evolutionary process an uti- 
disturbed swarm successively passes through the changes 
the results of which define the various groups, the lig^t 
will wax through Groups I. to IV., and then wane .till it iti 
finally extinguished ; at the same time the colour* ser 
quences will be successiyely passed through. But witk 
such a variability as this, compared with the period of 
which our annus magnus is but a point of time, we have 
now nothing to do. We have to .deal really with dis* 
turbed swarms or with double or multiple swarms through 
their various stages of condensation. 

Let us take the purely disturbed swarms first. Imagine 
a nebula, sparse, and therefore so dim as hardly tp bp 
visible at all. Then, further, imagine the appuliw of 
another, or the approach of a meteoritic stream. We 
shall have the condition which must bring about increa8e4 
luminosity ; the outburst may be short or sudden ; the 
greater luminosity may last a short or a long time ; the 
dying down of the light may be fast or slow.* In that we 
shall have the possibilkies of new and dying stars. 

If the spectrum of me light produced by this clpshi^ 
be observed, we may not have precisely the same phphb^ 
menon as that observed in the various gi^ups defining 
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the result of the orderly condensation of a single swarm, 
for the simple reason that we shall have two swarms or 
bodies to deal with. Even if the very highest tempera- 
ture is reached, we shall not have exactly the same spec- 
trum as that presented by Group I V. 

The most stupendous case illustrating the above re- 
marks is to be found in the Pleiades, the true structure of 
which has been revealed to us by Mr. Roberts. The 
principal stars are not real^ly stars at all ; they are simply 
loci of intercrossings of meteoritic streams, the velocities 
of which have been sufficiently gp'eat to give us, as the 
result of collisions, a temperature approaching that of o 
Lyrae, so far as we can judge by the spectrum ; but that 
the a Lyrae conditions are not present is evidenced by the 
fact that in Pleione the broad dark hydrogen lines have a 
bright thin line running down their centres, indicating 
that we have intensely-heated hydrogen outside that 
which is absorbing. 

So long as these meteoritic streams are interpenetrating 
and disturbing each other, so long the Pleiades will shine ; 
but their light may soon cease if the disturbance comes 
to an end, for we are not dealing with masses of vapour 
like a Lyrae. Indeed, one of them seems to have already 
become invisible. Of the seven daughters of Atlas, one has 
disappeared. The “ septem radiantia sidera " are seven 
no longer. The seventh had vanished before the time of 
Aratus. 

‘ The Pleiades ; small the region 

They hll, and pale the light they -dart. 

Seven journeyens men call them 
Though only^ six are visible to ken. 

No star, 1 wis, has vanished from Heaven’s floor 
Within mortal tradition, and idly is that number 
Fabled. Natheless seven the names they bear : 

Alcyone, Merope, Celseno, hlectra, 

Sterope, Taygete, and stately Maia.’* ^ 

At the beginning of the action to which I have ascribed 
the present light of the Pleiades, we should have the 
appearance of a “new star,” and the gresfter the light 
produced and the more sudden the outburst the more 
certainly would the appearance of a neiv star be chronicled. 
Many such stars have burst forth, and the phenomena re- 
corded have been entirely in harmony with the explana- 
tion afforded by the hypothesis ; but, as the discussion 
of these phenomena is not yet complete, I shall not in 
the present article touch further upon them ; but I may 
point out that, before the existence of variable stars ” 
was recognized, as it is now, the increase in magnitude of 
a variable at maximum, rendering visible to the naked 
eye what was before invisible, was attributed to the 
creation of a new star. Hence it is that the first work 
done on the periodicity of variable stars grew out of 
observations of so-called Novae. 

Leaving on one side, then, any question of Novae, we will 
inquire into the growth of our knowlege of stars the light 
of which is known to wax and wane with more or less 
regularity, and see to what causes this variability has 
bee*h ascribed. We have to consider those shorter periods 
of light-variation, well within human ken, light-changes 
whicn, instead of taking millions and perhaps billions of 
years, are undergone in a few days, or weeks, ,or months. 
Such changes have been abundantly chronicled from the 
earliest times and acknowledged to be among the most 
mysterious phenomena presented to us in the ^ies. 

In this historical survey we must first consider the case 
of Mira or o Ceti. It is now nearly three centuries ago 
since Fabricius noticed this star (August 1 596}, thinking 
it to be a nova^ and watched its disappearance in the 
following October.^ 

Not only Fabricius but Kepler looked upon Mira Ceti 
as a new star similar to those of 1572'and 1604, Indeed, 
it was regarded as such until 1638, when' some observa- 
tions by Phocylides Holwarda biipught out for the first 
time the factjtJtat the changes in magnitude repeated 

* tntnalattoB. p. xx. 

* Kcplw, “De Stella," cmp. xU. p. 119. 
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themselves. The work done by this astronomer is Quoted 
by Hevelius. 

Holwarda first observed the star in December 1638,. 
when it was brighter than a third magnitude ; he watched 
it decrease to the fourth, and disappear during the sum- 
mer of 1639. On December of the same year he again 
observed it. There is no doubt, indeed, that Holwarda 
was the first to demonstrate by these observations that 
the light of stars is liable to periodic changes in intensity. 

Fullenius, a teacher of mathematics at Franecker, was 
the next to observe Mira. He noted that the star was 
visible on September 23, 1641, and the same date in the 
following year. In August 1644, however, no trace of it 
could be made out. 

Junquis, a professor at Hamburg, recorded that Mira 
was of the third magnitude on February 18, 1647, and 
was invisible from July 1648 to November of the same 
year. 

It was Hevelius, however, who made the first detailed 
investigation into the variations of the light of this star. 
Beginning in January 1648 he assiduously watched the 
changes in magnitude until March 1662, and placed the 
question of variability beyond the possibility of a doubt. 

During the fifteen years of observation Hevelius saw 
the star go through its changes in magnitude many 
times, and noted that it was always invisible'ltn several 
months in the year. He did not, however, determine 
the period, although it will be seen that the following 
observation^ would have been sufficient for him to have 
deduced an approximate value : — 

Sept. 10, 1660— “Instar stellse 4 m^n. fere.” 

Aug. 20, 1661 — “ Vix quartse magnitndinis extitit.” 

Interval, 344 days. 

Sept. 20, 1660 — “iEqualis illi in ore Ceti.” 

Aug. 29, 1661 — “Squalls illi in ore Ceti.” 

Interval, 353 days. 

The determination of the period of Mira Ceti was 
deduced by Bouillaud in 1667 from all the observations 
which had been made from its discovery in 1638 to 1660. 
This discussion occurs in a rare book having the title 
“ Ismaelis Bullialdi ad Astronomos monita duo : Primum 
de Stella Nova, quae in Collo Ceti ante annos aliquot 
visa est. Alterum, de nebulosa in Andromedae cinguli 
parte Borea, ante biennium iterum orta.” 

A review of the book appeared in the first volume of 
the Philosophical Transactions (p. 381), from which the 
following account of Bouillaud’s conclusions have been 
taken ; — “ . . . That one period from the greatest phase 
to the next consists of 333 days ; but that the interval of 
time betwixt the times of its beginning to appear equal 
to stars of the sixth magnitude, and of its ending to do 
so consists of about 120 days; and that its greatest 
appearance lasts about fifteen days: all which yet he 
would have understood with some latitude. 

“This doqe, he proceeds to the investigation of the 
causes of the vicissitudes in the emersion and disap- 
pearance of this star, and having determined that the 
apparent .increase and decrement of every lucid body 
proceeds either from its changed distance from the 
eye of the observer, or from its various site and position 
in respect of him, whereby the angle of vision is changed,, 
or from the increase or diminution of the bulk of the 
lucid body itself; and having also demonstrated it im- 
possible that this star should move in a circle or in an 
ellipsis, and proved it improbable that it should move in 
a strait line, he concludes that there can be no other 
genuine, or at least no other more probable cause of the 
emersion and occultation than this : That the bigger part 
of that round body is obscure and inconspicuous to us,, 
and its lesser part lucid, the whole body turning about its- 
own center and one axe, whereby for one determinate 
space of time it exhibits its lucid part to the Earth,^ foi 

’ Here we have the germ of Sir Woi. Henchet’e reference to the action of 
varying amounM of epotied eurface ; Maupertiue* idea of rotatory disks ; and 
Prof. Pickering*! suggestion of axes of dinerent lengths. 
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another, subducts it, it not being likely that hres should 
be kindled in the body of that star, and that the matter 
thereof should at certain times take hre and shine, at 
other times be extinguist upon the consumption of that 
matter. ...” ^ 

This, so far as I know, is the first projposed explanation 
of stellar variability on record. 

The next star in which variability of light was observed 
was X Cysni. Kirch’s observations made in 1686 and 
subsequent years were communicated to the Royal 
Society. He observed the star with the aid of an eight- 
foot tube in August 1687. It became visible to the naked 
eye in October, increased in brightness and reached a 
maximum in November, and finally disappeared. This 
observer also found that the star had always the same 
brightness at a maximum, and in assigning it a period of 
404^ days, he noted that this duration was irregular. 

These observations bring us to the time of Newton, 
who at once saw that the cause of true Novse must be 
distinct from that producing variability pure and simple. 
He ascribed the sudden appearance of new stars as pos- 
sibly due to the appulse of comets : — 

Sic etiam stellm fixse, paulatim expirant in lucem et 
vapores, cometis in ipsas incidentibus rehci possunt, et 
novo alimento accensa pro stellis novis haberi. Hujus 
generi^sunt^stellse fixae, quae subito apparent, et sub initio 
quam maxirnc »plendent, et subinde paulatim evanescunt. 
Talis fuit stella in cathedra Cassiopeisc quam Cornelius 
Gemma octavo Novembris 1572 lustrando illam coeli 
partem nocte serena minime vidit ; at nocte proxima 
(Novem. 9) vidit fixis omnibus splendidiorem, et luce sua 
vix cedentem Veneri. Hanc Tycho BrahcCus vidit un- 
decimo ejusdem mensis ubi maxime splenduit ; et ex eo 
tempore paulatim decrescentem et spatio mensium sex- 
decim evanescentem observavit.” ^ 

But with regard to the ordinary variables, he accepts 
Bouillaud’s suggestion, and adds another : — 

“ Sed fixae, quae per vices apparent et evanescunt, quae- 

3 ue paulatim crescunt, et luce sua fixas tertiae magnitu- 
inis vix unquam superant, videntur esse generis alterius, 
et revolvendo partem lucidam et partem obscuram per 
vices ostendere. Vapores autem, qui ex sole et stellis 
fixis et caudis cometarum oriuntur, incidere possunt per 
gravitatem suam in atmosphaeras planetarum et ibi con- 
densari et converti in aquam et spiritus humidos, et 
subinde per lentum calorem in sales et sulphura et 
tincturas et limum et lutum et argillam et arenam et 
lapides et coralla et substantias alias terrestres paulatim 
migrare.” 

Both Montanari in 1669 and Maraldi in 1692 observed 
that the magnitude of /8 Persei or Algol was variable. 

The information they gave with respect to changes of the 
star from the second to the fourth magnitude, though im- 
portant, was not very definite, and it was left to Good- 
ricke, an English astronomer, to discover, in 1782, the 
periodicity of these variations and to conclude: — (i) ‘"That 
the star changes from about the second to the fourth 
magnitude in nearly three hours and a half and then 
baclc to the second magnitude again in the same time. 
(2) That this variation Occurs about every two days and 
twenty-one hours.” * Flamsteed observed the star in 1696, 
and found it tQ be of the third magnitude, and Goodricke, 
by comparing it with one of his own, deduced the more 
accurate value of 2 days, 20 hours, 48 minutes, 56 seconds. 
At the end of the observations Goodricke addM the note: 
— should imagine that' the cause of this variation 
could hardly be accounted for otherwise than either by 
the interposition of a large body revolving round Algol, 
or some kind of motion of its own whereby part of its 
body covered with spots or such-like matter is periodically 
turned towards the earth.” 

Another variable observed by Goodricke was |9 Lyrse. 


• ” >*• 5*^ (OlMgow, 1871). 

' Phil. Trail*., 1783, p. 474. 
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His first observations brought him to the conclusion that 
the star had a periodical variation of nearly six days and 
nine hours, but a further investigation showed that the 
true period was twelve days nineteen hours, there being 
two maxima and minima* .At one minimum the magnitude 
of the star is between four and five, at the other Mtween 
three and four. 

Zollner, in a relatively recent discussion advances very 
little beyond the views advocated by, Newton. In con- 
sidering the main causes of variability, he lays the greatest 
stress upon an advanced stag£ of cooling, and the con- 
sequent formation of scoriae which float about on the 
molten inass. Those formed at the poles are driven 
towards the equator by the centrifugal inertia, and by the 
increasing rapidity of rotation they are compelled 'to 
deviate from their course. These facts, and the meeting 
which takes place between the molten matter^ flowing in 
an opposite direction, influence the form and position of 
the cold non-luminous matter, and hence vary the rota- 
tionaf effects, and therefore the luminous or non-luminous 
appearance of the body to distant observers. This 
general theory, however, does not exclude other causes, 
such as, for instance, the sudden illumination of a star by 
the heat produced by collision of two dark bodies, 
variability produced by the revolution of a dark body, or 
by the passage of the light through nebulous light- 
absorbing masses. 

Among modem inquirers Prof. Pickering has been 
more original in his suggestions. He has shown that the 
light-curves of some stars may be explained by supposing 
them to have axes of different lengths, with dark portions 
at the ends, symmetrically situated as regards the longer 
axis. 

In the following discussion of the cause of variability 
suggested by the meteoritic hypothesis, I shall divide 
variability into regular and irregular, defining regularity 
by constantly recurring maxima and minima on the light- 
curves. • 

The Causes of Variability suggested by the 
Meteoritic Hypothesis. 

Regular Variability. — All regular variability in the light 
of cosmical bodies is caused by the revolution of one 
swarm or body round another (or their common centre of 
gravity). 

In the case of the revolution of one swarm round 
another an elliptic orbit is assumed, and the light at 
maximum is produced by collisions among the meteorites 
at periastron. 

In the case of the revolution of a swarm round a con- 
densed body, the light at maximum is produced by the 
tidal action set up in the secondary swarm. 

In the case of one condensed body revolving round 
another, the light at minimum is caused by an eclipse of 
one body by the other. This can only happen when the 
plane of revolution of the secondary body passes* very 
nearly through the earth. 

Irregular Variability. — All irregular variability in the 
light of cosmical bodies is caused (/i) by the revolution of 
more than one swarm or body round another (or their 
common centre of gravity) ; or {b) by the interpenetration 
of meteoritic sheets or streams. 

In the case of the revolution of more than one swarm 
round another in elliptic orbits, the irregular maxima are 
caused by differences of period and periastric conditions 

So far as I know, the only previous explanation of 
variabilitv on such a basis as the one above stated, which 
assigns the revolution of one mass round another as a 
cause of variability, is the one we owe td Newton, who 
suggested that such |teliar variability as we are now con- 
sidering was due to conflagrations brought about at the 
maximum by the appulse of comets ; and no doubt his 
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idea would have been more thoroughly considered than 
it has been hitherto, if for a moment the true nature of 
the special class of bodies we are now dealing with had 
been en evidence. We know that some of them at their 
minimum put on a special appearance of their own in 
that haziness 'to which I have before referred as having 
been observed by Mr. Hind. My researches show that 
they are all nebulae in a further stage of condensation, 
and such a disturbance as the one I have suggested would 
be certain to be competent to increase the luminous radia- 
tions o^ such a congeries to the extent indicated. 

Some writers have objected to Newton’s hypothesis on 
the ground that such a conflagration as he pictured could 
not occur periodically; but this objection I imagine 
chiefly depended upon the idea that the conflagration 
brought about by one impact of this kind would be quite 
sufiicient to destroy one or both bodies, and thus put an 
end to any 'possibilities of rhythmically recurrent action. 
It was understood that the body conflagrated was solid 
like our earth. However valid this objection might be as 
urged against Newton’s view, it cannot apply to mine, 
because m such a swarm as I have suggested, an increase 
of light to the extent required might easily be produced 
by the incandescence of a few hundred tons of meteorites. 

I have already referred to the fact that the initial species 
of the stars we are now considering have spectra almost 
cometary, and this leads us naturally to the view that we 
may have among them in some cases swarms with double 
nuclei-* -incipient double stars, a smaller swarm revolving 
round the larger condensation, or rather both round their 
common centre of gravity. In such a condition of things 
as this, it is obvious that, as before stated, in the swarms 
having a mean condensation this action is the more likely 
to take place, for the reason that at first the meteorites 
are too sparse for many collisions to occur, and that, 
Anally, the outliers of the major swarm are drawn 
within the orbit of the smaller one, so that it passes 
clear. The tables, which shall be given hereafter, show 
that this view is entirely consistent with the facts ob- 
served, for the greater number of instances of variability 
occur in the case of those stars in which, on other grounds, 
mean spacing seems probable. 

I propose here to consider the suggested cause of 
variability somewhat in detail. I will begin with Groups 
I. and II. 

In these groups the variability is produced by the re- 
volution of one or more smaller swarms round a central 
swarm, the maximum luminosity occurring at periastron, 
when the revolving swarms are most involved in the 
central one. 

According to the theory, the normal condition is that 
which exists at minimum, and in this respect it resembles 
that suggested by Newton— namely, that the increase of 
luminosity at maximum was caused by the appulse of 
comets. All other theories take the maximum as the 
normal condition, and the minimum as a reduction of the 
light by some cause — large proportion of spotted surface, 
or what not. 

Anything which in the normal minimum condition of 
light-equilibrium will increase the amount of incandescent 
gas and vapour in the interspaces will bring** about the 
appearance of the hydrogen lines and carbon flutings as 
bright ones. The thing above all things most capable of 
doing this in a most transcendental fasmon is the invasion 
of one part of the swarm by another one moving with a 
high velocity. This is exactly what I postulate. The 
wonderful thing under these circumstances then would be 
that bright hydrogen and carbon should not become more 
luminous, not only in bright-line stars, but in those the 
spectrum of which consists of mixed flutings, bright 
.carbon representing the radiation. 

We may consider three cases of revolution. Taking 
that Arst in order which will givcT us the greatest light 
range, we And that this obviously will occur in those 
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systems in which the orbits are most elliptic and the 
periastric distances least. 

On the other hand, a mean ellipticity will give us a 
mean range. 

In these two cases, to account for the greatest difference 
id luminosity at periastron passage, we have supposed 
the minor swarm to be only involved in the larger one 
during a part of its revolution, but we can easily conceive 
a condition of things in which the orbit is so nearly 
circular that it is almost entirely involved in a larger 
swarm. Under these conditions, collisions would occur 
in every part of the orbit, and they would only be more 
numerous at periastron in the more condensed central 
part of the swarm, and it is to this that I ascribe the 
origin of the phenomena in those objects — a small 
number — in which the variation of light is very far below 
the normal range, one or two magnitudes instead of six or 
seven. 

Now it is at once obvious that we should get more 
variability in these early groups than in any of the more 
condensed ones, for the reason that in the latter we 
require the conditions either that the plane of revolution 
should pass through the earth, or that the light of the 
central star shall be relatively dim. 

This point is best studied in relation to Group II. 
f.The total number of stars included in Argeian,der’s 
Catalogue, which deals generally with stars'* d?Vvh to the 
ninth magnitude, but in which, however, are many stars 
between the ninth and tenth, is 324,118. The most com- 
plete catalogue of variables (without distinction) that we 
have has been compiled by Mr. Gore, and published in 
the Proceedings of the Royal Irish Academy (Series 1 1., 
vol. iv., No. 2, July 1884, pp. 150-163), 1 And 191 known 

variables are given ; of these in are in the northern 
hemisphere and 80 in the southern hemisphere. 

In the catalogue of suspected variable stars given in 
No. 3 of the same volume (January 1885, pp. 271-310), I 
And 736 stars, of which 381 are in the northern and 355 
in the southern hemisphere. Taking, then, those in the 
northern hemisphere, both known and suspected, we have 
the number 492. We have, then, as a rough estimate 
for the northern heavens one variable to 659 stars taken 
generally. 

The number of objects of Group II. observed by 
Dundr, and recorded in his admirable memoir, is 297 ; of 
these 44 are variable. So that here we pass from 1 in 
657 to I in 7. Of the great development of variability 
conditions in this group then there can be, therefore, no 
question. 

Further, while by the hypothesis there is no limit to the 
increase of luminosity, the variability presented by these 
objects is remarkable for its great range. The light may 
be stated in most general terms to vary about six magni- 
tudes — from the sixth to the twelfth. This, I think, is a 
fair average ; sometimes a diflerence of eight magnitudes 
has been observed ; the small number of cases with a 
smaller variation I shall refer to afterwards. A variaticm, 
of six magnitudes means roughly that the variable at « 
maximum is somewhere about 250 times brighter than W 
its minimum ; a variation of eigm magnitudes means that 
it is 1600 times brighter at maximum than minimum. 

These values alone would indicate a condition o£^ings 
in which the minimum represents the constant conntion, 
and the maximum, one Imposed by some cause which 
produces an excess of light. These various conditions 
naving been premised in comddering these groups, I will 
Arst deal with the nebulae. 

That many of the nebulae am variable is well known, 
though, so far as I am awaie, there are no complete 
records of the spectroscopic result of the variability. But 
bearing in mind thal in some of these bodies, such as the 
Dumb-bell Nebula^wehave the olivine line almost by itmlf; 
and in others, which are usuallv brighter, we have the 
lines of hydrogen intensifled, as in Orion ; and in others. 
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more condensed still, the flutings of carbon added, as in 
Andromeda; it does not seem unreasonable to suppose 
that any increase of temperature brought about by the 
increased number of collisions should increase the inten- 
sity of the lines of hydrogen or carbon in the spectrum of 
a nebula. • 

The observations already accumulated show conclu- 
sively that in the nebu]£e — even those so far condensed 
as the one in Andromeda — the temperature is low ; in j 
other words, the meteorites are very far apart ; regular 
variability, therefore, would for this reason be very 
difficult to detect. It is probable, therefore, that in all 
the cases previously recorded, we are not dealing with i 
the results of rhythmic action, but the interpenetration , 
of nebulous streams or sheets. When, however, we i 
come to the stars — that is, the more condensed nebulae i 
—in Group I. and Group II., the temperature is higher, j 
the condensation is greater, and the interaction of double I 
or multiple nebulae can be more easily traced. This j 
fundamental difference of structure between these bodies 
and stars like the sun should be revealed in the pheno- 
mena of variability ; that is to say, the variability of the ^ 
uncondensed swarms should be different in /itml as well 
as in degree from that observed in bodies like the sun or i 
a Lyrae, taken as representing highly condensed types. i 

Since the stars with bright lines, as I have shown, j 
belong jto the former group, and since, therefore, th^ 
are very akin to*ncbulie, we might, reasoning by analogy, 
suppose that any marked variability in their case also 
would be accompanied by the coming out of the bright 
hydrogen lines. This is really exactly what happens both 
in /8 Lyrae and in y Cassiopeiae. In jS Lyrx the ap- 
l>earance of the lines of hydrogen has a period of 
between six and seven days, and in y Cassiopeiae they 
appear from time to time, although the period has not 
yet been determined. 

Another star of Group I., 17 Argfis, is also remarkable 
from the fact that its light varies in the same sort of way. 
This star is in the southern hemisphere, and during the 
last twenty or thirty years a considerable discussion has 
been going on among astronomers as to whether^ the 
surrounding nebula is or is not changing its position 
with regard to the star in question, which has a bright- 
line spectrum like /S Lyrse, and a period not of thirteen 
days, but of seventy years. The light varies from the 
sixth to the first magnitude. 

Leaving Group Land coming to Group II., there is 
one star, Mira Ceti, whose variations in light-intensity 
may be taken as characteristic. The history of the 
discovery of this star’s variabiltty has already been 
given. What happens to it in just a little less than a 
year is this. First, it is of the second magnitude, and 
then in about eighty days it descends to the tenth, and, 
so far as observations with ordinary instruments go, it is 
invisible. In about another hundred days it again be- 
comes visible as a star of the tenth magnitude. It then 
increases its light to the second magnitude, and begins 
the story over again. But sometimes at the maximum its 
brilliancy is not quite constant. That is to say, sometimes 
it goes nearer the first magnitude than the second. What 
happens to the light of the star below the tenth magnitude 
it IS not easy to say. What one knows is that to some 
telescopes it nemaihs invisible for about 140 days or 
something like that, and then it begins its cycle over 

again. . , 

I owe to the kindness of .Mr. Knott the opportunity of 
studying several light-curves of “ stars ” of this ^roup, and 
they seem to entirely justify the explanation which I have 
put forward. It is necessary, however, that the curves 
should be somewhat carefully considered, because in 
some cases the period of the minimum is extremely small, 
as if the secondary body scarcely left the atmosphere of 
the primary one but was always at work. But when we 
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come to examine the shape of the curves more carefully, 
what we find is that the rise to maximum is extremely 
rapid : in the case of U Geminorum, for instance, there is 
a rise of five magnitudes in a day and a half; whemas 
the fall to minimum is relatively slow. The possible 
explanation of this is that the rise of the curve gives us the 
first sudden luminosity due to the collisions of the swarms, 
while the descent indicates to us the gradual toning down 
of the disturbance. If it be considered fair to make the 
descending curve from the maximum exactly symmetrical 
with the ascending one on ^e assumption that the 
immediate effect produced is absolutely instantaneous, 
then we find in all cases that I have so far studied that 
the star would continue for a considerable time at its 
minimum. 

Broadly speaking, then, we may say that the variables 
in this gtoup are close doubles; the invisibility of the 
companion being due to its nearness to the primary or to 
its faintness. 

We now pass from Groups I. and II. to III., IV., and V. 
These contain the hottest, and therefore brightest bodies 
in the heavens. They are, moreover, more condensed 
than those we have considered. On this ground, their 
normal light cannot be increased to any very great extent 
by any constantly recurring action, but it may be reduced 
by eclipses caused by the revolution of still further con- 
densed secondary swarms. The nearer the primary, and 
therefore the smaller the period of the secondary body, the 
more likely is the eclipse to occur regularly. Thpre are 
several Group IV. stars of this class, notably Algol, to the 
first observations of which we have already referred. 

This body, which is always visible in our latitudes, 
well illustrates this class of variable. If we take the 
beginning of a cycle, it is a star of the second magnitude ; 
suddenly in three hours it goes down to the fourth, and 
then it comes up in another three hours to the second, 
and goes on again for very' nearly three days ; and then 
it goes down again, comes up again, and goes on again 
for another tfiree days, and so on. 

There is another star very like this — a star which is in 
81° N. declination, No. 25 in Argelander’s Catalogue. 
The difference between Algol and this is that the rise 
and fall are a little more rapid. Its light is feeble for 
about the same time as the other one, but at the bottom 
the curve is flat, by which I mean that, instead of going 
suddenly down and coming suddenly up again, it stops at 
its least luminosity for some little time. 

Prof. Pickering ' has demonstrated by photographs of 
the spectra of Algol that Goodricke’s explanation of its 
periodical variability is correct, the companion having 
no light of its own. In the case of the star D. 81” N. 25 
there must be luminosity from the star which eclipses the 
other. And a very beautiful justification of this view has 
recently been noted, because, although there is no change 
in the spectrum of Algol, there is a considerable chan^ 
in the spectrum of the star, the bottom curve of which is 
flat, showing that probably the companion has aa absorb- 
ing action of some kind on the light of the central*8tar 
passing through it or its surroundings. The light 
practically changes very much as our sunlight would 
change iib it had to pass through ^ the atmosphere of 
another sun somewhat like itself coming between us. 

In Group VI. we again have a new condition. In 
these stars the light is relatively faint, and the variation 
is doubtless due to swarms of meteorites moving round a 
dim or nearly dark body, the maximum occurring at 

g eriastron when the tidal action in the swarm is greatest ; 

ence the addition of the light of what we with our solar 
conditions should term a laurge comet would make a great 
difference in the total radiation. 

J. Norman Lockyer. 

X Procw Ai^r. Acad. Sci., vol. xvi. p. 17 • 
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SOME POINTS IN THE PHYSICS OF GOLF. who can make a number of successive drives almost 

exactly similar and equal ” to one another. I am 

I T is not an easy matter to determine the initial speed convinced that many of the great incongruities which 
of a golf-ball : — but this is so only because the direct I have found among the data furnished to me, even by 
processes which have given us so much information about skilled observers, are due mainly to the fact that the 
the flight of military projectiles are here practically in- nveasures of different characteristic features had been 
applicable. No doubt, a ballistic pendulum, or a Bash- made on drives essentially different in character from 
forth chronograph, might after long and tantalizing one another. 

experiment give us the desired information. If they did. Another fertile source of error lies in the too common 
they would give it much more accurately than we are assumption that, because a gentle breeze only is felt by 
otherwi^ likely to obtain it But the circumstances of a the players, who may possibly be in the lee of a sand-hill, 
“ drive ” at cricket or golf* are so uncertain, even with the there is nothing beyond a similar breeze at heights of to 
best of players, that it would be waste of time, and wan- to too feet ; whereas, at that elevation there may be a 
ton vexation of spirit, to employ these instruments of pretty strong wind. Unless attention is most carefully 
precision. Yet the questions involved are of a very in- paid to this, the estimates of the position of the highest 
teresting kind, not only from the purely physical point of point of the trajectory are sure to be erroneous, 
view but also in consequence of the recent ‘immense The desiderata which are of real importance ; and 
development of these national games ; so that there is which must, if possible, be obtained from one and the 
considerabfe inducement to attempt at least a rough same drive : — the air being practically motionless : — are 
solution of some of them. i. The initial inclination to the horizon. 


The following investigation, because based mainly on 
mere eye-observations usually of a rather uncertain and 
difficult kind, is offered only as a rude attempt at a first 
approximation ; and I am quite prepared to find myself 
obliged to modify the results, when new and more accu- 
rate information is forthcoming. 

My main reason for bringing it- forward in such a con- 
dition is to enlist if possible (at this, the proper season) a 
few keen and accurate observers, who may occasionally 
find thamselves in a position to obtain data of real value. 
Thus I shall devote what might otherwise be considered 
an excessive amount of attention to the nature of the 
real desiderata, and to the quality and the sources of the 
more common errors of the estimates which have been 
kindly furnished to me. Such as they were, however, 
they enabled me to state to the Royal Society of Edinburgh, 
on July 20, conclusions as to initial speed, and coefficient 
of resistance, nearly agreeing with those given below. 

The influence of even a moderate wind oif the flight of 
a golf-ball is so very considerable that, in the hrst part of 
my paper, I shall consider the flight of a golf-ball in a 
dead calm only, and when it has been driven fair and true 
without any spin. In a former article (Nature, Sept. 22, 
1887) I have discussed the effects and the causes of 
spin. Also I shall confine myself to the “ carry,” as the 
subsequent motion depends so much upon purely acci- 
dental circumstances. By far the most valuable data 
connected with the subject are those which can be 
obtained in calm weather alone, and which bear on the 
form, dimensions, and duration of the first part of the 
course of the ball. It is mainly due to the excessive 
rarity of perfectly calm days that our knowledge of the 
data is so slight. 

Under these restrictions, it is somewhat curious to find 
that the extreme carry of a golf-ball is not very different 
from that of a cricket-balL Both may be spoken of as 
somewhere about 200 yards. But the circumstances of 
propulsion are in general very different ; — for, unless it is 
specially teed on a slope, or driven with a spoon (in 
which case its initial speed is necessarily reduced), a 
golf-ball goes off at a very moderate inclination to the 
horizon : — while the sensational drives at cricket usually 
have the unquestionable advantage of a much higher 
trajectory.^ 

Theoretically, the proper position of an observer who 
wishes to secure at once all the required data should be 
some miles to one side of the plane of flight, so that he 
should see the trajectory, as .it were, orthogonally pro- 
jected on a dark background of cloud. The small size 
of the ball, even if there were not other insuperable 
difficulties, makes observations in this way impossible. 
Hence each distinctive feature of the trajectory must be 
separately studied ; and this impjies either a staff of 
observers, or, what is much less easy to obtain, a player 


2. The range (on a horizontal plane) of the carry. 

3. The maximum height attained. 

4. The horizontal distance of this maximum from the 
tee, expressed (say) as a fraction of the range (2). 

5. The time of flight. 

To these we may add, though it is of less importance, 
arid also much more difficult to estimate with ^ny approach 
to accuracy, 

6. The final inclination to the horizon. 

These data are not independent : — in fact theory (such 
as it is) shows several relations among them. But, as 
no one of them, except the second and fifth, admits of 
accurate determination, it is desirable to measure as many 
of them as possible ; so that they may act as checks on 
one another. 

We may also add, what I have recently been endeavour- 
ing to obtain : — 

7. The horizontal distance passed over in the first 
second. 

This, if properly ascertained, would be one of the most 
directly useful of the whole set of attainable data. 

My experience has been that observers always over- 
estimate the values of the quantities i, and 6, above : — 
though they state their ratio fairly well as about i : 3. 
The time of flight, 5, also is usually given too great. 
But the greatest over-estimate occurs in the case of 
datum 4. This exaggeration puzzled me very much at 
the outset of my inquiry. It is easy to see that, in order 
to produce a path such as that sketched below, in which, 
(according to estimates sent me from St. Andrews a 
couple of months ago, when 1 was unable to procure 
them myself) 

AC ; AB 1:3:4; 

D 



A C B 


(where D is the highest point of the trajectory) the 
initial speed and the resistance must iatA be very great. 
For clearness, the vertical scale is much eicaggerated. 

Thus I was led to make some experiments with the 
view of finding an approximation to the utmost admissible 
initial speed. This 1 tried to obtain bjr measuring the speed 
of the club at impact, and multiplying by 1*6. A hollow 
india-rubber shelf, of the size 01 a golf-ball, was teed in 
front of a horizQntal axle on which were fixed, six inches 
apart, two lar|^ pastebcMu4 disks with broad borders of 
very thin white calico. The ball was teed on a level 
with the axle, midway between the planes of the disks, 
and thme inches beyond their extreme edges. A stout 
wire, dipped in black paint, projected frdm the nose of 
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the club. A drive was then madei in a direction parallel 
to the axis ; first, with the disks at rest ; second, when 
they were revolving about nine times per second. From 
the result of the first experiment, the correction for the 
second, due to the fact that the club did not move exactly 
parallel to the axis, was roughly determined. The results 
obtained varied within wide limits ; i.e. from 140 to 700 
feet per second for the speed of the club-head at impact. 
But the majority of the experiments gave from 200 to' 
300 feet per second. The golfer whose services I enlisted 
for these experiments, though a very good player, con- 
fessed that the novelty of the circumstances had pre- 
vented his doing himself justice : — the revolution of the 
disks, in particular, tending to prevent him from keep- 
ing his eye on the ball.” There can be little doubt that 
the main cause of discrepance among the results was the 
fact that the correction had to be found when the disks 
were at rest, and to be applied to data obtained when 
they were moving. At the time, I formed from these 
experiments the conclusion that the initial sjjeed of the 
ball must be somewhat over 400 feet per second. I have 
since been led to believe that this is an under-estimate. 

I hope when I return to my Laboratory, to carry out this 
class of experiments with more satisfactory results ; by 
repeating, under favourable conditions, an electrical 
process which recently failed from the employment ofj 
inadequate apparatus. 

So long as the *Speed of a spherical projectile is less 
than that of sound, it appears that the resistance of the 
air is at least approximately as the square of the speed. 
(It is on this account that the effect of even a light head, 
or following, wind is so considerable. For it is the relative 
speed that determines the resistance, and even a small 
change in a quantity makes an important change in its 
square.) Our knowledge of this question is as yet very 
imperfect; but we cannot fall into any egregious error 
by making our calculations on the assumption that this 
law is correct. To apply it, however, we require a 
numerical datum, e.g. the resistance (in terms, say, of the 
weight of the golf-ball) for unit speed. 

Robins, more than a century ago, gave as the result of 
experiments a statement equivalent to the following 
The terminal speed of an iron sphere in ordinary air is 
that which it would acquire by falling, vacuo, through 
a ^ace of yyod yards, where d is the diameter in inches. 

r rom this it is easy to calculate that the resistance- 
acceleration of a golf-ball should be about 

400 * 

where v is the speed in feet per second, and the denomi- 
nator is 400 feet. 

In the recent edition of 714 ^ Bashforth Chronograph * 
we find that, for an iron shot whose diameter is d inches, 
and mass w pounds, the acceleration due to the resistance 
of the air at speed v (expressed in feet per second) is 

w * 1000*" 

It is clear that this expression holds for spheres, of any 
material. For the whole resistance depends only on the 
size and speed, while the acceleration due to it is inversely 
•as the mass. Now for an average golf-ball <f—i75 
nearly ; and v> <“ o ioi, because the specific gravity of 
gutta-percha is nearly the same as that of water. Hence 
we may express the acceleration by 

— 

280 I 

very nearly : — the denominator being in feet. ' 

I have decided to employ Bastiforth’s result as probably 

* Cambridge UniYeruty Preis, 2890. For fthie reference, and for some 
much needed explanations, 1 am indebted to Prof. Oreenhtll. 
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the more accurate : — my own independent estimate, above 
alluded to, having given 300 in place of 280. It indicates 
resistance some 43 per cent, greater than that deduced 
from the older i«ckoning of Robins. In the formulae 
below we will write a for Bashforth’ s 280 feet. 

For a golf-ball not under the influence of gravity the 
equation of motion would therefore be 



which gives, if V be the speed wtien / = o, 

i j t 

X V - a’ 


or 


From this we have 

X = a 


V — 


V 


1 + 


W* 

a 




and 


£ 

V • V« “ . 


Thus in general, as \ nearly, the speed, what- 

ever it be, is reduced to half when the ball has moved 
through 196 feet, or about 65 yards. The time of passage 
is 280/V. 

In treatises on Dynamics of a Particle (Taitand Siteele, 
for instance) it is shown that, for the assumed law of re- 
sistance, the approximate equation of a flat trajectory is 



In obtaining this result it has been assumed that dx/ds may 
be treated as being practically unity. This gives a fair 
approximation to the form of the path of a golf-ball up 
to, and a little l^eyond, its highest point ; but can scarcely 
be relied on for the last 30 yards or so of the path, where 
the inclination to the horizon becomes considerabje. But 
the error will not be a very serious one. If we reject this 
approximate equation we are forced to use the intrinsic 
equation of the path, which can be integrated exactly. 
But, though its use can be made comparatively simple 
by employing a graphic method, it is always very tedious, 
and therefore only to be resorted to in the last extremity ; 
and when we are in possession of data far more exact 
than any yet obtained. The same may be said, so far as 
data are concerned, of the elaborate Tables calculated by 
Bashforth. If we. had accurate information as to the 
speed at the highest point of the trajectory, these would 
give us all that could be desired. 

In the above formula Vo represents the hori- 
zontal component of the initial speed: — or, practically, 
wi^ the limitation introduced, the initial speed itself, 
a is the angle of projection, and has been carefully deter- 
mined as on the average about I3°'S. Its tangent i^ o'^ 
Mr. Hodge, to whose valuable assistance I owe this as 
well as many of my other data, found it absolutely neces- 
sary to use a clinometer, as the eye-estimates of the angle 
of projection«re almost always greatly exaggerated. The 
only other datum required to complete the equation is an 
approximate value of V. Two methods of finding it were 
tried, as follows : — 

From a number of (necessarily very rough) observa- 
tions, made by holding to the ear a watch ticking 4 times 

K r second, it seems that in the first second a well-struck 
11 goes on an average somewhere about 100 yards. 
Hence the initial speed must be about 

28o(e‘s/H - i) — 537 feet per second^ 

An error of i p.c. in this measurement entails 1*6 p.c. 
error in the result. \ 

The average time of flight seems to be about 4*5 seconds 
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for a very good drive. As the length of the path is some- 
where about 600 feet, the initial speed must be about 
468. This, also, is an exceedingly rough estimate, as 
the effect of gravity has been omitted. .The percentage 
error here is the same as that of the observed time, but 
has the opposite sign. 

Taking them together, these two estimates appear to 
indicate an initial speed of about 500. Let us for a 
moment assume this to be the true value, and see how it 
will agree with the other facts of the case. 

Introducing the assumed data, we have for the typical 
trajectory 

y = 0-258.V - 2*524(e''*<° - i). 

The value of x for the maximum of y is given by 

, 0-258 - = o ; 

* 140 

so that .t'o = 372, and jo — 62, at the highest point' of the 
trajectory. These values, especially that of y^, agree 
very well indeed with those independently observed ; so 
that we have a first hint that our assumptions cannot 
be much in error. 

The range (so far as this approximation goes) is to be 
found by putting ^ = o in the general equation. This 
leads to 

, 14-31 = - I). 

By the aid of a table of values of the function («* — t)/z, 
which I constructed for the purpose of this inquiry, I find 
easily "I 

X = 140 X 4-08 nearly = 571. 

This, again, is a tolerable approximation to the observed 
range ; and, as above stated, we could not expect more. 
Now nothing in golf is more striking than the well- 
known fact that, once a player is able to drive a fairly 
long ball, he secures comparatively little increase in his 
range by even a great additional exertion. Assuming 
that the additional effort is well and truly applied (and 
this is usually, as most men too well know, a very large 
assumption indeed) its only effect must be to increase the 
initial speed. Let us see how an increase of initial 
speed to 600 feet per second will increase the range, other 
things being the same. Performing the calculations as 
before, the rough equation for the range becomes 

20*165 — — 1) ; 

AT 

and 4ris found to be 140 x 4-51, t'early, — 631 feet, or 
only about 20 yards more. Yet the initial energy of the 
ball was 44 ^r cent, greater. So far as this point is 
concerned, our result is in good accord with experience. 
Oi* the other hand, if we assume the initial speed to be 
400 feet per second only, we find 

F- 3-55 X 140, nearly, =» 497. 

i 

This represents a fair, but not an exceptionally good, 
drive. It thus appears that our assumption, of an initial 
speed of about 500, meets adequately the requirements of 
the data for a really fine drive, so far as yet tested. 

The ranges for initial speeds of 100, 200, , 600 

feet per second are, in order, 112, 277, 400, 497, 571, 631. 
(Had there been no resistance, the ranges would have been 
as the square numbers, i, 4, 9, .... , 36.) From these 
data it would appear that the great majority of golfers 
give the ball an initial speed of some 200 to 250 feet per 
second, only : — very frequently not so much, even off the 
tee : — ^and that to obtain a carry of double amount, the 
ball must l^ve nearly quadruple energy. 
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We may now apply the test supplied by the datum (4). 
We have, for initial speed 500, 

2^0 = 372,7= 571. 

SO- that, in the figure above, 

AC ; AB : ; 372 : 571. 

The ratio is rather /ess than 2:3; whereas according 
to observation, it ought to have been greater ; though, of 
course, always less than 3 : 4. But I do not attach much 
importance to this discrepancy, as the estimate made of 
the highest point of the path is at best a rude one, and 
depends very much upon the position of the observer. 
For instance, it is almost impossible for him to make 
even a guess at its true position if it should happen to be 
situated nearly above his head. 

I have calculated a number of trajectories for larger 
values of a, and with V correspondingly reduced, so as to 
keep the carry the same. But all seem to give too great 
a value for the maximum height attained ; and to place 
that maximum too near the middle of the carry ; to suit 
the long, raking, drives which have furnished my data. 
The estimated value, 500 feet per second, of the initial 
speed in ** tall ” drives like these, may appear a little 
startling at first. But anyone who knows how to eu/ a 
tough ragweed with a thin cane, instead of merely 
bruising it, as ninety-nine men in a* hundred would 
certainly do at the first attempt, will recognize the sort 
of nip which a really skilled golfer gives at the instant of 
striking thd ball. 

It is curious to reflect that it is the resistance of the air, 
alone, which makes it possible for the legislature to 
tolerate the game of golf. For the normal drive which 
was studied above would, but for the resistance of the air, 
have a carry of 1250 yards (more than two-thirds of a 
mile) and the ball would fall at that distance with its full 
initial speed of 500 feet per second 1 The golfer might 
deal death to victims whom he could not warn with the 
most Stentorian “Fore.” He could carry, at St. Andrews, 
from the first tee to the “ Ginger Beer ” hole ! This illus- 
trates, though in a very homely and feeble way, the ser- 
vice which the atmosphere is perpetually rendering us by 
converting into heat the tremendous energy of the in- 
numerable fragments of comets and meteorites which 
assail the earth from every side with planetary speeds. 

When there is a steady wind, even when it blows in the 
plane of flight, the mathematical problem is much more 
difficult : — and this difficulty is not sensibly less when an 
approximate solution only is sought. For the speed of 
the wind depends on the height above the earth ; and, 
even if we take the simplest law for this dependence, 
neither of the equations can be treated separately. 

It is easy, however^ to see the general nature of the 
effect In driving against the wind, the resistance (which 
of course depends on the relative velocity) is greater than 
in still air : — but its direction is no longer in the line of 
flight, except at the highest point of the path. It acts in 
a direction less inclined to the horizon than is the path, 
and therefore its effect on th^ horizontal component of 
the velocity, as compared with that on the vertical com- 
ponent, is greater than in still air. With a following 
wind, unless it be going faster than the ball, the opposite 
effects are produced. The general result is to affect the 
cany considerably, and the vertical motion but slightly. 
The time of flight is probably a little shortened 1 ^ a 
following wind, while it is lengthened by a head wind, xhe 
belief, prevalent among goitera, that a ball rises higher 
against a head wind, and iowbir with a following wind, 
than it would do in a calm, is due directly to the effect of 
perspective : — the hi^eit point of the rath being shifted 
nearer to, or further from, the player. The true effects on 
the greatest height reached are usually too small to be 
detected by a casual observer. 
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The diameter of a cricket-ball is nearly 3 inches, and 
its weight 5 ’5 oz. The value of a for its motion is there- 
fore 327 feet. Partly on this account, but more on account 
of its lower speed, a cricket-ball has its path much less 
affected by resistance than is that of a golf-ball. If we take 
its maximum initial speed as 130, the initial resistance is 
only about i'6 times its weight ; while for a golf-ball it 
rises to about 28-fold its weight. Their momenta are 
nearly equal, being about 45 and 50 respectively. But 
their kinetic energy is very different in the two cases, 
being 90, and 390, foot-pounds respectively. This, again, 
is in full accord with every>day experience. In the simple ' 
vernacular of the cricketer, a well-struck golf-ball would be 
characterized, at least for the first fifty yards or so of 
its course, as a “ hot ” one indeed ! 

The article may fitly close with a few remarks on ; 
another very prevalent fallacy : — viz. the belief that a 
I'olfer continues to guide his ball with the club long after 
it has left the tee. How any player who has ever i 
“jerked” a ball (and who has not ?) could maintain such ; 
an opinion is ap inscrutable mystery. But it is a physical i 
fact, established by actual measurement, that when a ! 
block of wood weighing over 5 pounds is let fall on j 

golf-ball (lying on a stone floor) from a height of I 
4 feet, the whole duration of the impact is less than 
1/250 of ^a second. When it falls from a greater height* 
the duration impact is less. But if the elastic force 
which made the block rebound had been employed 
to move the golf-ball itself, whose weight is only 
i/io of a pound, (or 1/50 of that of the block) the 
operation would have occupied only 1/50 of the time; 
say the 1/12,500 of a second. In the case before us we 
are dealing with much greater speeds, and therefore with 
still smaller intervals of time. It is with veritable 
like these that we are concerned when driving a golf-ball. 
The ball has, in fact, left the club behind, before it 
has been moved through more than a fraction of its 
diameter. 

Another way in which this important point can be made 
plain to anyone is as follows : — When two bodies impinge, 
the whole time of the mutual compression is greater than 
that which would be required to pass over the space of 
linear compression with the relative speed, but less than | 
twice as great. And the time of recoil is greater than 
that of approach in the ratio i : e : — where e is the “ co- 
efficient of restitution ” which, with hard wood and gutta- 
percha, is about o'6 when the relative speed is very great. 
Hence the whole time of impact between the club and 
the ball is that in which the club, moving at 300 feet per 
second, would pass through about four times the linear 
space by which the side of the bail is flattened. 


The advantages of a constant current are that it is a 
nearer approximation to practical working conditions, 
and that the calculations are inuch simplified : in fact, the 
ampere efficiency is got by simply multiplying together 
the ratio of the charge and discharge currents and the 
ratio of the times occupied in charging and discharging. 
The true (or watt) efficiency was found by plotting time 
readings of the P.D., and taking the ratio of the areas of 
the curves thus drawn : this, multiplied by the atppere- 
efficiency, is the required true efficiency. 

The drst important point brought out in the paper is 
the importance of the resuscitating power possessed by 
accumulators. In an early set of tests, made on well- 
charged cells, the authors found a quantity efficiency 
of over 100 per cent, with correspondingly abnormal 
watt efficiency, and this, although the tests occupied 
five days, from which they conclude that, “if accumu- 
lators be* well charged up before being tested, five days’ 
continuous alternate charging and discharging with the 
maximum currents allowed by the manufacturers fails to 
give the normal working efficiency.” 

Since these results were so unsatisfactory, some method 
of avoiding drawing on a previous store had to be adopted. 
Some experimenters secured this condition by running 
down a cell, and then leaving it short-circuited for some 
time. In the present series of experiments the required 
condition was fulfilled as follows : the cells were con- 
tinuously charged and discharged with regularity *until 
the successive charges occupied exactly the same time, 
and successive discharges did also. When the cells 
arrive at such a “ steady state,” it can evidently be taken 
that no drawing on a previous store is taking place. It 
was, then, under these conditions that the experiments 
were made. 

As such a long series of experiments would entail much 
labour in keeping the current constant, an automatic- 
regulator was dpvised to effect this, together with further 
automatic devices for breaking circuit when the P.D. 
reached any predetermined value, and for telling the time 
when such break occurred. The authors state that these 
apparatuses worked to within 4 per cent, of the supposed 
limits. Throughout the investigation D’Arsonval instru- 
ments were adopted, and by suitably suspending the 
movable coil, the calibration curve was absolutely a 
straight line. In these further tests the same instrument 
was used for measuring volts and amperes, the requisite 
alteration of circuit being made by a rocking commu- 
tator. The volts were read frequently, and curves of 
P.D. plotted. With this, apparatus and measuring in- 
struments, the curves given below for steady state of 


P. G. Tait. 


THE WORKING EFFICfENC Y OF SECOND AR Y 

CELLS. 

U NDER this title a paper was contributed, at the 
recent meeting of the Institution of Electrical 
Engineers at Edinburgh, by Prof. Ayrton and Messrs. 
Xamb, Smith, and Woods, which contains some con- 
siderable additions to our knowledge of the subject of 
secondary cells. The cells on which the tests were made 
were of the 1888 E.P.S. type, and were charged and dis- 
charged at the maximum working currentSj these being 
kept constant in value by hand and automatic regulation. 
In the most important series of tests the limits of volts 
•employed was 2*4 volts for charge and 1*8 volt for dis- 
charge : it was found that a lower limit than this led 
to detrimental actions in the cells, with loss of active 
material. 
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charge and discharge between limits of 2*4 and 1*6 volts 
per cell were obtained. 

From these curves efficiencies of 98*3 per* cent. f9r 
current, and 86*5 per cent, for energy, were obtsdned. 
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It was then found that i*6 volt was far too low a limit 
to take, as scaling of the plates took place, and so (as 
mentioned above) limits of i’8 and 2*4 volts were adopted. 
After several charges and discharges, the cells arrived at 
a “steady state” again, the successive times being as 
follows : — 


Discharges, 



Charges. 

h. m. 



h. in. 

10 10 

••• 

••• 

II 38 

10 10 

... 


*i 37 

10 II 

... 

... 

II 37 


“ showing to what an absolutely definite state cells arrive . 
after a definite cycle of charge and discharge between 
fixed lim^s has been repeated continuously, without in- | 
terruption, for some weeks.” These results . give an 1 
ampere efficiency of 97 ‘2 per cent, and an, energy 
efficiency of 87*4. These they adopt as the true steady ; 
values for this type of cell, and this shows a working j 
storage capacity of 21,380 foot-pounds per pound of 
plate. I 

The next point brought out is the effect of rest on a | 
charged cell ; the cells were fully charged, and allowed I 
to rest in that state, being well insulated from everything. ^ 
In every case the first discharge and charge show a 
marked falling off in capacit)r and efficiency, the latter 
bein^ reduced to 58 per cent, in one case cited. A point 
of some theoretical interest is brought out in connection ; 
with the curves obtained in this part of the investigation : 
a normal discharge curve /alls rapidly at first, then re- ' 
mains constant, and falls again, as shown in Fig. 1 ; I 



the first discharge curve, after rest^ rises at first instead of I 
falling. ! 

The authors sum up this part of their paper as I 
follows : — i 

, “ From all that precedes, it follows that the previous 1 
history of an accumulator produces an enormous effect ; 
on its efficiency. If, for example, an E.P.S. accumulator | 
be over and over again carried round the cycle of being 
charged up to 2*4 volts per cell and discha;.-ged down to 
i‘8 volt per cell, the charging and discharging currents 
being the maximum allowed by the makers — viz. 0*026 
ampere per square inch in charging, and 0*029 ampere 
per square inch in discharging — the * working efficiency * 
thus obtained may be 97 per cent, for the ampere-hours 
and 87 per cent, for the watt-hours. If, on the contrary, 
the cell be constantly charged up before being tested, 
then for the first few charges and discharges between 
the above limits, and with the same current-density 
in charging and discharging, even the energy efficiency 
may be as high as 93 per cent. ; whereas, if the accu- 
mwtor Has been left for some weeks, then, although 
fl^pas left charged,^ the energy 'efficiency for the first 
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few charges and discharges will be as low as 70 per 
cent. 

“ While, on the one hand, our tests show that continued 
rests of a charged accumulator appear to be far more 
‘serious for the accumulator than we had previously 
imagined, the working efficiency appears to be higher 
than has hitherto been supposed, since we believe that 
about 84 per cent, efficiency in the watt-hours is all 
that the advocates of accumulators have claimed for 
them.” 

The next section deals with some points connected with 
the chemical action, and it is shown that the actual amount 
of SO3 liberated on charge per ampere-hour, as calculated 
from the change of specific gfravity, agrees well with the 
ordinary simple formulae. We understand a further paper 
on this point may probably be forthcoming later on, which 
will deal with the chemical changes going on in the 
plugs at various points in the charge and discharge. As 
this involves the partial destruction of a cell, and a lengthy 
series of analyses, it was not found possible to put it in the 
present paper. 

The next point brought out is of considerable interest : 
during several charges and discharges, the difference of 
temperature between the working cell and a neighbour- 
ing idle cell was observed frequently, and it was noticed 
that the cell cooled during discharge, in spite of the heat 
generated by the resistance. This was simultaneously 
observed by Prof. Duncan in America. The general 
shape of the temperature curves is given below. 



From the mean excess of temperature of the cell 
the authors deduce the somewhat startling fact that 
17 per cent, of the eneig^r put into the cell is wasted 
by radiation and convectiori. As they found that but 
13 per cent, is really lost, it follows that the rest of 
the energy must be given by some sort of primary 
battery action, so that they consider an accumulator 
is partly a reversible and partly an inreversible battery. 
In this way the gradual deterioration is accounted for; 
Possibly this may partly account for the short life of 
small accumulators. 

The concluding section deals with the question of the 
resistance of cells when brought to a steady state. The 
method adopted is that of introducing an opposing 
E.M.F. in the voltmeter circuit when time readings of 
the E.M.F. are being taken on breaking circuit. From 
these the E.M.F. at breaking circuit is found by pro- 
ducing backwards* to zero, and the P.D. being also 
measured, together with the current before breaking, we 


August 28, 1890] 


NA TURE 



can get the resistance at the moment of break. The method lack of time has prevented this section being dealt with 
is delicate, and , seems to have yielded good results ; but with other than one set of current values. 
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We print the curves given in the paper for resistance j The paper seems, on the whole, a useful and suggestive 
on charge and disdtarge. j contribution to the current knowledge on the subject 
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NOTES. 

At a meeting lately held at Stonyhurst College, as we have 
already recorded, it was decided that a memorial of the late 
Father Perry should be established. It is proposed either that 
a new telescope with a 15-inch object-glass shall be erected at 
Stonyhurst, or that the present equatorial stand shall be furnished 
with a 15-inch objective. Whichever be adopted, the telescope 
and the house in which it stands will be called the Father 
Perry Memorial,’’ and the' work done with the instrument will 
be published under this name. For the complete telescope and 
house, £2^QO would be required ; for the objective alone the 
sum needed would be £yoo. It is hoped that funds large enough 
for the more magnificent monument may be obtained. A more 
appropriate memorial could not have been suggested, and we 
have no d^ubt that many friends and admirers of the late Father 
Perry will be glad to take this opportunity of expressing their 
appreciation of his character and work. Subscriptions should 
be sent either to the ** Father Perry Memorial’^ account, at the 
London Joint Stock Bank, Limited, Pall Mall Branch, London, 
S.W., or to Arthur Chilton Thomas, Hon. Secretary and 
Treasurer, pro Marldon Chambers, 30 North John Street, 
Liverpool. 

The remains of Captain John Ericsson arc now being con- 
veyed across the Atlantic to their last resting-place in Sweden. 
The transfer of the body, on Saturday, from New York to the 
war-ship Baltimore^ was made the occasion of a striking 
ceremony in honour of the memory of the great inventor. 
The coffin, wrapped in the flag which floated from Ericsson’s 
famous naval ram, the Monitor^ in the struggle with the Merri- 
mjc^ was escorted down Broadway by a procession ; and among 
the mourners were the Secretary of the Navy, Admiral Wordon, 
who commanded the Monitor in the engagement with the 
Mirrimac ; Admiral Braine, commanding the Navy ; General 
Howard, commanding the Army ; the Mayors of New York 
and Brooklyn ; and the members of the Swedish Legation. 
The New York correspondent of the Daily News says that 
dense crowds witnessed the procession, standing with bare heads I 
as it passed. Flags, Swedish and American, were displayed in 
great profusion throughout the city and harbour. Great bands 
of streamers festooned fronts of the buildings along the city’s • 
main thoroughfare, and from the windows hung colours in 
endless profusion and variety. The harbour never presented a 
more charming picture. All the shipping along the water front 
were dressed for the day with the flags of all nations, at half 
mast. The body was placed upon a tug at the Battery, and was i 
taken down a long line of shipping to the Baltimore^ which lay 
waiting to receive it. The day was rarely beautiful, and the 1 
great harbour swarmed with craft of all descriptions. Below 
the Baltimore^ stretching in a long line down the bay, were 
ranged other war-ships. Minute guns were fired till the body 
reached the ship, when the brief ceremonies of receiving the 
body were completed. The Baltimore then ran up the Royal 
naval ensign of Sweden, and steamed slowly down the line of 
battle-ships towards the sea, each vessel raising tSe same ensign 
as she passed and firing a salute of 21 guns. The forts at the 
Narrows also saluted as she passed. 

The meeting of the Iron and Steel Institute in America pro- 
mises to be very successful. About 300 members and many of . 
their friends will leave England for New York next month. The ‘ 
week beginning on September 29 will be devoted to the reading 
of papers and discussions by members of the American Insti- 
tute of Mining Engineers and the English Iron and Steel Insti- 
tute; and, again, on October 9 and the two following days, 
these two bpdies will co-operate at fin international meeting at 
I^tsbuig. ^erwards, excursions will take place to the iron 
•ore and copper regions of Lake Superior and to the new iron- 
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making district of Alabama. The American Reception Com- 
mittee will provide sleeping and luncheon cars to take their 
visitors over 3000 miles of the United States. 

The eighth meeting of the International Congress of 
Americanists will be held in Paris from October 14 to 18. 
Questions relating to history and geography, archaeology, 
anthropology and ethnography, and linguistics and palaeography, 
have been drawn up by the organizing committee for the con- 
sideration of the Congress. Communications regarding the 
forthcoming meeting should be addressed to M. Desire Pector, 
General Secretary of the Organizing Committee, 184 Boulevard 
Saint-Germain, Paris. 

The American Forestry Association is to meet at Quebec on 
l^ptember 2, and will sit four days. By invitation of the 
Government of the Province of Quebec, the meetings will be 
hdd in the Parliament buildings. 

This week the Sanitary Institute has been holding its twelfth 
Annual Congress at Brighton, The business of the Congress 
was opened on Monday evening, when Sir Thomas Crawford 
delivered his presidential address in the n^sic-room of the 
Royal Pavilion, before a large assembly. After a tribute to the 
late Sir Edwin Chadwick, the president dealt iwith some frag 
ments of the story of laws violated to the prejudice of health.’' 
On Tuesday an interesting address on “The Living Earth ” was 
delivered hy Dr. G. Vivian Poore, President of the Section for 
Sanitary Science and Preventive Medicine. Mr. W. H. Preece 
lectured on Tuesday evening on the sanitary aspects of electiic 
lighting. 

The new number of the Journal of the Royal Horticultural 
Society contains a full and interesting report of the Daffodil 
Conference held at Chiswick in April last. The Conference 
lasted two days, and on the first day the chair was taken by 
Prof. Michael Foster, who, in the course of his opening address, 
offered some remarks on the naming of different forms of the 
daffodil. He urged that new names should be given only to 
forms which can be readily recognized as distinct by ordinary 
people, and arc more beautiful than, or differ in beauty from, 
their forerunners. A new name should also, he thought, be, if 
possible, one that can be easily written, and easily read, and 
that “can be spoken, if not easily, at least without great effort.” 
Mr. J. G. Baker, who presided on the second day, said that 
twenty years ago very few people took any interest in daffodils, 
but now the daffodil shared with the primrose the honour of 
being the most popular flower of the spring-time. “ The genus, 
he added, “ is of great interest from a botanical point of view. 
We are obliged as botanists to deal with all plants on one uniform 
plan as regards arrangement and nomenclature. From that 
point of view we look upon Narcissus pseudo-narcissus as a single 
aggregate species, and, comprised within this, there are in 
gardens about 200 forms. In the whole genus we have only 
about twelve or sixteen distinct species in this sense. The 
greatest change at the present time is the raising of forms from 
^>ecies or varieties not known to hybridize before, and it is 
wonderful that all the Narcissi cross so freely, many of them—, 
as, for instance, N pseudo-narcissus and N posticus — ^being so * 
distinct from each other in form.” 

The Australasian Association for the Advancement of Science 
has published a volume containing a report of its first meeting, 
held at Sydney, New South Wales, in August and September 
1888. The editors are Prof. A. Liversidge, F.R.S., and Prof. 
R. Etheridge, Jun. llie volume includes many valuable 
addresses and papeis, and is well illustrated. 

Thb death is announced of Dr. Felix Liebredj^ti an ^ly ^nd 
highly succissfid student of folk-lore and compantive mythology. 
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He was born at Silesia, in 1812, and after studying at Breslau, 
Munich, and Berlin, became a professor at Liege, where he re- 
mained during the greater part of his working life. He translated 
the ** Pentamerone'* of Basile from the Italian in 1846, and in 
the following year issued a version of the romance of Barlaam 
and Josaphat from the Greek of Johannes Damascenus. In 1851 
he translated Dunlop’s History of Fiction.” A curious 
treatise by Gervase of Tilbury attracted his notice as being a sort 
of encyclopaedia of mediaeval folk-lore, and he brought out an 
edition of it in 1856 enriched with many valuable notes. A 
selection of his contributions to periodical literature on his 
special subject appeared in 1879, entitled ” Zur Volkskunde.” 

Prof. Flower and Mr. Lydekker are engaged in preparing 
for publication a work entitled “ An Introduction to the Study 
of Mammals, Recent and Extinct.” It is based mainly upon the 
articles contributed by the first-named author and Mr. G. E. 
Dobson to the ninth edition of the Encyclopedia Britannica,” 
but much new matter will be added, and the whole brought up 
to date. The publishers are Messrs. Black, of Edinburgh, and 
the work is expected to appear before the end of the year. 

Messrs. D. C. Heath and Co., Boston, announce the 
publication of a new number in the series of “Guides for 
Science Teachings” issued under the auspices of the Bostonian 
Society of Natural history. The book is entitled “Insecta,” 
and is written by Prof. Hyatt, Curator of the Natural History 
Society. It is extensively ilfustrated. 

Mr. J. B. Marcou’s “Bibliography of North American 
Palaeontology in the year 1886” has been reprinted from the 
Smithsonian Report for 1886-87. 

The City and Guilds of London Institute has issued its pro- 
gramme of technological examinations for the session 1890-91. 
In a special paper attention is called to various alterations and 
additions. 

The University Correspondence College has published, in its 
Tutorial Series, a Directory containing all necessary information 
as to London Intermediate Science and Preliminary Scientific 
Examinations. 

During the cruise of the U.S.S. Thetis in the Behring Sea 
and Arctic Ocean, in 1889, several officers were directed to 
prepare reports on subjects connected with the waters and 
regions visited by the vessel. One of the reports drawn up in 
accordance with instructions related to the Eskimos of north- 
western Alaska, and was written by Mr. John W. Kelly, who 
had spent three winters among the north-western Eskimos. 
This report has now been published by the United States 
Bureau of Education, and all students of ethnography will find 1 
in it much that cannot fail to interest them. It is accompanied | 
by English-Eskimo and Eskimo- English vocabularies, prepared 
by Ensign Roger Wells, chiefly from information furnished by 
Mr. John W. Kelly. These vocabularies are primarily intended 
for teachers in Alaska, but it is expected by the Bureau of ■ 
Education that they will also of service to officers of the navy | 
and of the revenue marine service, to all Govermeot officials in 
Alaska, to committees of Congress visiting the country, and to 
many others who for any reason may desire to study the Eskimo 
language. 

The U.S. Bureau of Education has issued a Bulletin, by 
Prof. C. F. Smith, of the Vanderbilt University, on “Honorary 
Degrees as Conferred in American Collies.” The author pro- 
tests vigorously against the lavish way in which various Am erican 
institutions raise incompetent persons to the rank of “doctor/' 

We have received from the Santiago Observatory (Chile) two 
volumes comprising the meteorological observations for the 
years i88i-87« This Observatory, whldh is furnished with the 
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best instruments, has published observations in the present form 
since 1873, although they had been taken and partially published 
for many years previously. The observations for three hours 
daily are given in a tabular form, and the means for each day 
are laid down in curves. Full particulars as to the instruments 
and methods of observation are given in an earlier volume, and 
the series presents most valuable materials for the study of the 
climate in those distant pai^s. 

The Italian Meteorological Office has published its “Annals” 
for x886, consisting of four folio volumes. The first volume 
contains the Report of the Director of this extensive organization, 
and shows that there were in that year 123 observatories and 
.stations at which complete observations w^ere made, and 630 
stations recording temperature and rainfall. 7'his part also cori- 
tains some valuable memoirs, among which may be nientioned : 
the climate of Massowah, by P. Tacchini ; the comparison of 
anemometers, and evaporation, by Dr. Ragona ; the temperature 
of snow at different depth.s, and of the air above it, by Dr. 
Chistoni, &c. Vols. ii. and lii. contain the ten-day, monthly, 
and annual means for the various stations, and the results 
of evaporation and cloud observations. Vol. iv. deals more 
especially witH earthquake phenomena, and contains in- 
vestigations on several shocks which have occurred in Italy, 
together with memoirs on the various seismographs used in 
I different countries. 

The Archaeological Survey of India perseveres with its un- 
ostentatious task of reclaiming from ruin and oblivion the countless 
inscriptions which lie scattered about India, offering a clue to 
many questions of ancient history and philology. These despised 
or neglected records are found in all sorts of likely and unlikely 
places. The Englishman of Calcutta refers to one which has 
lately been recovered from obscurity, and which isjust a thousand 
years old. It was»found incised on a stone slab partly fixed in the 
wall of a house and used as a seat, in the bazaar of Pahoa or 
Pihewa, in the Umballa district. Considerable difficulty was 
experienced in inducing the owner of the house to allow the 
stone to be removed, but the treasure was eventually acquired, 
and now lies in the Lahore Museum. The inscription consists 
of twenty-one stanzas of Sanskrit verse, and is an account of the 
building and endowment of a temple of Vishnu, together with 
a eulogy of the family who performed the meritorious deed» 
Regarding one of the brothers we are told that “ when suppliants 
with rapture looked on hU lotus face their mental anxiety com- 
pletely vanished in an instant ; and the crowd of hostile trumpet- 
ing elephants always shook before him in battle ready to disperse. ” 
This may be taken as a characteristic Oriental rendering of the 
sentiment of the familiar Scotch song, “ His step is first in 
peaceful hall, His sword in battle keen.” For extravagance of 
laudation, however, a higher place must be given to an inscription 
found near Jubbulpore, in which it is said of a certain king, that 
although the tread of his armies roused the apprehension of tfie 
three worlds — heaven, earth, and hell— yet there was no dust 
raised, as the road was flooded by the tears of the captive women 
who followed Ih his train. 

The Photographic JVervs concludes an interesting article on 
the photographing of clouds with the following suggestions, 
which are offered for the benefit of those who have not bad 
much experience in making cloud negatives : — If the sun is to 
be included in the picture, films or ground-glass backed plates 
should be used. lens which will take a good landscape 

can be used, and its smallest stop should be employed. As a 
rule, the exposure will be about one second on a slow plate, but 
in the case of red sunrises and sunsets, this may often be in- 
creased to as much as eig))t or even ten seconds .unless iso-^ 
chromatic plates are available^ The development must be very 
carefully wxtehed,' and not carried too far. 
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Countless swarms of rats periodically make their appearance 
in the bush country of the South Island, New 2 ^aland. They 
invariably cotne in the spring, and apparently periods of about 
four years intervene between their visits. In a paper published 
in the new volume of the Transactions and Proceedings of the 
New Zealand Institute, Mr. Joseph Rutland brings together 
some interesting notes on the bush rat {Mus maori^fn). In size 
and general appearance it differs much from the common brown 
rat. The average weighty of full-grown specimens is about 2 
ounces. The fur on the upper portions of the body is dark 
brown, inclining to black; on the lower portions white or 
greyish-white. The head is shorter, the snout less sharp, and 
the countenance less fierce than in the brown species. On the 
open ground bush rats move comparatively slowly, evidently 
finding much difficulty in surmounting clods and other impedi* 
cnents ; faience they are easily taken and destroyed. In running 
they do not arch the back as much as the brown rat. This 
awkwardness on the ground is at once exchanged for extreme 
activity when they climb trees. These they ascend with the 
nimbleness of flies, running out to the very extremities of the 
branches with amazing quickness ; hence, when pursued, they 
invariably make for trees if any are within reach. The instinct 
which impels them to seek safety by leaving the ground is 
evidently strong. A rat, on being disturbed by a plough, ran 
for awhile before the moving implement, and then up the horse - 
reinsf which were dragging along the ground. Another 
peculiarity of these animals is that when suddenly startled or 
pursued they cry out with fear, thus betraying their whereabouts, 
an indiscretion of which the common rat is never guilty. 

In a paper recently read before the Vienna Academy, Herren 
Elster and Geitel give the results of a year and a half's observa- 
tions of atmospheric electricity on the north side of Wolfenbiittel 
(bordering an extensive meadow). They used a stand carry- 
ing a petroleum flame and connected by insul&ted wire with an 
electroscope. A marked diflerence was found in the phenomena 
of spring, summer, and autumn, on the one hand, and winter 
on the other. In the former the daily variation of the fall of 
potential showed a distinct maximum between 8 and 9 a.m., as 
Exner found at St. Gilgen, and a distinct minimum between 
5 and 6 p.m., whereas Exner found a maximum about 6. 
In winter there is great irregularity ; but a weak minimum 
occurs about ii a.m., and a more decided maximum about 
7 p.m. It appears to the authors that other factors than 
humidity, with which Exner seeks to explain the variations, are 
concerned in the case. When the temperature goes below zero, 
cold mist being then generally present, there is often rather a sharp 
rise in the values, the aqueous vapour having then less action. 
Rainfall in a neighbouring region lowers the fall of potential 
both in winter and summer, and a disturbance of the normal 
course will announce a coming change in places still unclouded. 
Sf ow, it seems, rather raises the values. It has been shown by 
Linss that the course of the fall of potential is inversely as the 
coefficient of dispersion of the air for electricity ; which, again, 
depends not only on the dust and aqueous vapour present, but 
also, according to Arrhenius's theory, on a sort of electrolytic or 
dissociative action of the sun's rays on the atmosphere (thus it 
has been shown that electricity escapes from a conductor under 
the influence of ultra-violet rays). The authors find their results 
support this latter view. They consider that the electric pro- 
cesses during formation of precipitates are the chief cause of 
the disturbance of the normal condition. 

4 

The additions to the Zoological Society's Gardens daring the 
past week include a Rhesus Monkey (Macacus rhesus) from 
India, presented by Miss White ; a Common Fox 
SMlsh Isles, presented by Mr. H. ?ane Gladwin ; a — Fox 
^ Buenos Ayres, presented by Mr. J. R. Bell ; 
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a Common Otter {Lutra vulgaris)^ British Isle^, presented by 
Mr. W. Corbet ; a Punjab Wild Sheep {Ovis eyeloceros) from 
India, presented by Dr. W. King ; two European Scops Owls 
{Scops £m') from Austria, presented by Mr. Edward R. Divett ; 
%ix Prussian Carp (Carasstus vulgaris), British fresh waters, 
presented by Mr. G. S. Godden ; three Pochards {FuUgula 
ferina), Europe, purchased ; a Yak {Poephagus grunmens), a 
Yellow-footed Rock Kangaroo {Petrogale xanthopus), and three 
Cambayan Turtle-doves {Turtur senegalensis), bred in the 
Gardens. 


OUR ASTRONOMICAL COLUMN. 

Objects foe the Spectroscope. 

Sidereal Time at Greenurich at lo p.m. on August 28 « 
2oh. 28m. 16s. 


Name. 

Mag. 

Colour. 

R.A z89a 

Decl. 1890. 

(t) G.C. 4573 ... ... 



h. m. s. 
20 17 28 

• 4 

+ 19 45 

(2) P Cygni ... 

(3) D.M. + 17® 4370 ... 

Var. 

Yellow. 

20 13 44 

+37 41 

7 

Reddish-yellow. 

20 33 4 

+ »7 53 

( 4 ) t Delphim 

4 

Yellowish-white. 

20 28 0 

-f 10 56 

15) a Delphini 

3’5 

White. 

1 20 34 30 
19 28 X 

1 iif'33 7 

+>5 3* 

161 228 Schj* ... ••• 

(71 X Ophiuchi 

\4r. 

Reddish-yellow. 

Red. 

, ->6 34 

•4- 8 44 


Rtmarks^ 

(1) This' is a 6ne though small planetary nebula, with four 
minute stars in close proximity. Lord Rosse described it as *‘a 
beautiful lijltle spiral.” In 1866 Dr. Higgins observed the 
spectrum of the nebula, and recorded “The spectrum of this 
nebula consisted of one bright nebulous line of the same re- 
frangibility as the brightest of the lines of nitrogen. No other 
line was certainly seen.” It is-evident that this observation has 
an important bearing on the character of the chief line of the 
nebula spectrum, and it would be well if some other observer 
would take the trouble to reobserve it. It should be noted also 
whether the nebulosity is limited to one side of the line, or is 
equally visible on both sides. 

(2) In 1600, this appeared as a bright star, but it has since 
been comparatively faint. It is especially interesting from the 
fact that its spectrum contains bright lines, chief amongst these 
being the lines of hydrogen and D^. The Henry Draper 
Memorial photograph, however, shows in addition a very bright 
line near \ 447, which Mr. Lockyer suggests, from its association 
with Dg, is Lorenzoni’s /of the chromosphere spectrum. It will 
be remembered that this line occurs also in the spectrum of the 
Orion nebula. Hence, the lines in the visible part of the spectrum 
which are common to P Cygni and the Orion nebula are 
hydrogen (F and G), Dg, and 447 (/) ; another bright line in the 
violet is also common to the photographs of the two spectra. 
This similarity is evidently in favour of the view that stars with 
bright line spectra are similar in constitution to nebulae, though 
they are probably more condensed. It will be an interesting 
inquiry to see if P Cygni has anything more in common with 
nebulae in the visible spectrum. 

(3) According to the records of the spectrum of this star, it is 
one of the finest of Group II. Dun^r calls it s^erb, all the 
bands 2-9 being extremely wide and dwk. It affords a good 
opportunity for farther observations of the peculiarities of this 
class of spectrum. 

(4) Gothard states the spectrum of this star as ? II.0, whilst 
Vogel writes it I.a (Group IV.). My own observations confirm'. 
Vogel’s statement, the spectrum being almost like that of a 
Lyrae. 

(5) A star of Group IV. . 

(6) This is a star of Group VI., showing the secondary bands 
2, 3, 4, and 5 (all in the red and yellow) in addition to the bands 
of carbon. The star is not so red as most of the members of the 
group, and this is no doubt due to the absorption of red light by 
tne secondary biuids. Other details should Be looked for. 

(7) This Crroup II. star will reach a maximum about September 

5, and the appearance of bright lines, as in other variables of the 
same type, may be expected. The period is about 300 days, and 
the magnitude changes from 6*8 to 9. A. Fowler. 
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Observations of Saturn at the Disappearance of 
THE Ring. — In a memoir “Sur la variability des anneaux de 
Saturne,” published in the Bulletin Astronomique (vol. ii. p. 28), 
M. E, L. Trouvelot touches on some interesting phenomena 
that he observed in 1877-78, before, during, ana after the 
passage of the sun and earth across the plane of Saturn’s rings, 
On May 18, 1877, M. Trouvelot remarked that the illuminated 
surface of the ring appeared notably less luminous than the 
planet ; further observations confirmed this, and left no doubt 
that its relative light diminished up to the passage of the sun 
across its plane. It was also observed that the colour of the 
light of the ring appeared yellowish and slightly orange when 
compared with that of the planet, whereas observations made I 
between 1872-76 indicated that the planet was of a yellowish * 
colour when compared with the ring. The two sets of observa- 
tions are thus diametrically opposed to each other ; and it ap- 
pears that, when the height of the sun above the plane of the 
ring is reduced to 4** 30', the surface of the latter gradually 
diminishes in light with the approach of the sun to the plane, 
and afterwards the opposite surface increases in light intensity 
until the angular distance of the sun from the plane of the ring 
is again ^ 30’. The cause of this diminution and increase is 
not well known. It may be due to the change in the angle of 
incidence of the sun’s rays, and, therefore, in the amount of 
light reflected or to the absorption of the sun’s rays by the 
atmosphere belonging to the rings, or to many other causes. 

From October 6, 1877, when the sun was i® 49' north of the 
plane of the rings, to February 6, 1878, when the sun crossed J 
the plane, the illuminated surface gradually decreased in width 
until it appeared as a thin line difficult to recognize, because of 
its extreme tenuity. It was observed that the decrease in the 
width of the illuminated ring appeared to be produced by a 
shadow slowly obscuring it, and M. Trouvelot attributes the 
shadow to the existence of a zone elevated above the general 
level of the ring and slightly inclined towards the planet. To 
produce the observed phenomenon, a protuberant zone on the 
ring B, and 6000 kilometres from its outer edge, would have to 
have an elevation of about 400 kilometres a^ve the plane of 
the rings : that is, if the north and south surfaces are sym- 
metrical, the thickness of the zone would be 800 kilometres. In 
consequence, however, of the position of the zone on the ring B, 
and 25,600 kilometres from the edge of A, the better half of it 
is generally invisible, hence in practice the thickness may be 
siid to be 400 kilometres, or nearly 249 miles. 

Prof. A. Hall has a short note on “The Thickness of 
Saturn’s Ring,” in the Astronomical yournal^ No. 222, and 
develops the equation by means of which it may be deter- 
mined. He also notes that Dusejour gives a value equivalent 
to 958 English miles in his “ Traite Analytique,” t. ii. p. 127 
(Paris, 1789), as the result of a discussion of the disappearances 
and reappearances of the ring observed before 1789* Herschel, 
by comparing the thickness of the ring with the apparent 
diameters of the satellites, found the value 856 miles (Phil. 
Trans., vol. Ixxx. pp. 6 and 7, 1790). 

Schroeter found the value of 539 English miles from measure- 
ments of the width of the trace of the ring on the ball of the 
planet ( “ Kronographische Fragmente,” pp. 157 and 21 1, Got- 
tingen, 1808). ^ , 

W. C. and G. P. Bond by comparing the amount of light re- 
ceived from the surface of the ring a 3 iort time before its dis- 
appearance with the light received from the edge of the ring 
found the value <43 miles. 

With respect to this latter value M. Trouvelot remarks: 

“ Mais Bond, qui ignorait que le systime dcs anneaux de Satume 
n’est pas plan, et que e’est k vne assez grand distance de son 
bord ext^rieur qu’il atteint son maximum d’epaisseur, ne pouvait 
arriver qu’k une evaluation erron^e et trop petite de cette 

^paisseur.” ' * rr* 1 » 

Several other points are touched upon in M. Trouvelot s 
memoir, viz. that Cassini’s division appeared more visible on the 
eastern side of the planet than on the western, when the elevation 
of the sun above the plane of the ring was between +0® 45' and 
4-0® 27' ; and that the edge of Saturn, like that of Jupiter, was 
notably more luminous than other parts of the globe. The dif- 
ference in outline between the preceding and following pwts of 
the ring, the deformation of the limb of the planet at different 
dates, and many observations possible during the disappearance 
of the ring are also considered. 

The memoir cbncludes with some remarks and suggestions on 
the observations that should be made during 1891-92. The 
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next disappearance of the ring is on September 22, 1891, and it 
will reappear on October 30 of the same year. Again, in May 
1892, Saturn will be well situated for observations on the 
structure of the rings causing the shadow noticed in i877~*78« 
It is to be hoped therefore that the increased powers now at our 
disposal will enable many of the questions raised by M. Trouvelot 
to be definitely settled. 

Objects (raving Peculiar Spectra. — In Astronomische 
Nachrichten^ No. 2986, Prof. E. C. Pickering, Director of 
Harvard College Observatory, notes that an examination oi 
photographs taken during March anfl April 1890, by Mr. S. J. 
Bailey, near Closica, Peru, has led to the discovery of some 
interesting spectra. 

A photograph of the spectrum of R Carinse (R. A. 9h. 29*7m., 
Deck -62® 21', 1900) taken on April 4, 1890, shows that the 
G and h lines due to hydrogen are bright, as in Mira Ceti and 
other variables of long period. 

Two photographs taken on March 19 and 20, 1890, of the 
star, Cordova General Catalogue, No. 15,177, magnitude 8i 
(R.A. iih. o-8m., DecL — 65^ i', 1900), show that it has a 
spectrum consisting mainly of bright lines, and similar to that of 
Wolf and Rayet’s three stars in Cygnus. 

The nebula, General Catalogue, No. 2581 (R.A. iih. 45*im., 
Deck -56® 29', 1900) has the same spectrum as General 
Catalogue 4628. Both these objects show bright lines in the 
ultra-violet portion of their spectra, which have not been dis- 
covered in any other planetary nebulae. 

D.M. + 30® 3699, magnitude 9*3 (R.A. 1 9h. 31 •9m., Deck 
-^30® 19’, 1900), is seen to have bright lines in its spectrum on 
photographs taken at Cambridge with the 8-inch Drapentele- 
scope on June 18, 23, and 25, 18^. The spectrum of this 
star differs from that of other bright-line spectra of which 
photographs have been obtained. 


ON THE CAPTURE OF YOUNG {IMMATURE) 
FISHES, AND WHA T CONSTITUTES AN IM- 
MATURE FISH. 

QINCE steam-tmwling became prominent, frequent complaints 
of the constant and great destruction of very young fishes 
by this mode of fishing have been made ; indeed, besides the 
injury to the so-called eggs of food-fishes — then said to be de- 
posited on the bottom — no subject attracted more attention in 
the Royal Commission of 1883-84 — presided over by Lord 
Dalhousie. Recently the subject has again been urged before 
the National Sea Fisheries Protection Association — especially 
by the fish-merchants of London (on the alleged grounds of the 
diminution in size of the valuable food-fishes) — and, with the 
assistance of the Board of Trade, an International Conference, to 
discuss remedial measures “ to taken for the preservation and 
development of the fisheries in the extra-territorial waters of 
Europe,” was convened in the Fishmongers’ Hall. It would be 
a misapprehension, however, to suppose that those who attended 
the Conference confined their attention to extra-territorial waters, 
since the inshore ground (within the three-mile limit) is really 
more important, e,g. in regard to the preservation of certain flat 
fishes, than the onshore. Thus, as formerly shown, the plaice 
for the most part passes its early life in the shallow sandy bays 
of the inshore, and as it attains a length of about fifteen inch^ 
it in most cases frequents the deeper water offshore, where it 
chiefly spawns, the pelagic ova and larvae being carried shore- 
wards to repeat the process. In the same way^ multitudes of 
small turbot, l^ill, and soles pass their early existence not far 
firom low-wat& mark on sandy beaches ; ling in the barred 
condition amongst rocks at extreme low-water ; and cod, coal- 
fish, pollack, and whiting, near the same regions.^ Remedial 
measures therefore, applied, for instance, to the plaice in extra* 
territorial waters, could only affect the adult or nearly adult fishes, 
and mainly in regard to the spawning individuals, a point no 
doubt of vital importance, but which nevertheless does not touch 
the question before us, vis. the young or immature fishes. 

In most modes of fishing as at present followed, young or 
immature fishes are captured. Thus, in line-fishing a consmer* 
able number are hooked throughout the year, an4 in certain 
parts of the east coast many in September and October. When 
we consider the large numbq)r of men engaged in line-fishing, and 
the almost constant ^nature of such captures, we cannot coh^ 
scientiously overlook it. The drain on the young cod, haddock. 
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whiting, ling, and other fishes is a steady one, and though many 
are replaced in the sea by the fishermen it is doubtful if they 
will survive. The smaller of the first three, indeed, are generally 
dead when brought on board. The use of the hook, on the other 
hand, for the capture of flat fishes — more particularly plaice in 
sandy bays— contrasts favourably with the work of sailing trawlers 
on the same ground, since a larger size of fish on the whole is 
secured ; though scarcely a single fish thus obtained is mature. 
It is probable that the smaller mouth of the pleuronectids pre- 
vents the younger forms from so readily taking the hook, the 
size of which, moreover, ^ould appear to be related to that of 
the young fishes captured. The liners themselves as a rule 
the rem^y, since they leave the ground frequented by small 
fishes, e.g. haddocks, and seek more mature forms. They 
appear to be aware that these young fishes haunt the same 
area a considerable time. This practice cannot be too much 
commended. 

Beam-trawling and otter-trawling, again, are credited with 
the captifire of many young (immature) fishes. In the case of 
the beam*trawl, now so extensively used, if the m&shes of the 
net be small and work carried on inshore, or where 'multitudes 
of young fishes are, large numbers especially of flat fishes are 
taken. In ordinary steam-trawling for profit, as observed off 
the east coast in 1884, however, the actual captures of small 
(immature) fishes were not as a rule serious. For the most part 
they consisted of common and long rough dabs, neither of which 
when adult is a large fish, though both, besides other uses, form 
an important item in the diet of the more valuable fishes. Off# 
Girdleness (Aberdeenshire), however, a considerable number of 
young cod were captured in autumn, yet every one of these was 
used as food and was saleable. In the open offshore water 
very few young plaice are procured, almost all being of 
considerable size; but in inshore water, e.g. in such bays as 
St. Andrews, vast numbers of small plaice may be captured 
with a naturalist’s trawl (f.r. one with a small mesh), and 
considerable numbers with the ordinary trawl of either sailing or 
steam trawler^ne of the latter in 1884 having about sixty boxes 
as its catch. Though the very young plaice are abundant at the 
tidal margin, yet no graduated lines, indicating an increase in 
size as we proceed outwards, seem to occur, very small forms 
being found in the outer lines of St. Andrews Bay as well as 
those approaching low-water mark.^ 

In steam-trawiing for profit, the condition of the captured 
young fishes depend on the length of time the trawl has been 
down, the state of the sea, and the condition of the bottom. 
Thus, if the trawl has been at work for five hours the younger 
fishes are often dead, and, if not, would probably die if replaced 
in the water, whereas when the trawl of a sailing boat has been 
down only an hour the majority would probably live if returned 
to the sea. If the sea be rough, the pitching of the vessel in 
hauling causes the bag of the net and its load of fishes to strike 
the side of the ship, and thus the snouts of the fishes are broken 
and many killed. In the same way soft muddy ground is fatal 
to the fishes in the trawl, just as in a less degree, the soft sand of 
the beach proves destructive to trout swept down by a spate. 

Shrimp-trawling is another method of fishing proportionally 
more destructive to young fishes than perhaps any other. As 
carried on, for instance, in the estuary of the Thames by sailing 
boats near Canvey Island and towards Tilbury Fort, multitudes 
of small soles, dabs, plaice, bib, whiting, and other forms, e,g, 
unctuous suckers and are retained by the small-meshed net, 
and before the sifting of the shrimps is concluded the majority 
have succumbed. Nor are hand-nets and the larger ones drawn 
by horses less destructive. All cause a frequent and great drain 
on the young fishes, especially in some places op stum valuable 
forms as soles, turbot, and brill, while the food procured for the 
public is small in comparison with the loss of fish-food. There 
should be no insuperable obstacle to the immediate substitution 
of these methods by others less wasteful to fish-life. The 
French shrimp-trap, for instance, as recommended 'by Prof. 
Giard and M. Roussin, is a step in the ric^t direction. 

The use of the ^^sweep-net” on sandy shores for procuring 
sand-eels is followed bv the capture of numerous young cod, 
green cod, gurnards, whiting, trout, turbot, brill, dabs, plaice, 
flounders, and other forms. The net has wings of 4-inch mesh, 
and a centre of strong netted curtain-gauze, so that small fishes 
are secured in hundreds. The net is worked by two men, one 
in a boa(, the other on shore, ai^ is especially destructive in 

* < This appears to difiar from the retolu of the Garland^ t recent work. 
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estuaries. The little fishes thus captured escape the trawls of 
both sailing and steam-vessels. 

The salmon-stake nets, on sandy beaches, secure many small 
turbot and brill from 5^ inches upwards. 

The stow or bag-net for sprats, as u.sed by yawls in estuaries 
of rivers, is a small-meshed net of great length, fixed to the side 
of the vessel by the upper beam, and into which immense 
numbers of young herrings and sprats, and sometimes many 
sparlings, are swept by the current, besides various round food-j^ 
fishes, flat fishes, and unsaleable forms, such as Coiti^ Montagu’s 
suckers, and pipe-fishes, not to allude to an occasional salmon. ' 
The captured fishes are now and then used for manure, and much 
valuable food is thus lost to the community. 

The small-meshed sprat-nets (pole-nets) of the Forth are also 
responsible for great captures of small herrings and sprats for 
manure, as well os for the destruction of young round fishes, 
such as cod and whiting. The capture of whitebait in the 
Thames is another instance of the wholesale destruction of very 
young fishes. 

From the foregoing brief sketch it will be apparent that no 
special kind of fishing is responsible for the capture of small 
(immature) fishes, and that legislative measures, to be effectual, 
must, more or less, cover all. The question, therefore, is beset 
with difficulties. The prohibition of the landing and sale of 
such fishes would, of course, shut them out of the market, but it 
would not prevent their being captured ; and while they might 
be returned to the water as soon as practicable, the mortality, 
as already indicated, would be considerable. It is difficult to 
see how, by any modification of apparatus, •these 'small fishes 
would be enabled to escape capture by liners, trawlers, shrimpers, 
seine, and other net -fishermen. As recommended to the Trawl- 
ing Commission of 1884, the mesh of the trawl-net might be 
enlaced.* Thus, for 9 feet at the cod-end, it might have a 
2-incn mesh ; then, for 12 feet, 2^-inch mesh ; next, 3 and sc- 
inch mesh ; and, finally, a 5-inch mesh towards the beam. The 
enlargement of the mesh will not altogether prevent the loss of 
young fishes, but it will diminish it. Moreover, a limit to the 
time the trawl is down might be considered. The pressure of the. 
larger on the smaller fishes when the bag of the net i.H hoisted 
by the derrick, and the swinging of the heavily-laden bag on the 
side of the ship in rough weather, however, are elements of 
disaster apparently beyond control at present. If the bag of 
the net with its fishes could be lifted horizontally into a raft or 
other apparatus level with the water, much injury to the con- 
tents, both young and adult, would be avoided ; but the practical 
difficulties are great. In the other modes of fishing in which 
young fishes are captured in great numbers, and where restrictive 
measures are inapplicable, the obstacles would seem to be best 
met by the mc^ification of apparatus and by the trained 
intelligence of the master-fisherman. 

The question as to what constitutes an immature fish has not 
hitherto, perhaps, received that strict attention which it merits. 

In the trawling investigations of 1884 the term immature ” 
was not used in the strictly scientific sense — that is, in connection 
with the reproductive organs, though these were examined in 
all die species. The term, indeed, was purposely employed as 
nearly ^nonymous with unsaleable. Recently, Dr. Fulton, the 
energetic Scientific Secretary to the Fishery Board for Scotland, 
has nad a large number of fishes examined — idiiefly by Mr. T. 
Scott, on board the C 7 ar/aif^-— their sizes and the condition of 
the reproductive organs carefully noted, and the results, as 
elaborated by him, are given in a paper about to be issued by 
the Fishery Board in their Blue-book for i8^.^ The paper is 
one of very great interest, and there can be little doubt that the 
term immature” ou^^ht to be» restricted to fishes that have 
never spawned ; and it may thus happen that such may be 
saleable, in the case of the plaice, brill, turbot, cod, and 
others. On the other hand, mature food^fishes may be unsale- ' 
able frem their small size, as in the case of the flounder^ 
dab, and long rough dab, though, as already mentioned, 
these are impKortant as the ibod or some of our most valuable 
fishes. As given by Dr. Fulton the smallest ripe food-fishes 
procured in the Garland* s trawl were as follows Plaice Z2 
inches, lemon-dab 8 inches, dab 6 inches, long rough dab 6 
inches, flounder 7 inches, craig-fluke (witch) 14 inches, turbot 
18 ioche^ brill 10 inches, sail-flake 9 inches, haddock 10 inches, . 
whiting 8 inches, cod 20 inches, gurnard 8 inches, and catfish 

* 1 have to thank Dr. Pulton for an early proof, issued, by the sanction of 
the Secretaiy for Scotland and the Fishery Board, in connection with the 
International Conference. 
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{A narrhtchas) 20 inches (?). In most cases these small specimens 
were males, as in the even more remarkable case of the salmon 
— in which the milt of a parr a few inches long can be utilized 
^ for the successful fertilization of the ova of an adult female 
• salmon. There would therefore be grounds for saying that fishes 
of a less size than the foregoing are immature. From these ob- 
servations it will be seen that the minimum size of 12 inches for 
turbot and brill — adopted by the representatives of the sea- 
fishing industry of the United Kingdom in June of this year — 
does not err on the side of excess. Further, since the mature 
t males are often so much smaller than the females, it is apparent 
that the same restrictive size would not be practicable, though 
the numbers of the mature females are of greater importance mr 
the welfare of the fisheries than those of the males. 

While, therefore, many difficulties beset legislative measures 
for the preservation of the young fishes, there need be no halt in 
the efforts of the fishery authorities in investigating the deep-sea 
fishing grounds far from shore ; and this should be carried out as far 
as practicable and as freouently as possible every month of the 
year. A comparison of the surface, mid-water, and bottom 
fauna there with that already known to exist in such bays as 
St. Andrews could not fail to give valuable and interesting data. 
Besides, the gaps in the life-histories of the post-larval and young 
stages of many fishes would thus be more or less bridged over. 
Finally, there can be little doubt of the expediency of at once 
providing suitable open-air tanks, at St. Andrews, in com- 
munication with the tidal water for the study of the post-larval 
and young stages of food-fishes , especially with regard to their 
rate of grow^th. It has yet to be proved also whether it would 
be best to place tlie iarvse of valuable fishes, such as turbot, 
brill, and soles, in the sea, or to keep them till the post-larval 
or young stages are reached. W. C. McIntosh. 


ESTABLISHMENT OF SCIENCE SCHOLAR- 
SHIPS. 

have already called attention to the science scholarships 
which are being established by the Commissioners for the 
Exhibition of 1851. The official statement on the subject is as 
follows : — 

' In their seventh report to the Crown, presented in July 1889, 
the Commissioners for the Exhibition ot 1851 announced their 
intention of appropriating an annual sum of not less than ;£’5000 
a year to the establishment of scholarships, to enable the most 
promising students in provincial colleges of science to complete 
their studies either in those colleges or in the larger institutions 
of the ‘metropolis, care being taken that these scholarships should 
be a supplement to, and not in competition with, scholarships 
already existing through either public action or private endow- 
ment, . . 

The decision to restrict the scheme of scholarships to provincial 
colleges was due to the feeling of the Commissioners that the 
movinces, which took so large a part in supporting the Great 
Exhibition of 1851, had a just claim to receive as direct a benefit 
from the funds derived from that Exhibition as is afforded to the 
institutions oh the Commissioners' Estate at South Kensington, 
which, although unquestionably of national importance, confer a 
more immediate advantage on the metropolis. 

To assist them in preparing a scheme for the distribution and 
regulation of the scholarship!? the Commissioners obtained the 
services of a committee ol eminent men of science-— namely, 
Prof. Garnett, Prof. Huxley, Prof. Norman Lockyer, Sir Henry 
Roscoe, and Sir William Thomson. To these were added two 
Commissioners, Mr. Mundella amd Sir Lyon Playfair, the latter 
of whom acted as chaihnah of the committee* 

On the 18th of June last this committee presented the accom- 
4 panying report on tHefkcope and objects of the scholarships, and 
it* has been adopted by the Commissioners. 

The committee then considered the manner in which the 
scholarships should be distributed. • On this point they were 
• bound by the restriction of the present scheme to students in 
provincial institutions, in which term, however, they suggested 
that colonial Universities might be comprisedl They thought 
it unnecessaiy to include in the scheme the Universities of 
(Oxford, Cambridge, and Dublin, in view of the large endow- 
^ inents of those bodies. The committee decided upon the allot- 
ment of an annual series of seventeen scholarships in the manner 
shown by the accompanying list, and the institutions named in 
the list will be invited to nominate scholars, subject to the con- 
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ditions laid down in the report of the committee, and provided 
that they possess scholars worthy of the purposes explained 
in it. 

The present allotment is to be considered experimental and 
temporary, and the selection now made of institutions to which 
nominations are offered will be subject to modification in the 
future, having regard not only to the manner in which the nomi- 
nations are exercised, but also to the claims of other Universities 
and colleges which may from time to time be brought under the 
consideration of the Commissioners. 


Provincial and Colonial Univemifies and Colleges. 


Scholarships 

Annually. 



Alternately ? I 





Alternately . I 1 


I 

In each year 2 

i 

Alternately . , i* 


In each year 


2 



University of Edinburgh. 

University of Glasgow. 

{ University of St. Andrews (including 
University College, Dundee). 
University of Aberdeen. 

Mason College of Science, Birmingham. 
Bristol University College. 

Durham College of Science, Newcastle. 
Yorkshire College of Science, Leeds, 
IJverpool University College. 

Owens College, Manchester. 
Nottingham University College. 

Firth College, Sheffield. 

Aberystwith (University College of 
Wales). • 

j Bangor (University College of North 
Wales), 

Cardiff (University College of South 
Wales). 

! Belfast, Queen's College. 

Cork, Queen's College. 

Galway, Queen's College. 

Dtiblin, Royal College of Science. 
Canada — 

( M'Gill College, Montreal. 

I University of Toronto. 

Australia : — 

i University of Sydney. 

University of Melbourne. 

University of Adelaide. 

University of New Zealand. 


The following is the first report of the committee for considering 
the regulation and distribution of the science scholarships : — 

The committee have had their attention drawn to the fact 
that there is a large number of scholarships in the countiy ; that 
they are increasing at a rapid rate ; and, if the Commissioners 
act on the same lines as those already occupied, it is possible 
that education will gain little by their action, as the endowment 
of the Commissioners may interfere with the establishment of 
new scholarships by private liberality. 

Hence it is desirable that the scholarships with which this* 
committee have to deal should be of a higher order than most of 
those now existing ; in fact, their functions should begin where 
the ordinary educational curriculum ends. This system h^ been 
adopted with exQ^llent effects by the French Ecole pratique des 
hautes itudes. 

The committee propose : — (l) That the scholarships shall be 
of ;£^iSO a year in value, and shall be tenable for two yeare, but 
in rare instances may be extended to three years by special re- 
solution of the Commissioners. The continuation, each year 
after the first, shall depend upon the work done in the previous 
year being satisfactory to the scientific committee which it is 
suggested shall be appointed by the Commissioners. 

(2) That the scholarships shall be limited to those^ branches 
of science (such as physics, mechanics, and chemistry) the 
extension of which is specially important for our. national 
industries. 

(3) That the Commissioner# shall from lime to time select a 
certain number of provincial and colonial colleges^ in which 
special attention is given to scientific education, and give to each 
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the power of nominating a student of not less than three years’ 
standing to a scholarship, on the condition that he indicates 
high promise of capacity for advancing science or its applica- 
tions. 

(4} That the Commissioners shall appoint a committee of 
advice, who will consider and report upon the reasons for which 
the nominations are made by the respective colleges, and the 
Commissioners will appoint to the scholarships upon the report 
of their committee. 

(5) That the scholarships when awarded shall be tenable in 
any (/Diversity either at home or abroad, or in some other in- 
stitution to be approved by the Commissioners. The holder 
of a scholarship must give an undertaking that he will wholly 
devote himself to the object of the scholarship, and that he will 
not hold any position of emolument during its continuance. 

Lyon Playfair, Chairman. 

Wm. Garnett. 

T. H. Huxley. 

J. Norman Lockyer. 

A. J. Mundella. • 

Henry E. Roscoe.. 

William Thomson. 


SCIENTIFIC SERIALS. 

American yournal of Science^ August 1890. — On the 
cheapest form of light, from studies at the Allegheny Obscrva- 
tor3L by S. P. Langley and F. W. Very. The authors have 
made a long and interesting series of observations, by means of 
the bolometer and spectroscope, on the light radiat^ by the fire- 
fly (lyrophorus noctilucus^ Linn.) found in Cuba and elsewhere. 
It has been previously shown that in all industrial methods of 
producing light, like the candle, lamp, or gas, more than 99 per 
cent of the energy is, as far as illumination goes, wasted ; and 
in sources of higher temperature, like the incandescent light and 
electric arc, even under the most favourable conditions, an 
enormous waste is involved. The study of the radiation of the 
fire-fly demonstrates that it is possible to produce light without 
heat other than in the light itself ; that this Is actuallv effected 
by nature’s processes; and that these are ‘‘cheaper,” that is, 
more economical in energy, than any industrial method now 
known. From the observations and facts given there seems no 
reason why the light should not one day be produced in the 
laboratory, and used for industrial purposes. — Contributions to 
mineralogy. No. 48, by F. A. Genth. Analyses are given of 
the following minerals : tetradymite, pyrite, quartz (pseudo- 
morphous after stibnite), gold in chromiferous clay from Los 
Cerillos, New Mexico, zircon, scapolite, garnet, titaniferous 
garnet, allanite, and lettsomite from Arizona and Utah. — 
A curious occurrence of vivianite, by Wm. L. Dudley. — 
Classification of the glacial sediments of Maine, by George H. 
Stone. — The direct determination of bromine in mixtures of 
alkaline bromides and iodides, by F. A. Gooch and J. R. 
Ensign. The method described is as follows : the neutral 
solution containing the bromide and iodine is diluted to 600 c.c. 
or 700 C.C., and about I c.c. or 1*5 of strong sulphuric acid, 
or from 2 c.c. to 3 c.c. of the acid mixed with an equal volume 
of water, are added ; a sufficient amount of sodium or potassium 
nitrile is then introduced, and the liquid is boiled until the colour 
has disappeared and the escaping steam no longer gives to red 
litmus-paper the characteristic colour of iodine. The residual 
liquid IS then treated with excess of silver nitrate, and the 
precipitated bromide filtered off, dried, and r^eighed. — Some 
Lower Silurian graptolites from Northern Maine, by W. W. 
Dodse. — Siderite-basins of the Hudson River epoch, by James 
P. Kimball. Some interesting facts bearing on the structural 
geology of the Taconic area extending to the Hudson River, 
and on the geology of the whole Taconic region, are brought 
together and discussed. — On a new variety of zinc sulphide 
from Cherokee County, Kansas, by James D. Robertson. — 
Two new meteoric irons, by F. P. Venable. An analysis 
of a meteorite from Rockingham County, N.C., gave the 
result : Fe, 87 01 ; P, 0*04 ; SiO,, 0*53 ; Cl, 0^39 ; Ni, ir^ ; 
Co, 079 ::=• 100*45. Another meteoric iron from Henry County, 
Vancouver, gave : Fe, 90*54 ; Cl, 0*35 ; SiOj, 0*04 ; P, 0*13 ; 
Co, 0*94 ; Ni, 7*70 - 997 <^* — Noi^ice of some extinct Testudi- 
nata, by O. C. Marsh. 

NO. 1087, VOL. 42] 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, August i8. — M. Duchartre in the 
chair. — Contribution to the theory of the experiments of M. 
Hertz, by M. H. Poincard After pointing out an error in the 
calculations of M. Hertz, an attempt is made, starting with 
Maxwell’s fundamental hypotheses, to develop a more rigorous 
formula for the rate of propagation of the wave in air. — Inter- 
national meteorological tables, presented by M. Mascart. These 
are of the form finally decided upon by the International Com- 
mittee at Zurich, i888« — Order of appearance of the first vessels 
in the flowers of some Tragopogon and Scorzonera, by M. A. 
Tr^cul. — Experimental tuberculosis, on a mode of treatment and 
of vaccination, by MM. J. Grancher and H. Martin. The 
paper describes the result of some experiments on the inocula- 
tion of rabbits. The process described affords a more or less 
complete protection from tuberculosis to the rabbits inoculated. — 
On a portable electrical safety-lamp, for use in mines, by M. G. 
Trouve. The smallest lamp described, supplied with six Plante 
accumulators (weight 420 grammes), runs for five hours. — Note 
on a theorem concerning life annuities, by M. A. Quiquet. — 
Experiments on transversal magnetization by magnets, by M. C. 
Decharme. — On an electric lighting-apparatus, for examining 
the strata in borings, by M. G. Trouve. — Allyl-cyano-succinic 
ether ; new synthesis by means of cyano-succinic ether, by M. 
L. Barthe. In this synthesis sodium-cyano-succinic ether is 
treated in alcoholic solution with allyl iodide. The new ether 
forms a colourless oil, and distils under 35 mm. pressure at 207®- 
210®. — Methyl cyano-succinate, and methyl.cyano-tri-carballylate, 
by M. L. Barthe. Both these ethers are produced when sodium- 
methyl cyanacelate is treated with methyl chloracetate. — Re- 
searches pn butter and margarine, by M. C. Viollette. This 
paper contains results of ten complete analyses. By the method 
given an adulteration of pure butter with ten per cent, of mar- 
garine can be detected. — Researches on the optical analysis of 
butters, by the same. The differences between the values of 
the refractive indices for pure butter and for margarine are suffi- 
cient to serve as the basis of an analytical method. — On a charac- 
teristic reaction of cocaine, by M. F. da Silva. 
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THURSDAY, SEPTEMBER 4, 1890. 


THE BRITISH ASSOCIA TION. • 
Leeds, Tuesday Evening. 

T T is 32 years since the British Association met at 
^ Leeds, this being only its second visit, though it has 
frequently enough held its meetings in Yorkshire during 
that period. The President of 1858, Sir Richard Owen, 
happily still survives, though most of his eminent col- 
leagues of the year have quitted the field — Sir John 
Herschel, Sir David Brewster, Sir Roderick Murchison 
Sir Benjamin Brodie, Robert Stephenson, Phillips, Darwin 
Nasmyth. But the names of Huxley, Francis Galton^ 
and others then coming into prominence, are found 
among the list of those who contributed to the proceed- 
ings of the meeting. Vast changes have taken place 
both in Leeds and in science during these 32 years — 
changes which we need not record here. Leeds during 
the interval has risen to its present prominence and pros- 
perity mainly through the application of the discoveries 
of science,^mi therefore it seems appropriate that this 
year’s President should be one who himself during 30 
years has had so much to do with the application of 
these discoveries. As will be seen, Sir F'rederick Abel’s 
address deals largely with hjs own work in this direction. 

So far as can be judged at present, the local authorities 
have done everything they could to render the meeting a 
success. All the best buildings in the town have been 
placed at the disposal of the Association. The Reception 
Room is spacious and handsome, and, so far as I have 
seen, the isectional rooms are all that could be desired. 
The most thoughtful care has been taken for the com- 
fort and convenience of the visitors. The Sectional 
Secretaries have seldom been so well housed. Their 
hotel is just opposite the Reception Room, and not only 
have well-furnished writing and dining rooms been 
placed at their disposal, but a handsome billiard room 
with three tables, on which the Secretaries of Section A 
hope to work out some abstruse problems. The Guide- 
book to Leeds, which has been prepared under the 
editorship of Prof. Miall, is well packed with useful in- 
formation and guidance, and is handy enough to go into 
the pocket. A small pamphlet gives full details as to all 
the arrangements of the meeting, and another all the 
information about excursions. 

As to the general work of the Sections, it is probable 
that it will be up to the average. So far as I can learn^ 
there is no paper as yet of striking or sensational im- 
portance. There willf however, be several discussions 
that are likely to have useful results. In Section A, 
for example, 4 herc will be a discussion on electrical units, 
and possibly another on mechanical units and nomen- 
clature. In Section D, again, there will be a discussion 
on the teaching of botarty, in connection with which 
papers will be read by Dr. F. Oliver, Dr. Scott, and 
Prof. Marshall Ward, and in which Mr. F. Darwin, Prof. 
Bower, and others, will take part A joint meeting will 
be held, on Monday, of Sections E and F, for the con- 
sideration of the important sutiject of the lands of the 
globe still available for settljcment. One of the most 
striking papers in Section G will be one by Mr.' Read | 
NO. 1088, VOL. 42] 


Murphy (a native of Australia), on the Victorian torpedo. 
The Anthropological Laboratory will be at work this year 
again, though unfortunately it has been located at a 
distance from the meeting-room of Section H. Public 
and private hospitality, it need hardly be said, will be* 
lavish. 


Inaugural Address by Sir Frederick Augustus Abbl, 
C.B., D.C.L. (OxoN.), D.gc. (Cant.), F.R.S./P.P.C.S., 
Hon.M.Inst.C.E., President. 

Many who had the pleasure of listening last year, at New- 
castle, to the interesting and instructive address of the Presi- 
dent to whom I am a most unworthy successor, could not fail, 
both by the chief subject of his discourse, and by the circum' 
stance Of the official position which he occupies with so much 
benefit to science and the public, to have their tl^ughts directed 
to the,illiistrious naturalist whose philosophical address delighted 
the members of the Association and the people of Leeds thirty- 
two years ago. 

More than one-half the period of existence of this Association 
has passed since Richard Owen presided over its meeting in this 
town. Alas ! what gaps have been created in the ranks of those 
who then were prominent for activity in advancing its work : the 
then General Secretary, Sir Edward Sabine ; the all-popular 
Assistant-General Secretary, John Phillips ; the Treasurer, Tohn 
Taylor, now live with us only through their works and the 
enduring esteem which they inspired. But very few of those 
who held other prominent positions at that meeting have sur- 
vived to see the Association reassemble in this town. ^Whewell, 
Herschel, Hopkins, the elder Brodie, Murchison, William 
Fairbairn, all Presidents of Sections in 1858, have long since 
been removed from among us ; and the then President of Sec- 
tion F, Edward Baines, a much-honoured and highly- talented 
son of the “h'ranklin of Leeds,*' whom we had hoped to count 
among those Vice-Presidents representing the city on this 
occasion, has recently passed away, in his ninetieth year, after a 
most honourable and useful career, during which he especially 
distinguished himself by his successful exertions in the advance- 
ment of the%reat educational movements of his time. 

The illustrious Pre.sident of our last meeting here, concerning 
whose health the gravest apprehensions were not long since 
entertained, is happily still preserved to us ; still intellectually 
bright at the ripe age of eighty* six, and still, with the keen 
pleasure of his early life, following the progress of those 
{)ranches of scientific research which have constituted the 
favourite occupations and the arena of many intellectual 
triumphs of a long career of ardent and successful devotion to 
the advancement of science. 

To not a few of those who have flocked to Leeds to attend 
the annual gathering of this Association, our present meeting- 
place is doubtless known chiefly by its proud position as one of 
the most thriving manufacturing towns of the United Kingdom ; 
of ancient renown, e^ecially in connection with one of the 
chief industries identified with Great Britain in years past. 
But this good town of Leeds, whose cloth market was described 
by Daniel Defoe, one hundred and sixty odd years ago, as a 
prodigy of its kind, and not to be equalled in the world," and 
whose present position in connection with divers of our great 
industries would have equally excited the enthusiasm ^f that 
graphic writer, is famous for other things than its prominent 
association with manufactures and commerce. 

Not many of our great industrial centres can boast of so 
goodly a# array, upon the scroll of their past history, of names 
of men eminent in the Sciences, the Arts and Manufactures, in 
Divinity and Letters, and in heroic achievements, such as are 
identified with Leeds and its immediate vicinity : Thomas, Lord 
Fairfax, one of the most • prominent heroes of the Common- 
wealth ; Smeaton, an intellectual giant among engineers ; 
William Hirst and John Marshall, illustrious examples of the 
men who by their genius, energy, and perseverance placed 
Great Britain upon the pinnacle of industrial and commercial 
greatness which she so long occupied unassailed ; Richard 
Bentley, the eminent classic and divine; John Nicholson, the 
Airedale poet ; John Fowler and Peter Eairbaim, worthy 
followers m the footsteps of Smeaton; Isaac Milner, weaver 
and mathematician, afterwards Senior Wrangler, Smith*s Prize- 
man, Jacksonian Professor, President of Queen’s College, ’^'Vice- 
Chancellor of Cambridge University, Dean of Carlisle, and a 
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most illustrious Fellow of the Royal Society ; Thoresby, anti- 
quarian and topographer ; Benjamin Wilson, painter, and indus- 
trious contributor to the development of electrical science ; 
William Hey, the eminent surgeon, and friend and counsellor 
of Priestley ; Sadler, political economist and philanthropist ; 
the brothers Sheepshanks — Richard, the astronomer, and John, 
the accomplished patron of the arts, and muniBcent contributor 
to our national art treasures ; Edward Baines, whose conspicuous 
talents and energy developed a small provincial journal into one 
of the most powerful public organs of the country ; his talented 
sons, of whom not the least conspicuous and highly respected was 
the late Sir Edward Baines, I might swell this voluminous list by 
reference to illustrious members of such families as that of Denison, 
of Beckett, of Lowther, but the men I have referred to fitly 
illustrate the remarkable array of worthies whose careers have 
shed lustre upon the town in or near which they were born. Yet 
that illustration would be altogether incomplete if I failed to 
speak of one y^hose career and works alone would suffice to 
place Leeds in the foremost rank of those English towns which 
can claim as their own men whose course of life and whose 
achievements have secured their pre-eminence among our illus- 
trious countrymen. Needless to say that I refer to Joseph 
Priestley, bom within six miles of Leeds, whose name holds 
rank among the foremost of successful workers in science ; who, 
by brilliant powers of experimental investigation, rapidly 
achieved a series of discoveries which helped largely to dispel ' 
the shroud of mystery surrounding the art of alchemy, and to ! 
\zy the foundation of true chemical science. An ardent student 
of the classics, of Eastern languages, and of divinity, a zealous , 
exponent of theological doctrines which marred his career as 1 
divine and* instructor, he early displayed conspicuous talents for ; 
the cultivation of experimental science, which he pursued with I 
ardour under formidable difficulties. His acquaintance with ! 
Franklin probably develo|.>ed the taste for the study of electric • 
science which led him to labour successfully in this direction j 
and the publication, in 1767, of his valuable work on **The | 
History and Present State of Electricity, with Original Experi- 
ments,’’ secured for him a prominent position among the working 
Fellows of the Royal Society. His connection with Mill Hill 
Chapel, in 1768, appears to have given rise accidentally to his 
first embracing the experimental pursuit of what formerly was 
termed pneumatic chemistry, the foundation of which had been 
laid by Cavendish’s memorable contribution, in 1766, to the 
Philosophical Transactions, on carbonic acid and hydrogen. 
Priestley's first publication in pneumatic chemistry, on “Im- 
pregnating Water with Fixed Air” (carbonic acid), attracted 
great attention ; it was at once translated into French, and the 
College of Physicians addressed the Lords of the Treasury 
thereon, pointing out the advantages which might result from 
the employment, by men at sea, of water impregnated with 
carbonic acid gas, 'as a protective against, or cure for, scurvy. 

Six years later Priestley investigated the chemical effects pro- 
duced on the air by the burning of candles and the respiration 
of animals, and, having demonstrated that it was thereby dimin- 
ished in volume and deteriorated, he showed that living plants 
possessed the power of rendering air, which had been thus de- 
teriorated, once more capable of supporting the combustion of a 
candle. At about this time Priestley received very advantageous 
proposals to accompany Captain Cook upon his second expedition 
to the South Seas ; but when about to prepare for his departure 
he learued'from Sir Joseph Banks that objections against his ap- 
pointment, on account of the great latitude of his religious 
principles, had been successfully urged by some ecclesiastic 
member of the Board of Longitude. In 1773 the Royal Society 
awarded Priestley the Copley Medal for a remarkable paper 
entitled Observations on Different Kinds of Air,” and in that 
year he became librarian and literarv companion to the Earl of 
Shelburne (afterwards Marquis of Lansdowne), and thereby 
secured special advantages in the pursuit of his scientific 
researches. 

With respect to his departure from Leeds, he expressed him- 
self as having been very happy there “with a liberal, friendly, 
and harmonious congregation, to whom my services (of which I 
was not sparing) were very acceptable. Here I had no un- 
reasonable prejudices to contend with, so that I had full scope 
for every kind of exertion ; and 1 can truly say that I always 
considered the office of a Christian minister as the most honour- 
able of any upon earth, and in the studies proper to it 1 always 
took the greatest pleasure.” During the next five years he pub- 
Istfiiil US many volumes describing tne results of important ex- 
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periments on air. After investigating the properties of nitric 
oxide, and applying it to the analysis of air, Priestley, in 1774, 
discovered and carefully studied oxygen, which he obtained by 
the action of heat upon the red oxide of mercury. He was the 
first to prepare and study sulphurous acid, carbonic oxide, 
nitrous oxide, hydrochloric acid (marine acid air)^ and the 
fluoride of silicon, and carried out important researches*on the 
properties of hydrogen, and of other gases previously but little 
known. His great quickness of perception and power of ex- 
periment led him to the achievement of many novel and 
important results ; but one cannot help contrasting his somewhat 
random search after new discoveries with the close logical 
reasoning and philosophic spirit which guided and pervaded the 
remarkable researches of him whose departure from amongst us 
since the last gathering of this Association is so universally de- 
plored — of the great discoverer of the universal law ot the 
conversion of energy, James Prescott Joule. I could not add to 
the judicious and graceful reference to his work which Sir Henry 
Roscoe was privileged to make, in the last year of that philo- 
sopher’s valuable life, when presiding over the recent meeting of 
the Association in the town which gloried in numbering Joule 
among its citizens ; but I may, perhaps, be pernitted to express 
the sanguine hope that the desire of the scientific world to 
secure the establishment of an international memorial fitly com- 
memorative of his great life-work may be realized in the most 
ample manner. 

Tt^e wide scope of the admirable discourse delivered by Owen 
in this town thirty-two years ago affords an intexesting 'illus- 
tration of the delight which men whose best energies are devoted 
to the cultivation of one particular branch of science take in the 
results of the labours of their fellow- workers in other departments, 
and in their achievements in contributing to the general ad- 
vancement of our knowledge of Nature's laws and of their 
operations. It is to this bond of intimate union between all 
workers in pure science that we owe the instructive reviews of the 
progress made in different departments of science, with which 
we have often been presented at our annual gatherings. On the 
other hand, those men, from time to time selected to fill the dis- 
tinguished office of President, whose lives have been main ly 
devoted to the practical utilization of the results of scientific 
research, and to the extension in particular directions of the con- 
sequent resources of civilization, seize with keen pleasure the 
opportunity afforded them of directing attention to the triumphs 
achieved in the application, to the purposes of daily life, of the 
great scientific trutns established by such illustrious labourers in 
the fields of pure science as Newton, Dalton, Faraday, and 
Joule. The wide and constantly-extending domain of applied 
science presents, even to the superficial observer, a continually 
varied scene ; not a year passes but some great prize falls to the 
lot of one or other 01 its explorers, and some apparently incignifi- 
cant vein of treasure, struck upon but a few years back, is 
rapidly opened out by cunning explorers, until it leads to a mine 
of vast wealth, from which branch out in many directions new 
sources of power and might. 

Among the branches of science in the practical applications of 
which the greatest strides have been made since the Association 
met at Leeds in 1858, is electricity. That year witnessed the 
accomplishment of the first great step towards the establishment 
of electrical communication between Europe and America, by the 
laying of a telegraph-cable connecting Newfoundland with 
Valencia. Through this cable a message of thirty one words 
was shortly afterwards transmitted in tnirty-five minutes ; an 
achievement which, though exciting great enthusiasm at the time, 
scarcely afforded promise of the succession of triumphs of ocean- 
telegraphv which have since surpassed the wildest dreams of th^ 
pioneers in the realms of applied electricity. 

The 'development of the electric telegraph con^iitutes a never- 
failing subject of the liveliest interest. The experiments made 
by Stephen Gray, in 1727, of transmitting electrical impulses 
through a wire ^co feet long ; by Watson, twenty years after- 
wards, of transmitting frictional electricity through many thou- 
sand feet of wire, supported by a line of poles, on Shooter’s 
Hill, in Kent ; and by Franklin, who carried out a similar ex- 
periment at Philadelphia, — although thev were followed by 
many other interesting and philosophical applications of fric- 
tional electricity to the transmission of signals — were not produc- 
tive of really practical results. The work of Galvani and of 
Volta was more fruitful of an approach to practical telegraphy 
in the hands of Sommering and of Coxe, while the researches of 
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Oersted» of Ampere, of Sturgeon, and of Ohm, and especially 
the discoveries of volta-electric induction and magneto-electricity 
by Faraday, paved the way for the development of the electric 
telegraph as a practical reality by Cooke and Wheatstone in 1^7. 
How remarkable the strides have been in the resources Snd 
powers of the telegraphist since that time is demonstrated by a 
few such facts as these : the first needle-instrument of Cooke and 
Wheatstone transmitted messages at the rate of four words per 
minute, requiring five wires for that purpose ; six messages are 
now conveyed by one wire, at ten times that speed, and news 
is despatched at the rate of 600 words per minute. Duplex 
working, which more than doubled the transmitting power of 
a submarine cable, was soon eclipsed by the application of 
Edison’s quadruplex working, which has in its turn been sur- 
passed by the multiplex system, whereby six messages may he sent 
independently, in either direction, on one wire. When last the 
British Association met in Leeds, submarine telegraphy had 
but just started into existence ; thirty years later, the accom- 
plished President of the Mechanical Section informed us, at our 
meeting at Bath, that 110,000 miles of cable had been laid by 
British ships, and that a fleet of nearly forty ships was occupied 
in various oceans in maintaining existing cables and laying new 
ones. 

The important practical achievements by which most formid- 
able difficulties have been surmounted, step by step, in the suc- 
cessive attainment of the marvellous results of our day, have 
exerted an influence upon the advancement, not merely^of 
electrioal science, but also of science generally and of its applica- 
tions, fully equaP to that which they have exercised upon the 
development of comme^e and of the intercourse between the 
nations of the earth. ^ 

Thus, the laying of the earliest submarine cables, between 
1851 and 185s, led Sir W. Thomson, in conference with Sir 
George Stokes, to work out the theory of signalling in such 
cables, by utilizing the mathematical results arrived at by 
Fourier in his investigation of the propagation of heat-waves. 
The failure of the first Atlantic cable led to the survey of the 
bottom of the Atlantic, which was the forerunner of deep-sea 
explorations, culminating in the work of the Challenger Ex- 
pedition, and opening up new treasures of knowledge scarcely 
dreamt of when last the British Association met at Leeds. To 
the difficulties connected with the early attempts at submarine 
telegraphy, and the determination with which Thomson drove 
home the lessons learned, we owe the systematic investigations 
into the causes of the variations in resistance of copper-conduc- 
tors, and the consequent improvements in the metallurgy of 
copper, which led to the realization of the high standard of 
purity of metal essential for the efficient working of telegraphic 
systems, and also to the extensive utilization of electrici^ in the 
production of pure copper. The rare combination of origin- 
ality in powers of research and perspicuity in mathematical 
reasoning, with inventive and constructive genius, for which 
Thomson has so long been pre-eminent, has placed at 
the disposal of the investigator of electric science, and of 
the practical electrician, instruments of measurement and record 
which have been of incalculable value, and which owe their 
origin to the theoretical conclusions arrived at by him in his re- 
searches into the conditions to be fulfilled for the attainment of 
practical success in the construction and employment of submarine 
cables. The mirror galvanometer, the quadrant electrometer, the 
syphon-recorder, and the divided-ring electrometer, are illustra- 
tions of the valuable outcome of Thomson’s labours ; the combi- 
nation of the last-named instrument with sliding resistance coils 
has rendered possible the^ accurate subdivision of a potential 
difference into ro,ooo equal parts. The general use of condensers 
in connection with cable signalling, due to Varley’s application 
of them for signalling through submerged cables with induced 
sl^rt waves, was instrumental in establishing the fact that all 
electro-static phenomena are simply the result of starting an 
electric current of known shor( duration round a closed circuit. 
The practical application of the Wheatstone Bridge led to 
numerous important mathematical investigations, and induced 
Clerk Maxwell to devise a new mode of applying determinants 
to the solution of the complicated electrical problems connected 
with networks of conductors. The necessity for the universal 
recognition of an electrical unit of resistance led to the establish- 
ment, in i860, of the Electrical Standards Committee of the 
British Association, whose long succession of important annual 
reports was instrumental in most important developments of 
theoretical electricity, and, indeed, served to open up the whole 
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science of electrical measurement. Matthiessen’s important 
investigations of the electrical behaviour of metals and their 
alloys, and the preparation and properties of pure iron, were the 
outcome of the commercial demand for a practically useful 
standard of electrical resistance ; while Latimer Clark’s practical 
standard of electromotive force, the mercurous sulphate cell, 
became invaluable to the worker in pure* electrical research. 
The unit of resistance established by the British Association 
Committee received, in 1866, most important scientific applica- 
tion at the hands of Joule, who, hy measuring the rate* ot deve- 
lopment of heat in a wire of known resistance by the passage of 
a known current, obtained a new value of the mechanical 
equivalent of heat. This value differed by about i *3 per cent, 
from the most accurate results arrived at by his experiments on 
mechanical friction, a difference which eventually proved to be 
exactly the error in the British Association unit of resistance ; so 
that the true value of the unit of resistance, or OlgiD, was deter- 
mined by Joule fifteen years before this result was achieved by 
electricians. Clerk Maxwell’s remarkable electro-magnetic 
theor/ of light was put to the test, through the aid of the British 
Association unit of resistance, by 'I'homson, in determining the ratio 
of the electro-magnetic unit to the electro-static unit of quantity. 
Many other most interesting illustrations might be given of the 
invaluable aid afforded to purely scientific research by the practi- 
cal results of the development of electrical science, and of the 
constant co-operation between the science student and the prac- 
tical worker. No one could, more fitly than the late Sir William 
Siemens, have maintained, as he did in his admirable address 
at our meeting in Southampton in 1882, that we owe most of the 
rapid progress of recent times to the man of science wtfo partly 
devotes his energies to the solution of practical problems, and t& 
the practitioner who finds relaxation in the prosecution of purely 
scientific inquiries. Most assuredly both these classes of the 
world’s benefactors may with equal right lay claim to rank the 
name of Siemens among those whom they count most illustrious ! 

In that highly interesting and valuable address delivered 
little more than a year before his sudden untimely removal from 
among us, the numerous important subjects discussed by him 
included not a few which he had made peculiarly his own in the 
wide range eiftbraced by his enviable power of combining scien- 
tific research with practical work. Prominent among these were 
the applications of electric energy to lighting and heating 
purposes, and to the transmission of power, to the future 
development of which his personal labours very greatly con- 
tributed. 

Siemens referred to the passing of the first Electric Lighting 
Bill, in the year of his presidency, as being designed to facilitate 
the establishment of electric installations in towns ; but the 
anxiety of the Government of that day to protect the interests of 
the public through local authorities, led to the assignment of 
such power to these over the property of lighting companies, 
that the utilization of electric lighting was actually delayed for a 
time by those legislative measures. There can now be no doubt, 
however, that this delay has really been in the interests of 
intending suppliers and of users of the electric light, as having 
afforded time for the further development of practical details, 
connected with generation and distribution, which was vital to 
the attainment of a fair measure of initial success. The subse- 
quent important modification of legislation on the subject of 
electric lighting, together with the practical realization* of com- 
paratively economical methods of distribution, the establishment 
of fairly equitable arrangements between the public and the 
lighting companies, and the apportionment, so far as the metro- 
polis is^ concerned, of distinct areas of operation to different 
competing companies, have combined to place electric lightinr 
in this country at length upon some approach to a really sound 
footing, and to give the required impetus to its extensive deve- 
lopment. Nine companies either are now, or will veiy shortly 
be, actually at work supplying, from central stations, districts of 
London comprising almost the entire western and north-western 
portions of the metropolis. As regards other parts of England, 
there are already twenty-seven lighting stations actually at work 
in different towns, besides others in course of establishment, and 
many npore projected. The town of Leeds has not failed to give 
serious^attention to the subject of utilizing the elqctric light, and, 
although ho general scheme has yet been adopted, the electricians 
who now visit this tow% will rejoice to see many of its public 
bufldings provided with efficient electric illumination. 

While tne prediction made by Siemens, eight years ago, that 
electric lighting must take its place with us as a public illumiaant, 
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has thus been already, in a measure, fulfilled, important progress 
is being continuously made by the practical electrician in deve- 
loping and perfecting the arrangements for the generation of the 
supply, its efficient distribution from centres, and its delivery to 
the consumer in a form in which it can be safely and conveniently 
dealt with and applied at an outlay which, even now, does not 
preclude a considerable section of the public from enjoying the 
decided advantages presented by electric lighting over illumina- 
tion by coal-gas. Yet our recent progress in this direction, ent 
cou raging though it has been, Js insignificant as compared with 
the strides made in the application of electric lighting in the 
United States, as may be gauged by the fact that, while in 
America the number of arc lamps in use, in April of this year, 
was 235,000, and of glow-lamps about three millions, there are 
at present only about one-tenth the number of the latter, and one 
hundredth the number of arc lamps, in operation in England. 

In some important directions we may, however, lay claim to 
rank foremosf in the application of the electric light ; thus, our 
large passenger-ships and our war-ships are provided with efficient 
electrical illumination ; to the active operations of our Navy the 
electric light has become an indispensable adjunct ; and our 
system of coast defence, by artillery and submarine mines, is 
equally dependent, for its thorough efficiency, upon the applica- 
tions of electricity in connection with range-finding, with the 
arrangement and explosion of mines, and with the important 
auxiliary in attack and defence, the electric light, which, while 
so arranged, at the operating stations, as to be protected against 
destruction by artillery-fire and difficult of detection by the 
enemy, is available at any moment for affording invaluable in- 
formation and important assistance and protection- ^ 

, Other important applications of the electric light, such as its 
use as a lighthouse-illuminant, for the lighting of main roads in 
coal-mines, where its value is being increasingly appreciated, and 
even for signalling purposes in mid-air, through the agency of 
captive balloons, are continually affording fresh demonstrations 
of the value of this particular branch of applied electric science. 

At the Electrical Exhibition at Vienna in 1883, where, not 
lon^ before the lamented death of Siemens, I had the honour of 
serving as one of his colleames in the representation of British 
interests, the progress which had been made in tl^e construction 
of electrical measuring instruments since the French Exhibition 
and the Electrical Congress, two years before, was very con- 
siderable. The advance in this direction has been enormous 
since that time ; but although the practical result of Thomson’s 
and of Carlew’s important work has been to supply us with 
trustworthy electrical balances and voltmeters, while efficient in- 
struments have also been made by other well-known practical 
electricians, we have still to attain results in all respects satisfac- 
toiy in these indispensable adjuncts to the commercial supply and 
utilization of electric energy. 

In connection with this important subject the recent completion 
of the Board of Trade standardizing laboratory, established for 
the purposes of arriving at and maintaining the true values of 
electrical units, and of securing accuracy and uniformity in the 
manufacture of instruments supplied by the trade for electrical 
measurements, may be referred to with much satisfaction as a 
practical illustration of official recognition of the firm root which 
the domestic and industrial utilization of electric energy has 
taken in this country. 

The achievements of the telephone were referred to by Siemens 
in glbwing terms eight years ago ; but the results then attained 
were but indications of the direction in which telephonic inter- 
communication was destined speedily to become one of the most 
indispensable of present applications of electricity to the purposes 
of daily life. Preece, in shaking at Bath, two yeatS ago, of the 
advances made in applied electricity, showed that the impedi- 
ments to telephonic communication l^tween great distances had 
been entirely overcome ; and now, although considerably behind 
America and France in the use of the telephone, we are rapidly 
placing ourselves upon speaking terms with our friends through- 
out the United Kingdom.^ The operations of the National 
Telephone Company well illustrate our progress in telephonic 
intercommunication i that company has now 22,743 exchange 
lines, besides nearly 5000 private lines ; its exchanges number 
272, and its call-offices 526. The number of instruments under 
rental in England has now reached 99,000 ; but, important as 
figgltir is compared to our use of the telephone a very few 
yean ago, it sinks into insignificance b/ the siae of the number 
of instniments under rental in America, which at the beginmng 
.of tht present year had reached 222,430, being an increase of 
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16,675 over the number in 1889. Only thirteen years have 
elapsed since the telephone was first exhibited as a practically 
workable apparatus to members of the British Association at the 
Plymouth Meeting, and the number of instruments now at work 
throughout the world may be estimated as considerably exceeding 
a million. 

The successful transmission of the electric current, and the 
power of control now exercised over the character which elec- 
trically-transmitted energy is made to assume, are not alone 
illustrated by the efficiency of the arrangements already developed 
for the supply of the electric light from central stations. Siemens^ 
dwelt upon this subject at Southampton with the ardent interest 
of one who had made its development one of the objects of his 
energetic labours in later years, and also with a prophet’s prognos- 
tications of its future importance. In speaking of the electric 
current as having entered the lists in competition with compressed 
air, the hydraulic accumulator, and the quick-running rope 
driven by water-power, Siemens pointed out that no further loss 
of power was involved in the transformation of electrical into 
mechanical energy than is due to friction, and to the heating of 
the conducting wires by the resistance they oppose, and he showed 
that this loss, calculated upon data arrived at by Dr. John 
Hopkinson and by himself, amounted at the outside to 38 per 
cent, of the total energy. Subsequent careful researches by the 
Brothers Hopkinson have demonstrated that the actual loss is 
now much less than it was computed at in 1885 ; as much as 
8^per cent, of the total energy transmitted being realizable at a 
dis^tance, provided there be no loss in the cqpnecting leads 
used. ^ 

The Paris Electric Exhibition of 1881 already afforded interest- 
ing illustrations of the performance of r variety of work by power 
electrically transmitted, including a short line of railway con- 
structed by the firm of Siemens, which was a further development 
of the successful result already attained in Berlin by Werner 
Siemens in the same direction, and was, in its turn, surpassed by 
the considerably longer line worked by Messrs. Siemens at the 
Vienna Exhibition two years later. Various short lines which 
have since then been established by the firm of Siemens are well 
known, and one of the latest public acts in the valuable life of 
Siemens was to assist at the opening^ of the electric tramway at 
Portrusb, in the installation of which he took an active part, 
and where the idea, so firmly rooted in his mind from the date 
of his visit to the Falls of Niagara, in 1876, of utilizing water- 
power for electrical transmission — a result first achieved on a 
small scale by Lord Armstrong — was more practically realized 
than had yet been the case. Since that time Ireland has 
witnessed a further application of electricity to traction purposes, 
and of water-power to the provision of the required ener^, in 
the working of the Bessbrook and Newry tramway, while London 
at length possesses an electric railway, three miles in length, to 
be very shortly opened, which will connect the City with one of 
the southern suburbs through a tram subway, and, although 
including many sharp curves and steep gradients, will be capable 
of conveying one hundred passengers at a time, at speeds varying 
from thirteen to twentv-four miles per hour. Daring the past 
year a regular service of tramcars has been successfully worked, 
through the agency of secondary batteries, upon part of one of 
the large tramways of North London, with results which bid fair 
to lead to an extensive development of this system of working. 
The application of electricity to traction purposes has, however, 
received far more important development in the United States ; 
at the commencement of this year there were in operation in 
different States aoo electrical tramroads, chiefly worked upon 
the Thomson-Hoisston and the Spn^ue mtems, and having a 
collective length of 1641 miles, with 2346 motor-cars travelltog 
thereon. Further extensions are being rapidly made ; thus, one 
company alone has 39 additional roads, ot a cqllective len^h of 
385 miles, under construction, to be worked through the agency 
of storage-batteries. 

The idea cherished by Siemens, and enlarged upon by him in 
more than one interesting address, of utilizing the power of 
Niagara, appears about to be lealized, at any rate in part ; as a 
laige tract of laud has been recently acquired, by a powerful 
American associatioiif about a mile distant from the Falls, with 
a view to the erection of mills for utilizing the power, which it is 
alk> proposed to transmit to distant towns ; and an International 
ComminioDi with Sir William Thomson at its head, and with 
Mascart, Turrettini, Coleman Sellers, and Unwin as members, 
will carefully consider the problems involved in the execution of 
this grand smeme. 
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The application of electric traction to water-traffic, first suc- 
cessfully demonstrated in 1883, is receiving gradual development, 
as illustrated by the considerable number of pleasure-boats which 
may now be seen on the Upper Thames during the boating 
season, and in connection ^th which Prof. George Forbes 
proposed, at our meeting last year, that stations for charging^he 
requisite cells, through the agency of water-power, should be 
established at the many weirs along the river, so as to provide 
convenient electric coaling-stations for the river pleasure- fleet. 

Electrically-transmitted energy was first applied in Germany 
to haulage work in mines by the firm of Siemens some years ago, 
and great progress has since been achieved herein on the Contin- 
ent and in America. Comparatively little has been accomplished 
in this direction in England ; but it is very interesting to note, on 
the present occasion, that the first successful practical application 
of electricity in this country to pumping and underground 
haulage-work was made in 1887, in this neighbourhood, at the 
St. John’s Colliery, at Normanton, where an extensive installa- 
tion, carried out by Mr. Immisch, so well known in connection 
with electric launches, is furnishing very satisfactory results in 
point of economy and efficiency. The gigantic installations 
existing for the same purposes in Nevada and California afford 
remarkable illustrations of the work to be accomplished in the 
future by electrically-transmitted energy. 

Among the many subjects of importance studied by Joule with 
the originality and thoroughness characteristic of his work, was 
the application of voltaic electricity to the welding and fusion of 
metals. Thirty-four years ago he published a most suggestive 
paper dn the : 9 Ub^ct, in which, after dealing with the difficulties 
attending the o^ration of welding, and of the interference of 
films of oxide, formed it^n the highly heated iron surfaces, with 
the production of perfe^welds either under the hammer or by 
the methods of pressure (of which he then predicted the applica- 
tion to large masses of forged iron), he refers to the possibility 
of applying the calorific agency of the electric current to the 
welding of metals, and describes an operation witnessed by 
him in the laboratory of his fellow-labourer, Thomson, of 
fusing together a bundle of iron wires by transmitting through 
them, when embedded in charcoal, a powerful voltaic current. 
Joule afterwards succeeded in fusing together a number of iron 
wires with the current of a Daniell battery, and in welding 
together wires of brass and steel, platinum and iron, &c. In discuss- 
ing the question of the amount of zinc consumed in a battery for 
raising a given amount of iron to the temperature of fusion, he 
points out that the same object would probably be more economi- 
cally attained by the use of a magneto-electric machine, which 
would allow the heat to be provided by the expenditure of 
mechanical force, developed in the first instance by the expendi- 
ture of heat ; and he indicates the possibility of arranging 
machinery to produce electric currents w’hich shall evolve one- 
tenth of the total heat due to the combustion of the coal used, 
so that 5000 grains of coal applied through that agency would 
suffice for the fusion of one pound of iron. The successful 
practical realization of Joule’s predictions in regard to the appli- 
cation of electric currents, thus developed, to the welding of 
iron and steel, and to analogous operations, through the agency 
of the efficient machines devised by Prof. Elihu Thomson, was 
demonstrated to the members of the Association by Prof, Ayrton 
at Bath two years ago, and was shown upon a larger scale to 
visitors at the Paris Exhibition last year, and recently to highly 
interested audiences in London by our late President, Sir 
Frederick Bramwell. The latter demonstrated that the produc- 
tion of iron-welds by means of the Thomson machines was 
accomplished nearly twice as rapidly as by expert craftsmen ; the 
perfection of the welds being proved by the fact that the strength 
of bars broken by tensile strains at the welds themselves was 
about 92 per cent, of the strength of the solid metal. At the 
Crewe Works Mr. Webb is successfully applying one^ of these 
machines to a variety of welding-work. The rapidity with which 
masses of metal of various dimensions are raised in those machines 
to welding heat is quite under control ; the heat is applied with- 
out the advent of any impurities, as from fuel, and the speed of 
execution of the welding operation reduces to a minimum 
the time during which the heated surfaces are liable to oxidize. 
With such practical advantages as these, this system of electric 
welding bids fair to receive many useful applications. 

Another very simple system of electric welding, especially 
applicable to thin iron and steel sheets, hoops &c., has been 
cotemporaneously elaborated in Russia by Dr. Bemados, and is 
already teing extensively used. The required heat fX the surfaces 
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to be welded is developed by connecting the metal with the 
negative pole of *the dynamo-machine, or a battery of accumula- 
tors, the circuit being completed by applying a carbon electrode 
to the parts to be heated ; the reducing power of the carbon is 
said to preserve the heated metal surfaces from oxidation during 
the very brief period of heating. This mode of operation 
appears to have been practised upon a small scale, some 
years ago, by Sir William Siemens, to whom we also owe the 
first attempt to practically apply electric energy to the smelting 
of metals. 

In his address in 1882 he referred to some results attained 
with his small electrical furnace, and pointed out that, althougn 
electric energy could, obviously, not compete economically with 
the direct combustion of fuel for the production of ordinary 
degrees of heat, the electric furnace would probably receive ad- 
vantageous application for the attainment of temperatures ex- 
ceeding the limits (about 1800^ C.) beyond which combustion 
was known to proceed very sluggishly. This prediction appears 
to have been already realized through the import^ht labours of 
Messrs.* Cowles, who some years ago attacked the subject of the 
application of electricity to the achievement of metallurgic 
operations with the characteristic vigour and fertility of resource 
of our Transatlantic brethren. After very promising preliminary 
experiments, they succeeded, in 1885, at Cleveland, Ohio, in 
maturing a method of operation for the production of aluminium- 
bronze, ferro-aluminium, and silicium-bronze, with results so 
satisfactory as to lead to the erection of extensive works at 
Lockport, N.Y., where three dynamo-machines, each supply- 
ing a current of about 3000 Amperes, are worked by water- 
power, through the agency of turbines, each of 500 horse-power, 
eighteen electric furnaces being now in operation for th€ produc- 
tion of- aluminium alloys. These achievements have led to the 
establishment of similar works in North Staffordshire, where a 
gigantic dynamo-machine has been erected, furnishing a current 
of 5000 Amperes, with an E.M.F. of 50 to 60 volts. The 
arrangements of the electrodes in the furnaces, the preparation 
rif the furnace-charges (consisting of mixtures of aluminium t 
ore with charcoal and with the particular granulated metal 
with which the aluminium is to become alloyed at the 
moment of its elimination from the ore) ; the appliances for 
securing safety in dealing with Che current from the huge dynamo- 
machine, and many other details connected with this new, 
system of metallurgic work, possess great interest. Various 
valuable copper- and aluminium-alloys are now produced by 
alloying copper itself with definite proportions of the copper- 
alloy, very rich in aluminium, which is the product of the 
electric furnace. The rapid production in large quantities of 
ferro-aluminium — which presents the aluminium in a form suit- 
able for addition in definite proportions to fluid cast-iron and 
steel — is another useful outcome of the practical development of 
the electric furnace by Messrs. Cowles. 

The electric process of producing aluminium-alloys has, how- 
ever, to compete commercially with their manufacture by adding 
to metals, or alloys, pure aluminium produced by processes 
based upon the method originally indicated by Oersted in 1824, 
successfully carried out by Wohler three years later, and de- 
veloped into a practical process by H. Ste. Claire Deville in 
1854— namely, by eliminating aluminium from the double 
chloride of sodium and aluminium in the presence of a fluoride, 
through the agency of sodium. An analogous process, indicated 
in the first instance by H. Rose — namely, the corresponding 
action of sodium upon the mineral cryolite, a double fluofide of 
aluminium and sodium — has also been recently developed at 
Newcastle, where the first of these methods was applied, upon 
a somewhat considerable scale, in i860, by Sir Lowthian Bell,, 
but did nof then become a commercial success, mainly owing to 
the costliness of the requisite sodium. As the cost of this metal 
chiefly determines the price of the aluminium, technical chemists 
have devoted their best energies to the perfection and simplifica- 
tion of methods for its production, and the success which has 
culminated in the admirable Castner process constitutes one of 
the most interesting of recent illustrations of the progress made' 
in technical chemistry, consequent upon the happy Mending of 
chemical with mechanical science, through the labours of the 
chemical engineer. 

Those who, like myself, remember how, between forty and 
fifty years ago, a few grains of sodium and potassium were trea-' 
sured up by the chemisL and used with parsimonious care in an 
occasional lecture expenment, cannot tire of feaStiog their ^yes, 
on the stores of sodium-ingots to be seen at Oldbury as the 
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results of a rapidly and dexterously executed series of chemical 
and mechanical operations. 

The reduction which has been effected in the cost of produc- 
tion of aluminium through this and other processes, and which 
has certainly not yet reached its limit, can scarcely fail to lead 
to applications of the valuable chemical and ph^ical properties 
of this metal so widespread as to render it as indispensable in 
industries and the purposes of daily life as those well-known 
metals which may be termed domestic, even although, and, 
indeed, for the very reason that, its association with many of 
these, in. small proportion only, may suffice to enhance their 
valuable properties or to impa^rt to them novel characteristics. 

The Swedish metallurgist, Wittenstrbm, appears to have been 
the first to observe that the addition of small quantities of alu- 
minium to fused steel and malleable iron had the effect of 
rendering them more fluid, and, by thus facilitating the escape 
of entangled gases, of ensuring the production of sound castings 
without any prejudicial effect upon the quality of the metal. 
The excellence of the so-called Mitis castings, produced in this 
way, appears thoroughly established, and the results of recent 
important experiments seem to be opening up a field for the 
extensive employment of aluminium in this direction, provided 
its cost becomes sufficiently reduced. The valuable scientific 
and practical experiments of \V. J. Keep, James Riley, R. 
Hadneld, Stead, and other talented workers in this country and 
the United States, are rapidly extending our knowledge in 
regard to the real effects of aluminium upon steel, and their 
causes. Thus it appears to be already established that the 
modifications in some of the physical properties of steel result- 
ing from the addition of that metal, are not merely ascribable to 
its actual entrance into the composition of the steel, but are due, 
in part,^ to the de-oxidation by aluminium of some proportion of 
iron-oxide which exists distributed through the metal, and pre- 
judicially affects its fluidity when melted. In the latter respect, 
therefore, the influence exerted by aluminium, when introduced 
in small proportions into malleable iron and steel, appears to be 
cmite analogous to that of phosphorus, silicium, or lead when 
these are added in small proportions to copper and certain of its 
alloys, the de-oxidation of which, through the agency of those 
substances, results in the production of sound castings of in- 
creased strength and uniformity. It is only when present in 
small proportion in the finished steel that aluminium increases 
the breaking strain and elastic limit of the product. 

The influence of aluminium, when used in small proportion, 
upon the properties of grey and white cast-iron, is also of con- 
siderable interest, especially its effect in promoting the produc- 
tion of sound castings, and of modifying the character of white 
iron in a similar manner to silicium, causing the carbon to be 
separated in the graphitic form ; with this difference — that the 
carbon appears to be held in solution until the moment of 
setting of the liquid metal, when it is instantaneously liberated, 
with the result that the structure of the cast metal and distribu- 
tion of the graphite are perfectly uniform throughout. 

The probable beneficial connection of aluminium with the 
industries of iron and steel naturally directs attention to the 
great practical importance, in the same direction, which has 
already been acquired, and promises to be in increasing measure 
attained, by certain other metals which, for long periods suc- 
ceeding their discovery, have either been only of purely scien- 
tific interest and importance, or have acquired practical value in 
regard to their positions in a few directions quite unconnected 
with metallurgy. Thus great interest attaches to the influence 
of the metals manganese, chromium, and tungsten upon the^ 
physical properties of steel and iron. 

^ The name of Mushet is most prominently associated with the 
history of manganese in its relations to iron and stee>. Half a 
century ago David Mushet carried out very instructive experi- 
ments on the influence exerted upon the properties of steel by 
the presence of manganese ; and to Robert Mushet we owe the 
invaluable experiments leading to his suggestion to use man- 
ganese in the production of steel by the Bessemer process, which 
at once smoothed the path to the marvellously rapid and exten- 
sive development of tne applications of steel produced by that 
classic method, and subsequently by the open-hearth or Siemens- 
Martin prcKess — a development which has recently received its 
crowning illustration in the completion of one of the grandest 
of existing triumphs of engineering science and constructive 
skiil-7-the Forth Bridge. 

Robert Hadfield has recently contribvged importantly to our 
. knowledge of the relations of manganese to iron. His systematic 
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sfudy of the subject has revealed some very remarkable varia- 
tions in the physical properties of so-called manganese-steel, 
according to the proportions of manganese which it contains. 
Thus, while the existence in steel of proportions ranging from 
up to about 275 per cent, improves its strength and malle- 
ability, it becomes brittle if that limit is exceeded, the extreme 
of brittleness being obtained with between 4 and 5 per cent, of 
manganese ; if, however, the percentage is increased to not less 
than 7, and up to 20, alloys of remarkable strength and tough- 
ness are obtained.^ Castings of high manganese steel, such as 
wheel-tyres, combine remarkable hardness with toughness. Even 
if the proportion of manganese is as high as 20 per cent, in a 
steel containing 2 per cent, of carbon, it can be forged ; whereas 
it is very difficult to forge a steel of ordinary composition con- 
taining as much as 275 per cent, of carbon. Another remark- 
able peculiarity of the high manganese-steel is its behaviour when 
quenched in water. Instead of the heated metal being hardened 
and rendered brittle by the sudden cooling, like carbon-steel, its 
tensile strength and its toughness are increased ; so that water- 
quenching is really a toughening process, as applied to the 
manganese-alloy ; and an interesting feature connected with this 
is that, the colder the bath into which the highly-heated metal 
is plunged, the tougher is the product. The curious effect of 
manganese in reducing, and even destroying, the magnetic pro- 
perties of iron was already noticed by Rinmann nearly 120 yearr 
ago ; one result of Hadfield's important labours has been to 
place in the hands of such eminent physicists as Thomson, John 
Hppkinson, and Reinold, materials for the attainment of most 
interesting information respecting the electrical and other physical 
characteristics of manganese-steel. Hopkinson, from experi- 
ments with a sample of steel containing 12 per cent, of man- 
ganese, estimated that not more than J out of the 86 per cent, 
of the iron composing the mass was magnetic, and he considered 
that the manganese enters into that which must, for magnetic 
purposes, be regarded as the molecule of iron, completely 
changing its properties, a fact which must have great signifi- 
cance in any theory regarding the nature of magnetization. The 
great hardness of manganese-steel, and the consequent difficulty 
of dealing with it by means of cutting-tools, constitute at pre- 
sent the chief impediments to its technical applications in many 
directions ; but w’here great accuracy of dimensions is not 
required, and where great strength is an essential, it is already 
put to valuable uses. 

The importance of manganese in connection with the metal- 
lurgy of iron and steel is in a fair w ay of finding its rival in that 
of the metal chromium, the employment of which, as an alloy 
with steel, was first made the subject of experiment in 1821, by 
Berthier, who was led by the important experiments of Faraday 
and Stoddart, then just published, to endeavour to alloy 
chromium with steel, and obtained good results by fusing steel 
together with a rich alloy of chromium and iron, so as to introduce 
about 15 per cent, of the former into the metal. Further small 
experiments were made the year following, by Faraday and 
Stoddart, in the same direction ; but chrome-steel appears to 
have been first produced commercially at Brooklyn, N.Y., 
sixteen years ago. Ten years later its manufacture had become 
developed in France, and the varieties of chrome-steel produced 
in the Loire district now receive important and continually* 
extending applications, on account of their combining compara- 
tive hardness with high tenacity, and only little loss in ductility, 
and of their acquiring great closeness of structure when 
tenured. 

The influence of chromium upon the character of steel differs 
in several marked respects from that exercised by manganese ; 
thus, chrome-steels weld badly, or not .at all, whereas manganese- 
steels weld very readily, and work under the hammer better than 
ordinary carbon-steel. the remarkable influence of 

manganese upon the magnetic properties of steel and iron is not 
shared by chromium. Chrome-steel has for some time been a 
formidable rival of the very highest qualities of carbon-steel 
produced for cutti^-tools, and of the valuable tungsten-steel 
which we owe to Robert Mushet^ The great hardness, hi^h 
tenacity, and exceeding closeness of structure possessed by suit- 
ably-tempered steel containing not more than nrom i to i *5 per 
cent, of chromium, and from 0*8 to 1 per cent, of carbon, 
renders this material invaluable for war purposes : cast pro- 
jectiles, when suitably temperec), have penetrated compound 
steel and iron plates over nine inches in. thickness, such as are 
used upon armoured ships of war, without even sustaining any 
important change of form. The proper tempering of thetm 
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projectiles necessitates their being produced hollow ; their 
cavities or chambers are onlv of small capacity, but the charge 
of violent explosive which they can contain, and which can be 
set into action without the intervention of fuze or detonating 
appliance, suffices to tear these formidable punching-tools into 
fragments as they force their way irresistibly through •the 
armoured side of a ship, and to violently project those frag* 
ments in all directions, with fearfully destructive effects. The 
employment of chromium as a constituent of steel plates used for 
the protection of ships of war is already being entered upon, 
and the influence exerted by the presence of that metal in small 
quantities in steel employed in the construction of guns is also 
at present a subject ot investigation. At Crewe, Mr. F. Webb 
has for some time past used chromium, with considerable 
advantage, in the pr^uction of high-quality steels for railway 
requirements. 

The practical results attained by the introduction of copper 
and of nickel as components of steel have also recently attracted 
much attention. At the celebrated French steel works of M. 
Schneider, at Creuzot, the addition of a small percentage of 
copper to steel used for armour-plates and projectiles is practised, 
with the object of imparting hardness to the metal without pre- 
judice to its toughness. James Riley has found that the presence 
of aluminium in very small quantities facilitates the union of 
steel with a small proportion of copper, and that the latter in- 
creases the strength but does not improve the working qualities 
of steel. With nickel, Riley has obtained products analogous 
in many important respects to manganese steel ; the remarl^ble 
differences in^he physical properties of the manganese alloys, 
according to the^t richness in that metal, are also shared by the 
nickel alloys, some of these being possessed of very valuable 
properties ; thus, it hia^been shown by Riley that a particular 
variety of nickel-steel presents to the engineer the means of 
nearly doubling boiler pressures, without increasing weight or 
dimensions. He has, moreover, found the co existence of 
manganese in small quantity with nickel in the alloy to con- 
tribute importantly to the development of valuable physical 
properties. 

The careful study of the alloys of aluminium, chromium, 
manganese, tungsten, copper, and nickel, with iron and with 
steel, so far as it has been carried, with especial reference to the 
influence which they respectively exercise upon the salient 
physical properties of those materials, even when present in 
them in only very small proportions, has demonstrated the im- 
portance of a more searching or complete application of chemical 
analysis, than hitherto practised, to the determination of the 
composition of the varieties of steel which practical experience 
has shown to be peculiarly adapted to particular uses. It appears, 
indeed, not improbable that certain properties of these, which 
have been ascribed to slight variations in the proportion or the 
condition of the constituent carbon, or in the amounts of silicium, 
phosphorus, and manganese which they contain, may sometimes 
have been due to the presence in minute quantities of one or 
other of such metals as those named, and to the effects which 
they produce, either directly, or indirectly by modifying or 
counteracting the effects of the normal constituents of steel. The 
important part now played by manganese in steel manufacture is 
an illustration of the comparatively recent results^ of research, 
and of practical work based on research, in these directions, and 
the effects of the presence in steel of only very small quantities 
of some of the other metals named are already, as I have pointed 
out, being similarly understood and utilized. 

Such systematic researches as those upon which Osmond, 
Roberts- Austen, and many other workers have been for some 
time past engaged, may make us acquainted with the laws which 
govern the modifleations effected in the physical characteristics 
of metals by alloying these with small proportions of other 
metals. The auggestion of Roberts* Austen, that such modifica- 
tions may have direct connection with the periodic law of Men- 
deleeff, which may furnish explanations of the causes of specific 
variations in the properties of iron and steel, has been followed 
up energetically by Osmond, who has experimentally investi- 
gated the thermal influence upon iron of the elements phosphorus, 
sulphur, arsenic, boron, silicium, nickel, manganese, cl^omium, 
copper, and tungsten. He regards fajs results as being^ quite 
confirmatory of the soundness of Roberts* Austen’s suggestion, as 
they demonstrate that foreign elements having atomic volumes 
lower than iron tend to make it assume or preserve the particular 
molecular form in which it has itself the lowest atomic volume, 
while the converse is the case for the foreign elements of high 
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atomic volume. An analogous influence was found to be exerted by 
those two groupk of elements upon the permanent magnetization 
of steel. 

Captivating as such deductions are, those who have devoted 
much attention to the practical investigation of iron, steel, and 
other metals, cannot but feel that much caution has to be 
exercised in drawing broad conclusions from the results of such 
researches as these. Like the investigations recently made with 
the object of ascertaining the condition in which carbon exists in 
steel, and the part played by it in determining the modifications 
in the properties developed in ih^t material by the influence of 
temperature and of work done upon it, they are surrounded by 
formidable difficulties, arising from the practical impossibility 
of altogether eliminating the disturbing influences of minute 
quantities of foreign elementary bodies, co existing in the metal 
operated upon, with those whose effects we desire to study. 
Certain jt is, however, that by acquiring an accurate acquaintance 
with the composition of varieties of iron and steel exhibiting 
characteristic properties ; by persevering in th® all-important 
work of systematic practical examination of the mechanical and 
physical peculiarities developed in iron and steel of known com- 
position by their association with one or more of the rarer metals 
in varied proportions, and by the further prosecution of chemical 
and physical research in such directions as those which have 
already been fruitful of most instructive results, such talented 
labourers as Chernoff, Osmond, Roberts-Austen, Bams and 
Strouhal, Hadfield, Keep, James Riley, Stead, Turner, and 
others, cannot fail to contribute continually to the development 
of improvements equalling in importance those already attained 
in the production, treatment, and methods of applying cast-iron, 
malleable iron, and steel, or alloys equivalent to steal in their 
qualities. 

The causes of the variations in the physical properties of steel 
produced by the so-called hardening, annealing, and tempering; 
processes were for very many years a fruitful subject of experi- 
mental inquiry, as well as of theoretical speculation with regard 
to the condition in which the carbon is distributed in steel, ac- 
cording to whether the metal is hardened or annealed, or in an 
intermediate, tempered state. Recent researches have made our 
knowledge in the latter direction fairly precise ; as yet, however, 
we are only ^n the track of definite information respecting the 
nature and extent of connection between the physical peculiarities 
of steel in those different conditions and the established differences 
in the form and manner in which the carbon is disseminated 
through it. 

The careful systematic study of the modifications developed in 
certain physical properties of iron and steel by gradual changes 
of temperature between fusion of the metal and the normal 
temperature, has shown those modifications to be governed by a 
constant law, and that at certain critical temperatures special 
phenomena present themselves. This important subject, which 
was so clearly brought before the Association last year in the 
interesting lecture of Roberts-Austen, has been, and is still 
being pursued by accomplished workers, among whom the most 
prominent is F. Osmond. The phenomenon of recalescence. or 
the re-glowing of, or liberation of heat in, iron^ and steel at 
certain stages during the cooling process, first noticed by Gore, 
and examined into by Barrett, appears to be the result of actual 
chemical combination between the metal and its contained carbon 
at the particular temperature attained at the time ; while the 
absorption of heat, demonstrated by the arrest in rise of tempe- 
rature during its continuous application to the metal, is aScribed 
to the elimination, within the mass, of carbon as an iron-carbide 
perfectly stable at low temperatures. The pursuit of a well- 
devised system of experimental inquiry into this subject has led 
Osmond To propound theories of the hardening and tempering 
of steel, which are at present receiving the careful study of 
physicists and chemists, and cannot fail to lead to further im- 
portant advancement of our knowledge of the true nature of the 
influence of carbon upon the properties of iron. 

Another important subject connected with the treatment of 
masses of steel, and with the influence exercised upon their 
physical characteristics by the processes of hardening and tem- 
pering, and by submitting them to oft- repeated concussions or 
vibrations, or frequent or long-continued strains, is the develop- 
ment and maintenance, or gradual disappearance, of internal 
stresses in the masses— one of the many important subjects to 
which attention was directed by Dr. Anderson, the Director- 
General of Ordnanc# Factories, in his very suggestive address 
to the Mechanical Section last year. This question is one of 
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especial interest to the constructor of steel guns, as the powers 
of endurance of these do not simply depend upon the quality of 
the material composing them, but are very largely influenced by 
the treatment which it receives at the hands of the gun-maker. 
Indeed, the highest importance attaches to the processes which 
are applied to the preliminary preparation of the individual parts 
of which the gun is constructed, and to the putting together of 
these so as to ensure their being and remaining in the physical 
condition best calculated to assist each other in securing for the 
structure the power of so successfully resisting the heavy strains 
to which it has to be subjected, jis to suffer little alteration other 
than that due to the superficial action of the highly-heated pro- 
ducts of explosion of the charges fired in the gun. The develop- 
ment of internal strains in objects of steel, especially by the 
hardening and tempering processes, or by their exposure to con- 
ditions favourable to unequal cooling of different parts of the 
mass, has long been a subject of much trouble and of experi- 
mental inquiry in connection with many applications of steel. 
Systematic ex^riments of the kind, commenced, about eighteen 
years ago, by the late Russian general Kalakoutsky, are now 
being pursued at Woolwich, with the objects of determining the 
nature and causes of internal stresses in steel gun-hoops and 
•tubes, and in shells, and of thereby establishing the proper 
course to be adopted for avoiding, lessening, or counteracting 
injurious stresses, on the one hand, and for setting up stresses 
beneficial to the powers of endurance of guns, on the other. 
One method of experiment pursued, with parts of guns, is to cut 
narrow hoops off the forgings, after a particular treatment, which 
are then cut right across at one place, it being observed whether, 
and to what extent, the resulting gaps open or close. This 
importanr subject has also been similarly investigated by my | 
talented old fnend and fellow-worker, the President this year of 1 
the Mechanical Section, Captain Andrew Noble, whose name 
in connection with the science and practice of artillery is familiar 
to us as household words. 

The Crimean War taught nations many lessons of gravest 
import, to some of which Sir Richard Owen took occasion to 
call attention most impressively in the address delivered here, 
before the miseries of that war had become past history. The 
development of sanitary science, to which he especially referred, 
and which sprang from the bitter experience of that sad epoch, 
has had its parallel in the development of the science of artil- 
lery ; but it would indeed be difficult to establish any parallelism 
between the benefits which even the soldier and the sailor have 
reaped from the great strides made by both these sciences. The 
acquisition of knowledge of the causes of the then hopelessness 
of gallant struggles which medical skill and self-sacrificing devo* 
tion made against the sufferings of the victims of battles and of 
fell diseases, as deadly as the cruellest implements of war ; the 
application of that knowledge to the provision of the blessings 
of antiseptic treatment of wounds and to the intelligent utilization 
of disinfectants and of other valuable preventive measures, to 
the supply of wholesome water, of wholesome food in campaign- 
ing, of sensible clothing, and of wholesome air in hospitals, 
barracks, and ships — these are some few of the benefits which 
the soldier and the sailor have derived from the development of 
sanitary science, which was so powerfully stimulated by the 
terrible lessons learned during the long-drawn-out siege of 
Sebastopol : and it is indeed pleasant to reflect that there has 
been, ^for. years past, most wholesome competition between 
nations in the e>ilargement of those benefits, and their dissemi- 
nation among the men whose vocation it is to slay and be. slain. 
The periodical International Congresses on Hygiene and Demo- 
graphy, of which we shall cordially welcome next year’s assem- 
blage in London, and whose members will deplore the absence 
from among them of the veteran Nestor in the science and 
practice of hygiene, Sir Edwin Chadwick, have afforded conclu- 
sive demonstration of the heartiness with which nations are now 
co-operating with a view to utilize the invaluable results attained 
by the successful labourers in sanitary science. 

What, on the other hand, shall wc say of the benefits which 
sailors and soldiers, in the pursuit of their calling, derive from 
the ceaseless costly competition amonust nations for supremacy 
in the possession of formidable artillery, violent explosives, 
quick-firing arms of deadly accuracy, and fearful engines which, 
unseen, can woi^ wholesale destruction in a fleet ? And what 
can we say of the benefits acquired by individual countries in 
return for their*‘continuou8, and sometiifies ruinous, expenditure 
in endeavouring to maintain themselves upon an equality with 

NO. 1088, VOL. 42] ' 


their neighbours in man-killing power? The conditions under 
which engagements by sea or land will in the future be fought 
have certainly become greatly modified from those of thirty-five 
years ago, and the duration of warfare, even between nations in 
conflict who are on a fair equality of resources, must become 
redu<ted ; but, as regards the results of a trial of strength between 
contending forces, similarly equipped, as they now will be, with 
the latest of modern appliances only varying in detail, these 
must, after all, depend, as of old, partly upon accident, favoured, 
perhaps, by a temporary superiority in equipment, partly upon 
the skill and military genius of individuals, and very much 
upon the characteristics of the men who fight the battles. 

What really can be said in favour of the advances made in the 
appliances of war — and this is, perhaps, the view which in such 
a town as Leeds we should keep before our eyes to the exclusion 
of the dark side of the picture — is, that by continuous competition 
in the development of their magnitude, diversity, and perfection, 
the resources of the manufacturer, the chemist, the engineer, the 
electrician, are taxed to the uttermost ; with the very important, 
although incidental, results, that industries are created or ex- 
panded and perfected, trades maintained and developed, and 
new achievements accomplished in applied science, which in time 
beneficially affect the advance of |>eaceful arts and manufactures. * 
In these ways the expenditure of a large proportion ofacountiy’s 
resources upon material which is destroyed in creating destruction 
I does substantially benefit communities, and tends to the accom- 
plishment of such material progress by a country as goes far to 
con^oensate its people for the sacrifices which they are called 
upon to incur for the maintenance of their dignity tvnong nations. 

From this point of view, at any rate, it may 'interest members 
of the British Association for the Advancement of Science, and 
for the promotion of its applications to welfare and happiness 
of mankind, to hear something of recent advances in one of the 
several branches of science in its applications to naval and military 
requirements with which, during a long and arduous official 
career, now approaching its close, I have become in some 
measure identified. 

Since the meeting of the Association in this town in 1858, the 
progress which has been made in the regulation of the explosive 
force of gunpowder, so as to adapt it to the safe development of 
very high energy in guns presenting great differences in regard to 
size and to the work which they have to perform, has been most 
important. The different forms of gunpowder which were 
applied to war-purposes in this and other countries, until within 
the last few years, presented comparatively few differences in 
composition and metnods of manufacture from each other, and 
from the gunpowder of our ancestors. The replacement of 
smooth-bore guns by rifled artillery, which followed the Crimean 
War, and the great increase in the size and power of guns, 
necessitated by the application of armour to ships and forts, soon 
called, however, for the pursuit of investigations having for their 
object the attainment of means for variously modifying the action 
of fired gunpowder, so as to render it suitable for artillery of 
different calibres whose power could not be effectively^ or, in 
some instances, safely, develop^ by the use of the only kind of 
gunpowder then employed in English artillery of all calibres. 

The means resorted to in the earlier of these investigations, 
and adhered to for many years, for controlling the violence of ex- 
plosion of ^npowdert consisted exclusively in modifying the size 
and form cn the individual masses composing a charge, and of 
their density and hardness, with the object of varying the rate of 
burning of those masses in a gun ; it being considered that, as 
the proportions of ingredients generally employed very nearly 
correspond to those required for the development of the greatest 
chemical energy by the thoroughly-ipcorporated materials, the 
attainment of the desired results should be, if possible, effected 
rather by modifications of the physical and mechanical characters 
of gunpowder, than by variations of the proporticais and chemical 
characters of its ingrraients. 

The varieties of powder from time to time introduced into 
artillery-service, as the outcome of investigations in this direction, 
were of two distinct types : the first of these consisted of further 
developments of the old granulated or corned powder, being pro- 
duced by breaking up more or less highly-pressed slabs of the 
material into grains, pebbles, or boulders of approximately 
uniform size and shape. Gunpowders of this class, ranging in 
fize from about looo pieces to the ounce to about 6 pieces to 
the pound, have performed efficient service, and certain of them 
are still employed. The character of the other type is based 
upon the theoretical view that uniformity in the action oC & 
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particular gunpowder, when employed under like conditions, petre in large prcmortion relatively to the sulphur and charcoal, 
demands not merely identity in regard to compositioDi but also these become fully oxidizedi and a relatively very large amount 
identity in form, size, density, and structure of the individual of water-vapour is produced, partly because of the comparatively 
masses of which a charge consists. To approach the practical high proportion vof water in the finished powder, and partly 
realization of this view, equal quantities of one and the same from the large amount of hydrogen in the slightly-charred wood 
mixture of ingredients, presented in the form of powder^of or straw used. The smoke from a charge of brown powder 
uniform fineness and dryness, must be submitted to a particular differs but little in volume from that of black powder, but it 
pressure,^ for a hxed period, in moulds of uniform size, the disperses much more rapidly, owing to the speedy absorption of 
surrounding conditions and subsequent manufacturing processes the finely-divided potassium salts, forming the smoke, by the 
being as nearly as possible alike. Practical experience has however large proportion of water- vapour through which they are 
shown that uniformity in the ballistic properties of black powder distributed. ^ 

can be even more readily secured by the thorough blending or This kind of powder has been substituted, with considerable 
mixing together of different products of manufacture, presenting advantage, for black powder in guns of comparatively large 
some variations in regard to size, density, hardness, or other calibre, but it soon became desirable to attain even more gradual 
features, than by aiming at an approach to identity in the charac- action in the case of the very large charges required for guns of 
ters of the individual grains or masses. the heaviest calibres, such as the iio-ton gun, from which shot 

When our attention was first actively directed to the modi- of about ^800 lbs. weight are propelled by a powder-charge of 
fication of the ballistic properties of powder, the subject had 960 lbs. Brown powder has, therefore, been modified in com- 
al ready been to some extent dealt with, in the United States, position to suit these conditions ; while, on the ^her hand; a 
by Rodman and Doremus, and the latter had proposed the powder intermediate in rapidity of action between black powder 
employment, in heavy guns, of charges consisting of large and the brown prism powder has been found more suitable than 
pellets of prismatic form. While this prismatic powder, which the former for use in guns of moderately large calibre, 
was first used in Russia, was being perfected, and extensively The importance which machine-guns and comparatively large, 
applied there as well as in Germany and England, the produc- quick-firing guns have assumed in the armament of ships has 
tion of powder-masses more suitable, by the comparatively made it very desirable to provide a powder for them which will 
gradual nature of their explosion, for the very large charges produce comparatively little or no smoke, as their efficient em- 
required for the heavy artillery of the present day, was actively ployment becomes greatly limited when, after a very few rounds 
pursued in Italy, and by our own Government Committee §n rapidly fired, with black powder, the objects against which it is 
Explosives ; t4»e outcome of exhaustive practical investiga- desired to direct the fire, are more or less completely hidden by 
tions being the ^y efficient Fossano powder, or poiuire pro- the interposed smoke. Hence much attention has of late been 
gressif oi the Italians, the boulder- and large cylindrical- directed to the production of smokeless, or nearly smokeless, 
powders produced at Wakham Abbey. powders for naval use. At the same time, the views of many 

Researches carried out by Captain Noble and- myself, some military authorities regarding the importance of dispensing with 
years ago, with a series of gunpowders, presenting considerable smoke in engagements on land have also created a demand for 
differences in composition, indicated that decided advantages smokeless powders suitable for field-artillery and for small-arms, 
might be .secured, for heavy guns especially, by the employment The properties of ammonium-nitrate, of which the products 
of such a powder as would furnish a comparatively very large of decomposition by heat are, in addition to water-vapour, 
volume of gas, its explosion being at the same time attended by entirely gaseous, have rendered it a tempting material to those 
the development of much less heat than in the case of ordinary who have striven to produce a smokeless powder ; but its 
black powder. In the course of these researches much light delicjuescent character has been a formidable obstacle to its 
was thrown upon the causes of the wearing or erosive action of application as»a component of a useful explosive agent. By 
]M)wder-explosions upon the inner surface of the gun, an action incorporating charcoal and saltpetre in particular proportions 
which, especially In the larger calibres of artillery,- produces so with ammonium-nitrate, F. Gaus recently claimed to have pro- 
serious a deterioration of the arm that the velocity of projection duced an explosive material free from the hygroscopic character 
and accuracy of shooting suffer considerably, the wear being common to other ammonium-nitrate mixtures, and furnishing 
especially great where the products of explosion, while under only permanently gaseous and volatile, or smokeless, products 
the maximum pressure, can escape between the projectile and explosion. These anticipations were not realized, but they led 
the bore. The great velocity with which the very highly-heated the talented German powder-maker, Mr. Heidemann, to produce 
gaseous and liquid (fused solid) products of explosion sweep over an ammonium-nitrate powder possessing remarkable ballistic 
the heated surface of the metal gives rise to a displacement of properties, and producing comparatively little smoke, which 
the particles composing the surface of the bore, which increases speedily disperses. It yields a very much larger volume of gas 
in extent as the latter becomes roughened, and thus opposes and water-vapour than either black or brown powder, and is 
greater resistance ; at the same time, the high temperature to considerably slower in action than the latter ; the charge re- 
which the surface is raised reduces the rigidity of the metal, and quired to produce equal ballistic results is less, while the 
its consequent power of resisting the force of the gaseous chamber-pres.sure developed is lower, and the pressures along 
torrent ; and, lastly, some amount of chemical action upon the the chase of the gun are higher, than with brown powder. No 
metal, by certain of the highly- heated, non-gaseous products of great tendency is exhibited by it to absorb moisture from an ^ 
explosion, contributes towards an increase in the erosive effects, ordinarily dry, or even somewhat moist, atmosphere, but it . 
Experiments made upon a large scale by Captain Noble with rapidly absorbs water when the hygroscopic condition of the air 
powders of different composition, and with other explosives, approaches saturation, and this greatly restricts its use. 
nave afforded decisive evidence that the explosive agent which About five years ago reports began to reach us fron\ France 
furnishes the largest proportion of gaseous products, and the of the attainment of remarkable results with a smokeless ponder 
explosion of which is attended by the development of the employed with the repeating or magazine rifle then in course of 
smallest amount of heat, exerts least erosive action. adoption for military service, and of marvellous velocities ob- 

Some eminent German gunpowder-manufacturers, who were tained by the use of this powder, in specially constructed 
at this time actively engaged upon the production of a suitable artillery of f reat length. As in the case of the explosive agent 
powder for heavy guns, directed their attention, not merely to called the fabulously-destructive effects ot which were 

an alteration of the proportions of the ingredients, but also to much vaunted at about the same time, the secret of the nature 
a modification in the character of charcoal employed ; the of this smokeless powder was well preserved by the French 
eventual result was the production of a new prismatic powder, authorities; it is now known, however, that more than one 
composed of saltpetre in someyrhat higher proportion than in smokeless explosive has succeeded the original, and that the 
normal black powder, and of a very slightly-bumed charcoal of material at present in use with the Lebel repeating rifle belongs 
reddish-brown colour, quite similar to the charbon roux which to a class ot nitro-cellulose or nitro- cotton preparations, of which 
Violette produced about forty years ago for use in sporting- several have been made the subject of patents in England, and 
powder, oy the action of superheated steam upon wood or of which varieties are also being used in Germany and other 
other vegetable matter. This brown prismatic powder (or countries. 

** cocoa powder’*) differs from black powder not merely in A comparison between the chemical changes* attending > the 
colour: It burns very slowly in the open air, and in guns its burning or explosion of gunpowder, and of me class of nitro- 
action is comparatively gradual and long-sustained. The pro- compounds represented *by gun-cotton, at once* explains" the 
ducts of its explosion are simple. As the powder contains salt- cause of the production of smoke by the former, nnd of the 
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smokelessness of the latter. Whilst the products of explosion 
of the nitro-compounds consist exclusively of gases and of 
water-vapour, gunpowder, being composed of a large pro- 
portion of saltpetre, or other metallic nitrate, mixed with 
charred vegetable matter and variable quantities of sulphur, 
furnishes products of which over 50 per cent, are not gaseous, 
even at high temperatures, and which are in part deposited as a 
fused solid — which constitutes the fouling in a firearm — and in 
part distributed in an extremely fine state of division through 
the gases and vapours developed by the explosion, thus giving 
to these the appearance of sn¥>ke as they escape into the air. 

So far as smokelessness is concerned, no material can suroass 
gun-cotton (or other varieties of nitro-cellulose) ; but, even it the 
rate of combustion of the fibrous explosive in a firearm could be 
controlled with certainty and uniformity, its application as a safe 
propulsive agent is attended by so many difficulties that the 
non-success of the numerous early attempts to apply .it to that 
purpose is qpt surprising. Those attempts, commencing soon 
after the discovery of gun-cotton, in 1846, and continued many 
years later in Austria, consisted entirely in varying the "density 
and mechanical condition of employment of the gun-cotton 
fibre. No difficulty was experience in thus exercising complete 
control over the rapidity of burning in the open air ; but when 
the material was strongly confined, as in the bore of a gun, such 
methods of regulating its explosive force were quite unreliable, 
as some slight unforeseen variation in its compactness or in the 
amount and disposition of the air-spaces in the mass, would 
develop very violent action. Much more promising results were 
subsequently obtained by me by reducing the fibre to a pulp, as 
in the ordinary process of making paper, and converting this 
into hrghly-compressed, homogeneous masses of the desired form 
and size. Some favourable results were obtained at Woolwich, 
in 1867-68, in field-guns, with cartridges built up of compressed 
gun-cotton variously formed and arranged, with the object of 
regulating the rapidity of explosion of the charge. But although 
comparatively small charges often gave high velocities of pro- 
jection, without any indications of injury to the gun, the uniform 
fulfilment of the conditions essential to safety proved to be 
beyond absolute control, even in guns of small calibre ; and 
military authorities not being, in those days, alive to the 
advantages which might accrue from the employment of an 
entirely smokeless explosive in artillery, exp^iments in this 
direction were not persevered in. At the same time, consider- 
able success attended the production of gun-cotton cartridges for 
sporting purposes, the rapidity of its explosion being controlled 
by various methods ; very promising results were also attained with 
the Martini-Henry rifle and a lightly-compressed pulped gun- 
cotton charge, of pellet-form, the uniform action of which was 
secured by simple means. 

A nearly smokeless sporting-powder had, in the meantime, 
been produced by Colonel Schultze, of the Prussian Artillery, 
from finely-divided wood, converted after purification into a 
mildly explosive form of nitro-cellulose, and impregnated with 
a small portion of an oxidizing agent. Subsequently this powder 
was prefaced in a granular form, and rendered considerably 
more uniform in character, and less hygroscopic ; it then closely 
resembled the well-known E.C. sporting-powder, which consists 
of a nitro-cotton reduced to pulp, incorporated with the nitrates 
of potassium and barium, and converted into grains through the 
agency of a solvent and a binding material. Both these powders 
produce very little smoke compared with black powder, but do 
not compete with the latter in regard to accuracy of shooting, 
when used in military arms. 

In past years both camphor and liquid solvents have been 
applied to the hardening of the surfaces of granulated or com- 
pressed masses of gun-cotton and of this class of its preparations, 
with a view to render them non-porous. In some smokeless 
powders of French, German, Belgian, and English manufacture, 
acetic ether and acetone have been also used, not merely to harden 
the granules or tablets of the explosive, but also to convert the 
nitro-cellulose, in the first instance, into a more or less gelatinous 
condition, so that it can readily be incorporated with other 
components and rolled, or spread into sheets, or pressed into 
moulds, or squirted into wires, rods, or tubes, while still in a 
plastic state. When the solvent has afterwards been removed, 
the hardened, horn -like, or somewhat plastic product is cut up 
into |ablets, or Into strips or pieces of suitable dimensions, for 
conversation into charges or cartridges. ^ 

. Andther class of smokeless powder, similar in physical charac- 
<4eristics to these nitro-cellulose powders, but containing nitro- 
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glycerine as an important component, has been originated by 
Mr. Alfred Nobel, the well-known inventor of dynamite, and 
bears resemblance in its phjrsical characteristics to another of 
his inventions, called blasting-gelatine, one of the most interest- 
ing of known violent explosive agents. When one of the lower 
products of nitration of cellulose is impregnated with the liquid 
explosive, nitro-glycerine, it gradually loses its fibrous nature, 
becoming gelatinized while assimilating the liquid ; and the 
resulting product almost possesses the characters of a compound. 
This preparation, and certain modifications of it, have acquired 
high importance as blasting-agents more powerful than dynamite, 
and are possessed of the valuable property that their prolonged 
immersion in water does not separate from them any appreciable 
proportion of nitro-glycerine. The nitro-glycerine powder first 
produced by Mr. Nobel was almost perfectly smokeless and 
developed very high energy, accompanied by moderate pressures 
at the seat of the chaige, but it possessed certain practical defects, 
which led to the development of several moditications of that 
explosive and various improvements in manufacture. The 
relative merits of this class of smokeless powder, and of various 
kinds of nitro-cellulose powder, are now under careful investiga- 
tion in this and other countries, and several more or less 
formidable difficulties have been met with in their application, 
in small-arms especially ; these arise in part from the compara- 
tively great heat they develop, which increases the erosive effects 
of the products of explosion, and in part from the more or less 
complete absence of solid products. The surfaces of the barrel 
ami of the projectile being left clean, after the firing, are in a 
condition favourable to their close adhesion wMie the bullet is 
propelled along the bore, with the consequeiu establishment of 
very greatly increased friction. The l^*'tcr difficulty has been 
surmounted by more than one expediAt, but always at the cost 
of absolute smbkeleseness. 

Our knowledge of the results obtained in France and Germany 
with the use of smokeless powders in the new rifles and in artillery 
is somewhat limited ; our own experiments have demonstrated 
that satisfactory results are attainable with more than one variety 
of them, not only in the new repeating-arm of our infantry, but 
also with our machine-guns, with field-artillery, and with the 
quick-firing guns of larger calibre which constitute an important 
feature in the armament of our Navy. The importance of ensur- 
ing that the powder shall not be liable to undergo chemical 
change detrimental to its efficiency or safety, when stored in 
different localities where it may be subject to considerable 
variations of temperature (a condition especially essential in 
connection with our own naval and military service in all parts 
of the world), necessitates qualities not very easily secured in an 
explosive agent consisting mainly of the comparatively sensitive 
nitro-compounds to which the chemist is limited in the production 
of a smokeless powder. It is possible, therefore, that the extent 
of use of such a material in our ships, or in our tropical posses- 
sions, may have to be limited by the practicability of fulfilling 
certain special conditions essential to its storage without danger 
or possible deterioration. If, however, great advantages are 
likely to attend the employment of a smokeless explosive, at any 
rate for certain Services, it will be well worth while to adopt 
such special arrangements as may be required for securing these 
without incurring special dangers ; this may prove to be especially 
necessary in our ships of war, where temperatures so high as to 
be prejudicial even to ordinary black powder, sometimes prevail 
in the magazines, consequent mainly upon the positions assigned 
to them m the ships, but which may be guarded against by 
measures not difficult of application. 

The Press accounts of the wonderful performances of the first 
smokeless powder adopted by the French — which, it should be 
added, were in some respects confirmed by official reports of 
officers who had witnessed experiments at a considerable distance 
— engendered a belief that a very great revolution in the conduct 
of campaigns must result from the introduction of such powders. 

It was even reported veiy positively that noiselessness was one 
of the important attributes of a smokeless powder, and highly- 
coloured comparisons have, in ccmsequence, been drawn^ in 
Service-periomcals, and even by some military authorities, 
between the battles of the past and those of the future ; the 
terrific din caused by the firing of the many guns and the roar of 
infantry-fire, in heavy engagements, being supposed to be re- 
duced to noise so slight that distant troops would fail to know in 
what direction Uieir comrades were engaged, and that sentries 
and outposts would no longer be able to warn their comradM of 
:he approaching foe by the discharge of their rifles. Military 
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journals of renowoi misled hy such legendary accounts, chiefly 
emanating from France, referred to the absence of noise and 
smoke in battles as greatly enhancing the demands for skill and 
courage, and as surrounding a fight with mystery. The absence 
of recoil when a rifle was fired with smokeless powder was 
another of the marvels reported to attend the use of these njw 
agents of warfare. It need scarcely be said that a closer ac- 
quaintance with them has dispelled the credit given to such of 
the accounts of their supposed qualities as were mythical, and a 
belief in which could only be ascribable to a phenomenal com- 
bination of credulity with ignorance of the most elementaiy 
scientific knowledge. 

The extensive use which has been made in Germany of smoke* 
less or nearly smokeless powder in one or two special military 
displays has, however, afforded interesting indications of the 
actual change which is likely to be wrought in the conditions 
under which engagements on land will be fought in the future, 
provided these new explosives thoroughly establish and maintain 
their position as safe and reliable propelling agents. Although 
the powder adopted in Germany is not actually smokeless, the 
almost transparent film of smoke produced by independent rifle- 
firing with it is not visible at a distance of about 3ooyards ; at shorter 
distances it presents the appearance of a puff from a cigar. The 
most rapid salvo- firing by a large number of men does not have 
the effect of obscuring them from distant observers. When 
machine-guns and field-artillery are fired with the almost ab- 
solutely smokeless powder M^hich we are employing, their posi- 
tion is not readily revealed to distant observers by the momentary 
vivid flash of flame and slight cloud of dust produced. • 

There now ^p|^s little doubt that in future warfare belli- 
gerents on both sion will alike be users of these new powders ; 
the fscreening or obscTMig effect of smoke will therefore be 
practically absent during engagements between contending 
forces, and while, on the one hand, the very important protection 
of smoke, and its sometimes equally important assistance in 
manoeuvres, will thus be abolished, both combatants will, on 
the other hand, secure the advantages of accuracy of shooting 
and of the use of individual fire, through the medium of cover, 
with comparative immunity from detection. Such results as 
these cannot fail to affect, more or less radically, the principles 
and conditions under which battles have hitherto been fought. 
With respect to the naval service, it is especially for the quick- 
firing guns, so important for defensive purposes, that a smokeless 
powder has been anxiously looked for ; by the Adoption of such 
a powder as has during the past year been elaborated for our 
artillery, should experience establish its reliability under all 
Service conditions and its power to fulfil all reasonable require- 
ments in regard to stability, these guns will not only be used by 
our ships under conditions most favourable to their efficiency, 
but their power will also be very importantly increased. 

The ready and safe attainment of very high velocities of pro- 
jection through the agency of these new varieties of explosive 
agents, employed in guns of suitable construction, would appear 
at first sight to promise a very important advance in the power 
of artillery ; the practical difficulties attending the utilization of 
these results are, however, sufficiently formidable to place, at 
any rate at present, comparatively narrow limits upon our 
powers of availing ourselves of the advantages in ballistics which 
they may present. The strength of the gun-carriages and the 
character of the arrangements used for absorbing the force of 
recoil of the gun, need considerable modifications, not easy of 
application in some instances ; greater strength and perfection of 
manufacture are imperative in the case of the hollow projectiles 
or shells to be used with charges of a propelling agent by the 
firing of which in the gun they may be submitted^ to compara- 
tively very severe concusslbns ; the increased friction to which 
portions of the explosive contents of the shell are exposed by 
the more violent setting back of the mass may increase the pos- 
sibility of their &cidental ignition before the shell has been pro- 
jected from the gun ; the increase of concussion to which the 
fuze in the shell is exposed may give rise to a similar risk con* 
sequent upon an increased liability to a failure of the mechanical 
devices which are applied to prevent the igniting arrangement, 
designed to come into operation only upon the impact or graze 
of the projected shells, from being set into action prematurely 
by the shock of the discharge ; lastly, the circumstance that the 
rate of burning of the time-fuze which determines the efficiency 
of a projected shrapnel shell is materially altered hy an increase 
in the velocity of night of the shell, also presents a source of 
difficulty. 
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The fallibility of even the most simple forms of fuze, manu- 
factured in very large numbers, although it may be remote, must 
always engender* a feeling of insecurity, when shells are em* 
ployed containing an explosive agent of the class which, in 
recent years, it has been sought, by every resource of ingenuity, 
combined with intimate knowledge of the properties of these 
explosives, to apply as substitutes for gunpowder in shells, on 
account of their comparatively great destructive power. 

One of the first uses, for purposes of warfare, to which it was 
attempted to apply gun-cotton, was as a charge for shells. But 
even when this was highly-compressed, and accurately fitted the 
shell-chamber, with the intervention only of a soft 'packing 
between the surfaces of explosive and of metal, to guard against 
friction between the two upon the shock of the dischaige, no 
security was attainable against the ignition of the comparatively 
sensitive explosive by friction established within its mass at the 
moment when the shell is first set in motion. By the premature 
explosion .of a shell charged with gunpowder, no important 
injury is inflicted upon the gun, but a similar accic^ntal ignition 
of a gun-cotton charge must almost inevitably burst the arm. 
The earlier attempts to apply gun-cotton as a burstin^-chaige 
for shells were several times attended by very disastrous 
accidents of this kind ; but the fact, afterwards discovered, 
that wet compressed gun-cotton, even when containing sufficient 
water to render it quite uninflammable, can be detonated through 
the agency of a sufficiently powerful charge of fulminate of 
mercury, or of a small quantity of dry ^n-cotton embedded 
within it, has led to the perfectly safe application of gun-cotton 
in shells, provided the mze, through the agency of which the 
initiative detonating agent in the shell comes into operation, is 
secure against any liability to premature ignition when the gun 
is fired. Many successful experiments have been msffie with 
shells thus charged with wet gun-cotton, which is now recognized 
as a formidable destructive agent applicable in shells with much 
less risk of casualty than attends the use of many other of the 
violent explosive bodies which it has become fashionable, in pro- 
fessional parlance, to designate as *‘high explosives.” 

Many devices and arrangements, more or less ingenious and 
complicated, have been schemed, especially in the United States, 
for applying preparations of the very sensitive liquid, nitro- 
glycerine, such as dynamite and blasting-gelatine, as charges for 
shells. Some^f these consist in subdividing the charge by more 
or less elaborate methods ; in others the shell is also lined with 
some soft elastic packing-material, and paddings of similar mate- 
rial are applied in the head and the base of the shell-chamber, 
with the object of reducing the friction and concussion to which 
the explosive is exposed when the projectile is first set in motion. 
Such arrangements obviouslv reduce the space available for the 
charge in the shell, and the best of them fail to render these ex- 
plosives as safe to employ as wet gun-cotton. In order to avoid 
exposing shells loaded with such explosives to the concussion 
produced when propelling them by a powder-charge, compressed 
air has been applied as the propelling agent, and guns of special 
construction and very large dimensions, from which shells con- 
taining as much as 500 Ite. of gun-cotton or dynamite are pro- 
jected through the agency of compressed air, have recently 
been elaborated in the United States, where great expectations 
are entertained of the value, for war-purposes, of these so-called 
pneumatic guns. 

A highly ingenious device for utilizinga class of very powerful 
explosives in shells, without any risk of accident to the gun, was 
not long since brought forward by Mr. Griisen, the well-kqpwn 
armour-plate and projectile manufacturer of Magdebui^g. It 
consisted of a thoroughly efficient arrangement for applying the 
fact, first demonstrated by Dr. Sprengel, that mixtures of nitric 
acid of higj^ specific gravity with solid or liquid hydrocarbons, 
or with the nitro-coropounds of these, are susceptible of detona- 
tion, with development of very high energy. The two agents^ 
of themselves non-explosive— nitric acid and the hydrocarbon^ 
or its nitro-product — are separately confined in the shell ; when 
it is first set in motion by tne firing of the gun, the fracture of 
the receptacle containing the liquid nitric acid is determined by 
a very sinple device ; the two substances are then free to come 
into contact, and their very rapid mixture is promoted by the 
rotation’ of the shell, so that, almost by the time that it is pro- 
jected from the gun, its contents, at first ^uite harmless, have 
become converted into a powerfully explosive mixture, rtBdy to 
come into operation through the action of the fifiee. Although 
safety appears assured tjy this system, the comparatively .com- 
plicated nature of the contrivance, and the loss ot space in the 
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shell thereby entailed, place it at a disadvantage, especially since 
some other veiy violent explosive agents have come to be applied 
with comparative safety in shells. 

Between four and five years ago intelligence first reached us 
of marvellously destructive effects produced by shells charged 
with an explosive agent which the French Government was 
ela berating. The reported results surpassed any previously re- 
corded in regard to violently destructive effects and great velocity 
of projection of the fragments of exploded shells, and it was 
asserted that the employment of this new material, Melinite, 
was unattended by the usual dangers incident to this particular 
application of violent explosive agents, an assertion scarcely 
consistent with accounts which soon reached us of severid 
terrible calamities due to the accidental explosion of shells 
loaded with Melinite. 

Although the secret of the precise nature of Melinite has been 
extremely well preserved, it transpired ere long that extensive 
purchases were made in England, by or for the French authorities, 
of one of the^ many coal-tar derivatives which for some years past 
has been extensively manufactured for tinctorial purposes, but 
which, although not itself classed among explosive bodies until 
quite lately, had long before been known to furnish, with some 
metals, more or less highly explosive combinations, some of 
which have been applied to the production of preparations sug- 
gested as substitutes for gunpowder. 

The product of destructive distillation of coal from which, by 
oxidation, this material is now manufactured, is the important 
and universally-known antiseptic and disinfectant, carbolic acid, 
or phenol. Originally designated carbazotic acid, the substance 
now known as picric acid was first obtained in small quantities 
as a chemical curiosity by the oxidation of silk, aloes, &c., and 
of the vfifell-known blue dye indigo, which thus yielded another 
dye of a brilliant yellow colour. To the many who may regard 
this interesting phenol-derivative as a material concerning the 
stability and other properties of which we have little knowledge 
it will be interesting to learn that it has been known to chemists 
for more than a century. It was first manufactured in England 
for tinctorial purposes by the oxidation of a yellow resin 
{Xanthorrhota hasiilis)^ known as Botany Bay gum. Its pro- 
duction from carbolic acid was developed in Manchester in 1862, 
and its application as a dye gradually extended, until, in 1886, 
nearly 100 tons were produced in England and Wales. 

Although picric acid compounds were long since experimented 
with as explosive agents, it was not until a very serious accident 
occurred, in 1887, at some works near Manchester where the 
dye had been for some time manufactured, that public attention 
was directed in England to the powerfully explosive nature of 
this substance itself. The French authorities appear, however, 
to have been at that time already engaged upon its application 
as an explosive for shells. It is now produced in very large 
quantities at several works in Great Britain, and it has been 
extensively exported during the last four years, evidently for 
other than the usual commercial purposes. Large supplies of 
phenol, or carbolic acid, have, at the same time, been purchased 
in England for France, and lately for Germany, doubtless for 
the manufacture of picric acid, very extensive works having been 
established for its production in both those countries. It has 
been made the subject of experiment by our military authorities, 
and its position has been well established as a thoroughly stable 
explosive agent, easily manufactured, comparatively safe to deal 
with, and very destructive when the conditions essential for its 
detonation are fulfilled. 

Tne precise nature of Melinite appears to be still only known 
to the French authorities ; it is asserted to be a mixture of picric 
acid with some material imparting to it greater power ; but 
accounts of accidents which have occurred even (]fli|ite recently 
in the handling of shells charged with that material appear to 
show that, in point of safety or stability, it is decidedly inferior 
to simple picric acid. Reliable as the latter is in this respect, 
its employment is, however, not unattended with the difficulties 
and risks which have to be encountered in the use, in shells, of 
other especially violent explosives. Future experience in actual 
warfare can alone determine decisively the relative value of 
violent explosive agents, like picric acid or wet gun-cotton, and 
of the comparatively slow explosive, gunpowder, for use in 
shells ; it is certain, however, tnat the latter still presents dis- 
tinct advantages in some directions, and that there is no present 
prospect of iti being more than partially superseded as an 
explcwve for shells. , 

* With/ regard to submarine mines and locomotive torpedoes, 

NO. 1088. VOL. 42] 


such as those marvels of ingenuity and constructive skill, the 
Whitehead and Brennan torpedoes, the important progress 
recently made in the practical development of explosive agents 
has not resulted in the provision of a material which equals wet 
compressed gun-cotton in combining with great destructive 
p(\wer the all-important essential of safety to those who have 
to deal with these formidable weapons, and to man the small 
vessels which have to perform the very hazardous service of 
attacking ships of war at short distances by means of locomotive 
torpedoes. 

Although the subject of the development of explosive force 
for purposes of war has of late received from workers in applied 
science, from seekers of patentable inventions, and even from 
the public generally, a somewhat predominating share of atten- 
tion, considering that we congratulate ourselves upon the enjoy- 
ment of a period of profound peace, yet the production of new 
explosive agents for mining and c|uarrying purposes, which 
present or lay claim to points of superiority over the well- 
established blasting-agents, has been by no means at a standstill. 
For many years the main object sought to be achieved in this 
direction was to surpass, in power or adaptability to particular 
classes of work, the well-known preparations of nitro-glycerine 
and gun-cotton, which, during the past twenty years, have been 
formidable competitors and, in many directions, absolutely 
successful rivals, of black powder. It is both interesting and 
satisfactory to note, however, that this object has of late, and 
especially since the publication of the results of labours of 
liAglish and foreign Commissions on the causes of mine-acci- 
dents, been prominently associated with endj^v^rs to solve the 
important problems of combining, in an explosive agent, efficiency 
in point of power with comparative jvli-sensitiveness to explo- 
sion by friction or percussion, and of ^curing its effective opera- 
tion with little or no accompaniment of projected flame. Safety- 
dynamites, flameless explosives, water-cartridges, and other 
classes of materials and devices connected with the getting of 
coal, the quarrying of rock, or the blasting of minerals, have 
claimed the attention of those who guide the miner's work ; in 
some of these directions the practical results obtained have been 
beyond question important, and, indeed, conclusive as regards 
the great diminution of risks to which men need be exposed in 
those coal-mines where the ordinary use of explosives, although 
not altogether inadmissible, may at times be attended with 
danger. It is to be feared that those results are still far from 
receiving the amount of application which might reasonably be 
hoped for ; but, at any rate, there are, among the extensive 
mining districts where the employment of explosives in connec- 
tion with the getting of coal cannot be dispensed with, several 
of import«ince where the use of gunpowder has almost entirely 
given place to the adoption of blasting-agents or methods of 
blasting, the employment of which is either not, or only very 
exceptionally, attended by the projection of flame or incandescent 
matter into the air where the shot is fired. 

The mining public is especially indebted to German workers 
for much of the success which has been obtained in this direction, 
and also to the eminent French authorities, Mallard and Le 
Chatelier, for their thorough theoretical and practical investiga- 
tions bearing upon the prevention of accidental ignition of fire- 
damp during blasting operations. Having arrived at the conclusion 
that fire-damp- and air-mixtures are not ignited by the firing of 
explosive preparations which develop bv their detonation tem- 
peratures lower than xazo"* C., they found that ammonium- 
nitrate, although in itself susceptible of detonation, does not 
develop a higher temperature than 1130'' C., while the tempera- 
ture of detonation of nitrojglycerine and gun-cotton are, respec- 
tively, 31 70* and 2636*. The admixture of that salt with nitro- 
glycerine or gun-cotton in sufficient proportion to reduce the 
temperature of detonation to within safe limits ^Ilows, therefore, 
of tne employment of those explosive iments in the presence of 
fire-damp mixtures without risk of accident, and this fact has 
led to the effective use of such mixtures as safe blasting-agents 
in coal. 

Those who have been content .to labour long and arduously 
with the objects steadily in view of advancing our knowledge 
of the causes of mfaie-accidents and of devdoping resources 
and measures for removing or combating those causes, can 
cherish the conviction that recent legislation in connection with 
coal-mines, based upon the tesults of those labours, has been 
already pi^uctive of decided benefits to the miner, even al- 
though it has fallen short of what might reasonably have been 
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Tioped for as an outcome of the very definite results and conclu- 
sions arrived at by the late Royal Commission on Accidents in 
Mines (in the recent much-lamented death of whose universally 
respected chairman, my late esteemed friend and colleague, Sir 
Warington Smyth, the scientific world has sustained the loss of 
an ardent worker, and the miner, of an invaluable friend). 

The fearful dangers arising from the accumulation of in- 
flammable dust in coal-mines, and the equality of mine-dust 
with fire-damp in its direful power of propagating explosions, 
which may sometimes even be, in the first instance, established 
chiefly or entirely through its agency, have now been long recog- 
nized as beyond dispute ; and it is satisfactory to know that per- 
mission to fire shots in mine-workings which are dry and dusty 
has, by recent legislation, been made conditional upon the 
previous laying of the dust by effective watering. In some 
mining districts, moreover, the purely voluntary practice has 
been extensively adopted by mine-owners of periodically water- 
ing the main roads in dry and dusty mines, or of frequently 
discharging water-spray into the air in such roads, which must 
tend greatly to reduce the possible magnitude of the disastrous 
results of a fire-damp or dust explosion in any part of the 
mine-workings. 

The encouragement given to the application of the combined 
resources of ingenuity, mechanical skill, and knowledge of 
scientific principles, through the elaborate, but thoroughly 
practical comparative trials to which almost every variety of 
safety-lamp has, during the last few years, been submitted by^ 
competent and cog^ientious experimenters, has resulted in the 
provision of lampsTb^he hand of the miner which combine the 
^’ssential qualities of FarNe, under the most exceptionally severe 
conditions, with good illi? 5 i^inating power, .simplicity of con- 
struction, lightness, and moderate cost. Very important pro- 
gress has also been made, since the first appointment of the late 
Accidents in Mines Commission, towards the provision of 
thoroughly serviceable and safe portable electric lamps for use 
in mines. Of those which have already been in the hands of 
the miners, several have fairly fulfilled his requirements as 
regard.s size, weight, and illuminating power of sufficient dura- 
tion ; but much .still remains to be accomplished with respect to 
durability, simplicity, thorough portability, and cost, before the 
self-contained elec'tric lamp can be expected to compete success- 
fully with the greatly improved miners’ lamps which are now in 
use, or available. 

The recent legislation in connection with mines is certainly 
deficient in any sufficiently decisive measure for excluding from 
mine- workings certain forms of lamps which, while fairly safe in 
the old days of sluggish ventilation, are unsafe in the rapid air- 
currents now frequently met with in mines ; it is, however, very 
satisfactory to know that the strong representations on this sub- 
ject made by the late Commission, combined with the force of 
example and with the conclusive demonstration of the superiority 
of other lamps, by exhaustive experiments, have led within the 
last two years to the very general abandonment of the unpro- 
tected Davy, Clanny, and Stephenson lamps in favour, either 
of simple, safe modifications of these, or of other safe and 
efficient^ainps, and that one possible element of danger^ to ‘the 
miner has thus been eliminated, at any rate in many districts. 
In one important respect recent improved legislation has failed 
to effect a most desirable change — namely, in the substitution of 
safety-lamps for naked lights in workings where small local 
accumulations of fire-damp are discovered from time to time. 
There appears little doubt that one of the three fearful explo- 
sions which have occurred within the last twelve months — the 
explosion at Llanerch Colliery^ near Pontypool — was caused by 
the continued employment of naked lights in a mine where 
inspection constantly revealed the presence of fire-damp. This, 
ana two other teirible disasters, at Mossficld Colliery, in 
.’Staffordshire, at Morfa Colliery, near Swansea, which have 
occurred since the last meeting of the Association, may have 
seemed to weaken the belief that^ the operation of the recent 
Mines Regulation Act, which w^ based upon some of the 
results of seven years’ arduous labour of the late Mines Com- 
mission, must have resulted in veiy substantial improvement 
in the management of mines and in the conduct of work by 
the men. Happily, however, there is a consensus of opinion 
among those most competent to judge-— f.r. the Government 
Mine Inspectors — that very decided benefits have already accrued 
from the operation of the new Act. Although far from em- 
todying all that the experienced mine-owners, miners, and 
scientific workers upon that Commission, as well as practical 
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authorities in Parliament, concurred in regarding as reasonably 
adaptable, from the results of observation and experiment, to 
the furtherance of* the safer working of mines, this Act docs 
include measure.®, precautionary and preventive, of undeniable 
utility, well-calculated to lessen the dangers which surround the 
miner, and to add to his personal comfort underground. We 
may hope, moreover, that the operation of the Act is paving 
the way to more comprehensive legislation in the near future; 
for it can scarcely be doubted, by the light of recent sad ex- 
perience, that there are directions in which both masters and 
men still hesitate to adopt, of their own free will, measures or 
regulations, methods of working or appliances and precautions, 
which are calculated to be imi^rtant additional safeguards 
against mine-accidents, and which are either left untouched, 
or only hesitatingly and imperfectly dealt with in the recent 
enactment.s. . 

My labours upon the late Mines Commission repTesent only 
one of several subjects in connection with which it has been my 
good fortune to have opportunities of rendering some slight 
public service in directions contrasting with one of the main 
functions of my career, by endeavouring to apply the results of 
Fcieniific research to a diminution of the risks to which particular 
classes of the community, or the public at large, are exposed — 
of being sufferers by explosions, the results of accidents or other 
causes. 

During the pursuit of bread-winning vocations, and even in 
ordinary domestic life, the conditions, as well as the materials, 
requisite for determining more or less disastrous explosions are 
often ready to hand, and their activity may be evoked af anv 
moment through individual hcedlessness or through pure acci- 
dent. Steam, or gases confined under pressure, volatile inflam- 
mable liquids, combustible gases, or finely-divided inflammable 
solids, are now all well recognized as capable of assuming the 
character of formidable explosive agents ; but with respect to 
the three last-named, it is only of late that material progress has 
been made towards a popular comprehension and appreciation 
of the conditions conducive to danger, and of those by the 
fulfilment of which danger may be avoided. Thus, the causes 
of explosions in toal-laden ships, together with the occurrence 
of spontaneous ignition in coal-cargoes, another fruitful source 
of disaster, were made the subject of careful inquiry some years 
ago by a Royal Commission, upon which I had the pleasure of 
working with the late Dr. Percy, whose invaluable labours for 
the advancement of metallurgic science will always be gratefully 
remembered. The light thrown by that inquiry upon the causes 
of those disasters, and upon the condition.s to be fulfilled for 
guarding against the accumulations of fire-damp, gradually • 
escaping from occlusion in coal, and of heat, developed by 
chemical changes occurring in coal-cargoes, has unquestionably 
led to an important reduction of the risks to which coal-laden 
ships are exposed. Subseouent official inquiries and experi- 
mental investigations, in which I took part with the late Sir 
Warington Smyth and some eminent naval officers, consequent 
upon the loss of H.M. S. Doterel through the accidental ignition 
of an explosive mixture of petroleum spirit- vapour and air (and 
other calamities in war-ships originating with the gradual emission 
of fire-damp from coal), have resulted in the adoption of efficient 
arrangements for ventilating all spaces occupied by, and con- 
tiguous to, the large supplies of fuel which these vessels.ha^e 
to carry. 

The thorough investigation, by Rankine and others, of the 
causes of explosions in flour-mills, which in years past were so 
frequent and disastrous, has secured the adoption of efficient 
measures for mminishing the production, and the dissemination 
through channels and other spaces in the mills, of explosive 
mixtures of flour-dust and air, and for guarding against their 
accidental ignition. The numerous terrible accidents caused by 
the formation and accidental ignition of explosive mixtures of 
inflammable vapour and air in ships carrying cargoes of petro- 
leum stored in Wrels or in tanks, have, by the investigations to 
which they have given rise, led to the indication of effective 
precautionary measures for guarding against their recurrence. 
Again, the many distressing accidents, frequently fatal, which 
have attended the domestic use of those valuable illuminants, 
petroleum and mineral oils of kindred character,* have been 
made the subject of exhaustive investigations, which have de- 
monstrated that these disasters may readily be prevented by the * 
employment of lamps of proper construction, and by the obser- 
vance of very simple precautions by the users of them ; and a 
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recent official inquiry which I have conducted with Mr. Boverton 
Redwood has furnished most gratifying proof that very substan- 
tial progress has been made within the last few years by lamp- 
manufacturers in the voluntary adoption, of^ such principles of 
construction as we had experimentally demonstrated to be essen- 
tial for securing the safe use of mineral oils in lamps for lighting 
and heating purposes, the employment of which has, within a 
brief period, received enormous extension in this and other 
countries. 

The creation and rapid development of the petroleum industry 
has, indeed, furnished one of the most remarkable illustrations 
which can hi cited of industrial progress during the period 
which has elapsed since the British Association last met in 
Leeds. One year after that meeting, viz. on August 28, 1859, 
the first well, drilled in the United States with the object of 
obtaining petroleum, was successfully completed, rfnd the rate 
of increase^, in production in the Pennsylvania oil- fields during 
the succeeding years is shown by the following figures,: — 

In 1859, Scob barrels (of forty- two American galtqns) were 
produced In the following year the production increased to 
500,000 barrels ; while in the next year (1861) it exceeded 

2.000. 000 barrels, at w»hich figure it remained, with slight 
fluctuations, until 1865. The supply then continued to increase 
gradually, until, in 1870, it reached nearly 6,o(X),ooo barrels ; 
while in 1874 it amounted to nearly 11,000,000 barrels. In 
1880 it amounted to over 26,000,000 barrels, and in 1882 it 
reached 31,000,000. Since then the supply furnished by the 
United States has fallen somewhat, and last year it amounted 
to 21,^500,000 barrels. The production of crude petroleum in 
the Pennsylvanian fields, large as it has been, has not, however, 
kept pace with the consumption, for we find that the accumu- 
lated stocks, which on December 31, 1888, amounted to over 

18.000. 000 barrels, had become reduced to about 11,000,000 
barrels at the close of last year. At this rate the surplus stock 
above ground will have vanished by the end of the current year. 
In addition to the petroleum raised in Pennsylvania, there is 
now a very large production in the State of Ohio ; but this has 
not as yet been employed as a source of lamp-oil ; it is, how- 
ever, transported by pipe line in great quantities to Chicago, for 
use as liquid fuel in industrial operations. ^ 

A few years after the development of the United States petro- 
leum-industry, the production of crude petroleum in Russia also 
began to extend very rapidly. For more than 2500 years, Baku, 
on the borders of the Caspian Sea, has been celebrated for its 
naphtha springs, and for the perpetual flames of the Fire 
Worshippers, fed by the marvellous subterranean supplies of 
natural gas. To a limited extent neighbouring nations appear 
to have availed themselves of the vast supplies of mineral oil 
at Baku during the past thousand years. By the thirteenth 
century the export of the crude oil had already become some- 
what extensive, but the production of petroleum from it by dis- 
tillation is of comparatively recent date. In 1863 the supplies 
of petroleum from the Baku district amounted to 5018 tons ; 
they increased to somewhat more than double during the suc- 
ceeding five years. In 1869 and following three years the pro- 
duction reached about 27,000 tons annually, and in 1873 
about 64,000 tons; three years later, 153,000 tons were pro- 
duced, and in the following five years there was a steady annual 
increase, until, in 1882, the production amounted to 677,269 
10.1s; in 1884 it considerably exceeded 1,000,000 tons, and last 
year it had reached the figure of about 3,300,000 Ions. The 
consumption of crude petroleum as fuel for locomotive purposes 
has, moreovj^ now assumed very large proportions in Russia, 
and many nuRlbns of gallons are annually consumrd in working 
the vast system of railways on both sides of the Caspian Sea. 

The imported refined jietroleum used in this country in lamps 
for lighting, heating and cooking, was exclusively American 
until within the last few years, but a very large proportion of 
present supplies comes from Russia. The imports of kerosene 
into London and the chief ports of the United Kingdom during 
1889 amounted to 1,116,205 barrels of United States oil, and 
771,227 barrels of Russian oil. During the same period the out- 
turn of miheral oil for use in lamps by the Scottish shale oil 
companies probably amounted to about 500,000 barrels. 

Another important feature connected with the development 
of the petroleum industry is the great extent to which the less 
Volatile products of its distillation have replaced vegetable and 
animal oils and fats for lubricating purposes in this and other 
countries. The value of petroleum as a liquid fuel and as a 
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source of gas for UlAinating purposes has, moreover, been long' 
since recognized, iJlvit is probable that one outcome of the 
attention which is^Mw being given to the hitheno unwofked 
deposits of petroi^ujL^n the East and West Indies, South 
America, and elsewqPt« will be a very large increase in it» 
application to these pii(|mes. In the E^t Indies there are vast 
tracts of oil-fields in^^JSurpiab, Baluchistan, Assam, and the 
Punjab. The native' ]^angoon oil industry is one of great 
antiquity, although the oif was only used in the crude condition 
until about thirty-five years ago, at which time Dr. ^ Hugo Miil- 
ler, with the late Warren Db la Rue, whose many-sided labours 
and generous benefactions have so importantly contributed to 
the advancement of science, made valuable researches on the 
products furnished by crude oil j|K^ported from Rangoon. The 
resources of the oil-fields of Upper Burmah, especially of the dis- 
trict of Yenangyoung (or of, stinking water) ^ have since 

then been developed by British enterprise, and have attained to 
considerable importance since our annexation of Upper Burmah. 

The great extension of the petroleum trade is gradually lead- 
ing to very important improvements in the system of transport 
of the material over water and on land. TJntil recently this has 
been carried out entirely in barrels and tin cases ; the conse- 
quent great loss from leakage and evaporation, accompanied by 
risk of accident, is now ^coming much reduced by the rapidly- 
increasing employment of tank-steamers, which transport the oil 
in bulk. Tank rail way- waggons have for some time past been 
in use in Russia, and there is a prdspect of these and of tank- 
'fcarges being adopted here for the distribution pf the oil ; while 
in London, the practice is already spreaditj^^^radually of distri- 
buting supplies to tradesmen from timk-^^pad-waggons. Some 
considerable doubt as to whether tlvf risk of accident has not 
rather been altered in character than actually reduced by the new 
system of transport, has not imnaturally been engendered in the 
public mind by the occurrence within a comparatively short 
period of several serious disasters during the discharge of cargoes 
from tank -vessels. The memorable explosion which took place, 
in October 1888, on board the VilU de Calais^ in Calais Har- 
bour, with widespread destructive effects, was followed by a. 
similarly serious explosion in the Fergusons^ at Rouen, last 
December, and, more recently, by a fire of soinewhat destructive 
character at Sunderland, resulting from the discharge into the 
river of petrolem -residues from a ship’s tanks. In all these cases 
the petroleum was of a nature to allow inflammable^ vapour to 
escape readily from the liquid, so that an explosive mixture could 
be rapidly formed by its copious diffusion through the air. No 
similar casualty has been brought to notice as having happened 
to tank-ships carrying petroleum oil of which the volatility is in 
accordance with our legal requirements, and this points to the 
prudence of restricting the application of the tank systein to the 
transport and distribution of such petroleum as complies with 
well-established conditions of safety. 

Another most remarkable feature connected with the develop- 
ment oHhe petroleum industry is presented by the utilization,, 
within the last few years, of the vast supplies of natural inflam- 
mable gas furnished by the oil-fields. 

In America this remarkable gas-supply was for a long time 
only used locally, but, before the close of 1885 its conveyance to 
a distance by pipes, for illuminating and heating purposes, had 
assumed large proportions ; one of the companies in Pittsburgh 
having alone laid 335 miles of pipes of various sizes, through 
which gas was supplied equivalent in heating value to 3,650,00a 
tons of coal per annum. Since then the consumption in and 
around Pittsburgh has probably been at least tripled. At the 
close of 1886 SIX different companies were conveying natural 
gas by pipes to Pittsburgh from i6> wells; 500 miles of pipe, 
ranging in diameter from 30 inches to 3 inches, were used by 
tkese companies, 232 miles of which were laid within Pittsburgh 
itself. The Philadelphia Company, the most important of these * 
associations, then owned the gas supply from 54,000 acres of' 
land situated on all the anticlinals around Pittsburgh, but drew 
its supplies only from Tarentum and the Murraysville field. It 
supplied, in 1886, 470 factories and about 5000 dwellings within 
the city, besides many factories and dwellings in Alleghany, and 
in numerous netehbouring villages. The average gas-pressure 
at the wells, when the escape is shut off, is about 500 lbs. per 
square inch, and in the case of new wells this pressure is very 
greatly exceeded. In order to minimize the danger from leakage 
the gas-pressure in the city is reduced to a maximum of 13 lbs,,, 
and is regulated by valves at a number of stations under the 
control of a central station. The usual pressure in the larger 
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lines is from 6 to 8 lbs., while in the low-pressure lines it does 
not exceed 4 to 5 ounces. 

The effect of the change from coal-gas to natural gas upon the 
atmosphere over Pittsburgh has been most marked ; formerly 
the sky was constantl]^ obscured by a canopy, of dense smoke ; 
now the atmosphere is clear, and even white paint may with 
impunity be employed for the house fronts. 

The very rapid development of the employment of natural 
gas is not confined to the neighbourhood of Pittsburgh ; it is 
used for heating purposes in the cities of Buffalo, Erie, James- 
town, Warren, Olean, Bradford, Oil City, Titusville, Meadville, 
Youngstown, and perhaps twenty more towns and villages in 
Pennsylvania and North-western New York. In North-western 
Ohio, the cities of Toledo and Sandusky, the towns of Findlay, 
Lima, Tiffin, Fostoria, and others in that section are also sup- 
plied with natural gas ; a pipe line has moreover been recently 
laid to Detroit, Mich., and it is estimated that in these localities 
36,131,669,000 cubic feet of the gas were consumed during la^-t 
year, displacing 1,802,500 tons of coal. To the south-west of 
Pittsburgh there are many smaller places which consume natural 
gas ; it also occurs in considerable quantity, and is being utilized, 
in Indiana (whence an account has recently reached us of a 
terrific subterranean explosion of the gas) ; and it is at the pre- 
sent time contemplated to carry a natural gas-supply to Chicago. 

The utilization of the natural gas of the Russian oil-fields, 
although of very ancient date, has hitherto not been extensive, 
neither does the magnitude of the supply appear to bear com- 
parison with that of the Pennsylvanian district. • 

A form of gS!>pqiis fuel which has long been known to technical 
chemists and melanmgists, but which has of late attracted con- 
siderable attention, eV;i!ecially in connection with the recent 
interesting work relating to its applications pursued by Mr. 
Samson Fox, of Leeds, has become, within the fast four years, 
a competitor, in the United States, both of the natural gas of 
Pennsylvania and of coal-gas. Since Felix Fontana fir>t pro- 
duced so-called water-gas in 1780, by passing vapour of water 
over highly-heated fuel, many methods, differing chiefly in small 
details, have been proposed for carrying out the operation, with 
a view to the ready and cheap production of the resulting mix- 
ture of hydrogen and carbonic oxide, and numerous technical 
applications of water-gas have been suggested from time to 
time, with no very important results, excepting as regards its 
use for lighting-purposes. Being of itself non-luminous, its 
utilization in this direction is accomplished, either by mixing it 
with a highly luminous gas, or by causing a hydrocarbon vapour 
to be diffused through it ; or the non-luminous flame, produced 
by burning it in the air, is made to raise to incandescence some 
suitably prepared solid substance, such as magnesia, lime, a 
zirconium salt, or platinum, whereby bright light is emitted. 
The objection to its employment as an illiiminant for use in 
buildings, to which great weight is attached by us, and rightly, 
as sad experience has shown — viz. that, as it consists, to the 
extent of about one-half its volume, of the highly poisonous gas 
carbonic oxide, the atmosphere in a confined space may be 
rendered irrespirable by a small accidental contamination with 
water-gas, by leakage or otherwise, not detectable by any odour 
— appears to constitute no great impediment to its employment 
in tne United States, as it is now manufactured for illuminating 
and heating purposes by a large proportion of their gas-works, 
being in some places employed in admixture with a highly 
luminous coal-gas, in others rendered luminous by the alternative 
methods mentioned. It is stated that about three-fourths of the 
illuminating gas now supplied to the cities of New York, 
Brooklyn, Philadelphia, Jersey, St. Paul, and Minneapolis, is 
carburetted water-gas ; m Chicago the entire supply now con- 
sists of this gas, and Boston will also soon be supplied exclu- 
sively with it. The use of water-gas for metallurgic work does 
not appear to he contemplated in the United States, but it Is 
especially to such applications of the gas that much attention has 
been devoted here in Leeds ; and although some eminent 
experts are sceptical regarding the attainment of advantages, 
ei^ecially from an economical point of view, by the employment 
of this form of gaseous fuel, especially after practical experience 
in the same direction acouired in Germany, the technical world 
must feel grateful to Mr. Fox for his work in this direction, 
affording, as it does, an interesting illustration of the qualities 
of perseverance and energy which, when combined with sound 
knowledge, often achieve success in directions that have long 
appeared most unpromising— oualities which have been charac- 
teristic of many pioneers in industrial progress in this country. 
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Leeds has been especially fortunate in the possession of such 
pioneers, who, when competition brought about great* changes in 
the particular trade through which, for many generations, this 
city chiefly enjoyed prosperity and high renown, developed its 
power and resources in new directions, from which success soon 
flowed in continually increasing measure. The rapid rise of 
Leeds to its present high position in industrial prosperity and 
national importance most probably dates from the period when 
its chief staple industry began to experience serious rivalry, in 
its own peculiar achievements, on the part of other districts of 
the kingdom and of other countries. From early days a flourish- 
ing centre of one of the provinces of Great Britain most richly 
endowed with some of Nature’s best treasures, Leeds could 
scarcely have failed, through the energy, acute intelligence, and 
powerful self-reliance especially characteristic of the men of 
Yorkshire, to rapidly acquire fre>h renown in connection with 
industries* which either were new to the town and district, or bad 
been pursued in comparatively modest fashion, a^ which have 
combined to place the Leeds of to-day upon a higher pinnacle of 
commercial pro.sperity, power, and influence than her patriotic 
citizens of old could ever have dreamt of. 

An examination into the present educational resources of 
Leeds places beyond any doubt the fact that her present pro- 
sperity in commerce and industries is in no small degree 
ascribable to the paramount importance long since attached 
here to the liberal provision of facilities for the diffusion of 
knowledge among the artisan- and industrial-classes, and 
especially for the acquisition of a sound acquaintance with the 
principles of the sciences and their applications to technical 
purposes, with particular reference to the prominent local 
industries, by all grades of those who pursue or ihtend to 
pursue them. There is, probably, no town in the kingdom 
more amply provided with efficient elementary and advanced 
schools for both sexes, while the special requirements of the 
artisan are efficiently met by the prosperous School of Science 
and Technology. The resources of the Yorkshire College pro- 
vide, in addition, a combination of thorough scientific education 
with really practical training in the more important local 
industries ; indeed, during the sixteen years of its continually- 
progressive work, this institution has acquired so widespread a 
reputation thsft students come from abroad to reap the advantages 
afforded by the unrivalled textile and dyeing departments of the 
Leeds College. The keen competition now existing between 
these departments and the corresponding branches of the much 
younger but most vigorous sister College at Bradford, can only 
conduce to the further development of b3th, and to their thorough 
maintenance up to the requirements of the day. 

The very important pecuniary aid afforded to these establish- 
ments, and to a number of other technical schools in Yorkshire, 
by one of the roost important of the ancient Companies of the 
City of London, the Clothworkers, affords an interesting illustra- 
tion of the good work in the cause of education performed by 
those Guilds, and, especially of late years, by means of their 
flourishing Institute for the advancement of technical education, 
which, through its two great instructional establishments in 
London, and through the operation of its system of examinations 
throughout the country, extending now even to the colonies, has 
afforded very important aid towards eradicating the one great 
blot upon our national educational organization. To have been 
first in the field in practically developing a far-reaching scheme 
for the advancement of technical education in this countrj^must 
continue to be a source of pride to the City of London and its 
ancient Guilds in time to come, when the operation of efficient 
legislation, supported and extended by patriotic munificence and 
by the hesrty co-operation of associations of earnest and com- 
petent workers in the cause, shall have placed the machinery 
and resources for the technical instruction of the people upon a 
footing commensurate with our position among nations. 

The remarkable address delivered by Owen here in 1858, 
wherein the condition, at that time, of those branches of natural 
science which he had made particularly his own was most com- 
prehensively reviewed, included some especially interesting 
observations on the importance to the cultivation and progress 
of the natural sciences, and to the advancement of education of 
the masses in this country, of providing adequate ^pace and 
resources for the proper development of our national Museum 
of Natural History ; and it cannot but be a source of ^great 
satisfaction and pride to him to have lived to witn^ the 
thoroughly successful realization of the objects of his own 



448 


NA TURE 


[September 4, 1890 


indefatigable strivings and powerful advocacy in that direction. 
Comprehensive as were the views adopted by Owen regarding 
the scope and possible extension of that Museum, it may, how- 
ever, be doubted whether they ever embraced so extensive a 
field as was presented for our contemplation by his successor 
last year, when he told us that a natural history museum should, 
in its widest and truest sense, represent, so far as they can be 
illustrated by museum- specimens, all the sciences which deal with 
natural phenomena, and that the difficulties of fitly illustrating 
them havje probably alone excluded such subjects as astronomy, 
physics, chemistry, and physiolbgy, from occupying departments 
in our national Museum of Natural History. 

The application, in its broadest signification, of the title, 
Natural History Museum, may doubtless be considered to 
include, not only illustrations and examples of the marvellous 
works of the Creator and of the results of man’s labours in 
tracing their intimate history and their relations to eath other, 
but also illustnations of the means employed, and of the results 
attained, by man in his strivings to fathom and unravel the laws 
by which the domains of Nature are governed. But the reason 
why representative collections, illustrative of the physical sciences, 
do not form part of our national Natural History Museum, has, 
I venture to think, scarcely been correctly ascribable to any 
difficulty of organizing fit illustrations of methods of investiga- 
tion, of the attendant appliances, and of the results obtained by 
experimental research ; it appears, rather, to exist in the fact that 
physical science has hitherto had no share in such a combination 
of circumstances as has been favourable to the good fortunes and 
advancement of the natural sciences, and as is analc^ous to those 
which, frpm time to time, give rise to the provision of increased 
accommodation for our national art treasures. Our present 
national Science Collection, which has, indeed, had a struggle 
for existence, does not owe the development it has hitherto 
experienced to any such moral pre.^sure as has been several times 
exercised in the case of our art collections, by the munificence 
of individuals, with the result of securing substantial aid from 
national resources ; its gradual increase in importance has been 
due to the untiring perseverance of men of science, and of a few 
prominent influential and public-spirited authorities, in keeping 
before the public the lessons taught by careful inquiries, such 
as those intrusted to the Royal Commission on Scientific 
Instruction, into the opportunities afforded for the cultivation 
of science and the development of its applications, in other 
countries, as compared with those provided here. 

The success of the efforts made in 1875 ^ committee 

thoroughly representative of every branch of experimental 
science, to bring together in Lon<1on an international loan 
collection of scientific apparatus, and the widespread interest 
excited by that collection, led the Presllent of the Royal Society, 
in union with many distinguished representatives of science, 
to lay before our Department of Education a proposal to establish 
a national museum of pure and applied science, including the 
Museum of Inventions, which had already existed since i860 as 
a nucleus of a science museum, the establishment whereof had 
formed part of the original scheme of the Science and Art 
Department. The Loan Collection of 1876 did, in fact, and in 
consequence of the urgent representations then made, first put 
into practical shape the long-cherished desire of men of science 
to see an institution arise in England similar to the Conservatoire 
des Arts et Metiers of France, and it became the starting-point 
of thevnational collection, representative of the several branches 
of experimental science, which has been undergoing slow but 
steady development since that lime, patiently awaiting the pro- 
vision of a suitable home for its contents. This collection, 
which illustrates not only the means whereby the tirumphs of 
research in experimental science have been and are achieved, 
but also the methods by which these departments of science are 
taught, yields, small as it is, to none ot our national museum- 
treasures in interest and importance. 

In yet another way did that Loan Collection become illustrious: 
one of the most interesting features connected with it was the 
organization of a series of important conferences and explanatory 
lectures, serving to illustrate, and also greatly to enhance', its 
value, and affording most invaluable demonstration of the way in 
which such collecuons must exercise direct influence upon the 
advancement of. science and upon the diffusion of scientific 
knowledge. These lectures and conferences demonstrated the 
wisdom^of the snggestion made bjr the ifiustrious representative 
associated science in Leeds eighteen years previously, that 
public access to museums should be combined with the delivery 
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of lectures emphasizing and amplifying the information afforded 
by their contents. The example there set of thoroughly utilizing 
for instructional purposes, and for the advancement of science, 
a collection illustrative of the physical sciences, has since been 
followed by the Science and Art Department ; illustrative 
lectures connected with the existing nucleus of a national 
science collection, have been delivered from time to lime, and 
the objects in the collection are constantly utilized in the courses 
of instruction of the adjoining Normal School of Science. 

Although the national importance of thoroughly representative 
and continously-maintained science collections has long been 
manifest, not only to all workers in science, but also to all who 
have cared to inquire, even superficially, into the influence of 
the cultivation of science upon the industrial and commercial 
prosperity of the country, the labours of a Royal Commission, 
and of successive Committees, in demonstrating the necessity for 
the provision of adequate accommodation for such collections, 
and for their support upon the basis of that afforded to the 
natural history collections, have been very long in bearing fruit. 
However, lovers of science, and those who have the prosperity 
of the country near at heart, have at length cause for rejoicing 
at the acquisition by the nation of a site in all respects suitable 
and adequate for the accommodation of the science collections, 
which, as soon as appropriate buildings are provided for their 
reception, will not fail, in comprehensiveness and completeness, 
to become worthy of a country which has been the birthplace of 
mai^ of the most important discoveries in science, and of a 
people who have led the van among all nations^ making the 
achievements of science subservient to th^frS^ancement of 
industries and commerce. ^ 

The site selected as the permanenL^^me of our national 
Science Collections is immediately in rear of the Natural History 
Museum, and faces the stately edifice, now rapidly progressing 
towards completion, for the erection of which, as an Imperial 
memorial of the Queen’s Jubilee, funds were provided bv 
voluntary contributions from every portion of the Empire and 
every class in the Empire’s nations. The Imperial Institute, 
the conception of which we owe to His Royal Highness the 
Prince of Wales, occupies a central position among buildings 
devoted to the illustratioct and cultivation of pure and applied 
science and cf the arts — i.t. the Normal School of Science, 
the Technical College of the City and Guilds of London, the 
National Schools of Art, the Science Museum, the South Ken- 
sington Museum, and the Royal College of Music ; to which we 
may ere long see added a National Gallery of representative 
British Art. A more filling location could scarcely be con- 
ceived for this pre-eminently national institution, which has for 
its main objects the comprehensive and continuously progressive 
illustration — of the practical applications of the vast resources 
presented by the animal, vegetable, and mineral kingdoms to in- 
dustries and the arts ; of the extent, and the progressive opening 
up, of those resources in all parts of the Empire ; of the practical 
achievements emanating fiom the results of scientific research ; 
and of the utilization of the arts for the purposes of daily life. 
With the attainment of these phjects it will be the function of the 
Imperial Institute to combine the continuous elaboration of 
systematic measures tending to stimulate progress in trades and 
handicrafts, and to foster a spirit of emulation among the artisan 
and industrial classes. Another branch of the Institute’s work, 
upon which it is already engs^ed, is the systematic collection of 
data relating to the natural history, commercial geography, and 
resources of every part of the Empire, for wide dissemination, 
together with all current information bearing upon the commerce 
and industries of the Empire andofoth^r countries, which can be 
comprised under the head of Commercial Intelligence. The 
achievement of these objects should obviously tend to maintain 
intimate intercourse, relationship, and co-operation between the 
great home and colonial centres of commerce, industries, and 
education, and to enhance importantly our power of competing 
successfully in the great struggle, in which nations are con- 
tinuously engaged, for supremacy In commercial and industrial 
enterprise and prosperity. 

To the elaboration of the practical details of a ^stem of 
operation calculated to secure the objects I have indicated, 
eminent public-spirited men are now devoting tbeir best energies, 
with the sanguine expectation of realizing the hope cherishea by 
the Royal Founder of the Imperial Institute, that this memorial 
of the completion, by our beloved Sovereign, of fifty yean of a 
wise and prosperous reign, is destined to be one of the most 
important bulwarks of this country, its colonies and depend- 
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endesy by becoming a great centre of operations, ceaselessly 
active in fostering the unity, and developing the resources, and 
thus maintaining and increasing the power and prosperity, of our 
Empire. 


SECTION B. 

CHEMISTRY. 

Opening Address by Prof. T. E. Thorpe, B.Sc., Ph.D., 
F.R.S., Treas.C.S., President of the Section. 

Leeds has one most notable association with chemistry of 
which she is justly proud. In the month of September 1767, 
Dr. Joseph Priestley took up his abode in this town. The son 
of a Yorkshire cloth-dresser, he was born, in 1733, at Field- 
head, a village about six miles hence. His relatives, who were 
strict Calvinists, on discovering his fondness for books, sent him 
to the academy at Daventry to be trained for the ministry. In 
spite of his poverty and of certain natural disadvantages of 
speech and manner, he gradually acquired, more especially by 
his controversial and theological writings, a considerable in- 
fluence in Dissenting circles. A pressing invitation and the 
offer of one hundred guineas a year induced him to accept an 
invitation to take charge of the congregation of Mill Hill 
Chapel here. He was already known to science by his ‘‘ His- 
tory of Electricity,*' and the effort was made to attach him still 
more closely to its cause by the offer of an appointment as 
naturalist to Cook’s second expedition to the South Seas. But, 
thanks to the intervention of some worthy ecclesiastics on the* 
Board of Longitu'Sb^o had the direction of the business, and 
who, as Prof. Huxle^^nce put it, “possibly feared that a 
Socinian might undermine that piety which in the days of Com- 
modore Trunnion so strikidl^ly characterized sailocs,” he was 
allowed to remain in Leeds, where, as he tells us in his 
“ Memoirs,” he continued six years, “ very happy with a liberal, 
friendly, and harmonious congregation,” to whom his services 
(of which he was not sparing) were very acceptable. “In 
Leeds,” he says, “ I had no unreasonable prejudices to contend 
with, and I had full scope for every kind of exertion.” ^ 

We have every reason to feel grateful to the “ worthy ecclesi- 
astics,” since their action indirectly occasioned Priestley to turn 
his attention to chemistry. The accident of living near a brewery 
led him to study the properties of “ fixed air,” or carbonic acid, 
which is abundantly formed in the process of fermentation, and 
which at that time was the only gas whose separate and inde- 
pendent existence had been definitely established. From this 
happy accident sprang that extraordinary succession of dis- 
coveries which earned for their author the title of the Father of 
Pneumatic Chemistry, and which were destined to completely 
change the aspect of chemical theory and to give it a new and 
unexpected development. 

I have been Ld to make this allusion to Priestley, not so 
much on account of his connection with this place as for the 
reason that, as it seems to me, there has been a disposition to 
obscure his true relation to the marvellous development of che- 
mical science which made the close of the last century memorable 
in the history of learning. Our distinguished fellow-worker, M. 
Berthelot, the Perpetual Secretary of the French Academy, has 
recently published, under the title of “ La Revolution Chi- 
mique,** a remarkable book, written with great skill, and with 
all the charm of style and perspicacity which invariably charac- 
terizes his work, in which he claims for Lavoisier a participation 
in discoveries which we count among the chief scientific glories 
of this country. From the eminence of M. Berthelot's position 
in the world of science, his book is certain to receive in his own 
country the attention which il merits, and as it is issued as one 
of the volumes of the Bibliothique Scientifique Internationale, 
it will probably oljtain through the medium of translations a 
still wider circulation. I trust that I shall not be accused of 
being unduly actuated by what Mr. Herbert Spencer terms 
“ the bias of patriotism ” in deeming the present a fitting occa- 
sion on which to bring these claims to your notice with a view 
of determining how far they can be substantiated. 

All who are in the least degree familiar with the history of 
chemical science during the last hundred years will recognize, as 
I proceed, that the claims which M. Berthelot asserts on behalf 
of his illustrious predecessor are not put forward for the first 

^ Leeds still enjoys one of the fruits of Priestley’s insatiable power of 
work in her admirable Propric tary Library. He seems to have suggested 
its formation, and ^ its first honorary secretary. . . 
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time. Explicitly made, in fact, by Lavoisier himself, they were 
uniformly and consistently disallowed by his contei^poraries. 
M. Berthelot now seeks to support them by additional evidence, 
and to strengthen them with new arguments, and asks us thereby 
to clear the memory of Lavoisier from certain grave chaiges 
which He heavily on it. You have doubtless anticipated that 
these claims have reference to Lavoisier’s position in relation to 
the discovery of oxygen gas and the determination of the ntm* 
elementary nature of water. 

The substance we now call oxygen — a name we owe to 
Lavoisier — was discovered by Priestley on August i, 1774; he 
obtained it, as every schoolboy knSws, by the action of heat 
upon the red oxide of mercury. We all remember the charac* 
teristically ingenuous account which Priestley gives of the origin 
of his discovery. M. Berthelot sees in it merely the evidence 
of the essentially empirical character of his work. “ Priestley,” 
he says, “the enemy of all theory and of every hypothesis, 
draws no general conclusion from his beautiful discoveries, which 
he is pleased, moreover, not without affectation, to fltribute to 
chance. He describes them in the current phraseology of the 
period with an admixture of peculiar and incoherent ideas, and 
he remained obstinately attached to the theory of phlogiston up 
to his death, which occurred in 1804” (p. 40). Such a state- 
ment is calculated to give an erroneous idea of Priestley’s merit 
as a philosopher. That the implication it contains is wholly 
opposed to the real spirit of his work might be readily shown by 
numerous quotations from his writings. Perhaps this will suf- 
fice : — “ It is always our endeavour, after making experiments, 
to generalize the conclusions we draw from them, and by this 
means to form a theory or system of principles to which all the 
facts may be reduced, and by means of which we may able 
to foretell the result of future experiments.” This quotation is 
taken from the concluding chapter of his “Experiments and 
Observations on Different Kinds of Air,” in which he actually 
seeks to draw “ general conclusions ” concerning the constituent 
principles of the various gases which he himself made known to 
us, and to show the bearing of these conclusions on the doc- 
trine of phlogiston. That he was content to rest in the faith of 
Stahl’s great generalization, even to the end, is true, and the 
fact is the more re^iarkable when we recall the absolute sincerity 
of the man, his ^extraordinary receptivity, and, as he says of 
himself, his proneness “ to embrace what is generally called the 
heterodox side of almost every question.” If it is argued that 
this merely shows Priestley’s inability to appreciate theory, it 
must be at least admitted that there is no proof that he was 
inimical to it. His position is clearly evident from the conclud- 
ing words of the section of his work from which I have already 
quoted : — “ This doctrine of the composition and decomposition 
of water has been made the basis of an entirely new system of 
chemistry, and a new set of terms has been invented and appro- 
priated to it. It must be acknowledged that substances pos- 
sessed of very different properties may, as I have said, be com- 
posed of the same elements in different proportions and^ different 
modes of combination. It cannot, therefore, be sdid to be 
absolutely impossible but that water may be composed of these 
two elements or any other. But then the supi^sition should 
not be admitted without proof; and if a former theory will suf- 
ficiently account for all tne jacts there is no occasion to have 
recourse to a new one, attended with no peculiar advantage Uoc. 
cit,^ p. 543). ... I should not feel much reluctance to adopt 
the netv doctrine^ provided any new and stronger evidence be 
produced for it. But though 1 have given all the attention tMht 
I can to the experiments of M. Lavoisier, &c., I think that* 
they admit of the easiest explanation on the old syslem ” (Joe. cU.y 

p* 5^3}* 

The fact that Priestley was the first to consciously isolate 
oxygen is not contested by M. Berthelot, although he is careful 
to point out, what U.aiot denied, that the exact date of the dis- 
covery depends on Priestley’s own statement, and that his first 
publication of it was made in a work published in London in 1775* 
it was known before Priestley’s famous experiment that the red ' 
oxide of mercury, originally formed by heating the metal in con- ' 
tact with air, would ap^ain yield mercury by the simple action of 
heat and without the intervention of any reducing agent. Bayen, 
six months before the date of Priestley’s discovery, had observed ' 
that a gas was thus disengaged, but he gave no description of its 
nature, contenting himselT merely by pointing outline analojgy' 
which his experiments appeared to possess to those of Lavoisier 
on the existence of an elastfc fluid in certain substances. After-*^ 
wards, when the fact^ were established, Bayen drew attention to 
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his earlier experiments^ and claimed^ not only the discovery of 
oxygen, but all that I.*ayoisier deduced from it, ^ ‘^But/’ says M. 
Berthelof, in reference to this circumstance, his contemporaries 
paid little heed to his pretensions, nor will posterity pay more 
(•* La Revolution Chimique,’’ p. 60). 

M. Berthelct, however, does not dismiss Lavoisier’s claims to 
a participation in the discovery in the same summary fashion. 
On the contrary, whilst not explicitly claiming for him the actual 
isolation, in the first instance, of oxygen, the whole tenor of his 
argument is to extenuate, and even to justify, his demand to be 
regarded as an independent discoverer of the gas. He begins by 
asserting that Lavoisier had already a presentiment of its ex* 
istcnce in 1774, and he quotes, in support of this assumption, an 
abstract from Lavoisier’s memoir, published in December 1774, 
in the fournal de Physique of the Abbe Rozier : *‘This air, 
deprived of its fixable portion (by metals during calcination), is 
in some fashion decomposed, and this experiment would seem to 
afford a method of analyzing the fluid which constitutes our 
atmosphere;* and of examining the principles of which it is com- 
posed. ... 1 believe I am in a position to affirm ths^t the air, 
as pure as it is possible to suppose it, free from moisture and 
from every foreign substance, hir from being a simple body, or 
element, as is commonly thought, should be placed, on the con- 
trary, ... in the group of the mixtures, and perhaps even in 
that of the compounds.” 

M. Berthelot further asserts that Lavoisier was at this time 
the first to recognize the true character of air, and he expresses 
his belief that it is probable that he would himself have suc- 
ceeded in isolating its constituents if the path of inquiry had 
been left to him alone. It is no disparagement to Lavoisier’s 
prescience to say that there is nothing in these lines, nor in the 
memoir of the repetition of Boyle’s experiments on the calcina- 
tion of tin to which they refer, to show that Lavoisier had made 
any advance beyond the position of Hooke and Mayow. It has 
been more than once pointed out that the chemists of the seven- 
teenth century understood the true nature of combustion in air 
mnch better than their brethren of the last quarter of the eight- 
eenth century. Hooke, in the “ Micrc^rapnia,” and Mayow, in 
*his Opera Omnia Medicophysica,” indicated that combustion 
consists in the imion of something with the body which is being 
burnt ; and Mayow, both by experiment and inference, demon- 
strated in the clearest way the analogy l^etweeii respiration and 
combustion, and showed that in both processes one constituent 
onlv of the air is concerned. He distinctly stated that, not only 
is tnere increase of weight attending the calcination of metals, 
but that this increase is due to the absorption of the same 
spiritus from the air that is necessary to respiration and combus- 
tion. Mayow’s experiments are so precise, and his facts so in- 
contestable, that, as Chevreul has said, it is surprising that the 
truth was not fully recognized until a century after his researches 
Watts’s ** A Dictionary of Chemistry,” by Morley and Muir, 
Art. ** Combustion,” p. 242). 

It is now necessary to examine Lavoisier’s claims rather more 
closely and in the light of M. Berthelot’s book. A rhumi of 
his work On the Calcination of Tin ” was given by Lavoisier to 
the Academy in November 1774, but the complete memoir was 
not deposited until May 1777. A careful comparison of an ab- 
stract of what was stated to the Academy in November 1774, 
contributed by Lavoisier himself, in December 1774, to the 
Journal de Physique of the Abbe Rozier, makes it evident 
that very substanti^ additions were made to the communication 
before it was finally printed in the Mitnoires de i^Acadimie des 
Sciences, The possibility of this is allowed by M. Berthelot. 
He says: — ‘‘A summary communication, often given vivA 
voce to a learned Society, such as the Academy of Sciences of 
Paris or the Royal Society of London, would immediately call 
forth verifications, ideas, and new experiments, which would de- 
velop the range and even the results of such communication. 
The original author, when printinjg his memoir, would in return 
— and for this he is hardly olamable — embody these additional 
results and later interpretations. It thus becomes most difficult 
to assign impartially to each his share in a rapid succession of 
discoveries (^r. «/., p. 58). 

But although, as we shall see, Lavoisier was certainly a\rare 
of Priestley’s great discovery, no allusion is made to the gas, nor 
to Priestley’s previous work on the other constituent of air^ which 
is printed in the Philosophical Transactions for 1772, and for 
which he was awarded the Copley Medal by the Royal Society. 
It is simply impossible to believe thatr Lavoisier could have been 
unmfluencM by this work. Indeed, we venture to assert that. 
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the full and clear recognition of the non-elementary nature of the 
air which he eventually made was based upon it. It is note- 
worthy that in the early part of his memoir ne states his opinion 
that the^ addition, not only of powdered charcoal, but of any 
phlogistic substance to a metallic calx is attended with the form- 
ation of fixed air. It is certain that at this period he had not 
only not consciously obtained any gas resembling Priestley’s 
dephlogisticated air from «y calx with which he had experi- 
mented, but that none of his experiments had afforded him any 
idea that the gas absorbed during calcination was identical 
with it. 

At Easter 1775, Lavoisier presented a memoir to the Academy 
** On the Nature of the Principle which Combines with Metals 
during Calcination.” This was relu le 8 ccoAt^ 1778.*’ To the 
memoir there is a note stating that the first experiments detailed 
in it were performed more than a year before ; those on the red 
precipitate were made by means of a burning-glass in the month 
of November 1774, and were repeated in the spring of 1775 at 
Montigny in conjunction with M. Trudaine. In this paper 
Lavoisier first distinctly announces that the principle w'hxch 
unites with metals during their calcination, which increases 
their weight, and which transforms them into calces, is nothing 
else ** than the purest and most salubrious part of the air ; $0 that 
if that air which has been fixed in a metallic combination again 
becomes free, it reappears in a condition in which it is eminently 
respirable, and better adapted than the air of the atmosphere 
to support inflammation and the combustion of substances” 
(“OEuvres de Lavoisier,” official edition, vol. ii. p. 123). He 
ihen describes the methc^ of preparing oxygen by heating the 
red oxide of mercury, and compares its p^Crties with those of 
fixed air. There is, however, no mei^ a of Priestley, nor any 
reference to his experiments. It cap liardly be doubted that in 
this memoir. Lavoisier intended his readers to believe that he 
was “ the true and first discoverer ” of the gas which he afterwards 
named oxygen. This is borne out by certain passages in his 
subsequent memoir On the Existence of Air in Nitrous Acid ; 
lu le 20 avril^ I776> remis cn d/cembre 1777.” He had occasion 
incidentally to prepare the red oxide of mercury by calcining the 
nitrate, and says that he obtained from it a large quantity of an air 
•• much purer than common air, in which candles burnt with a 
much larger, broader, and more brilliant flame, and which in no 
one of its properties differed from that which / had obtained 
from the calx of mercury, known as mercurius precipitatus per 
rr, and which Mr. Priestley had procured from a great number of 
substances by treating them with nitric acid.” 

In another part of this memoir he says that perhaps, strictly 
speaking, there is nothing in it of which Mr. Priestley would 
not be able to claim the original idea ; but as the same facts 
have conducted us to diametrically opposite results, I trust that, 
if I am reproached for having borrowed my proofs from the 
works of this celebrated philosopher, my right at least to the 
conclusions will not be contested.” M. Berthelot remarks on 
the irony of this passage : we may infer from it that the friends 
of the English chemist had not been altogether idle. In his 
memoir “ On the Respiration of Animals,” read to the Academy 
in 1777, he again appears to admit the claim of Priestley to at 
least a share in the discovery ; •• It is known from Mr. Priestley’s 
and my experiments that mercurius precipitatus per se is nothing 
but a combination,” &c. In several subsequent communications 
Priestley’s name is mentioned in very much the same connection, 
until we come to the classical memoir ** On the Nature of the 
Acids,” when it is said : I shall henceforth designate the de- 
phlogisticated air, or the eminently respirable air, ... by the 
name of the ctcidifying principle^ or, if it is preferred to have the 
same signification under a Greek word, by tnat of the *principe 
oxygineJ ” 

In none of the memoirs after that of Easter 1775 .** claim 
for participatioif more than implied ; it is ma^e explicitly for the 
first time m the paper ** On the Method of Increasing the Action 
of Fire,” printed in Hat . MAnoires de VAcadimie for 1782, 
and in these words : — * * It will be remember^ that at the meeting 
of Easter 1775 ^ announced the discovery, which I had made 
some months before with M. Trudaine,^ in the laboratory at 
Montigny, of a new kind of air, up to then absolutely unknown, 
and which we obuined by the reduction of mercurius precipi- 
talus perse. This air, which Mr^ Priestley discovered at very 
nearly the same time as I, and I believe even before me, and 
which he bad procured mainly from the combination of minium 

* M. Trudaine de Meatisny died in s/;7> 
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and of several other substances with nitric acid, has been named 
by him dephlogisticated air.** 

In the ** Traite El^mentaire de Chimie'^ the claim for partici- 
pation is again asserted in these words : This air, which Mr. 
Priestley, Mr. Scheele, and I discovered at about the same 
lime ...” • 

Now, there is no question that Lavoisier knew of the existence 
of oxygen some months before he made the experiments with 
the burning-glass of M. Trudaine at Montigny, for the simple 
reason that Priestley had already told him of it. Priestley left 
Leeds in 1773 to become the librarian and literary companion 
of Lord Shelburne, and in the autumn of 1774 he accompanied 
his lordship on to the Continent, and spent the month of 
October in Paris. Lavoisier was famous for his hospitality ; his 
dinners were celebrated ; and Priestley, in common with every 
foreign savant of note who visited Paris at that period, was a 
welcome guest. What followed is best told in Priestley’s own 
words: — Having made the discovery [of oxygen] some time 
before I was in Paris, in the year 1774, I mentioned it at the 
table of Mr. Lavoisier, when most of the philosophical people 
of the city were present, saying that it was a kind of air in 
which a candle burnt much better than in common air, but I 
had not then given it any name. At this all the company, and 
Mr. and Mrs. Lavoisier as much as any, expressed great sur- 
prise. I told them I had gotten it from precipitate per se and 
also from red lead. Speaking French very imperfectly, and 
being little acquainted with the terms of chemistry, I said plombe 
louge^ which w'as not understood till Mr. Macquer said 1 must# 
mean mittium.** x. 

In his account of Kijw^n work on dephlogisticated air, given 
in his ‘‘Observations,^^':., 1790 edition, he further says, vol. 
ii. p. 108 : “ Being at Paris I# the October following [the Augitst 
of 1774], and knowing that there were several vcfty eminent 
chemists in that place, I did not omit the opportunity, by means 
of my friend Mr. Magellan,^ to get an ounce of mercurius calcic 
natus prepared by Mr. Cadet, of the genuineness of which 
there could not possibly be any suspicion ; and, at the same 
time, I frequently mentioned my surprise at the kind of air 
which I had got from this preparation to Mr. Lavoisier, Mr. le 
Roy, and several other pnilosophers, who honoured me with 
their notice in that city, and who, 1 dare say, cannot fail to 
recollect the circumstance.” 

' anv further evidence is required to prove that Lavoisier was 
not only not “the true and first discoverer ” of oxygen, but 
that he has absolutely n^ claim to be regarded even as a later 
and independent discoverer, it is supplied by M. Berthelot him- 
self. Not the least valuable portion of M. Berthelot’s book, ^ 
an historical work, is that which be devotes to the analysis of 
the thirteen laboratory journals of Lavoisier, which have been 
deposited, by the pious care of M. de Chazelles, his heir, in the 
archives of the Institute. M. Berthelot has given us a synopsis 
of the contents of almost every page of these journals, with 
explanatory remarks and dates when these could be ascertained. 
As he well says, these journals “arc of great interest because 
they inform us of Lavoisier’s methods of work and of the direc- 
tion of his mind — I mean the successive steps in the evolution of 
his private thought.” On the fiy-leaf of the third journal is 
written 23 Afars, 1774, au ilf/vrier, 1776/' From p. 30 
we glean that Lavoisier visited his friend M. Trudaine at 
Montigny about ten days after his conversation with Priestley, 
and repeated the latter’s experiments on the marine add and 
alkaline airs (hydrochloric acid gas and ammonia). He is again 
at Montigny some time between February 28 and March 3^1 
177s, and repeats not only Priestley experiments on the 
decomposition of mercuric onide, presumably by means of M. 
Trudaine’s famous burning-glass, but also his observations on the 
character of the gas. The fly-leaf of the fourth journal informs 
us that it extends fPom February 13, 1776, to March 3, 1778. 
'On p. 1 is an account of experiments made February 13 on 
“predpite perse de chez M. Baum^,” in which the disengaged 
gas is spoken of as ** fair cUphlogisHque de M. Prisley** (jiV). 
Such a phrase in a private notebook is absolutely inconsistent 
with the idea that at this time Lavoisier oonsiderra himself as 
an independent discoverer of the gas. How he came to regard 
himself as such we need not inquire. Nor is it necessary to 
occupy your time by any examination of the arguments by which 

< Prof. Grimaux C* Lavoisier,^' p. sxX sayg : ** Unde set [Lavoiiiar'ft] amis 
qui habitait Londres, Magalhaeas ou Magallao, de la famtlle du cel^bre 
navigateur, lid envoyait tout les m^.uoires tur let sciences qui paralssaient en 
Angieterre, at le teiudt au courant det ddeouVeTtes de PViestley." j 
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I M. Berthelot, with the skill of a practised advocate, would seem 
to identify himself With the case of his client. We would do 
him the justice of recognizing the difficulty of his position. He 
seeks to discharge an obligation of which the acknowledgment 
has been too long delayed. The Academic des Sciences a year 
ago awoke to the sense of its debt of gratitude to the memory 
of the man who had laboured so zealously for its honour, and 
even for its existence, during the stormy period of which France 
has just celebrated the centenary, and out of the iioge on La- 
voisier which M, Berthelot, as Perpetual Secretary, was com- 
missioned to deliver, has grown “ La Jle volution Chimique:” To 
write eulogy, however, is not necessarily to write history. We 
cannot but think that M. Berthelot has been hampered by his 
position, and that his opinion, or at least the free expression of it, 
has been fettered by the conditions under which he has written. 
We imagine we discern .between the lines the consciousness that, 
to use Brougham’s phrase, the brightness of the illustrious career 
which he eulogizes is dimmed with spots which a regard for 
historical truth will not permit him wholly to ignore.^ 

Two catdinal facts made the downfall of phlogiston complete 
— the discovery of oxygen, and the determination of the com- 
pound nature of water. M. Berthelot’s contention is that not 
only did Lavoisier effect the overthrow, but he also discovered 
the facts. In other words, he has not only a claim to a partici- 
pation in the discovery of oxygen, but he is also “ the true and 
first discoverer ” of tlie non-elementary nature of water. This 
second claim is directly and explicitly stated. Although it is 
supported by a certain ingenuity of argument, we venture to 
think that we shall be able to show it has no greater foundation 
in reality than the first. 

Members of the British Association, who are at all familiar 
with its history, will recall the fact that this is not the first 
occasion on which the attempt to transfer “ those laurels which 
both time and truth have fixed upon the brow of Cavendish” 
has had to be resisted. At the Birmingham meeting of 1839 the 
Rev. W. Vernon Harcourt, who then presided, devoted a large 
portion of his address to an able and eloquent vindication of 
Cavendish’s rights. The attack came then as now from the 
Perpetual Secretary of the French Academy, and the charges 
were also formulated then, as now, in an iloge read before that 
learned body. The assailant was M. Arago, who did battle, 
not for his countryman, Lavoisier, whose claims are dismissed as 
“ pretensions,” but on behalf of James Watt, the great engineer, 
who was one of the foreign members of the Institute. 

It is not my wish to trouble you at any length with the details 
of what has come to be known in the history of scientific dis- 
covery as the Water Controversy — a controversy which has 
exercised the minds and pens of Harcourt, Whewell, Peacock, 
and Brougham in England ; of Brewster, Jeffrey, Muirhead, 
and Wilson in Scotland ; of Kopp in Germany ; and of Arago 
and Dumas in France. This controversy, it has been said, takes 
its place in the history of science side by side with the discussion 
between Newton and Leibnitz concerning the invention of the 
Differential Calculus, and that between the friends of Adams 
and Leverrier in reference to the discovery of the planet Neptune. 
Up to now it has practically turned upon the relative merits of 
Cavendish and Watt. M. Berthelot is the first French savant ol 
any note who has seriously put forward the claims of Lavoisier, 
his countryman and predecessor Dumas having deliberately re- 
jected them. 

At the risk of wearying you with detail, I am undqr the 
necessity of restating the facts in order to make the positiAi 
clear. Some time before April 18, 1781, Priestley made what he 
called “a random experiment ” for the entertainment of a few 
philosophical friends. It consisted in exploding a mixture ot 
inflammable aff (presumably hydrogen) and common air, con- 
tained in a closed glass vessel, by the electric spark, in the 
manner first practised by Volta in 1776. The experiment was 
witnessed by Mr. John Warltire, a lecturer on natural philosophy 
and a friend of. Priestley, who had rendered him the signal service 
of giving htm the sample of the mercuric oxide from which he had 
first obtained oxygen. Warltire drew Priestley's attention to the 
fact that after the explosion the sides of the glass vessel were 
bedewed with moisture. Neither of the exf^nmenters attached 
any importance to the circumstance at the time, Priestley being 
of opinion that the moisture was pre-existent in the gases, as no 
special pains were taken to dry them. Warltire, however, con- 
ceived the notion that the experiment would afford the means oi 
determining whether: heat \fis ponderable^ or not, and hence he* 
was led to repeat it, firing the mixture in a copper vessel for 
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greater safety. The results of these observations are contained 
ill* Priestley’s Experiments and Observations on Air/' vol. v. 
1781, App., p. 395. 

At this period Cavendish was engaged on. a series of experi- 
ments ** made, as he says, principally with a view to find out 
the cause of the diminution which common air is well known to 
suffer by all the various ways in which it is phlogisticated, and 
to discover what becomes of the air thus lost or condensed " 
(Cavendish, Phil. Trans. 1784, p. 119). On the publication 
of Priestley’s work he repeated Waltire’s experiment, for, he 
says, ^ it ‘'seemed likely ^o throw great light on the subject I 
had in view, I thought it well worth examining more closely.” 
The series of experiments which Cavendish was thus induced to 
make, and which he made with all his wonted skill in quantita- 
tive work, led him some time in the summer of 1781 to the 
discovery that a mixture of two volumes of the inflammable air 
from metals (the gas we now call hydrogen) with one volume of 
the dephlqgisticated air of Priestley combine together under the 
influence 61 the electric spark, or by burning, to form the same 
weight of water. If Cavendish had published the results of 
these observations at or near the time he obtained them, there 
w^ould have been no Water Controversy. But in the course of 
the trials he found that the condensed water was sometimes acid, 
and the search for the cause of the acidity (which incidentally 
Ud to the discovery of the composition of nitric acid) occasioned 
the delay. The main result that a mixture of two volumes of 
inflammable air and one volume of dephlogisticated air could be 
converted into the same weight of water was, however, com- 
municated to Priestley, as he relates in a paper in the Phil. 
Trans, for 1783. Priestley was at this time interested in an 
investigation on the seeming convertibility of water into air, and 
he was led to repeat Cavendish’s experiments, some time in 
March 1783# on what was apparently the converse problem. 
Priestley, however, made a fatal blunder in the repetition. 
With the praiseworthy idea of obviating the possibility of 
any moisture in the gases, he prepared the dephlogisticated 
air from nitre, and the inflammable air by heating what he 
calls “perfectly made charcoal” in an earthenware retort. 
At this time, it must be remembered, there was no sharp dis- 
tinction between the various kinds of inflammable air : hydrogen, 
sulphuretted hydrogen, marsh gas and olefiant .gas, coal gas, the 
vapours of ether and turpentine, and the gas from heated char- 
coal, consisting of a mixture of carbonic oxide, marsh gas, and 
carbonic acid, were indifferently termed “inflammable air.” 
Priestley attempted to verify Cavendish’s conclusion on the 
identity of the weight of the gases used with that of the water 
formed ; but his method in this respect, as in his choice of the 
inflammable air, was wholly defective, and could not possibly 
have given him accurate results. It consisted in wiping out the 
water from the explosion, vessel by means of a weighed piece of 
blotting-paper and determining the increase of weight of the 
paper, fie says, however : — “ I always found as near as I could 
judge the weight of the decomp>osed air in the moisture acquired 
by the paper. ... I wished, however, to have had a nicer 
balance for this purpose ; the result was such as to afford a strong 
presumption that the air was reconverted into water, and there- 
fore that the origin of it had been water.” These results, 
together with those on the conversion of water into air, were 
communicated towards the end of March 1783 by Priestley to 
Watt, who began to theorize upon them, and then to put his 
thoughts together in the form of a letter to Priestley, dated April 
2^1 I 783 t which he reouested might be read to the Royal 
Society on the occasion of the presentation of Priestley’s memoir. 
In this letter Watt says “ Let us now consider what obviously 
happens^ in the case of the deflagration of the inflammable and 
dephlogisticated air. These two kinds of air uniterwith violence, 
they become red-hot, and upon cooling totally disappear. When 
the vessel is cooled, a quantity of water is mund in it equal to 
the weight of the air employed. This water is then the only re- 
maining product of the process, and water^ lights and heat are 
all the products. Are we not then authorized to conclude that 
7 vater is composed of dephlogisticated air and phlogiston deprived 
of part of their latent or elementary heat ; that dephlogisticated or 
pure air is composed of water deprwed of its phlogiston and 
united to elementary heat and lights &»c. ? 

This letter, although shown to several Fellows of the Society, 
w as not publicly read at the time intended. Priestley, before its 
receipt, nad detected the fallacy of his experiments on the 
seeming conversion of water into aii^ and as much of the letter 
was concerned with this matter Watt requested that it should be 
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withdrawn. Watt, however, as he tells Black ^ in a letter dated 
June 23, 1783, had not given up his theory as to the nature of 
water, and on November 26, 1783, he restated his views more 
fully m a letter to De Luc. In the meantime, Cavendish, having 
completed one section of his investigation, sent in a memoir to 
the Royal Society, which was read on January 15, 1784, in 
which he gives an account of his experiments, and announces his 
conclusion “that dephlogisticated air is in reality nothing but de- 
phlogisticated water, or water deprived of its phlogiston ; or, in 
other words, that water consists of dephlogisticated air united to 
phlogiston ; and that inflammable air is either pure phlogiston, 
as Dr. Priestley and Mr. Kirwan suppose, or else water united 
to phlogiston.” Watt thereupon requested that bis letter to De 
Luc should be published, and it was accordingly read to the 
Royal Society on April 29, 1784. Which of the two— Caven- 
dish or Watt — is, under these circumstances, to be considered as 
y the true and first discoverer ” of the compound nature of water 
is the question which has been hitherto the main subject of the 
Water Controversy. 

Let us now consider the matter as it affects Lavoisier. In 
1783, I,avoisier had publicly declared against the doctrine of 
phlogiston, or rather, as M. Dumas puts it, “ against the crowd 
of entities of that name which had no quality in common except 
that of being intangible by every known method” (“I,e<;ons 
sur la Philosophic Chimique,” p. 161). How completely 
Lavoisier had dissociated himself from the theory may be 
gleaned from his memoir of that year. “ Chemists,” he says, 
“have made a vague principle of phlogiston which is not strictl\ 
defined, _and_ which in consequence accomme^tes itsetf to everv 
explanation into which it is pressed. S^sflietimes this principK- 
is heavy and sometimes it is not ; soa^mes it is free fire and 
sometimes it is fire combined witVthe earthly element ; some- 
times it passes through the pores of vessels and sometimes they 
are impenetrable to it : it explains at once causticity and non- 
causticity, transparency and opacity, colours and the absence 
of colours. It is a veritable Proteus which changes its form every 
moment.” 

But Lavoisier had merclv renounced one fetich for another. 
At the time that he pennen these lines he was as much under 
the thraldom of U printife oxygine as the most devoted follower 
of Stahl was in the bondage of phlogiston. The idea that the 
calcination of metals was but a slow combustion had been fully 
recognized. M. Berthelot tells us that, as far back as the March 
of 1774, Lavoisier had written in his laboratory journal:— “I am 
ersuaded that the inflammation of inflammable air is nothing 
ut a fixation of a portion of the atmospheric air, a decomposi- 
tion of air. ... In that case in every inflammation of air there 
ought to be an increase of weight, and he tried to ascertain this 
by burning hydrogen at the mouth of a vessel from which it was 
being disengaged. In the following year he asks. What remains 
when inflammable air is burnt completely ? According to the 
theory by which he is now swayed it should be an acid, and he 
made many attempts to capture this acid. In 1777 he and Bucquet 
burnt six pints of the inflammable air from metals in a botth- 
containing lime*water, in the expectation that fixed air would be 
the result. And in 1781 he ^ repeated the experiment with 
Gengembre, with the modification that the oxygen was caused 
to burn in an atmosphere of hydrogen, but not a trace of any 
acid product conld^ m detected. Of course there must have been 
considerable quantities of water formed in these experiments, 
but Lavoisier wm preoccupied with the conviction that oxida- 
tion meant acidification, and its presence was unnoticed, or, if 
noticed, was unheeded. Macquer, in 1776, had drawn attention 
to the formation of water during the combustion of hydrogen in 
air, but Lavoisier has stated toat^be was ignorant of that ob- 
servation. What was it then that put him on the right track ? 
We venture to think that M. Berthelot has himself supplied the 
answer. He rays (p. 114): — “ Rumours of Cavendish’s trials 
had spread throughout the scientific world during the spring of 
1783. . . . Lavoisier, always on the alert as to the nature of 
the^ products of the combustion of hydrogen, was now in such 
position that the slightest hint would enable him to comprehend 
Its true nature. He hastened to repeat his trials, as he had the 
right to do, never having ceased to occupy himself with a ques- 
tion which lay at the very .heart of his doctrine.” 

“On the 24th of June, 1783,” continues M. Berthelot, “he 
repeated the combustion of hydrogen in oxygen, and he obtained 
a notable -quantity of water without any other product, and he 

* Walt, “Corfwpondence,” p. 31. 
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concluded from the conditions under which he had worked that 
the weight of the water formed could not be other than equal to 
that of the two gases which had formed it. The experiment was 
I made in the presence of several men of science, among whom 
was Blagden, a member of the Royal Society of London, who on 
this occasion recalled the observations of Cavendish (qui rappeta 
a retie occasion Us observations de Cavendish). 

On the following day Lavoisier published his results. The 
^ following is the official minute of the communication taken from 
* the register of the sittings of the Acad^mie des Sciences ; — 

Meeting of Wednesday^ June 25, 1 783. 

MAI, Lavoisier and De Laplace announced that they had lately 
repeated the combustion of Combustible A ir with Dephlogisticaied 
Air ; they worked with about 60 pints of the airsy and the com- 
bustion was made in a closed vessel: the result was very pure 
water, 

I'he cautious scribe who penned that minute did not commit 
himself too far. M. Berthelot, however, regards it as the first 
certain date of publication, established by authentic documents, 
in the history of the discovery of the composition of water; ^^a 
discovery,” he adds, which, on account of its importance, has 
excited the keenest discussion.” 

You will search in vain through the laboratory journals, as given 
by M. Berthelot, for any indications either of experiments or 
reflections which would enable you to trace the course of thought 
by which Lavoisier was guided to the truth. There is absolutely 
nothing on •the suM^ict until in the eighth volume (25 marsy 
1783, au ftvrier on p. 63 we come to the experiment 

of June 24, and we read^ In presence of Messieurs 
Blagden, of [name illegible], de Laplace, Van- 
dermonde, de Fourcroy, Meusnier, and Legen^dre, 
we have combined in a bell -jar dephlogisticated 
air and inflammable air drawn from iron by means 
of sulphuric acid, &c. ...The amount of water 
may be estimated at 3 drachms: the amount 
which should have been obtained was i ounce 
I drachm and 12 grains. Thus we must suppose 
that there was a loss of two-thirds of the amount 
of the air or that there has been a loss of 
weight.” 

And this is the expeHment which y according to M. Berthelot^ 

’ enabled I^avoisier to conclude that the weight of the water formed 
could not be other than equal to that of the two gases which had 
formed it ” ! It is on this single experiment, hurriedly and im- 
perfectly done, that Lavoisier’s claim to the discovery of the 
compound nature of water is based ! M. Berthelot objects to 
the assumption that it was hurriedly done. He says, on p, 114 : 
“ Lavoisier caused a new apparatus to be made, with a couple of 
tubes and two reservoirs for the gases, an arrangement which 
w ould require a certain amount of time to put together ; this 
circumstance proves that it could not have been an improvised 
trial.” To wnat extent it was improvised will be seen im- 
mediately. 

Now although the laboratory journals do not in this case 
“inform us of Lavoisier's methods, and of the direction of his 
mind, . . the successive steps in the evolution of his private 
thought,” we have other means of ascertaining how he arrived 
at his knowledge. The method was simplicity itself : he was told 
of the facty and his informant was none other than Cavendishes 
assistant^ Blagden. 

Cavendish’s memoir was published in 1784. Before it was 
struck off its author caused the following addition to be made ; 

“ During the last summer also^a friend of mine gave some ac- 
count of them [the experiments] to M. Lavoisier, m well bs 
of the conclusion drawn from them, that dephlogisticated air 
is only water deprived of phlogiston ; but at that time so far 
was M. Lavoisier from thinking any such opinion warranted 
that, till he was prevailed upon to repeat the experiment him- 
self, he found some difficulty in believing that nearly the whole 
of the two airs could be converted into water.” This addition, 
as I have had the opportunity of verifying by an inspection of 
the original MSS. in the archives of ihe Royal Society, was 
made in the handwriting of Cavendish’s assistant and amanu- 
ensis, Blagden. ; ^ , 

When Lavoisier’s memoir appeared, it was found to contain 
the following reference to this circumstance It was on the 
24th June that M. de Laplace and I made this experiment in 
presence of MM. le Roi, Vandermonde, and several other 
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Academicians, and of Mr. Blagden, the present Secretary of the 
Royal Society of London. The latter informed us (ce dernier noub 
apprit) that Mr. Cavendish had already tried, in London, to burn 
inflammable air in closed vessels, and that he had obtained a 
very sensible quantity of water. ” 

This reference was so partial, and its meaning so ambiguous, 
that Blagden addressed the following letter to Crell to he pub- 
lished in his Chemische Annalen (CrelTs Annalen, 1786, vol. i. 
P* 58). 

It is so direct and conclusive that I offer no apology for giving 
it almost entire : — ^ • 

“ I can certainly give you the best account of the little dispute 
about the first discoverer of the artificial generation of water, as 
I was the principal instrument through which the first news of 
the discovery that had been already made was communicated 
to Mr. Lavoisier. The following is a short statement of the 
history : — 

“In the spring of 1783, Mr. Cavendish communicated to me, 
and other members of the Royal Society, his particular friends, 
the result of some experiments with which he had for a long time 
been occupied. He showed us that out of them he must draw 
the conclusion that dephlogisticated air was nothing else than 
water deprived of its phlogiston ; arid, 7 >ice verstiy that water was 
dephlogisticated air united with phlogiston. About the same 
time the news was brought to London that Mr. Watt, of 
Birmingham, had been induced by some observations to form a 
similar opinion. Soon after this I went to Paris, and in the 
^company of Mr. Lavoisier and of some other members of the 
Royal Academy of Sciences I gave some account of these new 
experiments and of the opinions founded upon them. They 
replied that they had already heard something of these exjJbri- 
ments, and particularly that Dr. Priestley had repeated them. 
They did not doubt that in such manner a considerable quantity of 
water might be obtained, but they felt convinced that it did not 
come near to the weight of the two species of air employed, on 
which account it was not to be regarded as water formed or 
produced out of the two kinds of air, but ww already contained 
in and united with the airs, and deposited in their combustion. 
This opinion was held by Mr. Lavoisier, as well as by the rest 
of the gentlemen who conferred on the subject ; but, as the 
experiment itself appeared to them very remarkable in all points 
of view, they unanimously requested Mr. Lavoisier, who pos- 
sessed all the necessary preparations, to repeat the experiment, 
on a somewhat larger scale, as early as possible. This desire 
he complied with on June 24, 1783 (as he relates in the latest 
volume of the Paris memoirs). From Mr. Lavoisier's own 
account of his experiment, it sufficiently appears that at that 
period he had not yet formed the opinion that water was com- 
posed of dephlogisticated and inflammable airs, for he expected 
that a sort of acid would be produced by their union. In general, 
Mr. Lavoisier cannot be convicted of having advanced anything 
contrary to truth ; but it can still less be denied that he con- 
cealed a part of the truth ; for he should have acknowledged 
that I had, some days before, apprised him of Mr. Cavendish's 
experiments, instead of which the expression * il nous apprit ^ 
gives rise to the idea that I had not informed him earlier than 
that very day. In like manner Mr. Lavoisier has passed over 
a very remarkable circumstance — namely, that the experiment 
was made in consequence of what I had informed him of. He 
should likewise have stated in his publication not only that Mr. 
Cavendish had obtained ‘une quantite d’eau tres sensible,’, but 
that the water was equal to the weight of the two airs added 
together. Moreover, he should have added that I had made 
him acquainted with Messrs. Cavendish and Watt's conclusions — 
namely, that w^ter, and not an acid, or any other substance, 
arose from the combustion of the inflammable and dephlogisti- 
cated airs. But those conclusions opened the way to Mr. 
Lavoisier’s present theory, which perfectly agrees with^ that of 
Mr. Cavendish, only that Mr. Lavoisier accommodates it to his 
old theory, which banishes phlogiston. . . . The course of all 
this history will clearly convince you that Mr. Lavoisier (instead 
of being led to the discovery by following up the experiments 
which he and Mr. Bucquet had commenced in 1777 ) was induced 
to institute again such experiments, solely by the account he 
received from me, and of our English experiments ; and that he 
really discovered nothing but what had before been pointed out 
to mm to have beeii previously made out and demOhstrated in 
England.” ^ 

• Mr. Mulrhead's translation. FiWr Watt, “ Correspondeiico,^' “ Composi- 
don of Water," p. 71., 
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. To this letter, reflecting so gravely on his honour and integrity, 
Lavoisier made no reply. Nor did Laplace, Le Roi, Vander- 
monde, or any one of the Academicians concerned, vouchsafe 
any explanation. Dt non apparentibus ei de non existentibus 
mdem est ratio. No explanation appeared, because none was 
possible. M. Berthelot ignores this letter, which is the more re- 
markable, since reference is made to it in more than one of the 
publications which he tells us he has consulted in the orepara- 
lion of his account of the Water Controversy. If he knew of 
it ho must regard it either as unworthy of an answer or as 
unanswerable. • 

It would be heaping Ossa on Pelion to adduce further evidence 
from letters of the time of what Lavoisier’s contemporaries 
thought of his claims. De mortuis nil nisi bonum. I would 
much more willingly have dwelt upon the virtues of Lavoisier, 
and have let his faults lie gently on him ; but I have felt it in- 
cumbent on me on this occasion to make some public answer to 
M . Bertbilot’s book, and in no place could that answer be more 
fittingly given than in this town, which saw the dawn of that 
work out of which these grand discoveries^ arose. It may be 
that much of what I have had to say is as a twice-told tale to many 
of you. I trust I need make no apology on that account. The 
honour of our ancestors is in our keeping, and we should be 
unworthy of our heritage and false to our trust if we were slow 
to resent or slack to repel any attempt to rob them of that 
glory which is their just right and our proud boast. 

SECTION C. 

. * GEOLOGY. 

Opening Address by A. H. Greek, M.A., F.R.S., Pro- 
fessor OF Geology in the University of Oxford, 
President of the Section. 

The truth must be told ; and this obliges me to confess that 
my contributions to our stock of geological knowledge, never 
very numerous, have of late years been conspicuously few, and 
so I have nothing to bring before the Geelogical Section that 
can lay any claim to be the result of original research. 

In fact, nearly all my time during the last fifteen years has 
been taken up in teaching. This had led itie to think a good 
deal about the value of geology as an educational instrument, 
and how its study compares with that of other branches of learn- 
ing in its capability of giving sinew and fibre to the mind, and 
I have to ask you to listen to an exposition of the notions that 
have for a long time been taking sha^ bit by bit in my mind on 
this subject. 

I am not going to enter into the question, handled repeatedly 
and by this time pretty well threshed out, of the relative value 
of natural science, literature, and mathematics, as a means of 
educational discipline ; for no one who is lucky enough to know 
a little of all three will deny that each has an importance of its 
own, and its own special place in a full and perfect curriculum. 
The question which is the most valuable of the three I decline 
to entertain, on the broad general ground that comparisons 
are odorous,” and for the special reason that the answer must 
depend on the constitution of the mind that is to be disciplined. 
I might Quite as reasonably attempt to lay down that a certain 
diet which suits my constitution and mode of life must agree 
equally well with all that hear me. 

- I need scarcely say that nothing would induce me, if it could 
possibly be helped, to say one word that might tend to disparage 
the pursuit to which we are all so deeply attached. But I can- 
not shut my eyes to the fact that, when geology is to be used as 
a means of education, there are certain attendant risks that need 
to be carefully and watchfully guarded against. 

Geologists, and I do not pretend mysdf to be any better than 
the rest of them, are in danger continually of becoming loose 
reasoners. I have often had occasion to feel this, and I recall a 
scene which brought it home to me most forcibly. At^a gathering, 
where several of our best English geologists were present, the 
question of the cause of changes of climate was under discussion. 
The explanation which found most favour was a change of the 
position of the axis of rotation within the earth itself ; and this, 
it was suggested, might have been brought about by the up- 
heaval of great bodies of continental and mountainous land 
where none now exist, and an accompanying depression of the 
ekfstine continents or parts of them. That such a redistribution 
of the heavier material of the earth would result in some shifting 
of the axis of rotation admits of no doubt.- The important 
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question is. How much ? What degree of rearrangement of 
land and sea would be needed to produce a shift of the amount 
required ? It is purely a question of fibres, and the necessary 
calculations can be made only by a mathematician. I ventured 
to suggest that some one who could work out the sum should be 
consulted before a final decision was arrived at, for I knew per- 
fectly well that not one of the company present could do it. 
But if I say that mv advice met with scant approval, I should 
represent verv inadequately the lack of support I met with. 
The bulk of those present seemed quite content with the vague 
feeling that the thing could be done in the way suggested, and 
there was a general air of indifference as to whether the hypo- 
thesis would stand the test of numerical verification or not. 

I could bring many other similar instances which seem to me 
to justify the charge I have ventured to make ; but it will be 
more useful to inquire what it is that has led to a failing, which, 
if it really exist, must be a source of regret to the whole brother- 
hood of hammerers. 

The reason, I think, is not far to seek. The imperfection of the 
Geological Record is a phrase as true as it is hackneyed. No more 
striking instance of its correctness can be found than that fur- 
nished by the well-known mammalian jaws from the Stonesfield 
slate. The first of these was unearthed about 1764; others, to 
the number of some nine, between then and 1818. The rock in 
which these precious relics of the beginning of mammalian life 
occur has been quarried without intermission ever since ; it has 
been ransacked by geologists and collectors without number ; 
many of the quarrymen know a jaw when they see it, and are 
keenly alive to the market value of a specizt/en ; but not one of 
these prized and eagerly-sought-after foasils has turned up during 
the last seventy years. 

Then, again, how many of tbie geological facts which we 
gather from observation admit of diverse explanation. Take the 
case of Eozoon Canadense. Here we have structures which some 
of the highest authorities on the Foraminifera assure us are the 
remains of an organism belonging to that order ; other naturalists, 
equally entitled to a hearing, will have it that these structures 
are purely mineral aggregates simulating organic forms. And 
hereby hangs the question whether the limestones in which the 
problematical fossil occurs are organic, or formed in some other 
and perhaps scarcely explicable way. 

And this after all is only one of the countless uncertainties 
that crowd the vvhole subject of invertebrate palaeontology. In 
what a feeble light have we constantly to grope our way when 
we attempt the naming of fossil Conchifers for instance. The 
two species Gryphaa dilatata and G. bilobata furnish an illustra- 
tion. Marked forms are clearly separable, but it is easy to 
obtain a suite of sj^ecimens, even ftom the Callovian of which 
the second species is said to be specially characteristic, showing 
a gradual passage from one form into the other. And over and 
over again the distinctions relied upon for the discrimination of 
species must be pronounced far-fetched and shadowy, and are, 
it is to be feared, often based upon points which are of slender 
value for classificatory purposes. In the case of fossil plants the 
last statement is notoriously true, and yet we are continually 
supplied with long lists of species which every botanist knows 
to be words and nothing more, and zonal divisions are based 
upon these bogus species and conclusions drawn from them. 

It is from data such as have been instanced, scrappy to the 
last degree, or from facts capable of being interpreted in more 
than one way, or from determinations snrouded in mist and 
obscurity, that we geologists have in a large number of cases 
to draw our condusions. Inferences based on such incomplete 
and shaky foundations must necessarily be very largely hypo- 
thetical. That this is the character of a great portion of the 
conclusions of geology we are all ready enough to allow with our 
tongue — nay, even to lay stress upon the fact with penned or « 
spoken emphasis. But it is open to question whether this 
homage at the shrine of logic is in many cases anything better 
than lip-service ; whether we take sufficiently to heart the 
meaning of our protestations, and are always as alive as our 
words would imply to the real nature of our inferences. 

A novice in trader scrupulously honest, even morbidly con- 
scientious to begin with, if he lives among those who habitually 
use false scales, runs imminent risk of having his sense of 
integrity unconsciously blunted and his moral standard insen- 
sibly lowered. A similar danger besets the nian whose life is 
occupied in deducing tentative results from imperfectly ascer- 
tained facts. The living, day by day, face to face with approxi- 
mation and conjecture must tend to breed an indifference to 



September 4, 1890] 


AT A TU RE 


• 455 


accuracy and certainty, and to abate that caution and that 
wholesome suspicion which make the wary reasoner look well 
to his foundations, and resolutely refuse to sanction any super- 
structures, however pleasing to the eye, unless they are firmly 
and securely based. 

If 1 am right in thinking that the mental health of the geo- 
logist of matured experience and full-grown powers is liable to 
a disorder of the kind 1 have indicated, how much greater must 
the risk be in the case of a youth, in whom the reasoning faculty 
is only beginning to be developed, when he approaches the 
study of geology 1 And does it not seem at first sight that that 
study could scarcely be used with safety as a tool to shape his 
mind, and so train his bent that he shall never even have a wish 
to turn aside either to the right hand or to the left from the 
strait path that leads through the domain of sound logic ? 

That it is hazardous, and that evil may result from an in- 
cautious use of geology as an educational tool, I entertain no 
doubt. The same may, indeed, be said of many other subjects, 
but I feel that it is specially true in the case of geology. But 1 
should be guilty of that very haste in drawing conclusions 
against which I am raising a warning word, if I therefore 
inferred that geology can find no place in the educational 
curriculum. 

To be forewarned is a proverbial safeguard, and those who 
are alive to a danger will cast about for a means of guarding 
against it. And there are many ways of neutralizing whatever 
there may be potentially hurtful in the use of geology for educa- 
tional ends. It lias been said that the right way to make a 
geologist is»not to t^ch him any geology at all to begin with. 
To send him first into v ^boratory, give him a good long spell 
at observations and mea^ements requiring the minutest accu- 
racy, and so saturate his mind^ith the conception of exactness 
that nothing shall ever afterwards drive it out. If a plan like this 
be adopted, it is easy to pick out such kinds of practical work 
as will not only breed the mental habits aimed at, but will also 
stand him in good stead when he goes on to his special subject. 
Goniometrical measurements and quantitative analysis will serve 
the double purpose of inspiring him with accurate habtt of 
thought, and helping him to deal with some of the minor 
problems of geology. And I cannot hold that this practice of 
paying close attention to minute details will necessarily unfit a 
man for taking wider sweeps and more comprehensive views 
later on. That habit comes naturally to every man who has the 
► making of a geologist in him directly he gets into the field. Put 
such a man where a broad and varied landscape lies before him, 
teach him how each physical feature is the counterpart of 
geological structure, and breadth of view springs up a native 
growth. I do not mean to say that the plan just suggested is 
the only way *of guarding against the risk I have been dwelling 
upon. There are many others. This will serve as a sample to 
show what I think ought to be aimed at in designing the 
geological go-cart. And any such mind-moulding leads, be 
assured, not to hesitancy and doubt, but to conclusions, reached 
slowly it may be, but so securely based that they will seldom 
need reconstruction. 

There is another aspect of the question. The uncertainties 
with which the road of the geologist are so thickly strewn have 
an immense educational value, if only we are on our guard 
against taking them for anything better than they really are. 
Of those stirring questions which are facing us day by day and 
hour by hour, none perhaps is of greater moment than the 
discussion of the value of the evidence on which we base the 
beliefs that rule our daily life. A man who is ever dealing with 
geological evidence and geological conclusions, and has learned 
to estimate these at their real v^ue, will carry with him, when he 
comes to handle the complex problems of morals, politics, and 
religion, the wariness witn which his geological experience has 
' imbued him. • 

• Now I trust the prospect is brightening. Means have been 
indicated of guarding against the danger which may attend the 
use of geology as an educational instrument. Need I say much 
to an audience of geologists about the immense advantages which 
our science may claim in this respect ? In its power of cultivating 
keenness of eye it is unrivalled, for it demands both microscopic 
accuracy and comprehensive vision. Its calls upon the chastened 
imagination are no less uigent, for ima^nation alone is com- 
petent to devise a scheixie which shall link together the mass of 
isolated observations which field work supplies ; and if, as 
often happens, the fertile brain devises several passible schemes, 
it is only where the imaginative faculty has been kept in check 
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by logic that the one scheme that best fits each case will be 
selected for final acloption. But, above ail, geology- has its 
home, not in the laboratory or study, but sud Jove^ beneath the 
open sky ; and its pursuit is inseparably bound up with a love 
of Nature, and the healthy tone which that love brings alike to 
body and mind. 

And what does the great prophet of Nature tell us about this 
love? 

" The boy beholds the light and whence it flows ; 

The man perceives it die away, 

And fade into the light of common day.’* • 

Will it not, then, be kind to encourage the boy to follow a 
pursuit which will keep alive in him a joy which years are too 
apt to deaden ; and will not the teaching of geology in schools 
conduce to this end ? Geology certainly should be taught in 
schools, and for more prosaic reasons, of which the two follow- 
ing are, perhaps, the most important. Geography is essentially 
a school subject, and the basis of all geographical teaching is 
physical geography. This cannot be understood without con- 
stant reference to certain branches of geology. Again, how 
many are the points of contact between the history of nations, 
the distribution and migrations of peoples, and the geological 
structures of the lands they have dwelt in or marched over. 

But geology is not an easy subject to teach in schools. The 
geology of the ordinary text-book does not commend itself to 
the boy-mind. The most neatly-drawn sections, nay, even the 
most graphic representations of gigantic and uncouth extinct 
l^animals, come home to the boy but little, because they are 
pictures and not things. He wants something that he can 
handle and pull about ; he does not refuse to use his head, but 
he likes to have also something that will employ his hand^ at 
the same time. 

The kind of geology that boys would take to is outdoor work ; 
and, of course, where it can be had, nothing belter could be 
given them. A difficulty is that field work takes time and filches 
away a good deal of the intervals that are devoted to games. 
Still cross-country rambles and scrambling about quarries and 
cliffs are not so very different from a paper-chase ; and if the 
teacher will only infuse into the work enough of the fun and 
heartiness which come so naturally in the open air, he need not 
despair of luring e^en the most high-spirited boy, every now and 
then, away from cricket and football. 

But there are localities not a few — the Fen country, for 
instance — where it is scarcely possible to find within manageable 
distance of the school the kind of field-geology which is within 
the grasp of a beginner. But even here the teaching need not 
be wholly from books. The best that can be done in such cases 
is to make olfiect-lcssons indoors its basis. For instance, give a 
lad a lump ot coarsish sandstone \ let him pound it and separate 
by elutriation the sand grains from the clay ; boil both in acid, 
and dissolve off the rusty coating that colours them ; ascertain 
by the microscope that the sand grains are chips and not rounded 
pellets, and so on. All such points he will delight to worry out 
for himself ; and, when he has done that, an explanation of the 
way in which the rock was formed will really come home to him. 
Or it is easy to rig up contrivances innumerable for illustrating 
the work of denudation. A heap of mixed sand and powdered 
clay does for the rock denuded ; a watering-can supplies rain ; a 
trough, deeper at one end than the other, stands for the basin 
that receives sediment. By such rough apparatus many of the 
results of denudation and deposition may be closely imitated,^ 
and the process is near enough to the making of mud-pies to 
com mand the admiration of every boy. It is by means like these 
that even indoor teaching of geology may be made life-like. 

I need not dwell upon the great facts of physical geology 
which have so important a bearing on geography and history ; 
but I would, in passing, just note that these too often admit of 
experimental Illustration, such for instance as the well-known 
methods of imitating the rock-folding caused by earth-movements. 

1 would add that wherever, in speaking of school teaching, 1 have 
used the word **boy,’' that word must of course be taken to 
include ** girl ” as well. 

In conclusion I should like to give you an outline of the kind 
of course I endeavour to adopt in more advanced teaching in the 
case of students who are working at other subjects lu well, and 
can give only a part of their time to geology. During the first 
year the lectures and book-work should deal with physical 
geology. In the laboratory the student should first make the 
acquaintance of the commonef rock-forming minerals, Che means 
of recognising them by physical characters, blowpipe tests, and 
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the simpler methods of qualitative analysis, and may then go on 
tt> work at the commoner kinds of rocks and the elements of 
microscopic petrography. During the summer months I would 
take him into the field, but not do more than impress upon him 
some of the broader aspects of outdoor work, such as the con- 
nection between physical feature and geological structure. 

During a second year stratigraphical geology should be j 
lectured upon and studied from books, and so much of animal 1 
morphology as may be necessary for palaeontological purposes I 
should be mastered. The practical work would lie mainly ' 
amorig fossils, with a turn< every now and again at mineralogy j 
and petrology to keep these subjects going. Out of doors I i 
would not yet let the student attempt geological mapping, but j 
would put into his hands a geological map and descriptions of 
the geology of his neighbourhood, and he would be called upon ; 
to examine in minute detail all accessible sections, collect and 
determine fossils, and generally see how far he jcan verify by 
his own work the observations of those who have gone before 
him. 

Indoor work during the third year would be ‘devoted to j 
strengthening and widening the knowledge already gained. Out j 
of doors the student should attempt the mapping of a district j 
by himself. It will be well, if there is any choice in the matter, | 
to select one in which the physical features are strongly j 
marked. 

This sketchy outline must serve to indicate the notions that 
have grown up in my mind on the subject now before us, and 
the methods I have been led to adopt in the teaching of geology. 1' 
I trust that they may be suggestive, and may call forth that 
kindly and genial criticism with which the brotherhood of the 
hammer are wont to welcome attempts, however feeble, to 
strengthen the corner-stones and widen the domain of the 
science we love so well, and to enlarge the number of its 
votaries. 


LETTERS TO THE EDITOR. 

{, 7 'he Editor does not hold himself responsible for opinions ex^ 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejeciea 
manuscripts intended for this or any other part op Nature. 
No notice is taken of anonymous communications.} 

British Association Procedure. 

I AM glad to see a letter from my colleague. Prof. Armstrong, 
on the subject of the procedure of the British Association. I 
am not disposed to take an exaggerated view of the harm that 
may arise from the mild excitement and dissipation which seem 
to be inseparable from gatherings of this kind ; but I do not 
regard with satisfaction the prospect of annulling half the good 
effect of my much-needed rest and annual dose of fresh air, by 
spending a week in crowded rooms in the middle of a great 
town. The disinclination to run this risk increases, and the 
risk itself seems to increase, when the date fixed for the meeting 
is selected in such an unfortunate way as to cut in two the 
summer holiday of many members, and especially of those who 
are teachers, whether in school, college, or university. 

Having been on two separate occasions concerned in making 
preparations for the recepcion of the Association, I know some- 
thing of the circumstances which have to be considered. One 
of the most important points is the provision of suitable rooms 
for reception and Sectional business. These are very commonly 
obtained in colleges or schools, and cannot be placed at the 
disposal of the Association till the holidays begin. But all 
schools or colleges break up before the end of July, and the 
last days of July or the first days of August would be the most 
convenient time to the great majority of those who form the most 
numerous and active attendants at the meetings. The weather 
at that time is also more likely to be favourable to garden 
parties and excursions than at any time late in August or in 
September. That, at least, is my own opinion as to the time 
of meeting. 

Then as to the work of the Sections. As a Sectional Secre- ' 
tary I have read papers (other people^s)' at 3 o'clock in the 
afternoon to an audience consisting of a Vice-President impa- 
tjent to follow the President to lunch, two reporters who were 
not ^ktening, and my wife making signals of distress from a 
babk^f&encl].. As a Sectional President I have sat at the same 
hour, loncb^tiless and weary^ while 01 paper which* seemed as 
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long and as discursive as the story of the Ancient Mariner, 
was droned forth by the author to an audience of about three 
persons fidgeting like the belated wedding guest. 1 wonder 
whether this sort of thing is supposed to be of any use to anybody. 

The change which I proposed, and which was in part embodied 
in a recommendation from Section B to the Council, consisted 
in altering the hour for Committees from 10 to 9.30, and begin- 
ning general business at 10 instead of 1 1 ; the Section to close 
at 2. 

The only objection I heard to 9.30 was that some members 
might be lodged at a distance, and find it difficult to attend so 
early. I never could see much except laziness at the bottom 
of this objection. The only other that occurred to me was that 
possibly sometimes the Committee business would occupy more 
than half an hour. But this difficulty, even if real, chiefly arises 
from the practice to which Prof. Armstrong has referred, of 
making the Committees so large. 

This practice serves no obvious purpose except that of adver- 
tising a certain number of people who like to see their names in 
print. I believe the demand for election upon Sectional Com- 
mittees would be considerably reduced if the names of the Sec- 
tional Committees 7 ccre no longer printed. It would be quite 
sufficient for the purposes of business to give in the Journal only 
the names of the officers. 

I think, farther, that something should be done to reduce ihe 
cost of a meeting to the town visited by the Association. The 
gorgeousness of the entertainments given, and the demands made 
upon provincial pockets, have become so extravagant that none 
but wealthy or ambitious towns can face tl^f luxury of a visit of 
the British Association. ^^ILLIAM A. Tilden. 

Birmingham, September i. 

Whilst I entirely agree with Prof. Armstrong as to the 
desirability of reform in regard to most of the matters to which 
he has called attention, I would like to point out that in one 
respect the large Sectional Committees have perhaps served a 
useful purpose. Nowhere are the older and younger men of 
science brought so extensively into direct contact with each other 
as at the meetings of these Committees, and hence they have 
served perhaps more than anything else to introduce the younger 
provincial men to their older and younger brethren of the 
metropolis and to each other. 

If it be admitted therefore that a chief object of the Association 
is that its members shall meet, I think, speaking as a provincial, 
th^t there is much to be said in favour of the retention of 
moderately large Sectional Committees ; though no doubt the 
introduction of such reforms as would tend to discourage the 
presence on them of those who are out of place would add to 
their usefulness in every way. W. A, Shenstone. 

Clifton, September 2. 

Fine Oroup of Sun-spots. 

This morning I saw a very large cluster of spots in the sun’s 
northern hemisphere, and nearly at mid-transit across the disc. 
The group is elongated east and west, and there is a fine spot at 
each cf the extremities. The length of the group is about 
113,000 miles ; it exhibits a verv complicated structure, and I 
have made a drawing of it with some difficulty, owing to the 
rapid changes it is undergoing in detail. A 3-inch refractor, 
power 90, defines the object well, and reveals many peculiarities 
in its form. Though I have termed it a group of spots, it might 
with propriety be called a single spot, for it is connected with 
wisps of penumbra, and chains of small spots, which altogether 
represent an extensive area of disturbance. 

On looking at the sun with the eye simply protected with 
tinted glass, 1 see the group of spots distinctly, and it would 
form quite a conspicuous appearance to the*1naked eye should the. 
sun rise or set in a fog during the next day or two. 

I ascertained by frequent scrutiny during the first half of the 
present year that the sun’s spots were usually very small and 
fugitive, and the present fine display of maculat is therefore all 
the more worthy of observation and record. 

Bristol, August 31. W. F. Denning. 

.Organic Colour. 

In considering the'eauses of bright colouring in animals and 
plants, I think the physical meaning of colour has not been 
sufficiently regarded. 
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All dull colours, such as browns, olives, plums, &c., mean 
that vibrations of ever)r wave-length in the white sunlight 
are absorbed almost entirely, a vety small proportion being 
reflected. A deep red colour means that there is a less propor- 
tion of the longest waves absorbed ; a deep violet, that there is 
a less proportion of the shortest waves absorbed ; and a full 
green, that the absorption is less in the intermediate wave- 
lengths. These are tne primary hues; but in objects which 
reflect the brilliant secondary hues — scarlets, yellows, blues, and 
pinks — the chief absorption is confined to a small area in the 
spectrum, a large proportion of the light being reflected. 

There are, then, three distinct stages of coloration, viz. (i) 
that in which all wave-lengths are absorbed; (2) that in which 
absorption ceases in respect to about one- third of the spectrum ; 
(3) that in which absorption ceases in respect to about two-thirds 
of the spectrum. 

'Fhese three stages are progressive, and in the direction of 
progress from chaos to unity ; from a condition of the proto- 
plasm in which molecular elements of very diverse vibrating 
capacity are mixed up together, to a condition in which the 
capacities of these elements have become greatly simplified. 

When we speak of an organism arriving at maturity, we imply 
that it began its career in a state of immaturity, and that it 
gradually progresses to the condition of maturity. In what that 
condition consists, or what fundamental changes have taken 
place, it may not be easy to say ; but it is surely true, as a rule, 
that organisms in an early and immature state are comparatively 
dull in colour, and do not put on their brightest hues until the 
period of maturity, Indicating that one of the characteristics of 
maturity is the simplih%^ion of the vibrating capacity of the 
molecules. If this be really a law of Nature, it is a far- 
reaching one, and will account for much. F, T.. Mott. 

Leicester. 


On the Soaring of Birds. 

I HAVE thought that this habit can be explained as follows ; 
at least as regards rooks, which I have often noticed soaring in 
flocks, especially in the spring, and I think usually in warm 
cloudy weather. 

An upward convection current of warm air is established over 
some area. The birds stretch out their wings, and if the upward 
velocity of the current should happen to be just equal to the velocity 
with which a bird with outstretched wings would sink through still 
air (the ** terminal velocity **), the bird would be supported ; but if 
it were somewhat greater, the bird would be raised upwards. In 
that case he inclines his wings so that the resolved part of the 
pressure on the under side of the wings carries him forward at a . 
uniform level. But this movement, being rectilinear, would take 
him outside the warm column which he is enjoying. A centri- 
petal force is therefore needed to maintain the circular move- 
ment, and this is obtained by tipping the wings, so that the wing 
which points outwards is raised, and that which points inwards 
towards the warm column is depressed, as noticed by your cor- 
respondent.* If the upward velocity of the current is not sufficient 
to support the bird, an occasional flap with both wings, and the 
subsequent sinking, supplies the deficiency of upward pressure. 

O. Fisher. 


In your i'-sue of August 21 (p. 397) Mr. Magnus Blix gives a 
very ingenious explanation of tne soaring of birds. It appears, 
however, to me that this explanation rests upon a false basis.^ 

In his illustration, Mr. Blix supposes a bird to be moving in a . 
direction, relative to the winfl, at right angles to that of the 
wind, its absolute velocity, therefore, being greater than that of 
the wind. He then supposes the bird, by movement of wing- 
.plane, to change it# direction to one opposite to that of the 
wind, and assumes that its absolute velocity, in the new direction, 
will be equal to the absolute velocity in the old. 

Now it is probably true that a bird can change its direction 
without sensible loss of velocity relative to the air^ but any 
velocity it may have, in virtue of the motion of the air, must 
remain as a component of the new velocity in the same direction 
as before, however the bird may change the direction of its 
wing-plane. 

Now the supposed bird, in changing its direction at r, would 
still have the component of velocity mte to the wind acting in 
direction ef as before. Its veloci^ relative to the wind, there- 
fore, from c \od would be the original velocity at a (diminished 
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in its passage from a* to c) ; its absolute velocity the difference of 
the two velocities. 

If this objection hold good, Mr. Blix’s theory seems to be 
no longer an explanation. C. O, Bartrum. 

19 Well Walk, Hampstead, August 26. 


Occurrence of a Crocodile on Cocos Islands. 

During a recent visit to Cocos Islands Mr. Ross showed me 
the skull of a crocodile of small size which had appeared about 
a year previously on the islands. It Was first seen by a native 
Cocosian, who reported that he had seen something between a 
lizard and a log of wood in the sea. It then reappeared upon 
another island and destroyed a number of ducks, and was 
eventually shot by Mr. Ross. The distance from Java, the 
nearest land, is fully 700 miles. It is remarkable that this 
animal should have swum so far, and managed eventually to 
strike this small patch of land in the middle of the ocjan. I do 
not know apother record of a big reptile travelling so far. Mr. 
Ross tells me that bamboo-rafts sometimes drift to Cocos, and 
perhaps it managed to help itself along on one of these. 

The whole seas here, but especially the Straits of Sunda and 
Malacca Straits, are full of drift-fruits, seeds, sticks, stems of 
Nipa and Pandanus ; and between the Straits of Sunda and 
Cocos, large patches of pumice rolled lumps and dust can be 
seen, the relics of the destruction of Krakatab. 

H. N. Ridley. 

Botanic Gardens, Singapore, August 6. 


, Helix nemoralis and hortenais. ^ 

I SHOULD be very pleased if some of the various concho- 
logical readers of Nature would kindly furnish me with 
their records of these two shells. The questions I specially 
want to ask concerning them are as follows : — What varieties 
(with band-formulse) have they found ? What number of each 
variety and band- variation have they taken ? What is the environ- 
mental condition of the localities where they have found them, 
as regards plant-life and geological formation? And, in addi- 
tion, I want the records (and this is a special point) from 
separate and distiflet hedges or banks. 

J. W. Williams. 

57 Corinne Road, Tufnell Park, N. 


Mr. Williams’s ** British Fossils.” 

In my review of Mr. Williams’s British Fossils,” published 
in Nature of August 28 (p. 412), I notice a slip on my part 
in regard to eclogite. 1 should have said that whereas this rock 
is stated to consist of red garnets and hornblende, it i^ usually 
described as being composed of red garnets and one of the 
pyroxenes, such as omphacite or smaragdite, or both. 

Since writing the review I have come to the conclusion that 
the twice repeated term dermoid types” is intended for 
** demoid types ” ; a term used in the second edition of Phillips’s 

Manual of Geology.” The Reviewer. 

August 29. 

A Remarkable Rainbow. 

I have just seen a very remarkable rainbow. Itwas.plc^s 
60^ in height, and thin. The sunset was lurid, with a mock sun 
to the south of the real one. D. MacGillivray. 

Oxford, August 25. 


NOTES. 

On Sunday, August 17, M. Janssen ascended to the Grands 
Mulcts, and next day he reached a hut called the Cabane des 
Bosses, which an Alpinist, M. Vallot, of Paris, has erected at a 
point about 400 metres below the summit of Mont Blanc. 
According to the Paris correspondent of the Times^ the second 
day’s journey was made in a sledge, drawn and pushed by twenty* 
two guides. Tuesday, Wednesday, and Thursday M. Janssen 
spent in a part of the hut which M. Vallot has fitted up as a 
scientific laboratory. On Fjiday, as the weather wai^veiy clear, . 
M* Janssen had his sledge dragged up to the summit of the 
mountain to complete his enervations. At the ridge of the 
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Bosses, which is almost vertical, and bordered on both sides by 
beds of snow ready to fall in avalanches at the slightest motioni 
the guides begged him to leave the sledge. He did so, but 
after taking five or six steps he fell exhausted on the snow and 
had to return to the sledge. He went back to the Grands 
Mulets the same day, and on the following Sunday he reached 
the Hotel de Mont Blanc, and rejoined Mme. and Mdlle. Janssen, 
who had watched all his movements through a telescope. The 
resufts obtained by M. Janssen on this occasion confirm those to 
which he was led by his previous observations at the Grands 
Mulets. 

The medical profession loses much by the death of Dr. James 
Matthews Duncan, F.R.S. He died of heart disease at Baden- 
Baden, on Monday, September i. He was boni at Aberdeen 
in 1826. 

We regret to have to record the death of Prof. Camelly. 
He died suddenly on August 27, at the age of 38. He had 
held the chair of chemistry at Firth College, and at the Dundee 
University College; and two years ago he was appointed 
Professor of Chemistry at Aberdeen. 

Another death which we are sorry to have to record is 
that of Miss North, who died on Saturday, August 30, at » 
her residence, Mount House, Alderley, Wotton-under-Edge, 
■Gloucestershire, after a prolonged illness. 

Orazio SiLVESTRi, the distinguished chemist and vulcano- 
logist, died at Catania on August 17. He was fifty-five years 
of age. In 1863 he was appointed to the professorship of 
chemistry at the University of Catania, whence he was transferred, 
in 1874, to a corresponding chair at the University of Turin. 
Afterwards he returned to Catania, where he became professor 
of mineralogy, geology, and vulcanology. Prof. Silvestri was 
an enthusiatic student of Mount Etna, and carried on many 
important investigations during the eruptions of 1865, 1869, 
1879, 1883, and 1886. Through his efforts an astronomical and 
meteorological observatory has been constructed on Etna at a 
height of 3000 metres. 

The British Pharmaceutical Association held its twenty- 
seventh annual meeting in Leeds on Tuesday and Wednesday. 
The chair was occupied by Mr. Charles Umney. The attendance 
was unusually numerous. 

The Sanitary Institute had a most successful Congress at 
Brighton last week. Among the presidential addresses was one 
on Geology* in its relation to hygiene, as illustrated by the 
geology of Sussex,” by Mr. W. Topley, F.R.S., President of 
the Section for Chemistry, Meteorology, and Geology. The 
discussions at the various meetings did much to foster the 
interest of the public in the laws of public health ; and we 
should have been glad to devote more attention to the proceed- 
ing^ but for the pressure on our space due to the meeting of the 
British Association. 

This week the International Congress of Agriculture and 
Forestry is holding a series of meetings at Vienna. There are 
del^ates from Great Britain and many other countries. The 
proceedings began on Monday evening with a reception given by 
the oiganizing committee. On Tuesday the opening address 
was delivered by Count Christian Kinsky, President of the Diet 
of Lower Austria. The final sitting will be held on Saturday. 

The fourth annual series of vacation science courses at 
Edinburgh was brought to a close last Saturday with an excur- 
sion to Melrose and Abbotsford. These courses corresponded 
to the second part of the Oxford summes gathering, and were 
bly successful. A similar^^series is being organized for 
ater months, and will be specially adapted to **tbe edu- 
aal requirements of teachers.’’ 
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On August 27 and 28 earthquake shocks were felt along the 
Danube valley from Amstetten to Grein in Lower Austria. The 
seismic movement on August 28 lasted ten minutes, and was 
accompanied by a disturbamce of the river, the water rising into 
long lines of waves similar to those caused by the paddle-wheel 
of a steamer. 

The Caucasus papers relate an interesting case of globular 
lightning which was witnessed by a party of geodesists on the 
summit of the Bohul Mountain, 12,000 feet above the sea. 
About 3 p.m., dense clouds of a dark violet colour began to rise 
from the gorges beneath. At 8 p.m., there was rain, which was 
soon followed by hail and lightning. An extremely bright 
violet ball, surrounded with rays which were, the party says, 
about two yards long, struck the top of the peak. A second 
and a third followed, and the whole summit of the peak was 
soon covered with an electric light which lasted no less than four 
hours. The party, with one exception, crawled down the slope 
of the peak to a better sheltered place, situated a few yards 
beneath. The one who remained was M. Tatosoff He was 
considered dead, but proved to have been only injured by the 
I first stroke of lightning, which had pierced his sheepskin coat 
and shirt, and burned the skin on his chest, sides, and back. 

I At midnight the second camp was struck by globular lightning 
of the same character, and two person^ slightly felt its effects. 

A STUDY of five years’ thrnderstorms (1882-86) on the 
Hungarian plain has been recently made by M. Hegyfoky. 
We note the following points in his paper (communicated to the 
Hungarian Academy). The days of thunderstorm were those 
on which thunder was observed, and they formed 16*4 per cent, 
of all days from April to September. The air-pressure on 
those days sank about 2 mm. under the normal, morning and 
evening. The less the pressure, the greater the probability of 
thunderstorm. The temperature (estimated by the maximum 
thermometer) was higher than that of all days of the season 
indicated ; and the moisture and cloudiness were similarly in 
excess. The wind blew about mid-day more softly, and in the 
evening more strongly than usual. It went round, as a rule, 
from the south-east by the south to the west and north-west, 
h The clouds came oftener than usual from the south-east and 
south-west quadrants ; so that the centre was generally north of 
the station. Nearly half of the season’s rainfall was on days of 
thunderstorm. Hail fell on ii days, on one of which there was 
no thunderstorm. There were most thunderstorms in June (59 
out of 199). The June of 1886 had as many as 26. The com- 
mencement of a thunderstorm (first thunder) occurred most often 
from 2 to 5 p.m. Towards the end of the season the thunder- 
storms tend to come later in the day. When the pressure falls 
under the mean of the season (752*4 mm.), the thunderstorms 
last longer than when it is above the mean. The path was in 
most cases from south-west or west, and in most cases coincided 
with that of both lower and upper clouds, but in several cases 
only with that of the lower or upper. After the first thunder 
the meteorological elements are usually subject to great changes, 
most marked as the storm nears the zenith : rain falls, wind , 
rbes, and alters quickly in direction, temperature and vapour- 
pressure fall, relative humidity, cloud, and pressure increase. As 
the storm withdraws there is a return to the normal. Various 
other points are considered. The author accepts Sohneke’s 
theory— that the electricity of thunderstorms is due to friction of 
I water-drops on ice. 

The Meteorological Council have just published a series of 
observations made at Sanchez (Samani Bay), St. Domingo, in the 
years 1886-88. They were mt^e chiefly by the late Dr. W. Reid, 
Medical Officer of the Samand and Santiago Railway Company. 
The Council, recognizing the value of the observations, which 
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were taken with much care, and for a locality for which they are 
very scarce, determined to publish them in detail. The monthly 
means and summaries have been calculated in the Meteoro* 
slogical Office and added in a convenient form at the end of the 
volume. From these it is seen that the maximum shade tem* 
perature was 96®'S in September 1887, and the minimum s8®*5 
in March 1888. The rainfall varied considerably in the different 
^ears — as much as 26 inches. The greatest daily fall was 6 inches 
tix April. The sunshine recorded in 1888 amounted to an 
average of 67 hours daily. Dr. Reid remarks, with regard to 
the wind, that in about 19 days out of 20 there is a light breeze 
in the west at 6h. a.m., which continues till about 8h. a.m., 
then a short calm, then a light breeze from about south, which 
veers round to east or east-south-east by 10 a.m., and there con- 
tinues till about 4 p.m., when it remains calm till next morning. 
Only three gales are recorded during the three years, and these 
all occurred in 1886. 

Thk Pali Mall Gazette has issued in its ** Extra " series a 
charming story of a dog. It is called Teufel the Terrier : the 
Life and Adventures of an Artistes Dog,*' and is told by J. 
Yales Carrington, and edited by Charing Cross.** The tale is 
admirably illustrated, and will give much pleasure to all who 
study the ways of dogs, and appreciate their intelligence and 
sense of fun. • 

Part 23 of Cassell's ‘‘New Popular Educator** has been 
published. Besides the woodcul^ in the text, there is a coloured 
plate illustrating electric discharges in rarefied gases. 

Messrs. George L. English and Co., of Philadelphia and 
New York, have published the fifteenth edition of their cata- 
logue of the minerals which they have for sale. There has been 
in America, they say, a “ very great increase in the demand for 
mineral specimens.** 

The proposed creation of Universities in France will soon give 
\Vise to much animated discussion in the French Senate. Mean- 
•while, the Ministry of Public Instruction has prepared a return 
showing the number of students who at present attend the 
different French faculties. The total is 16,587, of whom 15,316 
are Frenchman and 1271 foreigners, as against only 9863 fifteen 
years ago. Of this total 5843 students attend the faculty of 
medicine, 4570 that of law, 1834 that of literature, 1590 that of 
pharmacy,. 1276 that of science, and loi that of Protestant 
theology. Rather more than half of these (8653) are students 
of the different Paris faculties, and of the 1271 foreign students 
1078 are in Paris. There are 989 Europeans (3 1 3 Russians, 159 
Roumanians, and X21 Turks), 201 Americans (of whom 173 
come from the United States), 68 Africans (of whom 51 are 
Egyptians), 12 Asiatics, and I Australian. The great majority 
of these foreigners are studying medicine ; 907 belong to that 
faculty, while 240 are studying law, 58 science, 39 pharmacy, 24 
literature, and 3 Protestant theology. 

The fapan Weekly Mail in a recent issue notices the publica- 
tion of a kind of Japanese folk-Jorc journal, called the Fuzoku 
Gwahoo^ the object of which is to collect and record important 
curious Japanese national customs. Japanese customs, old 
ai)d new, are classifiedf by the new journal under seven heads — 
namely, customs that concern (i) human beings, (2) animals and 
plants, (3) dress and ornaments, (4) food and beverages, (5) 
•buildings, (6) furniture and coins, (7) miscellaneous. For the 
illustrations resort is had to old pictures. Every number contains 
an essay on some interesting custom, with allusions to authorities 
on the subjects treated. 

tN The Government of India, it is reported, has decided to dis- 
continue the annual grant hitherto devoted to search for, and 
purchase of, rare Sanskrit manuscripts, but the decision will not 
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take effect until 1 892. A regular staff of native searchers have been 
employed during the past ten years, and these have visited most 
of the laige temples throughout India, examining and cataloguing 
the vast collections of works hoarded up there. The private 
libraries of several native gentlemen have been likewise care- 
fully sifted, and their contents recorded. Of the manuscripts 
thus examined, no fewer than 2400 have been purchased by the 
Government, and rendered accessible to the public at Bombay 
and Calcutta. The most valuable “finds" have included 
numerous old Jain manuscripts, now'^ being submitted to the 
scrutiny of competent scholars in Bombay. Although the search 
and purchase grants are to cease, the Indian Government has 
agreed to continue the allowance of Rs. 9000 per annum for the 
publication of texts and translations of the Sanskrit and Persian 
works disco vere*d. 

The additions to the Zoological Society's Gardens during the 
past week include a Squinel Monkey {Chrysothrix sciurea 9 ) 
from Guiana, presented by Mrs. Osgood ; two Chinese Alligators 
{.Alligator sinensis) from China, presented by Mr. D. C. Jansen ; 
a Great-billed Touracou (Corythaix fnacrorhyncha) from West 
Africa, a Wonga-wonga Pigeon {Leticosarcia picta) from 
Australia, a Madagascar Love Bird {Agapornis cana) from 
Madagascar, purchased. 


OUR ASTRONOMICAL COLUMN. 


Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on September 4 
2oh. 55m, 52s. 


Name. 

! M.g. 

Colour. 

R.A. zSga' 

Decl. 1890. 


. 


h. m, s. 


(i)O.C. 4627 ... 



20 57 lO j 

+S 4 7 

(2) G.C. 4628 

... 

Pale blue. 

20 58 9 , 

-XI 48 

(3) 3 Aqiiarii 

•• 5 

Reddish>yellow. 

20 41 56 , 

- 5 

(4) Capricorni .. 

— 3 

Yellowish-white. 

20 14 17 

-15 10 

(5) a Capricorni ... 

... 4 

White. 

20 II 0 

-12 53 

(6) D.M. -f 32*^ 3522 

... 8 

Red. 

^9 36 44 

+ 32 22 

(7) V Cygni 

... Var. 

1 

Red. 

20 37 46 

+47 45 

Remarks. 


(1) The G.C. description of this nebula is: “Considerably 
bright ; large ; elongated in the direction 45^* or thereabouts ; 
barely resolvable.” The spectrum appears to have been observed 
only by Dr. Huggins, who recorded : — “ One bright line only 
was distinctly seen, of apparently the same rcfrangibility as the 
brightest of the nitrogen lines. This bright line appeared by 
glimpses to be double. Possibly this appearance was due to the 
presence near it of a second line. The faintness of the light did 
not permit the slit to be made sufficiently narrow for the deter- 
mination of this point.” This is an observation well worth 
repeating, as it may possibly throw some light on the origin of 
the chief nebula line. The magnesium fluting near A 500 ba^ 
been suggested, on various grounds, as the origin of the chief 
line, and this consists of a rhythmical series of flutings with well- 
defined edges towards the red end of the spectrum. It may be 
that the second fkint line seen b^ Dr. Huggins was the second 
maximum of the compound fluting, but unfortunately he does 
not state whether it was more or less refrangible than the brighter 
line. 

(2) It appears to be generally agreed that this is one of the 
finest specimens of planetary nebula: in the heavens. Lassell 
saw it as an elliptic ring with a star in the centre. Dr. Huggins 
and Lieutenant Herschel each recorded three bright, sharp, and 
distinct lines in its spectrum, and Prof. W inlock suspected a 
fourth. The spectrum of this nebula might perhaps be advan- 
tageously observed in connection with that of the previous 
nebula. As the temperature of nebulae indicating, hydrogen 
is probably lower than that of nebulae in which the hydrogen 
lines are absent, there is rea^nable ground for supposing uat 
the fluted appearance of the chief line (assuming it to be due to 
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.magnesium) will be most obvious when the hydrogen lines are 
not seen. A comparison of the two spectra with the same in- 
struments under similar conditions will therefore be valuable. 

(3) This comparatively bright star of Croup II. has not yet 
been observed in sufficient detail, Duner simply stating that the ’ 
bands 2-8 are wide and dark. For purposes of classification it 
is also necessary to know whether the bands in the blue or those 
in the red are most intense. 

(4 and S) These are stars of the solar type and of Group IV. 
respectively (Konkoly). The usual observations are required in 
each case. * 

(6) Duner describes the spectrum of this star as one of Group 
VI., consisting of three zones, of which the blue is also pretty 
bright. The principal bands are very dark, and the secondary 
bands 4 and 5 (A. 589 and 576) were also occasionally seen. The 
brightness of the blue zone varies very considerably in stars of 
.this group, and, moreover, does not depend upon' the magnitude t 
of the sK,r. It probably therefore depends upon temperature. 
The associated pnenomena are well worth investigation. 

(4) This interesting variable will reach a maximum about | 

September 6. The observations of the magnitude at maximum 
are a little discordant, but there can be no doubt that it changes 
considerably, the extremes being 6*8 and 9*5, whilst the minimum 
is a prolonged one of about magnitude 13. The spectrum is 
one of Group VI., showing very little blue light. Continuous 
spectroscopic observations will be very valuable in connection 
with Mr. Lockyer’s theory of the cause of variability in stars of 
this group. ^ 

A. Fowler, 

t^ARiABLE Stars near the Cluster 5 M. — At the June 
meeting of the Royal Astronomical Society, Mr. A. A. Common, 
F.R.S., exhibited some photographs of the cluster 5 Messier, 
taken with his 5-foot telescope at Ealing. Four photographs 
had been taken on April 22, May 9, May 15, and June 9, with 
exposures of 25, 45, 66, and 45 minutes respectively. The 
plate taken on May 15 — that is, the one with the longest ex- 
posure — contains five stars not shown on those taken before and 
after that date. The presence of these five stars was not due to 
longer exposures because they were all brighter than the loth 
magnitude, whereas stars of at least the 1 2lh magnitude were 
seen on all the plates. A great difference was also observed in 
the apparent magnitudes of many of the stars near the cluster. 

Prof. E. C. Pickering notes {Astronomtsche Nachrichten^ 
No. 2986) that an examination of the photographs of this 
region taken at Harvard College Observatory proves beyond 
doubt that the star about 9" or 10" south preceding the cluster 
varies between 9*76 and ii*6 magnitude, and that the south 
component of the wide pair just following the cluster varies 
between 9*3 and 12*2 magnitude. 

New Asteroids. — A new minor planet of the 13th 

magnitude, was discovered by Dr. Palisa, at Vienna, on 
August 17; and another, by Mr. Charlois, at Nice, on 
August 19. The latter was found near the position of Hera, 
'(^, but because of the difference in magnitude it is thought to 
be new. 


SOCIETIES AND ACADEMIES, 

Paris. 

Academy of Sciences, August 25. — On a jawbone of a 
Greenland seal, found by M. Michel Hardy in the grotto of 
Raymonden. — Observations of the Denning (July 23, 1890) 
Comet, made at the Paris Observatory, by M. G. Bigourdan. — 
Observations of the new planet Palisa (Vienna, August 17, 1890), 
made at the Paris Observatory, by Mdlle. D. Klumpke. — Ele- 
ments and ephemerides of the planet (0), discovered at the 
Nice Observatory, July 15, 1890, by M. Charlois. — On two 
forms of electrical gyroscopes, one serving to show the 
movement of the earth, and the other for the rectification 
of the marine compass, by M. G. Trouv^. The two instru- 
ments are similarly constructed, but the latter is heavier, and 
sd hung as to be free from ^the various causes of dis- 
turbance 'always present on boar^. It is able to correct the 
compass with certainty, since its axis of rotation remains fixed 
in space, however long it is necessary to prolong the observa- 
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tion. — On the respiration of the grasshopper, by M. Ch. 
Contejean. The abdomen is chiefly concerned with the respira- 
tory movements. Stimulation of the nervous system by apply- 
ing induced electric currents causes an obvious acceleration in 
the breathing. — New researches on the production of light by 
animals and vegetables, by M. Raphael Dubois. The author con- 
cludes that the production of light in animal organisms is due to 
the transformation of the colloidal protoplasmic granulations into 
crystalloidal granulations, under the influence of a ^respiratory ^ 
phenomenon. — On the presence of the carboniferous formation in 
Brittany, by M. P. Lebesconte. This paper contains a list of 
the fossils obtained from some newly-discovered fossil-bearing 
strata in the carboniferous limestones at LTlle-et-Vilaine in 
Quenon. — On the storm of August 18, 1890, at Dreux, by M. 
Loon T. de Bort. In its local and destructive character this 
storm showed many analogies with the tornadoes of the United 
States. — Notes were also submitted by M. Chapel, on the 
coincidence of atmospheric disturbances with the meeting with 
the Perseids ; by M. van Heyden, on the height of the atmo- 
sphere; and by M. E. Mathieu-Plessy, on a new ba«e obtained 
by heating ammonium nitrate, possibly nitramide, NOj . NH3. 
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THURSDAY, SEPTEMBER ii, 1890. 

PRINCIPLES OF ORGANIC CHEMISTRY, ' 

Principles 0/ General Organic Chemistry. By Prof. E. 
Hjelt, Helsingfors. Translated from the Author's 
German Edition of the original work by J. Bishop 
Tingle, Ph.D. (London : Longmans, Green, and Co., 
1890.) 

'"T'HIS work is an English translation of the German 
t edition of a book which originally appeared in 
Swedish, and its object is stated to be “ to give in a short 
and clear form the most important points of general and 
theoretical organic chemistry.” Paraphrasing a statement 
recently put forward by a well-known reviewer in these 
columns, we certainly doubt the propriety of translating 
German books of this kind into English, regarding the 
ignorance of German by a chemist as ine.xcusable, if not 
criminal : in our opinion, indeed, permission to study the 
science of chemistry should be contingent on proof being 
given of a competent knowledge of this language. Bftt 
our objection does not rest alone on this basis : we 
should not even have recommended the translation of 
the work from Swedish,ias we hold that its^ study must 
have a thoroughly demoralizing effect. It is impossible 
“ to give the most important points of general and theo- 
retical organic chemistry,” in accordance with the plan 
adopted by the author, within so narrow a compass ; 
and such a book can only serve the purposes of the 
crammer. The uselessness of attempting to construct a 
cottage from plans prepared for a mansion needs no 
proof, but it is just such an attempt that is made in the 
book under notice. 

The book is divided into three parts. According to 
the translator, in Part 1 . the composition, constitution, 
and classification of organic compounds are discussed 
and -explained as clearly and concisely as possible. 
Part II. is devoted to illustrating the connection between 
the constitution of organic compounds and their chief 
physical properties. Part III. deals with the chemical 
behaviour of organic compounds. In illustration of the 
treatment accorded to the various sections, it may 
be mentioned, however, that the whole subject of “ Geo- 
metrical Isomerism,” one of the most difficult of modem 
chemical problems, is dismissed in five pages; that 
optical properties occupy but five and a half ; and that 
only three and a half are devoted to the discussion of 
specific gravity and specific volume in their relation to 
constitution. 

Some among us contend that the study of chemical 
science affords logical training of a very high order, but 
certainly this would not be the opinion of any intelligent 
person unacquainted with the subject who chanced to 
read this book. Thus, what can be the value of such 
wretched mental pabulum as (hat supplied on pp. 42-43, 
where, after the briefest possible reference to the van 
t' Hoff-Le Bel hypothesis, we read, Two doubly linked 
carbon atoms would be represented by a figure consisting 
of two tetrahedra with one edge in common. Two arrange- 
ments are possible of substances of the type Cab^Cab. 
Fumaric and maleic hbids are examples of such com- 
pounds ” ? Then follow the two conventional double ^ 
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tetrahedron figfures, and a few lines further comes ‘the 
dogmatic assertion, “ It can be proved that fumaric acid 
is constituted like Fig. 2, and maleic acid like Fig. i. It 
is not possible here to give a systematic account of the 
principles upon which the discovery of geometrical iso- 
merism is based.” Fancy the effect of studying, let us 
say, Euclid on such principles, and the kindly reception 
the lad would meet with who tpldhis master in efass that 
“ it can be proved that any two sides of a triangle are 
greater than the third,” and whose knowledge went no 
further ; yet this is about the position which a reader of 
this book would be placed in after perusing its frag- 
mentary sentences. If the student be exceptionally 
intelligent, and be not satisfied with dogmatlb assertions, 
what must, moreover, be his opinion of his teacher when 
later on he directs his attention to current literature, and 
finds that the constitution of fumaric and maleic acids is 
one of the questions which is being hotly contested among 
chemists ; that it is not proved that either acid, has the 
constitution represented by the figures given ; that, in 
fact, it is pure assumption that such is the case ; and that 
the determination of the constitution of these and similar 
acids is a problem of peculiar difficulty ? 

The translator tells us that "No pains have been spared 
in order to bring the work into harmony with the latest 
researches, though of course, from the very nature of the 
case, all controversial matter has been excluded.” The 
first part of the sentence is distinctly misleading, and it 
is difficult to understand the meaning of the latter. Our 
methods of determining constitution are admittedly in so 
many cases imperfect and but roughly approximate ; so 
much depends on individual judgment, and the point of 
view from which the interpretation is given ; that, in dis- 
cussing constitution and the relation of physical properties 
to structure, "controversy” cannot be excluded. The 
advancing student has the right to demand a statement 
of the arguments for and against, and to nourish him on 
dogma is to do him a grievous injury : his object being 
to learn to play the game himself later on, he desires to 
obtain an insight into its rules and moves, and his only 
chance of learning methods is to become acquainted with 
the methods and arguments of previous workers. An 
illustration is afforded by chapter xi., on heat of com- 
bustion and heat of formation, which extends to the 
inordinate length of two pages and a half. In this 
chapter reference is made to Thomsen's calculations of 
the thermal values of the different kinds of bonds bejiw^en 
carbon atoms, and his conclusions are put forward in such 
a manner as to lead the student to suppose that they are 
based on cogent arguments. The author’s preface being 
dated Helsihgfors, February 1887, it is excusable that he 
should have been impressed by the weight of Thomsen’s 
authority ; but it is inexcusable that the translator, three 
years later, should overlook the criticisms that have been 
passed on Thomsen’s work, and should fail to point out 
that the conclusions which this chemist based on his 
thermal studies of carbon compounds are frequently in 
absolute conflict with those deduced from the study of 
chemical behaviour. The survival at this date of the 
strange conclusion that in acetylenic com'pounds the 
carbon atoms are held* together by less than* no affinify 
clearly shows that common-sense after all is an uncom- 
mon sense. The concluding paragraph of chapter xi. is 

X 
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one •which it is perhaps undesirable t0‘ pass without 
remark : — 

•“All researches prove that unsaturated compounds 
possess a greater neat of combustion than saturated 
ones ; their heats of formation are therefore less and their 
energy greater than that of compounds containing carbon 
atoms linked only by single bonds. The thermal be- 
haviour of unsaturated compounds also shows that the 
so-called double bond is a n eaker, not a stronger^ form of 
atomic attraction than the simple bond'* 

The first of these sentences is a mere statement of fact ; 
the second is an unwarrantable and illogical deduction 
from the facts, and yet the fallacy which it embodies is 
very generally overlooked. Chemists are persuaded that 
the ethylenic form of linkage is not the equivalent of two 
paraffinic linkages, but is considerably weaker ; beyond 
this, however, all is surmise. It is not determined whether 
or no the carbon atoms in ethylenic compounds are united 
by more than a single affinity ; and as we have no means 
at present of calculating the thermal equivalent of even 
a paraffinic linkage, thermal behaviour cannot enable us 
to judge which is the stronger form of atomic attraction — 
the paraffinic or the ethylenic. The greater stability of 
saturated as compared with unsaturated compounds would 
appear to be due to the greater readiness with which the 
latter are acted on. To defeat an enemy it is neces- 
sary to approach within striking distance ; and* so it is 
in affairs chemical. The vulnerable points in saturated 
compounds are few or limited in extent, but in the case 
of the unsaturated it is easy for the attacking party — the 
chemical agent— to effect a lodgment. 

Our criticisms thus far have had reference chiefly to 
Parts I. and II.; but of Part III., which is the more 
important section of the book and the more novel in 
plan, we cannot speak in terms much less unfavourable. 
We can only say : Defend us from the student whose 
knowledge of the general behaviour of organic com- 
pounds has been derived from such a course of study. 
We wish, in the interests of English chemical students, 
that the book had remained untranslated. 

H. E. A. I 

THE THEORY OF INTEREST. 

Capital and Interest : a Critical History of Economic 
Theory. By Prof, Eugen von B 5 hm-Bawerk. Trans- 
lated by William Smart, M.A. (London : Macmillan 
smd'Co., 1890.) 

P ROF. SMART shares with Mr. James Bonar the 
honour of introducing to the English public a 
leader of the important Austrian school of •'economists. 
Mr. Bonar, in the Quarterly Journal of Economics^ 
transfuses into his own happy style the spirit of Prof. 
Bohm-Bawerk’s theory of value. Prof. Smart translates 
the same writer’s theory of interest, which, to be fully 
appreciated, should be read in connection with the earlier 
work. The translation is enhanced by an analysis and a 
preface, in which the author’s theory is, so to speak, 

“ brought down to earth,” and adapted, by examples taken 
from the highway and the market-place, to the compre- 
hepsion of. the wayfaring man. . Referring to his own 
labours, Mr. Smart makes a suggestion which deserves 
ajij||mtion : — 
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“ The time I have given to this work may excuse my 
suggesting that a valuable service might be rendered to 
the science, and a valuable training in economics given, 
if clubs were organized, under qualified professors, to 
translate, adapt, and publish works which are now indis- 
pensable to the economic student” 

Mr. Smart should be one of these professors ; for he 
has proved himself to be eminently qualified, not only to 
translate, but to adapt an important work. 

One quality of this work, about the excellence of which 
there can be no question, is the learning with which 
it abounds. The Austrian economists rival their German 
neighbours of the exclusively ** historical ” school in 
laboriousness of research. He must be a ripe scholar to 
whom many even of the names, as well as matters, in 
our author’s review of theorists and theories are not new. 
We shall not expose our own ignorance by mentioning 
the writers of whom we had never heard before. As an 
instance of one whose name was not unknown, but whose 
position in economical history was not sufficiently recog- 
nized, may be noticed Salmasius. The average English 
recder is aware that Salmasius was underrated by Milton 
and his biographer. Dr. Johnson. But it requires Prof. 
Bdhm-Bawerk’s acquaintance with economic literature to 
realize how much Salmasius contributed to the explosion 
of the old prejudices against inlEerest. Not only does 
his doctrine 

“indicate an advance, but it long indicates the high- 
water mark of the advance. . . . There was no essen- 
tial advance on Salmatius (in respect of the theory of 
interest) till the time of Smith and Turgot.” 

J. B. Say, if we remember rightly, has observed that 
there is not much use in studying the theories of the 
earlier economists, as they were mostly wrong. Prof. 
Bohm-Bawerk evidently does not accept this somewhat 
Philistine conclusion. But we suspect that he does not 
deny the premiss. For it appears to be the motive of 
this “Critical History of Economic Theory” to prove 
that all preceding economists have gone astray, and fallen 
short of the glory which we fully concede appertains in a 
s(>ecial degree to Prof. Bdhm-Bawerk as the formulator of 
the true theory of interest. Now we cannot agree to the 
negative proposition here implied. Our approbation of 
Prof. Bohm-Bawerk does not rest upon the censure of his 
predecessors. Of course it must be admitted that on the 
theory of interest, as on other economical subjects, a 
great deal of nonsense has been talked. But — hindered 
perhaps by the proverbial difficulty of unlearning the 
lessons of youth — we can hardly believe that the leaders 
of economic thought, that Ricardo and Senior and J. S. 
Mill, deserve to be involved in such a sweeping con- 
demnation. 

In expressing this doubt we shall shelter ourselves 
behind the authority of one to whom most readers con- ' 
versant with economic science will be disposed to defer. 
In one of the scrupulously weighed notes attached to the 
epoch-making work which Prof. Alfred Marshall has just 
published, he thus refers to Prof. Bbhm-Bawerk : — 

“The question mav be raised whether he has not 
somewhat exaggerated the difference between his own 
position and that of his predecessors ; whether the sharp 
contrasts which he finds between the doctrines of succes- 
sive schools really existed, and whether those doctrines 
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were j^eneraily as fragmentary and one-sided as he 
thinks.” 

Without attempting to add to words so weighty, i^e 
shall follow the excellent example of him who had to 
speak after Mr. Burke, and shall simply “ say ditto ” to 
Prof. Marshall 

It is not be supposed that our remarks are calculated 
to disparage the truth and importance of Prof. Bohm- 
Bawerk’s own theory of interest. It would argue a very 
slight acquaintance with economical literature to suppose 
that the worth of an author’s own work is to be measured 
by the worth of his criticisms upon the work of others. 
Prof. Bohm-Bawerk is not the less right because those 
from whom he differs are not wrong. We are not pre- 
cluded from expressing unqualified admiration of the/^^j/- 
th'e theory which forms the sequel to this too “ critical ’’ 
history. F. Y. E. 


LETTERS TO THE EDITOR. • 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended fox this or any other part op Nature. 
No notice is taken of anonymous communications.^ 

The Soaring of Birds. 

In Nature of August 2t (p, 397), a new solution has been 
oft'ered of the problem of the soaring of birds, which will hardly 
be accepted as satisfactory ; for it is based on the radical mis- 
conception that the absolute velocity with which a bird soars, or 
flies, partly with the air, and partly through the air, can be 
converted, wholly or in part, into a motion through the air, at a 
swifter rate than before. This is only possible when the bird 
passes from one current into another, or the current itself is 
changed in rate or direction. It is strange that anyone 
shoqld fail to see that when a body of air is moving uniformly 
over the land or sea, it can no more sustain a bird flying or 
gliding within it than if it were motionless. 

Referring to your correspondent’s first diagram, ” It is 
evident,’’ he says, “that the velocity of the bird at the point c, 
if the initial velocity of the bird and the velocity of the wind 
are properly adapted ” (whatever that may mean) “ can be 
greater than at a. He appears to think that the length of the line 

f is some measure of the velocity ; whereas, in fact, this velocity 
will be the same, or rather greater, indefinitely near to a than it 
is at ry the velocity of the bird through the air being then at its 
maximum, and that of the wind uniform. Nothing is gained by 
the length of c a, A movement in the direction c d might be at 
least as advantageously made close to a as further along the line. 

It is hardly worth while to press any other objection to the 
explanation offered. But it may be noted that if the diagrams 
given are intended to represent the actual facts the soaring bird 
is being rapidly carried to leeward, which is a misrepresenta- 
tion. Let me offer what I believe to be an apt illustration. 
While a billiard ball is rollin;^ across a table, its direction being 
again and again changed by its rebounds from the cushions, the 
table is moved forward through space at the rate of about a 
OUhousand miles a mjnute. This movement ought, according to 
.your correspondent, to accelerate or retard the motion of the 
ball across the table, or at least ought to do so if the two move- 
ments wefe “ properly adapted.” 

Reginald Courtenay. 

Tean Vicarage, Stoke-on-Trent, September 1. 

[P.S. — In Nature for September 4 (p. 457), just received, are 
remarks on the soaring of birds, by two of your correspondents, 
which seem to me to be perfectly just ; only I would add that 
the upward currents of which soaring bi^s avail themselves are 
commonly due to obstacles to the uniform motion of the wind. 
Also, that a soaring bird, if turning abruptly, will in general not 
merely uplift, but strike once, with the outer wing.] 
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The Affinities of Heliopora carulea. 

Owing to absence from Dublin I have but just seen the cor- 
respondence on the affinities of Hdiopora carulea in two recent 
numbers of Nature (pp. 349, 370}. Dr. S. J. Hickson has 
undoubtedly given the true explanation of Mr. Saville Kent's 
“curious mistake.” Knowing that the polyps of this Alcyo- 
narian had never before been observed in expanded condition, 
I took eve^ opportunity when in Torres Straits of examining 
living specimens in situ. Only onmne occasion was I rewarded, 

^ and then I distinctly saw the small extruded polyps with their 
eight flat fringed tentacles ; they were nearly colourless, but 
j had a whitish tinge, in fact, they precisely resembled the 
' polyps of the common Alcyonium digitatum. I was unable to 
I sketch them at the time, as my bodily position was unfavour- 
I able, and the tide was rising. In no case did the polyps exhibit 
any sign of vitality when kept in a vessel of erater in my 
laboratory. The only published drawing (so far as I remember) 
purportiiTg to he the polyp of this form is that given by Quoy 
and Gaimard, but whatever it may be, it represents neither the 
polyp itself nor the annelid described by Mr. Saville Kent. 

Alfred B. Haddon. 

Royal College of Science, Dublin. 

Occurrence of a Crocodile on Cocos Islands. 

With reference to Mr. Ridley’s account of the occurrence of 
a crocodile on the Cocos I.slands, I was quartered in Barbados 
in the beginning of 1885, when a very fine alligator, ogtt 15 
feet in length, was washed on shore. As it was on the point of 
crawling up the beach it was noticed by a sergeant of engineers 
and some sappers who shot it, and afterwards exhibited it in the 
town. • 

The nearest river the alligator could have come from was the 
Orinoco, a distance of 300 miles. 

This is improbable, as the set of the ocean currents would 
have sent the alligator much to the west of Barbados if it had 
come from the Orinoco. It is much more probable the alligator 
came from the mouth of the Amazon or from the Essequibo, 
many hundred miles further to the east. 

Dr. Mitchell, of Trinidad, told me he had seen an alligator 
on a small log attacked by sharks in the Gulf of Faria. 

A, L. Caldwell. 

A.S. Corps, Chatham, September 6. 


THE BRITISH ASSOCIATION. 

Leeds, Wednesday Morning. 
'‘pHE Leeds meeting has been small and quiet, the 
attendance only numbering over 1700. Happily the 
weather has been excellent, and brilliant sunshine has 
cast a glow over the ugliness of the place, and rendered 
the excursions to the Aire and the Wharfe valleys de- 
lightful. The usual social accompaniments of British 
Association meetings have not been so plentiful as at 
former meetings, but every one seems satisfied with the 
hospitality displayed. . « 

In the proceedings of the meeting there have been one 
or two matters of excitement and some marked successes. 
Sir Frederick Abel considerately cut down an address 
which was more suited for the study than the platform. 
It is universfRly admitted that no more successful lectures 
have ever been delivered at an Association meeting than 
those of Mr. Pouiton on Friday, on Mimicry,” and 
Prof. Boys on Monday, on “ Quartz Fibres." The large 
audiences were really entranced. 

It can hardly be said that any paper of high and wide 
scientific importance has been read this year in any of 
the Sections. There have, however, been several most 
important discussions on the reorganization of some of 
the Sections, which attracted much attention, and several 
changes are to be made. 

Next year’s meeting o^ the Association will mke place* 
at Cardiff, when Dr. Huggins will preside. *The 1893 
meeting will be held at Edinburgh, and the 1893 at 
Nottingham. 
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The following is the list of grants to be submitted to 
the meeting of the General Committee to-day : — 


A. — Mathematics and Physics. 

Seismological Phenomena of Japan 

Electrical Standards 

Meteorological Observations on Ben Nevis 

Electrolysis 

Photographs of Meteorological Phenomena 
Dischaige of Electricity from Points 
Ultra-Violet Rays of Solar Spectrum 
Seasonal Variations of Temperature 


£ 

10 

100 

50 

5 

5 

10 

SO 

20 


B. — Chemistry, 

Analysis of Inl^n and Steel 

Isomeric Naphthalene Derivatives ... 
Formation of Haloid Salts ... 

Action of Light upon Dyes ... 


10 

25 

25 

20 


C. — Geology. 

Erratic Blocks ... 

Fossil Phyllopoda 

The Geological Record 

Photographs of Geological Interest ... 

Lias Beds in Northampton.shire .. 

Begistjption of Type Specimens of British Fossils 
Volcanic Phenomena of Vesuvius ... 

Underground Waters... 

Investigation of Elbolton Cave 

I). — Biology, 

Marine Biological Association at Plymouth 

Botanical Station at Peradeniya 

Improving Deep-sea Tow-net 

Disappearance of Native Plants ^ 

Zoology of the Sandwich Islands 

Zoology and Botany of the West India Islands 

E. — Geography, 

Normal Tribes of Asia Minor and Northern Persia 


10 

10 

ICO 

10 

20 

10 

10 

5 

25 


30 

50 

40 

5 

100 

100 


30 


G . — Mechanical Science. 

Action of Waves and Currents in Estuaries 150 


H. — A nthropology. 

New Edition of Anthropological Notes and Queries 

Anthropometric Laboratory 

North-western Tribes of Canada 

Habits of Natives of India ... 

Corresponding Societies 


50 

10 

200 

10 

25 
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SECTION A. 

MATHEMATICS AND PHYSICS. 

Opening Address by J. W. L. Glaisuer, Sc.D., F.R.S., 
President of the Section. 

No one who is called upon to preside over this Section can 
fail to be struck by the range of subjects comprehended within 
its scope. The field assigned to us extends from the most exact 
of all knowledge, the sciences of number, quantity, and position, 
to branches of inquiry in which the progress has been so slight 
that they still consist of little more than collections of observed 
facts. This breadth of area has obvious disadvantages, but it is 
not without some compensating advantages. In these days, 
when science is so much subdivided, it is well that students of 
subjects even so diverse as those with which we have to deal 
should occasionally meet on common ground, and have the 
opportunity of learning from each other's lips the kind of work 
in which they are engaged. Wide as is our rax^e, we should 
remember also how closely knit together in various ways are the 
more important of our subjects ; and in the case of mathematics^ 
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a.<;tronomy, and physics, besides their actual and historical 
alliance, a mathematician may be permitted to feel that a special 
bond of union is created by the mathematical processes and 
language which are essential for their investigation and ex- 
pr^ion. 

It is, I am afraid, unfortunate for my audience, that my own- 
subject should be at one extreme, not only of those dealt with 
by our Section, but even of the still greater range covered by the 
Association. I will endeavour, however, in my remarks to con- 
fine myself to a few general considerations relating to pure 
mathematics, which I hope will not be considered out of place 
on this occasion. 

By pure mathematics I do not mean the ordinary processes of 
algebra, differential and integral calculus, &c., which every 
worker in the so-called mathematical sciences should have at his 
command. I refer to the abstract sciences which do not rest 
upon experiment in the ordinary sense of the term, their funda- 
mental principles being derived from observations so simple as 
to be more or less axiomatic. To this class belong the theories 
of magnitude and position, the former including all that relates 
to quantity, whether discrete or continuous, and the latter in- 
cluding all branches of geometry. The science of continuous 
magnitude is alone a vast region, containing many beautiful and 
extensive mathematical theories. Among the more important 
of these may be mentioned the theories of double and of 
multiple periodicity, the treatment of functions of complex 
vnriables, the transformation of algebraical expressions (modern 
algebra), and the higher treatment of algebraical and differential 
equations as distinguished from their mere solution. l\ is this 
kind of scientific exploration which fascinates and rewards the 
pure mathematician, and upon which his best work is most 
profitably spent. I do not wish to« under- estimate the import- 
ance of such a sulqect as finite differences, in which a number 
of distinct problems are treated with more or less success by 
interesting methods specially adapted to their solution. Nor 
would I willingly undervalue tne interest of those branches of 
mathematics which we owe to the mathematical necessities of 
physical inouiiy. But it always appears to me that there is a 
certain perfection, and also a certain luxuriance and exuberance 
in the pure sciences which have resulted from the unaided, and 
I might almost say inspired genius of the greatest mathema- 
ticians which is conspicuously absent from most of the investiga- 
tions which have had their origin in the attempt to forge the 
weapons required for research in the less abstract sciences. To 
illustrate my meaning, I may take as an example of a subject of 
the latter class the theory of Bessel’s functions. The object of 
mathematicians in this case has been to investigate the properties 
of functions which have already presented themselves in astro- 
nomy and physics. Formulae for their calculation by means of 
series, continued fractions, definite integrals, &c., have been 
obtained in profusion, numerous theorems of various kinds and 
applicable to different purposes have been discovered, extensions 
and developments have been made in all directions, and, finally, 
the large body of interesting analysis thus accumulated has been 
classified and systematized. But, valuable and suggestive as are 
many of the results and processes, such a collection of facts and 
investigations is necessarily fragmentaiy. We do not find the 
easy flow or homogeneity of form which is characteristic of a 
mathematical theory properly so called. In such a theory as, 
for example, the theo^ of double periodicity (elliptic functions), 
the subject develops itself naturally as it proceeds ; one group 
of results leads spontaneously to another ; new and unexpected 
prospects open of themselves ; ideas the most novel and striking, 
whicn penetrate the mind with a charm of their own, spring 
directly out of the subject itself.' We are surprised by the 
wonderful connections with other subjects which unexpectedly 
start into existence, and by the widely different methods of 
arriving at the same truths; in fact, os oTir knowledge pro- 
gresses, we continually find that results which seemed to lie far * 
away in the interior of the subject — so remote and concealed 
that, at first sight, we might think that no other path except the 
one actually pursued could have reached them — are actually 
close to its edge when approached from another side, or viewed 
from another stand-point. We notice, too, that any great 
theory gives ris^ to ito own special analysis or algebra, frequently 
connecting together into one whole what were hitherto merely 
isolated and apparently independent analytical results, and 
affording a reason for tneir exbtence, and also— what is often 
even more interesting— a reason for the non-occurrence of 
others, which analogy might have led us to expect. I do not 
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pretend that there are not many branches of mathematics which 
partake of both these characters, nor do^I suppose that the 
description I have given of a mathematical theory is at all' 
peculiar to pure mathematics. Much of it is common to all 
scientific research in a fruitful field, though, possibly, we may 
not find elsewhere such profusion of ideas or perfection of form. 

I have been tempted to speak at such length on the objects 
and aims of the mathematician by the feeling that they are not 
infrequently misunderstood by the workers in the less abstract 
sciences. I do not think inat mathematical formulae or pro- 
cesses, merely as such, are much more interesting to the pure 
than to the applied mathematician. The one studies number, 
<juantity, and position, the other deals with matter and motion ; 
and in both cases the investigations are carried on by means of 
the same symbolic language. 

The order in which the subjects which form an ordinary 
mathematical course are presented to the student is regulated by 
the fact that portions of the elements of the pure sciences are 
required for the explanation and development of any exact 
science ; for example, a knowledge of the elements of trigono- 
metry, analytical geometry, and differential and integral calculus, 
must necessarily precede any adequate treatment of mechanics, 
light, or electricity. The majority of students, after mastering 
a sufficient amount of pure mathematics to enable them to pass 
on to the physical subjects, continue to devote their attention to 
the latter, and never know more of the nature of the pure 
sciences than they can derive from the processes and methods 
which they learned at the very outset of their mathematiful 
studies.* This is necessarily the case with many of the wranglers, 
as the first part of the Mathematical Tripos includes no true 
mathematical theory. Most of the mathematical text-books 
in use at Cambridge are admirably adapted to the purposes 
for which they are intended that it seems ungraciohs to make an 
adverse criticism of a general kind. But I cannot help feeling 
regret that their writers have had so much in view the imme- 
diate application of the principles of the pure subjects to the 
treatment of physical problems. In the case of the differential 
and integral calculus, for example, there seems an increasing 
tendency to introduce into the book- work and examples propo- 
sitions which really belong to the physical subjects. This is an 
important tribute to the growth and influence of physical mathe- 
matics in this country, and a zealous physicist might even con- 
sider it satisfactory that the student should not be required to 
encumber himself with knowledge which was not directly^ ap- 
plicable to the theory of matter. But from the mathematician's 
point of view it is unfortunate, for, while shortening by very 
little the path of the student, it cannot fail to give an incom- 
plete, if not erroneous, idea of the relations of the pure to the 
applied sciences. How can he help feeling that the former are 
merely ancillary to the latter when he finds that the ^ mathe- 
matical problems which arise naturally in physical investigations 
have been already dealt with out of their place in the treatises 
which should have been devoted solely to the sciences of quantity 
and position ? 

Perhaps few persons who have not had the matter forced upon 
their attention fully realize how fragmentary and unsatisfactory 
is the treatment of even those fundamental subjects in pure 
mathematics which form the groundwork of any course of mathe- 
matical study. Algebra is necessarily the first subject set before 
the student ; it has therefore to be adapted to the beginner, who 
at that time is only learning the first elements of the language 
of analysts. It is customary to regard trigonometry as primarily 
concerned with the solution of triangles ; the geometrical defi- 
nitions of the sine and cosine are therefore adopted, and after 
the application of the foftnulse to practical measurement and 
calculation a new departure is made with De Moivre’s theorem. 
The elementary portions of the theory of equations, and the 
•differential and integral calculus and differential equations, are 
valuable collections of miscellaneous principles, processes, and 
theorems, useful either as results or as instruments of research, 
but possessing no great interest of their own. Analytical 
geometry fares the oest, for it includes one small subject- 
curves of the second order — which is treated scientifically and 
with thoroughness. It is true, however, that the course of 
reading just mentioned includes one theory which, though itself 
an imperfect one, receives a tolerably complete development — 
I mean the theory of singly periodic functions; but it Is 
dispersed in such small fragments among the various subjects 
that it does not naturally present itself to the mind as a whole. 
If we could commence this theory by considering analytically 

NO. 1089, VOL. 42] 


the forms and i^ecessary properties of functions of one period 
(thus obtaining their definitions as series and products), 'and 
could then proceed to a detailed discussion of the functions so 
defined — including their derivatives, the integrals involving 
them, the representation of functions by their means in series 
(Fourier’s theorem), &c. — we should obtain a connected 
system of results relating to a definite branch of knowledge 
which would give a good idea of the orderly development of 
a mathematical theory ; but the fact that the student at the 
time of his introduction to sines and cosines is supposed to be 
ignorant of all but the most elementary algebra, places great 
difficulties in the way of any such systematic treatment of the 
subject. 

Passing now to the consideration of pure mathematics itself, 
that is to say, of the abstract sciences, which can only be con- 
quered and explored by mathematical methods, it is difficult 
not to feel somewhat appalled by the enormous development 
they have received in the last fifty years. The m^ss of investi- 
gation, as measured by pages in Transactions and Journals, 
which h annually added to the literature of the subject, is so 
great that it is fast beooming bewildering from its mere magni- 
tude, and the extraordinary extent to which many special lines 
of study have been carried. To those who believe, if any such 
there are, that mathematics exists for the sake of its applications 
to the concrete sciences, it must indeed seem that it has long 
since run wild, and expanded it elf into a thousand useless 
extravagances. Even the mathematician must sometimes ask 
himself the question — not infrequently put to him by his friends 
— ** To what is it all tending? What will be the result of it all ? 
Will there be any end?” The last question is readily ai^wered. 
There certainly can be no end ; so wide and so various are the 
subjects of investigation, so interesting and fascinating the 
results, so wonderful the fields of research laid open at each suc- 
ceeding arivance — no matter in what direction — that we may be 
sure that, while the love of learning and knowledge continue to 
exist in the human mind, there can be no relaxation of our 
efforts to penetrate still further into the mysterious worlds 
of abstract truth which lie so temptingly spread before us. 
The more that is accomplished, the more we see remaining to 
be done. Every real advance, every great discovery, suggests 
new fields of inquiry, displays new paths and highways, gives 
us new glimpses of distant scenery. This wonderful suggestive- 
ness is itself one of the marks of a true theory, one of the signs 
by which we know that we are investigating the actual, existing 
truths of Nature, and that our symbols and formulae are ex- 
pressing facts quite independent of themselves, though decipher- 
able only by their means. As for the other questions, it is very 
difficult to render intelligible, even to a mathematician, the 
kind of knowledge acquired by mathematical research in a new 
field until he has made himself acquainted with its processes 
and notation, and we cannot hope to find in the remote regions 
of an abstract science many results so simple and striking as to 
appeal forcibly to the imagination of those who are unmmiliar 
with its conceptions and ideas. It would seem, therefore, that 
the question, ‘*To what is it all tending?” could never be 
answered in general terms. I do not think any mathematician 
could see his way to a reply, or even give definite meaning to 
the question. He might feel daring enough to predict the 
probable drift of his own subject, but he could scarcely get a 
broad-enough view to enable him to indulge his fancy with re- 
spect to more than a very minute portion of the field ^alneady 
open to mathematical investigation. To the outsider I am 
afraid that the subject will continue to present much the same 
appearance as it does now ; it will always seem to be stretching 
out into lin^tless symbolic wastes, without producing any results 
at all commensurate with its expansion. 

Instead of attempting to consider the general question of 
what majr be expected to result from the progress of mathe- 
matical science, we may restrict ourselves to asking whether the 
great extension of the bounds of the subject which is taking 
place in our time will materially add to its powers as a weapon 
of research in the concrete subjects. This is a question of the 
highest interest, and one that cannot fail to have occupied the 
thoughts of eveiy mathematician at some time or another in the 
course of his work. For my own part, 1 do not think that the 
bearing of the modem developments of mathematics upon the 
physical sciences is likely to be very direct or Immediate. It 
would indeed be rash to #ssert that there is any branch of mathe- 
matics so abstract or so recondite that it mig&t not #t any 
moment find an application in some concrete subject ; still it 
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seems to me that if the extension of the pure sciences could only 
be justified by the value of their applications, it is very doubtful 
whether a* satisfactory plea for any further developments could 
be sustained. ^ As a rule each subject involves its own ideas and 
its own special analysis, and it can only occasionally happen 
that analytical methods devised for the expression and develop- 
ment of one subject will be found to be appropriate for another. 
It is obvious also that the chance of such applications becomes 
le s and less as we travel farther and farther from the ele- 
mentary processes and methods which are common to all the 
exact sciences. There is a general resemblance of style running 
through much of the analysis* required in the physical sciences, 
but there is no such resemblance in the case of the pure sciences, 
or between the pure and the physical sciences. It appears 
likely therefore that, in the future, the mathematical obstacles 
which present themselves in physical research will have to be 
overcome, as heretofore, by me^ns of investigations undertaken 
for the pu^ose, and that analysis will continue to be enriched 
by conceptioas and results, and even by whole subjects (such as 
spherical harmonies), which will be entirely due to the , concrete 
sciences. Of course, it will sometimes happen that a differential 
equation or an integral has already been considered in connection 
with some other theory, or a whole body of analysis or geo- 
metry will suddenly be found to admit of a physical inter- 
pretation; but, after all, even the pure sciences themselves 
exert but an indirect effect upon the perfection of mathematical 
formula; and processes, and we must be prepared to find tliat in 
general the requirements of physics have to be met by special 
analytical researches. Having now endeavoured to consider the 
proposed question impartially, and from a cold and rational 
standpjjfint, I cannot refrain from adding that, in spile of all I 
have said, I believe that every mathematician must cherish in his 
heart the conviction that at any moment some special analysis, 
devised in connection with a branch of pure mathematics, may 
bear wonderful fruit in one of the applied sciences, giving short 
and complete solutions of problems which could hitherto be 
treated only by prolix and cumbrous methods. For example, it 
is difficult to believe that the present unwieldy and imperfect 
treatment of the lunar theory is the most satisfactory that can 
be devised. We cannot but hope that some happy discovery in 
pure mathematics may replace the clumsy and t^edious series of 
our day by simple and direct analytical methods exactly suited to 
the problem in question. In the different branches of pure 
mathematics, we nnd not infrequently that researches connected 
with one subject incidentally throw a flood of light upon another, 
and that we are thus led to solutions of problems and explana- 
tions of mysteries which would never have yielded to direct 
attack in the complete absence of any guide to the proper path 
to be pursued. So, too, in the lunar theory, if the direct attack 
should fail to supply any better treatment of the subject, wc 
cannot but hope that some day the development of a new branch 
of mathematics, entirely unconnected with dynamics, may supply 
the key to the required method. It should be remembered also 
that dynamics, which differs from the pure sciences only by the 
inclusion of the laws of motion, is but little removed from them 
in the character of its more general problems. 

It would seem at first sight as if the rapid expansion of the 
region of mathematics must be a source of danger to its future 
progress. Not only does the area widen, but the subjects of 
study increase rapidly in number, and the work of the mathe- 
matician tends to become more and more specialized. It is 
of ^course merely a brilliant exaggeration to say that no 
mathematician is able to understand the work of any other 
mathematician, but it is certainly true that it is daily becoming 
more and more difficult for a mathematician to keep himself 
acquainted, even in a general way, with the progress of any of 
the branches of mathematics except those which form the field 
of his own labours. I believe, however, that the increasing 
extent of the territo^ of mathematics will always be counter- 
acted by increased facilities in the means of communication. 
Additional knowledge opens to us new principles and methods 
which may conduct us with the greatest ease to results which 
previously were most difficult of access ; and improvements in 
notation may exercise the most powerful effects both in this 
simplification and accessibility of a subject. It rests with the 
worker in mathematics not only to explore new truths, but to 
devise the language by which they may be discovered and 
expre^d ; and the genius of a great mathematician displays 
itself no les^ in the notation he invents for deciphering his 
pubject' than in the results attained.. There are some theories 
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in which the notation seems to arise so simply and naturally out 
of the subject itself, that it is difficult to realize that it could have 
required any creative power to produce it ; but it may well have 
happened that in these very cases it was the discovery of the 
appropriate notation which gave the subject its first real start, 
afid rendered it amenable to effective treatment. When the 
principles that underlie a theory have been well grasped, the 
proper notation almost necessarily suggests itself, if it has not 
been already discovered ; but some sort of provisional notation 
is required in the early stages of a theory in order to make any 
progress at all, and the mathematician who first gains a real 
insight into the nature of a subject is almost sure to be the first 
to seize upon the right notation. I have great faith in the power 
of well-chosen notation to simplify complicated theories and to 
bring remote ones near ; and I think it is safe to predict that the 
increased knowledge of principles and the resulting improvements 
in the symbolic language of mathematics will always enable us 
to grapple satisfactorily with the difficulties arising from the mere 
extent of the subject. 

Quite distinct from the theoretical question of the manner in 
which mathematics will rescue itself from the perils to which it 
is exposed by its own prolific nature is the practical problem of 
finding means of rendering available for the student the results 
which have been already accumulated, and making it possible 
for a learner to obtain some idea of the present state of the 
various departments of mathematics.^ This is a problem which 
is common to all rapidly moving branches of science, although 
t^fs difficulties are increased in the case of mathematics by its 
wide extent and the comparative smallness of the audience 
addressed. The great mass of mathematical literature will be 
always contained in Journals and Transactions, but there is no 
reason why it should not be rendered far more useful and 
accessible than at present by means^bf treatises or higher text- 
books. The whole science suffers from want of avenues of 
approach, and many beautiful branches of mathematics are re- 
garded as difficult and technical merely because they are nut 
easily accessible. Ten years ago I should have said that even a 
bad treatise was better than none at all. I do not say that now, 
but I feel very strongly that any introduction to a new subject 
written by a competent person confers a real benefit on the whole 
science. The number of excellent text-books of an elementary 
kind that are published in this country makes it all the more to 
be regretted that wc have so few that are intended for the more 
advanced student. As an example of the higher kind of text- 
book, the want of which is so badly felt in many subjects, I may 
mention the second part of Prof. Chrystal’s Algebra ” published 
last year, which in a small compass gives a great mass of valuable 
and fundamental knowledge that has hitherto been beyond the 
reach of an ordinary student, though in reality lying so close at 
hand. I may add that in any treatise or higher text-book it is 
always desirable that references to the original memoirs should be 
given, and, if possible, short historical notices also. I am sure 
that no subject loses more than mathematics by any attempt to 
dissociate it from its history. 

There is no more striking feature in the mathematical literature 
of our day than the numerous republicaiions in a collected form 
of the writings of the greatest mathematicians. These collected 
editions not only set before us as a whole the complete works qf 
the masters of our science, but they make it possible for others 
besides those who reside in the vicinity of laige libraries to 
become acquainted with the principal contributions with which 
it has been , enriched in our century ; and, besides being qf 
immense advantage to the science at large, they even go soma 
way towards supplying the want of systematic introductions to 
the advanced suDjects. Among thesqrepublicatiqns the collected 
edition of Coley’s works, now in course of publication by the 
University or Cambridge, is deserving of especial notice. By 
undertaking this great work, not only iq the liiqtime of its authorr 
but while in the full vigour of his powers, the University has 
secured the inestimable advantage of his own editorship, and 
thus, under the very best auspices, the world is now being placed 
in full possession m this ^and series of memoirs, which already 
cover a period of nearly fifty years. 

Although it may not be possible to contemplate the actual 
position, of pure mathematics in this country with any gre^ 
amount of entlmsiasm, we may yet feel some satisfaction in 
reflecting that tberie is more cause for congratulation at present 
than there has been at any time in the last hundred and idVf 
ysars, and that we are far removed from the state of affahrs which 
elated before the days of Cayley and Sylvester. Unfortunately, 
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ive cannot point with pride to any distinct school of the pun 
sciences corresponding to the Cambridge school of mathematica! 
physics, and 1 am afraid that the old saying that we have, 
generals without armies is as true as ever. For this there is no 
immediate remedy ; a school must grow up gradually of itscfif, 
as the study of mathematical physics has grown up at Cambridge. 
I certainly should not wish, even if it were possible, to obtain 
more recruits for the pure sciences at the expense of the applied, 
nor do I desire to see the system of instruction which has 
found favour in this country so modified that pure mathematics 
could be carried on by narrow specialists. I should be sorry, 
for example, that a student, after learning algebra and differential 
calculus, should pass directly to the theory of curves, and 
devote himself to research in this field without ever having 
acquired a general knowledge of other branches of mathe* 
matics or of any of its applications. Every person who proposes 
to engage in mathematical research should be equipped at start- 
ing upon his career with some knowledge of at least all the sub- 
jects included in the first part of the Mathematical Tripos. From 
what I have said in an earlier portion of this address it may be 
inferred that, from the point ot view of the pure mathematician, 
I think that the course of study, and some of the text-books, are 
capable of improvement, but I am satisfied that a general 
mathematical training such as the Tripos requires is of the 
greatest possible value to every student, and that without it he 
cannot even make a good decision as to the class of subjects to 
which he is likely to devote his labour with the best effect. If 
the student were brought by the shortest possible route to Ae 
frontier of one of the subjects, where a fruitful field of research 
was pointed out to him, there is no doubt that the amount of 
mathematical literature produced might be greatly increased, but 
I am sure that the advantage to science would not be proportional 
to this increased amount. I am convinced that no one should 
devote himself to the abstract sciences unless he feels strongly 
drawn to them by his tastes. These subjects are treated by 
means of a powerful symbolic language, and it is the business of 
the investigator to discriminate tetween equations and formulae 
which represent valuable facts in Nature and those which are 
merely symbolic relations, deducible from others that are more 
fundamental, and having no special significance in the subject 
itself. The mathematician requires tact and good taste at every 
step of his work, and he has to learn to trust to his own instinct 
to distinguish between what is really worthy of his efforts and 
what is not ; he must take care not to be the slave of his symbols, 
but always to have before his mind the realities which they 
merely serve to express. For these and other reckons it seems 
to me of the highest importance that a mathematician should be 
trained in no narrow school ; a wide course of reading in the 
first few years of his mathematical study cannot fail to influence 
for good the character of the whole of his subseauent work. 

Before leaving this part of my subject I should like to say a 
few words upon the subject of accuracy of form in the presenta- 
tion of mathematical results. In other branches of science, 
where quick publication seems to be so much desired, there may 
possibly be some excuse for giving to the world slovenly or ill- 
digested work, but there is no such excuse in mathematics. The 
form ought to be as perfect as the substance, and the demonstra- 
tions as rigorous as those of Euclid. The mathematician has to 
deal with the most exact facts of Nature, and he should spare no 
effort to render his interpretation worthy of his subject, and to 
.give to his work its highest degree of perfection. Pauca sed 
maiura was Gauss's motto. 

The Universities are the natural home of mathematics, and to 
them we chiefly owe its cidtivation and encouragement. There 
is, however, one other much younger body whose services to our 
science should not be passed over in any survey of its present 
state— I mean the London Matheinatical Society. Twenty-five 
years ago, upon us foundation, I think the most sanguine mathe- 
matician would scarcely have ventured to predict that it would 
so soon take the position that it has among the scientific institu- 
tions of the world. The continuous interest taken by its mem- 
t^rs in its meetings, and the number and value of the papers 
published by it, show how steadily the flame of mathematical 
inquiry is burning among us. I do not presume to assert that 
the interest taken in the pure sciences can be regarded as an index 
of the energy and power of a nation, but it is certain that 
mathematiciu research flourishes only in a vigorous community. 
The search after abstract truth for its own sake, without the 
smallest thought of practical application or return in any form, 
and the yearning desire to explore the unknown, are sighs of 
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the vitality of a people, which are among the first to disappear 
when decay begins. 

In conclusion, I will refer in some detail to one special sub- 
ject — the Theory of Numbers. It is much to be regretted that 
this great theory, perhaps the greatest and most perfect of all 
the mathematical theories, should have been so little cultivated in 
this country, and that no portion of it should ever have been in- 
cluded in an ordinary course of mathematical study. It may be 
said to date from the year 1801, when Gauss published his I)i8- 
quisitiones Arithmetics, " so that it is nearly thirty years older than 
the Theory of Elliptic Functions, t<t which we may assign the date 
1829, the year in which Jacobi's '^Fundamenta Nova^appewred. 
But the latter theory has already found a congenial home among 
us, while the former is nowhere systematically studied, and is 
still without a text-book. The chapters in books upon Algebra 
which bear the title Theory of Numbers " give a misleading idea 
of the nature of the subject, the results there given being mainly 
introductory lemmas^ of the simplest kind. Tine theory has 
nothing Jo do with arithmetic in the ordinary sense of the word, 
or numerical tables, or the representation of numbers by figures 
in the decimal system or otherwise. All its results are actual 
truths of the most fundamental kind, which must exist tn rerum 
naturd. Its principal branches are the theory of forms and the 
so-called complex theories. Such a proposition as that every 
prime number, which when divided by 4 leaves remainder i, can 
always be expressed as the sum of two squares, and that this can 
be done in one way only, affords a good example of a very simple 
result in the theory of forms. It is entirely independent of any 
method of representing numbers, and merely asserts that if we 
have 5, 13, 17, 29, &c., things — let us say marbles, to fix the 
ideas— we" can always succeed in so arranging them as to form 
them into two squares, and that for each number we can do this 
in but one way. Simple as such a theorem is to enunciate and 
comprehend, the demonstration is far from easy. This is charac- 
teristic of the whole subject ; simple propositions, which we can 
easily discover by trial, and of the universal truth of which we 
can feel but little doubt, require for their demonstration a refined 
and intricate analysis, founded upon the most difficult and im- 
aginative conceptions which mathematics has as yet attained to 
in its struggles to grapple with the actual problems of the worlds 
of thought and^matter. 

The theory of quantity consists of two distinct branches — one 
relating to discrete quantity, and the other to continuous quantity. 
To the latter branch belong algebra and all the ordinary subjects 
of pure mathematics ; the former bears the name of the theory 
of numbers. Its truths are of the most absolute kind, involving 
only the notions of number and arrangement ; in fact, if we 
imagine all the exact sciences ranged in order, it naturally takes 
its place at one end of the series. Different sciences appeal to 
different intellects with very different force, but there are some 
minds over which the absolute character of the fundamental . 
truths that belong to this theory and the absolute precision of its 
methods exercise the strongest fascination, and excite an interest 
which neither the truths otgeometry nor the most important dis- 
coveries depending upon the constitution of matter are capable 
of producing. 

Many of the greatest masters of the mathematical sciences 
were first attracted to mathematical Inquiry by problems relating 
to numbers, and no one can glance at the periodicals of the 
resent day which contain quesnons for solution without noticing 
ow singular a charm such problems still continue to exert. dThis 
Interest in numbers seems implanted in the human mind, and it 
.8 a pity that it should not have freer scope in this country. The 
methods of the theory of numbers are peculiar to itself, and are 
not readily acquired by a student whose mind has for years been 
familiarized with the very different treatment which is appropriate 
to the theory of continuous magnitude ; it is therefore extremely 
desirable that some portion of the theory should be included in 
the ordinary course of mathematical instruction at our Univer- 
sities. From the moment that Gauss, in his wonderful treatise 
of x8oi, laid down the true lines of the theory, it entered upon a 
new day, and no one is likely to be able to do useful work in 
any part of the subject who is unacquainted with the principles 
and conceptions with which he endowed it. 

Undoubted the subject is a difficult and intricate one even in 
ts elementary parts, but there can be but little doubt that when 
.he processes which are now only read by specialists on their 
way to the border become more generally known and studied, 
they will be fouiid to admit of great simplification. It is in fact 
a territory where there is quite as muen scope for the mathe- 
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matician in simplifying what has been already won as in securing 
new'conquests. I hope that the apathy of so many years may lead 
to a splendid awakening in this country, and that our past 
neglect of this most beautiful theory may be atoned for in the 
future by special devotion and appreciation. 


SECTION D. 

BIOLOGY. 

Opening Address by PRof, A. Milnes Marshall, M.A., 
M.D., D.Sc., F.R.S., President of the Section. 

As my theme for this morning’s address I have selected the 
development of animals. 1 have made this choice from no 
desire to extol one particular branch of biological study at the 
expense of others, nor through failure to appreciate or at least 
admire the done and the results achieved in recent years 
by those who are attacking the great problems of life from other 
sides and with other weapons. 

My choice is determined by the necessity that is laid upon me, 
through the wide range of sciences whose encouragement and 
advancement are the peculiar privilege of this Section, to keep 
within reasonable limits the direction and scope of my remarks ; 
and is confirmed by the thought that, in addressing those 
specially interested in and conversant with biological study, your 
President acts wisely in selecting as the subject-matter of his 
discourse some branch with which his own studies and inclina- 
tions have brought him into close relation. 

Embryology, referred toby the greatest of naturalists as ** one 
of the *lnost important subjects in the whole round of natural 
history,” is still in its youth, but has of late years thriven so 
mightily that fear has been expressed lest it should absorb 
unduly the attention of 20ologists, or even check thr progress 
of science by diverting interest from other and equally important 
branches. 

Nor is the reason of this phenomenal success hard to find. 
The actual study of the processes of development ; the gradual 
building up of the embryo, and then of the young animal, within 
the egg ; the fashioning of its various parts and organs ; the 
devices for supplying it with food, and for ensuring that the 
respiratory and other interchanges are duly performed at all 
stages — all these are matters of absorbing interest. Add to 
these the extraordinary changes which may take place after 
leaving the egg, the conversion, for instance, of the aquatic gill- 
breathing tadpole — a true fish as regards all essential points of 
its anatomy — into a four-legged frog, devoid of tail, and breath- 
ing by longs ; or the histopr of the metamorphosis by which the 
sea-urchin is gradually built up within the body of its pelagic 
larva, or the butterfly derived from its grub. Add to these 
again the far wider interest aroused by comparing the life- 
histories of allied animals, or by tracing the mode of develop- 
ment of a^ complicated organ, the eye or the brain, in the 
various animal groups, from its sio^lest commencement, through 
gradually increasing grades of efficiency, up to its most perfect 
form as seen in the highest animals. Consider this, and it 
becomes easy to understand the fascination which embryology 
exercises over those who study it. 

But all this is of trifling moment compared with the great 
generalization which tells us that the development of animals 
has ^ far higher meaning ; that the several embryological stages 
and the order of their occurrence are no mere accidents, but are 
forced on an animal in accordance with a law, the determination 
of which ranks as one of the greatest achievements of biological 
science. 

The doctrine of descent, or of evolution, teach& us that as 
individual animals arise, not spontaneously, but b^ direct 
descent from pre-existing animals, so also is it with species, with 
families, and with larger groups of animals, and so also has it 
been for all time ; that as the animals of succeeding generations 
are related together, so also are those of successive geologic 
periods ; that all animals, living or that have lived, are united 
together by blood relationship of varying nearness or remoteness ; 
and that every animal now in existence has a pedigree stretching 
back, not merely for ten or a hundred generations, but through 
all geologic time iipce the dawn of life on this globe. 

The studv of diiwlopment, in its turn, has revealed to us that 
each animal bears tne mark of its anc^try, and is compelled to 
discover its parenjtage in its own development : that the phases 
through which ail animal passes in its progress from the egg to 

NO. 1089, VOL. 42] 


the adult are no accidental freaks, no mere matters of develop- 
mental convenience, but represent more or less closely, in more 
or less modified manner, the successive ancestral stages through 
which the present condition has been acquired. 

^volution tells us that each animal has had a pedigree in the 
past. Embryology reveals to us this ancestry, because every 
animal in its own development repeats this history, climbs up its 
own genealogical tree. 

Such is the recapitulation theory, hinted at by Agassiz, and 
suggested more directly in the writings of von Baer, but first 
clearly enunciated by Fritz Miiller, and since elaborated by 
many, notably by Balfour and by Ernst Haeckel. 

It is concerning this theory, which forms the basis of the 
science of embryology, and which alone justifies the extra- 
ordinary attention this science has received, that I venture to 
address you this morning. 

A few illustrations from different groups of animals will best 
explain the practical bearings of the theory, and the aid which 
it affords to the zoologist of to-day ; while these u'ill also serve 
to illustrate certain of the difficulties which have arisen in the 
attempt to interpret individual development by the light of past 
history — difficulties which I propose to consider at greater 
length. 

A very simple example of recapitxilation is afforded by the 
eyes of the sole, plaice, turbot, and their allies. These “flat 
fish ” have their bodies greatly compressed laterally ; and the 
two surfaces, really the right and left sides of the animal, unlike, 
ore being white, or nearly so, and the other coloured. The 
flat fish has two eyes, but these, in place of being situated, as in 
other fish, one on each .side of the head, are both on the coloured 
side. The advantage to the fish is clear, for the natural position 
of rest of a flat fish is lying on th^sea bottom, with the white 
surface downwards and the coloured one upwards. In such a 
position an eye situated on the white surface could be of no use 
to the fish, and might even become a source of danger, owing 
to its liability to injury from stones or other hard bodies on the 
sea bottom. 

No one would maintain that flat fish were specially created as 
such. The totality of their organization shows clearly enough 
that they are true fish, akin to others in which the eyes are 
symmetrically placed one on each side of the head, in the 
position they normally hold among vertebrates. We must 
therefore suppose that flat fish are descended from other fish in 
w'hich the eyes are normally situated. 

The recapitulation theory supplies a ready test. On employ- 
ing it, i,€. on studying the development of the flat fish, we 
obtain a conclusive answer. The young sole on leaving the egg 
is shaped just as an ordinary fish, and has the two eyes placed 
svmmetricallv on the two sides of the head. It is only after 
the young fish has reached some size, and has begun to approach 
the adult in shape* and to adopt its habit of resting on one side 
on the sea bottom, that the eye of the side on which it rests 
becomes shifted forwards, then rotated on to the top of the 
head, and finally twisted completely over to the opposite side. ^ 

The brain of a bird differs from that of other vertebrates in 
the position of the optic lobes, these being situated at the sides 
instead of on the dorsal surface. Development shows that this 
lateral position is a secondarily acquired one, for throughout all 
the earlier stages the optic lobes are, as in other vertebrates, on 
the dorsal surface, and only shift down to the sides shortly 
before the time of hatching. 

Crabs differ markedly from their allies^ the lobsters, in the 
small size ud rudimentary condition of their abdomen or 
“ tail.” D^elopment, however, affords abundant evidence of 
the descent bf crabs from macruroua^ancestors, for a young crab 
at what is termed the Megalopa stage has the abdomen as large 
as a lobster or prawn at the same st^e. 

Molluscs afford excellent illustrations of recapitulation. ^ The 
typical gastropod has a large spirally-coiled shell ; the limpet, 
however, has a large conical shell, which in the adult gives no 
sign of spiral twisting, althoqgh the structure of the animal 
shows clearly its affinity to forms with spiral shells. Develop- 
ment solves the riddle at once, telling us that in its early stages 
the limpet embryo has a spiral shell, which is lost on the 
formation, subsequently, of the conical shell of the adult. 

Recapitulation is not confined to the higher groups of animals, 
and the Protozoa themselves yield most instructive examples. 
A very kriking case iu that of OrbitolitM, one of the most 
complex of the porcellanous Foraminifera, in which each indi- 
vidual during its own growth and development passes through 
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the series of stages by which the cyclical or discoidal type o. 
shell was derived from the simpler spiral form. 

In Orhitolites tenuissima, as Dr. Carpenter has shown, ^ *‘the 
whole transition is actually presented during the successive 
stages of its growth. For it begins life as a Cornuspira, .... 
Its shell forming a continuous spiral tube, with slight interrup 
tions at the points at which its successive extensions commence ; 
while its sarcodic body consists of a continuous coil with slight 
constrictions at intervals. The second stage consists in the 
opening out of its spire, and the division of its cavity at regular 
intervals by transverse septa, traversed by separate pores, 
exactly as in Peneroplis. The third stage is marked by the 
subdivision of the * peneropline ^ chambers into chamberlets, 
as in the early forms of Orbiculina. And the fourth consists in 
the exchange of the spiral for the cyclical plan of growth, which 
is characteristic of Orbitolites ; a circular disk of progressively 
increasing diameter being formed by the addition of successive 
annular zones around the entire periphery,” 

The shells both of Foranr.inifera and of Mollusca afford 
peculiarly instructive examples for the study of recapitulation. 
As growth of the shell is effected by the addition of new shelly 
matter to the part already existing, the older parts of the shell 
are retained, often unaltered, in the adult; and in favourable 
cases, as in Orbitolites tenuissitna^ all the stages of development 
can be determined by simple inspection of the adult shell. 

It is important to remember that the recapitulation theory, if 
valid, must apply not merely in a general way to the develop- 
ment of the animal body, but must hold good with regard to thi# 
formation of each organ or system, and with regard to the later 
equally with the earlier phases of development. 

Of individual organs, the brain of birds has been already 
cited. The formation of the ^vertebrate liver as a diverticulum 
froni the alimentary canal, which is at first simple,* but by the 
folding of its walls becomes greatly complicated, is another good 
example ; as is also the development of the vomer in amphibians 
as a series of toothed plates, equivalent morphologically to the 
placoid scales of fishes, which are at first separate, but later on 
fuse together and lose the greater number of their teeth. 

Concerning recapitulation in the later phases of development 
and in the adult animal, the mode of renewal of the nails or of 
the epidermis generally is a good example, each cell commencing 
its existence in an indifferent form in the deeper layers of the 
epidermis, and gradually acquiring the adult peculiarities as it 
approaches the surface, through removal of the cells lying 
above it. 

The above examples, selected almost haphazard, will suffice 
to illustrate the theory of recapitulation. 

The proof of the theory depends chiefly on its universal ap- 
plicability to all animals, whether high or low in the zoological 
scale, and to all their parts and organs. It derives, also, strong 
support from the ready explanation which it gives of many 
otherwise unintelligible points. 

Of these latter a familiar and most instructive instance is 
afforded by rudimentary organs, ue, structures which, like the 
outer digits of the horse^s leg, or the intrinsic muscles of the ear 
of a man, are present in the adult in an incompletely developed 
form, and in a condition in which they can be of no use to their 
ossessors ; or else structures which are present in the embryo, 
ut disappear completely before the adult condition is attained — 
for example, the teeth of whalebone whales, or the branchial 
clefts of all higher vertebrates. 

Natural selection explains the preservation of useful varia- 
tions, but will not account for the formation and perpetuation 
of useless organs ; and rudiments such as those mentioned 
above would be unintelligible but for recapitulation, which 
solves the problem at once, showing that these organs, though 
now useless, must have been of functional value to the ancestors 
• of their present p^lssessors, and that their appearance in the 
ontogeny of existing forms is due to repetition of ancestral 
characters. Such rudimentary organs are, as Darwin pointed 
out, of larger relative or even absolute size in the embryo than 
in the adult, because the embryo represents the stage in the 
pedigree in which they were functionally active. 

Rudimentary organs are extremely common, especially 
among the higher groups of animals, and their presence and 
signiMance are now well understood. Man himself affords 
numerous and excellent examples, not merely in his bodily 
structure, but by his speech, dress, and customs. For the silent 

s '*Oa an Abyssal Type of the Genus Orbitolites," Ph‘*l. Trans., 1883, 
Part iL p. 553« 
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letter b in the word doubt, or the w of answer, or the buttons 
on his elastic side boots are as true examples of rudiments, uil* 
intelligible but for their past history, as are the ear muscles he 
possesses but cannot use, or the gill-clefts, which are ifunctional 
m fishes and tadpoles, and are present, though useless, in the 
embryos of all higher vertebrates, which in their early stages 
the hare and the tortoise alike possess, and which are shared 
with them by cats and by kings. 

Another consideration of the greatest importance arises from 
the study of the fossil remains of the animals that formerly 
inhabited the^ earth. It was the® elder Agassiz who first 
directed attention to the remarkable agreement between the em- 
bryonic growth of animals and their palaeontological history. 
He pointed out the resemblance between certain stages in the 
growth of young fish and their fossil representatives, and 
attempted to establish, with regard to fish, a correspondence 
between their palaeontological sequence and the successive stages 
of embryonic development. He then extended his gjbscrvations 
to other groups, and stated his conclusions in these words ^ 

‘ ‘ It may therefore be considered as a general fact, very likely to 
be more fdlly illustrated as investigations cover a wider ground, 
that the phases of development of all living animals correspond 
to the order of succession of their extinct representatives in past 
geological times.” 

This point of view is of the utmost importance. If the de- 
velopment of an animal is really a repetition of its ancestral 
history, then it is clear that the agreement or parallelism which 
Agassiz insists on between the embryological and palseontologictd 
records must hold good. Owing to the attitude which Agassiz 
subsecmenlly adopted with regard to the theory of natural selec- 
tion, there is some fear of his services in this respect failidjg to 
receive full recognition, and it must not be forgotten that the 
sentence I have quoted was written prior to the clear enunciation 
of the ]‘eca]iitulation theory by Fritz Muller. 

The imperfection of the geological record has been often 
referred to and lamented. It is very true that our museums 
afford us but fragmentary pictures of life in past ages ; that the 
earliest volumes of the history are lost, and tnat of others but a 
few torn pages remain to us ; but the later records are in far 
more satisfactory condition. The actual number of specimens 
accumulated from the more recent formations is pre^igious ; 
facilities for consulting them are far greater than they were ; the 
international brotherhood of science is now fully established, 
and the fault will be ours if the material and opportunities now 
forthcoming are not rightly and fully utilized. 

By judicious selection of groups in which long series of speci* 
mens can be obtained, and in which the hard skeletal parts, 
which alone can be suitably preserved as fossils, afford reliable 
indications of zoological affinity, it is possible to test directly 
this correspondence between palaeontological and embryological 
histories, while in some instances a single lucky specimen will 
afford us, on a particular point, all the evidence we require. 

Great progress has already been made in this direction, and 
the results obtained are of the most encouraging description. 

By Alexander Agassiz a detailed comparison was made be- 
tween the fossil series and the developmental stipes of recent 
forms in the case of the Echinoids, a group peculiarly well 
adapted for such an investigatima. The two records agree re- 
markably in many respects, more especially in the independent 
evidence they give as to the origin of the asymmetrical forms 
from more regular ancestors. ^ The gradually increasing •com- 
plication in some of the historic series is found to be repeated 
very closely in the development of their existing representatives ; 
and with regard to the whole group, Agassiz concludes that,* 

** comparing ^e embryonic development with the palaeonto- 
logical one, we find a remarkable similarity in both, and in a 
general way there seems to be a parallelism in the appearance 
of the fossil genera and the successive stages of the development 
of the Echini.” 

Neumayr has followed similar lines, and by him, as by other 
authorities on the group, there seems to be general agreement as 
to the parallelism between the embryological and palaeonto- 
logical records, not merely for Echini, but for other groups of 
Echinodermata as well. 

The Tetrabranchiate Cephalopoda are an excellent group in 
which to study the problem, for though no opportunity has yet 
occurred for studying the embryology of the only surviving mem- 

* ** Essay on Cliunification/* 1I59, p. zzs* • 

* ** Palseoptological and Embryological Development.” An Address 
before the American Association for the Advancement of Science, i88a 
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ber of the group, the pearly nautilus, yet owing to the fact that 
growth of the shell is effected by addition of shelly matter to 
the part already present, and to the additions being made in 
such manner that the older part of the shell ^rsists unaltered, 
it is possible, from examination of a single shell — and in the 
case of fossils the shells are the only part of which we have 
exact knowledge — to determine all the phases of its growth ; 
just as in the shell of Orbitolites all the stages of development 
are manifest on inspection of an adult specimen* 

In such a shell as nautilus or ammonites the central chamber 
is the oldest or first formed 6ne, to which the remaining chambers 
*are added in succession. If, therefore, the development of the 
shell is a repetition of ancestral history, the central chamber 
should represent the palseontologically oldest form, and the re- 
maining chambers in succession forms of more and more recent 
origin. Ammonite shells present, more especially in their 
sutures, and in the markings and sculpturing of their surface, 
characters that are easily recognized, and readily preserved in 
fossils ; and the group, consequently, is a very suitable one for 
investigation from this standpoint. 

Wiirtenberger’s admirable and well-known researches ' have 
shown that in the Ammonites such a correspondence between 
historic and embryonic development does really exist ; that, for 
example, in Aspidoceras the shape and markings of the shells in 
young specimens differ greatly from those of adults, and that the 
characters of the young shells are those of palaeontological ly 
older forms. 

Another striking illustration of the correspondence between 
the paleontological and developmental records is afforded by the 
antlej^ of deer, in which the gradually increasing complication 
of the antler in successive years agrees singularly closely with the 
progressive increase in size and complexity shown by the fossil 
series from the Miocene age to recent times. 

Of cases where a single specimen has sufficed to prove the 
pa1a^onto]ogical significance of a developmental character. 
Archaeopteryx affords a typical example. Jn recent birds the 
metacarpals are firmly fused with one another, and with the 
distal series of carpals ; but in development the metacarpals are 
at first, and for some time, distinct. In Archaeopteryx this dis- 
tinctness is retained in the adult, showing that what is now an 
embryonic character in recent birds was formerly an adult one. 

Other examples mi^ht easily be quoted, but these will suffice 
to show that the relation between palaeontology and embryology, 
first enunciated by Agassiz, and required by the recapitulation 
theoij, does in reality exist* There is much yet to be done in 
this direction. A commencement, a most promising commence- 
ment, has been made, but as yet only a few groups have been 
seriously studied from this standpoint* 

It is a great misfortune that palaeontology is not more gener- 
rally and more seriously studi^ by men versed in embryology, 
and that those who have so ^eatly advanced our knowledge of 
the early development of animals should so seldom have tested 
their conclusions as to the affinities of the groups they are con- 
cerned with by direct reference to the ancestors themselves, as 
known to us through their fossil remains. 

I cannot but feel that, for instance, the determination of the 
affinities of fossil Mammalia, of which such an extraordinary 
number and variety of forms are now known to us, would be 
greatly facilitated by a thorough and exact knowledge of the 
development, and especially the later development, of me skele- 
ton imtheir existing descendants, and I regard it as a reproach that 
such exact descriptions of the later stages of development should 
not exist, even in the case of our commonest domestic animals* 

The pedigree of the horse has attracted great attention, and 
has been worked at most assiduously, and we arq now, largely 
owing to the labours of American palseontolomts, able to refer 
to a series of fossil forms commencing in the lowest Eocene 
beds, and extending upwards to the most recent deposits, which 
show a complete gradation from a more generalized mammalian 
type to the hif^hly spedalized condition characteristic of the 
horse and its allies, and which may reasonably be regarded as 
indicating the actual line of descent of the horse* In this par- 
ticular case, more frequently cited than any other, the evidence 
is entirely palseontoloncal. The actual development of the 
horse has yet to be studied, and it is greatly to be desired that 
it should be undertaken speedily. Klever’s* recent work on the 

‘ **Studlcn Uber die Stammeegeschiehteider Ammcmiten. Bin geoloicis- 
chet Beweie ffir die Darwin’eche Theorie iLeipzig. 1880.) 

. ^ Kenntntse der Morphogeneee dee EquidengeDisfes,** [Affir/Aih 
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development of the teeth in the horse may be referred to «as 
showing that important and unexpected evidence is to be obtained 
in this way. 

A brilliant exception to the statement just made as to the want 
of exact knowledge of the later development of the more hig~ ~ 
organized animals is afforded by the splendid labours of Prof. 
Kitchen Parker, whose recent death has deprived zoology of one 
of her most earnest and single-minded students, and zoologists, 
young and old alike, of a true and sincere friend. Prof. Parker*.s 
extraordinarily minute and painstaking investigations into the 
development of the vertebrate skull rank among the most re- 
markable of zootomical achievements, and afford a rich mine of 
carefully recorded facts, the full value and bearing of which we 
are hardly yet able to appreciate. 

If further evidence as to the value and importance of the 
recapitulation theory were needed, it would suffice to refer to 
the influence which it has had on the classification of the animal 
kingdom. Ascidians and Cirripedes may be quoted as im- 
portant groups, the true affinities of which were first revealed by 
embprology ; and in the case of parasitic animals the structural 
modifications of the adult are often so great that but for the 
evidence yielded by development their zoological position could 
not be determined. It is now indeed generally recognized that 
in doubtful cases embryology affords the safest of all clues, and 
that the zoological position of such forms can hardly be regarded 
as definitely established unless their development, as well as 
their adult anatomy, is ascertained. 

^ It is owing to this recapitulation theory that embryoloCT has 
exercised so marked an influence on zoological spdemation. 
Thus the formation in most, if not in all, animals of the nervous 
sptem and of the sense oigans from the epidermal layer of the 
skin, acquired a new significance ivhen it was recognized that 
this mode of development was to be regarded as a repetition of 
the primitive mode of formation of such organs ; while^ the 
verteWal theory of the skull affords a good example of a view, 
once stoutly maintained, which received its death-blow through 
the failure of embryology to supply the evidence requisite in its 
behalf. The necessary limits of time and space forbid that I 
should attempt to refer to even the more important of the 
numerous recent discoveries in embryology, but mention may be 
very properly made here of Sedgwick's determination of the 
mode of development of the body cavity in Peripatus, a discovery 
which has thrown most welcome light on what was previously a 
great morphological puzzle. 

We must now turn to another side of the question. Although it 
is undoubtedly true that development is to be regarded as a re- 
capitulation of ancestral phases, and that the embryonic history 
of an animal presents to us a record of the race history, yet it is 
also an undoubted fact, recognized by all writers on embryology, 
that the record so obtained is neither a complete nor a straight- 
forward one. 

It is indeed a history, but a history of which entire chapters 
are lost, while in those that remain man^ pages are misplaced, 
and others are so blurred as to be illegible ; words, sentences, 
or entire paragraphs are omitted, and worse still, alterations or 
spurious additions have been freely introduced by later hands, 
and at times so cunningly as to defy detection. 

Very slight consideration will show that development cannot 
in all cases be strictly a recapitulation of ancestral stages* It is 
well known that closely allied animals may differ markedly in 
their mode of development. The common frog is at first a tad- 
pole, breathing by gills, a stage which is entirely omitted by the 
west Indian Hylodes. A crayfish, a lobster, and a prawn are 
allied animals, yet they leave the 8gg in totally different forms. 
Some develoj^ental stages, as the pupa condition of insects, 
or the stage in the development of a dogfish in which the 
oesophagus is imperforate, cannot possibly be ancestral stages. • 
Or again, a chick embryo of say the fourth day is clearly not an 
animal capable of independent existence, and therefore cannot 
correctly represent any ancestral condition, an objection which 
applies to toe developmental history of many, perhaps of most 
animals* 

Haeckel long ago urged the necessity of distinguishing in 
actual development between those characters which are really 
historical and inherited, and those which are acquired or 
spurious additions to the record* The former he termed palin- 
genetic or ancestrar characters, the latter cenogenetic or ac- 
quired. The distinction is undoubtedly a true one, but an 
exceedingly difficult one to draw in practice. The causes which 
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prevent development from being a strict recapitulation of an* 
cestral characters, the mode in which these came about, and the 
influence which they respectively exert, are matters which are 
greatly exercising embryologists, and the attempt to determine 
which has as yet met with only partial success. 

The most potent and the most widely spread of these dis- 
turbing causes arise from the necessity of supplying the embryo 
with nutriment. This acts in two ways. If the amount of 
nutritive matter within the egg is small, then the young animal 
must hatch early, and in a condition in which it is able to obtain 
food for itself. In such cases there is of necessity a long period 
of larval life, during which natural selection may act so as to 
introduce modifications of the ancestral history, spurious addi- 
tions to the text. 

If, on the other hand, the egg contain within itself a con- 
siderable quantity of nutrient matter, then the period of hatching 
can be postponed until this nutrient matter has been used up. 
The consequence is that the embryo hatches at a much later 
st^e of its development, and if the amount of food-material is 
sufficient, may even leave the egg in the form of the parent. 
In such cases the earlier developmental phases are often greatly 
condensed and abbreviated ; and as the embryo docs not lead a 
free existence, and has no need to exert itself to obtain food, it 
commonly happens that these stages are passed through in a 
very modified form, the embryo being, as in a four-day chick, in a 
condition in which it is clearly incapable of independent 
existence. 

The nutrition of the embryo prior to hatching is most usually 
effected by granules of nutrient matter, known as food yolk, and 
embedded in the protoplasm of the egg itself ; and it is on the 
relative abundance of these granules that the size of the egg 
chiefly depends. 

Large size of eggs implies diminution of number -of the eggs, 
and hence of the offspring ; aud it can be well understood that 
while some species derive advantage in the struggle for existence 
by producing the maximum number of young, to others it is of 
greater importance that the young on hatching should be of con- 
siderable size and strength, and able to begin the world on their 
own account. In other words, some animals may gain by 
producing a large number of small eggs, others by producing 
a smaller number of eggs of larger size — i.e. provided with more 
food yolk. 

The immediate effect of a large amount of food yolk is to 
mechanically retard the processes of development ; the ultimate 
result is to greatly shorten the time occupied by development. 
This apparent paradox is readily explained t A small egg, such 
as that of Amnhioxus, starts its development rapidly, and in 
about eighteen hours gives rise to a free-swimming larva, capable 
of independent existence, with a digestive cavity and nervous 
system already formed ; while a large egg, like that of the hen, 
hampered by the great mass of food yolk by which it is dis- 
tended, has, in the same time, made but very slight progress. 

From this time, however, other considerations begin to tell. 
Amphioxus has been able to make this rapid start owing to its 
relative freedom from food yolk. This freedom now becomes a 
retarding influence, for the larva, containing within itself but a 
very scanty supply of nutriment, must devote much of its energies 
to hunting for, and to digesting its food, and hence its further 
development will proceed more slowly. 

The chick embryo, on the other hand, has an abundant supply 
of food in the egg itself; it has no occasion to spend time 
searching for food, but can devote its whole energies to the 
further stages of its development. Hence, except in the earliest 
stages, the chick develops more rapidly than Amphioxus, and 
attains its adult form in a much shorter time. 

The tendency of abundant food yolk to lead to shortening or 
abbreviation of the ancestral histonr» and even to the entire 
omission of important stages, is well known. The embryo of 
forms well provided with yolk takes short cuts in its develop- 
ment, jumps from branch to branch of its genealogical tree, 
instead of climbing steadily upwards. 

Thus the little West Indian frog, Hylodes, produces eggs 
which contain a larger amount of food yolk than those of the 
common English frog. The young Hylodes is consequently 
enabled to pass through the tadpole stage before hatching — to 
attain the form of a frog before leaving the egg ; and the tadpole 
stage is only imperfectly re^pitulated, the formation of gills, for 
instance, being entirely omitted. ^ • 

The influence of food yolk on the development of animals is 
closely analogous to that .of capital in kuiamn undertakings, A 
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new industry, for example that of pen- making, has often been 
started by a man* working by hand and alone, making and 
selling his own wares ; if he succeed in the struggle for exists 
ence, It soon becomes necessary for him to call in others to assist 
him, and to subdivide the work ; hand labour^ is soon super- 
seded by machines, involving further differentiation of labour ; 
the earlier machines are replaced by more perfect and more 
costly ones ; factories «re built, agents engaged, and, in the end, 
a whole army of work-people employed. In later times a man 
commencing business with very limited means will start at the 
same level as the original foundey and will have to wt>rk his 
way upwards through much the same stages, f./. will repeat the 
pedigree of the industry. The capitalist, on the other hand, is 
enabled, like Hylodes, to omit these earlier stages, and, after a 
brief period of incubation, to start business with large factories 
equipped with the most recent appliances, and with a complete 
staff of worl^-people, i,€. to spring into existence fully fledged. 

There is no doubt that abundance of food-yolk is a direct and 
very frequent cause of the omission of ancestral stlges from in- 
dividual development ; but it must not be viewed as a sole cause. 
It is quite impossible that any animal, except perhaps in the 
lowest zoological groups, should repeat all the ancestral stages 
in the history of the race ; the limits of time available^ for 
individual development will not permit this. There is a 
tendency in all animals towards condensation of the ancestral 
history — towards striking a direct path from the egg to the adult. 

This tendency is best marked in the higher, the more com- 
plicated members of a group ; f.r. in those which have a longer 
and more tortuous pedigree ; and though greatly strengthened 
by the presence of food yolk in the egg, is apparently not due to 
this in the first instance. ^ • 

Thus the simpler forms of Orbitolites, as tenuissima^ repeat 
in their development alt the stages leading from a spiral to a 
cyclical shgll ; but in the more complicated species, as Dr. 
Carpenter has pointed out, there is a tendency towards precocious 
development of the adult characters, the earlier stages being 
hurried over in a modified form ; while in the most complex ex- 
amples, as in O. complanata^ the earlier spiral^ stages^ may be 
entirely omitted, the shell acquiring almost from its^ earliest com- 
mencement the cyclical mode of growth. There is no question 
here of relative abundance of food yolk, but merely of early or 
precocious appearance of adult characters. 

The question of the relations and influence of food yolk, in- 
volving as it does the larger or smaller size of the egg, is, 
however, merely a special side of the much wider question of the 
nutrition of the embryo, one of the most potent of the disturbing 
elements affecting development. 

Speaking generally, we may say that large eggs are more often 
met with in the higher than the lower groups of animals. Birds 
and reptiles are cases in point, and, if mammals do not now 
produce large eiigs, it is because a more direct and more efficient 
mode of nourishing the young by the placenta has been acquired 
by the higher forms, and has replaced the food yolk that was 
formerly present, and is now retained in quantity by Mono- 
tremes alone. Molluscs afford anothe,r good example, the eggs 
of Cephalopoda being of larger size than those of the less 
highly organized groups. 

The large size of the eggs of Elasmobranchs, and perhaps 
that of Cephalopods also, may possibly be associated with the 
carnivorous habits of the animnls ; for it is of importance that 
forms which prey on other animals should hatch of considj^ra^Ie 
size and strength. 

The influence of habitat must also be considered. It has long 
been noticed as a general rule that marine animals lay small 
while their fresh-water allies have eggs of much larger 
size. The egj^ of the salmon or trout are much larger than 
those of the cod or herring ; and the crayfish, though only a 
quarter the length of a lobster, lay eggs of actually larger 
»ze. 

This larger size of the eggs of fresh-water forms appears to be 
dependent on the nature of the environment to which they are 
exposed. Considering the geological instability of the land as 
compared with the ocean, there can be no doubt that the fresh- 
water fauna is, speaking generally, derived from the marine 
fauna ; and the great problem with regard to fresh-water life is 
to explain why it is that so many groups of animals which 
flourish abundantly in the sea should have failed to establish 
themselves in fresh water. Sponges and Coelenterates abound 
in the sea, but their fresh-water representatives are extremely 
few in number ; Echinoderms are exclusively marine : there aru 
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no fresh-water Cephalopods, and no Ascidians ; and of the 
smaller groups of Worm$» Molluscs, and Crustaceans, there are 
many that do not occur in fresh-water. 

Direct experiment has shown that in many cases this dis- 
tribution is not due to inability of the adult animals to live in 
fresh water ; and the real explanation appears to be that the 
early larval stages are unable to establish themselves under 
such conditions. This interesting suggc^^ion, which has been 
worked out in detail by Prof. Sollas,^ undoubtedly affords 
an important clue. To establish itself permanently in fresh 
water kn animal must eiiheg be fixed, or else be strong enough 
to withstand and make headway against the currents of the 
streams or rivers it inhabits, for otherwise it will in the long run 
be swept out to sea, and this consideration applies to larval 
forms equally with adults. 

The majority of marine invertebrates leave the egg as minute 
ciliated larvae ; and such larvae are quite incapable of holding 
their own in currents of any strength. Hence, it is only forms 
which have got rid of the free-swimming ciliated larval stage, 
and which leave the egg of considerable size and strength, that 
can establish themselves as fresh-water animals. This is effected 
most readily by the acquisition of food yolk — hence the large 
size of the eggs of fresh-water animals — and is often supple- 
mented, as Sollas has shown, by special protective devices of a most 
interesting nature. For this reason fresh-water forms are not so 
well adapted as their marine allies for the study of ancestral 
history as revealed in larval or embryonic development. 

Before leaving the question of food yolk, reference must be 
made to the proposal of the brothers Sarasin, to r^ard the yolk 
cells as forming a distinct embryonic layer, the lecithoblast,^ 
distinct from the blastoderm. I do not desire to speak dogmati- 
cally on a point the full bearings of which are not yet apparent, 
but I venture to think that this suggestion will not commend 
itself to embryologists. The distinction between the y^lk granules 
and the cells in which they are embedded is a real and funda- 
mental one ; but I see no reason for regarding the yolk cells as 
other than originally functional endoderm cells in which yolk 
granules have accumulated to such an extent that they have in 
extreme cases become devoted solely to the storing of food for 
the embryo.* 

Of all the causes tending to modify developgnent, tending to 
obscure or falsify the ancestral record, food yolk is the most 
frequent and the most important ; its position in the egg deter- 
mines the mode of segmentation ; and its relative abundance 
affects profoundly the entire embryonic history, and decides at 
what particular stage, and of what size and form, the embryo 
shall hatch. 

The loss of food yolk is another disturbing element, the full 
influence of which is as yet imperfectly understood, but the pos- 
sibility of which must be always kept in mind. It is best 
known in the case of mammals, where it has led to apparent, 
though very deceptive, simplification of development ; and it 
will probably not be until the embryology of the large-yolked 
Monotremes is at length described, that we shall fully under- 
stand the formation of the germinal layers in the higher placental 
mammals. 

Amongst invertebrates we know but little as yet concerning 
the effects of loss of food yolk. It has been suggested that the 
extraordinary nature of the segmentation of the egg of Peri^us 
iapensis^ made known to us through Mr. Sedgwidc’s admirable 
re^earphes, may be due to loss of mod yolk ; a suggestion which 
receives support from the long duration of uterine development 
in this case. 

Our knowledge is very imperfect as to the ease with which 
food yolk may acquirra or lost ; but until our information is 
more precise on this point, it seems unwise to layiuuch stress on 
suggested pedigrees which involve great and frequent alternations 
in the amount of food yolk present 

Of causes other than food yolk, or only indirectly connected 
with it, which tend to falsify the ancestral histoiy, many are now 
known, but time will onlyr permit me to notice the more im» 
portant. These are distortion, whether in time or space ; sudden 
or violent metamorphosis ; a series of modifications, due chiefly 


• *‘ qn the Origin of Freshwater Faunas," Sdentific Transactions of the 
Royal Dublin Society • voL tii. Ser. iz. 1686. 

J*£ratl>nUse naturwissenschafUicher Forschungen auf Ceylon,** Bd, IL 
He|a lit., 1889. 

3 C/. £. B. Wilson, ** The Development of Renilla," Phil. Traas., 1883, p. 
- 755 - 
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to mechanical causes, and which may be spoken of as develop- 
mental conveniences ; the important question of variability m 
development ; and finally the great problem of degeneration. 

Concerning distortions in time, all embryologists have 
Qoticed the tendency to anticipation or precocious de- 
velopment of characters which really belong to a later stage 
in tne pedigree. The early attainment of the cyclical form 
in the shell of Orbitolitis complanata is a case in point ; and 
Wurtemberger has specially noticed this tendency in Ammonites. 
Many early larvse show it markedly, the explanation in this case 
being that it is essential for them to hatch in a condition capable 
of independent existence, f.r. capable, at any rate, of obtaining 
and digesting their own food. 

Anachronisms, or actual reversal of the historical order of 
development of organs or parts, occur frequently. Thus the 
joint surfaces of bones acquire their characteristic curvatures 
before movement of one part on another is effected, and before 
even the joint cavities are formed. 

Another good example is afforded by the development of the 
mesenterial filaments in Alcyonarians. Wilson has shown in 
the case of Renilla that in the development of an embryo from 
the egg the six endodermal filaments appear first, and the two 
long ectodermal filaments at a later period ; but that in the 
formation of a bud this order of development is reversed, the 
ectodermal filaments being the first formed. He suggests, in 
explanation, that, as the endodermal filaments are the digestive 
organs, it is of primary importance to the free embryo that they 
rhould be formed quickly. The long ectodermal filaments are 
chiefly concerned with maintaining currents of water through 
the colony ; in bud-development they appear before the endo- 
dcrmal filaments, because they enable the bud during its early 
stages to draw nutrient matter from^the body fluid of the parent ; 
while the endodermal filaments cannot come into use until the 
bud has acquired both mouth and tentacles. 

The completion of the ventricular septum in the heart of higher 
vertebrates before the auricular septum is a well-known anachron- 
ism, and every embryologist could readily furnish many other 
cases. 

A curious instance is afforded by the development of the teeth 
in mammals, if recent suggestions as to the origin of the milk 
dentition are confirmed, and the milk dentition prove to be a 
more recent acquisition than the permanent one.^ 

But the most important cases in reference to distortion in 
time concern the reproductive organs. If development were a 
strict and correct recapitulation of ancestral history, then each 
sta^e would possess reproductive organs in a mature condition. 
This is not the case, and it is clearly of the greatest importance 
that it should not be. It is true that the first commencement of 
the reproductive organs may occur at a very early larval sta^e, 
or even that the very first step in development may be a division 
of the egg into somatic and reproductive cells ; and it is possible 
that, as maintained by Weismann, this latter condition is a 
primitive one. Still, even in these cases the reproductive organs 
merely commence their development at these early stages, and 
do not become functional until the animal is adult. 

Exceptionally in certain animals, and as a normal occurrence 
in others, precocious maturation of the reproductive organs 
takes place, and a larval form becomes capable of sexual re- 
production. This may lead to arrest of development, either at 
a late larval period, as in the Axolotl, or at successively earlier 
and earlier stage.^, as in the gonophores of the Hydromedusae, 
until finally the extreme condition seen in Hydra is produced. 

We do not know the causes that determine the period, 
whether late or early, at which the reproductive organs ripen, 
but the question is one of great (interest and importance and 
deserves careful attention. The suggestion has been made that 
entire groups of animals, such as the Mesozoa, are merely larvse, 
arrestra through such precocious acquiring of reproductive 
power, and it is conceivable that this may be the case. Mesozoa 
are a puzzling group in which the life-history, though known 
with tolerable completeness^, has as yet ^iven us no reliable 
clue concerning their afiinities to other ammals — a tantalizing 
distinction that is shared with them by Rotifers and Polyzoa. 

Distortion of a curious kind is seen in cases of abrupt 
metamorphosis, where, as in the case of many Echinoderms, of 
Phoronis, and of the metabolic insects, the larva and the adult 
differ greatly in form, habits, mode of life, and very usually in 

* CP Thomas Oldfisld, ** On th« Homologiss and Suocssdon of the Teeth 
la the Daisrtuidm, with an attempt to trace the history of the evolution of 
the Mammalian teeth in general,** Phil. Trans., i88/. 
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the nature of their food and the mode of obtaining it ; and the 
transition from one stage to the other is not a gradual but 
an abrupt one, at any rate so far as external characters are 
concerned. 

Sudden changes of this kind, as from the free-swimmidg 
riuteus to the creeping Echinus, or from the sluggish leaf eating 
caterpillar to the dainty butterfly, cannot possi dy be recapitu- 
latory, for even if small jumps are permissible in Nature, there 
is no room for bounds forward of this magnitude. Cases of 
abrupt metamorj^hosis may always be viewed as due to secondary 
modifications, and rarely, if ever, have any significance beyond 
the particular group of animals concerned. For example, a 
IMuieus larva may be recognized as belonging to the group of 
l^chinoi lea before the adult urchin has commenced to be formed 
within it, and the Lepidopteraii caterpillar is already an unmis- 
takable insect. Hence, for the explanation of the meta- 
morphoses in these cases it is useless to look outside the groups 
of Echinoidea and Insecta respectively. 

Abrupt metamorphosis is always associated with great change 
in external form and appearance, and in mode of life, and very 
iisually in mode of nutrition. A gradual transition in such cases 
is inadmissible, because in the intermediate stages the animal 
would be adapted to neither the larval nor the adult condition ; 
a gradual cm version of the biting mouth parts of the caterpillar 
to the sucking proboscis of a moth would inevitably lead to 
starvation. The difficulty is evaded by retaining the external 
form and habits of one particular stage for an unduly long perioj, 
so that tjie relations of the animal to the surrounding environment 
remain unchanged, while internally prepara’ions for the later 
stages are in progress, Cinderella and the princess are equally 
possible entities, each being well adapted to her environment. 
'J'he exigencies of the sitinltion do not permit, however, of a 
gradual change from one to the other : the transformation, at 
least as regards external appearance, must be abrupt. 

Kleinenberg has recently directed attention to cases in which 
the larval and adult organs develop independently ; the larval 
nervous system, for instance, aborting completely and forming 
no part of that of the adult. I am not sure that I fully under- 
stand Kleinenberg’s argument, but it seems very possible that 
such cases, which are probably far more numerous than is yet 
admitted, may be due to what may be termed the telescoping of 
ancestral stages one within another, which takes place in actual 
development, and may accordingly be grouped under the head 
of developmental convenience. Undue prolongation of an early 
ancestral stage, as in cases of abrupt metamorphosis, must involve 
modification, e^ipccially in the muscular and nervous systems ; 
in such cases a lelesooping of ancestral stages takes place, as 
we have seen, the adult being developed within the larva. 
Such telescoping must distort the recapitulatory history, and as 
the shape of the larva and adult may differ widely, an indepen- 
dent origin of organs, especially the muscular and nervous 
systems, may be acquired secondarily. 

The stage in the developmerit of Squilla, in which the three 
posterior maxillipedes disappear completely, to reappear at a 
later stage in a totally different form, is not to be interpreted as 
meaning that the adult maxillipedes are entirely new structures 
unconnected historically with those of the larva. Neither is the 
annual shedding of the antlers of deer to be regarded as the 
repetition of an ancestral hornless condition intercalated his- 
torically between successive stages provided with antlers. In 
both cases the explanation is afforded by convenience, whether 
of the embryo or adult. 

Many embryological modifications or distortions may be attri- 
buted to mechanical cause% and may fairly be considered under 
the head of developmental conveniences. 

The amnion of nigher vertebrates is a case in point, and is 
probably rightly explained as due in the first instance to sinking 
or depression of the embryo into the yolk, in order to avoid 
distortion through pressure against a hard unyielding eggshell. 

A siipilar device is employed, presumably for the same reason, 
in the early development of many insect embryos ; and the 
depression of the Tienia head within the cyst is a phenomenon 
of very similar nature. 

Restriction of the space within which development occurs 
often causes displacement or distortion of organs, whose growth, 
restricted in its normal direction, takes place along the Tines of 
least resistance. The telescoping of the limbs and other organs 
within the body of an insect larva is a simple case of such dis- 
tortion ; and a more complicated exampler closely comparable 
in many ways to the invagination of the Tsetiia head, is afforded 
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by the remarkable inversion of the germinal layers in rodeijts, 
first described by Bischoff in the guinea-pig, and long belreved 
to be peculiar to that animal, but subsequently and simulta- 
neously discovered by three independent observers — KupflTer, 
Selenka, and Fra«er— to occur in varying degrees in rate, mice, 
and in other rodents. 

One of the most recent attempts to explain developmental 
peculiarities as due to mechanical causes is Mr. Dandy’s sugges- 
tion with regard to the pseudogastrula stage in the development 
of the calcareous sponges. It is well known that, while the 
larva is in the amphiblastula stag?, and still embedded in the 
tissues of the parent, the granular cells become invaginated 
within the ciliated cells, giving rise to the pseudogastrula stagCr 
At a slightly later stage, when the larva becomes free, the in- 
vaginated granular cells become again everted, and the larva 
spherical in shape; white still later invagination occurs once 
more, the Ciliated cells being this time invaginated within the 
granular cells. The significance of the pseudogastaula stage has 
hitherto been undetermined, but Mr. Dendy points out that the 
larva always occupies a definite position with reference to the 
parental tissues ; that the ciliated half of the larva is covered by 
a soft and yielding wall, while the opposite half, composed 
of the granular cells, is covered by a layer stiflened with rigid 
spicules ; and his observations on the growth of the larva lead 
him to think that the pseudogastrula stage is brought about me- 
chanically by flattening of the granular cells through pressure 
against this rigid wall of spicules, 
j Embryology supplies us with many unsolved problems, and it 
is not to be wondered at (hat this should he the case. Some of 
these may fairly be spoken of as mere curiosities of develop- 
ment, while others are clearly of greiter moment. I do not 
propose to catalogue these, but will merely mention two or 
three which I happen to have recently run my head against, and 
remember vividly. 

The solid condition of the oesophagus, in Elasmobranch em- 
bryos, first noticed by Balfour, is a very curious point* The 
ccsophagus has at first a well-developed lumen, like the rest of 
the alimentary canal ; but at an early period, stage K of Bal- 
four’s nomenclature, the part of the oesophagus overlying the 
heart, and imtgediately behind the branchial region, becomes 
solid, and remains solid for a long time, the exact date of 
reappearance of the lumen not being yet ascertained. 

Mr. Blcs and myself have recently noticed that a similar 
solidification of the cc^ophagus occurs in tadpoles of the common 
frog. In young freerswimming tadpoles the oesophagus is per- 
forate, but in tadpoles of about mm. length it becomes solid 
and remains so until a length of about 10 ^ mm. has been at- 
tained. The solidification occurs at a stage closely correspond- 
ing with that in which it first appears in the dogfish, and a 
curious point about it is that in the frog the (esophagus becomes 
solid just before the mouth opening is formed, at^ remains solid 
for some little time after this important event. 

This closing of the oesophagus clearly cannot be recapitula- 
tion, but the fact that it occurs at corresponding toHoTs in the 
frog and dogfish suggests that it may possibly, as Balfour hiqtei, 
turn out to have some unsuspected morpholt^ical bearing,'*^ 
Another developmental curiosity is the duplication of the ^11- 
slits by gro vth downwards of tongues from their dorsal margins ; 
a duplication which is described as occurring in Amphioxus and 
in Balanoglossus, but in no other animal ; and the occurrence of 
which, in apparently closely similar fashi m, is one *of*the 
strongest arguments in favour of a real affinity between these 
two forms. It is hardly possible that such a modification should 
have been acquired independently twice over. 

A much rilore litigious question is the significance of the neur- 
enteric canal of vertebrates, that curious tubular communication 
between the central canal of the nervous^ system and the hinder 
end of the alimentary canal that is conspicuously present in the 
embryos of loader vertebrates, and retained in a more or less 
disguised condition in the higher groups as well. 

I'he neurenteric canal was discovered by that famous embryo- 
logist Kowalevsky in Ascidtans and in Amphioxus. He drew 
special attention to the occurrence of a stage in both Ascidians 
and in Amphioxus in which the larva is free-swimming and in 
which the sole, communication between the alimentary cavity 
and the exterior is through the neurenteric canal and the central 
canal of the nervous system ; and suggested ^ that animals may 

* Weitcre Studien Cher Entwlckelungs-Geschichtc^des Amphioxus 
loHceolatus** {Archhf fUr mikr^/skopischt AuaiomU, Bd, xiii., 1877, 
p. sox). 
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havp existed or may still exist in which the nerve tube fulfilled a 
non-nervous function, and possibly acted as part of the ali- 
mentary canal, a suggestion that has recently jieen revived in a 
somewhat extravagant form. 

A pas«!age of food particles into the alimentary cavity through 
the neural tube has not yet iheen seen, and probably does not 
occur, as the larva still possesses sufficient food yolk to carry it 
on in its development. It is therefore permissible to hold that 
the neurent»-ric canal may he a mere embryological device, and 
devoid of any deep morphological significance. 

The question of variation in development is one of very great 
mportance, and has perhaps not yet received the attention it 
deserves. We arc in some danger of assuming tacitly that the 
mode of development of allied animals will necessarily agree in 
all important res^-iects or even in details, and that if the develop- 
ment of one member of a group be known, that of the others 
may be assumed to be similar. The more recent progress of 
embryology i#showing us that such inferences are not safe, and 
that in allied genera or species, or even in different individuals 
of the same species, variations of deveh>pment mav occur 
affecting important organs and at almost any stage in their 
formation. 

Great individual variations in the earliest processes of develop- 
ment, i.e. the segmentation of the egg, have been described by 
different writers. 

In Rentlla, Wilson found an extraordinary range of variation 
in the segmentation of eggs from which apparently identical ent- 
bryos were produced. In some cases the egg divided into two 
in the normal manner ; in other cases it divided at once into 
eight, ^xteen, or thirty-two segments, which in different speci- 
mens were approximately equal or markedly unequal in size. 
Sometimes a preliminary change of form occurred without any 
further result, the egg returning to its spherical s^ape, and 
pa ising for a time before recommencing the attempt to segment. 
Segmentation sometimes commenced at one pole, as in tclo- 
lecitbal eggs, with the formation of four or five small segments, 
the rest of the egg breaking up later, either simultaneously or 
progre-ssivelv, into segments about equal in size to those first 
formed ; while lastly, in some instances segmentation was very 
irregular, following no apparent law. 

It is noteworthy that the variability in the case of Renilla is 
apparently confined to the earliest stages, for whatever the mo<ie 
of segmentation, the embryos in their later stages were indis- 
tinguishable from one another. 

Similar modifications in the segmentation of the egg have 
b^en described in the oyster by Brooks, in Anodon and other 
Mollusca, in Hydra, and in Lumbricus, in which last Wilson 
has recently shown that marked differences occur in the eggs 
even of the same individual animal. In the different species of 
Peripatus there appear also to be considerable variations in the 
details of segmentation. 

In the early embryonic stages after the comoletion of seg- 
mentation very considerable variation mav occur in allied species 
or genera. Among Ccelenterates, for instance, the mode of 
fornmtion of the hypoblast presents most perplexing modifica- 
tions: it may arise as a true gastrula invagination; as celts 
budded off from one pole of the blastula into its cavity ; as cells 
budded off from various parts of the wall of the blastula ; by 
delamination or actual division of each cell of the blastula wall ; 
or it may be present from the start as a solid mass of cells in- 
closed by the epiblast cells. It is in connection with these 
variations that controversy has arisen as to the primitive mode 
of development of the gastrula, a point to which I shall return 
later on. 

Among the higher Metazoa or Coelomata the extraordinary 
modifications in the position and in every conceivable detail of 
formation of the mesoblast in different and often in closely allied 
forms have given rise to ardent discussion, and have led to the 
proposal of theory after theory, each rejected in turn as only 
affording a partial explanation, and now culminating in Kleinen- 
berg^s protest against the use of the term mesoblast at all, at any 
rate in a sense implying any possibility of comparison with the 
primary layers, epiblast and hypoblast, of Coelcnterafa. 

Iliis is not the place to attempt to decide so difficult and 
technical a point, even were I capable of so doing, but we may 
wejl take waraing from this extraordinary diversity of develop- 
ment, the full extent of which I believe we as yet realize most 
imperfectly, that in our attempts to rec<instruct ancestral history 
from ontogenetic development we have taken in hand no light 
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task. To reconstruct Latin from modern European languages 
would in comparison be but child^s play. 

Of the readiness with which special developmental characters 
RTf acquired by allied animals the brothers Sara.sin ' have given 
us evidence in the extraordinary modifications presented by the 
embryonic and larval respiratory organs of Amphibians. 

Confining ourselves to those forms which do not lay their eggs 
in water, and in which consequently development takes place 
within the e?g, we find that Ichthyophis and Salamandra have 
three pairs of specially moflified external gills. Nototrema has 
two pairs ; Alytes and Typlilonectes have only a single pair, 
which in the latter genus take the form of enormous lenf-Hke 
outgrowths from the sides of the neck. In Hylodcs and Pipa 
there are no gills, the tail acting as the larval respiratory organ ; 
and in /^ana opisthodon^ according to B^ulenger, la^vsl respira- 
tion is effected by nine pairs of folds of the skin of the ventral 
surface of the body. 

Most of these extraordinarily diversifi ^d orean.s are clearly 
secondarily acquired structures ; it is possible that they all are, 
and that external gills, as was suggested by Balfour for Elasmo- 
branchs. are to be regarded as embryonal respiratory organs 
acquired by the larvae, and of no ancestral value. The point, 
however, cannot be considered settled, for on this view the 
external gills of Elasmobranchs and Amphibians would be in- 
dependently acquired and not homologous structures, a view 
contradicted bv the close agreement in iheir relations in the two 
groups, as well as by the absence of any real break between 
external and internal gills in Amphibians. 

It is well known that the frog and the newt differ greatly in 
important points of their development. The two-layered con- 
dition of the epiblast in the frog is a^iarked point of difference, 
which involves further changes in the mode of formation of the 
nervous system and sense organs. The kidneys and their ducts 
differ considerably in their development in the two forms, as do 
also the blood-vessels. 

Concerning the early development of the blood-vessels, there 
are considerable differences even between allied species of frogs. 
In Rana esculenta Maurer finds that there is at first in each 
branchial arch a single vessel or aortic arch, running directly 
from the heart to the aorta : from the cardiac end of this aortic 
arch a vessel grows out into the gill as the afferent branchial 
vessel, the original aortic arch losing its connection with the 
heart, and becoming the efferent branchial vessel. Afferent 
and efferent branchial vessels become connected by capillaries 
in the gill, and the course of the circulation, so long as gill- 
breathing is maintained, is from the heart through, the truncus 
arteriosus to the afferent branchial vessel, then through the 
gill capillaries to the efferent branchial vessel, and then on to 
the aorta. When the pulmonary circulation is thoroughly 
established, the branchial circulation is cut off by the efferent 
vessel reacquiring its connection with the heart, when the blood 
naturally takes the direct passage along it to the aorta, and so 
escapes the gill capillaries. 

In Rana temporaria the mode of development is very different : 
the afferent and efferent vessels arise in each arch independently 
and almost simultaneously ! the afferent vessel soon acquires con- 
nection with the heart ; but, unlike R. esculeffta^ the efferent 
vessel has no connection with the heart until the gills are about 
to atrophy. 

In other words, the continuous aortic arch, from heart to 
aorta, is present in R. escuUnta prior to the development of the 
gills : it becomes interrupted while the gills are in functional use, 
but is re-established when the-e begin to atrophy. In R. tevi*. 
poraria^ on the other hand, there is no continuous aortic arch 
until the gills be^n to atrophy. 

The difference is an important one, for it is a matter of con- 
siderable morphological interest to determine whether th** con- 
tinuous aortic arch is primitive for vertebrates : f./. whether it 
existed prior to the development of gills. This point could be 
practicallv settled if we could decide which of the two frogs, 
R. esculenta and R* temporaria^ has most correctly preserved its 
ancestral hi-tory in this respect 

About this there can be little doubt. The development of the 
vessels in the newts, a less modified group thnn the frogs, sgrees 
with that of R, escuienia^ and intere.st||fig confirmation is afforded 
by a single aberrant specimen of R. temporaria^ in which Mr. 
Bles and myself found the vessels developing after the type of R. 

’ ** ErgeWitie naturwisfenichaftlicbcr Forschtinfen auf Ceylon," vol. ii« 
chap. i. pp. 24-38. 
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fu'u/ifnfa^ i,e, in which a complete aortic arch was present before 
the eills were formed. 

We are therefore justified in concluding that as regards the 
development of the branchial blood-vessels, escuienta l^s 
retained a primitive ancestral character which is lost in iem- 
foraria, and it is interesting to note that were our knowledge of 
the development of amphibians confined to the common frog, 
ihe most likely form to be studied, we should, in all probability, 
have been led to wrong conclU'^ions concerning the ancestral 
condition of the blood-vessels in a point of considerable im- 
portance. 

A matter which at present is attracting much attention is the 
question of degeneration. 

Natural selection, though consistent with and capable of 
leading to steady upward progress and improvement, by no 
means involves such progre«!s as a necessary consequence. All 
says is that those animals will, in each generation, have the 
best chance of survival which are most in harmony with their 
environment, and such animals will not necessarily be those 
wh'ch are ideally the best or most perfect. 

If you go into a shop to purchase an umbrella, the one you 
select is bv no means necessarily that which most nearly ap- 
proaches ideal perfection, but the one which best hits off the 
mean between your idea of what an umbrella should be and the 
amount of money you are prepared to give for it : the one, in 
fact, that is on the whole best suited to the circumstances of tl^? 
case, OF the environment for the time being. It might well 
happen that you had a violent antipathy to a crooked handle, or 
else were determined to have a catch of a particular kind to 
secure the ribs, and this flight lead to the selection, the 
survival, of an article that in other and even in more important 
respects was manifestly inferior to the average. 

So it is also with animals : the survival of a form that is 
ideally inferior is very possible. To animals living in profound 
darkness the possession of eyes is of no advantage, and forms 
devoid of eves would nit merely lose nothing thereby, but would 
actually gain. Inasmuch as thev would escape the dangers that 
might arise from injury to a delicate and complicated organ. In 
extreme cases, as in animals leading a paradtic existence, the 
conditions of life may be such as to render locomotor, digestive, 
sensory, and other organs entirely useless ; and in such cases 
those forms will be best in harmony with their surroundings 
which avoid the waste of energy resulting from the formation 
and maintenance of these organs. 

Animals which have in this way fallen from the high estate 
of their forefathers, which have lost organs or systems which 
their progenitors possessed, are commonly called degenerate. 
The principle of degeneration, recognized by Darwin as a possible, 
and, under certain conditions, a necessary consequence of his 
theory of natural selection, has been since advocated strongly by 
Dohrn, and later by Lankester in an evening discourse delivered 
before the Association at the Sheffield meeting in 1879. Both 
Dohrn and T.ankester suggested that degeneration occurred 
much more widely than was generally recognized. 

In animals which are parasitic when adult, but free-swimming 
in their early stages, as in the case of the Rhizocephala, whose 
life-history was so admirably worked out by Fritz Muller, 
degeneration is clear enough : so also is it in the case of the 
solitary Ascidians, in which the larva is a free-swimming animal 
with a notochord, an elongated tabular nervous system, and 
sense organs, while the adult is fixed, devoid of the swimming 
tail, with no notochord, and with a greatly reduced nervous 
system and aborted sense o^ans. 

In such cases the animal, when adult, is, as regards the totality 
of its organization, at a distinctly bwer' morphological level, is 
less highly differentiated than it is when young, and during in- 
dividual development there is actual retrograde development of 
important systems and organs. 

About such cases there is no dpubt ; but we are asked to ex- 
tend the idea of degeneration much more widely.^ It is urged 
that we’ ought not to demand direct embrvological evidence 
before accepting a group as degenerate. We are reminded of 
the tendency to abbreviation or to complete omission of ancestral 
stages of which we have qioted examples above; and it is 
suggested that if such larva! stages were omitted in all the 
members of a group we should have no direct evidence of 
degeneration in a group that might really be in an extremely 
degenerate condition. 
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Supposing, for instance, the free larval stages of the solitary 
Ascidians were suppressed, say through the acquisition of food 
yolk, then it is urged that The degenerate condition of the group 
might easily escape detection. The supposition is by no means 
extravagant ; food yolk varies greatly in amount in allied animals, 
and cases like Hylodes, or amongst Ascidians Pyrosoma, show 
how readily a mere increase in the amount of food yolk in the 
egg may lead to the omission of important ancestral stages. 

The question then arises whether it is not possible,, or even 
probable, that animals which now show no in lication of degenera- 
tion in their development are in reality highly degenerate, and 
whether it is not legitimate to suppose such degeneration to have 
occurred in the case of animals whose affinities are obscure or 
difficult to determine. 

It is more especially with regard to the lower vertebrates that 
this argument has been employed ; and at the present day, 
zoologists of authority, relying on it, do not hesitate to speak of 
such forms as Amphioxus and the Cyclostomes as degenerate 
animals,* as wolves in sheep’s clothing, animals whose simplicity 
is acquired and deceptive rather than real and ancestral. 

I cannot but think that cases such as these should be regarded 
with some jealousy ; there is at present a tendency to invoke 
degeneration rather freely as a talisman to extricate us from 
morphological difficulties ; and an inclination to accept such 
suggestions, at any rate provisionally, without requiring satis- 
factory evidence in their support. 

Degeneration of which there is direct embryological evidence 
stands on a very different footing from suspected degeneration, 
for which no direct evidence is forthcoming ; and in the latter 
case the burden of proof undoubtedly rests with thoiS who 
assume its existence. 

The alleged instances among the lower vertebrates must be 
regarded jJhrticularly closelv, because in their case the suggestion 
of degeneration is admittedly put forward as a means of escape 
from difficulties arising through theoretical views concerning the 
relation between vertebrates and invertebrates. 

Amphioxus itself, so far as I can see, shows in its development 
no sign of degeneration, except possibly with regard to the an- 
terior gut diverticula, whose ultimate fate is not altogether clear. 
With regard t<f the earlier stages of development, concerning 
which, thanks to the patient investigUions of Kowalevsky and 
Hatschek, our knowledge is precise, there is no animal known 
to us in which the seq^uence of events is simpler or more 
straightforward. Its various organs and systems are formed in 
what is recognized as a primitive manner ; and the development 
of each is a steady upward progress towards the alult condition. 
Food yolk, the great cause of distortion in development, is 
almost absent, and there is not the slightest indication of the 
former possession of a larger quantity. Concerning the later 
stages our knowledge is incomplete, but so much as has been 
ascertained gives no support to the suggestion of general 
degeneration. 

Our knowledge of the conlition> leading to degeneration is 
undoubtedly incomplete, but it must b^ noticed that the condi- 
tions usually associated with degeneration do not occur. Am- 
pbioxus is not parasitic, is not attached when adult, and shows 
no evidence of having formerly possessed food yolk in quantity 
sufficient to have led to the omission of important ancestral 
stages. Its small size as compared with other vertebrates is one 
of the very few points that can be referred to as possibly ein- 
dicating degeneration, and will be considered more fully at a 
later point in my address. 

A consideration of much less importance, but deserving of 
mention, is t||^t in its mode of life Amphioxus not merely diners 
as already noticed from those groups ot animals which we know 
to be degenerate, but agrees with some, at any rate, of those 
which there is reason to regard as primitive or persistent types. 
Amphioxus, like Balanoglossus, Lingula, Dentalium, and 
Limuliis, is marine, and occurs in shallow water, usually with a 
sandy bottom, and, like the three smaller of thv^se genera, it 
lives habitually buried almost c impletely in the sand, into which 
it burrows with great rapidity. 

I do not wish to speak dogmatically. I merely wish to pro- 
test against a too ready assumption of degeneration ; and to 
repeat that, so far as I can see, Amphioxus has not yet, either in 
its development, in its structure, or in its habits, bben shown to 
present characters that suggest, still less that prove, the occur- 
rence in it of general or extensive degeneration. * 

In a sense, all the higher animals are degenerate ; that is, 
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they can be shown to possess certain organs in a less highly 
developed condiiion than their ancestors, or even in a rudi- 
mentary state. 

Thus a crab as compared with a lobster is degenerate in the 
matter of its tail, a horse as compared with Hipparion in regard 
to its outer toes ; but it is neither customary nor advisable to 
speak of a crab as a degenerate animal compared to a lobster ; 
to do s> would be misleading. An animal should only bespoken 
of as.deg^nerate when the retrograde development is well marked, 
and has affected not one or twao organs only, but the t itality of 
its organization. 

It is impossible to draw a sharp line in such cases, and to limit 
precisely the use of the term degeneration. It must be borne in 
mind that no animal is at the top of the tree in all respects. 
Man himself is primitive as reganls the number of his toes, and | 
degenerate in respect to his ear muscles ; and between two ; 
animals even f f the same group it may be impossible to decide 
which of the two is to be called the higher and which the lower 
form. 

Thus, to compare an oyster with a mussel. The oyster is more 
primitive than the mussel as regards the position of the ventricle | 
of the heart and its relations to the alimentary canal ; but is more ; 
modified in having but a single adductor muscle ; and almost | 
certainly degenerate in being devoid of a foot. I 

Care must also be taken to avoid speaking of an animal as 
degenerate in regard to a particular organ merely because that ! 
organ is less fully developed than in allied animals. An organ j 
is not degenerate unless its present pjssessor has it in a less ! 
perfect condition than its ancestors had. | 

A m!iQ is not degenerate in the matter of the length of his | 
neck as compared with a giraffe, nor as compared with an j 
elephant in respect of the size of his front tcctn, for neither 1 
elephant nor giraffe enters int j the pedigree of man. man is, 
however, degenerate, whoever his ancestors may have been, in [ 
regard to his ear muscles ; for he possesses these in a rudimentary 
and functionless condition, which can only be explained by 
descent from some belter equipped progenitor. 

Closely connected with the question of degeneration is that of 
the size of animals, and its bearing on their structure and de- 
velopment ; a problem noticed by many writers, •but which has 
perhaps not yet received the attention it merits. 

If we are right in interpreting the eggs of Metazoa as re- 
presenting the unicellular or protozoan stage in their an- 
cestry, then the small size of the egg may be viewed as re- 
capitulatory. 

But the gradual increase in size of the embryo, and its growth 
up to the adult condition, can only be regarded as representing 
in a most general way, if at all, the actual or even the relative 
sizes of the intermediate ancestral htages of the pedigree. 

It is quite true that animals belonging to the lower groups are, 
as a general rule, of smaller size than those ol higher grade ; and | 
ali^o that the giants are met with among the highest ineoibers of | 
each division. Cephalopoda are the highest molluscs, and the 1 
largest cephalopods greatly exceed in size any other meoibers of \ 
the group ; decapods are at once the highest and the largest j 
crustaceans ; and whales, the hugest animals that exist, or, so 
far as we know, that ever have existed, belong 10 the highest 
group of all, the mammalia. It would be easy to quote ex- 
ceptions, but the general rule obtains admittedly. 

liowever,' although there may be, and probably is, a general 
parallelism between the increase in size fiom the egg to the 
adult, and the historical increase in size daring the passage from 
low'er to higher forms ; yet no one could maintain tnat the sizes 
of embryos represent at all correctly those of the ancestors ; that, 
for instance, the earliest birds were animals the size of a chick 
embryo at a time when avian characters first declared themselves, 
or that the ancestral series in all cases presented a steady pio- 
gression in respect of actual magnitude. 

In the lower animals, in Orbitolites, the actual size of the 
several ancestral stages is probably correctly recapitulated during 
the growth of the adult ; and it is very possible that it is so also 
in such forms as the solitary sponges. In higher animals, except 
in the early stages of those forms which are practically devoid 
of food yolk, and which hatch as pelagic larvas, this certainly 
does not obtain. 

.This is clear enough, but is worth pointing out, for if, as most 
certainly is the case, the embryos of aqimals are actually smaller 
than the ancestral forms they represent, it is possible that the 
amallness of the embryo may have had some influence on iu 
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organization, and be responsible for some of the modifications in 
the ancestral history ; and more especially for the disappearance 
of ancestral organs in free-swimming larvae. 

In adult animals the relation between size and structure has 
been very clearly pointed out by Herbert Spencer. Increased 
size involves by itself increased complexity of structure; the 
determining consideration being that while the surface area of 
the body increases as the squares of the linear dimensions, the 
mass of the body increases as their cubes. 

If, for example, we imagine two animals of similar shape and 
proportions, but of different size ; for the sake of simplicity, we 
may suppose them to be spherical, and that the diameter of one 
is twice that of the other ; then the larger one will have four 
times the extent of surface of the smaller, but eight times its 
mass or bulk : and it is quite possible that while the extent of 
surface, or skin, in the smaller animal might suffice for the 
necessary respiratory and excretory interchanges, it would be 
altogether insufficient in the larger animal, in which increased 
extent of surface must be provided by foldings of the skin, as in 
the form of gills. 

To take an actual instance ; Limapontia is a minute nudi- 
branchiate, or sea-slug, about the sixth of an inch in length ; it 
has a smooth body, totally devoid of respiratory processes, while 
forms allied to it, but of larger size, have their extent of surface 
increased by branching processes, which often take the form of 
specialized gills. 

«This is a peculiarly instructive case, because Limapontia in its 
early developmental stages possesses a lar^e spirally-coiled shell, 
and shows other evidence of descent from forms with specialized 
breathing organs. We are certainly right in associating the 
absence of respiratory organs in the adult with the small size of 
the animal; -and comparison with 'allied forms suggests very 
strongly that there has been in its pedigree an actual reduction 
of size, which has> led to the degeneration of the respiratory 
organs. 

This is an iniportant conclusion : it is a well-known fact that 
the smaller members of a group are, as a rule, more simply 
organized than the larger members, especially with regard to 
their respiratory and circulatory systems ; but if we are right in 
concluding that reduction in size may be an actual cause of 
simplification or degeneration io structure, then we must be on 
our guard against as.suming hastily that these smaller and simpler 
animals are necessarily primitive' in regard to the groups to 
which they belong. It is possible, for instance, that the simpli- 
fication or even ab.^ence of respiratory organs seen in Pauropus, 
in the Thysanura, and in other small Tracheata, may be a 
secondary character, acquired through reduction of size. 

An interesting illustration of the law discussed above is 
afforded by the brains of mammals ; it has been noticed by 
many anatomists that the extent of convolution, or folding of the 
surface of the cerebral hemispheres in mammals, is related not 
to the degree of intelligence of the animal, but to its actual 
size, a beaver having an almost smooth brain and a cow a highly 
complicated one. Jelgersma, and, independently of him. Prof. 
Fitzgerald,^ have explained this as due to the necessity of pre- 
serving the due proportion between the outer layer of grey 
matter or cortex, which is approximately uniform in thickness, 
and the central mass of white matter. But for the foldings of 
the surface the proportion of white matter to grey matter would 
be far higher in a large than in a small brain. 

It must not be forgotten, on the other hand, that many 
zoologists hold the view, in favour of which the evidence is 
steadily increasing, that the primitive or ancestral members of 
each group were of small size. Thua Flirbringer remarks, with 
regard to birds^ that on the whole small birds show more 
pnmitive and simpler conditions of structure than the larger 
members of the same group. Ue expresses thfi opinion that the 
first birds were probaMy smaller than Archaeopteryx, and notes 
that reptiles ana mammals also show in their earlier and smaller 
types more primitive features than do their larger descendants. 
Finally, Flirbringer concludes that ^*it is therefore the study of 
the smaller members within given groups of animals which 
promises the best results as to their phytogeny. 

Again, one of the most striking points with regard to the 
pedigree of the hoiae, as agreed on by palaeontologists, is the 
progressive redaction in size which we meet with as we pass 
oackwards in time froln st^e to stage. The Pliocene Hipparton 
was smaller than the existing horse, in fact about the size of a 
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donkey ; the Miocene Mesohippus about equalled a sheep ; 
while Eohippus, from the Lower Eocene deposits, was no larger 
than a fox. Not only is there good reason for holding that, as 
a rule, larger animals are descended from ancestors of smaller 
size, but there is also much evidence to show that increase in jize 
beyond certain limits is disadvantageous, and may lead to 
destruction rather than to survival. It has happened more than 
once in the history of the world, and in more than one group of 
animals, that gigantic stature has been attained immediately 
before extinction of the group — a final and tremendous effort to 
secure survival, but a despairing and unsuccessful one. The 
Ichthyosauri, Plesiosauri, and other extinct reptilian groups, the 
Moas, and the huge extinct Edentates, are well-known examples, 
to which before long will be added the elephants and the whales, 
and, it may be, ironclads as well. 

The whole question of the influence of size is of the greatest 
possible interest and importance, and it is greatly to be hoped 
that it will not be permitted to remain in its present uncertain 
and unsatisfactory condition. 

It may be suggested that Amphioxus is an animal which has 
undergone reduction in size, and that its structural simplicity 
may, like that of Limapontia, be due, in part at least, to this 
reduction. Such evidence as we have tells against this suggestion ; 
the first system to undergo degeneration in consequence of a 
reduction in size is the respiratory, and the respiratory organs of 
Amphioxus, though very simple, are also, for a vertebrate, un- 
usually extensive. 

We have now considered the more important of the influences 
which are recognized as affecting developmental history in such 
a way as to render the recapitulation of ancestral stages less 
complete than it might otherwise be, which tend to prevent 
ontogeny from correctly rd^eating the phylogenetic history. It 
may at this point reasonably be asked whether there is any way 
of distinguishing the palingcnetic history from the later ceno- 
genetic modifications grafted on to it — any test by which we can 
determine whether a given larval character is or is not ancestral. 

Most assuredly there is no one rule, no single test, that will 
apply in all cases ; but there are certain considerations which 
will help us, and which should be kept in view. 

A character that is of general occurrence among the members 
of a group, both high and low, may reasonably be regarded as 
having strong claims to ancestral rank ; claims that are greatly 
strengthened if it occurs at corresponding developmental periods 
in all cases ; and still more if it occurs equally in forms that 
hatch early as free larvae, and in forms with large eggs, which 
develop directly into the adult. As examples of such characters 
may be cited the mode of formation and relations of the noto- 
chord, and of the gill clefts of vertebrates, which satisfy all the 
conditions mentioned. 

Characters that are transitory in certain groups, but retained 
throughout life in allied groups, may, with tolerable certainty, 
be regarded as ancestral for the former: for instance, the 
symmetrical position of the eyes in young flat fish, the spiral 
shell of the young limpet, the superficial positions of the madre- 
porite in Elasipodous Holothurians, or the suckerless condition 
of the ambulacral feet in many Echinoderms. 

A more important consideration is that if the developmental 
changes are to be interpreted as a correct record of ancestral 
history, then the several stages must be possible ones, the history 
must be one that could actually have occurred, the several 
steps of the history as reconstructed must form a series, all the 
stages of which are practicable ones. 

Natural selection explains the actual structure of a complex 
organ as having been acouired by the preservation of a senes of 
stages, each a distinct, if slight, advance on the stage imme- 
diately preceding it — an advance so distinct as to confer on its 
possessor an apiiyeciable advantage in the struggle for existence. 
It is not enough that the ultimate stage should be more advanta- 
geous than the initial or earlier condition, but each intermediate 
stage must also be a distinct advance. If, then, the development 
of an organ is strictly recapitulatory, it should present to us a 
series of stages, each of which is not merely functional, but a 
distinct advance on the stage immediately preceding it. Inter- 
mediate stages, the oesophagus of the tadpole, which are 
not and could not be functional, can form no part of an ancestral 
series— a consideration well expressed by Sedgwick^ thus: 

• “ On the Early Development of the Anterior Part of the Wolffian Duct 
and Body in the Chick " (Quart^rfy Jaumai cf Micr^cpfical ScUmet^ 
vol. xxi., 1881, p. 45^)* 
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Any phylogenetic hypothesis which presents difficulties from 
a physiological Mandpoint must be regarded as very provisional 
indeed.” 

A good example of an embryological series fulfilling these 
conditions is afforded by the development of the eye in the 
higher Cephalopoda. The earliest .stage consists in the depres- 
sion of a slightly modified patch of skin ; round the edge of the 
patch the epidermis becomes raised up as a rim ; this gradually 
grows inwards from all sides, so that the depressed patch now 
forms a pit, communicating with the exterior through a small 
hole or mouth. By further growth the mouth of the ptf becomes 
still more narrowed, and ultimately completely closed, so that 
the pit becomes converted into a closed Sac or vesicle ; at the 
point at which final closure occurs, formation of cuticle takes 
place, which projects as a small transparent drop into the cavity 
of the sac ; by formation of concentric layers of cuticle, this 
drop becojnes enlarged into the spherical transparent lens of the 
eye, and the development is completed by histq^ogical changes 
in the inner wall of the vesicle, which convert it into the retina, 
and by. the formation of folds of skin around the eye, which 
become the iris and the eyelids respectively. 

Each stage in this developmental history is a distinct advance, 
physiologically, on the preceding stage, and, furthermore, each 
stage is retained at the present day as the permanent condition 
of the eye in some member of the group Mollusca. 

The earliest stage, in which the eye is merely a slightly 
depressed and slightly modified patch of skin, represents the 
simplest condition of the Molluscan eye, and is retained through- 
out life in Solen. The stage in which the eye is a pit, with 
widely open mouth, is retained in the limpet ; it is a distinct 
advance on the former, as through the greater depresiion the 
sensory cells are less exposed to accidental injury. 

The narrowing of the mouth of the pit in the next stage is a 
simple change, but a very important step forwards. Up to this 
point the eye has served to distinguish light from darkness, but 
the formation of an image has been impossible. Now, owing 
to the smallness of the aperture, and the pigmentation of the 
walls of the pit which accompanies the change, light from any 
one part of an object can only fall on one particular part of the 
inner wall of the pit or retina, and so an image, though a dim 
one, is formed^ This type of eye is permanently retained in the 
Nautilus. 

The closing of the mouth of the pit by a transparent mem- 
brane will not affect the optical properties of the eye, and will 
be a gain, as it will prevent the entrance of foreign bodies into 
the cavity of the eye. 

The formation of the lens by deposit of cuticle is the next 
step. The gain here is increased distinctness and increased 
brightness of the image, for the lens will focus the rays of light 
more sharply on the retina, and will allow a greater quantity of 
light, a latter pencil of rays from each part of the object, to 
reach the corresponding part of the retina. The eye is now in 
the condition in which it remains throughout life in the snail 
and other gastropods. Finally the formation of the folds of 
skin known as iris and eyelids provides for the better protection 
of the eye, and is a clear advance on the somewhat clumsy 
method of withdrawal seen in the snail. 

The development of the vertebrate liver is another good but 
simpler example. The most primitive form of the liver is that 
of Amphioxus, in which it is present as a simple saccular diver- 
ticulum of the intestinal canal, with its wall consisting ^of a 
single layer of cells, and with blood-vessels on its outer surface. 
The earliest stage in the formation of the liver in higher ver- 
tebrates — the frog, for instance — is practically identical with 
this. In the frog the next stage consists in folding of the wall 
of thesac,Vhich increases the efficiency of the organ by in- 
creasing the extent of surface in contact with the blood-vessels. 
The adult condition is attained simply by a continuance of this 
process ; the foldings of the wall becoming more and more 
complicated, but the essential structure remaining the same — a 
single layer of epithelial cells in contact on one side with blood- 
vessels, and bounding on the other directly or indirectly the 
cavity of the alimentary canal. 

It is not always possible to point out the particular advantage 
gained at each step even when a complete developmental series 
IS known to os, but in such cases, as, for instance, in Orbitolites, 
our difficulties arise chiefly from ignorance of the particuli^ con- 
ditions that confer advantage in the struggle for existence in the 
case of the forms we are dealing with. • 
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The early larval stages in the development of animals, and 
more especially those that are marine and pelagic in habit, have 
naturally attracted much attention, since in the absence, probably 
inevitable, of satisfactory palaeontological evidence, they afford 
us the sole available clue to the determination of the mutual 
relations of the large groups of animals, or of the points at 
which these diverged from one another. 

In attempting to interpret these early ontogenetic stages as 
actual ancestral forms, beyond which development at one time 
did not proceed, we must keep clearly in view the various dis- 
turbing causes which tend to falsify the ancestral record, such as 
the influence of food yolk, or of habitat, and the tendency of 
diminution in size to give rise to simplification of structure, a 
point of importance if it be granted that these free larvae are of 
smaller size than the ancestral forms to which they correspond. 

If, on the other hand, in spite of these powerful modifying 
causes, we do find a particular larval form occurring widely and 
in groups not veiy closely akin, then we certainty are justified in 
attaching grcaV importance to it, and in regarding it as having 
strong claims to be accepted as ancestral for these groups. 

Concerning these larval forms, and their possible ancestral 
significance, our knowledge has made no great advance since the 

f ublication of Balfour’s memorable chapter on this subject ; and 
propose merely to allude briefly to a few of the more striking 
instances. 

The earliest, the most widely spread, and the most famous of 
larval forms is the gastrula, which occurs in a simple or in a 
modified form in some members of each of the large animal 
groups. It is generally admitted that its significance is the same 
in all cases, and the evidence is very strong in favour of regard- 
ing it a^ a stage ancestral for all Metazoa. The difficulty arising 
from its varying mode of development in different forms is, how- 
ever, still unsolved, and embryologists are not yet agreed whether 
the invaginate or delaminate form is the more primitive. In 
favour of the former is its much wider occurrence ; in lavour of 
the latter the fact that it is easy to picture a series of stages lead- 
ing gradually from a unicellular protozoon to a blastula, a di- 
blastula, and ultimately a gastrula, each stage being a distinct 
advance, both morphological and physiological, on the preceding 
stage ; while in the case of the invaginate gastrula it is not easy 
to imagine any advantage resulting from a flattening or slight 
pitting in of one part of the surface, sufficient to lead to its 
preservation and further development. 

Of larval fo^s later than the gastrula, the most important by 
far is the Pilidium larva, from which it is possible, as Balfour 
has shown, that the slightly later Echinoderm larva, as well as 
the widely spread Trochosphere larva, may both be derived. 
Balfour concludes that the larval forms of all Coelomata, exclud- 
ing the Crustacea and vertebrates, may be derived from one 
common type, which is most nearly represented now by the 
Pilidium larva, and which was an omanism something like a 
Medusa, with a radial symmetry,*^ The tendency of recent 
phylogenetic speculations is to accept this in full, and to regard 
as the ancestor of Turbellarians and of all higher forms, a jelly- 
fish or ctenophoran, which, in place of swimming freely, has 
taken to crawling on the sea bottom. 

Of the two groups excluded above, the Crustacea and the 
Vertebrata, the interest of the former centres in the much dis- 
cussed problem of the significance of the Nauplius larva. There 
is now a fairly general agreement that the primitive Crustacea 
were types akin to the phyllopods, forms with elongated and 
many-segmented bodies, and a large number of pairs of similar 
appendages. If this is correct, then the explanation of the 
Nauplius stage must be afforded by the phyllopods themselves, 
and it is no use looking beyond this group for it. A Nauplius 
larva occurs in other Crustacea merely Mcause thv^y have in- 
herited from their phyllopod ancestors the tendency to develop 
such a stage, and it is quite legitimate to hold that higher 
crustaceans are descended from phyllopods, and that the 
Nauplius represents in more or less momfied form an earUer 
ancestor of the phyllopods themselves. 

As to the Nauplius itself, the first thing to note is that, though 
an early larval form, it cannot be a very primitive form, for it is 
already an unmistakable crustacean ; the absence of cilia, the 
formation of a cuticular investment, the presence of jointed 
schizopodous limbs, together with other anatomical characters, 
proving th» point conclusively. It follows, therefore, either 
that the earlier and more primitive stages are entirely omitted 
in the developipent of Crustacea, or elseThiat the Nauplius repre* 
sents such an early ancestral stage, with crustacean characters^ 
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which properly belong to a later stage, thrown back upon it and 
precociously developed. 

The latter explanation is the one usually adopted ; but before 
the question can be finally decided, more accurate observations 
than we at present possess are needed concerning the stages 
intermediate between the egp; and the Nauplius. 

The absence of a heart m the Nauplius may reasonably be 
associated with the small size of the larva. 

Concerning the larval forms of vertebrates, it is only in 
Amphioxus and the Ascidians that the earliest larval stages are 
free-living, independent animals. In both groups the most 
characteristic larval stage is that in which a notochord is present, 
and a neural tube, open in front, and communicating behind 
through a neurenteric canal with the digestive cavity, which has 
no other opening to the exterior. This is a very early stage, both 
in Amphioxus and Ascidians ; but, so far as we know, it cannot 
be compared with any invertebrate larva. It is customary, in 
discussions on the affinities of vertebrates, to absolutely ignore 
the vertebrate larval forms, and to assume that their peculiarities 
are due to precocious development of vertebrate characteristics. 
It may turn out that this view of the matter is correct ; but it has 
certainly not yet been proved to be so, and the development of 
both Amphioxus and Ascidians is so direct and straightforward 
that evidence of some kind may reasonably be required before 
accepting the doctrine that this development is entireljp deceptive 
with regard to the ancestry of vertebrates. 

Zoologists have not quite made up their minds what to do with 
Aqiphioxus : apparently the most guileless of creatures, man}* 
view it with the utmost suspicion, and not merely refuse to»accept 
its mute protestations of innocence, but regard and speak of it as 
the most arcful of deceivers. Few questions at the present day 
are in greater need of authoritative settlement. 

That ontogeny really is a repetition of phylogeny must, I 
think, be admitted, in spite of the numerous and various ways 
in which the ancestral history may be distorted during actual 
development. 

Before leaving the subject, it is worth while inquiring whether 
any explanation can be found of recapitulation. A complete 
answer can certainly not be given at present, but a partial one 
may, perha{:>s, be obtained. 

Darwin himself suggested that the clue might be found in the 
consideration that at whatever age a variation first appears in the 
parent, it tends to reappear at a corresponding age in the off- 
spring ; but this must be regarded rather as a statement of the 
fundamental fact of embryology than as an explanation of it. 

It is probably safe to assume that animals would not re- 
capitulate unless they were compelled to do so : that there must 
be some constraining influence at work, forcing; them to repeat 
more or less closely the ancestral stages. It is impossible, for 
instance, to conceive what advantage it can be to a reptilian or 
mammalian embryo to develop gill-clefts which are never used, 
and which disappear at a slightly later stage, or how it can 
benefit a whale, that in its embryonic condition it should 

ossess teeth which never cut the gum, and which are lost before 

irth. 

Moreover, the history of development in different animals or 
groups of animals, offers to us, as we have seen, a series of in- 
genious, determined, varied, but more or less unsuccessful efforts 
to escape from the necessity of recapitulating, and to substitute 
for the ancestral process a more direct method. 

A further consideration of importance is that recapitulation is 
not seen in all forms of development, but only in sexual de- 
velopment, or, at least, only in development from^ the eg/. In 
the several forms of asexual development, of which budding is 
the most frequent and most familiar, there is no repetition of 
ancestral phases; neither is there in cases of regeneration of 
lost parts, such as the tentacle of a snail, the arm of a starfish, 
or tne tail of a lizard ; in such regeneration it is not a larval 
tentacle, or arm, or tail, that is prMUced, but an adult one. 

Tlie most striking point about, the development of the higher 
animals is that they ml alike coinmence as eggs. Looking more 
closely at the egg and the conditions of its development, two 
facts impress us as of special importance : first, the egg is a 
single cell, and therefore represents morpholMically the Proto- 
zoan, or earliest ancestral raase ; seconaly, the egg, before it 
can develop, must be fertilized by a spermatozoon, just as the 
stimulus of fertilization .by the pollen-grain is necessary before 
the ovum of a plant will commence to develop into the plant- 
embryo. 
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The advantage of cross^fertilisation in increasing the vigour 
of the offspring is well known, and in plants devices of the most 
varied and even extraordinary kind are adopted to ensure that 
such cross-fertilization occurs. The essence of the act of 
cross-fertilization, which is alreadv established among Pso* 
tozoa, consists in combination of the nuclei of two cells, 
male and female, derived from different individuals. The 
nature of the process is of such a kind that two individual 
cells are alone concerned in it ; and it may, I think, be reason- 
ably argued that the reason why animals commence their exist- 
ence as eggs, i.e. as single cells, is because it is in this way only 
that the advantage of cross-fertilization can be secured, an 
advantage admittedly of the greatest importance, and to secure 
which natural selection would operate powerfully. 

The occurrence of parthenogenesis, either occasionally or 
normally, in certain groups is not, I think, a serious objection 
to this view. There are very strong reasons for holding that 
parthenogenetic development is a modified form, derived from 
the sexual method. Moreover, the view advanced above does 
not require that cross-fertilization should be essential to individual 
development, but merely that it should be in the highest degree 
advantageous to the species, and hence leaves room for the 
occurrence, exceptionally, of parthenogenetic development. 

If it be objected that this is laying too much stress on sexual 
reproduction, and on the advantage of cross- fertilization, then it 
may be pointed out in reply that sexual reproduction is the 
characteristic and essential mode of multiplication among 
Metazoa that it occurs in all Metazoa, and that when asextkl 
reproduction, as by budding, &c., occurs, this merely alternates 
with the sexual process which, sooner or later, becomes 
essential. 

If the fundamental impoatance of sexual reproduction to the 
welfare of the species be granted, and if it be further admitted 
that Metazoa are descended from Protozoa, then we see that 
there is really a constraining force of a most powerful nature 
compelling every animal to commence its life-history in the 
unicellular condition, the only condition in which the advantage 
of cross-fertilization can be obtained; i,e. constraining every 
animal to begin its development at its earliest ancestral stage, at 
the verv bottom of its genealogical tree. 

On this view the actual development of any animal is strictly 
limited at both ends : it must commence as an egg, and it must 


that any modification of an organ or tissue must involve 
modification, at 'least in functional activity, of other organs* 
He then continues by urging that one organ majr replace or be 
substituted for another, the replacing oigan being in no way 
derived morphologically from the replaced or preceding organ, 
but having a genetic relation to it of this kind : — that it can 
only arise in an organism so constituted, and is dependent on 
the prior existence of the replaced organ, which supplies the 
necessary stimulus for its formation. 

As an example he takes the axial skeleton of vertebrates. 
The notochord, formed by changes of function from thb wall of 
the digestive canal, is the sole skeleton of the lowest vertebrates, 
and the earliest developmental phase in all the higher forms. 
The notochord gives nse directly to no other organ, but is 
gradually replace by other and unlike structures by substitu- 
tion. The notochord is an intermediate organ, and the cartila- 
ginous skeleton which replaces it is only intelligible through the 
previous existence of the notochord ; while, in^its turn, the 
cartilaginous skeleton gives way, being replaceo; through sub* 
stitutioop, by the bony skeleton. 

The successive phases in the evolution of weapons might be 
quoted as an illustration of Kleinenberg’s theory. The bow and 
arrow is a better weapon than a stick or stone ; it is used for 
the same purpose, and the importance or need for a better 
weapon led to the replacement of the sling by the bow ; the 
bow does not arise by further development or increasing per- 
fection of the sling ; it is an entirely new weapon, towards the 
formation of which the older and more primitive weapons have 
acted as a stimulus, and which has replaced these latter by sub- 
stitution, while the substitution at a later date of firearms for 
the bow and arrow is merely a further instance of the same 
principle. 

It is too early yet to realize the full significance of Kleinen- 
berg’s m<ist suggestive theory ; but if it be really true that each 
historic stage in the evolution of an organ is necessary as a 
stimulus to the development of the next succeeding stage, then 
it becomes clear why animals are constrained to recapitulate. 
Kleinenberg suggests further that the extraordinary persistence 
in embryonic life of organs which are rudimentary and function- 
less in the adult may also be explained by his theory, the 
presence of such organs in the embryo being indispensable as a 
stimulus to the development of the permanent structures of the 


end in the likeness of the parent. The problem of recapitula- 
tion becomes thereby greatly narrowed ; all that remains being 
to explain why the intermediate stages in the actual develop- 
ment should repeat the intermediate stages of the ancestral 
history. 

Although narrowed in this way, the problem still remains one 
of extreme difficulty. 

It is a consequence of the theory of natural selection that 
identity of structure involves community of descent : a given 
result can only be arrived at through a given sequence of events : 
the same morphological goal cannot be reached by two inde- 
pendent paths. A negro and a white man have had common 
ancestors in the past ; and it is through the long-continued action 
of selection and environment that the two types have been 
gradually evolved. You cannot turn a white man into a negro 
merely by sending him to live in Africa : to create a negro the 
whole ancestral history would have to be repeated ; and it may 
be that it is for the same reason that the embryo must repeat or 
recapitulate its ancestral history in order to reach the adult goal. 

I am not sure that we can at present get much further ; but 
the above considerations give opportunity for brief notice of 
what is perhaps the most noteworthy of recent, embryological 
papers, Kleinenberg’s itmarkable monograph on Lopado- 
rhynchus. 

Kleinenberg directs special attention to what is known to 
evolutionists as the difficulty with regard to the origin of new 
organs, which is to the effect that although natural selection is 
competent to account for any amount of modification in an 
organ after it has attained a certain size, and become of 
Ainctional importance, yet that it cannot account for the earlier 
stages in the formation of an oigan before it has become large 
enough or sufficiently developed to be of real use. The difficulty 
is a serious one : it is carefully considered by Mr. Darwin, and 
met completely in certain cases ; but, as Kleinenbeig correctly 
states, no general explanation has been offered with regard to 
such instances. 

As such general explanation Kleinenberg proposes his theory 
of the development of organs by substitution. He points out 


adult. 

It would be easy to point out difficulties in the way of the 
theory. The omission of historic stages in the actual ontogenetic 
development, of which almost all groups of animals supply 
striking examples, is one of the most serious ; for if these stages 
are necessary as stimuli for the succeeding stages, then their 
omission requires explanation ; while, it such stimuli are not 
necessary, the theory would appear to need revision. 

Such objections may, however, prove to be less serious than 
they appear at first sight ; and in any case Kleinenberg’s theory 
ma^ be welcomed as an important and original contribution, 
which deserves — indeed demands — the fullest and most careful 
consideration from all morphologists, and which acquires special 
interest from the explanation which it offers of recapitulation as 
a mechanical process, through which alone is it possible for an 
embryo to attain the adult sUucture. 

That recapitulation does actually occur, that the several stages 
in the development of an animal are inseparably linked with and 
determined by its ancestral history, must be accepted. ^^To 
take any other view is to admit that the structure ot animals and 
the history of their development form a mere snare to entrap our 
judgment.” 

Embryology, however, is not to be regarded as a master-key 
that is to open the gates of knowledge and remove all obstacles 
from our path without farther trouble on our part ; it is rather to 
be viewed and treated as a delicate and complicated instrument, 
the proper handling of which requires the utmost nicety of 
balance and adjustment, and which, unless employed with the 
greatest skill and judgment, may yield false instead of true 
results. 

Embryology is indeed a most -powerful and efficient aid, but 
it will npt., and cannot, provide us with an immediate or com- 
plete answer to the great riddle of life. Complications, dis- 
tortions, innumerable and bewildering, confront us at every 
step, and the progress qf knowledge has so far served rathef to 
increase the number and magnitude of these pitfalls than to teach 
us how to avoid them. 
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Still, there is no cause for despair — far from it ; if our 
difiit:ulties are increasing, so also are our means of grappling 
with them ; if the goal appears harder to reach than we thought 
for, on the other hand its position is far better *defined, and the 
means of approach, the lines of attack, are more clearly re- 
cognized. 

One thing above all is apparent, that embryologists must not 
work single-handed, and must not be satisfied with an acquaint- 
ance, however exact, with animals from the side of development 
only ; fof embryos have this in common with maps, that too 
close and too exclusive a study of them is apt to disturb a man’s 
reasoning power. 

Embryology is a means, not an end. Our ambition is to 
explain in what manner and by what stages the present structure 
of animals has been attained. Towards this embryology affords 
most potent aid ; but the eloquent protest of the great anatomist 
of Heidelberg must be laid to heart, and it must not he forgotten 
that it is throvgh comparative anatomy that its power to help is 
derived. 

What would it profit us, as Gegenbaur justly asks, to know 
that the higher vertebrates when embryos have slits In their 
throats, unless through comparative anatomy we were acquainted 
with forms now existing in which these slits are structures 
essential to existence ? Anatomy defines the goal, tells us of the 
things that have to be explained ; embryology offers a means, 
otherwise denied to us, of attaining it. 

Comparative anatomy and palaeontology must be studied most 
earnestly by those who would turn the lessons of embryology to 
best account, and it must never be forgotten that it is to men 
like Johannes Muller, Stannius, Cuvier, and John Hunter, the 
men to^whom our exact knowledge of comparative anatomy is 
due, that we owe also the possibility of a science of embryology. 

SECTION E. 

GEOGRAPHY. 

Opening Address by Lieutenant-Colonel Sir R, 
Lambert Playfair, K.C.M.G., H.M. Consul- 
General IN Algeria, President of the Section. 

The Mediterranean, Physical and Historical. 

When the unexpected honour was proposed to me of pre- 
siding over your deliberations, I felt some embarrassment as to 
the subject of my address. Geography as a science and the 
necessity of encouraging a more systematic study of it, had 
been treated in an exhaustive manner durin i previous meetings. 
The splendid discoveries of Stanley and :ne prolonged ex- 
periences of Emin have been amply illustrated by the personal 
narrative of the former. The progress of geography during the 
past year has been fully detailed in the annual address of the 
President of the Royal Geographical Society in June last ; so 
that it would be a vain and presumptuous endeavour for me to 
compress these subjects into the limits of an opening address. 
Closely connected with them are the magnificent experiments for 
opening out Africa which afB being made by our merchant 
princes, amongst whom the name of Sir William Mackinnon 
stands pre-eminent, and by our missionary societies of various 
churches, all acting cordially in unison, and sinking, in the dark 
continent, the differences and heartburnings which divide 
Chriftiapity at home ; 1 have thought it better, however, not to 
discuss matters so closely connected with political questions 
which have not yet passed into the realm of history. 

In my perplexity I applied for the advice of one of the most 
experienced geographers of our Society, whose reply brought 
comfort to my mind. He reminded me that it was generally the 
custom for Presidents of Sections to select subjects with which 
they were best acquainted, and added : What more instruc- 
tive and captivating subject, could be wished than The Medi- 
terranean, Physical and Historical ? ” 

For nearly a quarter of a century I have held an official 
position in Algeria, and it has been my constant delight to make 
myself acquainted with the islands and shores of the Medi- 
terranean, in the hope of being able to facilitate the travels of 
my countrymen in that beautiful part of the world. 

I cannot pretend to throw mucn new light on the subject, and 
I have written so often about it already that what I have to say 
may strike you as a twice-told tale : mvertheless, if you wifi 
pemit me to ^descend from the elevated platform occupied by 
sogre learned predecessors, I should like to speak to you in a 
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familiar manner of this great sea,” as it is called in sacred 
Scripture, the Mare Internum of the ancients, *‘oursea,” J/arv 
nostrum of Pomponius Mela. 

Its shores include about three million square miles of the 
riohest country on the earth’s surface, enjoying a climate where 
the extremes of temperature are unknown, and with every 
variety of scenery, but chiefly consisting of mountains and 
elevated plateaux. It is a well-defined region of many parts, all 
intimately connected with each other by their geographical 
character, their geological formation, their flora, fauna, and the 
physiognomy of the people who inhabit them. To this general 
statement there are two exceptions — namely, Palestine, which 
belongs rather to the tropical countries lying to the east of it, 
and so may be dismissed ftom our subject ; and the Sahara, which 
stretches to the south of the Atlantic region — or region of the 
Atlas — but approaches the sea at the Syrtis, and again to the 
eastward of the Cyrenaica, and in which Egypt is merely a long 
oasis on either side of the Nile. 

The Mediterranean region is the emblem of fertility and the 
cradle of civilizatidi^ while the Sahara — Egypt, of course, 
excepted — is the traditional panther’s skin of sand, dotted here 
and there with oases, but always representing sterility and bar- 
barism. The sea is in no sense, save a political one, the limit 
between them ; it is a mere gulf, which, now bridged by steam, 
rather unites than separates tne two shores. Civilization never 
could have existed if this inland sea had not formed the junction 
between the three surrounding continents, rendering the coasts 
ofc each easily accessible, whilst modifying the climate of its 
shores. • 

The Atlas range is a mere continuation of the south of 
Europe. It is a long strip of mountain land, about 200 miles 
broad, covered with splendid forests^.fertile valleys, and in some 
places arid steppes, stretching eastward from the ocean to which 
it has given its name. The highest point is in Morocco, forming 
a pendant to the Sierra Nevada of Spain ; thence it runs, 
gradually decreasing in height, through Algeria and Tunisia, it 
becomes interrupted in Tripoli, and it ends in the beautiful 
green hills of the Cyrenaica, which must not be confounded 
with the oases of the Sahara, but is an island detached from the 
eastern spurs of the Atlas, in the ocean of the desert. 

In the eastern part the flora and fauna do not essentially differ 
from those of Italy ; in the west they resemble those of Spain ; 
one of the noblest of the Atlantic conifers, the Abies pinsapo^ 
is found also in the Iberian peninsula and nowhere else in the 
world, and the valuable alfa grass or esparto {Stipa ienacissima\ 
from which a great part of our paper is now made, forms one of 
the principal articles of export from Spain, Portugal, Morocco, 
Algeria, Tunisia, and Tripoli. On both sides of the sea the 
former plant is found on the highest and most inaccessible 
mountains, amongst snows which last during the greater part of 
the year, and the latter from the sea- level to an altitude of 
^000 feet, but in places where the heat and drought would 
Kill any other plant, and in undulating land where water cannot 
lodge. 

Of the 3000 plants found in Algeria by far the greater num- 
ber are natives of Southern Europe, and less than loo are 
peculiar to the Sahara. The maechie or maquis of Algeria in 
no way differs from that of Corsica, Sardinia, and other places ; 
it consists of lentisk, arbutus, myrtle, cistus, tree-heath, and 
other Mediterranean shrubs. If we take the commonest plant 
found on the southern shores of the Mediterranean, the dwarf 
palm (Chamarops humilis\ we see at once how intimateljr con- 
nected is the whole Mediterranean region, with the exception of 
the localities I have before indicated. This palm still grows 
spontaneously in the south of Spain, and in some parts of 
Provence, in Corsica, Sardinia, and the Tuscan Archipelago, in 
Calabria and the Ionian Isluds, on the continent of Greece, 
and in several of the islands in the Levant, andh it has only dis- 
appeared from other countries as the land has been brought 
under re^lar cultivation. On the other hand, it occurs neither 
in Palestine, Egypt, nor in the Sahara* 

The presence of European birds mav not prove much, but 
there are mammalia, fish, reptiles, and insects common to both 
sides of the Mediterranean. Some of the larger animals, such 
as the lion, panther, jackal, &c., have disappeared before the 
march of civilization in the one continent, but have lingered, 
owing to Mohammedan barbarism, in the, other. There ia 
abundant evidence of the former existence of these, and of the 
other large mammals which now characterize tropical Afiica, 

In France, Germany, and Greece ; it is probable that they only 
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migrated to their present habitat after the upheaval of the great 
sea which in Eocene times stretched from the Atlantic to the 
Indian Ocean, making Southern Africa an island continent like 
Australia. The original fauna of Africa, of which the lemur is 
the distinctive type, is still preserved in Madagascar, which thcA 
formed part of it. 

The fish fauna is naturally the most conclusive evidence as to 
the true line of separation between Europe and Africa. We 
find the trout in the Atlantic region, and in all the snoyv-fed 
rivers falling into the Mediterranean ; in Spain, Italy, Dalmatia ; 
it occurs in Mount Olympus, in rivers of Asia Minor, and even 
in the Lebanon, but nowhere in Palestine south of that range, in 
the Sahara. This fresh-water salmonoid is not 
exactly the same in all these localities, but is subject to consider- 
able variation, sometimes amounting to specific distinction. 
Nevertheless, it is a European type found in the Allas, and it is 
not till we advance into the Sahara, at Tuggurt, that we come 
to a purely African form in the Chromidae, which have a wide 
geographical distribution, being found everywhere between that 
place, the Nile and Mozambique. 

The presence of newts, tailed batrachians, in every country 
round the Mediterranean, except again in Palestine, Egypt, and 
the Sahara, is another example of the continuity of the Mediter* 
raneaii fauna, even though the species are not the same 
throughout. 

The Sahara is an immense zone of desert which commences on 
the shores of the Atlantic Ocean, between the Canaries and 
Cape de ^erde, and traverses the whole of North Africa, Arabi^ 
and Persia, as far as Central Asia. The Mediterranean portion 
of it may be said roughly to extend between the isth and 30th 
degrees of north latitude. 

This was popularly supposed to have been a vast inland sea in 
very recent times, but the theory was supported by geological 
facts wrongly interpreted. It has been abundantly proved by 
the researches of travellers and geologists that such a sea was 
neither the cause nor the origin of the Libyan Desert. 

Rainless and sterile regions of this nature are not peculiar to 
North Africa, but occur in two belts which go round the world 
in either hemisphere, at about similar distances north and south 
of the equator. These correspond in locality to the great inland 
drainage areas from which no water can be discharged into the 
ocean, and which occupy about one- fifth of the total land 
surface of the globe. 

The African Sahara is by no means a uniform plain, but forms 
several distinct basins containing a considerable extent of what 
may almost be called mountain land. The Hoggar Mountains 
in the centre of the Sahara are 7000 feet high, and are covered 
during three months with snow. The general average may be 
taken at 1500. The physical character of the region is very 
varied ; in some places, such as at Tiout, Moghrar, Touat, and 
other oases in or bordering on Morocco, there are well-watered 
valleys, with fine scenery and almost European vegetation, 
where the fruits of the north flourish side by side with the palm 
tree. In others there are rivers like the Oued Guir, an aflSuent 
of the Niger, which the French soldiers, who saw it in 1870, 
compared to the Loire. Again, as in the bed of the Oued Rir, 
there is a subterranean river, which gives a sufficient supply of 
water to make a chain of rich and well-peopled oases equal in 
fertility to some of the finest portions of Algeria.^ The greater 
part of the Sahara, however, is hard and undulating, cut up by 
dry water-courses, such as the Igharghar, which descends to the 
Chott Melghigh, and almost entirely without animal or vegetable 
life. 

About one-sixth of its extent consists of dunes of moving sand, 
a vast accumulation of detritus washed down from more northern 
and southern regions — ^perhws during the glacial epoch — but 
with no indication of marine formation. These are difficult and 
even dangerous to \ra verse ; but they are not entirely destitute of 
vegetation. Water is found at rare but well-known intervals, 
and there is an abundance of salsolaceous plants which serve as 
food for the camel. This sand *is laigely produced by wind 
action on the underlying rocks, and Is not sterile in itself, it is 
only the want of water which makes it so. Wherever water do^ 
exist, or artesian wells are sunk, oases of great fertility never fail 
to follow. 

Some parts of the Sahara are below the level of the sea, and 
here are formed what are called chotts or sibkhas^ open depres- 
sions without any outlets, inundated by torrents from tne southern 
slopes of the Atlas in winterand coverra with a saline efflorescence 
in summer. This salt by no means proves the former existence 
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of an inland sea it is produced by the concentration of the 
natural salts, which exist in every variety of soil, washed dov^n 
by winter rains, with which the unevaporated residue of water 
becomes saturated.* 

Sometimes the drainage, instead of flooding open spaces and 
forming chotts, finds its way through the permeable sand till it 
meets impermeable strata below it, thus forming vast subter- 
ranean reservoirs where the artesian sound daily works as great 
miracles as did MoseS’ rod of yore at Meribah. I have seen a 
column of water thrown up into the air equal to I3qp cubic 
metres per diem ; a quantity sufficient to redeem 1800 acre^ Of 
land from sterility and to irrigate 60,000 palm trees. This seems 
to be the true solution of the problem of an inland sea ; a sea of 
verdure and fertility caused by the multiplication of artesian 
wells, which never fail to bring riches and prosperity in their 
train. 

The climate of the Sahara is quite different from that of what 
I have called the Mediterranean region, where pewodical rains 
divide the year into two seasons. Here, in many places, years 
elapse without a single shower ; there is no refreshing dew at 
night, and the winds are robbed of their moisture by the im- 
mense continental extents over which they blow. There can be 
no doubt that it is to these meteorological, and not to geological, 
causes that the Sahara owes its existence. 

Reclus divides the Mediterranean into two basins, which, in 
memory of their history, he calls the Phcenician and the Cartha- 
ginian, or the Greek and Roman seas, more generally known 
to us as the Eastern and Western Basins, separated by the island 
of Sicily. 

If we examine the submarine map of the Mediterranean, we 
see that it must at one time have consisted of two enclofed or 
inland basins, like the Dead Sea. The western one is separated 
from the Atlantic by the Straits of Gibraltar, a shallow ridge, 
the deepes^part of which is at its eastern extremity, averaging 
about 300 fathoms ; while on the west, bounded by a line from 
Cape Spartel to Trafalgar, it varies from 50 to 200 fathoms. 
Fifty miles to the west of the Straits the bottom suddenly sinks 
down to the depths of the Atlantic, while to the east it descends 
to the general level of the Mediterranean, from looo to 2000 
fathoms. 

The Western separated from the Eastern Basin by the 
isthmus which extends between Cape Bon in Tunisia and Sicily, 
known as the Adventure Bank/^ on which there is not more 
than from 30 to 250 fathoms. The depth between Italy and 
Sicily is insignificant, and Malta is a continuation of the latter, 
being only separated from it by a shallow patch of from 50 to 
100 fothoms ; while to the east and west of this bank the depth 
of the sea is very great. These shallows cut off the two basins 
from all but superficial communication. 

The configuration of the bottom shows that the whole of this 
strait was at one time continuous land, affording free communi- 
cation for land animals between Africa and Europe. The 
palaeontological evidence of this is quite conclusive. In the caves 
and fissures of Malta, amongst river detritus, are found three 
species of fossil elephants, a hippopCtamus, a gigantic dormouse, 
and other animals which could never have lived in so small an 
island. In Sicily, remains of the existing elephant have been 
found, as well as the Elephas antiquus^ and two species of 
hippopotamus, while nearly all these and many other animals of 
African tvpe have been found in the Pliocene deposits and 
caverns of the Atlantic r^ion. ^ • • 

The rapidity with which such a transformation might have 
occurred can be judged by the well-known instance of Graham’a 
Shoal, between Sicily and the island of Pantellaria ; this, owing 
to volcanic auncy, actually rose above the water in 1832, and 
for a few weeks had an area of 3240 feet in circumference and a 
height of 107 feet. 

The submersion of this isthmus no doubt occurred when the 
waters of the Atlantic were introduced through the Straits of 
Gibraltar. The rainfall over the entire area of the Mediterranean 
is certainly not more than 30 inches, while the evaporation is at 
least twice as great ; therefore, were the Straits to be once more 
closed, and were there no other agency for making good this 
deficiency, the level of the Mediterranean would sink again till 
its ba^in became restricted to an area no larger than mighty be 
necessary to equalize the amount of evaporation and precipita> 
tion. Thus not only would the strait between SicHy and Atrio^ 
be'again laid dry, but theeAdriatic and JEgesn Seas also, and a 
great part of the Western Basin. * 

The entire area of the Mediterranean and Black Seas has been 
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'estimated at upwards of a million square miles, and the volume 
of the rivers which are discharged into them at 226 cubic miles. 
All this and much more is evaporated annually. There are two 
constant currents passing through the Straits of Gibraltar, supier- 
imposed on each other ; the upper and most copious one flows 
in from the Atlantic at a rate of nearly three miles an hour, or 
140,000 cubic metres per second, and supplies the difference 
between the rainfall and evaporation, while the under-current 
of warmer water, which has undergone concentration by evapo- 
ration; is continually flowing out at about half the above rate of 
movement, getting rid of the excess of salinity ; even thus, how- 
ever, leaving the Mediterranean salter than any other part of the 
ocean except the Red Sea. 

A similar phenomenon occurs at the eastern end, where the 
fresher water of the Black Sea flows as a surface current through 
the Dardanelles, and the salter water of the Mediterranean pours 
in below it. 

The geneYal temperature of the Mediterranean from a depth 
of fifty fathoms down to the bottom is almost constantly 56"^, 
whatever may be its surface elevation. This is a great contrast 
to that of the Atlantic, which at a similar depth is at least 3** 
colder, and which at 1000 fathoms sinks to 40^ 

This fact was of the greatest utility to Dr. Carpenter in con- 
nection with his investigations regarding currents through the 
Straits, enabling him to distinguish with precision between 
Atlantic and Mediterranean water. 

For all practical purposes the Mediterranean may be accepted 
as being, what it is popularly supposed to be, a tideless sea, but 
it is not so in reality. In many places there is a distinct rise 
and cfall, though this is more frequently due to winds and 
>currents than to lunar attraction. At Venice there is a rise of 
from one to two feet in spring tides, according to the prevalence 
•of winds up or down the Adriatic, but in that sea itself the tides 
are so weak that they can hardly be recognized, except during 
the prevalence of the Bora, our old friend Boreas^ which gene- 
rally raises a surcharge along the coast of Italy. In many straits 
4ind narrow arms of the sea there is a periodical flux and reflux, 
but the only place where tidal influence, properly so called, is 
unmistakably observed is in the Lesser Syrtis, or Gulf of Gab^ ; 
there the tide runs at the rate of two or three kpots an hour, and 
the rise and fall varies from three to eight feet. It is most 
marked and regular at Djerba, the Homeric island of the 
Lotophagi ; one must be careful in landing there in a boat, so 
as not to be left high and dry a mile or two from the shore. 
Perhaps the companions of Ulysses were caught by the receding 
tide, and it was not only a banquet of dates, the honey-sweet 
fmit of the Lotus,” or the potent wine which is made from it, 
which made them forgetful of their homeward way.” 

The Gulf of Gabes naturally calls to mind the proposals 
which were made a few years ^o for inundating the Sahara, 
and so restoring to the Atlantic region the insular condition 
which it is alleged to have had in prehistoric times. I will not 
allude to the English project for introducing the waters of the 
Atlantic from the west coast of Africa ; that does not belong to 
tny subject. The French scheme advocated by Commandant 
Koudaire, and supported by M. de Lesseps, was quite as 
visionary and impracticable. 

To the south of Algeria and Tunis there exists a great depres- 
sion stretching westward from the Gulf of Gabes to a distance 
of about 235 miles, in which are several choits or salt lakes, 
sometimes only marshes, and in many places covered with a 
saline crust strong enough to bear the passage of camels. Com- 
mandant Roudaire proposed to cut through the isthmuses which 
^parated the various chotts, and so prepare their basins to 
receive the waters of the Mediterranean. This done, he intended 
to introduce the sea by a canal, which should have a depth of 
one metre below low-water level. 

This scheme was based on the assumption that the basin of 
the chotts had been an inland sea within historic times ; that, 
little by little, owing to the difference between the quantity of 
water which entered and the amount of evaporation and absorp- 
tion, this interior sea had disappeared, leaving the chotts as an 
evidence of the former condition of things ; that, in fact, this 
was none other than the celebrated Lake Triton, the position of 
which has always been a puzzle to geographers. 

This theoty# however, is untenable ; the isthmus of Gabes is 
not a mere sandbank ; there is a band of rock betweeif the sea 
and, the basin of the chotts, through which the former never 
could have penetrated in modem times. It is much more 
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probable that Lake Triton was the large bight between the 
island of LMerba and the mainland, on the shores of which are 
the ruins or the ancient citv of Meninx, which, to judge by the 
abundance of Greek marble found there, must have carried on 
in important commerce with the Levant. 

The scheme has now been entirely abandoned ; nothing but 
the mania for cutting through isthmuses all over the world which 
followed the brilliant success achieved at Suez can explain its 
having been started at all. Of course, no mere mechanical 
operation is impossible in these days, but the mind refuses to 
realize the possibility of vessels circulating in a region which 
produces nothing, or that so small a sheet of water in the 
immensity of the Sahara could have any appreciable effect in 
modifying the climate of its shores. 

The Eastern Basin is much more indented and cut up into 
separate seas than the Western one ; it was therefore better 
adapted for the commencement of commerce and navigation 
its high mountains were landmarks for the unpractised sailor, 
and its numerous islands and harbours afforded shelter for his 
frail barque, and so facilitated communication between one point 
and another. 

The advance of civilization naturally took place along the 
axis of this sea, Phoenicia, Greece, and Italy being successively 
the great nurseries of human knowledge and progress. Phcenicia 
had the glory of opening out the path of ancient commerce, for 
its position in the I.evant gave it a natural command of the 
Mediterranean, and its people sought the profits of trade from 
every nation which had a seaboard on the three continents 
washed by this sea. Phoenicia was already a nation before the 
Jews entered the Promised Land, and when they did so they 
carried on inland traffic as middlemen to the Phoenicians. Many 
of the commercial centres on the shores of the Mediterranean 
were founded before Greece and Rome acquired importance in 
history. Homer refers to them as daring traders nearly a 
thousand years before the Christian era. 

For many centuries the commerce of the world was limited to 
the Mediterranean, and when it extended in the direction of the 
East it was the merchants of the Adriatic, of Genoa, and of Pisa 
who brought the merchandise of India, at an enormous cost, to 
the Mediterranean by land, and who monopolized the carrying 
trade by sea. It was thus that the elephant trade of India, the 
caravan traffic through Babylon and Palmyra, as well as the 
Arab kafiUks^ became united with the Occidental commerce of 
the Mediterranean. 

As civilization and commerce extended westward.^, mariners 
began to overcome their dread of the vast solitudes of the ocean 
beyond the Pillars of Hercules, and the discovery of America by 
Columbus, and the circumnavigation of Africa by the Portu- 
guese, changed entirely the current of trade as well as increased 
us magnitude, and so relegated the Mediterranean, which had 
hitherto been the central sea of human intercourse, to a position 
of secondary importance. 

Time will not permit me to enter into further details regarding 
the physical geography of this region, and its history is a subject 
so vast that a few episodes of it are all that I can possibly attempt. 
It is intimately connected with that of every other country in 
the world, and here were successively evolved all the great 
dramas of the past and some of the most important events of less 
distant date. 

As I have already said, long before the rise of Greece and 
Rome its shores ana islands were the seat of an advanced civili- 
zation. Phoenicia had sent out her pacific colonies to the 
remotest parts, and not insignificant vestiges of their handicraft 
still exist to excite our wonder andi admiration. We have the 
megalithic temples of Malta sacred to the worship of Baal, the 
generative god, and Ashtoreth, the conceptive goddess, of the 
j universe. The three thousand nurhagi of Sardinia, round towers 
{ of admirable masonry, intended probably for defence in case of 
sudden attack, and the so-called giant graves, were as great a 
imstery to Clascal authors as they are to us at the present day. 
Menorca has Its talayots^ tumuli somewhat analogous to, but of 
ruder construction than, the nurha^it more than 200 groups of 
which exist in yarious parts of the island; with these are 
associated subordinate constructions intended for worship ; altars 
composed of two immense monoliths, erected in the lorm of a 
T ; sacred endosttres and megalithic habitations. One type of 
ialayot is espedally remarkable, of better maimnry than the 
others, and exactly resembling inverted boats. One is tempted 
to believe that the Phcenldans had in view the grass habitations 



September ii, 1890] 


NA TURE 


433 


or mapalia of the Numidians described by Sallust, and had 
endeavoured to reproduce them in stone : Oblonga^ incurvis 
lateribus tecta^ quasi navium carina sunt. 

For a long time the Phoenicians had no rivals in navigation, 
but subsequently the Greeks — especialljr the Phocians — esta- 
blished colonies in the Western Mediterranean, in Spain, 
Corsica, Sardinia, Malta, and the south of France, through the 
means of which they propagated not only their commerce but 
their arts, literature, and ideas. They introduced many valuable 
plants, such as the olive, thereby modifying profoundly the 
agriculture of the countries in which they settled. They 
have even left traces of their blood, and it is no doubt to 
this that the women of Provence owe the classical beauty of 
their features. 

But they were eclipsed by their successors ; the empire of 
Alexander opened out a road to India, in which, indeed, the 
Phoenicians had preceded him, and introduced the produce of 
the East into the Mediterranean, while the Tyrian colony of 
Carthage became the capital of another vast empire, which, 
from its situation, midway between the Levant and the Atlantic 
Ocean, enabled it to command the Mediterranean traffic. 

The Carthaginians at one time ruled over territory extending 
along the coast from Cyrehe to Numidia, besides having a con- 
siderable influence over the interior of the continent, so that 
the name of Africa, given to their own dominions, was gradually 
applied to a whole quarter of the globe. The ruling passion 
with the Carthaginians was love of gain, not patriotism, and 
their wars were largely fought with mercenaries. It was tl^ 1 
excellence of her civil constitution which, according to Aristotle, j 
kept in cohesion for centuries her straggling possessions. A ; 
country feebly patriotic, which entrusts her defence to foreigners, | 
has the seeds of inevitable decay, which ripened in her struggle ; 
wdth Rome, despite the waflike genius of Hamikar and the j 
devotion of the magnanimous Hannibal. The gloomy and 
cruel religion of Carthage, with its human sacrifices to Moloch | 
and its worship of Baal under the name of Melkarth, led to a 
criminal code of Draconic severity and alienated it from sur- 
rounding nations. When the struggle with Rome began, Carth- 
age had no friends. The first Punic War was a contest for the 
possession of Sicily, whose prosperity is even now attested by 
the splendour of its Hellenic monuments. When Sicily was 
lost by the Carthaginians, so also was the dominion of the sea, 
which hitherto had been uncontested. The second Punic War 
resulted in the utter prostration of Carthage and the loss of all 
her possessions out of Africa ; and in 201 B.C., when this war 
was ended, 552 years after the foundation of the city, Rome was 
mistress of the world. 

The destruction of Carthage after the third Punic War was a 
heavy blow to Mediterranean commerce. It was easy for Cato 
to utter his stern Delenda est Carthago ; destruction is easy, but 
construction is vastly more difficult. Although Augustus in his 
might built a new Carthage near the site of the old city, he 
could never attract again the trade of the Mediterranean which 
had been diverted into other channels. Roman supremacy was 
unfavourable to the growth of commerce, because, though she 
allowed unrestricted trade throughout her vast empire, and greatly 
improved internal communications in the subjugated countries, 
Rome itself absorbed the greater part of the wealth, and did not 
produce any commodities in return for its immense consumption, 
therefore Mediterranean commerce did not thrive under the 
Roman rule. The conquest of Carthage, Greece, Egypt, and 
the East poured in riches to^ Rome, and dispensed for a time 
with the needs of productive industry, but formed no enduring 
basis of prosperity. 

It is only in relation to the Mediterranean that I can refer to 
Roman history, but I must allude to the interesting episode in 
the life of Diocletian, who, after an anxious reign of twenty-one 
years in the easterivdi vision of the empire, abdicated at Nicomedia 
and retired to his native province of Illyria. He spent the rest 
of his life in rural pleasures and horticulture at Salona, near 
which he built that splendid palace within the wails of which 
subsequently arose the modern city of Spalato. Nothing more 
interesting exists on the shores or the Mediterranean than this 
extraordinary edifice, perhaps the largest that ever arose at the 
bidding of a single man ; not only vast and beautiful, but 
marking one of the most important epochs in the history of 
architecture. 

Though now obstructed with a mass of narrow, tortuous 
streets, its. salient features are distinctly visible. The great 
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temple, probably the mausoleum of the founder, has become 
the cathedral, and* after the Pantheon at Rome there js no finer 
specimen of a heathen temple turned into a Christian church. 
Strange it is that the tomb of him whose reign was marked by 
such unrelenting persecution of the Christians should have been 
accepted as the model of those baptisteries so commonly con 
structed in the following centuries. 

Of Diocletian’s Salona, one of the chief cities of the Romar> 

: world, but little now remains save traces of the long irregular 
i wall; recent excavations have brought to light much that ia 
; interesting, but all of the Christian epoch, such asalarge 4 )asilica 
! which had been used as a necropmis, and a baptistery, one of 
I those copied from the temple of Spalato, on the Mosaic pave- 
; ment of which can still be read the text, Sicut cervus desidtrat 
fontem aquarum ita anima mea ad te Deus. 

The final partition of the Roman Empire took place in 365 ; 
forty years later the barbarians of the North began to invade 
Italy and thfe south of Europe ; and in 429, Genseric, at the head* 
of his Vandal hordes, crossed over into Africa froft Andalusia, 
a province which still bears their name, devastating the country 
as far as the Cyrenaica. He subsequently annexed the Balearic 
Islands, Corsica and Sardinia, he ravaged the ^oasts of Italy 
and Sicily, and even of Greece and Illyria, but the most memo- 
rable of his exploits was the unresisted sack of Rome, whence 
he returned to Africa laden with treasure and bearing the 
Empress Eudoxia a captive in his train. 

The degenerate emperors of the West were powerless to 
avenge this insult, but Byzantium, though at this time sinking 
to decay, did make a futile attempt to attack the Vandal monarch 
in his African stronghold. It was not, however, till 533, in the 
reign of Justinian, when the successors of Genseric had rfallen 
into luxurious habits and had lost the rough valour of their 
ancestors, that Belisarius was able to break their power and take* 
their last Jving a prisoner to Constantinople. The Vanda 
domination in Africa was destroyed, but that of the Byzantines 
■ was never thoroughly consolidated; it rested not on its own 
I strength, but on the weakness of its enemies, and it was quite 
I unable to cope with the next great wave of invasion which swept 
I over the land, perhaps the most extraordinary^event in the world’s 
history, save only the introduction of Christianity, 
j In 047, twenty-seven years after the Hedjira of Mohammed, 

, Abdulla ibn Saad started from Eg)’pt for the conquest of Africa 
I with an army of 40,000 men. 

j The expedition had two determining causes — the hope of 
I plunder and the desire to promukate the religion of £1 Islam. 

I The sands and scorching heat of the desert, which had nearly 
proved fatal to the army of Cato, were no bar to the hardy 
Arabians and their enduring camels. The march to Tripoli was 
a fatiguing one, but it was successfully accomplished ; the invaders 
did not exhaust their force in a vain effort to reduce its fortifica- 
tions, but swept on over the Syrtic desert, and north to the 
province of Africa, where, near the splendid city of Suffetula, a 
great battle was fought between them and the army of the 
Exarch Gregorius, in which the Christians were signally defeated, 
their leader killed, and his daughter allotted to Ibn-ez-Zobair, 
who had slain her father. 

Not only did the victorious Moslems overrun North Africa, 
but soon they had powerful fleets at sea which dominated the 
entire Mediterranean, and the emperors of the East had enough 
to do to protect their own capital. 

Egypt, Syria, Spain, Provence, and the islands of the M^i- 
terranean successively fell to their arms, and until they were 
checked at the Ppenees by Charles Martel it seemed at one 
time as if the whole of Southern Europe would have been com- 
pelled to submit to the disciples of the new relkion. Violent, 
implacable, and irresistible at the moment of conc^uest, the 
Arabs were not unjust ^ or hard masters in countries which 
submitted to their conditions. Every endeavour was, of course, 
made to proselytize, but Christians were allowed to preserve' 
their religion on payment of a tax, and even Popes were in the 
habit of entering into friendly relations with the invaders. The 
Church of Sti Cyprian and St. Augustine, with its 500 Sees, was 
indeed expunged, but five centuries after the passage of the* 
Mohammraan army from Egypt to the Atlantic a remnant of it 
still existed. It was not till the twelfth centu^ that the peligion 
and language of Rome became utterly extinguished. 

The Arabs introduced a high state of civilization into Uie 
countries where they settled ; their architecture is the wonder 
and admiration of the worA at the present day ; theijr irrigationaL 
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works m Spain have never been improved upon ; they fostered 
literature • and the arts of peace, and introduced a system of 
agriculture far superior to what existed before their arrival. 

Commerce, discouraged by the Romans, was highly honoured 
by the Arabs, and during their rule the Mediterranean recovered 
the trade which it possessed in the time of the Phoenicians and 
Carthaginians ; it penetrated into the Indian Archipelago and 
China ; it travelled westward to the Niger, and to the east as 
far as Madagascar, and the great trade route of the Mediterranean 
was once more developed. 

The power and prosperity of the Arabs culminated in the 
ninth century, when Sicily fell to their arms ; it was not, however, 
very long before their empire began to be undermined by dissen- 
sions ; the temporal and spiritual authority of the Ommiade 
Khalifs, which extended from Sind to Spain, and from the Oxus 
to Yemen, was overthrown by the Abbasides in the year 132 of 
the Hedjira, A.D. 750. Seven years later Spain detached itself 
from the AbJ^asside empire ; a new Caliphate was established at 
Cordova, and hereditary monarchies began to spring up in other 
Mohammedan countries. 

The Carlovingian empire gave an impulse to the maritime 
power of the south of Europe, and in the Adriatic the fleets of 
Venice and Ragusa monopolized the traffic of the Levant. The 
merchants of the latter noble little republic penetrated even to 
our own shores, and Shakespeare has made the Argosy or 
Ragusie a household word in our language. 

During the eleventh century the Christian Powers were no 
longer content to resist the Mohammedans : they began to turn 
their arms against them. If the latter ravaged some of the 
fairest parts of Europe, the Christians began to take brilliant 
revenge. 

The Mohammedans were driven out of Corsica, Sardinia, 
Sicily, and the Balearic Islands, but it was not till 1492 that they 
had Anally to abandon Europe, after the conquest of Qranada by 
Ferdinand and Isabella. 

About the middle of the eleventh century an event took place 
which profoundly modified the condition of the Mohammedan 
world. The Caliph Mostansir let loose a horde of nomad Arabs, 
who, starting from Egypt, spread over the whole of North Africa, 
carrying destruction and blood wherever they passed, thus laying 
the foundation for the subsequent state of anarch/ which rendered 
possible the interference of the Turks. 

English commercial intercourse with the Mediterranean was 
not unknown even from the time of the Crusades, but it does not 
appear to have been carried on by means of our own vessels till 
the beginning of the sixteenth century. In 15 22 it was so great 
that Henry VIII. appointed a Cretan merchant, Censio de 
Balthazari, to be Master, governor, protector, and consul of 
all and singular the merchants and others his lieges and subjects 
within the port, island, and country of Crete or Candia.” This 
is the very first English consul known to history, but the first of 
English birth was my own predecessor in office. Master John 
Tipton, who, after having acted at Algiers during several years 
in an unofficial character, probably elected by the merchants 
themselves to protect their interests, was duly appointed consul 
by Sir William Harebone, ambassador at Constantinople in 1585, 
and received just such an exequatur from the Porte as has been 
issued to every consul since by the Government of the country in 
which he resides. 

Piracy has always been the scourge of the Mediterranean, but 
we jire too apt to associate its horrors entirely with the Moors 
and Turks. The evil had existed from the earliest ages ; even 
before the Roman conauest of Dalmatia the Illyrians were the 
general enemies of the Adriatic ; Africa under the Vandal reign 
was a nest of the fiercest pirates ; the Venetian chronicles are 
full of complaints of the ravages of the Corsairs 01 Ancona, and 
there is no other name but piracy for such acts of the Genoese 
as the unprovoked pillage of Tripoli by Andrea Doria in i<35« 
To form a just id^a of the Corsairs of the past it is well to 
remember that commerce and piracy were often synonymous 
terms, even among the English, up to the reign of Elizabeth. 
Listen to the description given by the pious Cavendish of his 
commercial circumnavigation of the gloTO : — ** It hath pleased 
Almighty God to suffer me to circumpass the whole p;lobe of the 
world. • • • I navigated along the coast of Chili, Peru, and 
New Spain, where I made great spoils. All the villages and 
towns that ever I landed at I burned and spoiled, and had I not 
bera discovered upon the coast I had, taken a great quantity of 
treasure,” and so he concludes, ** The Lord be praised for all his 
> mercies!” 
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Sir William Monson, when called upon by James I. to propose 
a scheme for an attack on Algiers, recommended that all the 
maritime Powers of Europe should contribute towards the 
expense, and participate in the gains by the sale of Moors and 
Turks as slaves. 

After the discovery of America and the expulsion of the Moors 
from Spain, piracy developed to an extraordinary extent. The 
audacity of the Barbary corsairs seems incredible at the present 
day ; they landed on the shores and islands of the Mediterranean, 
and even extended their ravages to Great Britain, carrying off all 
the inhabitants whom they could seize into the most wretched 
slavery. The most formidable of these piratical States was 
Algiers, a military oligarchy, consisting of a body of janissaries, 
recruited by adventurers from the Levant, the outcasts of the 
Mohammedan world, criminals and renegades from every nation 
in Europe. They elected their own ruler or Dey, who exercised 
despotic sway, tempered by frequent assassination ; they oppressed 
without mercy the natives of the country, accumulated vast 
riches, had immense numbers of Christian slaves, and kept all 
Europe in a state bordering on subjection by the terror which 
they inspired. Nothing is sadder or more inexplicable than the 
shameful manner in which this state of things was accepted by 
civilized nations. Many futile attempts were made during suc- 
cessive centuries to humble their arrogance, but it only increased 
by every manifestation of the powerlessness of Europe to restrain 
it. It was reserved for our own countryman, I-ord Exmouth, by 
his brilliant victory in 1816, for ever to put an end to piracy and 
Christian slavery in the Mediterranean. His work, however, 
was left incomplete, for though he destroyed the navy of the 
Algerines, and so rendered them powerless for evil on the seas, 
they were far from being humbled ; they continued to slight their 
treaties and to subject even the i^ents of powerful nations to 
contumely and injustice. The French took the only means pos- 
sible to destroy this nest of ruffians, by the almost unresisted 
occupation of Algiers and the deportation of its Turkish 
aristocracy. 

They found the whole country in the possession of a hostile 
people, some of whom had never been subdued since the fall of 
the Roman Empire, and the world owes France no small debt of 
gratitude for having transformed what was a savage and almost 
uncultivated country into one of the richest as well as the most 
beautiful in the basin of the Mediterranean. ^ 

What has been accomplished in Algeria is being effected in 
Tunisia. The treaty of the Kasr-es-Saeed, which established a 
French Protectorate there, and the military occupation of the 
Regency, were about as high-handed and unjustifiable acts as are 
recorded in history ; but there can be no possible doubt regard- 
ing the important work of civilization and improvement that has 
resulted from them. European courts of justice have been esta- 
blished all over the country ; the exports and imports have 
increased from twenty-three to fifty-one millions of francs, the 
revenue from six to nineteen millions, without the imposition of 
a single new tax, and nearly half a million per annum is being 
spent on education. 

Sooner or later the same thing must happen in the rest of 
North Africa, though at present international* jealousies retard 
this desirable consummation. It seems hard to condemn such 
fair countries to continued barbarism, in the interest of tyrants 
who misgovern and oppress their people. The day ^nnot be 
far off when the whole southern shores of the Mediterranean 
will enjoy the same prosperity and civilization as the northern 
coast, and when the deserts, which are the result of misgovern- 
ment and neglect, will assume the fertility arising from security 
and industry, and will again blossom as the rose. 

It cannot be said that any part of the Mediterranean basin is 
still unknown, if we except the empire of Morocco. But even 
that country has been traversed in almost every direction during 
the put twenty years, and its geography find natural history 
have hem illustrated by men of uie greatest eminence ; such as 
Gerhara Rohlfs, Monsieur Tissot, Sir Joseph Hooker, the 
Vicomte de Foucauld, Joseph Thomson, and numerous other 
travellers. The least known portion, at least on the Mediter- 
ranean cout, is the Riff country, the inhospitality of whose 
inhabitants has given the word ruffian ” to the English language. 
Even that has Men penetrated by De Foucauld disguised as a 
Jew, and the record of bis exploration is one of the most brilliant 
contributions to the geography of the country which has hitherto 
been made. 

Although, therefore, but little remains to be done in the way 
of actual exploration, there are tnimy by-ways of travel com- 
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paratively little known to that class of the community with which 
1 have so much sympathy, the ordinary British tourist. These 
flock every year in hundreds to Algeria and Tunis, but few of 
them visit the splendid Roman remains in the interior of those 
countries. The Cyrenaica is not so easily accessible, and J 
doubt whether any Englishmen have travelled in it since the 
exploration of Smith and Porcher in i86l. 

Cyrene almost rivalled Carthage in commercial importance. 
The Hellenic ruins still existing bear witness to the splendour of 
its five great cities. It was the birthplace of many distinguished 
people, and amongst its hills and fountains were located some of 
the most interesting scenes in mythology, such as the Gardens of 
the Hesperides, and the silent, dull, forgetful waters of 
Lethe. 

This peninsula is only separated by a narrow strait from 
Greece, whence it was originally colonized. There, and indeed 
all over the eastern basin of the Mediterranean, are many little- 
trodden routes ; but the subject is too extensive ; I am reluc- 
tantly compelled to restrict my remarks to the western half. 

The south of Italy is more frequently traversed and less 
travelled in than any part of that country. Of the thousands 
who yearly embark or disembark at Brindisi, few ever visit the 
Land of Manfred. Otranto is only known to them from the 
fanciful descriptions in Horace Wiilpole’s romance. The general 
public in this country is quite ignorant of what is going on at 
Taranto, and of the great arsenal and dockyard which Italy is 
constructing in the Mare Piccolo, an inland sea containing more 
than 1000 acres of anchorage for the largest ironclads aflo^l, 
yet with*an entrance so narrow that it is spanned by a revolving 
bridge. Even the Adriatic, though traversed daily by steamers 
of the Austrian Lloyd's Company, is not a highway of travel ; 
yet where is it possible to find so many places of interest within 
the short space of a week's Voyage, between Corfu and Trieste, 
as along the Dalmatian and Istrian shores, and among the islands 
that fringe the former, where it is difficult to realize that one is 
at sea at all, and not on some great inland lake ? 

There is the Bocche di Cattaro, a vast rent made by the 
Adriatic among the mountains, where the sea flows round their 
spurs in a series of canals, bays, and lakes of surpassing beauty. 
The city of Cattaro itself, the gateway of Montenegro, with its 
picturesque Venetian fortress, nestling at the foot of the black 
mountain, Ragusa, the Roman successor of the Hellenic Epi- 
daurus. Queen of the Southern Adriatic, battling with the waves 
on her rock-bound peninsula, the one spot in all that sea which 
never submitted either to Venice or the Turk, and for centuries 
resisting the barbarians on every side, absolutely unique as a 
mediseval fortified town, and worthy to have given her name to 
the argosies she sent forth ; Spalato, the grandest of Roman 
monuments ; Lissa, colonized by Dionysius of S3rracuse, and 
memorable to us as having been a British naval station from 
1812 to 1814, while the French held Dalmatia;^ Zara, the 
capital, famous for its siege by the Crusaders, interesting from an 
ecclestological point of view, and venerated as the last resting- 
place of St. Simeon, the prophet of the Nunc dimitHs ; 
Parenza, with its great basilica ; Pola, with its noble harbour, 
whence Belisariyis sailed forth, now the chief naval port of the 
Austrian Empire, with its Roman amphitheatre and graceful 
triumphal arches ; besides many other places of almost equal 
interest. Still further west are Corsica, Sardinia, and the 
Balearic Islands, all easily accessible from the coasts of France, 
Italy, and Spain. Their ports are constantly visited by mail- 
steamers and private yachts, yet they are but little explored in 
the interior. 

A physical and historical description of Corsica was then given. 
The address concluded as follows : — 

I have endeavoured to skelch^ necessarily in a ver3r imperfect 
manner, the physical character and historv of the Mediterranean, 
to show how thetcommerce of the world originated in a small 
maritime Slate at its eastern extremity ; how it gradually ad- 
vanced westward till it burst through the Straits of^ibraltar, 
and extended over seas and con^nents until then undreamt of, 
an event which deprived the Mediterranean of that commercial 
prosperity and greatness which for centuries had been limited to 
us narrow basin. 

Once more this historic sea has become the highway of 
nations ; the persistent energy and genius of two men have 
revolutionized navigation, opened out new and boundless fields 
for commerce ; and it is hardly too much to say that if the 
Mediterranean is to be restored to its old position of importance ; 
if the struggle for Africa is to result in its r^eneration, as hap- 
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pened in the New World \ if the dark places still remaining in 
the further East ane to be civilized, it will be in a great measure 
due to Waghorn and Ferdinand de Lesseps, who developed the 
overland route and created the Suez Canal. 

But the Mediterranean can only hope to retain its regenerated 
position in time of peace. Nothing is more certainly shown by 
past history than that war and conquest have changed the route 
of commerce in spite of favoured geographical positionsr 
Babylon was conquered by Assyrians, Persians, Macedonians,, 
and Romans, and though for a time her position on the Euphrates- 
Caused her to rise like a Phoenix from her ashes, successive con- 
quests, combined with the luxury and effeminacy of her rulers, 
caused her to perish. Tyre, conquered by Nebuchadnezzar and* 
Alexander, fell as completely as Babylon had done, and her 
trade passed to Alexandria. Ruined sites of commercial cities 
rarely again become emporia of commerce ; Alexandria is an 
exception dependent on very exceptional circumstances. 

The old foute to the East was principally used by sailings 
vessels, and was abandoned for the shorter and mofo economical 
one by t^e Suez Canal, which now enables a round voyage to 
be made, in sixty days, which formerly required from six to 
eight months. This, however, can only remain open in time of 
peace. It is quite possible that in the event of war the old 
route by the Cape may be again used, to the detriment of traffic 
by the Mediterranean. Modem invention has greatly economized 
the use of coal ; and steamers, by the use of duplex and triplex 
engines, can run with a comparatively small consumption of 
fuel, thus leaving a larger space for cargo. England, the great 
carrying Power of the world, may find it more advantageous to 
trust to her own strength and the security of the open seas than 
to run the gauntlet of the numerous strategical positions^in the 
Mediterranean, such as Port Mahon, Bizerta, and Taranto, each 
of which is capable of aflbrding impregnable shelter to a hostile 
fleet, and though the ultimate key to the Indian Ocean is in our 
own hanos, our passage to it may be beset with a thousand 
dangers. There is no act of my career on which I look back 
with so much satisfaction as on the share I had in the occupation 
of Perim, one of the most important links in that chain of coal- 
ing stations which extends through the Mediterranean to the 
further East, and which is so necessarpr for the maintenance of 
our naval supremacy. It is a mere islet, it is true, a barren 
rock, but one surrounding a noble harbour, and so eminently in 
its right place^ that we cannot contemplate with equanimity the 
possibility of its being in any other hands than our own. 

It is by no means certain whether exaggerated armaments are 
best suited for preserving peace or hastening a destructive war ; 
the golden age of disarmament and international arbitration may 
not be near at hand, but it is even now talked of as a possibility. 

Should the poet's prophecy or the patriot's dream realized, 
and a universal peace indeed bless the world, then this sea of 
so many victories may long remain the harvest field of a 
commerce nobler than conquest. 


NOTES. 

Ths Kew Herbarium has just been enriched by a set of the 
dried plants from the extensive collections made by Regel, 
Przewalski, Potanin, and other recent Russian travellers in 
Central and Eastern Asia. This valuable set numbers about 
2600 species, including very many novelties, and it was*pre« 
sented to the Royal Gardens, Kew, through the good offices of 
Dr. A. E. von Regel, Director of the Imperial Botanic Garden 
at St. Petersburg, and Mr. C. J. Maximowicz, the Curator of 
the Herbarllim in the same establishment. 

A LABORATORY for plant-biology has been recently opened at 
Fontainebleau. It is under the direction of M. Bonnier, Pro- 
fessor of Botany at the Sorbonne in Paris, to whom application 
should be made by any contemplating research there. 

Dr. William Waaosn, F.G.S., formerly Palaeontologist to 
the Geological Survey of India, and of late years Professor of 
Geology at Prague, has been appointed Professor of Palaeontology 
to the University of Vienna, in succession to the late Dr* 
Neumayr. 

In a Supplement to^the Catalogue of Diuma} Accipitres in 
the Australian Museum at Sydney, N.S.W.,” Dr. P* Ramsay 
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^ives descriptions of many plumages of birds of prey not pre* 
viously recorded. The nestlings described have been preserved 
for the Museum by Mr. K. H. Bennett« and include those of 
the rarest of the Australian accipitres. The colours of the soft 
parts have been most carefully noted, and are deemed in one 
instance {Aquila morphnoiJes^ p. 7) to be worthy of a duplicate 
reproduction by Dr. Ramsay. 

The Rev. Dr. Norman has just returned from a dredging ex- 
pedition in the Varanger Fiord and Sydvaranger. He has been 
absent nine weeks, and has brought home extensive collections 
in all branches of Marine Invertebrata. The fiords of Syd- 
varanger were found to possess a rich fauna, with depths 
descending to 120 fathoms. These fiords had never before l^en 
scientifically investigated, though Baron de Gueme* took a few 
hauls of the dredge there in i88i when on board the French 
vessel Coligfiy as a member of the Mission Scientifique en 
Japonie, and published a list of the Mollusca obtained. 

Dr. Ramsay has also compiled a catalogue of the Striges in 
the Australian Museum, which appears to possess a good series 
of every species known to inhabit Australia and the adjacent 
islands, with the exception of Ninoxocellata and Ninox rufa^ the 
latter being a good species in Dr. Ramsay’s opinion, though 
Mr. Sharpe considered it to be the young of A^. connivens. It 
is to be hoped that Dr. Ramsay will continue his useful cata- 
logues <of the specimens of birds in the Australian Museum. 

Dr. J. B. Steerb has just published his preliminary descrip* 
lions of new species discovered by the ^members of 'Ae expe* 
dition to the Philippine Islands. It is to be hoped that a com- 
plete memoir on this important exploration will be published 
later on, as the diagnoses set forth in the little brochure just 
issued are, in many cases, worse than useless. 

In the Times for September 9 we read the following note on 
“How to keep salt dry” — “The Dutch Indian Government 
offers a prize of 10,000 fl. for the best practical answer to the 
question in what manner the salt which is sold in Dutch India 
in small packets should be packed up so as to keep dry.” 

We have received the general Guide to the Science and Art 
Museum, Dublin, under the directorship of V. Ball, LL.D., 
‘F.R.S. The Museum is divided into two parts. Part L, 
which is in the old museum buildings, deals with natural history, 
while Part II. treats of arts and industry, and is in the new 
huildings. In this Museum there are short printed labels 
attached to the specimens, and for the more important objects, 
descriptive tables containing “greater detail than even an 
ordinary hand-book could conveniently contain ” are added. 
In some cases small maps are attached, indicating the localities 
where the objecU were found. In this edition, which by the 
way is the first issued, the several branches of the collections 
are dealt with generally, and we are told that “hand-books will 
be prepared later on for some of them,” which will add greatly 
to the interest of the objects concerned. 

The Observatory of Zi-ka-Wei, near Shanghai, htls published 
vol. XV. of its Bulhtin Mensuel^ for the year 1889. This Obser- 
vatory is equipped with the best self-recording and other instru- 
ments, and the volume in question contains, in addition to the 
usual tables of hourly observations, diagrams of the mean 
diurnal variations, and of the tracks of typhoons, as well as 
comparisons of the monthly means of magnetical and meteoro- 
logical observations for the year 1889, and those of the previous 
17 years. An appeal was made to the missionaries of the 
province of Kiang-nan to record thunderstorm observations, and 
some interesting results are published for each month. These 
storms occur most frequently between noon and midnight, and 
-generally proceed from west to east ; they mostly occur in July 
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and August ; there is also a second maximum in April ; they 
most frequently occur with a falling barometer, and are generally 
accompanied with rain, but very rarely with hail. The work 
^Iso contains interesting general remarks upon the depressions 
and cyclones of the coast of China. 

The Journal of the Asiatic Society of Bengal, three numbers 
of which we have received, contains some interesting papers on 
various subjects. In No. i. Part 2 of vol. lix. there is a paper 
by John Eliot on the occ'^sional inversion of the temperature 
relations between the hills and plains of Northern India. 
Alfred Alcock, Surgeon-Naturalist to the Marine Survey, con- 
tributes a paper on observations on the gestation of some sharks 
and rays, made on board H.M. Indian Marine Survey steamer 
Investigator^ Commander Alfred Carpenter, R.N., while from 
the same ship we have descriptions of seven additional 
new Indian Amphipods by G. M. Giles, late Surgeon- 
Naturalist to the Survey. Asutosh Mukhopadhyay contri- 
butes three papers, as follows : — Note on Stokes’s theorem 
and hydrokinetic circulation; on Clebsch’s transformation of 
the hydrokinetic equation ; and on a curve of aberrancy. 
The supplement to No. x of this part consists of a catalogue 
of the Insecta of the Oriental region and the order of Coleo- 
pkera, family Carabidae, by E. T. Atkinson. The third 
pamphlet contains the title-page, index, &c., to vol. Ivii. Part 2, 
1888. 

The American Meteorological Journal for August contains 
the conclusion of M. Faye’s articles on Trombes and Tornadoes. 
The author considers that the facts adduced show (i) that there 
are no centripetal movements, either at the foot of trombes or 
tornadoes, or toward the base of cyclones ; (2) that these are 
descending whirls with vertical axes, originated in the upper 
currents of the atmosphere, and follow the direction of these 
currents. The same journal contains the tornado prize essays. 
The first prize has been awarded to Lieutenant J. P. Finley. 
The following are some of the general results arrived at : — 
Tornadoes generally accompany an area of low barometer. 
Their progressive motion to the north-east arises from the fact 
that as they always form in the south-east quadrant of an area 
of low barometer, they must come within the influence of the 
general drift of the atmosphere on that side of the low barometer 
which is always to the north-east. A hailstorm is an incipient 
tornado in the cloud-region of an area of low barometer. As 
the area of low barometer progresses eastward, the region lying 
on an average about 350 miles to the south and east of the centre 
of the general storm, is the region within which tornadoes may 
be expected. Tornadoes, with hardly an exception, occur in 
the afternoon, just after the hottest part of the day ; the destruc- 
tive power of the wind increases rapidly from the circumference 
of the storm to its centre. The months of grieatest frequency, as 
determined from a period of over 200 years, are April to July * 
the average frequency of the storms does not appear to have 
changed within that time. The shortest time occupied by the 
tornado-cloud in passing a given poini^ varies from an instant to 
about twenty minutes, the average time being 74 seconds. The 
second prize was awarded to Mr. A. McAdie, 

A NEW method of measuring the inductive power and con- 
ductivity of dielectrics has been recently described by M. Curie 
in the Annales do Chimie et de Physique ; it is based on the use 
of an apparatus he calls the piezo- electric quartz. He has studied 
with it those qualities in various crystalline dielectrics ; and he 
enunciates a law of superposition^ which shows the independence 
of the effects produced by different variations of electromotive 
force. Quartz shows a difference of conductivity in the direction 
of the optic axis (where it is strong), and at right angles (where 
it is insensible) ; and this gives rise to striking phenomena. 
Plates parallel to the axis, and with the extremities of the ax in 
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communicating with the earth, behave, beyond 120®, as dielectrics 
of zero inductive power. With prolonged heating, the con- 
ductivity along the axis quite disappears. Water plays a capital 
rdle in the conductivity of a great many dielectrics (possibly in 
all). With plates of baked porcelain kept moist the various 
types of conductivity could be reproduced. The electromotive 
forces of polarization of moist porous bodies may attain several 
hundred volts. 

Prairie dogs, it appears from a recent letter by Dr. Wilder 
to Science^ lack the sense of distance. At Cornell University, 
several individuals walked off chairs, tables, and window-sills 
unhesitatingly. This is thought to be due to the nature of their 
usual habitat, a plain, with no sharper inequalities than burrows 
and mounds. One adult female seemed to have wonderful im- 
munity from the ill-effects of falls : it once fell from the top of 
an elevator 21 feet high, and another time from a window-sill, 
about as high, on a granite pavement, but soon recovered. 
These animals respond to sudden sound by erecting the body 
and barking, and the nervous mechanism involved seems to be 
largely reflex, rapidly exhausted, but nearly or quite uncon- 
trollable ; indeed, one of those falls seems to have been due to 
an unguarded erection of the body on hearing a large clock 
strike. ^ 

The acfditions to the Zoological Society*s Gardens during the 
past week include a Rhesus Monkey {Afacacus rhesus S ) from 
India, presented by Mr. Jesser Coope, F.Z.S. ; a Nightingale 
{Daulias luscinid)^ British, presented by Mr. J. Young, F.Z.S. ; 
two Green Doves {ChalcopJiaps indica) from Ceylon, presented 
by Mrs. Thompson ; a Common Chameleon {Chamaleon vul- 
garis) from North Africa, presented by Master E. S. Forwood ; 
two Short-tailed Wallabys {Halmaturus brachyurus) from Aus- 
tralia, received in exchange; a Brown Capuchin {Cebus fatu- 
dius i) from Brazil, a Squirrel Monkey {jChrysothrix sciurea) 
from Guiana, a Banksian Cockatoo {Calyptorhynchus banksii) 
from New South Wales, deposited ; two Red-vented Bulbuls 
{^Pycnonotus htvmorrhous)^ bred in the Gardens. 

OUR ASTRONOMICAL COLUMN. 


(Duner). It is probably a star of mean condensation, and the 
bright carbon flutings should therefore be well seen. 

(3) The spectrum of this star may advantageously be studied in 
connection with the observations of stars which have a spectninr 
hitherto described a^ of the solar type. It is one of a very late 
stage of Group II., the distinctive dark bands being very narrow, 
so that the spectrum approaches one of Group III. The lints 
which are seen at this st^e will in all probability be continued 
to Group III. stars, and will therefore serve as criteria for 
distinguishing between stars of Group III. and stars of 
Group V. 

(4) Vogel writes the spectrum of tlfis star as II. o (I.a), which 
means that the star is either at a late stage of Group III., or an 
early one of Group V. Its precise position on the tempera- 
ture-curve " may be determined by reference (o the cnteria 
mentioned in the note on (3). 

(5) The spectrum of this star is one of Group IV. 

(6) Although this star is far from being a faint one compared 
wdth many other stars of Group VI., veiy few detail^ have been 
observed in its spectrum, either by Secchi or Dun^r. Dun^r 
simply status that the spectrum consists of three zones, the blue 
being veryVeak. The intensity of band 6 (A 564) relatively to* 
band 9 (A 517), and other details, should be noted. 

(7) This is a variable of Group II. of very small range and 
short period. The mean magnitude at maximum is about 8*85, 
and that at minimum 9*95. The mean period is about 67'8- 
days, and the increase to maximum is much more rapid than the 
decrease to minimum, the former occupying 20*6 days, and the 
latter 47*2. According to Duner, the spectrum is only feebly 
developed, and this is exactly what it should be if Mr. Lockyer's 
view as to the constitution of this class of bodies be correct. 


The central swarm being well advanced in condensation ,^nly 
revolving swarms of short period will be effective in producing 
changes of light, because long period swarms will pass clear of 
the central^swarm at periastron. It is only to be expected, 
therefore, that a well advanced, or ^^feebly-developed’’ spec- 
trum should be associated with a short period in variables of 
Group II. Under these circunsstances it is not likely that 
bright hydrogen lines will appear at maximum, but an observa- 
tion of their absence will be of value, and other variations may 
occur. There will be a maximum about September 15. 

• A. Fowler. 


Observations of the Companions to Brook’s Comet 
(V. 1880). — Mr. E. E. Barnard, in Astronomische Nachrichten^ 
No. 2908, gives the physical and micrometrical observations of 
the companions to this comet made with the 1 2-inch and 36-inrb 
refractors of the Lick Observatory, and those made elsewhere. 
It will be remembered that Mr. Barnard discovered two com- 
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flemarks^ 

(1) In the General Catalogue this nebula is described as *^a 
very remarkable object ; pretty bright ; considerably large ; 
extremely irregular figure ; k Cygni involved.” The spectrum, 
as observed by Dr. Huggins, is a continuous one with a sus- 
picion of an unusual brightness in the region beyond F. The 
excess of blue light is probably 4ue to the radiation of some 
substance, most likely carbon, added to a dim and short con- 
tinuous SMCtrum. The green flutings would in that case be 
masked by continuous spectrum, and the result would be a 
spectrum apparently continuous in the green and discontinuous 
in the blue. This discontinuity should be looked for in the 
nebula spectrum, and comparisons . made with the carbon 
flutings. 

(2) This star has a spectrum of Group II. '‘of extraordinaiy 
beauty,” all the bands t-9 being very wide and very dark 


panions to Brook’s comet on August 2, 1889, and two othem on 
August 5. His remarks on the appearance of the companions, 
and the physical changes which they underwent from the date of 
discovery, until they disappeared from sight, are very im- 
portant. Two of the companions seemed to undeigo the same 
process of disintegration. Beginning with a nucleus and a ^1,. 
each became enlarged, diffused, and fainter, until it had dissi- 
pated into space. In some concluding remarks Mr. Barnard 
writes : "I nave no doubt but that the great telescope would 
readily reveal more unknown nebulae than the entire number 
now contained in the latest catalogue of Dreves,’’ and the 
number of unknown nebulae incidentally found by him during 
these observations supports this assertion. 

Parallax of /B Orionis. — In the Observatory for Sdptfm- 
ber. Dr. Gill has a note on the parallax of /3 Orionis. The star 
is situated near one comer of the nebulous area encircled by 
a Orionis, Lalande 11382, Lalande 11329, Orionis, ^ Orionis, 
and i 9 Eridadl, and the observations show that it has a negative 
parallax of about 0"'i7 relative to the near parallax of the stars 
D.M. -7® 997 and -8® 1078, and therefore belongs to a more 
distant system. It also results from the calculations that the 
former star and S Orionis are members of an immensely more 
remote system than the latter one. The reductions were sug- 
gested by an examination of a photograph of the region about 
the Orion nebula taken under the direction of Prof. E. C» 
Pickering. 

Carl Frederxk Fearnley.— T he death of this eminent 
Norwegian astronomer occurred oti the 23rd ult. at Christiania. 
He was born at Frederikshald on December 19, 1JB18. In 1844 
he became attached to t^e Ol^ervatory of Christiania Univer- 
sity as an assistant, and since x86i has been the Director. H6 
was made a Professor of Astronomy in 1857* 
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The deceased astronomer published many observations of 
planets, comets, and the sun, and directed some attention to the 
determination of the height of the aurora borealis. He also 
published a memoir on atmospheric refraction, and participated 
in many geodetical observations. 

Fearnlcy's death is severely felt by those with whom he came 
in contact. 

United States Naval Observatory, Washington. — 
The report of the superintendent of the U.S. Naval Observa- 
tory for the year ending June 30, 1889, has just been issuedi and 
contains an account of the ^ork done in each department. 

The large equatorial has been employed in observing double 
stars and the satellites of Saturn ; attention also being paid to 
the division on the ring and to the shadows. 

Seventeen hundred observations have been made with the 
transit circle since October 9, 1888 ; of this number 68 were of 
the sun, 60 of the moon, 93 of the major planets, i8 of the 
minor piand^^, and 5 of Comet e 1888. 

The 9*6-inch equatorial has been used for the identification of 
stars whenever necessary, and for the observation<i of small 
planets, comets, and occultation of stars by the moon. During 
the past year 3 comets were seen and observed whenever possible. 
Two nights a week this instrument is set apart for the ac- 
commodation of visitors, and permits for 1665 visitors were 
issued. 

Assistant- Astronomer H, M. Paul, who has for the last year 
and a half been here observing suspected variables, has just dis- 
covered a new variable in the constellation Antlia, with a period 
of less than 12 hours, the shortest period yet known. 

Thp chronometer and time service, under the charge of 
Lieutenant Taylor, have been doing good work. Fifty-six 
chronometers received from the makers, cleaned, and repaired, 
were tested in the temperature- room for a period* of about two 
months. Chronometers were issued to eleven sh^s and one 
shore station, and the same number were received back. 

No alteration has been made in the routine of sending out 
time signals, which are telegraphed every day, Sundays and 
holidays excepted. 

In* the magnetic department under the charge of Ensign 
Marsh, observations have been made on Tuesdays each 
week for the determination of the absolute horizontal intensity, 
and on each month they were made with the inertia cylinder 
attached to the magnet. Observations on the magnetic inclina- 
tion, using three needles in rotation, were made every Monday 
and Friday. Two seisrooscopes and a seismograph have been 
added to the stock of instruments, and they have been set up 
and are in good working order. 

The libraiy, which has lately been placed under the charge of 
A^istant-Astronomer Paul, in addition to his other duties, con- 
tains, up to June 30, 12,226 volumes and 2696 pamphlets, of 
which the accessions, since the last Report, have been 308 in 
number, 235 volumes and 73 pamphlets. 

The appendix contains a report of the work done during the 
past year, by Prof. William Harkness, who was attached for 
special duty as a member of the Transit of Venus Commission, 
and h^ charge of the reductions and computations of the ob- 
servations of 1874 and 1882. The result of his work is the de- 
termination of the sun’s distance to be 92,455,000 miles, with a 
probable error of 123,400 miles. 

SOCIETIES AND ACADEMIES. 

London. 

Entomological Society, September 3. — Mr. Henry T. 
Stainton, F.R.S., in the chair. — Mr. C. Fenn ^hibited and 
remarked on specimens of EupUhecia satyreUa^ Eudorea am^ 
higualis^ and Tortrix vibumana from Darlington. -^Mr. H. 
Goss exhibited, on behalf of Mr. Martin S. Higgs, a remark- 
able variety of MtlUaa aurinia {arUmis)^ taken a few years 
50, in Gloucestershire, by Mr. Joseph Merrin. — The Rev. Dr. 
iTalker communicated some observations on the entomology of 
Iceland, and gave an account of his recent travels in that island. 
He stated that he had taken Bombus terresiris this year, for the 
first time, in the nortfi-west of Iceland, from which quarter of 
the island it had not been recorded by Dr. Staudinger ; he also 
refmed to the. enormous numbers of Ichneumonidfle andDiptera 
which 4 ie had noticed in the island. He further stated that in 
1889, in the fnonths of June and July, Noetua conjtua was the 
most abundant species of Lroidoptera in Iceland ; but that this 
year, in July and August, Crymodes exults was the prevail!^ 
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species, and that Charaas graminis and Coremia munitata also 
occurred in great numbers. In reply to a question by Mr, 
Stainton, Dr. Walker said that the flowers chiefly frequented by 
the humble-bees were those of a small species of white Galium 
«( probably Galium saxatile) and Viola tricolor. Dr. Walker 
also read notes on Calathus melanocephalus collected in Ice- 
land and the Faroe Isles in June and July 1890. Messrs. 
M ‘Lachlan, Stainton, Jenner Weir, Stevens, Jacoby, Lewis, 
and others took part in the discussion which ensued. — Mr. 
Arthur G. Butler communicated a paper entitled ‘‘Further 
Notes on the Synonymy of the Genera of Noctuites.” 

Paris. 

Academy of Sciences, September i. — M. Duchartre in the 
chair. — MM. G. Seguy and Verschaffel gave a description of a 
photometer founded upon the principle of Crooke’s radiometer. — 
M. Faye announced the publication of the Connaissance des 
Temps lor 1892. — Influence of altitude on the development of 
plants, by M. Gaston Bonnier. The author has observed that 
the amount of carbon dioxide decomposed by plants increases 
with the altitude. Plants cultivated in an Alpine climate 
undergo a modifleation of their functions such that the chloro- 
phyllian assimilation and transpiration are augmented, whilst 
respiration and transpiration in the dark appear little modified 
or slightly diminished. — On the chlorophyllian assimilation of 
trees with red leaves, by M. Henri Jumelle. The author has 
investigated the difference of physiological functions in the 
jleaves of the green and red type of such trees as the bqech, syca- 
more, elm, &c. He finds: (i) in trees with red or» coppery- 
coloured leaves the chlorophyllian assimilation is always more 
feeble than in trees of the same kind having green leaves ; (2) 
the intensity in the copper beech and purple sycamore is only 
about one-sixth that of the ordinary types of the same trees. — 
On the oospores formed by the fusion of multi-nuclei sexual ele- 
ments, by M. P. A. Dangeard. The author has studied the 
sexual reproduction of plants of a lower order. — First observa- 
tions on the cyclone of August 19 in Jura, by M. Bourgeat. A 
circumstantial account of the St. Claud cyclone is given. It is 
noted that the lower parts of the region visited by the storm 
suffered the most, that the direction of the gyratory movement 
was opposite to that of the hands of a watch, that the velocity 
of translation was about 1 kilometre a minute, and that the 
zone ravaged had a breadth from 500 to 1000 metres. — On the 
signification of the word “cyclone,” by M. H. Faye. It was 
remarked by M. Faye that although all the pwers and the 
author of the preceding note had named the St. Claud storm a 
cyclone, yet really it was a tornado. The difference between 
the two phenomena was pointed out, it being noted that the 
base of a cyclone is considerably larger than that of the St. 
Claud storm, and has a well-defined region of calm at its centre. 


CONTENTS. FAGS 

Principles of Organic Chemistry. By H. B. A. ... 461 

The Theory of Interest. By F. Y. B 462 

Letters to the Editor : — 

The Soaring of Birds. — Right Rev. Bishop Reginald 

Courtenay . . .’ 463 

The Affinities of Htliopora ecerulea . — Alfred B. - 

Hadden ‘ 463 

Occurrence of a Crocodile on Cocos Islands; — ^A. L. 

Caldwell 4<^ 

The British Association 463 ■ 

Section A (Mathematics and Physics)— Opening 
Address by J. W. L. Olaisher, sc.D., P.R.S., 

Pmid.nt of the SeetioA ........... AftA 


Section D (Biology) — Opening Address by Prof. A. 


Milnes MarshaU, M.A., M.D.; D.Sc., P.R.S., 

President of the Section .....< .468 

Section E (Geography) — Opening Address by Lieut.* 
Colonel Sir R. Lambert Aayfair, K.C.M.O., 

H.M. Consul-General jn Algeria, President of the 

Section 480 

Notes 48s 

Our Astronomical Colnnm:— 

Objects liar the Speetrosoope.— A. Fowler 487 

Olmrvations of the Companions to Brook’s Comet 

(Vi889) 487 

Pafallad of B Orionis . 487 

Carl Frederik Fearnlw 487 

United States Naval Observatory, Washington 
Societies and Academies 488 



NA TURE 


489 


THURSDAY, SEPTEMBER 18, 1890. 


THE ABORIGINES OF TASMANIA. 

The Aborigines of Tasmania. By H. Ling Roth. (Lon- 
don : Kegan Paul, Trench, Triibner, and Co., 1890.) 

M r. H. L. ROTH has written an honest, unpreten- 
tious, and therefore most useful book on “ The 
Aborigines of Tasmania.” He gives us on pp. 2-8 a very 
complete bibliography of all works treating of his sub- 
ject, and he then proceeds to place before us the quint- 
essence distilled from that little library. Why he should 
have printed two hundred copies only of his work, is 
difficult to understand, and does not speak well for the 
study of anthropology. No serious student of human 
palaeontology can be without this book, and we should 
have supposed that the public at large also would have 
much preferred a trustworthy description of the life and 
manners of this now extinct race to the ever-varying 
theories of what a savage is supposed to have been 8r 
not to liave been, to have done or not to have done, 
which abound in some of the most popular works on 
anthropology and sociology. In the fourteen chapters of 
his book Mr. Roth treats of the country, the form and 
size of its inhabitants, the psychology of the natives, 
their wars, their knowledge of fire, hunting, and fishing, 
their nomadic life, their personal habits, their scientific 
and artistic acquirements, their manufactures, their trade* 
their customs, good and bad, their language, their osteo- 
logy, and lastly their origin. 

It would be impossible to give an idea of the wealth 
of information on all these subjects which Mr. Roth has 
rendered accessible in this volume. It is well arranged, 
•and all his statements can readily be verified, for he 
always give his references, and a complete index renders 
its use easy at all times. The illustrations also show great 
care and cleverness. 

Perhaps not the least important lesson which anthropo- 
logists might learn from this b<|ok is the extremely uncer- 
tain character of the accounts which visitors of Tasmania, 
and even persons long settled in the island, have given us 
of its inhabitants. This is a sore point with the students 
of sociology, but it is high time that it should be thoroughly 
probed. We shall confine our remarks to one subject only, 
the Tasmanian religion, and, with the help of Mr. Roth, 
we shall undertake to show that there is not one essential 
point in the religion of the Tasmanians on which different 
authorities have not made assertionsdiametrically opposed 
to each another. * 

Nothing staggeth a savage— perhaps even 
an educated maiv— so much as when he is asked what his 
religion is. No wondet that many of the Tasmanians, 
when asked that question, answered, with a broad grin, 
“ Don’t know.” What should we say if we were asked 
whether we believed in Raegoo Wrapper or Namma f 
Widowson, however, assures us that the Tasmanians had 
really no religion at i^« ** It is generally supposed,” he 
says, that they have not the slightest idea of a Supreme 
Being.” Briton adds ; They do not appear to have any 
rites or ceremonies, religious or otherwise.” 

D.ualism. — That the Tasmanians were Dualists, believ- 
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ing, like the followers of Zoroaster, in a good and an evil 
spirit, is attested by numerous authorities. Leigh says 
“ Their notions* of religion are very obscure. However, 
they believe in two spirits : one, they say, governs the 
day, whom they call the good spirit ; the other governs 
the night, and him they think evil. To the good spirit 
they attribute everything good, and to the evil spirit 
everything hurtful.” Jeffreys says: — “They have but a 
very indistinct notion of their imaginary deity, who, they 
say, presides over the day, an evil spirit making its 
appearance in the night. This deity, whosoever it is, 
they believe to be the giver of everything good.” He 
adds, however, that they appear to acknowledge no more 
than one God, thus furnishing an exact psi^allel to the 
Parsis, who, though they admit two spirits, acknowledge 
Ormasd* only as their true god. Milligan confirms this 
view. He admits that the Tasmanians believed in many 
spirits, but he adds that ** they considered one or two 
spirits to be of omnipotent energy, though they do not 
seem to have invested even these last with attributes of 
benevolence.” Robinson maintains that “ they were 
fatalists (whatever that may mean in their language), and 
that they believed in the existence both of a goo^ and 
evil spirit. The latter they called Raegoo Wrapper, to 
whom they attributed all their afflictions, and they used 
the same#vord to express thunder and lightning.” 

Nature’Gods.—ThsA the Tasmanians derived some of 
their ideas of the godhead from the great phenomena of 
Nature we have seen already from their identifying day 
and night with their good and evil spirits. Thunder and 
Lightning were their names for the evil spirit, or their 
devil, as some observers call him. Besides day and 
night, thunder and lightning, the moon also is mentioned 
as an object of their worship. Thus, Lloyd tells us “ that 
it was customary among the aborigines to meet at some 
time-honoured trysting-place at every full moon, a period 
regarded by them with most profound reverence.” In- 
deed, he adds, “ Judging from their extraordinary 
gestures in the dance, the upturned eye and out- 
stretched arm, apparently in a supplicating spirit, I have 
been often disposed to conclude that the poor savages 
were invoking the mercy and protection of that planet as 
their guardian deity.” 

Devil-worship. — We now come to the testimony in 
support of an exclusive devil-worship. Davies asserts 
that the aborigines certainly believed in the existence of 
an evil spirit, called by some tribes Namma, whe has 
power by night. Of him they are much afraid, and never 
will willingly go out in the dark. But, he adds, “ I could 
never make out that they believed in a good deity, for 
although th^ spoke of one, it struck me. that it was what 
they had been told ; they may, however, believe in one 
who has power by day.” 

Backhouse speaks in the same hesitating tone : — 

“ These people,” he says, “ have received a few jfaint 
ideas of the existence and superintending providence of 
God ; but they still attribute the strong emotions of their 
minds to the devil, who, they say, tells them this or that, 
and to whom they attribute the power of prophetic com- 
munication. It is not clear that by the devil they mean 
anything more than a*spirit ; but they say lie lives in ’ 
their breasts, on which account they shrink from having 
the breast touched.” 
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If we could fully trust this statement, and it is con- 
firmed to some extent by Horton, it wovjld4je most im- 
portant as showing the germs of moral ideas among the 
Tasmanians. To believe in a devil, not simply with horns 
and hoofs, but living within our own hearts, is an advance 
which, even in Europe, has as yet been made *by a small 
minority only. The majority of Tasmanians evidently 
represented their devil in*a more material form. Thus 
Dove says that, while they had no term in their native 
language to designate the Creator of all things, they 
stood in awe of an imaginary spirit who was disposed to 
annoy and hurt them. The appearance of this malignant 
demon in so^e horrible form, was especially dreaded in 
the season of night.” 

Monotheism.— Hwi while some authorities seem inclined 
. to reduce the Tasmanian religion to a belief iii a devil 
only, others seem to look upon it as almost monotheism. 
Thus Jeffreys, though he admits that the Tasmanians 
(like most Agnostics) have a very indistinct notion of their 
imaginary deity, relates that they have a kind of song 
which they chant to him. He knows that they believe in 
a good and an evil spirit, but he adds, that they believe 
the |^>od spirit to be the giver of everything good, and 
that they do not appear to acknowledge any more than 
one God. That good spirit had, as we saw, no name, 
and this, which to some may seem to be a seriovs defect, 
is again a feature which the Tasmanian religion shares in 
common with the religion of far more advanced races. 

Spirit-worship. — Those who hold that religion began 
everywhere with a belief in spirits may likewise find some 
support for their theory in the accounts^ given of the 
Tasmanians. Henderson states : — 

** A common belief prevails in Tasmania and New South 
Wales regarding the existence of inferior spirits, who 
conceal themselves in the deep woody chasms during the 
day, but who wander forth after dark, with power to 
injure or even to destroy. Their rude encampments are 
frequently alarmed by these unearthly visitors, whose 
feartul meanings are at one time borne on the midnight 
breeze, and at another are heard mingling with the 
howling tempest.” 

This does not prove as yet that these spirits are always 
believed to be the spirits of the departed. Milligan, 
however, after telling us that the Tasmanians were poly- 
theists — that is, that they believed in guardian angels or 
spirits, and in a plurality of powerful but generally evil- 
diSposed beings, inhabiting crevices and caverns of rocks, 
and making temporary abode in hollow trees and solitary 
valleys, adds that the aborigines were extremely super- 
stitious, believing most implicitly in the return of the 
spirits of their departed friends and relations to bless 
jnt injure them, as the case might be. To their guardian 
mirits, the spirits of their departed friends or relations, 
they gave the generic name Warrawah, an aboriginal 
term signifying shade, shadow, ghost, or apparition.” 

Immortality of the Soul. — One point on which nearly 
all witnesses seem to agree is the belief of the Tasmanians 
in the immortality of the souL They evidently had not 
yet advanc^ so far as to be able to doubt it. Milligan 
had.ascertalned that the aborigines of Tasmania, previous 
to thein intercourse with Europeans, distinctly entertained 
the idea of immortality, as regarded the soul or spirit of 
man. Robinson, who was present at the burning of a 
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dead body, received the following explanation from a 
native : — “ Native dead, fire ;• goes road England, plenty 
natives England.” What he meant to say was that when 
a black fbllow was dead and had been bumt^ he went to 
England, where there are numy black fellows. The name 
of England, Dreany, as a distant country, and the home 
of white people, had become with them the name of a 
new Elysium. Others expected to reappear on an island 
in the Straits, and to jump, up white men.* They antici- 
pated in another life the full enjoyment of what they 
coveted in this. Backhouse declares that they have some 
vague ideas of a future existence. Dove remarks that they 
were persuaded of their being ushered by death into 
another and happier state, and he considers this as 
almost the only remnant of a primitive religion which 
maintained a firm abode in their minds. However, as if 
to show that no account of their religious persuasions 
should go uncontradicted, Davies remarks that, though 
it is hard to believe that the natives have no idea of a 
future state, yet from every inquiry, both from themselves 
agd from whites most conversant with them, I have never 
been able to ascertain that such a belief exists.” . 

• Prayers. — Of course those who maintain that the 
Tasmanians have no religion, maintain at the same time 
that they have no kind of worship, no sacrifices, no 
prayers. But Leigh tells' us that, “when any of the 
family are on a journey, they are accustomed to sing 
to the good spirit for the purpose of securing his protec- 
tion over their absent friends, and that they may be 
brought back in health and safety.” Jeffreys relates that it 
frequently happens that the sealers . . . are compelled to 
leave their native women for several days together. On . 
these occasions these affectionate creatures have a kind 
of song, which they chant to their imaginary deity. 

Charms. — It is known also that the Tasmanians carried 
channs,mostly abone or even the skull-of their relatives and 
friends. In some cases they ascribed bealing powein; to 
these bones, or at all events they put them by their side 
or on their head when they felt sick. This after all is no 
more than our preservii^ a lode of hair, and looking at it 
when we are in trouble or grief. 

Negative evidence is always less trustworthy dtian 
positive. Still it may be taken for what it is woifrOf, that 
observers seem never to have discovered idolSr. ^p* 69), 
totems (p. 75), or frtisb^, amm^ the aftlVies of 
Tasmania. 

Such is the nature of the evidence bearing on the 
rdigious ideas of the Tasmanians, which Mr. Roth has 
collected so car^Ily and w.^consdentiously. Nothing 
can be more full of amtradictions/more doubtful, more 
perplexing. Yet with such materials our best anthropolo- 
gists and sociologists have Imilt up tbeif systems. 

The Tasmaoitos, being reputed the lowest of savages^ 
were reprewM^ as the children of Nature, and whatever 
the children of K,ature were: supposed to have been, when 
emerging from « purdy.attimal into a inore or less human 
state, the Tasthanians and ' othto were called 

up as witnessei to cohfirtn every kind of psychological 
apecularion, 

‘Wesa'w that there i# hardly an;^ kind of religion which 
could not be pS^yed to haye been the original religion 
of the Yastnan^s. )^ow then cab. we wish for more 
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pliant witnesses in support of any theory as to what the 
primordial religion of mankind must have been? If it 
were ‘desired to prove that, prior to the advent of 
Europeans, they were atheists, without any religious ideas 
or ceremonial usage?, we have several excellent witnesses 
to prove it. We could prove equally well that they 
believed in a devil only, that they were Dualists, believing 
in a good and an evil spirit, that they had deified the 
powers of Nature, that they had arrived at a belief in one 
God, that they, were polytheists, that they believed in 
ghosts, in the return of die spirits of their friends, in the 
immortality of the soul, and in the efficacy of prayers and 
charms. Nay, if it were desired to produce perfectly 
unprejudiced evidence in favour^of the descent of man 
from some higher animal. Lord Monboddo might have 
appealed to the Tasmanians. For, according to Mr. 
Horton, they believed '^that they were formed with tails 
aind without knee-joints, by a benevolent being, and that 
another descended from heaven, and compassionating 
the sufferers, cut off their tails, and with grease softened 
their knees." 

Dr. E. B. Tylor, F.R.S., the Reader in Anthropology £ 
Oxford,*has written a short preface, in which he expresses 
his general approval of the work. 

F. MaxJ^uller. 


LETTERS TO THE EDITOR. 

[Tht Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertcdte 
fo return, or to correspond with the writers of, rejected 
mcumscripts intended for this or any other part of Natukb. 
No notice is taken of anonymous communications.^ 

British Association Procedure. 

TfSBEB is one point on which I am unable to agree with Prof 
Tilden's letter in your issue of September 4 (o. 456), viz. that 
concerning the work and constitution of the Sectional Commit- 
tees, f T can only speak in terms of Section A, but I believe that 
whalewr qynicaf doubt may be expressed as to the utility of the 
prbeeedhags .of the Section there is none as to the utility of its 
proceediiigs in Committee. Here matters of moment are brought 
fwwa^, suggestions made, new researches encouraged or the 
reverse ; and here, as Mr. Shenstone implies, younger members 
become acquainted with those whom they have long revered at 
a distance. A sectional committee is not, and should not be, a 
small mtecntive b<)dy, but a large, representative, and suggestive 
bo<ty comprising all the reBl workers in the particular subject 
present al Ac year’s gathering, and by no means excMding those 
^ img ar who, though now retiring and inconspicuous, will 
have nt some future time to taka a prominent place. 

Prw, ‘Tilden speaks, however, of the demand for election 
upon the sectional committees. . 

If there is anjrthing of this sort, and I believe that to some 
extent there is, it is an abuse to be diecked with vigour. 

I should like to propose if general agreement that any direct 
demand or solicitation to he plmed on any committee should be 
accept(A as at once disquauQdng for tlmt year. But all the 
more would it be incumbent on accustomed members to see that 
no real original worker was accidentally excluded from the 
healthy and stimulating conference with hu seniors which these 
meetings may aflhrd. « Olivbr J. Lodge. 


The Mode Ojf Qhs^^^isg tht Phenomena of 

.filfurthqunkeB.. 

Forweei^jtti by DP. yokn kfyrshall. 

Having seen in NatDbjb, of the Mkh ult. (p. 4i4)t 
remarks, on the tmcertidhty of the evfdence to be obtained 
a narration of the suMeettye impreseloii, of movements of the 
earth and samMinding ^eets, in information with re? 
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gard to earthqaa]^ese and that you also remark that, possibly, 
some evidence on this subject might even now be obtained,'^ 
I venture to sa^ that I was in a first storey room of Wickham 
Place, near Witham, Essex, during the earthquake that occurred, 
somewhat severely in part of Essex a few years back ; and that 
I was sitting against a partition wall, facing a window to the east, 
during the whole time of its duration. A hill about miles 
away formed the horizon, the outline of which passed across this, 
window about half way up, from my point of view. I ^w this 
outline apparently rise up to the ts>p of the window, and sink 
down again, a displacement which, if it had been due to the 
movement of the hill itself, must have meant a great deal ; but 
although this was really due, no doubt, to the motion of the house 
itself, yet the appearance was so deceptive that it produced 
entirely the idea, at the time, on my senses, that it was the hill . 
that moved. ^ 

At Guy*s 'Hospital last year, about 14 months^o, while I 
was in bed, at somewhere about eight o'clock, I &ncy, I felt 
nothing, Jbut saw the other parts of the building, through the 
windows,vSway slowly, and the sight of it gave me a more or 
less dizzy feeling. There was a friend sitting on the bed at the 
time, but he felt nothing. Until I drew his attention to the fact 
that the bed curtains were swaying, he saw nothing of it. 

These impressions make me think that such are of no value 
in a house except to determine very slight shocks. 

I made notes at the time of these points, but they are not to 
hand just now. * I scarcely think such evidence can be of any 
use to you, but on the chance that it may be, I send it. 

Harold G. Dixon. 

Nelson House, Shanklin, Isle of Wight, September 3. ^ 


*THE BRITISH ASSOCIATION^ 

SECTION F. 

ECONOMIC SCIENCE AND STATISTICS. 

Opening Address by Prof. Alfred Marshall, M.A., 
F.S.^., President of the Section. 

Some Aspects of Competition. 

^ 1 UNDERSTAND that ffie fttoction of an opening address to a sec- 
tion of this Association is to give an account of the advances made 
in some part of the field of study with which that section is spec- 
ially concerned. The part of our field to which I would direct 
your attention to-dw is the action of competition. Wc cannot, 
m the short space of time allotted to us, make an adequate study 
of the progress that has been msde even in this part of our field ; 
but we may be able to go some way towards ascertaining the. 
character of the chaises that are going on in our own time in 
the mode of action ofeompetition, and in the attitude of econo- 
mists towards it. 

I do not now speak of changes in the moral sentiments of 
^iwmists with regard to competition — though these, also, are 
significant in their way— but of changes in their mental attitude 
towards it, and in the way in which they analyse and reason 
about its methods of action. Of these changes, the most con^ 
spicuotts and important is the abandonment of general proposi- 
tions and dogmas in favour of processes of analysis and reasenHlg 
carefully worked out, and held ready for application to the 
special drcnmstances of particular problems relating to different 
countries and diffbrent ages, to different races and diffiwent 
classes of industry. 

This moveifient may, perh^, best be regarded as a passing 
onward from that early stage in the development of scientific 
method, in which the operations of Nature are represented as 
conventional^ simplified for the purpose of enabling Uiem to be 
described in snort aind easy sentences, to that higher stage in whidi 
they are studied more carefully, and represented moreneariy 
as they are, even at the expense of some loss of simplicity and 
definiteness, and even apparent lucidity. To put the same thing 
in more familiar words, the English economists of fiffy years ago 
were gratified, rather than otherwise, when some faitniut henw- 
man, or henchwoman, undertook to set forth their doctrines in 
the form of a catechism or creed t and the economists of to-day 
abhor creeds and catechism,- Such things are now feft for the 
Socialists. ... . 

It has, Indeed, been an unforiunate thing for the viiMfkation 
of the older (economists, that many of the oondHions of fiiqifomd 
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at the be^nning of this century were exceptional^ some being 
transitional, and others, even at the time, peculiar to England. 
Their knowledge of facts was, on the average, 'probably quite as 
thorough as that of the leading economists of England or Ger- 
many to-day, though their range was narrow. Their thorough- 
ness was their own, the narrowness of their range belonged to 
their age ; and though each of them knew a great deal, their 
a^regate knowledge was not much greater than that of any one 
of iheia, because there were so few of them, and they were so 
very well agreed. In these nntttters we economists of to-day have 
the advantage over them. 

Their agreement with one another made them confident ; the 
want of a strong opposition made them dogmatic ; the necessity 
of making themselves intelligible to the multitude made them 
suppress even such conditioning and qualifying clauses as they 
had in their own minds : and thus, although their doctrines con- 
tained more ^'^hat was true, and new, and important than those 
promulgated by almost any other set of men that have ever 
lived— doctrines for which they will be gratefully^ remembered 
as long as the history of our century retains any intetest — yet, 
still, these doctrines were so narrow and inelastic that, when 
they were applied under conditions of time and place different 
from those m which they had their origin, their faults became 
obvious and created a reaction against them. 

Perhaps the greatest danger of our i^e is that this reaction 
may be carried too far, and that the ‘great truths which lie em- 
bedded in these too large utterances may be neglected because 
they are not new, and men are a little tired of them ; and because 
they are associated with muth that is not true, and which 
has 1)ecome, not altogether unjustly, repugnant to men’s 
sentiments. 

The most important instances of this kind are, perhaps, to be 
found in connection with the relations between compretition and 
combination in trade and industry. But I will first refer briefly 
to the relations between protection and free trade in foreign 
commerce, because these *have a longer and more fully-developed 
history. 

It is a constant source of wonder to Englishmen that protec- 
tion survives and thrives, in spite of the complete refutations of 
protectionist arguments with which English economists have 
been ready to supply the rest of the world for the last fifty years 
or more. I believe that these refutations failed chiefly because 
some of them implicitly assumed that whatever was true as re- 
gards England, was universally true ; and if they referred at all 
to any of the points of difference between England and other 
countries, it was only to put them impatiently aside, without a 
real answer to the arguments based on them. And further, 
because it was clearly to the interests of England that her 
manufactures should be admitted free by other countries, there- 
fore, any Englishman who attempted to point out that there was 
some force in some of the arguments which were adduced in 
favour of protection in other countries, was denounced as un- 
patriotic. Public opinion in England acted like the savage 
monarch who puts to death the messenger that comes running in 
haste to tell him how his foes are advancing on him ; and when 
John Stuart Mill ventured to tell the English people that some 
arguments for protection in new countries were scientifically 
valid, his friends spoke of it in anger — but more in sorrow than 
in anger — as his one sad departure from the sound principles of 
economic rectitude. But killing the messengers did not kill the 
hostile troops of which the messengers brou^t record ; and the 
arguments which the Englishmen refused to bear, and therefore 
never properly refuted, were for that very reason those on which 
protectionists relied for ^ raising a prejudice in^ the minds of 
intelligent and public-spirited Americans against the scientific 
soundness and even the moral honesty of English economics. 

The first great diflBculty which English economists had, in 
addressing themselves to the problems of cosmopolitan economics, 
arose from the fact that England was an old country — older than 
America in every sense, and older than the other countries of 
Europe in this sense, that she had accepted the ideas of the new 
and coming industrial age more fully and earlier than they did. 
In speaking of England, therefore, they drifted into the habit of 
using, as convertible, the two phrases — ^♦thc commodities which 
a country can nolv produce most easily/’ and ’’ the commodities 
yfhich a country has the greatest natural advantages for pro- 
ducing,’’ that is, will always be afelc to produce most easily. 
Bdt these two phrases were not approximately convertible when 
^ applied to other countries ; and wnen List and Carey tried to 
call agitation lo this fact, Englishmen did little more than repeat 
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old arguments, which implicitly assumed that New England's in> 
ability to prepuce cheap calico had the same foundation in 
natural laws as her inability to produce cheap oranges. They 
refused fairly to meet the objection that arguments which prove 
that nothing Imt good can come from a constant interchange of 
goods between temperate and tropical regions, do not prove that 
it is for the interest of the world that the artisans who are fed on 
American grain and meat should continue always to work 
up American cotton for American use three thousand miles^ 
away. Finding that their case was not fairly met, the protec* 
tionists naturally thought it stronger than it was, and honestly 
exaggerated it in every way. One of my most vivid recollections 
of a visit I made in 1875, to study American protection on the 
spot, is that of Mr. Carey’s splendid anger, as he exclaimed that 
foreign commerce had made even the railways of America run 
from east to west, rather than from north to south. 

England had passed through the stage of having to import 
her teachers from other lands. But her genius for freedom had 
attracted to her shores the pick of the skilled artisans of the 
world ; she had received the MSt lessons from the best instme* 
tors, and seldom paid them any fee, beyond a safe harbour from 
political and religious persecution. And modehi Englishmen 
could not realize, as Americans, and even Germans, could, fifty 
years ago the difficulties of a manufacturer taking part in starting 
a new industry, when he came to England to beg or steal a 
knowledge of the trade, and to induce skilful artisans to come 
hhek with him. He seldom got the very best ; for they were 
sore of a comfortable life at home, and were perhaps not without 
some ambition of rising to be masters themselves. He had ta 
pay their travelling expenses, and to promise them very high 
wages ; and when all was done, they often left him to become 
the owners Of the 160 acres allotted to every free settler ; or, 
the bitterest pill of all, they sold their skill to a neighbouring 
employer who had been looking on at the experiment, and, as 
soon as it showed signs of prosperity, stepped in, improved on 
the first experiments, and reaped a full harvest on a soil that had 
been made ready by others. 

Again, the pioneer manufacturer had to brine over ^cialized 
machinery, and specialized skill to take care of it. ^ It any jpart 
went wrong, or was superseded, the change cost him ten times 
as much as his English competitor. He had to be self-sufficing : 
be could get no help from tne multitude of subsidiary industries, 
which in England would have lent him aid at every turn. _ He 
had a hundred pitfalls on every side : if he failed, his failure 
was full of lessons to those who came after ; if be succeeded, 
the profits to himself would be trivial, as compared with those 
to bis country. When be told the tale of his struggles, every 
word went home to his hearers ; and when the English econo- 
mists, instead of setting themselves to discover the best method 
by which bis country might help him in his experiment, said 
he was flying in the face of Native, and called him a selfish 
schemer for wanting any help at all, they put themselves out of 
court. ' 

But the failure of Englirii ^nomists to allow for the special 
circumstances of new countries did not end here. They saw 
that protective taxes in England had raised tne price of wheat 
by their full amount (because the prodnetion of wheat obeys 
the law of diminWiing return ; and m an old coo^tiy, snch as 
England, increase supplies oould raised <Hity at a mote than 
proportionately increased cost of laboiur) ; that the high price of 
bread bad kept a large part of tho population on insufficient 
rations ; that it had enriched the rich at the expense of a much 
greater loss to the rest of the nation j and that this loss had 
fallen upon those who were unable ;o lose material wealth with* 
out also losing physical, and even mental and moral strength s 
and that even those miseries of the overworked factory women 
and children, which some recent Gennan waiters have ascribed 
exclusively to recklessnew of mamifiicdiring competition in its 
ignorapt youth, were really caused'chiefly l>y the want of free* 
for the entry of food. 7hw were convinced, rightly, as 1 
believe, that the benefits clolthed for protection in England were 
based, without efeoeption, on false reasoning ; and they fought 
against it with honest, but also rather blind, energy of a 
rdigions seal. 

Thus they overlooked > f be fact that many of those indirect 
effects of proteetton srhldi ampravated then, and would aggra- 
vate now. Its direct evils in island, worked in the opposite 
direction in America. Feii fii^Iy, the more America exported 
her raw prod^ in return fisf manufactute, the less the benefit 
she got from tne law of increkrihg return os regards those gopds 
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that she manuractured for herself; and thus her case was con- 
trasted with England, who could manufacture them more cheaply 
for her own use the more of her manufactures she sent abroad 
to buy raw produce ; and for this and other reasons a protective 
tax did not nearly always raise the cost of goods to the American 
consumer by its full amount. And, secondly, protection* in 
America did not, as in England, tax the industrial classes for 
the benefit of the wealthy class of landlords. On the contrary, 
in so far as it fell upon the exporters of American produce, it 
pressed on those who had received large free gifts of public 
land ; and there was no primd facie injustice in awarding to the 
artisans, by special taxation, a small part of the fruits of that 
land, the direct ownership of which had not been divided 
between farmers and artisans, as it equitably might have been, 
but had been given exclusively to the former. 

I have touched on but a few out of many aspects of the 
problem. But perhaps I may stop here, and yet venture to 
express my own opinion on the controversy. It is, that fifty 
years ago it might possibly have been npt beyond the powers 
of human ingenuity to devise schemes of protection which 
would, on the whole, be beneficial to America, at all events if 
one regarded only its economic and neglected its moral effects ; 
but that the balance has turned strongly against protection long 
ago. In 1875 ^ walked up and down some of the streets of 
nearly all the chief American cities and said to myself as I 
went— The adoption of free trade, so soon its first disturbances 
were over, would strengthen this firm, and weaken that ; and I 
tried to strike a rough balance of the good and evil effects of 
such a change on the non-agricultural population. On ^e 
whoie,«it seemed to me the two were about equally balanced. 
Taking account, therefore, of the political corruption which 
necessarily results from struggles about the tariff in a democratic 
countiy, and taking account also of the interests of the agri- 
cultural classes, I settled Ih m^ own mind the question as to 
which I had kept an open mind till I went to America, and 
decided that, if an American, 1 should unhesitatingly vote for 
free trade. Since that time the advantages of protection in 
America have steadily diminished, and those of free trade have 
increased ; I can sec no force in Prof. Patten’s new defence of 
protection as a permanent policy. I have already implied that 
I believe that many of those arguments that tell in favour of 
protection as regards a new country tell against it as regards an 
old one. Especially for England a protective policy would, I 
believe, be an unmixed and grievous evil. 

But this expression of my own opinion is a digression.^ My 
present purpose in discussing protection is to argue that, if the 
oarlier Engnsh economists had from the first studied the con- 
editions of other countries more carefully, and abandoned all 
positions that were at all weak, they could have retained the 
controversy with their opponents within those regions where 
they had a solid advantage. They would thus have got a more 
careful hearing when they claimed that, even though labour 
migrated more freely between the west and the east of America 
than between England and America, yet it was unwise to spend 
so much trouble on protecting the nascent industries of the East 
against those of England, and none on protecting the nascent 
industries of t^e .west against those of the east ; or, again, 
when they urged that, the younger an industry was, and the 
more deeply it needed help, the more exclusively would its 
claims have to stand on its own merits; while its older and 
sturdier brothers could supplement their ar^ments by a voting 
power which even the most honest politicians had to respect, 
and by a power of corruption which would tend to make politics 
dishonest. , , 

Had the English economists been more careful and. more 
many-sided, they would iiave gradually built up a prestige for 
honesty and frankness, as well as for scientific thoroughness, 
which would have inclined the ear to their favour, even 

when their arguments were difficult to follow. Intellectual 
thoroughness and sincerity is its own reward ; but it is also a 
prudent policy when the people at large have to be convinced 
of the advisaolUty of a course of action against which such 
plausible fallacies can be urged as that/* protection increases 
the employment of domestic industries,” or that ** it is needed 
to enable a country hi which the rate of wages is generally high 
to carry on irado with another in which it is generally low.” 
The aiguments by ^bidi such fallacies can be opposed have an 
almost mathematics CDMncy, and will convince, even agmnst 
his will, any one who is properly brained for such reasonings. 
But the real nature of foreign trade is so much disguised by the 
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monetary transactions in which it is enveloped, that a clever 
sophist has a hundred opportunities of throwing dust in the 
eyes of ordinary people, and especially the working classes, 
when urging the claims of protection as affording a short cut to 
national prosperity ; and, to crown all, he contrasts Americans 
prosperity with English prophecies of the ruin that protection 
would bring on her. 

It is true that Ricardo himself, and some of those who worked 
with him, were incapable of sttpposing that a doctrine can be 
made more patriotic by being made less true ; and, so far as 
their limits went, they examined the good and evil of any pro- 
posed course, and weighed the go^d and evil against obb another 
m that calm spirit of submissive interrogation with which the 
chemist weighs his materials in his laboratory. But they were 
few in number, and their range of inquiry was somewhat narrow ; 
while many of those Englishmen who were most eager to spread 
free trade doctrines abroad had not the pure scientific temper. 

Now at length, however, there seems to be the dawn of a 
brighter ^ay in the growth of large numbers ^f many-sided 
students, in England and other countries, and notably in 
America itself, where the problems of protection can be studied 
to most advantage — students who are not, indeed, without 
opinions as to what course it is most expedient to follow prac- 
tically, but who are free from party bias, and have the true 
scientific delight in ascertaining a new fact or developing a new 
argument, simply because they believe it to be new and true, 
and who welcome it equally whether it tells for or against the 
practical conclusion which, on the whole, they are inclined to 
support. 

But 1 must leave the subject of competition from outside a 
nation, and pass to that of dompetition within. Here the past 
counts for less ; the present and the future have to vm>vk for 
themselves without very much direct aid from experience. For, 
rapid as are the changes which the last few years have seen in 
the condj^ions of foreign trade, those which are taking place in 
the relations of different groups of industry within a country are 
more rapid still, and more fundamental. The whirligig of Time 
brings its revenges. It was to England’s sagacity and good 
fortune in seizing hold of those industries in which the law of 
increasing return applies most strongly that she owed in a great 
measure her leading position in commerce and industry. Time’s 
revenge was Ui^t that very law of increasing return furnished 
the chief motive to other countries, and especially America, to 
restrict their commerce with her by protective duties to l\ome 
industries. And Time’s counter-revenge is found in this — that 
England’s free trade has prevented the law of increasing 
return from strengthening* combinations of wealthy manu- 
facturers against the general weal here to the same extent 
as it has in countries in which protection has prevailed, and 
notably America. 

The problem of the relations between competition and com- 
bination is one in which differences of national character and 
conditions show themselves strongly. The Americans are the 
only great peopb whose industrial temper is at all like that of 
the English ; and yet even theirs is not very like. Partly 
because of this difference of temper, but more because of the 
differences in the distribution of wealth and in the physical 
character of the two countries, the individual counts for much 
more in American than in English economic movements. Here, 
feyr of those who are very riw take a direct part in businera ; 
:hey generally seek safe investments for their capital ; and again, 
among those engaged in business the middle class predoipii^tes, 
and most of them are more careful to keep what they have, than 
eager to increase it by risky courses. And lastly, tradition and 
experience are of more service and authority in an old country 
than in one which, like America, has not yet even taken stock 
of a great ^art of her natural resources, and especially^ those 
mineral resources, the sudden development of some of which has 
been the chief cause of many recent dislocations of industry. 

In England, therefore, tne dominant force is that of the 
average opinion of business-men ; and the dominant form of 
association is that of the joint-stock company. But in America 
the dominant force is the restless energy and the versatile enter- 
prise of a comparatively few very rich and able men, who rejoice 
in that power of doing great things by great means that their 
wealth gives them ; and who have hut partial respect for those 
who always keep their vtolins under glass cases. The methods 
of a joint-stock company are not always much Jto their ; 
they prefer combination that are more mobile, more 
more adventurous, ana often more aggressivci For somo 
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purposes they have to ^ut up with a joint-stock company ; but 
then they strive to dominate it, not be dominated by it. Again, 
since distances in America are large, many local monopolies are 
possible in America which are not possible in England ; in fact, 
the area of a local monopoly there is often greater than that of 
the whole of England. A local coal combination, for instance, 
means quite a different thing there from what it does in England, 
and is more powerful every way. 

Again, partly, but not solely, because they are so much in the 
hands of a few wealthy and daring men, railwa}rs, both collect- 
ively and individually, are a far greater power in America than 
in England. America is the home of the popular saying that, 
if the State does not keep a tight hand on the railways, the 
niilways will keep a tight hand on the State ; and many 
individual railways have, in spite of recent legislation, a power 
over the industries within their territories such as no English 
railway ever had ; for the distances are great, and the all- 
liberating power of the free ocean befriends America little. 

It is this ithange of area that is characteristic of the modem 
movement. In Adam Smith’s time England was full of trade 
combinations, chiefly of an informal kind, indeed, and 'confined 
to very narrow areas ; but very powerful within those ateas, and 
very cruel. Even at the present day the cruellest of all com- 
binations in England are, probably, in the trades that buy up 
small things, such as fish, and dairy and garden produce in detail, 
and sell them in retail ; both producers and consumers being, 
from a business point of view, weak relatively to the intermediate 
dealers. But even in these trades there is a steady increase in 
the areas over which such combinations and partial monopolies 
extend themselves. New facilities of transport and communi- 
cation tell so far on the side of the consumer, that they diminish 
the itKmsityoi the pressure which a combination can exert ; but, 
at the same time, they increase the extension of that pressure, 
partly by compelling, and partly by assisting, the combination 
to spread itself out more widely. And in England, ar: in other 
Western countries, more is heard every year of new and am- 
bitious combinations ; and of course many of them remain always 
secret. 

But it is chiefly from America that a cry has been coming with 
constantly-increa**ing force for the last fifteen years or more, that 
in manufactures free competition favours the growth of large 
firms with large capitals and expensive plants ; that such firms, 
if driven into a corner, will bid for custom at any sacrifice ; that, 
rather than not sell their goods at all, they will sell them at the 
prime cost — that is, the actual outlay required for them, which 
IS sometimes very little ; that, when there is not enough work 
for all, these manufacturers will turn their bidding recklessly 
against one another, and will lower prices so far that the weaker 
of them will be killed out, and all of them injured ; so that 
when trade revives they will be able, even without any combin- 
ation among themselves, to put up prices to a high level ; that 
these intense fluctuations injure both the public and the pro- 
ducers ; and the producers being themselves comparatively few 
in numl^r, are irresistibly drawn to some of those many kinds 
of combinations to which, nowadays, the name trust is commonly, 
though not quite accurately, applied ; and that, in short, com- 
petition bums so furiously as to smother itself in its own smoke. 
It is a Committee of the American Congress that reports that 
** combination grows out of, and is the natural development of, 
competition, and that in many cases it is the only means left to 
the competitors to escape absolute ruin.” 

lihe. subject is one on which it would be rash to speak 
confidently. We of this generation, being hurried along in a 
whirl of change, cannot measure accurately the forces at work, 
and it is probable that the best guesses we can make will move 
the smiles of future generations ; they will wonder how we could 
have so much over-estimated the strength of some,* and under- 
estimated the strength of others. But my task is to ti^ to 
ex))lain what it is that economists of this generation are thinking 
about competition in relation to combination ; and I must 
endeavour to reproduce their guesses, haxardcniB though this 
may be. 

To begin with, I think that it is the better opinion that popular 
rumour, going now as ever to extremes, has exaggerated some 
features of the movement towards combination and monopoly, 
even in America. For instance, though it is said that there 
are a hundred commodities the sale of which in America is 
partly controlled by some sort of combination, many of these 
combinations turn out to be of small proportions, and others to 
be weak and. loose. Again, the typical instances which are 
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insisted on by those who desire to magnify the importance of 
the movement are nearly always the same, and they have all .had 
special advantages of more or less importance. 

This is specidly true of the only trust which can show a long 
record of undisputed success on a li^e scale — the Standard On 
trust. For, firstly, the petroleum in which it deals comes from 
a few of Nature’s storehouses, mostly in the same neighbourhood : 
and it has long been recognized that those who can get control 
over some of the richest natural sources of a rare commodity are 
well on their way towards a partial monopoly. And, secondly, 
the Standard Oil Trust has many of those advantages which 
have been long recognized as enabling large railway companies 
to get the better of their smaller neighbours ; for, directly or 
indirectly, it has in some measure controlled the pipe lines and 
the railways which have carried its oil to the large towns and to 
tidal water. 

On the other hand, we must remember that the fui^e of a 
young and vigorous movement is to be measured, not % much 
by what it has achieved, as by what it has learnt ; and that every 
unsuccessful attempt to hold together a trust has been a lesson 
as to what to avoid, taught to men who are wonderfully quick to 
learn. In particular, it is now recognized that a very large por- 
tion of the failures in the past have been due to attempts to 
charge too high a price ; that this high price has tempted those 
on the inside to break faith, and has tempted those on the out- 
side to start rival works, which may bleed the trust very much 
unless it consents to buy them up on favourable terms ; and, 
lastly, that this high price irritates the public : and that, es- 
p&:ia]ly in some States, public indignation on such matters leads 
to rapid legislation that strikes straight at the offenders, with 
little care as to whether it appears to involve principles of juris- 
prudence which could not be applied logically and consistently 
without danger. The leaders in thf movement towards forming 
trusts seem to be resolved to aim in the future at prices which 
will be not very tempting to any one who has not the economies 
which a large combination claims to derive, both in producing 
and in marketing, from its vast scale of business and its careful 
organization ; and to be content with putting into their own 
pockets the equivalent of these economies in additition to low 
profits on their capital. There arc many who believe that 
combinations of this kind, pursuing a moderate policy,^ will ulti- 
mately obtain .so great a power as to be able to shape, in a great 
measure, the conditions of trade and industry. 

It may be so, but these eulogists of trusts seem to claim for 
them both that individual vigour, elasticity, and originating force 
which belong to a number of separate nrms, each retaining a 
true autonomy, and that strength and economy which belong to 
a unified and centralized administration. Sanguine claims of 
this kind are not new ; they have played a great part in nearly 
all the bold schemes for industrial reorganization which have 
fascinated the world in one generation after another. ^ But in 
this, their latest form, they have some special features of interest 
to the economic analyst. 

They have a certain air of plausibility, for the organizers of 
trusts claim that thev see their way to avoiding the weak points 
in ordinary forms of combination among traders, which consist 
in the fact that their agreements can generally be evaded without 
being broken. For instance, the most remarkable feature in the 
history of English railways during the present generation is, not 
their tendency to agree on the fares and freights to be char]^ed 
over parallel lines — for that has long been a foregone conclusion 
— it IS the marvellously effective competition mr traffic which 
such railways have maintained, both of a legitimate kind, by 
means of improved conveniences offered to the public as a whole, 
or of an illegitimate kind, by means of those special privileges 
to particular traders which we are notr, at last, seriously setting 
ourselves to stop by law. 

It is difficulties of this kind which the modern movement 
towards trusts aims specially at overcoming. Trusts have veiy 
many forms and methods, but their chief motive in every case is 
to take away from the several firms in the combination all in- 
ducements to compete by indirect means with one another ; and 
in every case the chief instrument for this purpose is some plan 
for pooling their ajg^regate receipts, and making the gains of 
each depend on the gains of all, rather than on the amount of 
business it gets for itself. But here the dilemVhl shows itself. 
If each establbbment is left to its own devices, but has very 
little to lose by bad management, it is not likely long to remain 
well managed, and anyhow the trust does not gain much of the 
special economy resulting from production on a very Jjuge scale. 
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For this a partial remedy can sometimes be found in throwing as 
much of its work as possible on to those establishments which 
are best situatedi have the best and most recent appliances and 
the ablest managementy and« perhapSf closing entirely some of 
the others. But when once the pooling has begun, the combina- 
tion is on an inclined plane, and every step hurries it on faster 
towards what is virtually complete amalgamation and consolida- 
tion. The recent history of trusts shows a constant tendency to 
give a more and more absolute power to the central executive 
and to reduce the heads of the separate establishments more and 
more nearly to the position of branch managers. In some cases 
the only substantial difference between such a trust and a con- 
solidated joint-stock company is that it is nominally left open to 
the several parties contracting to claim their separate property 
after the lapse of a certain number of years, while some are 
already preparing to dissolve and reconstitute themselves formally 
as joint stock companies. 

This tendency has been helped on b)r the action of the legis- 
lature and the law courts, and since this action can be traced 
back in some measure^ to the imperfect analysis of competition 
in the older economic writings, it has a special interest for us 
here. There seems to have been set up a false antithesis between 
competition and combination. For instance, if loo workmen 
agreed to act together, as far as possible, in bargaining for the 
sale of their labour, they were denounced as combining to limit 
freedom, even when they did not interfere in any way with the 
liberty of other workmen, but merely deprived the employers of 
the freedom of making bargains with the loo workmen, one by 
one. But the employer himself was allowed to unite in his o#n 
hands the power of hiring a hundred or twenty hundred men, and 
if he had not enough capital of his own he might take others into 
private, if not into public, partnership with him. Now, no trades 
union was likely to be as cc^pact a combination, governed by 
as single a purpose, as a public or private firm, stilf less as an in- 
dividual large employer ; and therefore, there was not only a 
class injustice, but also a logical confusion, in prohibiting com- 
binations among workmen, on the ground that free competition 
was a good, and that combination, being opposed to free com- 
petition, was, for that reason, an evil. 

It was an additional grievance to the workmen that employers 
had all manner of facilities for combination, of which they made 
full use, as is vigorously uiged by Adam Smith, to whom the 
working classes owe more than they know. And it was this 
social injustice, rather than the logical inconsistency of economists 
and legislators, that led workmen to claim— and for the greater 
})art successfully — that nothing should be illegal if done by work- 
men in combination which would not be illegal if done by any 
one of them separately — a principle which works well practically 
in the particular case of workmen’s combinations if applied with 
moderation ; though it has no better claim to universal validity 
than the opposite doctrine. 

" But at present it is with the latter that we are concerned — the 
doctrine, namely, that a use of the rights of property which 
would 1^ ‘‘combination in restraint of competition’’ if the 
ownership of the property were in many hands, is only a free 
use of the forms of competition when the property is all in a 
single hand. TJiisr doctrine has resulted in prohibitions of pool- 
ing between railways which were allowed to amalgamate, and in 
the prohibition of combination on the part of a group of traders 
to coerce others to act with them, or to drive ouiers out of the 
trade, though all the while no attempt was made to hinder a 
single veiy wealthy firm from obtaining the despotic control of 
a market by similar means. 

But to the economists of to-day the whole question appear 
both more complex and more important than it seemed to their 
predecessors, so they are Inquiring in detail how far it is true 
that the looser forms of combination are specially dangerous 
in spite of their weakness, and even to some extent because of 
their weakness ; how far the greater stability and publicity, and 
sense of responsibility and slowness of growth, of a single con- 
solidated firm make it less likely to extend its operations over a 
very wide area, and less likelv ta make a flagrantly bad use of 
its power ; and, lastly, how far it may be expedient to prohibit 
actions on the part of loose combinations, while similar actions 
on the part of individuals and private firms are allowed to pass . 
in silence, because no prohibition against them could be 
effectual. 

It is a sign of the times that the American Senate passed, on 
April 8 last, a Bill of Senator Sherman’s, of which the second 
Section b^^ins thus : Every person who shall monopolise, or 
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attempt to monopolise, or conspire with any other person or 
persons to monqpolise, any part^ of the trade or commerce 
among the several States, or with foreign nations, sh^l-be 
deemed guilty of a misdemeanour.” This clause is interesting to 
the constitutional lawyer on account of the skill with which it 
avoids any interference by the central authority with the internal 
affairs of the separate States ; and though, partly for this reason, 
it is perhaps intended to be the expression of a sentiment that 
may help to guide public opinion, rather than an enactment 
which will bear much direct fruit, yet it is of great interest to 
the economist as showing a tendency to extend to the action of 
individuals a form of public criticisnni which has hithefto been 
almost confined to the action of combinations. 

To return, then, to the tendency of trusts towards consoli- 
dation. It is probable that the special legislative influences by 
which it has been promoted may be lessened, but that other 
causes will remain sufficiently strong to make a combination, 
which has pnee got so far as any sort of permanent pooling, 
tend almost irresistibly towards the more comp^t unity of a 
joint stock company. If this be so, the new movement will go 
more nearly on old lines than at one time seemed probable ; and 
the que^ion will still be the old one of the struggle for victory 
on the one hand between large firms and small firms, and on the 
other between departments of the Government, imf^rial or 
local, and private firms. I will then pass to consider the 
modern aspects of this question, ever old and ever new, but 
never more new and never more urgent than to-day. 

To begin with, it is now universally recognized that there is a 
great increase in the number and impDrtance of a class of 
industries, which are often called monopolies, but which are 
perhaps better described as Utdivisible industries. Such are the 
industries that supply gas or water in any given area, for only 
one such company in any district can be given leave to pull up 
the streets. Almost on the same footing are railways, tram- 
ways, eleutricity supply companies, and many others. Now, 
though there are some little differences of opinion among us as 
to the scale on which the owners of such undertakings when in 
private hands should be compelled for interference with what 
they had thought their vested rights, we are all agreed that such 
right of interference must be absolute, and the economists of to- 
day are eagerly inquiring what form it is most expedient for this 
interference to«take. And. here differences of opinion show 
themselves. The advantages of a bureaucratic government 
appeal strongly to some classes cf minds, among whom are to 
be included many German economists and a few of the younger 
American economists who have been much under German in- 
fluence. But those in whom the Anglo-Saxon spirit is strongest, 
would prefer that such^ undertakings, though always under 
public control, and sometimes even in public ownership, should 
whenever possible be worked and managed by private corpora- 
tions. We (for I would here include mvselQ believe that 
bureaucratic management is less suitable for Anglo-Saxons than 
for other races who are more patient and more easily contented, 
more submissive and less full of initiative, who like to take 
things easily and to spread their work out rather thinly over 
long hours* An Englishman’s or an American’s life would in- 
volve too much strain to make them happy, while the English- 
man would fret under the constraints and the small economms of 
their lives. Without therefore expressing any opinion as to the 
advantues of the public management of indivisible undertakings 
on the Continent, the greater part of the younger English and 
American economists are, I think, inclined to oppose ib for 
England and America. We are not sure that we could exchange 
our own industrial virtues for those ojf the Continent if we 
wished to, and we are not sure that we do wish it. And though 
we recognii^ that the management of a vast undertaking by a 
public comj^ny has many of the characteristics of bureaucratic 
management, yet we think the former is distinctly the better 
suited for developing thdse faculties by which the Anglo-Saxon 
race has won its position in the world. We believe that a 
private company which stands to gain something by vigorous 
and efficient management by promptness in inventing, as well as 
in adopting and perfecting improvements in processes and 
organization, will do much more for progress than a public 
department 

Again, inferior as is a public company to a small private firm 
in its power and opportunities of finding out which among its 
employes have oripnating and constructive ability, a public de^ 
artment has mam le^ still. And lastly it is more liable to 
ave the efficiency of its management interfered, with for the 
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purpose of enabling other persons to gain the votes of their con- 
stituents on questions in which it has no direct. concern ; and as 
a corollary' from this, it tends to promote the growth of political 
immorality, and it suffers from that growth. 

There is certainly a growing opinion among English and 
American economists that the State must keep a very tight hand 
on all industries in which competition is not an effective re- 
gulator ; but this is the expression of a very different tone of 
thought from that which is leading so many German economists 
towards what is called State Socialism. In fact, so far as I can 
judge, l^nglish economists at all events are even more averse to 
State management than they avere a few years ago ; the set of 
their minds is rather towards inquiring how the advantages 
claimed for State management, without its chief evils, can be 
obtained even in what 1 have called indivisible industries ; they 
are considering how a resolute intervention on the part of the 
State may best check the growth of Jmperia in Imperio^ and 
prevent private persons from obtaining an inordinate share of the 
gains arising /rom the development, through natural causes, of 
what arc really semi-public concerns, at the same time that it 
leaves them sufficient freedom of initiative and sufficienfsecurity 
of gain by using that freedom energetically to develop’ what is 
most valuable in the energy and inventiveness of the Anglo- 
Saxon temper.^ 

But, though we dislike and fear the present tendency towards 
a widening of the area of public management of industries, we 
cannot ignore its actual strength. For more forethought and 
hard work are needed to arrange an effective public control over 
an undertaking than to put it bodily into the hands of a public 
department ; and there is always a danger that in a time of 
hasty change the path of least resistance will be followed. 

By Svay of illustration of the inquiries that have had their 
origin in this fear of public management, as contrasted with 
public control and public ownership, 1 would here mention a 
notion which has been suggested partly by the relatioiF: of some 
municipalities to their tramways, gas and water works. At 
present it is in a very crude form, and not ready for immediate 
application ; but it seems to have occurred independently to a 
good many people, and it may have an important future. It is 
that a public authority may be able to own the franchise and, in 
some cases, part of the fixed capital of a semi-public under- 
taking, and to lease them for a limited numbei of years to a 
corporation who shall be bound to perform services, or deliver 
goods, at a certain price and subject to certain other regulations, 
some of which may perhaps concern their relations to their 
employes ; and, further, that competition for the franchise shall 
turn on the price or the quality, or both, of the services or the 
goods, rather than the annual sum paid for the lease. Com- 
petition as to quality is, from the consumer’s point of view, 
often just as beneficial as competition is to price, and sometimes 
more so. And in industries which obey the Law of Increasing 
Returns, as very many of these indivisible industries do, a 
reduction of price or an improvement of quality will confer on 
the consumer a benefit out of all proportion to the extra cost 
involved.*-* 

But I have lingered too long over those industries which I have 
called indivisible, and 1 must pass to those in which competition 
exerts a pretty full sway. The first point to be observed is that 
competition in bargaining and competition in production stand 
in very different relations to the public interest ; and that one of 
the great advances in modem analysis consists in the emphasis 
which it lays on the distinction between the two. Competition 
in bargaining constitutes a great part of competition in market- 
ing, but is not the whole of if. For under marketing is included 
the whole of the effective organization of the trade side of a 
business ; and most of this performs essential services for the 
public, and is, in fact, of the same order as production commonly 
so called. But a great part of marketing consists of bargaining, 
of manoeavring to get others to buy at a high price and sell at a 

^ Among the younger English economists who Imve written on the subject 
of combinations, trusts, and (.government interference, 1 would specially 
refer to Mr. Kae and Prof. Foxwell. Most of the other young American 
economists have written on it instructively from various points era view, and 
in Mr. Baker's ** Mmopolies and the People/* to which 1 am myself much 
indebted, the English reader will find condensed into a short compass an 
account of the general position of these questions in America, together with 
some bold and interesting suggestions for relorm. Some useful documents 
relating to trusts have recently been published in a Consular Report by our 
Foreijai Office [ 5896 - 3 a)' 

^ This belong^ to a class of questions relating to monopolies, &c., the 
more general and abstract aspects of whick- can be best shown by the 
^^^iagrammatic method. 
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low price, to obtain special concessions or to force a trade by 
offering them. This is, from the social point of view, almo-t 
pure waste ; it is that part of trade as to which Aristotle’s dic- 
tum is most nearly true, ihit no one can gain except at the loss 
of another. It has a great attraction for some minds that are 
n(ft merely mean ; but nevertheless it is the only part of honest 
trade competition that is entirely devoid of any ennobling or 
elevating feature. A claim is made on behalf of la^e firms and 
large combinations that their growth tends to diminish the waste, 
and on the whole perhaps it does. The one solid advantage 
which the public gain from a combination powerful enough to* 
possess a local monopoly is that it escapes much waste on ad- 
vertising and petty bargaining and manoeuvring. But its weak- 
ness in this regard lies in the fact that to keep its monopoly it 
must be always bargaining and manoeuvring on a large scale. 
And if its monopoly is invaded, it must bargain and manoeuvre 
widely in matters of detail as well as in larger affairs. 

Still less can we fully concede, without further proof, the 
claim which has been urged on behalf of such combinations, that 
they will render industry more stable and diminish the fluctua- 
tions of commercial activity. This claim, though put forward 
confidently and by many writers, does not appear to be supported 
by any arguments that will bear examination. On the one hand 
some industries which are already aggregated into large and 
powerful units, such as railway companies, give exceptionally 
steady employment ; and others, such as the heavy iron and the 
chemical industries, exceptionally unsteady. And when com- 
binations succeed in steadying their own trades a very little, they 
offen do it by means which diminish production and disturb 
other trades a very great deal. The teaching of history seems 
to throw but little light on the question, because the methods of 
regulation which are now suggested lii^^ not much in common 
with those of earlier times, whil/^ the causes which govern 
variations in prices have changed their character completely. ^ 

Let us then next turn to the economies of production on a 
large scale. They have long been well known, and our fore- 
fathers certainly did not underrate their importance. For, though 
the absence of any proper industrial census in England prevents 
us from getting exact information on the subject, yet there seems 
no doubt that the increase in the average size of factories has 
gone on, not faster, but slower than was thought probable a 
generation or two ago. In many industries, of whi6h the textile 
may be taken as a type, it has been found that a comparatively 
small capital will command all the economies that can be gained 
by production on a large scale ; and it seems probable that in 
many industries in which the average size of businesses has been 
recently increasing fast, a similar position of maximum economy 
will shortly be attained without any much further increase in 
size. 

Those reductions in the expenses of production of commodities 
which have been claimed by the eulogists «of trusts and other 
large combinations, as tending to show that their gains are not 
at the expense of the public, turn out generally to have been at 
least equalled by the reductions in the expenses of production in 
similar industries in which there was no combination. And this 
count in their eulogy, though it may truly stand for something, 
seems to have been much exaggerated. 

After all, what these very large public firms and combinations 
of firms have done has generally been only to turn to good 
account existing knowledge, and not to increase that knowledge. 
And this brings us to the main reason for regarding with some 
uneasiness any tendency there may be towards such consolida- 
tions of business. Observation seems to show, what might have 
been anticipated d priori^ that though far superior to public de- 
partments, they are, in proportion to jtheir size, no less inferior 
to private businesses of a moderate size in that energy and resource,, 
that restlessness and inventive power, which lead to the striking 
out of new paths. And the benefits which the world reaps from 
this originality are apt to be underrated. For Shey do not come 
all at once like those gains which a large business reaps by 
utilizing existing knowledge an<i well-proven economies ; but 
they arc cumulative, and not* easily reckoned ufj. He who* 
strikes out a new path by which the work of eight men is 
rendered as efficient as that of ten us^d to be, in an industry that 
employs 100,000 men, confers on the world a benefit equal to 
the labour of 30,000 men. And this benefit may in many cases 
be taken as ronnipg for many years. For though his discovery 
might have been made later by some one else of equal inventive 
power, yet this some one else, starting with that discovery in 
Wd, is likely to make another improvement on it. 
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I believe that the importance of considerations of this kind is 
habitually underrated in the world at large ; and that the older 
economists, though fully conscious of them, did not explain with 
sufficient clearness and iteration the important place which they 
take in the claims of industrial competition on the gratitude of 
mankind. 

The chemist in his laboratory can make experiments on his 
own responsibility : if he had to ask leave from others at each 
step he would go but slowly, and though the officials of a com- 
pany may have some freedom to make experiments in detail, yet 
even as regards these they seldom have a strong incentive to 
exertion ; and in great matters the freedom of experimenting lies 
only with those who undertake the responsibility of the business. 

It may indeed be admitted that some kinds of industrial im- 
provements are getting to depend on the general increase of 
scientific knowledge rather than on such experiments as can only 
be made by business men. And this, which is an important fact 
so far as it goes, may be used as a convenient introduction to the 
next point that I want to make in the analysis of competition. 
It is that the motives which induce business men to compete for 
wealth are not altogether as sordid as the world in general, and 
I am forced to admit, economists in particular have been wont 
to assume. 

The chemist or the physicist may happen to make money by 
his inventions, but that is seldom the chief motive of his work. 
He wants to earn somehow the means of a cultured life for him- 
self and his family, but, that being once provided, he spends 
himself in seeking knowledge partly for its own sake, partly fqf 
the gooebthat it may do to others, and last, and often not least, 
for the honour it may do himself. His discoveries become col- 
lective property as soon as they are made, and altogether he 
would not be a very bad citizen of Utopia just as he is. For it 
would be a great mistake ttf suppose that the constructors of 
Utopias from the time of Plato downwards have proposed to 
abolish competition. On the contrary, they have always taken 
for granted that a desire to do good for its own sake will need 
to be supplemented by emulation or competition for the appro- 
bation of cithers. 

But business men are very much of the same nature as scientific 
men ; they have the same “ instincts of the chase, and many of 
them have the same power of being stimulated to great and even 
feverish exertions by emulations that are not sordid or ignoble. 
This part of their nature has however been confused with and 
thrown into the shade by their desire to make money. I'^he chief 
reason why the scientific man does not care much for money is 
that in scientific work the earning of much money is no proof 
of excellence, but sometimes rather the reverse. On the other 
hand, in business a man’s money-earning power, though not an 
accurate test of the real value to the world of what he has done, 
is yet often the best available. It is that test which most of 
those, for whose opinion he cares, believe to be more trustworthy 
than the highly-coloured reports the world hears from time to 
time of the benefits which it is just going to derive from a new 
invention or plan of organizing that is just going to revolutionize 
a branch of industry. And so all the best business men want to 
get money, but m/tny of them do not care about it much for its 
own sake ; they want it chiefly as the most convincing proof to 
themselves and others that they have succeeded. 

These are the very men for whom the older economists were 
most eager to claim freedom of competition as needful to evoke 
them to do fully their high work for the world. But Ihe;^ seem 
to have made the error of running together and treating as 
though they were one, two different positions. 

The first is that industrial progress depends on our getting the 
right men into the right plates and giving them a free hand, and 
sufficient incitement to exert themselves to the utmost. ' And the 
second position is that nothing less than the enormous fortunes 
which successful men now make and retain would suffice for that 
purpose. This last position seems to be untenable. 

The present extreme inequalities of wealth tend in man^ ways 
to prevent human faculties froD\ beii^ turned to their best 
account. A good and varied education« freely prolonged to those 
children of the working classes who showed the power and the 
will to use it well, an abundance of open-air recreation even in 
la^e towns, and other requisites of a wholesome life — ^such 
things as these might, most of us are inclined to think, be 
supplied by taxes levied on the rich, without seriously checking 
the accumulation of material capital ; and with the effect of in- 
creasing rather than diminishing the services which competition 
renders to society by tending to put the ablest men into the most I 
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important posts, the next ablest into the next most important, 
and so on, and by giving to those in each grade freedom sufficiepi 
or the full exercise of their faculties. 

It is quite true that where any class of workers have less than 
the necessaries for efficiency, an increase of income acts directly 
on their power of work. But when they already have those 
necessaries, the gain to production from a further increase of 
their income depends chiefly on the addition that it makes, not 
to their power of working, but to their will to exert themselves. 
And all history shows that a man will exert himself nearly as 
much to secure a small rise in incqpie as a large one, pfovided 
he knows beforehand what he stands to gain, and is in no fear of 
having the expected fruits of his exertions taken away from him 
by arbitrary spoliation. If there were any fear of that he would 
not do his best ; but if the conditions of the country were such 
that a moderate income gave as good a social position as a large 
one does now ; if to have earned a moderate income were^ a 
strong presumptive proof that a man had surpassed ^ble rivals in 
the attempt to do a difliciilt thing well, then the hope of earning 
such an iqcome would offer to all but the most sordid natures, 
inducements almost as strong as they are now when there is an 
equal hope of earning a large one. 

On all this class of questions modern economists are incline^ 
to go a little way with the socialists. But all socialist schemes, 
and especially those which are directly or indirectly of German 
origin, seem to be vitiated by want of attention to the analysis 
which the economists of the modern age have made of the 
functions of the undertaker of business enterprises. They seem 
to think too much of competition as the exploiting of labour by 
capital, of the poor by the wealthy, and too little of it as the 
constant experiment by the able-t men for their several 4asks, 
each trying to discover a new way in which to attain some 
important end. They still retain the language of the older 
economists^ in which the employer, or undertaker, and the 
capitalist are spoken of, as though they were, for all practical 
purposes, the same people. The organ of the German school of 
English socialists prints frequently in thick type the question, 
“ Is there one single useful or necessary duty performed by the 
capitalist to day which the people organized could not perform 
for themselves?” It would be just as reasonable to ask if ^ere 
is a single victory to which Julius Caesar or Napoleon conducted 
their troops, which the troops properly organized could not haVe 
equally well won for themselves ; or whether there is a single 
thing written by Shakespeare which could not have been equally 
well written by any one else who, as Charles Lamb said, happened 
to ** have the mind to do it.” It is quite true that many business 
men earn large incomes by routine work. It is just in these 
cases that Co-operation can dispense with middlemen and even 
employers. But the German socialists have been bitter foes of 
Co-operation ; though this antagonism is less than it was. 

The world owes much to the socialists, as it does to every set 
of enthusiasts among whom there are honest men ; and many a 
generous heart has been made more generous by reading their 
poetic aspirations. But before their writings can be regarded as 
serious contributions to economic science, they must make more 
careful and exact analysis of the good and the evil of com- 
petition ; and they must suggest some reasonably efficient sub- 
stitute for that freedom winch our present system offers to 
constructive genius to work its way to the light, and to prove its 
existence by attempting difficult tasks on its own responsibility, 
and succeeding in them. For those who have done most fpr 4be 
world have seldom been those whom their neighbours would 
have picked out as likely for the work. They must not, as even 
Mr. Bellamy and other American socialists do, in spite of their 
strong protestations to the contrary, assume implicitly a complete 
change of hufhan nature ; and propound schemes which would 
much diminish the aggregate production, but which they represent 
as enabling every family to attain an amount of material well- 
being which would be out of reach of the aggr^ate income if 
England or America were divided out equally among the 
population. 

But though the socialists have ascribed to the virtues inherent 
in the human breast, and to the regulating force of public 
opinion, a much greater capacity for doing the eneigizing work 
of competition than they seem really to have ; yet, unquestionably, 
the economists of to-dav do go beyond those of earlier genera- 
tions in believing that tne dc»re of men for the approval of their 
own conscience, and the pteem of others, is an economic for^ 
of the first order of importance, and that its strength is steadily* 
increasing with the increase and the diffusion of knowledge, and 
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with the constant tendency of what had been regarded as private 
and personal issues to become public and national. 

Public opinion acts partly through the Government. The 
enforcement of the law in economic matters occupies the time of 
a rapidly increasing number of people ; and though its adminis- 
tration is improving in every way» it fails to keep pace with the 
demands resulting from the growing complexity of economic 
organization, and the Rowing sense of responsibility of public 
opinion. A part of this failure is due to a cause which might 
easily be remedied ; it is that the adjustment of punishment to 
offences is governed by traditions descending from a time when 
the economic structure of England was entirely different. This 
is most conspicuous with regard to the subtler, or, as they are 
sometimes called with unconscious irony, the more gentlemanly 
forms of commercial fraud on a large scale ; for which the 
punishment awarded by the law courts is often trivial in com- 
parison with the aggregate gains which the breakeis of the law, 
whose offen(j({s can seldom be proved, make by their wrong- 
doing ; and it is still more trivial in comparison with the aggre- 
gate injury which such wrongdoing inflicts on the public. Many 
of the worst evils in modem forms of competition could be 
diminished by merely bringing that part of the law which relates 
to economic problems of modern growth into harmony with that 
which relates to the old-fashioned and well-matured economic 
questions relating to common picking and stealing. And some- 
what similar remarks apply to the punishments for infringements 
of the Factory Acts. 

But at best the action of the law must be slow, cumbrous, and 
inelastic, and therefore ineffective. And there are many matters 
in which public opinion can exercise its influence more quickly 
and eftectively by a direct route, than by the indirect route of 
first altering the law. For of all the great changes which our 
own age has seen in the relative proportions of different economic 
forces, there is none so important as the increase in tl^ area from 
which public opinion collects itself, and in the force with which 
it bears directly upon economic issues. 

For instance, combinations of labour on the one side, and of 
employers on the other, are now able to arrange plans of 
campaign for whole trades, for whole counties, for the whole 
couigry, and sometimes even beyond. And partly on account 
of the magnitude of the interests concerned, partly because trade 
disputes are being reduced to system, affairs which would be 
only of local interest are discussed over the whole kingdom. 

The many turbulent little quarrels which centred more often 
about questions of individual temper than of broad policy, are 
now displaced by a few great strikes, as to which public opinion 
is on the alert ; so that a display of temper is a tactical blunder. 
Each side strives to put itself right with the public ; and requires 
of its leaders above all things that they should persuade the 
average man that their demands are reasonable, and that the 
quarrel is caused by the refusal of the other side to accept a 
reasonable compromise. 

This change is increasing the wisdom and the strength of each 
side ; but the employers have always had fairly good means of 
communication with one another ; it is the employed that have 
gained most from cheap means of communication by press, by 
railway, and by telegraph, and from improvements in their 
education and in their incomes, which enable them to make 
more use of these new and cheaper facilities. And while the 
employers have always known how to present their case to the 
pul^iq well, and have always had a sympathetic public, the 
working classes are only now beginning to read newspapers 
enough to supply an effective national working class opinion, 
and they are only now learning how to present their case well, 
and to hope much from, or care much for, the opinion of those 
who are neither employers nor of the working clastes. 

I myself believe that in all this the good largely predominates 
over the evil. But that is not the (question with which I am 
specially concerned at present. My point is that, in the scientific 
problem of estimating the forces by which wages are adjusted, 
a lai^er place has to be allowed now than formerljy to the power 
of combination, and to the power of public opinion in judging, 
and criticizing, and aiding that combination ; and that all these 
changes tend to strengthen the side of the emplo^^, and to help 
them to get a substantial though not a great increase of real 
wages ; which they may, if they will, so use as to increase their 
efficiency, and therefore to increase still further the wages which 
they are capable of earning, whether acting in combination 
oriPl. 


thus public opinion has a very responsible task. I have 
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spoken of it as the opinion of the average man ; and he is very 
busy, and has many things to think about. He makes great 
mistakes, but he learns by all of them. He has often astonished 
the learned by the amount of ignorance and false reasoning 
^yhich he can crowd into the discussion of a difficult question ; 
and still more b^ the way in which he is found at last to have 
been very much in the right on the main issue. He is getting 
increased power of forming a good and helpful opinion, and he 
is being educated in mind and in spirit by forming it, and by 
giving it effect. But in the task which he is undertaking there 
are great difficulties ahead. 

In an industrial conflict each side cares for the opinion of the 
public at large, but especially for that of those whose sympathy 
they are most likely to get : in the late South Wales strike, for 
instance, the railway companies were specially anxious about the 
good opinion of the shippers, and the engine drivers about that of 
the colliers. And there is some fear that when party discipline 
becomes better oqganized, those on either side will again get to 
care less for any public opinion save that of their own side. 
And if so, there may be no great tendency towards agreement 
between the two sides as to what are reasonable demands. 

It is true that there is always the action of outside competition 
tending to visit with penalties either side, which makes excessive 
use of any tactical advantage it may have obtained. As we have 
just noticed, the shrewdest organizers of a trust are averse to 
raising the price of its wares much above the normal or steady 
competition price. And the first point which courts of con- 
ciliation and arbitration have to consider is, what are the rates 
of wages on the one hand and of profits on the other, which are 
required to call forth normal supplies of labour and capital 
respectively ; and only when that has been done, can an inquiry 
be properly made as to the shares in which the two should 
divide between them the piece of ^ood or ill fortune which has 
come to the trade. Thus the growth of combinations and 
partial monopolies has in many ways increased, and in no way 
diminished, the practical importance of the careful study of the 
influences which the normal forces of competition exert on 
normal value. 

But it must be admitted that the direct force of outside com- 
petition in some classes of wages disputes is diminishing ; and 
though its indirect force is being increased by the increased 
power which modem knowledge gives us of substituting one 
means of attaining our ends for another, yet on the whole the 
difiiculty of deciding what is a reasonable demand is becoming 
greater. The principles on which not only the average man, 
but also an expert court of conciliation or arbitration should 
proceed in forming their judgment, are becoming, in spite of the 
great increase of knowledge, more and more vague and uncertain 
in several respects. 

And there are signs of a new difiiculty. Hitherto the general 
public has been enlightened, and its interests protected by the 
fact that the employers and employed when in conflict have each 
desired to enlighten the public as to the real questions at issue ; 
and the information given on one side has supplemented and 
corrected that on the other : they have seldom worked together 
systematically to sacrifice the interests of the, public to their own, 
by lessening the supply of their services or 'goods, and thus 
raising their price artificially. But there are signs of a desire to 
arrange firm compacts between combinations of employers on 
the one side and or employ<[^ on the other to restrict production. 
Such compacts may become a grievous da^er to the public in 
those trades in which there is little effective competition from 
foreign producers : a danger so great that if these compacts 
cannot be bent by public opinion they may have to be broken 
up by public force. 

It is, therefore, a matter of pressing urgency that public opinion 
should accustom itself to deal with such questions, and be pre- 
pared to throw its weight against such compi^ts as are injurious 
to the public weal, that is, against such compacts as are likely 
to inflict on the public a real loss much greater than the gain to 
that trade ; or in other words, are of sum a nature that if their 
principle were generally adopted in all trades and professions, 
then all trades and professions would lose as buyers more than 
thmr would pdn as sellers. 

*I must now close this imperfect and fragmentary study. I 
have endeavoured to give some illustrations of the changes which 
are coming over economic studies. I believe that the great body 
of modern economists think that the need of analysis and general 
reasoning in economics is not less than our predecessors supposed, 
but more. And this is because we think economic problems 
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more difficult than they did. We are recognizing more clearly 
than they did that all economic studies must have reference to 
the conditions of a particular country and time. Economic 
movements tend to go faster than ever before, but, as Knies 
pointed out, they tend also to synchronize ; and the economists 
of our western countries have much more to learn now than fift/ 
years ago from the contemporary history of other countries ; but 
in spite of the many great benefits which we are deriving from 
the incresise of our historical knowledge, the present age can rely 
less than any other on the experience of its predecessors for aid 
in solving its own problems. 

Every year economic problems become more complex ; every 
year the necessity of studying them from many different points of 
view and in many different connections becomes more urgent. 
Every year it is more manifest that we need to have more know- 
ledge and to get it soon in order to escape, on the one hand, from 
the cruelty and waste of irresponsible competition and the 
licentious use of wealth, and on the other from the tyranny and 
the spiritual death of an ironbound socialism. 

SECTION G. 

MECHANICAL SCIENCE. 

Opening Address by Captain Noble, C.B., F.R.S., 
F.R.A.S., F.C.S., M.Inst.C.E., President of the 
Section. 

In takjpg over the chair of this Section from my distinguished 
predecessor, I cannot but feel myself to some extent an intruder 
into the domain of mechanical science, and I am conscious that 
the office which I have the honour to hold would have been 
more worthily filled by one o^ the great mechanicians who have 
won for the town in which we hold our meeting so widespread 
a reputation. 

I can truly say the claims on my time are so considerable that 
I should not have ventured to appear before you in the character 
of President of this Section had it not been for my desire to 
afford what little support might be in my power to my friend 
the President of the British Association, with whom for so long 
a period I have been associated by so many ties. 

I believe I should have consulted best both my own feelings 
and your patience by merely opening the Section in a formal 
manner, and proceeding at once to the business of the meeting. 
One of my predecessors, however, has pointed out that Sir F. 
Brainwell, whose authority is too great to be disputed, has ruled 
that to depart from the time-honoured practice of an address is 
an act of disrespect to the Section — a ruling which has, without 
cavil, been accepted. 

I therefore propose to direct your attention, by a few brief 
remarks, to that branch of mechanical science with which I am 
best acquainted. I shall endeavour to show the great indebted- 
ness of the naval and military services to mechanical science 
during the period with which I have been more or less con- 
nected with them, and the complete revolution which has in 
consequence resulted^ in every department and in every detail. 

But before commencing with my special subject, it is im- 
ossible that I should pass over in silence the great work which 
as excited so much interest in the engineering world, and 
which, since we last met, has, with formalities worthy of the 
occasion, been opened by H.R.H. the Prince of Wales. 

It is in no way detracting from the merit of the distinguished 
engineers who have with so much boldness in design, with such 
an infinity of care in execution, with so much foresight in every 
detail, given to the country; this great monument of skill, if I 
venture to point out that, without the great advance of me- 
chanical and metallurgical science during the present genera- 
tion, and the co-operation of a host of workers, a creation like 
’ that of the Forth Biridge would have been an impossibility. 

The bridge has been so frequently and so fully described that 
it is unnecessary in this address I should do more than draw 
your attention to some of its main features. 

The bridge, with its approach-viaducts, has a total length of 
8296 feet, or nearly a mile and six-tenths ; and this length com- 
prises two spans of 1710 feet, two of 680} feet, fifteen of x6o 
feet, four of 57 feet, and three of 25 feet. 

The deepest foundation is 90 feet below high-water mark, and 
the extreme height of the central position of the cantilever is 
361 feet above the same datum, making the extreme total height 
of the bridge 451 feet. 
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The actual minimum headway in the channels below the 
centre of the main, spans at high-water spring tides is a little 
over 150 feet, and the rail level is about 6 feet nigher. * 

The weight of steel, nearly all riveted work, is S49O76 tons, 
and the amount of*masonry and concrete 4,057,555 cubic feet. 

It is difficult, even for experts, fully to appreciate the stu- 
pendous amount of work indicated by these figures. During the 
Paris Exhibition the Eiffel Tower justly excited considerable 
admiration, and brought its designer into much repute ; but that 
great work sinks altogether into insignificance wnen compared 
with the Forth Bridge. 

Conceive, as I have heard described, the Eiffel Tower built, 
not vertically, but horizontally ; conceive it further built without 
support, and at a giddy height over an arm of the sea. Such a 
work would do little more than reach half across one of the 
main spans of this great bridge. 

Those only who nave had work of a similar nature can fully 
appreciate the innumerable experiments that must have been 
made, and the calculations that must have been goj^ through to 
secure the maximum attainable rigidity both with respect to the 
strains induced vertically by the railway traffic and its own 
weight, and horizontally by the force of gales. 

The anxiety as to the security of the erection might well 
daunt the most skilful engineer. We are told that, apart from 
the permanent work, many hundreds of tons of weight in the 
shape of cranes, temporary girders, winches, steam boilers, rivet 
furnaces, and riveting machines, miles of steel-wire rope, and 
acres of timber staging were suspended from the cantilevers. A 
heavy shower of rain would in a few minutes give an additional 
weight of about 100 tons ; and in their unfinished state, while 
approaching completion, the force of any gale had to be 
endured. • 

I trust that, as the Forth Bridge has been a great engineering, 
it may likewise prove a financial success, and I feel sure that all 
who hear nft are rejoiced that it has pleased Her Majesty to confer 
the distinguished honours she has awarded to Sir John Fowler 
and Sir B. Baker — honours, I may add, that have rarely been 
more worthily bestowed. 

Let me turn now to the subject on which I propose to address 
you ; and I shall first advert to the change which within my own 
recollection has taken place in that service which has been the 
pride and glory ef the country in time past, and on which we 
must rely in the future as our nrst and principal means at once 
of defence and attack. 

To give even an idea of the revolution which our navy has 
undergone, I must refer in the first instance to the navy of the 
past. I must refer to those vessels which in the hands of our 
great naval commanders won for England victories which left 
her at the close of the great wars supreme upon the sea. 

A ** first-rate of those d^s (I will take the Victory as a 
type) was a three-decker 186 f^t in length, 52 feet in breadth, 
with a displacement of 3500 tons, and she carried an armament 
of 102 guns, consisting of thirty 42- and 32-pounders, thirty 24- 
pounders, forty 1 2- pounders, and two 68-pounder carronades 
(the heaviest of her guns was a 42-pounder}, and she had a com- 
plement of nearly 900 men. When we look at the wonderful 
mechanism connected with the armaments of the fighting-ships 
of the present day, it is difficult to conceive how such feats were 
accomplished with such rude weapons. 

With the exception of a few small brass guns, the guns were 
mere blocks of cast iron, the sole machining to which they were 
subjected consisting in the formation of the bore and the drillkig 
of the vent. 

A laige proportion of nearly every armament consisted of 
carronades — a piece which was in those days in great favour. 
They threw a^hot of large diameter from a light gun with a low 
charge, and their popularity was chiefly due to the rapidity with 
which they could be worked. The great object of every English 
commander was, if it were possible, to bring his ship alongside 
that of the enemy; and under these circumstances the low 
velocity given by the carronades became of comparatively small 
moment, while the ease of working and the latge diameter of 
the shot were factors of the first importance. 

The carriages on which the rude weapons I have described 
were placed were themselves, if possible, even more rude. They 
were of wood, and consisted of two cheeks with recesses for the 
trunnions, which were secured by cap squares, the cheeks being 
connected by transoms, and the whole carried by trucks. The 
gun was attached to the vessel’s side, and the recoil controlled 
by ‘breeching. The elevation was fixed by quoins which rested 
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on a quoin bed, and handspikes were used either for elevating 
or for training. 

* It is obvious that, to work smartly so rude a machinCi a very 
strong gun’s crew was required. Indeed, the gun and its carriage 
were literally surrounded by its crew, and I may refer those who 
desire to acquaint themselves with the general arrangements of 
what was once the most perfect fighting-machine of the first 
navy in the world, to the frontispiece of a book now nearly 
forgotten — I mean Sir Howard Douglas’s ** Naval Gunnery.” 

The mechanical appliances on board these famed war-vessels 
of the past were of the simplest possible form, and such as 
admitted of rapid renewal w repair. There was no source of 
power except manual labour ; but, when handled with the un- 
rivalled skill of British seamen, the handiness of these vessels, 
and the precision with which they were manoeuvred, was a 
^ource of never-ending admiration. 

Those who have seen, as 1 have done, a fleet like the Medi- 
terranean squadron enter a harbour, such as Maka, under full 
sail, and h^we noted the precision with which each floating 
castle moved to her appointed place, the rapidity with which 
her canvas was stowed, have seen a sight which I consider as 
the most striking I have witnessed, and infinitely more imposing 
than that presented under like circumstances by modern vessels, 
any one ot which could in a few minutes blow out of the water 
half a dozen such men-of-war as I have been just describing. 

I must not, however, omit to mention two advantages pos- 
sessed by the old type of war- vessels, which, if we could repro- 
duce them, would greatly please modem economists. I mean, 
their comparatively small cost, and the length of time the vessels 
remained fit for service. 

When the Victory fought the battle of Trafalgar she had been 
afloUt for forty years, and her total cost, complete with her 
armament and all stores, was probably considerably under 
;^ioo,ooo. The cost of a first-rate of the present day, similarly 
complete, would be nearly ten times as great. 

Tne most improved battle-ships of the period just anterior to 
the Crimean war differed from the type I have just described, 
mainly by the addition of steam power, and for the construction of 
these engines the country was indebted to the great pioneers of 
marine engineering, such as J. Penn and Sons, Maudslay Sons 
and Field, Ravenhill, Miller, and Co., Rennie Bros., &c., not 
forgetting Messrs. Humphreys and Tennant, whose reputation 
and achievements now are even more brilliant than in these 
earlier days. 

Taking the Duke of Wellington^ completed in 1853, as the 
type of a first-rate just before the Crimean war, her length was 
240 feet, her breadth 60 feet, her displacement 5830 tons, her 
indicated horse-power 1999, and her speed on the measured 
mile 9*89 knots. Her armament consisted of 13 1 guns, of which 
thirty-six 8-inch and 32-pounders >vere mounted on the lower 
deck, a similar number on the middle deck, thirty-eight 32- 
pounders on the main deck, and twenty short 32-pounders and 
one 68-pounder pivot gun on the upper deck. 

Taking the Casar and the Hogue as types of second- and 
third-rate line-of-battle ships, the former, which had nearly the 
displacement of the Victory^ had a length of 207 feet, a breadth 
of 56 feet, and a mean draught of 21. She had 1420 indicated 
hon-e-power, and her speed on the measured mile was 10*3 
knots. ^ Her armament consisted of twenty-eight ^inch guns 
and sixty-two 32-pounders, carried on her lower, main, and 
upper decks.^ The Hogue had a length of 184 feet, a breadth 
of *48 feet 4 inches, a mean draught of 22 feet 6 inches: she 
had 797 indicated horse-power, and a speed of 8J knots. Her 
armament consisted of two 68-pounders of 95 cwt., four 10- 
inch guns, twenty-six 8-inch guns, and twenty-eight 32-pottnders 
of 56 cwt. — sixty guns in all. ^ 

Vessels oMower rates (I refer to the screw steam frigates of 
the period just anterior to the Crimean war) were, both in con- 
struction and armament, so closely analogous to the line-of- 
battle-ships that I will not fatigue you by describing them, and 
will onl^ allude to one other class, that of the paddle-wheel 
steam frigate, of which I may take the Terrible a type. This 
vessel had a length of 226 feet, a breadth of 43 feet, a displace- 
ment of about 3000 tons, and an indicated horse-power of 1950. 
Her armament consisted of seven 68-pottnder8 of 95 cwt«, four 
lo-inch suns, ten 8-inch guns, and four light 32-pounders. 

It will be observed that in these armaments there has been 
a very consickrable increase in the weight of the guns carried. 
As I have said^he heaviest guns carried by the Victory were 
the 42-poundq|pof 75 cwt., but in these later armaments the 
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68-pounder of 95 cwt. is in common use, and you will have 
noted that the carronades have altogether disappeared. But as 
r^ards improvements in guns or mounting, if we except the 
pivot-guns, with respect to which there was some faint approach 
to mechanical contrivance to facilitate working, the guns and 
^carriages were of the rude description to which I have alluded. 

In one respect, indeed, a great change had been made. Shell- 
fire had been brought to a considerable state of perfection, and 
the importance ascribed to it may be traced in the number of 
lo-inch and 8-inch shell-guns which entered into the armament 
of the Duke of Wellington and the other ships I have mentioned. 
Moorsom’s concussion fuse and other similar contrivances lent 
great assistance to this mode of warfare, and its power was soon 
terribly emphasized by the total destruction of the Turkish 
squadron at Sinope by the Russian fleet. In that action, shell- 
fire app>ears to have been almost exclusively used, the Russians 
firing their shell with rather long-time fuses in preference to 
concussion, with the avowed object of there being time before 
bursting to set fire to the ship in which they lodged. 

It is curious to note in the bygone discussions relative to shell- 
fire the arguments which were used against it ; among others it 
was said that the shell would be more dangerous to those who 
used them than to their enemies. There was some ground for 
this contention, as several serious catastrophes resulted from the 
first attempts to use fused shells. Perhaps the most serious was 
that which occurred on board H.M.S. Theseus^ when seventy 
36- and 24- pounder shells captured from a French storeship and 
niaced on the quarter-deck for examination exploded in quick 
Succession, one of the fuses having by some accident been ignited. 
The ship was instantly in flames ; the whole of the poop and 
after-part of the quarter-deck were blown to pieces. The vessel 
herself was saved from destruction with the greatest difficulty, 
and forty- four men were killed ami forty-two wounded. 

This accident was due to a neglect of obvious precautions, 
which would hardly occur nowadays, but I have alluded to the 
circumstance because the same arguments, or arguments tending 
in the same direction, are in the present day reproduced against 
the use of high explosives as bursting charges for shells. To this 
subject I myself and my friend and follow labourer, Mr. Vavas- 
seur, have given a good deal of attention, and the question of 
the use of these shells and the best form of explosive to be em- 
ployed with them is, I believe, receiving attention from the 
Government. The importance of the problem is not likely to 
be overrated by those who havd witnessed the destruction caused 
by the bursting of a high explosive shell, and who appreciate 
the changes that by their use may be rendered necessary, not 
only in the armaments, but even in important constructional 
points of our men-of-war. 

Shortly before the termination of the long period of peace 
which commenced in 1815, the attention of engineers and those 
conversant with mechanical and metallurgical science, seems 
to have been strongly directed towards improvements in war 
material. It may easily be that the introduction of steam into 
the navy may have had something to do with the beginning of 
this movement, but its further progress was undoubtedly greatly 
accelerated by the interest in the subject awakened by the dis- 
turbance of European peace which commenced in 1854. 

Since that date— -whether we have regard to our vessels of 
war, the guns with which they and our fortresses are armed, the 
carriages upon which those guns are mounted, or the ammuni- 
tion they employ — we shall find that changes so great and so 
important have been made that they amount to a complete 
revolution. I believe it would be more correct to say several 
complete revolutions. It is at least certain that the changes 
which were made within the period />f ten years following 1854, 
were far more important and wide-spreading in their character 
than were all the improvements made during the whole of the 
great wars of the last and the commencement of the present 
century. 

Indeed, it has alwavs struck me as most remarkable that 
during the long period of the Napoleonic and earlier wars, 
when the mind of this country must have been to so larj^e an 
extent fixed on everytliing connected with our naval and military 
services, so little real progress was made. 

Our ships, no doubt, were the best of their class, although, I 
believe, we were indebted for many of our most renowned 
models to vessels captured from our neighbours. They were 
fitted for sea with all the resources and skill of the first seamen 
of the world, and when at sea were handled in a manner to 
command universal -admiration. But their armaments were of 
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^ have described, and so far as I can see pos- She has further thirty-two hydraulic engines, including two 
sessed iittley if any, advantage over those of nearly a couple of steering engines, four ash hoisting engines, two boat engines, 
earlier. It is not improbable that the great success four ammunition lifts, two turret-turning engines, one topping 
which attended our arms at sea may have contributed to this winch, two trfinsporting and lifting engines, two hydraulic 

• bollards, and fourteen other engines for performing the 

11 u men who with such arms achieved such triumphs, may various operations necessary for the working of her heavy 
well be forgiven for believing that further improvement was guns, making a grand total of eighty-eight engines. This 
unnecessary, and it must be renaembered that the practice of number is exclusive of the machinery in the torpedo and 
engaging at very close quarters minimised to a great extent the other steam-boats, and of the locomotive engines in the torpedoes 
most striking deficiencies of the guns and their mountings. carried, which are themselves engines of a most refined and 

I need scarcely, however, remind you that were two vessels of delicate character. • 

the old type to meet, one armed with her ancient armament. At an earlier point in my hddress I alluded to the in- 
the other with modern guns, it would be vain for the former to comparable seamanship of our bygone naval officers. Sea- 
attempt to close. She would be annihilated long before she manship will, I fear, in future naval battles no lo^er 
approached sufficiently near to her antagonist to permit her guns play the conspicuous part it has done in times past. The 
to be used with any effect. ^ weather-gage will belong not to the ablest sailor, but to 

It would be quite impossible, within reasonable limits of time, the best engineer and fastest vessel, but the qualities of 
to attempt to give anything like an historical account of the pluck, energy, and devotion to their profession which 
changes which have taken place in our ships of war during the distinguished the seamen of the past ha^, I am well 
last thirty-five years, and the long battle between plates and guns assured, been transmitted to their descendants, and I am glad 
will be fresh in the memory of most of us. I'he modifications to hav% the opportunity of expressing my admiration of the 
which the victory of one or the other impressed on our naval ability and zeal with which the naval officers of the present day 
constructions are sufficiently indicated by the rapid changes of have mastered, and the skill with which they use, the various 
type in our battle-ships, and by the number of armour-clads once complicated, and in some cases delicate machinery which me- 
considered so formidable, but seldom now mentioned except to chanical engineers have placed in their hands, 
adorn the tale of their inutility. The subject also requires very I pass now to a class of vessel — the fast protected cruisers— 
special knowledge, and to be properly handled must be dealt intended to take the place and perform the duties of the old 
with by some master of the art, such as our Director of Naval frigates. Of these I will take as types TI.M.S. Afeditsa and the 
Construction. Italian cruiser Piemonte. The Medusa has a length of 265 feet. 

Let me now compare with the vessels of the past those of the a breadth of 41 feet, a displacement of 2800 tons, and her 

present day, and for my purpose I shall select for comparison as engines have 10,010 indicated horse-power. Her arjpnament 
first-rates the Victoria and the Trafalgar, The Victoria has a consists of six 6-inch breech-loading guns, ten 3-pounders, four 
length of 340 feet, a breadth of 70 feet ; she has;i displacement machine guns, and two fixed and four turning torpedo tubes, 

of about 10,500 tons, an indicated horse-power of 14,244, and The Piemonte has a length of 30c feet, a breadth of 38 feet, a 

she attained a speed on the measured mile of 17^ knots ; she displaccfticnt of 2500 tons, and her engines of 12,981 indicated 
has a thickness of 18 inches of compound armour on her turrets, horse-power developed on the measured mile a speed of 22'3 
a similar thickness protects the redoubt, and her battery-deck is knots, or about 26 miles. Her armament, remarkable as being 
defended with 3-inch plates. Her armament consists of two the first instance of an equipment composed altogether df quick- 
l6i-inch iio-ton guns, one lo inch 30 ton gun, twelve 6-inch firing guns, consists of six 6-inch lOO-pounders, and six 4‘7-inch 
5-ton guns, twelve 6-pounder and nine 3-pounder quick-firing 45-pounders, all with large arcs of training, ten 6-pounder 
guns, two machine guns, and six torpedo guns. Hotchkiss, four Maxim-Nordenfelt machine-guns, and three 

The Trajalgar has a length of 345 feet, or very nearly double torpedo guns.* 
the length of the Victory ^ a displacement of 12,000 tons, an These vessels have a steel protective deck, with sloping sides 
indicated horse-power of 12,820, and a speed on the measured from stem to stern, protecting the vitals of the ship ; above and 
mile of a little over 17J knots. Her armament consists of four below the armour-deck the vessels are subdivided into a large 
68-tonguns,six4*7-inchquick-firingguns, six 6 pounder, and nine number of water-tight compartments, and a portion of the 
3-pounder quick-firing guns, six machine and six torpedo-guns. vessel’s supply of coal is employed to give additional protection. 

Comparing the armament of the Victoria with that of the With respect to the Piemonte the engines (vertical triple 
Victo^y^ w e find, to quote the words of l.ord Armstrong — which expansion) were designed and constructed by Messrs. Hum- 
when evaluating the progress we have made will bear repetition phreys, Tennant, and Co. They are, in order that they may 
— that while the heaviest gun on board the Victory was a little be wholly below the water line, of exceedingly short stroke, 
over 3 tons, the heaviest on board the Victoria is a little over 110 (27 inches), and the behaviour of the engines, both on their 

tons. The largest charge used on board the Victory was 10 lbs., trials here and in the very severe weather to which the vessel 
the largest on board the Victoria close on 1000 lbs. ; the heaviest was exposed on her passage out, amply justify these eminent 
shot used in the Victory was 68 lbs., in the Victoria it is 1800 engineers in their somewhat bold experiment, 
lbs. The weight^of metal discharged from the broadside of the I might de-cribe other cruisers, both larger and smaller than 
Victory was 1I50 lbs., from that of the Victoria it is 4750 lbs. those f have selected, but I must not fatigue you, and will only 
But having regard to the energy of the broadside, the power of in this part of my subject draw your attention to these triumphs 
each ship is better indicated by the quantity of powder expended of engineering ingenuity and skill, I mean the to^edo boats, 
than by the weight of metal discharged, and while the broadside which (whether or not locomotive, torpedoes continue to hold 
fire from the Victory consumed only 355 lbs. of powder, that their own as engines of destruction), are destined, I believe, to 
from the Victoria consumes 3120 lbs. play no insignificant part in future naval warfare. ^ • • 

These figures show in the most marked manner the enormous Let me illustrate the marvels that have been achieved by the 
advances that have in every direction been made in the construe- great English engineers who have brought these vessels to their 
tion and armament of these marine monsters ; but it is when we present state of perfection by giving you a few particulars con- 
come to the machinery involved in our first-rates that the contrast cerning on# or two of them. 

between the past and the present is brought most strongly into A first-class torpedo boat by Yanow has a length of 135 feet, 
prominence. a breadth of 14 feet, a displacement of 88 tons, and with engines 

I have alluded to the simplicity of the arrangements on board of X400 indicated horse-power attains a speed of a little over 24 
the old battle-ships, but no charge of this nature can be made knots. 

against the present. The Victoria has no less than twenty-four A slightly larger boat, built for the Spanish Government by 
auxiliaiy steam-engines in connection with her main engines, vis. Thorneycroft, has a length of X47 feet 6 inches, a breadth of 14 
two starting, two running, eight feed, eight fan, for forced feet 6 inches, and with engines of X550 indicated horse-power, 
draught, and four circulating water engines. She has in addi- has attained a speed of a little over 26 knots, 
tion thirty steam engines unconnected with her propelling It is interesting to note that the engines of the first -named 
engines, vis. six fire and bilge engines, two auxiliary circulating torpedo boat develop nearly exactly the same power as thos6 of 
engines, four fan engines Tor ventilating purposes, two fresh- the 90-gun ship, the Casar^ and the engines of the second-named 
water pumping engines, two evaporating fuel engines, one work- but little less than that developed by the Duir of Wellington^ 
shop, one capstan, and five electriedight engines, four air- two vessels which you Will remember I have taken as types of 
compressing and three pumping engines tor hydraulic purposes. the second- and first-rate men-of-war of thirty-five years 
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The weight of the engines of the Duke of Wellington and the 
Ctesar would be approximately 400 tons and £75 tonS| while 
that'of the torpedo ^ats is about 34 tons. 

But if these results are sufficiently remarkable, the economy 
attained in the consumption of coal is hardly less striking. 

The consumption of coal in the early steam battle-ships was 
from 4 to 5 lbs. per indicated horse-power per hour, and occa- 
sionally nearly reached 8 pounds. 

At the present time in good performances the coal consump- 
tion ranges from to i) lbs. per indicated horse-power per 
hour under natural draught, and from 2 to 2^ lbs. per hour with 
forced draught. ^ 

In war-ships the engines are designed to obtain the highest 
possible power on the least possible weight, and this for a com- 
paratively short time, and, further, have to work at such various 
powers, that the question of economy must be a secondary con- 
sideration. 

With the different conditions existing in the mercantile marine, 
more economicfil results may be expected, and 1 believe I shall 
not be far wrong in assuming that in special cases lbs. may 
possibly have been reached ; but I have not been able to" obtain 
exact information on this head. 

Turaing now to the guns, let me refer first to those which 
were in use thirty-five years ago, and which formed the arma- 
ments of the ships of those days, and of the fortresses and coast 
defences of the United Kingdom and colonies. 

The whole of these, with the exception of a few very light 
guns, were made of cast-iron. I have already alluded to the 
small amount of machine work (not of a very refined character) 
expended on them. Although the heaviest gun in use was only 
a 68- pounder, there were no less than sixty different natures of 
iron ordnance. Of the 32-pounder alone there were as many as 
thirteen descriptions, varying in length and weight. Of these 
thirteen gtms, again, there were four separate calibres ranging 
from 6*41 inches to 6*3 inches, and as the projectile ^was the 
same for all, the difference fell on the windage. This varied, 
assuming gun and projectile to be accurate, from about 0*125 to 
0*250, so that it may easily be conceived the diversity of the 
tables of fire for this calibre of gun were very great. And 
although from the simple nature of the guns, and the .absence of 
anything like mechanical contrivance connected with them, it 
was quite unnecessary to give to them the care ancf attention that 
are absolutely indispensable in guns of the present day, it must 
not be supposed that they were altogether free from liability to 
accident and other defects. 

I had occasion recently to look into the question of the guns 
employed in the siege of Sebastopol, and found that in that 
great siege no less than 317 iron ordnance were used by this 
country. At the close of the siege it was found that 8 had 
burst, 101 had been condemned as unserviceable, while 59 were 
destroyed by the enemy’s fire. 

The 95 cwt. 68-pounder gun seems to have been about the 
largest gun that could safely be made of cast-iron, and that in it 
the limit of safety was nearly reached, was shown by the fact 
that a serious percentage of this calibre burst or otherwise failed. 
With the spherical shot the column of metal per unit of area to 
be put in motion by the charge was small, and to this the guns 
probably owed their safety. 

When the same charge was used, and cylinders representing 
double, treble, or quadruple the normal weight of the shot were 
fired, the end was rapidly reached, the guns frequently bursting 
before cylinders four or five times the weight of the shot were 
employed. 

But the fact that a stronger and more reliable material than 
cast-iron was necessary, was shortly to be emphasized in a much 
more striking manner. The great superiority of riflec^to smooth- 
bored ordnance in every respect, in fmwer, in range, in accuracy, 
in destructive effect of shrapnel and common shell, was in this 
country demonstrated by Lord Armstrong and others. This 
led to numerous attempts to utilize cast-iron for rifled ordnance. 
The whole of these efforts resulted in failure. Although the 
chaiges were feebler than with smooth-bored guns, these ex- 
perimental guns burst one after the other with alarming rapidity, 
generally before many rounds had been fired. The matter Was 
not made much better when the expedient was adopted of 
strengthening these guns by hoops or rings shruuk on externally. 
Failures with this arrangement were little less frequent, \the 
cast-iron bursting under the jackets, and the only plan^in 
which cast-iron was used with any success were those propon^ 
respectively by •Sir W. Palliser and Mr. Parsons, who inserted, 
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the one a coiled wrought-iron, and the other a steel tube in a 
cast-iron gun block. 

But the country that suffered most severely from the use of 
cast-iron was the United States. Their great civil war took 
place just when efforts were being made in every country to 
introduce rifled artillery. Naturally every nerve was strained 
to manufacture these guns, and naturally the resources that came 
most readily to hand were first employed. 

A report presented by the Joint Committee on Ordnance to 
the United States Senate in 1869 gives the history of these 
^uns, which were nearly all either cast-iron or cast-iron re- 
inforced with hoops in the way I have described. I have heard 
the existence of internal strains disputed, but in this report we 
read that ten guns burst, that is, flew to pieces, when lying on 
chocks, without ever having had 4 shot fired from them, and 98 
others cracked or became ruptured under like conditions. 

In the Summary of Burst Guns’’ in the same report, it is 
stated that 147 burst and 21 were condemned as unserviceable ; 
29 of them ^ing smooth-bore and 139 rifled ordnance. But 
perhaps the most striking passage is that which relates that in 
the action before Fort Fisher all the Parrott guns in the fleet 
burst, and that by the bursting of five of these guns during 
the first bombardment, 45 men were killed and wounded, 
while only 11 men were killed or wounded by the enemy’s 
fire. 

The muzzle velocity given by the smooth-bored, cast-iron 
guns may be taken approximately at 1600 f.s., and at the maxi- 
mum elevation with which they were generally fired their range 
was almut 3000 yards. The 32-pounder, with a charge qf one- 
third the weight of the shot and an elevation of 10'’, gave nearly 
2800 yards, and the 68-pounder, with a charge of about one- 
fourth, nearly 3000 yards. The same gun, with an eccentric 
shot, and an elevation of 24% gave^a maximum range of 6500 
yards. 

But it must not be supposed because the range tables gave 
3000 yards as practically tne extreme range of the ordnance of 
35 years ago, that our guns possessed any high efficiency at that 
distance. At short distances, from 300 to 500 yards, dependent 
on the calibre, the smooth-bored guns were reasonably accurate, 
but the errors multiplied with the distance in so rapidly increasing 
a ratio, that long before a range of 30D0 yards was attained the 
chance of hitting an object became extremely small. 

It is desirable to give some idea of the accuracy, or, rather, 
want of accuracy, of these guns. 

In 1858 I was appointed secretary to the first Committee on 
Rifled Cannon, and the early experiments showing how extra- 
ordinary was the accuracy of the new weapons, it became a 
matter of importance to devise some means of comparing in this 
respect the old and the new guns. 

The plan I proposed was one which has since been followed 
by the artillerists of nearly all countries. It was to calculate 
the probable error in range and the probable error in deflection, 
and from these data the area within which it would be an even 
chance that any given shot would strike ; or, in other words, 
that area within which, out of a large number of rounds, half 
that number would fall. This area was for the smooth-bored 
gun at a range of 1000 yards, 147*2 yards long by 9*1 yards 
broad, or 1339*5 square yards, while the similar area for the 
rifled gun at the same range was 23*1 yards long by 0*8 yards 
broad, or an area of 18*5 square yards. But the great decrease 
of accuracy due to an increase of range with tlie smooth-bore 
guns is especially remarkable. Experiments showed that with 
the smootn-bored gun an increase of range of only 350 yards 
more than doubled the error in deflection, and made the area 
selected for comparisra 206 yards longiby 20*2 broad, or 4161 
square yards, as nearly as possible trebling the area for an 
increase in range of 35 per cent. 

But I have not done yet. These experiments were made 
with the same lots of powder carefully mixed, &nd the irregu- 
larities in velocity would be such as are due to manufacturers^ 
errors only. But the variations in the energy developed by the 
gunpowder employed have stilt to be considered. In i860, 
being then an associate member of the Ordnance Committee, I 
carried on for the Government the first electro*ballistic experi- 
ments made in this country. My attention was early called to 
the great variatkm in energy developed by powders recently 
made and professedly of the same make, and I pointed out that 
in my experiments the variations between one lot of powder and 
another amounted occasionally to 25 per cent of the total energy 
developed. It is unnecessary to say that on service, and when 
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powder had been subjected to climatic influences, the variations 
would have been much greater. 

The variations in energy of new powder were chiefly due to 
the^ method of proof then in use, the Eprouvette mortar, than 
which nothing can be conceived better adapted for passing into 
the service powders unsuitable for the guns of that time. ^ 

But with the want of accuracy of the gun itself, and the want 
of uniforniity in the propelling agent, it may easily be conceived 
that a limit was soon reached beyond which it was mere waste 
of ammunition to fire at an object even of considerable size, and 
we can appreciate the reasons which led our naval commanders, 
whenever possible, to close with their enemy. 

When we come to consider guns of the present day, the first 
point that attracts our attention is the enormous increase in the 
size and weight of the larger natures. It may fairly be asked, 
indeed, if, weight for weight, the modern guns are so much 
more powerful than the old, and, if we have command of such 
great ranges, why such heavy guns should be necessary. 

The answer to this, of course, is that it has been considered 
essential to have guns capable of piercing at short distances the 
thickest armour which any ship can carry, and this demand has 
led us from guns of 5 tons weight up to guns of no and 
120 tons weight, and to the development of the important 
mechanical arrangements for working them, to which I shall 
presently refer. 

On the principles which guide the construction of these large 
guns I shall say little, both because the subject is too technical 
to be dealt with in an address, and because the practice of all 
nations^ though differing in many points of detail, in essentrals 
is closely accordant. 

On three points of construction we lay particular stress in 
this country. These points are : That the gun shall be strong 
enough to resist the normal working pressure, evep if the inner 
tube or barrel be completely split. That whether we regard the 
gun as a whole, or the parts of which it is composed, the 
changes of form should be as little abrupt as possible, and that 
any sharp angle or corner must be absolutely avoided. 

As in principles of construction, so in material employed, is 
Che practice of the great gun-making nations closely agreed. 
The steel employed is ductile and subjected to severe specifica- 
Cions and tests, which differ slightly one from the other, but 
exact, in effect, qualities of steel substantially the same. So far 
as 1 know, the application of the tests in this country is more 
severe than in any other, and I take this opportunity of entering 
my protest gainst the statement which I have seen more than 
once in the journals of the day — that English gun-steel is in any 
way inferior to any that is produced in any part of the world. 
Sheffield has in no respect lost its ancient reputation in the art 
of steel-making, and to my certain knowledge has supplied large 
quantities of steel, admitted to be of the first quality, to gun- 
makers of the Continent. The steel made by Sir J. Whitworth 
& Co. has likewise long been in great repute both af home and 
abroad, and looking at the care devoted to the subject by the 
Government, and the eagerness with which improvements in the 
•quality and mode of manufacture are sought for and acted on 
by the steel-makers, we may be absolutely certain that to the 
best of our kncAvledge the most suitable material is used in the 
construction of our guns. 

As many of you are aware, the mild steel which is used for 
the manufiicture of guns is after forging and rough-boring sub- 
jected to the process of oil-hardening, being subsequently 
annealed, by vrhich process it is intended that any detrimental 
internal strain should be removed. This process of oil-hardening, 
introduced first by Lord Armstrong in the case of barrels, is now 
almost universally adopted for all gun forgings. Of late, how- 
ever, there has been considerable discussion as to whether or 
not this oil-hardening is necessary or desirable ; and while ad- 
mitting the increase of the elastic limit due to the process, it is 
asked whether tb% same results would not be obtained by taking 
a steel with, for example, a higher percentage of carbon, and 
which should give the same elastic limit, and the same ductility. 
The advocates of oil-hardening hrge that steel with low carbon, 
duly oil-hardened to obtain the elastic limit and strength de- 
sired, is more reliable than steel in which the same results are 
reached by the addition of carbon. ^ Those who maintain the 
•opposite view point to the uncertainty of obtaining uniform 
results by oil-hardening, to the possibility of internal strains, 
and to the costly delay in manufacture necessary in 

•carrying it out. The question raised is undoubtedly one of 
£reat importance, but it appears to me to be one concerning 
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which it is quite within our power in a comparatively short 
time, by properly arranged experiments, to arrive at a definite 
conclusion. 

Sir F. Abel has in his Presidential Address given us so 
masterly a rhutni of the present state of the steel question in its 
metallurgical and chemical aspects that it is unnecessary for me 
to add anything on this head* 1 will only remark that in select- 
ing steel for gun-making, individually I should prefer that which 
is on the side of the low limit, to that which is near the high 
limit, of the breaking weight prescribed by our own and other 
Governments. I have this preference because, so fax, expe- 
rience has taught us that these lo\fer steels are safer and more 
reliable than the stronger — and in guns we do not subject, and 
have no business to subject, the steel to stresses in any way 
approaching that which would produce fracture. 

Of course if our metallurgists should give us a steel or other 
metal which with the same good qualities possesses also greater 
strength, such a material would by preference be employed, but 
it must not be supposed that the introduction# of such new 
material would enable us, to any great extent, to reduce the 
weight 6f our guns. As a matter of fact, the energy of recoil of 
many of our guns is so high that it is undesirable in any case 
materially to reduce their weight. As an illustration, I may 
mention that some time ago, in re-arming an armour-clad, the 
firm with which I am connected was asked if by using the 
ribbon construction it would be possible, while retaining the 
same energy in the projectile, to reduce the weight of the main 
armament by three tons per gun. The reduction per se was 
quite feasible, but when the designs came to be worked out it 
was found that, on account of the higher energy of recoil, no 
less than 4 tons weight per gun had to be added to strengthen 
the mounting, the deck, and the port pivot fastenings. * 

The chamber pressures with which our guns are worked do not 
generally exceed seventeen tons per square inch, or say 2500 
atoms, ft must not be supposed that there is any difficulty in 
making guns to stand very much higher initial tensions ; but little 
would be gained by so doing. Not only can a higher effect be 
obtained from a given weight of gun if the initial pressure be kept 
within moderate limits, but with high pressures the erosion (which 
increases very rapidly with the pressure) would destroy the bores 
in a very few rounds. 

In fact, even^with the pressures I have named, the very high 
charges now employed in our large guns (1060 lbs. have 
Frequently been fired in a single charge), and the relatively 
long time during which the high temperature and pressure of 
explosion are maintained, have aggravated to a very serious 
extent the rapid wear of the bores. In these guns, if the highest 
charge be used, erosion, which no skill in construction can 
obviate, soon renders repair or relining necessary. Reduced 
charges, of course, allow a materially prolonged life of the bore, 
and there is also a very great difference in erosive effect between 
powders of different composition, but giving rise in a gun to the 
same pressures. Unfortunately, the powder which has up to the 
present been found most suitable for large guns is also one of the 
most erosive, and powder-makers have not so far succeeded in 
giving us a powder at once suitable for artillery purposes, and 
possessing the non-eroding quality so greatly to be desired. 

An amide powder made by the Chil worth Company, with 
which I have, not long ago, experimented, both gave admirable 
ballistic results, and at the same time its erosive effect was very 
much less than that of any other with which I am acquainted. It 
is by no means certain that the powder would stand the ^ests 
which alone would justify its admission into the service, but the 
question of erosion is a very serious one, and has hardly, I think, 
received the attention its importance demands. No inv^tigation 
should be neglected which affords any prospect of minimising this 
great evil. 

On the introduction of rifled artillery the muzzle velocities, 
which you will remember had been with smooth-bore guns and 
round shot about 1600 f.s., were, with the elongated projectiles 
of the rifled gun, reduc^ to about 1200 f.s. In the battle 
between plates and guns these velocities were with armour-pierc- 
ing projectiles gradually increased to about I4<^ f.s., and at 
about this figure they remained until the appointment by the 
Government of a Committee on Explosives. By the experiments 
and investigations of this committee it was shown that, by im* 
proved forms of gunpowder and other devices, velocities of 
1600 f.s. could be obtained without increasing. the maximum 
pressure, and without unAiIy straining the existing guns. Similar 
advances in velocity were nearly simultaneously made abroad, 
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but in 1877 my firm, acting on independent researches on the 
action of gunpowder made by myself in conjunction with Sir F. 
\b*el, constructed 6-inch and 8-inch guns which advanced the 
velocities from 1600 to 2100 f.s., and this great advance was 
everywhere followed by a reconstruction of rifled artillery. 

With the present powder the velocities of the powerful armour- 
piercing guns, firing projectiles considerably increased in weight, 
may be taken at from 2000 to 2100 f.s. The distance of 3000 
yards, which I said practically represented the extreme range of 
smooth-bored guns, is attained with an elevation of only 2” in 
the case of the 68-ton gun, and of 34^ in the 4*7-inch quick- 
firing gun, while at lo® the rknges are 9800 and 5900 yards re- 
spectively, and, as an instance of extreme range, I may mention 
that with a 9*2-inch gun a distance of over 13 miles has actually 
been reached. 

Nor is the accuracy less remarkable. Bearing in mind the 
mode of comparison which I have already explained, at 3000 
yards range the 68-ton gun would put half its shot within a plot 
of ground 7'ir yards long by 0*3 broad, and the 47-inch gun 
within a plot 19 yards long by i *3 broad ; or, to put it in another 
form, would put half their rounds in vertical targets resj3ectively 
0*92 yards broad by 0*34 yards high and 1 '3 yards broad by i *6 
yards high. 

But it cannot be assumed that we are at the end of progress. 
Already, with the amide powder we have obtained nearly 2500 f.s. 
in a 6*inch gun with moderate chamber pressures, and with the 
cordite originated by the Committee on Explosives, of which Sir 
F. Abel is president, considerably better results have been 
obtained. I have elsewhere pointed out that one of the causes 
which has made gunpowder so successful an agent for the purposes 
of the artillerist is that it is a mixture, not a definite chemical 
combination ; that it is not possible to detonate it ; that it is free, 
or nearly so, from that intense rapidity of action and waves of 
violent pressure which are so marked with nilro* glycerine and 
other kindred explosives. 

We are as yet hardly able to say that cordite in very large 
charges is free from this tendency to detonation, but I think I 
may say that up to the 6- inch gun we are tolerably safe ; at least, 
so far, I have been unable, even with charges of fulminate of 
mercury, to produce detonation. I need not remind you that 
cordite is smokeless, and that smokeless powder is almost an 
essential for .quick-firing guns, the larger nature^ of which are 
day by day rising in importance. 

I now come to the third part of my subject — the modes which 
are now adopted of mounting and working the ordnance I have 
described. I have alluded to the carriages, which, at the begin- 
ning of the century, were made of wood, and were worked solely 
by handspikes. Thirty-five years ago they were but little changed, 
although in the case of pivot guns screws for giving elevation, 
and blocks and tackle for training had been introduced, but 
timber was still the material employed. A strong prejudice long 
existed in both services against iron for gun carriages, as it was 
believed that iron carriages would be more difficult to repair, and 
that the effect on the crew of splinters would be much more 
serious. 

But when the experiment of firing at both natures was made 
at Shoeburyness, with dummies to represent the crews, it was 
found both that the wooden carriage was far more easily disabled 
than the wrought iron, and that the splinters from the wooden 
carriages were far more destructive. 

In all other respects, the superiority of wrought iron as regards 
unchkngeability, durability, and strength, was so apparent, that 
iron, and later steel, rapidly displaced wood. No gun carriages, 
not even field, arc now made of that material. It is impossible, 
within moderate limits, to give even a sketch of the various 
forms of mountings that have, as the science of ortillery has 
progressed, been designed to meet the constantly changing 
conditions of warfare. I shall confine myself to the description 
of certain types of carriages, dividing these generally into three 
classes, viz., those for guns of the largest class, which require 
power to work them ; those for guns of medium size, in which, 
by special arrangements, power is dispensed with ; and those 
for guns of a smaller class, which are particularly arranged for 
extremely rapid fire. 

With respect to the first class. On the adoption of heavily 
armed, revolving turrets of the Cowper-Coles type, in which the 
guns are trained for direction by revolving the turret, the first idea 
which naturally presented itself was to utilize steam power for 
this heam work. It was, however, st»on recognized that, on 
acooiitnt of its elasticity steam did not give the necessary steadi- 
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ness and control of movement essential for accuracy of aim, and 
water under pressure was employed as the means of transmitting 
the power from the steam-engine to the machinery for rotating 
the turret and working the guns. 

On land, where an accumulator can be employed, a small 
steam-engine kept constantly at work is used ; but at sea, where 
accumulators, whether made to act by the pressure of steam, 
air, or springs, are inadmissible, a very much larger engine is 
employed sufficiently powerful to supply water to perform all the 
operations ever carried on together. When little or no work is 
required, the engine automatically reduces its speed till it merely 
creeps, so that little or no power is consumed. 

The mode of mounting the guns differs somewhat according as 
they are intended to be placed in a barbette or in a turret. Our 
guns have gradually been increased in length, and are now so 
long (our largest has a length of nearly 45 feet) that it is im- 
possible to provide an armoured turret of sufficient size to 
protect the forward part of the gun, and under these circum- 
stances it is a grave question whether it is worth while to devote 
so much armour to the protection of what is after all the 
strongest part of the gun. 

Of the eight new battle-ships now building, seven are to have 
their guns mounted en barbette^ and one is to be provided with 
armoured turrets. In cither case the guns and their machinery 
are carried on revolving turntables of practically the same form. 
These turntables are placed in an armoured redoubt, and the 
guns, when horizontal, are entirely above the armour, but in the 
ca.se of the ship provided with turiets the breech ends of the 
guhs are covered in, with the turrets placed as an addition on 
the turntables. 

The extra weight required thus to protect the breech ends of 
the guns is for this ship about 550 tons. 

As the hydraulic machinery for ‘ihese new ships differs but 
slightly from that fitted on ships of the Rodtiey and Nile classes, 
the same description will cover all these vessels. The armoured 
barbette battery at each end of the ship is made of a pear shape, 
in order to provide for a pair of ammunition hoists and 
hydraulic rammers at its narrower end. 

These ammunition hoists come right up into the armoured 
barbette and descend to the shell-room and magazine decks, 
forming the channel by which the projectiles and charges are 
rapidly supplied to the guns ; and it must be remembered that 
the weight to be lifted for a single round, including powder and 
projectile, with the necessary cases, considerably exceeds a ton. 
The cage in each hoist is worked by hydraulic cylinders with 
double wire-ropes, and in case of breakage, automatic safety 
gear is fitted to arrest and lock the cage. 

While on the ammunition deck the cages are charged simul- 
taneously from either side, and when hoisted to the battery-deck 
are automatically slowed, and then stopped at the proper posi- 
tion for lo;iding the guns, much depends upon the service of 
ammunition by these hoists being protected from interruption, 
and in the event of derangement of the ca^e, indei^endent 
tackle, worked by an hydraulic capstan, is provided to take its 
place, and a few rounds can also be stowed within the battery. 

In intimate connection with the ammunition hoists are the 
hydraulic rammers on the ammunition deck fdr charging the 
cages, and in the battery for loading the guns. To reduce their 
length within reasonable limits they are made telescopic, and 
they are fitted with indicators to show when the chaises are 
home. 

In the shell-rooms hydraulic cranes and traversing bogies are 
fitted to convey the shell to the base of the ammunition hoist, 
so that a projectile is transported from the place where it is 
stowed to the. shot-chamber of the gun without manual labour 
of any sort except that of moving the various levers to set the 
hydraulic machinery in motion. In the magazines hydraulic 
bollards are provided for hoisting and transporting the powder- 
cases by means of overhead runners. Hand-gear is provided 
as an alternative in both magazine and shell-rooms. 

Each turntable carrying the guns and their fittings is rotated 
by a pair of entirely independent three-cylindered engines, each 
engine being of sufficient power to rotate the tumt^le at the 
speed of one. revolution per minute. The gear for controlling 
them is worked from two or three look-out stations, at either or 
any of which the officer has to his hand the means of elevating, 
training, sighting, and firing either one or both guns. The turning- 
engines are fitted with a powerful spring break, which will hold 
in a seaway, but which is taken off automaticallv when the water 
is admitted to start the engines. Easy control it obtained by 
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the use of servo-motor valves, so that the handwheel is smal 
and requires but little power to move it. It only remains to 
describe as shortly as possible the system of mounting the guns 
on the turntable. The guns are trunnionless, to allow them to 
be as close together as possible, with the view of reducing to 
the smallest possible size the diameter of the turntables. The 
carriages are cradles of steel grooved to correspond with rings 
turned on the guns, and with straps by which the guns are 
secured to the cradles. The carriages are mounted without 
rollers or wheels on slides formed of steel beams of great 
strength, pivoted at their front ends and supported on hydraulic 
presses, by which they are bodily raised or lowered to give the 
guns elevation or depression. In the case of the turret this 
system gives the smallest possible port. The loading of the gun 
is effected while the gun is at extreme elevation, a position 
which is easily determined by dropping the slide on to fixed 
stops, and which gives the best protection for the breech mech- 
anism, for the hoist and rammers. The operations of unlocking 
the breech-block, withdrawing it, traversing it, inserting a load- 
ing tray, and, after completing the loading, performing the same 
operations in reverse order, are all done by hydraulic power, 
and the fittings are so devised that, unless the gun is properly 
locked and run out, it cannot be fired. 

In certain foreign vessels provided with the hydraulic breech 
mechanism, a valve has been arranged which makes in their 
proper order, and in that order only, the eight or ten movements 
necessary to open and close the breech of the gun, but this 
system has not been adopted in our own navy. 

The sights are carried on the top of the turntable, or, in the 
case of a turret, on the turret roof, and are worked automatically 
by an arc attached to the gun slide, gearing into cog-wheels, 
with shafting reaching to each sighting position. 

The system of recoil press adopted on all these §hips is that 
which lends itself most readily to employment also as a running- 
in-and-out press. It consists of a simple cylinder carried in the 
middle of the slide, having working in it a ram with piston, 
attached at the front end to the carriage. Spring-loaded valves 
are placed in the recoil ram piston and at the end of the cylin- 
der, and by these the water escapes when the gun recoils. The 
water which passes through the cylinder valves runs to the 
exhaust-pipe, while that which passes through the piston valve 
remains in the front of the cylinder, and prevents the gun 
charging out again. When the recoil press, is used to run the 
gun in and out, these valves are inoperative, as they are loaded 
much above the working pressure in the hydraulic mains. The 
high pressure of recoil does not enter the hydraulic mains, as 
the supply to the rear of the press, where alone the high pressure 
of recoil exists, is made backwards and forwards, through a valve 
which shuts itself automatically when not in use. 

Before leaving the working by power of heavy guns, there is 
one example of mounting a pair of guns cn barbette which, 
although it has many points in common with the system I have 
just described, has also some points of difference, which it may 
be worth while to note. 

Objections have sometimes been urged to the fixed loading 
station on the grounj^ that it is necessary to bring the guns to it 
and lock them th&re until sponged and loaded, thereby involv- 
ing, not only a loss of time, but, under certain conditions, 
exposing them more to the enemy’s fire. 

In ships of the Re Umberto type, what is termed an all-round 
loading is obtained by bringing up the ammunition through a 
central hoist to the deck below the turntable. From this cen- 
tral hoist it is transferred to two other hoists, which are carried 
on the turntable behind the guns. The transfer is made by 
hand for the powder, and Uv sliding down a tray for the pro- 
jectile, this work being perforriled by men on the deck below 
the turntable. The hydraulic rammers are fixed to the turn- 
table, and are very much shortened by being made with more 
rams. In spite of this arrangement, however, the hoists are 
rather cramped, and the breech mechanism has to be made to 
pass from behind the gun, so as to permit the gun to recoil, and 
the gun is rather further forward than usual when run out. 

With these reservations, however, the system has advantages : 
the reduction in the armour required to protect the turntable 
and its machinery is considerable, and the redoubt being round 
instead of pear-shaped, presents a smaller and stronger surface 
to the enemy when broadside on. 

I very much doubt, however, whether with this system there 
can be any advantage in rapidity of fire* Training to the load- 
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ing station is in our navy very quickly done, and the turntable 
is rotated while the guns are being run in or out. 

It is hardly necessary to say that hydraulic machinery for guns 
was worked out by my friend and late partner Mr. George 
Kendel, and up to*the end of i88i all details connected there- 
with were made under his management. 

I ought perhaps to give you some idea of the rate at which 
these heavy guns worked by power can be fired. 

In the case of the Benbaiv^ with the iio-ton gun the time 
from “load” to “ready” was 2^ minutes. In the firing trials 
of the Trafalgar four rounds were fired from one of her j 58 -ton 
guns in 9 minutes 5 seconds. In thd Colossus, when under com- 
mand of Captain Cyprian Bridge, the average from one round 
to another was i minute 45 seconds, and on one occasion, 
steaming at 8 knots per hour past a target at a distance of 1500 
yards, she fired four rounds in six minutes, striking the target 
three times. 

Of the mountings which are worked solely by manual power, 
the whole range for naval service is covered by th# carriages of 
the type designed by Mr. Vavasseur. No single description can 
be made tt) cover all the varieties of these mountings which have 
been worked out to meet the diverse conditions which have 
arisen in the re-arming of old ships, and the fitting out of new 
vessels on modern and novel designs. The very general adop- 
tion of breech-loading ordnance brought with it the necessity for 
a mounting which would give easier access to the breech of the 
gun than was obtained with the long low gun-slide employed 
with the muzzle-loading guns. The main features of the type, 
therefore, are : a high slide, very short, so as not to project 
beyond the breech of the gun, a short low carriage carrying on 
either side the recoil presses, and a shield to afford protection 
both to the carriage and the gun crew. * 

The increased importance of rapid-fire guns has led in later 
carriages to a strong armour plate being built into the mounting 
as part of Us structure, and to this must be added the shield 
above mentioned, so that the total protective thickness of plate 
is very considerable. 

By means of a worm wheel sliding on a keyed shaft the move- 
ment of the gun for elevation or depression can be made up to 
the instant of firing — a decided and very important advance on 
the older methods. 

The arrangerrl^nt of the recoil-cylinders is peculiar. They 
are fitted with a pair of pistons with rotating valves, so adjusted 
as to be open when the gun is in the firing position, and to be 
gradually closed during recoil by studs running along rifled 
grooves in the cylinders ; by this ingenious contrivance the area 
of the ports of the valves is increased and then decreased in 
proportion to the variation of the velocity of recoil, so that the 
liquid passes from one side of the piston to the other at as nearly 
as possible a constant velocity and under a constant pressure. 
The velocity of the flow through the ports, and therefore^ the 
pressure of the liquid, varies with the energy of the recoil of 
the gun, so that the length of the recoil is with all charges 
practically the same. 

Even a blank charge produces nearly full recoil, and on one 
occasion caused one of these mountings to be reported as un- 
serviceable, and unfit to fire a shotted round. Constant length 
of recoil has the advantage over constant pressure in the recoil- 
presses that, in the event of an unusually heavy recoil, a higher 
pressure in the recoil-press would in the former case be the only 
result, and would do no harm, as the pressure would still be 
much below the test-pressure ; but in the latter case there wcfhld 
be an increased length of recoil, and, unless considerable mar^n 
were allowed, a possible destruction of the slide. 

Most frequently the Vavasseur mountings are made with 
central pivots and there is then little tendency for the move- 
ments of the vessel to affect the mounting, and as the weight is 
borne upon a ring of live rollers the greatest ease of training is 
obtainea. ^ 

In the larger sizes the centre pivot is increased in size, and 
made hollow so as to provide for the passage through the centres 
of a powder hoist, which, after rising high enough, curves to 
the rear under the gun and delivers its charge at the point where 
it can most conveniently be drawn out for insertion in the gun. 

In this case a foot plate is also provided as a rear attachment to 
the slide, and from this the crew work the gun. This foot plate 
is provided with boxes for eight or ten projectiles, which are 
therefore ready for use at any moment and in any position of 
training. These mountings are fitted in the belted cruisers of 
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the Orlando class, one being carried at the fore and one at the 
after end of each ship. 

'As a sufificient proof of the value of these mountings and of 
th j ability which has been displayed in their design, I may men- 
tion that practically all countries have adopted these carriages 
for modern guns, either without any alteration or with compara« 
tively unimportant modification. 

In discussing our modem ordnance I only alluded to quick- 
firing gunis, because in their case the gun and mounting are so 
closely connected, the efficiency of the system depending as 
much upon the one as the other, that a separate description of 
cither would be incomplete, Und they are more easily described 
together. The great success which attended the small Hotch- 
kiss and Nordenfelt three- and six-pounder guns led me to con- 
sider whether the same principle could not be applied to large 
guns, and we designed and made at Els wick the 4*7 inch and 
5*5 inch quick-firing guns which were so successfully tried by 
the Excellent at Portsmouth. Subsequently, with the co-opera- 
tion of Mr. Vavasseur, various improvements were made, and 
for the sake of uniformity in calibre a 6-inch was substitute for 
the 5'5-inch gun. 

One of the peculiarities of these guns is in the form of the 
breech-screw which, while on the principle of the interrupted 
screw, is made conical, so as to simplify the action of opening 
and closing — the principle of the ordinary rifle cartridge has 
been extended to tne ammunition for these guns. This not only 
allows extremely rapid loading, but secures safety from prema- 
ture explosions in rapid firing. The cartridges are fired elec- 
trically, and, not having their own ignition, there is no danger 
of exploding them either when stowed in the magazine or if 
accidentally dropped in the handling. 

ToYollow the rapid movements of a torpedo boat it is essential 
that there should be the most perfect control over the gun and 
mounting, and the most effective mode of rapid fire is to keep 
the gun always on the object aimed at, allowing the g^n itself to 
fire as the breech is closed. The captain stands at the side of 
the gun, shielded by a guard-plate from the recoil, his shoulders 
braced against a shoulder- piece which is unaffected by the 
recoil ; his eye aligns the sights ; with one hand he works the 
elevating; or training wheel, and with the other grasps the 
firing-trigger, or, for rapid firing, the training-wheel may be 
thrown out of gear, and direction given by the shoulder-piece 
alone. The mounting is a centre pivot, and, being on live 
roller^ turns with the least effort. The gun has no trunnions, 
but slides in a carriage which envelopes it like a sleeve. The 
trunnions are on this carriage, so that the two are toother 
pivoted like an ordinary gun in a fixed lower carriage. There 
is no preponderance when the gun is in the forward position, 
and the recoil lasts for so short a time that the disturbance of 
the centre of gravity is not felt on the elevating -gear or 
shoulder-piece. The lower side of the carriage is formed into a 
Tecoil press, the piston-rod of which is attached to a horn on the 
rear of the gun. 

There is also a spring-box, with rod attachments to the horn, 
by which the gun is instantly run out as soon as the recoil is 
expended. Efficient shields are provided to protect the crew. 
The revolving weight of the gun and mounting is 5 tons ; yet, 
with the shoulder against the shoulder- piece, it can be swung 
through 90^ in 2 seconds, and with the gear can be trained 
through the same arc in 5 seconds. It is possible to fire from 
this gun at the rate of 10 to 12 rounds per minute, and on one 
occasion 10 rounds were fired in 47 seconds ; but perhaps the 
mgst striking experiment with the gun was made ^at Shoebury- 
n&s, when five rounds were fired in 31 seconds at a 6' x 6' 
target at 1300 yards, all of which struck the object aimed at. 

A trial has also been recently made between twq cruisers, the 
one armed with ordinary breech-loading, the other with quick- 
firing artillery, from which it appears that when firing at a 
target the latter, in a given time, was abl^^^to discharge about 
six times the quantity of ammunition fired by the former. I 
need not impress upon you the significance of these facts or the 
importance of quick-firing armaments, especially if firing shell, 
possibly charged with high explosives, against the unarmoured 
portions of cruisers or other vessels. 

The accuracy and the shell power of rifled guns have naturally 
had their effect upon the mountings for the land service, experi- 
ments having conclusively shown that batteries armed with guns 
placed in ordinarv embrasures would soon be rendered untenable. 
Among the expedients that have beeiv adopted or suggested to 
meet the alterM conditions, the system of making the gun dis- 
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wpear behind a parapet or into a pit, with which the name of 
Colonel Moncrieff has been so long and so honourably asso- 
ciated, is more and more coming into favour as the most 
effective mode of protection for the gun and its mounting, as 
well as for the gun detachment. During the last ten years much 
attention has been devoted to the designing of various mountings 
on this system for all weights of guns from 3 up to 68 tons. 

In the earliest carriages of this type the gun was raised by the 
descent of a balance weight, but tne most successful arrange- 
ment is that in which compressed air is employed for the 
purpose. The 9‘2-inch and 10- inch hydro-pneumatic mountings 
are the largest sizes as yet adopted into the English service, and 
a description of them will serve for that of the type generally. 

The gun on this system is raised by compressed air stored in 
several chambers, and acting through the medium of a fluid 
upon a recoil ram. 

On the recoil of the gun the liquid is driven from the cylinder 
by the incoming ram into the lower parts of the air chambers, 
so that as much as is required of the energy of recoil is stored 
up by the compression of the air, and is used to raise the gun for 
the next round. The gun is raised up and lowered on two 
heavy beams pivoted to the lower carriage. Two long light 
elevating rods, pivoted at one end to the breech of the gun, at 
the other to the lorwer carriage, hold the gun in correct position 
as it rises or falls ; the elevation is changed by moving the 
position of the lower ends of the elevating rods. This can be 
done when the gun is down without disturbing it, and con- 
sequently with very little labour. The effect of the change is 
c^^parent after the gun rises, when any slight correction can be 
made if desired. Generally these mountings have been made 
with overhead shields placed a little below the level of the top 
of the gun pit, and entirely closing it. There is an aperture 
through which the gun rises, but which can be closed when the 
gun is out of action. 

In the case of the lo-inch gun the total weight of the revolving 
mass is 80 tons. Only two men are required at the hand-wheels 
to revolve it — in fact, it is within the power of one man to do 
the whole work. The ordinary speed of training is 90® in 
1} minute, while the time required to raise the gun to the firing 
position is 20 seconds. The speed of rising might be consider- 
ably increased, but, taking the weight of the mass in motion into 
account, it does not appear to be desirable to accelerate it. 

At Maralunga, Spezia, in March of the present year, the first 
68-ton disappearing mounting, manufactured for the Italian 
Government, was tried with most satisfactory results. Fifteen 
rounds were fired in all, some of them being made to give 
greatly increased energy of recoil, with the view of proving the 
gun and mounting. 

The gun was worked entirely by hand-power, and on land no 
difficulty is experienced in thus dealing with it, while the 
system postesses the advantage that it is always ready for use 
should It be required, but no great alteration is necessary to 
adapt the mounting for use with hydraulic power. 

In this case the water from the recoil press is driven through 
spring-loaded valves instead of into air chambers. There is, 
tnerefore, no storing up of the recoil energy, and to raise the gun 
to the firing position, water pressure from ah accumulator kept 
charged by a steam-pumping engine in the usual way is em- 
ployed. These guns and mountings are too large to be easily 
covered by an overhead shield, but they are provided with 
shields at the front and rear to protect the gan detachments. 

Another very successful mounting for land service has been 
made for guns when the site is such that it is permissible to 
place them en barbette. The gun is entirely above the parapet, 
but the detachment is protected whil^ loading and working the 
gun by a broad sloping shield carried on the gun carriage and 
recoiling with it. The shield is inclined so that any splinters, 
&c., striking it, may be deflected in an upward direction. 

The carriage runs back on a long slide inclined at 5^ and at 
the end of the recoil is caught by a spring catch, which retains it 
in the run in position until the loading is finished. To load, 
the gun is put at extreme elevation, so that the breech may be as 
muen under protection as possible, the charge being rammed 
home with a hand rammer worked by rope tawle. The slide is 
mounted on front and rear rollers, and has an actual central 
pivot. The recoil is controlled by a single Vavasseur recoil 
cylinder placed in the centre of the slide, and giving a constant 
length of recoil for all charges, so that the spring catch to retain 
the gun at extreme recoil for loading is always reached. 

To run out after lolUling, the spring catch is released, and the 




incline^ of the slide is sufTicient to cause the gun to run out, 
which it does smartly, but is checked and brought to rest quietlv 
l)y means of a controlling ram placed at the end of the recoil 
press. 

But I must conclude. I trust I have said enough to satisfy 
you as to the indebtedness of the naval and military services tb 
mechanicians and to mechanical science^ but you will also under- 
stand that within the limits of an address it is impossible to 
give a complete survey of so large a subject, and that there are 
important fields I have left wholly untouched. 


SECTION H. 

ANTHROPOLOGY. 

Opening Address by John Evans, D.C.L., LL.D., D.Sc., 
Treas.R.S., Pres. S. a., F.L.S., F.G.S., President of 
THE Section. 

In the year 1870 I had the honour of presiding over what was 
then the Department of Ethnology in the Biological Section of 
the British Association at its meeting in Liverpool. Since that 
time twenty years have elapsed, during the greater portion of 
which period the subjects in which we are principally interested 
have been discussed in a Department of Anthropology forming 
part of the organization of the Biological Section ; although since 
1883 there has been a new Section of the Association, that of 
Anthropology, which has thus been placed upon the same level 
as the various other sciences represented in this great parliament 
of kno^^Iedge. This gradual advance in its position among 
other branches of science proves, at all events, that, whatever 
may have been our actual increase in knowledge. Anthropology 
has gained and not lost in public estimation, and the interest in 
all that relates to the history, physical characteristics, and progress 
of the human race is even more lively and more universal than 
it was twenty years ago. During those years much study has 
been devoted to anthropological questions by able investigators, 
both in England and abroad ; and there is at the present time 
hardly any civilized country in the world in which there has not 
been founded, under some form or another, an Anthropological 
Society, the publications of which are yearly adding a greater or 
less quota to our knowledge. The subjects embraced in these 
studies are too numerous and too vast for me to attempt even in 
a cursory manner to point out in what special departments the 
principal advances have been made, or to what extent views that 
were held as well established twenty years ago have had either 
to be modified in order to place them on a surer foundation, or 
have had to be absolutely abandoned. Nor could I undertake 
to enumerate all the new lines of investigation which the in- 
genuity of students has laid open, or the different ways in 
which investigations that at first sight might appear more 
curious than useful have eventually been found to have a direct 
bearing upon the ordinary affairs of human life, and their results 
to be susceptible of application towards the promotion of the 
public welfare. I may, however, in the short space of time to 
which an opening address ought to be confined, call your atten- 
tion to one or two subjects, both theoretical and practical, which 
are still under discussion by anthropologists, and on which as yet 
no general agreement has been arrived at by those who have 
most completely gone into the questions involved.- 

One of these questions is : What is the antiquity of the human 
race, or rather what is the antiquity of the earliest objects 
hitherto found which can with safety be assigned to the handi- 
work of man? This question is susceptible of being entirely 
separated from any speculations as to the genetic descent of man- 
kind ; and, even were it Satisfactorily answered to-day, new 
facts might to-morrow come to light that would again throw 
the question entirely open. On any view of probabilities, 
it is in the highest degree unlikely that we shall ever discover 
the exact cradle of our race, or be able to point to any object as 
the first product of the industry and intelligence of man. We 
may, however, I think, hope that •from time to time fresh dis- 
coveries may be inade of objects of human art, under such 
circumstances and conditions that we may infer with certainty 
that at some given point in the world's history mankind existed, 
and in sufficient numbers for the relics that attest this existence 
to show a correspondence among themselves, even .when dis- 
covered at remote distances from each other. 

Thirty-one years ago, at the meeting of this Association at 
Aberdeen, when Sir Charles Lyell, in the Geological Section, | 
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called attention to the then recent discoveries of Palseolithic 
imj^lements in the Valley of the Somme, his conclusions as to 
their antiquity were received with distrust by not a few of the 
geologists present. Five years afterwards, in 1864, when Sir 
Charles presided Over the meeting of this Association at Bath, 
it was not without reason that he quoted the saying of the Irish 
orator, that ‘‘they who are born to affluence cannot easily 
imagine how long a time it takes to get the chill of poverty out 
of one's bones." Nor was he wrong in saying that we of the 
living generation, when called upon to make grants of thousands 
of years in order to explain the events of what is called the 
modern period, shrink naturally at first from making what seems 
so lavish an expenditure of past time. Throughout our early 
education we have been accustomed to such strict economy in all 
that relates to the chronology of the earth and its inhabitants in 
remote ages, so fettered have we been by old traditional beliefs, 
that even when our reason is convinced, and we are persuaded 
that we ought to make more liberal grants of time to the geo- 
logist, we teel how hard it is to get the chill of poverty out of 
our bones." 

And yet of late years how little have we heard of any scruples 
in accepting as a recognized geological fact that, both on the 
Continent of Europe and in these islands, which were then more 
closely connected with that continent, man existed during what 
is known as the Quaternary period, and was a contemporary of 
the mammoth and hairy rhinoceros, and of other animals, 
several of wliich are either entirely or locally extinct. It is true 
that there are still some differences of opinion as to the exact 
relation in time of the beds of river gravel containing the relics of 
man and the Quaternary fauna to the period of great cold which 
is know'n as the Glacial period. Some authors have regarded 
the gravels as pre-Glacia), some as Glacial, and soffle as 
post-Glacial ; but, after all, this is more a question of terms 
than of principle. AH are agreed, for instance, that in the 
eastern c<aanties of England implements are found in beds 
posterior to the invasion of cold conditions in that particular 
region, though there may be doubts as to how much later these 
conditions may have prevailed in other parts of this countiy. 
All, too, are agreed that since the deposit of the gravels con- 
siderable changes have taken place in the configuration of the 
surface of the country, and that the time necessary for such 
changes must Imve been very great, though those in whose 
bones the chill of povertj^ still clings are inclined to call in 
influences by which the time required for the erosion of the 
river valleys in which the gravels occur may be theoretically 
diminished. 

On the other hand, there have been not a few who, feeling 
that the evidence of the existence of the human race has now 
been satisfactorily established for Quaternary times, and that 
there is no proof that what has been found in the ordinary 
gravels belongs to anything like the first phases of the family of 
man, have sought to establish his existence in far earlier Tertiary 
times. In the view that earlier relics of man than those found 
in the river gravels may eventually be discovered, most of those 
who have devoted special attention to the subject will, I think^ 
concur. But such an extension of time can only be granted on 
conclusive evidence of its necessity ; and, before accepting the 
existence of Tertiary man, the grounds on which his family-tree 
is based require to be most carefully examined. 

Let me say a few words as to the principal instances on which 
the believer in Tertiary man relies. These may be classified 
under three heads ^ : (i) the presumed discovery of parts of the 
human skeleton ; (2) that of animal bones said to have been cut 
and worked by the hand of man ; and (3) that of flints thought 
to be artificially fashioned. 

On most gf these I have already commented elsewhere.^ 
Under the first head I may mention the skull discovered by 
Prof. Cocchi at Olmo, near Arezzo, with which, however, dis- 
tinctly Neolithic implements were associated ; the skeletons 
found at Castelnedolo, of which 1 need only say that M. Seivi, 
who described the discovery, r^arded them as the remains of m 
family party who bad suffered ^ipwreck in Pliocene times ; and 
the fossil man of Denise, in the Auve^ne, mentioned by Sir 
Charles Lyell, who may have been buri^ in more recent times 
under lava of Pliocene date. On these discoveries no superstructure 
can be built. The Calaveras skull seems to have better claims 

' Sea A. Arcelin, L* Homme Tertiaire/’ Paris, 20 rue de la Chaise^ 
188^ 

a Trans. Herts. Nat. Hist. 9 bc., vol. i. p. 145 ; Address to the Anthrop. 
Inst., 1883,*' AntA. yaum,^ vol. xii. p. 565. « 
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to a high antiquity. It is said to have been found at a depth of 
153 feet in the auriferous gravels of Califorjiia, containing re- 
mains of xnastodon, and covered by five or six beds of lava or 
volcanic ashes. Hut here again doubts enter into the case, as 
well-fashioned mortars, stone hatchets, and' even pottery, are 
said to occur in the same deposits. In the same way the dis- 
coveries of M. Ameghino at the mouth of the Plata, in the 
Argentine Republic, require much further corroboration. 

The presumably worked bones which I have placed in the 
second category, such as those with incisions in them from St. 
Prest, near Chartres, the cut bones of Cetacea in Tuscany, the 
fractur'ed bones in our own crag-deposits, and numerous other 
specimens of a similar character, have, by most geologists, been 
regarded as bearing marks entirely due to natural agencies. It 
seems more probable that in bones deposited at the bottom of 
Pliocene seas, cuts and marks should have been produced by the 
teeth of carnivorous fish, than by men who could only have lived 
on the shores of the seas, and who have left behind them no 
instruments hy which such cuts as those on the bones could have 
been produced. 

As to the third category, the instruments of flint reported to 
have been found in Tertiary deposits, those best known arc 
from St. Prest and Thenay, in the north-west of France, and 
Oita, in Portugal. 

These three localities I have visited ; and though at the two 
former the beds in which the flints were said to have been found 
are certainly Pliocene, there is considerable doubt in some cases 
whether the flints have been fashioned at all, and in others, 
where they appear to have been wrought, whether they belong 
to the beds in which they are reported to have been found, and 
have not come from the surface of the ground. Even the 
suggestion that the flints of Thenay were fashionei by the 
Dryopithecus, one of the precursors of man, has now been 
retracted. At Oita the flakes that have been found present, 
as a rule, only a single bulb of percussion, and, htving been 
found on the surface, their evidence is of small value. The 
exact geological age of the beds in which they have occurred is, 
moreover, somewhat doubtful. On the whole, therefore, it 
appears to me that the present verdict as to Tertiary man must 
be in the form of Not proven.’' 

When we consider the v ast amount of time comprised in the 
Tertiary period, with its three great principal subdivisions of 
the Eocene, Miocene, and Pliocene, and when we bear in mind 
that of the vertebrate land animals of the Eocene no one has 
survived to the present time, while of the Pliocene but one — the 
hippopotamus — remains nnm nlified, the chances that man, as 
at present constituted, should also be a survivor from that 
period seem remote, and against the species Homo sapiens 
having existed in Miocene times almost incalculable. The 
A priori improbability of finding man unchanged, while all the 
other vertebrate animals around him have, from natural causes, 
undergone more or less extensive modification, will induce all 
careful investigators to look closely at any evidence that would 
carry him back beyond Quaternary times ; and though it would 
be unsafe to deny the possibility of such an early origin for the 
human race, it would be unwise to regard it as established 
except on the clearest evidence. 

Another question of more general interest than that of the 
existence of Tertiary man is that of the origin and home of the 
Aryan family. The views upon this subject have undergone 
important modification during the last twenty years. The 
opinions based upon comparative philology alone have received 
a rude shock, and the highlands of Central Asia are no longer 
accepted without question as the cradle of the Aryan family, but 
it is suggested that their home is to be sought somewhere in 
Northern Europe. While the Germans contend that the primi- 
tive .Aryans were the blue-eyed dolichocephalic race, of which 
the Scandinavians and North Germans are typical examples, 
the French are in favour of the view that the dark-haired 
brachycephalic race of Gauls, now well represented in the 
Auvergne, is that of the primitive Aryans. I am not going to 
enter deeply into this question, on which Canon Isaac Taylor 
has recently published a comprehensive treatise, and Mr. Frank 
Jevons a translation of Dr. Schrader’s much more extensive 
work, **The Prehistoric Antiquities of the Aryan Peoples.” 
Looking at the changes that all languages undergo, even when 
they have the advantage of having been reduced into the written 
form, and bearing in mind the rapidity with which these changes 
. ariplkffected ; bearing in mind, also, iPur extreme ignorance of 
Che actual fo^ms of language in use among prehistoric races un« 
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acquainted with the art of writing, I, for one, cannot wonder a 
something like a revolt having arisen against the dogmatic asser- 
tions of those who have, in their efforts to reconstmcl early 
history, confined themselves simply to the comparative study of 
languages and grammar. But, notwithstanding any feeling of 
this kind, I think that all must admire the enormous industry 
and the varied critical faculties of those who have pursued these 
studies, and must acknowledge that the results to which they 
have attained cannot lightly be set aside, and that, so far as 
language alone is concerned, the different families, their pro- 
vinces, and mutual relations have, in the main, become fairly 
established. The study of “linguistic palaeontology,” as it has 
been termed, will help, no doubt, in determining still more 
accurately the affinities of the different forms of language, 
and in fixing the dates at which one separated from another, 
as well as the position that each should occupy on the 
family-tree — if such a tree exists. But even here there 
is danger of relying too much on negative evidence ; and 
the absence in the presumed original Aryan language of 
special words for certain objects in general use ought not 
to be regarded as affording absolute proof that such 
objects were unknown at the lime when the languages con- 
taining such words separated from the parent stock. Not only 
Prof. Huxley, but Broca and others have insisted that language 
as a test of race is as often as not, or even more often than not, 
entirely misleading. The manner in which one form of lan- 
guage flourishes at the expense of another ; the various ways in 
which a language spreads even otherwise than by conquest ; the 
\act that different races, with totally different physical character- 
istics, are frequently found speaking the same language, or but 
slightly different dialects of it — all conduce to show how im- 
perfect a guide comparative philology may be so far as anthropo- 
logical results are concerned. Of late, prehistoric archaeology 
has been invoked to the aid of linguistic re.searche8 ; but here 
again there is great danger of those who are most conversant with 
the one branch of knowledge being but imperfectly acquainted 
with the other. The different conditions prevailing in aifferent 
countries, the degrees of intercourse with other more civi- 
lized nations, and local circumstances which influence the 
methods of life, all add difficulties to the laying down of any 
comprehensive scheme of archaeological arrangement which 
shall embrace the relics, whether sepulchral or domestic, of 
even so limited an area as that of Europe. We are all natur- 
ally inclined to assume that the record of the past is compara- 
tively complete. But in archaeology no more than geology does 
this appear to be the case. The interval between the period of 
the river-gravels and that of the caves, such as Kent’s Cavern, in 
England, and those of the Reindeer period of the south of France, 
may have been but small ; but our knowledge of the transi- 
tion is next to none. The gap between the Palaeolithic 
period and the Neolithic has, to my mind, still to be bridged 
over, and those who regard the occupation of the Belgian caves 
as continuous from the days of the reindeer down to late Neo- 
lithic times seem to me pos.sessed of great powers of faith. 
Even the relations in time between the kjokkenmoddings of 
Denmark and the remains of the Neolithic age of that country 
are not as yet absolutely clear ; and who can lx the exact limits 
of that age? Nor has the origin and course of extension of the 
more recent Bronze civilization been as yet satisfactorily deter- 
mined ; and until more is known, both as to the geographical 
and chronological development of this stage of culture, we can 
hardly hope to establish any detailed succession in the history 
of the Neolithic civilization that went before it. In the mean- 
time, it will be for the benefit of our science that speculations as 
to the origin and home of the Aryan family should be rife ; but 
it will still more effectually conduce to our eventual knowledge 
of this most interesting question if it be consistently borne in 
mind that they are but speculations. 

Turning from theoretical to practical subjects, I may call 
attention to the vastly improved means of comparison and study 
that the ethnologists of to-day possess as compared with those 
of twenty years ago. Not only have the books and periodicals 
that treat of ethnology multiplied in all European languages, 
but the number of museums that have been formed with the 
express purpose of illustrating the manners and customs of the 
lower races of mankind has also largely increased. On the 
Continent, the Museums of Berlin, Paris, Copenhagen, and 
other capitals have either been founded or greatly improved ; 
while in England our ethnological collections infinitely surpass, 
l>oth in the number of objects they contain and in the method 
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of their arrangement, what was accessible in 1870. The Black - 
more Museum at Salisbury was at that time already founded, 
but has since been considerably augmented. In London, also, 
the Christy collection was already in existence, and calculated 
to form an admirable nucleus around which other objects ancf 
collections might cluster ; and, thanks in a great degree to the 
trustees of the Christy collection, and in a far greater degree to 
the assiduous attention and unbounded liberality of the keeper 
of the department, Mr. Franks, the ethnological galleries 
at the British Museum will bear comparison with any of 
those in the other European capitals. The collections of pre- 
historic antiquities, enlarged by the addition of the fine series of 
urns and other relics from British barrows explored by Canon 
Greenwell, which he has generously presented to the nation, and 
by other accessions, especially from the French caverns of the 
Reindeer period, is now of the highest importance. Moreover, 
for purposes of comparison the collections of antiquities of the 
Stone and Bronze periods found in foreign countries is of enor- 
mous value. In the ethnological department the collections 
have been materially increased by the numerous travellers and 
missionaries which this country is continually sending forth to 
assist in the exploration of the habitable world ; and the student 
of the development of human civilization has now the actual 
weapons, implements, utensils, dress, and other appliances of 
most of the known savage peoples ready at hand for examina- 
tion, and need no longer trust to the often imperfect representa- 
tions given in books of travel. But besides the collection at 
Bloomslyiry there is another most important Museum at Oxfora, 
which that University owes to the liberality of General Pitt- 
Rivers. It is arranged in a somewhat different manner from 
that in London, the main purpose being the exhibition of the 
various modifications which ornaments, weapons,, and instru- 
ments in common use have undergone during the process of de- 
velopment. The skilful application of the doctrine of evolution 
to the forms and characters of these products of human art gives 
to this collection a peculiar charm, and brings out the value of 
applying scientific methods to the study of all that is connected 
with human culture, even though at first sight the objects 
brought under consideration may appear to be of the most 
trivial character. 

So far as the museums more intimately connected with anthro- 
pology are concerned, the advance that has been made has been 
equally well marked. The ostcological collections both at the 
Royal College of Surgeons and at the Natural History Museum 
have received important accessions, especially in the cranio- 
logical department ; and the notable addition of the Barnard 
Davis collection to that previously existing in Lincoln's Inn 
Fields has placed the Museum of the College in the foremost 
rank. The Museums at Oxford and Cambridge have also re- 
ceived most important accessions : the one, of the Greenwell 
collection from British barrows ; the other, of the Thumam 
collection of skulls. 

Tho value of the small hand-book for travellers, issued under 
the title of ** Anthropological Notes and Queries,” has been 
proved by the necessity for a new edition, towards which the 
British Associatibn*has made a grant. Some delay in the pub- 
lication of the new issue has taken place, but I hope that the 
rel^ort of the Committee in charge of the w'ork may give 
assurance of the book being now in a forward state. 

The feasibility of assigning trustworthy marks for physical 
qualifications in candidates for posts either in the military or 
civil departments of the State has now for some time been 
attracting more or less of public attention, and the subject has 
been taken up by the Coiyicil of thw Association. The result 
of their communications on this subject with the Government 
has been made known in their Report, and I need not enter into 
the history of the correspondence that has passed upon the 
question. Whatever course may at the present time be adopted, 
we may, I think, feel confident that eventually due weight will 
have to be attached to physical capacity in selection for appoint- 
ments in the military branch of the public service, for which, 
indeed, at the present time a medical examination has to be 
passed. Thanks to the ingenuity of Mr. Francis Galton and 
others, we have now instruments at our command, not only for 
testing muscular force, breathing capacity, and other bodily 
characteristics, but also for ascertaining the closeness and 
rapidity of connection between the organs of seeing and hearing, 
and the action of the muscles required to be brought into play. 
In these experiments nervousness, no doubt, is to some extent a 
factor, but perhaps the rough-and-ready test of the South 
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American commander was, for ascertaining the presence or |ib- 
sence of nervousness, even more effective. Wlien promotion df 
some officer was about to be made upon the field, the general 
caused all the possible candidates to be arranged around him, 
each armed with a flint and steel and a cigarette, and be who 
first was satisfactorily smoking was promoted then and there. 

Connected with the question of general physical capacity is 
that of the proper appreciation of colours, the absence of which 
is a fruitful source of danger, both by land and at sea. It is, 
indeed, impossible to say how often an apparently inexplicable 
accident may not have arisen from sdhie form of colour-blindness, 
such as the inability to distinguish red from green, in a person in 
charge of a ship, a train, or of points on a railway. True, there 
are some forms of examination to be gone through, both bv 
mariners and railway officials, with the view of testing their 
powers and correctness of vision ; but it is very doubtful whether 
the tests employed or the manner in which the examinations are 
conducted can be regarded as in all respects satisAictory. For 
the purpose of investigating the phenomena, and, if possible, the 
physical causes of colour-blindness and allied defects of vision, 
and also* with the view of suggesting improvements in the 
methods of determining the existence of such defects in candidates 
for maritime or railway employment, the Council of the Royal 
Society has appointed a Special Committee. Its labours, how- 
ever, are not yet finished, and no report has hitherto been re- 
ceived from the Committee. 1 mention the subject as one in 
which all anthropologists will be interested, and the importance 
of which must be universally acknowledged. The most singular 
feature in the case is that the subject, though carefully investi- 
gated by several private inquirers, should have waited so long 
before being submitted to some public or quasi- public body for 
investigation. 

The subjects of an anthropological survey of the tribes and 
castes in dftr Indian possessions, and of the continued investiga- 
tion of the habits, customs, and physical characteristics of Uie 
North-Western tribes of the Dominion of Canada, were both 
recommended for consideration to the Council of this Associa- 
tion by the General Committee at the meeting at Newcastle. 
We have heard from the Report of the Council what has been 
done in the matter. The lapidity with which the various native 
tribes in differein parts of the world arc either modified, or in 
some cases exterminated, affords a strong argument for their 
characteristics, both physical and mental, being investigated 
without delay. 

There are, indeed, now but few parts of the world the in- 
habitants of which have not, through the enterprise of travellers, 
been brought more or less completely within our knowledge. 
Even the centre of the dark African continent promises to 
become as well known as the interior of South America, and to 
the distinguished traveller who has lately returned among us 
anthropologists as well as geographers owe their warmest thanks. 
It Is not a little remarkable to find so large a tract of country 
still inhabited by the same diminutive race of human beings that 
occupied it at the dawn of European history, and whose existence 
was dimly recognized by Homer and Herodotus. The story 
related by the latter about the young men of the Nasamones who 
made an expedition into the interior of Libya and were there 
taken captive by a race of dwarfs receive^ curious corroboration 
from modern travellers. Herodotus may, indeed, slightly err 
when he reports that the colour of these pygmies was black, and 
when he regards the river on which their principal town^was 
situated as the Nile. Stanley, however, who states that there 
are two varieties of these pygmies, utterly dissimilar in , com* 
plexion, conformation of the head, and facial cbamcteristics^ 
was not the ^rst to rediscover this ancient race. At Uie C 84 of 
the sixteenth century, Andrew Battel, our countryman, 'Who, 
having been taken captive by the Portuguese, spent many fern 
in the Congo district, gave ah account of the Matimbas, a pygmy 
nation of the height of boys of twelve years old ; and in later tunes 
Dr. Wolff and others have recorded the existence of the same or 
similar races in Central Africa. Nor must we foiget that for a 
detailed account of an Acca skeleton we are indebted to the out- 
going President of this Association, Prof. Flower. It is not, 
however, my business here to enter into any detailed account of 
African exploration or anthropology. 1 have made this incidental 
mention of these subjects rather from a feeling that in Africa,, 
as well as in Asia and America, native races ase in danger of 
losing their primitive characteristics, if not of partial or total 
extermination, and that there also the anthropolc^ist and 
naturalist must take the earliest possible opportunities for their 
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researches. Already the day is past when the similitude drawn 
by Anaxilas between music and Africa holds good, and even 
Cornelius Agrippa could no longer maintain that he sayeth not 
amisse : By God, sayeth he, Musicke is even like Affiricke ; it 
yearely bringeth foorth some straunge Beaste/*^ 

I have, however, said enough on what I feel are somewhat 
vague and general topics, and will now ask you to devote your 
attention to the business of the Section, when, no doubt, many 
subjects of interest will be more particularly discussed. 


NOTES. 

Within the next few days the National Association for the 
Promotion of Technical and Secondary Education will issue a 
brief Guide to Evening Classes in London,” which is the first 
attempt to gH e a systematic account of the educational work 
carried on in such classes throughout the metropolis. The 
Guide will be classified according to subjects and districts, so 
that an intending student can see at a glance the place, day, 
and hour at which classes are available in any particular subject 
in the district in which he lives, as well as the fee, name of 
instructor, and other details. The price will be 6^., and the 
publishers will be Messrs. Cassell and Co. 

The following is a list, in brief, of subjects on which the 
Dutch Society of Sciences at Haarlem invite research ; — A 
history of the mathematical and physical sciences in Holland ; 
isomorphism ; minerals in the river and dune sands on the 
Dutch coast ; the accessory sexual glands in mammalia ; heat 
liberated in solution of various salts in water ; decomposition of 
water or other liquids by disruptive electric discharges within or 
on the surface ; influence of compression in different directions 
on specific inductive power; determination of the form and 
position of the reticular micrometers used by Lacaille at the 
Cape of Good Hot>5 ; influence of volume of molecules on 
pressure of a gas ; relation between density and chemical 
composition of transparent bodies, and the index of refraction ; 
modification of reflected light by magnetization of some other 
metal than iron ; methods of obtaining and fixing new varieties 
in cultivated plants ; rdle of bacteria in filtration of portable 
waters through a layer of sand ; bacteria and azotizedcombinations 
in the soil ; healing after grafting. 

The Report of the Director of the Hong Kong Observatory 
for 1889 states that a self-recording anemometer, rain-gauge, and 
sunshine-recorder, have been erected by the Imperial Maritime 
Customs at the important station of South Cape, Formosa, and 
the observations are received monthly at the Observatory. 
Among the invest^ations in progress are : the collection of 
information respecting typhoons, from the logs of men-of-war 
stationed in those seas, and an investigation of the climate of 
HOng Kong from five years’ observations ; this latter work is 
neai^y ,ready for press. The Report contains an interesting 
comparison of spectroscopic rain- band observations with the 
rainfall during the subsequent 24 hours ; Dr. Dobcrck con- 
siders that the indications frequently foretold great thunder- 
storms which could not otherwise have been forecast from local 
observations. On May 29 and 30, 1889, the colony was visited by 
thunderstorms of uimsual duration ; al^ve 22*5 inches of rain 
fell in 24 hours, causing floods and serious damage to property. 

The Journal of the Franklin Institute for September contains 
several interesting papers. Few can speak with more authority 
on Precious Stones” than Mr. Geoige F. Kunz, and his 
.lecture delivered in February last, before the Franklin Institute, 
is replete with information respecting them. Under the heading 
** Electricity in Warfare,” Lieutenant Bradley A. Fiske, U.S.N.., 
.comments upon the present conditioq, of the art, indicates in 
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what ways electricity is now actually employed, and what is the 
direction of progress. Mr. Joseph M. Wilson, the President of 
the Institute, continues his paper on schools, with particular re* 
ierence to trades schools, and gives an account of the method of 
work set forth in the Science and Art Directory and in the 
Prospectus of the Normal School of Science. Among the other 
papers are the following : On fresh-water wells of the Atlantic 
beach, by Mr. Persifor Frazer. On the strength of gear teeth, 
by Mr. Samuel Webber; and on the electrolytic method as 
applied to palladium, by Messrs. £. F. Smith and H. F. Keller. 

I The Monthly Weather Review issued by the Meteorological 
Service of the Dominion of Canada consists of telegraphic 
reports of observations received for the purpose of weather 
predictions and of reports of storms received by mail. Tables 
of temperature, pressure, wind, and precipitation are given, 
together with the records of sunshine and aurorae. The total 
number of storm warnings issued last month was 93, of which 
77 or Sz’S per cent, were verified. Of the 77 warnings in con- 
nection with the direction of the wind, 66 or 85 7 per cent, were 
fully verified, and 72 or 93 "S partly verified. The steps made 
in the prediction of weather form an important factor iiowa- 
days in commercial life, and in Canada forecasts are posted up 
nightly at every telegraph station. 

We have received from America the summary of the weather 
during the last month, and also the forecast for September. 
The review shows that on the whole fine weather has prevailed, 
although occasionally disturbed by a few storms. The first 
storm of note was central on the 14th, about lat. 55” N., longi- 
tude 25° W., and was accompanied by moderate to strong gales, 
and high seas ; the second moved from Southern New England 
to Nova Scotia on the 27th. The forecast indicates fine weather, 
with occasional gales north of the 35th parallel. Less fog will 
be found along the transatlantic steamship routes, and little ice 
will be encountered off the Grand Banks. An accompanying 
chart gives a brief but complete statement as regards these 
dangerous storms. A new series of storm signals at Havana 
were commenced in August, 1889, and this year night-signals have 
been added, details of these being given in an accompanying 
table. There is also a list of charts that have been published 
and corrected during the month of August, and information 
respecting dangerous obstructions to navigation along the 

I coast. 

We have received from Mr. Edward Stanford, ar/j«/»/of the 
publications of the Ordnance Survey for England and Wales, 
with an introductory description of the survey by Major Francis 
P. Washington, R.£. The new i-inch genfera! map is reduced 
from the 6-inch maps, and will consist of 360 small sheets,- 178 
of which have been already published. This survey is well 
adapted for walking or driving purposes, and residential maps 
can be made up for 10, 15, or 20 miles round any centre. In 
thb catalogue the particulars of each county are given in alpha- 
betical order, and the mounting details will be found very useful 
to those who use maps to a great ertent. At the end of the 
pamphlet there are some illustrations of various neat aod 
handsome methods of mounting these maps for both llt^ry and 
schoolroom purposes. 

A PAMPHLET on “Acoustics in Relation to Wind Instru- 
ments,'* by D. J. Blackley, consists of a series of lectures given 
by him to the students at the Royal Military School of Music, 
Kneller Hall, in May 1887. They have been revised and 
somewhat amplified, and now form a general sketch of thu 
subject under consideration, and will be useful to those desirou-* 
of understanding the principles underlying the construction and 
use of wlod-instraments, th^ illustrations of wave-motion given iii 
them not being confined only to experiments with cylindrical 

I tubes. There is an appendix on musical pitch, which has been 
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written with special reference to military and orchestral wind 
bands. 

In the number of La Nature for September 6 there is a detailed 
r account of an ingenious application of the properties of iodide o§ 
nitrogen to photometry. The photometer, invented by M. Lion, 
\ is based on the fact that equal surfaces of iodide of nitrogen, 

’ preserved under its mother-liquor, and exposed for equal times 
to lights of equal intensities, evolve equal quantities of nitrogen. 
Two vessels are connected by a differential manometer, and 
when the rate of evolution of the nitrogen is the same in each, 
the manometer is unaffected. It is stated ’ that the iodide of 
nitrogen, kept in the* motherdiquors in which it has been pre- 
pared, is perfectly safe to handle. In practice, owing to the 
difficulty of exactly balancing the two halyes of the apparatus, a 
method analogous to weighing by substitution” is employed. 
The accuracy attainable in the measurements is not stated. 
In the same number another photometer of considerable theo- 
retical interest is described. It is the invention of MM. Seguy 
and Verschaffel, and was described by them on September i at 
the Academy of Sciences, Paris. It is based upon the prin- 
ciple of Crookes’ radiometer, but the disks, instead of being 
free to rotate, arc suspended by a silk fibre, and with an indi- 
cating needle and divided circle, form a torsion balance, 
alum cefl is placed in front of the instrument, which, as a 
photometer, appears to be very sensitive, indicating i-iooth of 
a standard candle. Moreover, two instruments can be con- 
structed, which with light of 4he same intensity giye the same 
readings, an important practical advantage. So long as these 
instruments are used to compare lights of the same quality, 
there seems to be no doubt that they can both be made to yield 
results of practical value, and comparable with each other. It 
appears doubtful, however, whether the same figure would be 
obtained with the chemical and with the mechanical photometer, 
if used to compare the illuminating powers of two sources of 
light that differed much in character, such as an arc lamp, and 
a candle flame. 

The additions to the Zoological Society’s Gardens during the 
past week include a Green Monkey (Cercopitkecus caUitrichus 9 ) 
from West Africa, presented by Mrs. Roupell ; a Sykes’s 
Monkey {Cercopithecus albigularis 9) from East Africa, pre- 
sented by Mr. M. Tanner; two Bonnet Monkeys {Macacus 
sinicus d 9 ), a Toque Monkey {Macacus pileaius 9 ), two Ring- 
necked Parrakeets {Pa/a:ornis iorquatus) from India, presented 
by Mrs. Julie Rule; a Rhesus Monkey (Macacus rhesus 9) 
from India, presented by Mr. W. Dodson ; a Grey Ichneumon 
{Herpestes griseus <J ) from India, presented by Master Stanley 
Kerfoot ; a Brush-tailed Porcupine {Atherura africana) from 
West Africa, presented by the Liberian Government Concessions 
and Exploration Co., Lt. ; a Common Viper [Vipera berus) 
from Hampshire, presented by Mr. W. If. B. Pain ; a Pig- 
tailed Monkey d) from Java, deposited; 

two Vinaceous Turtle Doves (Turtur vinaceus) bred in the 
Gardens. 
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Objects for the Spectroscope. 

Sidereal Time at Greenwich at zo p.m. on September i8 » 
2ih. Sim. 4s. 


Name. 

; Mug. 

dolour. 

R.A 1890.^ Decl. 1890. 

1 

(f) G.C. 4^5 ••• 

i 

•ee 

' 

h. m. 8. 

91 40 3 

• i 

- 9 90 

( 2 ) G.C. 4734 - 

... — 

— 

91 55 97 

-f-17 »» 

(3) 73 Cygni 

... S 

Yellowish-red. 

9 1 35 55 * 

+<» 47 

/4)aAquanl ... 

(51 0 Pegasi ... ... 

... 3 

Yellowish- white. 

99 0 6 1 

- 0 51 

... ' 3 

White, 

aa 4 94 

+ S 39 

(ej 949 ^ Schj. ... 

... 6 

Red. 

91 37 93 

+33 * 

(7) R Scuti 

... Var. 

Red. 

18 41 36 

- 5 SO 


I . Remarks^ 

(1 and 2) No record has yet been made of the spectrum bt 
either of these olyects. The first is described in the General 
Catalogue as a nebulous star, or a very small cluster ; the 
second as pretty bright ; pretty small ; round ; brighter in the 
middle to a nucleus ; mottled as if with stars ; star south pre- 
ceding.” No very bright nebulae are near the meridian at 
10 o’clock during the present week. 

(3) The spectrum of this star is a very interesting one of 
Group II. Instead of the spectrum^being totally discontinuous, 
as in a Herculis and others, the bands 2, 3, 7 are well marked, 
whilst 4, 5, and 8 are so feeble as to be hardly visible. This 
species of spectrum has been explained by supposing that the 
meteor-swarm is still sparse and the carbon radiation con- 
sequently bright. When the positions of the feeble bands are 
considered, it will be seen that the explanation is complete. 
Band 8 extedds from about X 503 *5 to X 496, and this will there- 
fore be partlpr masked by the extremity of the brifhtest carbon 
fluting starting near X 517. Bands 4 and 5 both come within 
the range* .of the second carbon fluting, starting near X 564, and 
they also will be partly obliterated when the carbon flutings are 
wide. None of the other bands, however, will suffer from 
masking in this way, and they therefore should remain dark. 
It will be interesting if this explanation can be tested by a 
direct observation of an unusuai width or brightness, of the 
carbon flutings. 

(4) This star has a spectrum of Group HI., and may be 
observed as a study of criteria. ‘ 

(5) A star of Group IV. (Vogel). 

(6) This is a typical star of Group VI., showing in ac^ition 
to the ordinary carbon bands no less than six of the secondary 
bands, namely 2, 3, 4, 5, 7, and 8. Dun^r remarks that the 
two latter are undoubtedly bands, and not lines ; their wave* 
lengths are 551 and 528 respectively, the latter almost agreeing 
with E of the solar spectrum. The general spectrum consists of 
four zones — that is, there is a certain amount of light beyond the 
carbon band commencing at 474. An observation of the pre- 
cise character of this band would be interesting ; in comets it 
sometimes ends abruptly at 474, sometimes fades away gradually 
on both sides aj 460, and sometimes has two maxima, one at 
468 and one at 474. 

(7) Like S Vulpeculae, referred to last week, this is a variable 

of comparatively short range and short period, but whereas the 
spectrum of the former is known to be one of Group II., that of 
the latter has yet to be determined. Although the peri<^ is but 
168 days, we nave not as yet any record of the light-curve of the 
star, which promises to be an interesting one from the fact that 
the maximum is stated as 4*7-57 and the minimum as 6 ‘0-8*5 
(Gore). If the spectrum be one of Group II. the shortness of 
the period suggests that the bands should be rather narrow, and 
this may be made a test observation. There will be a maximum 
about September 23. A. Fowler. 

The Urania Gesellschaft. — An interesting account of the 
Urania Institution at Berlin appears in the publications of the 
Astronomical Society of the Pacific, vol. ii.. No. 9. The 
account was originally written for Prof. Holden Dr. M, 
Wilhelm Meyer, the director of the institution. It appears that 
Prof. Foerster, the director of the Berlin Observatory, first ptO'^ 
posed the formation of an observatory that should be open to 
the public, and his proposition was afterwards modified so m to 
include other branches of natural science. The project was 
warmly supported by Herr von Gossler, the Prussian Minister of 
Public Instruction, a grant of land was made, and in March 
1888 a sort ^f joint stock company was formed having for its 
object sim]>ly the diffusion of knowledge. The idea having thus 
taken tangible form, the work of construction was begun. On 
July 2, 1889, the institution was opened to the public, and at 
the end of the year had been visited by 60,000 persons. 

The astronomical department has been the main attraction from* 
the beginning. It contains a twelve-inch refractor equatorially 
mounted, and electrically controlled and illuminated. The in- 
strument is provided with a filar micrometer, a polarizing 
telescope, and a complete set of eye pieces raiding in power 
from 70 to 1300 diameters. Unfortunately neither spectroscopic 
nor photographic accessories have yet been supplied. Five other 
telescopes are possessed by the Urania Observato^i viz. a fix- 
inch refractor, a four-inoh refractor, a six-inch reflector, a tWo 
and a half inch transit instrument, and a comet ^seeker of five 
inches aperture. 
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The lecture theatre which forms a part of this magnificent 
institution, is fitted with every convenience and provided with a 
lantern having a light of 6000 candle-power for the projection of 
views on a screen. The lectures that are delivered are not all, 
however, devoted to astronomy, but cover the other subjects 
within the scope of the institution. 

The Physical Department is even better supplied with appa- 
ratus than the Astronomical, and it is so arranged that visitors, 
by pressing different buttons, may view the spectra of various 
substances, the phenomena of polarization, and many electrical 
effects. The recent presentation of two complete phonographs 
by Mr. Edison gives the science collection of this Department a 
still higher value. A Microscopical Department is also included, 
and affords instruction to many. 

An exceedingly well -illustrated journal, Himmel and Erde^ 
has been published monthly since the foundation of the institu- 
tion, and is issued free to all the members. Fromdhe recently- 
published RCport, it appears that the cost of production of this 
journal considerably exceeds the receipts from subscribers, but 
we are glad to know that the Urania Institution is too firmly 
established to need its discontinuance. The number of visitors 
during the 268 days on which the doors of the institution have 
been opened is 95,000. Three hundred and thirteen lectures of 
about ninety minutes long have been delivered, and five hundred 
and eighty-two of thirty minutes duration. 

Prof. Holden points out that the Lick Observatory, like the 
Urania Institution, is devoted to the advance of scientific know- 
ledge, and we hope with him that the success of the latter may 
lead to the establishment of similar institutions in Europe and 
America. The opening of observatories would be much appre- 
ciated by the general public, for doubtless the Urania Gesell- 
schaft owes much of its popularity to this step in the right 
direction that its directors have taken. 

Washburn Observatory.— Mr. G. C. Comkock has 
issued the sixth volume of the “ Publications of the Washburn 
Observatory,’' of which establishment he has been director 
since 1887. The first part contains observations with the meri- 
dian circle by Miss A. M. Lamb and Mr. Milton U'pdegrafF. i 
The second part is devoted to observations of double stars, by 
Mr. Comstock, and includes the measurementj^of double stars 
discovered at this observatory, and described m vols. i. and ii. 
of its Publications. The instrument employed for all of the 
measures was the I5i-inch Clark equatorial telescope. As soon 
as the necessary apparatus is ready, a determination of the 
constant of aberration will be made by Loewy's method. 

New Asteroids and (^. — Two new minor planets 
were discovered on the 9th inst. by M. Charlois of Nice 
Observatory. One of them may prove to be Aschera 
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ferment of urea, by M. P. Miguel. From various considera- 
tions the author has been led to believe that in ammoniacal 
fermentation, the microphytes always act on the urea by means 
of the soluble fernient discovered by M. Musculus (Annales de 
IVlicrographie, vols. i and 2), and that it is not necessary to 
adopt the hypothesis of the destruction of urea by an act of 
nutrition, in order to explain the alkaline fermentation of urine. 
— Post-embryonic development of the kidney of the Ampnocete by 
M. L. Vialleton. — On modifications of ophitic rocks of Modon 
(Province de Seville) by M. Salvador Calderon. — On a carboni- 
ferous bed discovered at Quenon in Saint-Aubin-d’Aubigne by 
M. Bezier. — Revival of the activity of Vesuvius, by M. Wiet, 
Consul at Naples. This is an extract of a letter to the Foreign 
Minister, giving an account of the actual state of Vesuvius. 
Lava has been issuing from an opening formed last year, and is 
slowly descending the central cone. Prof. Maiorano has ob- 
served that the volcanic activity of the fumaroles has ceased, 
and that only a small column of smoke ascends from them. It 
is also noted that the smoke issuing from the various openings 
has a different appearance from the steam and vapour generally 
visible. — Additional note on the extension to Switzerland of the 
storm of August 19, by M. Bourgeat. 

Brussels* 

Academy of Sciences, July 5.— M. Stas in the chair. — 
The following communications were made : — On the ten-monthly 
rstronomicai period, by M. F. Folie. — On the characteristic 
property of the common surface of two liquids, by M, G. 
van der Mensbrugghe. The author has previously studied the 
properties of the common surface of two liquids which do not 
mix, and now gives the results of a similar study of liquids 
having an ttffinity for each other, water and ether or 
alcohol. — On new observations of the canals of Mars, and on 
their duplication, by M. F. Terby, — Some observations made 
by Mr. Stanley Williams during April and May 1890 are shown 
to support Schiaparelli’s conclusions with respect to the nature 
of the surface of Mars. A plate is given containing eight views 
of Mars made this year by the two above-named ooservers. — A 
coronula from the gulf of St. Lawrence, by M. P. J. Van 
Beneden. — The Actinozoa specimens obtained by Prof. Hensen 
in his Plankton expedition, by Edouard Van Beneden. A 
larva related to that found by Semper in 1867, by the 
same author. — On the constitution of benzopinacoline / 3 , by 
M. Maurice Delacre. — On primary co- variants, by M. Jacques 
Deruyts. — On the biographical notice of G. A. Him, recently 
inserted in the Bulletin de lAcad^niie^ by Prof. Dwelshauvers- 
Dery. — Contributions to the study of the Ncbenkem, by Dr. E. 
Lcclercq. 
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Paris. 

Academy of Sciences, September 8.— M. Duchartre in the 
-chair. — On a suiphocarbide of platinum, by M. P. Schutzen- 
berger. By passing a current of dry nitrogen charged with the 
vapour of carbon bisulphide over spongy platinum contained in 
a glass tube heated to about 400® C., the carbon bisulphide was 
entirely absorbed, and the platinum converted into a finely 
divided black powder. An examination of the product showed 
that it had the composition PtjSjC, which may be graphically 
represented thus ; — 

^Pt = s 
\pt = s* 

The powder is very dense, and appears entirely homogeneous 
when microscopically examined. Neither hydrochloric nor 
nitric acid have any action upon it, and even with aqua regia 
there is very little action- When heated to redness in dry oxy- 
gen the powder burns, with the formation of cart>on dioxide, 
and ^sulphur monoxide and dioxide, leaving a residue of pure 
platinum. — New researches on the gadoline of M. de Marignac, 
by M. Lecoq de Boisbaudran. The results of a spectroscopic 
examination of gadoline are given. The substance is shown to 
have a characteristic spectrum, thus coi^firming the view held by 
M. de MarignM, vis. that it is a new element. — On a property 
S3rstem8 of forces, by M. L. Lecornu. — On the soluble 
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THE GOLDEN BOUGH 

The Golden Bough : a Study in Comparative Religion. 
By J. G. Frazer, M.A. In Two Volumes. (London : 
Macmillan and Co., 1890.) 

T he object of this book is to offer a probable explana- 
tion of the priesthood of Nemi. The method 
j adopted is to show’that such barbarous customs as those 
associated with that priesthood were also carried on 
elsewhere ; and “ if we can detect the motives which led 
to its institution ; if we can prove that these motives have 
operated widely, perhaps universally, in human society, 
producing in varied circumstances a variety of institutions 
specifically different but generically alike ; if we can show, 
lastly, that these very motives, with some of their deriva- 
tive institutions, were actually at work in classical antiquity; 
then we may fairly infer that at a remoter age the same 
motives gave birth to the priesthood of Nemi.” ^ 

The author, Mr. Frazer, informs us in his preface that 
he has for some time been preparing a general work on 
primitive superstition and religion. We are glad to learn 
{torn the same source that •his studies to this- end have 
been systematized, encouraged, and influenced by Mr. W. 
Robertson Smith. The book shows from cover to cover 
how important this influence has been, and how thorough 
has been the work done ; it is a perfect mine of early 
folk-lore, while the method of arrangement and the way 
in which the facts are marshalled along the different lines 
of inquiry, leaves nothing to be desired. 

It must be understood, however, that this is not the 
general work to which we have referred above. It is an 
excursus on a special point, an attempt to solve the 
difficult problem connected with the hitherto unexplained 
rule of the Arician priesthood. 

Having said thus much on the origin of the book, we 
may next proceed to remark that in such a case as this 
criticism pure and simple of the details is almost out of 
the question. We prefer rather to lay before the readers 
of Nature a summary of the various steps employed in 
the argument, accopipanied by references to those points 
which we have found of special interest. 

The priesthood of Nemi is one of the most extraordinary 
character, and has no parallel in classical antiquity. The 
sacred grove and sanctuary of Diana Nemorensis, or 
Diana of the Wood, lay on the northern shore of the lake, 
right under the steep cliffs on which stands the modern 
village of Nemi. The lake and grove were sometimes 
, called the lake and grove of Aricia, but the town of Aricia 
was distant three miles. There grew in this grove a certain 
tree, around which there might almost always be seen a 
strange figure prowling. The man carried a drawn sword, 
and persistently looked about him as if he expected every 
moment to be set upon by an enemy. He was the priest, 
and also a murderer ; and “ the man for whom he looked 
was sooner or later to murder him and hold the priesthood 
in his stead. Such was the rule of the sanctuary. A 
candidate for the priesthood could only succeed to office 
by slaying the priest ; and having slain him he held office 
till he was himself slain by a stronger or a craftier.” j 
The author begins by stating the few facts and theories 

NO. 1091, VOL. 42] 


bequeathed to us on the subject of the priesthood 'of 
Nemi. The firgt questions that he attempts to answer 
concern the title of this priest. Why was he called the 
king of the wood ? Why was his office spoken of as a 
kingdom ? To obtain an answer to the first question he 
has to go into the details of the facts, legends, &c., re- 
corded of primitive man, and to see whether thei^e were 
such beings as kings of rain, wjfter, fire, &c., to match the 
Arician king who bore the name of king of the wood. In 
this search he brings out a wonderful array of interesting 
facts as regards sympathetic magic, rain making, sunshine 
making,controlling the wind, fighting the wind,&c.; and § 3, 
which treats of incarnate gods, is full of examgles, “drawn 
from the beliefs and practices of rude peoples all over the 
world, which may suffice to prove that the savage, whether 
European or otherwise, fails to recognize those limitations 
to his power over nature which seem so obvious to us.” 

Having found instances of kings of rain, water, and 
fire,' the author next looks for a king of the wood. 
Since the worship of trees played an important part 
among the religious ideas of the Aryan race in Europe, 
a king of the wood ought to be found closely connected 
with tree worship, and so it happens. Innumerabjp in- 
stances of this form of worship have been got together, 
showing the way in which trees were looked upon at an 
early stagp of civilization. Men supposed that the trees 
had souls, that tree spirits could give rain and sun, and 
that the harvests were dependent on them. “In Sumatra, 
so soon as a tree is felled, a young tree is planted on the 
stump ; and some betel and a few small coins are also 
placed on it. Here the purpose is unmistakable. The 
spirit of the tree is offered a new home in the young tree 
planted on the stump of the old one, and the offering of 
betel and money is meant to compensate him for the 
disturbance he has suffered.” The may-pole of to-day 
is only an emblem of the old form of tree-worship — a 
survival of the belief in the fertilizing power of the tree 
spirit. 

The author then discusses the manner in which the tree 
spirit is “ conceived and represented as detached from 
the tree and clothed in human form, and even as em- 
bodied in living men and women,” a great number of ex- 
amples being given. He also gives instances of the double 
representation of the spirit of vegetation by a tree and a 
living man. Before concluding this chapter, the question 
is discussed as to whether these forms of tree-worship help 
to explain the priesthood of Aricia. He believes they do. 
‘‘In the first place the attributes of Diana, the goddess 
of the Arician grove, are those of a tree spirit or sylvan 
deity. Her sanctuaries were in groves, indeed every 
grove was hdl' sanctuary, and she is often associated with 
the wood-god Silvanus in inscriptions. . . . Like a tree 
spirit, she helped. . . . She was the patroness of wild 
animals. ...” He then goes on to suggest that the 
king of the wood may have been, like the “ king of May, 
the grass king, and the like, an incarnation of the tree 
spirit or spirit of vegetation, &c.” 

The next chapter, consisting of a little over 100 pages, 
deals with the peril of the soul. The royal and princely 
taboos which kings had to undergo in order to uphold 
their sacred character in*the minds of their subjects are 
first described, among which we may mention the follow- 
ing. They were compelled to live in a state of seclusion. 

Z 
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Before strangers entered a district they (the strangers) 
had to undergo certain ceremonies, so as to be disarmed 
of their magical powers, which might do harm to the 
king. Great precaution must be observed at meals, in 
order that they might not be seen eating or drinking, &c. 
An interesting description of the Mikado’s mode of life, 
written two hundred years ago, illustrates well some of 
these taboos. , 

A great number of instances relating to the various 
ideas of what the soul is and of what it can do are given. 
Thus, “it is a common rule with primitive people not to 
awaken a sleeper, because his soul is away and might not 
have time to get back ; so if the man waket\eth without 
his soul h^ would fall sick.” Some people believe a 
man’s soul to be in his shadow, others in the reflection of 
his form by water ; thus the “ Zulus will not look into a 
dark pool, because they think there is a beast in it which 
will take away their reflections, so that they die.” Very 
curious instances are given of people running after souls, 
the methods adopted for catching them, examples of the 
recall and recovery of souls, &c. 

Chapter iii. concerns the “ killing of the god.” As the 
author showed in the preceding chapter that the divine 
priest or king had to undergo horrible taboos, so in this 
one he points out that, in consequence of the great value 
attached to his life, the only means of preserving it from 
inevitable decay necessitated a violent death. He applies 
this argument to the king of the wood. “He too had 
to be killed, in order that the divine spirit, incarnate 
in him, might be transferred in unabated vigour to his 
successor. The rule that he held office till a stronger 
should slay him might be supposed to §ecure both the 
preservation of his divine life in full vigour, and its trans- 
ference to a suitable successor as soon as that vigour 
began to be impaired.” In order to confirm the con- 
jecture that the king of the wood was formerly put to 
death at the expiration of a set time, the author first of 
all finds the evidence that can be adduced of a custom of 
periodically killing his counterparts, the human repre- 
sentatives of the tree spirit. As an illustration of these 
we may mention that in Saxony and Thuringia there is a 
Whitsuntide ceremony called “ chasing the wild man out 
of the bush,” or fetching the wild man out of the wood, the 
tree spirit or spirit of vegetation being represented by 
the wild man. 

The next step taken in the argument is to show that 
the. “custom of killing the god, and the belief in his 
resurrection, originated, or at least existed, in the hunting 
and pastoral stage of society, when the slain god was an 
animal ; and survived into the agricultural stage, when 
the slain god was the corn, or a human bekig represent- 
ing the com.” To do this a great number of examples 
are taken into consideration ; the spring customs of the 
European peasantry are referred to, among which the 
most important are known as “burying the carnival” 
and “ driving or carrying out death.” The ceremonies 
carried on in connection with Osiris, Adonis, Thammuz, 
Attis, and Dionysus by the Egyptians, Syrians, Baby- 
lonians, Phrygians, and Greeks, were similar to those in 
Northern and Western Europe demonstrating the death 
and resurrection of vegetation. ^ We may here mention 
that although some writers identify Osiris with the sun, 
the author is inclined to treat him as a deity of vegeta- 
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tion. Here we fancy modern Egyptologists who arc not 
dependent either upon Diodorus or Plutarch will join 
issue with him. In like manner Dionysus, though he is 
often conceived and represented in animal shape, is here 
understood to be a deity of vegetation, for “ the custom of 
killing a god in animal form . . . belongs to a very early 
stage in human culture, and is apt in later times to be mis- 
understood. The advance of thought tends to strip the 
old animal and plant gods of their bestial and vegetable 
husk, and to leave their human attributes (which are 
always the kernel of the conception) as the final and sole 
residuum. In other words, animal and plant gods tend 
to become purely anthropomorphic.” 

In the remaining few pages of this chapter the spirit 
of vegetation is discussed in examples of the corn spirit ; 
the various names given to this spirit in the different 
countries being the old man, the old woman, corn mother, 
maiden, &c. In all these cases the idea is that the spirit 
of the corn is driven out of the corn last cut or last 
threshed, and lives in the barn during the winter. Hence 
the idea brings us in presence of the Egyptian view that 
Osiris represents the latent Ra. At sowing-time he goes 
out again to the fields to resume his activity as ark 
animating force among the newly sown corn. 

In som^ cases human sacrifices were made to promote 
the fertility of the fields. Among many examples given is 
that of the Indians of Guayaquil (Ecuador), who sacrificed 
human blood and the hearts of men when they sowed 
their fields ; and there are instances when the victims for 
these sacrifices were actually kept and fattened up in 
order that the crops might be good, and that their death 
might insure immunity from all disease and accidents. 

The second volume begins with examples of the corn 
spirit being represented in animal forms, such as a gander, 
goat, hare, cat, and fox. During the course of this dis- 
cussion the author connects this corn spirit in animal 
form with the ancient deities of vegetation — Dionysus, 
Demeter, Adonis, Attis, and Osiris. He first of all points 
out, with the help of numerous references to ancient 
authorities, how these deities were represented in animal 
form : Dionysus was represented as a goat and some- 
times as a bull ; Demeter as a pig, &c. He then argues 
that since the corn spirit was represented by animals, 
such as pigs, goats, &c., these animals* ate nothing more 
nor less than the corn gods in animal form. 

The next point he wishes to prove is that the “ custom 
of killing the god had been practised by peoples in the 
hunting, pastoral, and agricultural stages of society ; ”■ 
the gods whom the hunters and shepherds adored and 
killed were “animals pure a^nd simple, not animals 
regarded as embodiments of other supernatural beings.” 
Of the many examples given concerning this point, we* 
will here give a short extract of the bear festival of the 
Ainos : — 

“ Towards the end of winter a young bear is caught 
and brought into the village. At first he is suckled by an 
Aino woman ; afterwards he is fed on fish. When he 
grows so strong that he threatens to break out of the 
wooden cage *in which he is confined, the feast is held. 
But it is a peculiarly striking fact that the young bear is 
not kept merely to furnish a good meal ; rather he is . 
regarded and honoured as a fetish or even as a sort of 
higher being.” 
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A curious fact about these feasts is that at their con- 
clusion the Ainos always apologize to their gods, saying 
that the bear has been treated well, only he got too strong 
for them to keep any longer. 

Having thus shown that the custom of killing the god 
was practised in the hunting, pastoral, and agricultural 
times, the author points out another aspect of the custom, 
that of laying on the dying god all the accumulated 
misfortunes and sins of the whole people. He begins by 
showing us first how each individual got rid of his sins 
by transferring thdm to some person, animal, or thing ; 
then he points out the methods adopted by the inhabitants 
of villages, towns, &c., for getting rid of their sins whole- 
sale. Some used to drive them into the sea, others used 
to go through their own village and smash everything, so 
as to drive them out. Among the principal methods 
employed was that of the scapegoat. A goat, laden with 
the sins of the people, was sent out of the village. Some- 
times a boat was used as a scapegoat, and sent adrift to 
sea, filled with provisions and branches of trees in which 
were placed all the sins and diseases of the peopl^. 
Human* beings were sometimes used as scapegoats and 
were sacrificed ; and the employment of divine men or 
animals was by no means rare. Thus it appears that 
human sacrifices of the sort I suppose to have prevailed 
at Aricia were, as a matter of fact, systematically offered 
on a large scale by a people whose level of culture was 
probably not inferior, if indeed it was not distinctly 
superior to that occupied by the Italian races at the early 
period to which the origin of the Arician priesthood must 
be referred. . . .” 

Of the two questions asked at the commencement 
of this work — Why had the priest of Nemi to slay 
his predecessor ? and Why, before doing so, had he to 
pluck the golden bough? — the first has been answered, 
and it only remains to find the answer to the second in 
the last chapter. The author first inquires what the 
golden bough was. He begins by mentioning some of the 
rules or taboos by which the life of the divine kings or 
priests is regulated, the two chief ones being that they must 
neither behold the sun nor touch the ground for a specified 
time. These taboos were intended to preserve the life of 
the divine person,,together with the life of his subjects 
and worshippers, and the reason why they were suspended 
between heaven and earth was that their lives were then 
considered safe and free from any harm. In the descrip- 
tion of the Mikado’s mode of life it is stated that it 
would be prejudicial to his dignity and holiness to touch 
the ground with his feet, and that he should not expose 
his h'ead to the sun, as its rays are not worthy to shine on 
it. During the course of this inquiry the author finds 
out that “these two rules — not to touch the ground and 
not to see the %un — are observed either separately or 
conjointly by girls at puberty in many parts of the world,” 
and that they are kept ii 7 close ^confinement, the object of 
this seclusion being to neutralize “ the dangerous influ- 
ences which are supposed to emanate from them at such 
times.” In these taboos the sun and earth were looked 
upon as media through which evils or diseases might be 
transferred, and in order to prevent bad consequences 
kings and women between certain ages bad to undergo 
this period of isolation and confinement to minimize the 
chances of infection. 
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He next gives an account of the myth of a gdd, whose 
life “ in a sense might be said to be neither in heaven nor 
earth, but between the two.” This was the Norse Balder, 
the good and beautiful god, who was invulnerable, but 
who was eventually killed by having a piece of mistletoe 
thrown at him, and then burnt on a funeral pile. In this 
section the author traces out what he supposes to, be the 
origin of this myth. He finds that its two main features, 
the pulling of the mistletoe and the burning of the god, 
were reproduced in the great midsummer festival of the 
Celts ; and in Sweden there were midsummer fires, known 
as Raider’s bale-fires, which “ puts their connection with 
Balder beyond the reach of doubt, and ma||cs it certain 
that in the former times either a living representative or 
an effigy of Balder must have been annually burned 
in them;” He then remarks that “customs of this 
kind can be traced back on historical evidence to the 
middle ages, and their analogy to similar customs observed 
in antiquity goes with strong internal evidence to prove 
that their origin must be sought in a period prior to the 
spread of Christianity.” May we not here suggest that 
these customs might have been carried on in the Egyptian 
temples, since we now know -that some of them^were 
oriented to the rising or to the setting sun at either the 
summer or winter solstice ; and that the “ manifestation 
of Ra” i)|as a thing for kings to see ? In fact a writer in 
mediajval times, as referred to on p. 258, vol. ii., “explains 
the custom of rolling the wheel to mean that the sun has 
now reached the highest point in the ecliptic and begins 
thenceforward to descend ” ; which is exactly what the 
temples were built for — in order to catch the first rays of 
the rising or tlie last rays of the setting sun at these times 
of the year. 

The author then proves that at these solemn 
rites the fires were regularly made of oak-wood ; and 
shows that since the connecting link of the oak with the 
mistletoe is given in this very myth, and that “ Balder 
could be killed by nothing in heaven or earth except the 
mistletoe,” then “ as soon as we see that Balder was the 
oak the origin of the myth becomes plain.” Thus it is 
shown that when the god had to be killed, and when the 
sacred tree had to be burnt, it was necessary in the first 
instance to break the mistletoe off the tree. 

In the two following sections he deals with the “ external 
soul in folk tales” and the “external soul in folk custom”; 
the former consists of examples selected with a view 
of illustrating both the characteristic features and the 
wide diffusion of this class of tales, while the latter shows 
us that the idea is “ not a mere figment devised to adorn 
a tale, but is a real article of primitive faith, which has 
given rise to*a corresponding set of customs.” 

In the last section we have a short general summing 
up, in which the author states the conclusion which he 
arrives at concerning this strange and recurring tragedy 
of the priesthood of Nemi. The priest of the Arician 
grove, or, as he was called, the king of the wood, per- 
sonated, as we now see, the tree on which the golden 
bough grew. This tree most probably was the oak, so 
that he was the personification of the oak-tree. As an 
oak spirit his life and death was in the mistletoe on the 
oak, so that as long as fhe mistletoe remained intact he 
could not die. In order, therefore, to slay him, it w^ 
necessary to break the golden bough, or, in other wordl||^ 
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to cut dovtrn the mistletoe, and probably to throw it at 
him. 

Although this work deals with an explanation of the 
priesthood of Nemi, yet, on the other hand, there is 
plenty of substance to be got out of it which might help 
others who are pursuing a similar line of research in other 
directions. It might be interesting, for instance, to know 
if there is any connection between the Norse god Balder 
and the following legend of the Druids, referred to in 
Flammarion's “Astronomical Myths”: — 

The night of November i was, to the Druids, one full 
of mystery, in which they annually celebrated the recon- 
struction of the world. On this day the Druidess nuns 
had to pull <jown and rebuild the roof of their temple as 
a symbol of the destruction and renovation of the earth. 
If any of these hapless nuns happened to drop any of 
the materials for this new roof, they were immediately 
pounced upon and tom to pieces by their companions, who 
were seized with a fanatic transport. It was also on this 
day, or rather on this night, that the Druids extinguished 
the sacred fire, and then all other fires were put out, and 
a primitive night reigned throughout the land. Then the 
phantoms of those who had died during the preceding 
year passed along to the west, and were carried away by 
boats to the judgment seat of the god of the dead. 

Another point we may mention concerns tb'^ solemn 
festival of the Isia, which, like the corroborees of the 
Australians, lasted three days, and was celebrated in 
honour of the dead and of Osiris, the lord of the tombs. 
There is a curious uncertainty about the date of this 
festival, the author telling us that “ from the fact that, 
when the calendar became fixed, Athyr fell'in November, 
no inference can be drawn as to the date at which the 
death of Osiris was originally celebrated." Now the 
Egyptians paid great attention to astronomy, and it has 
been stated that the day this festival commenced was at 
the culmination of the Pleiades at midnight. 

In drawing to a conclusion our notice of this most in- 
teresting study in comparative religion, we must again 
direct attention to the great amount of labour the author 
roust have undertaken in order to bring before us in a 
logical order the examples and myths with which these 
volumes abound. As a book of reference it will be found 
most valuable, being supplemented by a good index. 

W. 

GOOD ALE'S PHYSIOLOGICAL BOTANY.” 

Physiological Botany. I. Outlines of the Histology of 
Pheenogatnous Plants; II. Vegetable Physiology. By 
George Lincoln Goodale, A.M., M.D., ^Professor of 
Botany in Harvard University. Gray’s Botanical Text- 
book (Sixth Edition), Vol. II. (London: Macmillan 
and Co., 1890.) 

T he first volume of Asa Gray’s “ Botanical Text-book 
appeared in 1842, and, in its later editions, “ Struc- 
tural Botany ” is still a valued hand-book. Prof. Good- 
ale’s “ Physiological Botany ” forms the second volume, 
and the series is to be completed by Prof. Farlow’s “ In- 
troduction 'to Cryptogamic Botany,” and by that fourth 
volume on the natural orders of Phanerogams which Asa 
' Gray hoped rather than expected ” to contribute. 

Prof.-Obodale’s volume consists of two parts — a group 

^ NO. 1091, VOL. 42] 


of chapters (192 pages) on the histology of plants, and a 
section of 281 pages dealing with physiology. The pre- 
sent notice will be confined to the latter part of the book. 

The English translation of Sachs’s “ Vorlesun gen ’’and 
Prof. Vines’s excellent lectures have done much to help 
the English student of botanical physiology. But in such 
a large and growing subject we are not likely to be over- 
done with text-books ; we were prepared to welcome a 
new one, and it was in no unfriendly spirit that we opened 
Prof. Goodale’s pages. We may say at once that our 
hopes have been disappointed, and that, in spite of a 
good deal that is worthy of praise, it is far from being a 
satisfactory book. 

A text-book may interest us in one of two ways : it may 
be written with the vigour and breadth which make such 
excellent reading of Sachs’s “ Experimental Physiologic,” 
published some twenty-five years ago ; or. it may, without 
being the work of a master, earn our thanks as a repertory 
of well-gathered and well-handled facts. Prof. Goodale’s 
book seems to us to possess neither qualification in a very 
high degree. 

We are disappointed too in another way. The date on 
the title-page (1890) naturally led us to look for discus- 
sions on the more important points which have arisen 
during the last three or four years. For instance, we 
expected a full account of the nitrogen question, a 
full account of the transpiration question, and at least 
some account of such interesting work as that of Wort- 
mann, Elfving, and Noll, on geotropic curvature. But 
these things are not to be found, for the simple reason 
that the author’s preface is dated 1885 : we think that the 
public may fairly ask for some indication, on the title- 
page, of this condition of things. 

It is no doubt a difficult thing to partition out a large 
subject among a limited number of pages ; no two men 
would do it in the same way, and probably no one would 
be quite satisfied with the manner of distribution fixed 
on by another. . But Prof. Goodale has exceeded the 
limits which may be allowed to individuality. For 
instance, his account of gcotropism is compressed into 
twenty-five lines, — hardly more than is given up to De 
Candolle’s “ floral clock,” and not nearly so much as is 
allowed to an account of the hybridization of Lilium 
lanci/oliutn and L. auratum. This result — namely, the 
production of Parkman’s lily — is no doubt of interest, but 
it is surely of less value to the student of physiology than 
a full discussion of so wide-reaching a mode of growth as 
' geotropism. 

Again, in the matter of arrangement some improve- 
ment is to be desired. For instance, in chapter xii. (on 
vegetable growth) we pass directly from the histology of 
cell-division to an account of the auxanometer. Further 
on we come across a brief account of,, turgescence, but . 
without a hint as to its importance in relation to growth. 
In the paragraph on tension, the author gives no idea 
of the biological value of the combination of forces in 
giving rigidity to growing parts. The series of changes 
known as the grand period of growth is but slightly 
sketched, and no one coming to the subject for the first 
time would have a guess at the importance of the 
phenomenon. 

To return to what is said on geotropism. It would 
surely have been more in accordance with modern views 



NA TU RE 


September 25, 1890] 


5^7 


if an attempt had been made to show that geotropism, 
heliotropism, hydrotropism, &c., are all parts of one 
phenomenon ; we find, however, no hint that these modes 
of growth are now regarded as so many different forms 
of reply to stimulus. Under geotropism, Knight’s experi- 
ment is not even mentioned, and the student would 
probably never discover that gravitation as a stimulus 
had anything to do with the matter. Prof. Goodale (p. 
392) believes that a negatively geotropic organ curves 
upwards because the “ nutritive fluids ” collect “ in 
greater amount ii\the cells upon its lower side.” In the 
case of positively geotropic organs he seems to believe in 
the ancient doctrine of plasticity, according to which a 
root bends down just as a tallow candle collapses in warm 
weather. He connects this view with the so-called 
absence of tension in roots ; from this we should be led 
to suppose that he believes all roots to be positively 
gfeotropic, but this does not seem to be the case, for he says 
that “ it is a significant fact that in the case of certain 
branches from roots the direction of growth is oblique.” 

The treatment of heliotropism is on the same level ; he 
believes in De Candolle’s exploded theory, which <te- 
pends 6n the fact that growth is favoured by shade, and 
according to which the difference in illumination on the 
two sides of the organ is not a stimulus, but the direct 
cause of curvature. * 

In the chapter on the movements of plants the account 
of the clinostat is not good. Prof. Goodale omits to 
mention the especial merit of this instrument, viz. that 
it counteracts at one and the same time the effects of 
one-sided illumination and of the gravitation stimulus. The 
illustration of the clinostat is singularly unfortunate, being 
in fact Sachs’s drawing of secondary roots bending, under 
the influence of centrifugal force, in Knight’s experiment. 

In the discussion on circumnutation it is a pity that no 
allusion is made to Wiesner’s .careful critique on the 
“ Power of Movement in Plants.” In the same way a 
modern account of twining plants should give references 
to Baranetzky’s and Wortmann’s papers. 

Chapter ix., on the “ Transfer of Water,” is an im- 
provement ; still the heart of the matter is hardly touched, 
and the student who relies on this discussion will be but 
indifferently instructed. He will not, for instance, have 
any clear idea thtrt the question whether or no the trans- 
piration-current travels as water of imbibition is or ever 
was a problem deserving of especial attention. 

Further on we find De Vries’s experiments on the wither- 
ing of stems cut in air, and on their preservation from 
withering when cut under water, but without any reference 
to von Hdhnel’s work on negative pressure, which has 
such important bearingS on this point, and indeed on the 
whole question of water-transfer. In the section on the 
mechanism of stomata we miss the names of Schwendener 
and Leitgeb ; and under the heading ** Relation of Age of 
Leaves to Transpiratioi^” there is no clear explanation of 
the relations of stomatal and cuticular transpiration. 

In chapter X. a very fair account is given of the assimi- 
lation of carbon. The author deserves credit for giving 
the passage in which, in 1 8 1 7, the word chlorophyll was pro- 
posed ; just as in another part of the book he gives the 
passage in which the term protoplasm was first employed. 
With regard to chlorophyll we think it a pity that any 
encouragement should be given to the confusion between 
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chlorophyll and chloroplasts by such a remark as the fol- 
lowing : “ The term chlorophyll originally applied to the 
pigment rather .than to the substance which contains it, is 
now used indifferently to denote the coloring-matter and 
the portions of protoplasmic mass which are tinged by 
it.” This statement is all the more unnecessary because 
he gives on the next page a useful table of the plastid- 
nomenclature of Schimper, Meyer, &c. Pringsheim’s 
hypochlorin theories arc reproduced, but without the word 
of warning that should accompany such speculations in a 
book intended for students. 

There is a fair account of Timiriazeff’s and of Engel- 
mann’s work on assimilation ; but we doubt whether it 
would induce the beginner to appreciate the extraordinary 
interest and importance of Engelmann’s researches. The 
section* ends with an outline of the “early history” of 
assimilation, which contains some interesting quotations 
from Priestley and Ingenhousz. 

The section on the “ Appropriation of Nitrogen” suffers 
grievously from the fact that the nutrition of Fungi is left 
out of account. The “ Synthesis of Albuminous Matter ” 
is inadequately treated, and the same must unfortunately 
be said of the action of ferments ; and with regard to 
the origin of alkaloids it would have been better t<^ have 
given the well-known hypothesis that they are waste pro- 
ducts, rather than to have left their meaning in complete 
obscurity. 

Chapter xiv. is devoted to reproduction ; the author 
seems to have been hampered with the fear of over- 
lapping the forthcoming book on Cryptogams, as he 
confines himself almost entirely to the higher plants. 
He gives, in a^footnote, some account of the reproduction 
of Spirogyra, Fucus, Nemalion, Funaria, Pteris, and 
Selaginella, but gives no idea of the connection between 
this latter form and the Spermaphytes. It is clear that 
without a free use of the lower forms it is impossible to 
give such a generalized view of the reproduction of plants 
as is appropriate in a physiological text-book. 

In discussing the colours of flowers, it would have 
surely been better to have given H. Muller’s interesting 
generalizations in place of the barren statistics of Kohler 
and Schiibeler. The chapter concludes with some useful 
facts on hybridization. 

The last chapter in the book consists of a few pages on 
i germination. The greater part of this discussion might 
j with advantage have been divided among those parts of 
I the book which deal with the general conditions of plant 
life and with metabolism. Of the interesting growth- 
phenomena of germination, such as the protrusion of the 
radicle, the manner in which the cotyledons are freed 
from the seed-coats, &c., some account should have been 
given, even at the risk of overlapping vol. i. of the Text- 
book. 

In spite of a general faultiness of the kind indicated the 
book is not without value. It is clearly written, and con- 
tains the substance of a large number of books and papers, 
references to which are given at the foot of the page 
(instead of at the end of the chapters) to the very great 
convenience of the reader. Many of these references to 
older papers are likely to be useful, and of salutary effect 
on the rising generati<^n of botanists, who are somewhat . 
inclined to overlook the work done in the days of their 
grandfathers. 



NATURE 


[September 25, 1890 


5i« 


The author deserves credit for his appendix, in which a 
series of 'simple physiological experiments are described, 
with a view to their repetition by the student. 

Francis Darwin. 

OC/R BOOK SHELF. 

Plant Organization : a Review of the Structure and 
Morphology of Plants by the written method. By R. 
Halsted Ward. (Boston, U.S.A. : Ginn and Co., 1890.) 

This is nothing more than, a series of blank charts, in- 
tended for students to fill in with the details of plant 
descriptions. The charts are prefaced by a few pages of 
letterpress, wherein are contained some of the author’s 
views on plaht morphology, together with gmeral hints 
and a summary of the terminology to be used. We 
cannot say that the author’s attempt to simplify the 
technical terms ordinarily made use of in descriptive 
work is altogether a success. For instance, the words 
“ shingled ’’ and “ straddling” for imbricate and eguitant, 
will hardly recommend themselves to teachers oh this 
side of the Atlantic ; nor are plants either epiphytic or 
parasitic on rocks. As to the blank charts which con- 
stitute the feature of the book, it can only be said that, 
as such things go, they are entirely praiseworthy. 
But are charts of this kind really necessary? A child 
just beginning the subject may profitably make use of 
the very simple schedules devised by the late Prof. 
Henslow ; but by the time he has advanced so far as to 
be able to use these complicated and detailed ones, 
drawn up by Mr. Ward, we think he will do much better 
without being kept in leading-strings. The advantage 
gained by writing descriptions will be vastly enhanced if 
he be now permitted to think a little for himself. 

F. W. O. 

Geometrical Conics. Part I. The Paraljola. By Rev. 
J. J. Milne, M.A., and R. F. Davis, M.A. (London : 
Macmillan and Co., 1890.) 

In this work a departure is made from the general order 
of the propositions adopted by most geometrical writers 
“ so as to bring the argument into closer agreement with 
that found in analytical text-books, in order that both 
methods may be studied side by side.” Instead of a series 
of detached propositions, the authors have made a con- 
tinuous treatise, and by this means have been able to 
deal with some of the more important points more fully 
than they otherwise could have done. 

This part, which treats of problems and theorems 
relating only to the parabola, is thoroughly well done, 
and contains many problems fully worked out which are 
absent from other similar books. 

Those reading the subject for the first time ought to 
have no difficulty in grasping the various propositions and 
theorems, and at the end numerous examples on them,' 
with hints and solutions, are added. 

Short Logarithms and other Tables. By W. Cawthorne 
Unwin, F.R.S. Fourth Edition. (London : E. and 
F. N. Spon and Co., 1890.) 

The short tables given in this book will be found to serve 
the purpose for which they were intended, which is to 
facilitate practical calculations and to solve arithmetical 
problems in a very complete way. The logarithmetic 
table is very short, but, if used properly, the error need 
not exceed one per thousand ; logarithms of three-figure 
numbers to 999, and of four-figure numbers to 2000, are 
given. 

Amongst the other tables are : anti-logarithms, natural 
and logarithmetic trigonometric functions, functions of 
numbers, product of numbers, stable of weights and I 
measures, and conversion tables for English and metric 
measures. * The last-named table is inserted specially for 
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the use of engineers, as so many treatises on engineering 
are now being published in France and Germany in which 
the measures are given according to the metric system, 
and in consequence of which constants for the quick con- 
version of these measures are required. W. 

Elementary Algebra. By Charles Smith, M.A. (London : 

Macmillan and Co., 1890.) 

This is a second edition of this well-known book, and 
differs from the first in some important particulars. It 
has been thoroughly revised, and the early chapters have 
been simplified and remodelled. Chapters on logarithms 
and scales of notation form a useful and valuable ad- 
dition, and theite is a great increase in the number of 
the examples. For beginners this work should prove 
invaluable, and even more advanced students would do 
well to glance over its pages. W. 


LETTERS TO THE EDITOR. 

\7'h€ Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to returny or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications. ] 

British Association Procedure. 

I SHOULD be sorry if Prof. Lodge or anyone else should sus- 
pect me of a desire to interfere with the opportunities which are 
afforded by meetings of the British Association for friendly inter- 
course between workers, and especially between the younger 
scientific men and their seniors, for I feel that those opportunities 
constitute one of the chief advantages of attending the meetings. 
But with the desire to avoid waste of time in merely journal 
business I should prefer that each Sectional Committee should 
be reduced to a small executive body to whom could be entrusted 
the task of arranging the programme for each day, and in a pre- 
liminary way other business, such as the selection of committees 
to carry out suggested new researches. The appointment of such 
Committees and the other business would be accomplished 
quickly enough at a meeting of the whole Section, and then op- 
portunity would be given to all the members for expressing an 
opinion or offering suggestions. The plan at present adopted is 
neither one thing nor the other. The Sectional Committees are 
too large for the despatch of business, and yet may not include 
every desirable member of the Section. The demand for election 
to which I referred comes from a certain class of people whose 
single purpose is served when they get their names printed on 
the list. 

I happen to have by me the journals of the Birmingham meet- 
ing, and the number of names on the Committees of the first three 
Sections I find as follows : — 


Vice-Presidents 

Section A 

... 6 ... 

B 

9 

c 

... 7 

Secretaries . . . 

4 ... 

5 

4 

Committee ... 

... ... 

5^ 

... 93 

Totals ... 

... 62 

65 

IC4 


When numbers like this are reached why pretend to draw a 
line at all ? William A. Tilden. 

Birmingham, September 23. 


The Exploration of Central Asia. 

The late notice in Nature of August 14 (p. 378) with refer- 
ence to the work of exploration now being carried out by the 
Russians around Kashgar, and that M. Grombehevsky, having 
received permission and funds to continue his work, was starting 
for Rudolc, is not pleasant reading for Englishmen who know 
that part of the Himalayas. Rudok is a small place with a fort 
and Gonpa or monastery, and gives the name to the tract of 
country lying at the eastern end of the great Pangkong Lake, 
on the very confines of the territcry of the Kashmir State. In 
1863 I carried the survey up to that extreme eastern limit, and 
succeeded by avoiding observation in getting within a veiy few 
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niles of Rudok itself. The news was soon conveyed therei and the 
Governor, a native of Lhassa, came out to meet me. He brought 
I^esents of te*!, sheep, and goats, and was most civil, but begged 
that I would go back, as he would lose his appointment and be 
disgraced if it became known that he permitted me to advance 
further. His politeness disarmed opposition, and my orders, given 
in writing, were not to get into collision with the Tibetans. We 
drank a good deal of tea, made in their mode churned with 
butter and salt, which was always simmering in his tent, and I 
managed to persuade him to let me ascend a conspicuous peak 
a few miles further on, and from which I obtained a magnificent 
panorama of the lake-dotted plain to the eastward of Rudok. 
We parted excellent friends, and I presented him with a single- 
barrelled pistol, in return for the presents he had given us. I 
feel sure that had I been able to get back tBere the following 
year, I could, starting from other points, have got very much 
further to the eastward, and returned again vid Rpdok itself. I 
was, however, sent to another and equally interesting part of 
the Himalayas. 

This country of Rudok is now, in 1890, to be visited, examined, 
and reported upon by the Russians. Twenty-seven years have 
gone by since I was on its very threshold. In the interval we 
have had political officers appointed Residents in Leh, we have 
seen many journeys made by English officers and English traders 
to Yarkand, and yet no one has penetrated into Rudok and 
all that unknown country on the north and north-east which 
is much nearer. It does not say much for our British energy that 
a Russian is now to enter this area, and is now perhaps survey- 
ing withfh almost, I may say, a stone*s-throw of our own border, 
which we have made no attempt to get into and know. Perhaps 
M. Grombehevsky maynot succeed, perhaps he may lose his life, but 
that does not detract from the jictivity and devotion the Russians 
are at present giving to the exploration of Central* Asia down 
to the Himalayan chain, or prevent their doing so. If they 
from their base can do this, why can we not ourselves? We 
have been content to send in natives of India, but this is not the 
same thing as sending European officers, for in one case the 
information obtained is purely topographical, no actual know- 
ledge of physical features is gained, nothing from a niilitary 
point of view, and no personal acquaintance is made with the 
people which might be of political or other advantage hereafter. 
Proceeding to the north-west of Ladak, where the Russians 
have lately been exploring, it appears extraordinary, with the 
knowledge the Government of India possessed of the vast system 
of glaciers of the Mustakh, south of the main range, that no 
attempt has been made during the past twenty-five years to finish 
that tract of country, and map the glaciers which descend on the 
north or Yarkand side, and trace the rivers flowing from them, 
which would be easy to accomplish, and with little or no danger 
of interruption. ^ This I consider would be of far more import- 
ance and of infinitely greater interest scientifically than spending 
thousands of rupees on large-scale surveys of Indian hill stations 
and cantonments, or the resurvey of parts we know well on larger 
scales. 

Although the Indian Survey and the Quarter-Master-Gencrars 
department have tnatie us acquainted with vast tracts of country, 
yet much more might have been explored if persistent efforts 
of every kind, along the line of the Himalayas from Kashmir to 
Assam had been made during the past thirty years, and if the 
Government of India had given encouragement to officers who 
were able to survey and to make the most of their opportuni- 
ties to do so. I can remember when many such good opportuni- 
ties have been lost, owin^ to a contrary policy, for fit men ready 
to go have not been wanting ; also, when such opportunities have 
been taken, and at a time when the Government would not have 

S 'ven their sanction had it been applied for, as, for instance, when 
:r. Johnstone, an uncovenanted assistant of the Kashmir Survey 
party proceeded Cb Yarkand alone, and returned in safety in 
1864, bringing back a large addition to the then complete blank of 
intervening countrv, and fipng with some exactitude the position 
of the large cities he visited. Wo thus have left and are leaving 
to Russian subjects, who have the good wishes and countenance 
of their Government, to survey tracts of country lying upon our 
line of frontier, and we shall probably see them the first of 
European nations to plant their feet in Lhassa. They go to 
work on the right system, for much more can be done by single 
individuals in a quiet way, with a few carriers and attendants, 
than bv organizing large unwieldy missions, with a little army of 
camp-mllowers and sepoys, such as it was proposed to send from 
Darjiling some few years ago. Such preparations become mag- 
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nified into an arjny with aggressive aims, certain to aroiise 
political difficulties ; it is a burden on the resources of the country 
it has to pass through, and the possibility of misunderstandii^a 
and quarrels arisiilg over the collection of and payment for the 
same. 

We might have been working for years past to the northward^ 
in many directions, by small exploring parties, and have now 
possessed an intimate knowledge of the physical features of the 
country, and its zoology, fauna, and flora, such as the Russians 
do in their thorough manner, but which our Government appears 
not to understand the value of, eminently unscientific as it is* 
After all, disagreeable though it be to see opportunities lost, 
those who do appreciate scientific methods of work must thank 
Russian explorers, such as Prejevalsky, and now Grombehevsky, 
for the light they have, in the last few years, thrown on the 
geography and natural history of Central Asia, from Siberia 
south towardjs British India. H. H. G-A. 

- # 

Variability in the Number of Follicles in Caltha. 

It is easy to understand, supposing a tendency to variability, 
that characters of little value (as the colours of certain domesti- 
cated animals) might vary considerably, because not kept in 
check by natural selection. If it does not matter to a species 
whether it is unicolorous or spotted, for instance, one can see 
how both varieties may coexist without any tendency to the 
formation of a new species, and it might be rather an advantage 
than otherwise that individuals should differ from one another. 
But those parts connected with so important a function as the 
reproduction of the species would, pne might suppose, be rigidly 
guarded over by the survival of the fittest, and any great varia- 
bility in the number of ofispring would hardly expected 
within the limits of a species. 

That sudi variability exists, however, we have abundant proof. 
The variability in the number of follicles in the Ranunculacese is 
astonishing. Coulter Manual of Botany of Rocky Mountain 
Region gives the pods of Caliha as from 5 to 12; but this 
does not nearly represent the amount of variation. Caltha 
leptosepala^ DC. , is very abundant at West Cliff, Colorado, and 
this year I examined a number of specimens of the flowers, and 
counted the follicles, with the following result : — 


Follicles. 




Spectmeni. 

2 

... 
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... I 
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5 
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14 
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... I 



Total 


••• 73 


It thus appears that 73 flowers presented as many as 14 varia- 
tions in the number of follicles, and curiously, the odd numbers 
are more numerous than the even, in the proportion of 47 to 26. 

Miss Lowther and Miss Byington, of West Cliff, were good 
enough to search for variations other than those tabulated amve, 
and tney succeeded in finding specimens with 1, 18, 23, and 25 
Tollicles respA:tively. T. D. A. Cockerell. 

3 Fairfax Road, Bedford Park, Chiswick, W., 

September i6. 

The Origin of Milinite and Lyddite. 

(Picric Acid.) 

In your issue of the 4th inst. (p. 444) there occurs the 
following sentence : — 

** Although picric acid compounds were lon^ since experi- 
mented with as explosive agents, it was not until a very serious 
accident occurred, in 1887, at some works neaf Manchester, 
where the dye had been fisr some time manufactured, that public 
attention was directed in England to the powerfully explosive 
nature of this substance itselfi’’ 
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As this sentence forms part of this year’s great annual scien- 
tific manifesto, with which Presidents of the British Association 
for the Advancement of Science are wont to favour your 
readers, I trust your love of scientific precision will help me to 
point out that, ” to the very serious accident near Man- 

chester, public attention “ n^as ” directed in England to the 
powerfully explosive nature of this substance itself through the 
medium of a very serious publication in London, or rather 
through the medium of two very serious publications — viz. a 
patent and a paper read before the Chemical Society, as you will 
see from the following statement,^ which 1 drew up last spring at 
the request of and, as I hoped, for the use of my distinguished 
fellow-inventor, the President of the Government Committee 
on Explosives, and now President of the British Association for 
the Advancement of Science. H. Sprengel. 

54 Denbigh Street, S.W., September 13. 

A RTecently Established Bird Migration. 

Buried in the heart of a newspaper article of the 4th inst., 
on incorporated Worthing, is a statement which, if u may be 
relied on, seems to me of curious, if not unique, interest, inas- 
much as it dates very closely what seems now an annual migra- 
tion of birds. After speaking of West Tarring as dividing with 
Lancing the title of the capital of English Figland, the journalist 
{Daily Telegraphy September 4) goes on to say, ** There it was 
that Thomas A'Becket planted the first slip — now a mouldering 
stump — whence, it is said, all these shady alleys, redolent of 
syrupy sweetness, derive their origin. There is no handsomer 
shrub-tree than the fig, spreading forth its many-veined, broad 
leaver in grateful shade, while the fruit, varying from juicy 
green acorns to great purple bulbs — I bought some yesterday 
four inches in length — peer boldly forth from every available 
twig. Even that discriminating bird, the Italian beccafico, has 
become aware, in some mysterious way, of the existence of the 
Worthing fig-gardens, and comes over to spend a pleasant six 
weeks among them, just as we go for change of air to Switzer- 
land or the Black Forest. This is the time for his arrival, and 
if I may judge by certain well-picked figs on the Tarring trees, I 
should say that he had taken up his quarters somewhere in the 
immediate vicinity of the noble thirteenth century church.” 

We may reasonably allow a century or so Vrom the time of 
Henry II., before the fig-tree would be sufficiently acclimatized 
and established at Worthing to attract such visitors. And 
then, always supposing that it is the Italian beccafico {Motacilla 
currucay Linn.) which comes, it seems probable that he follows 
fig-harvest along the Riviera, and up from Southern to Northern 
France ; though how so delicate and toothsome a mouthful 
manages to run the gauntlet of the continual potting which 
almost exterminates bird life over great breadths of that long 
journey is more difficult to understand. And then is it possible 
that a bold spirit of adventure, rather than any well-grounded 
certainty of knowledge, led the first comers across the Channel ? 
Because it is a strange fact vouched for by more than one 
observer, and which goes dead against the old unerring instinct 
theory, that occa.sionally in the autumn migration, long streams 
of our emigrants make boldly out to sea from our westernmost 
coast where there is no land nearer than the east coast of 
America, and the whole flight must needs perish. 

But as this whole question of bird migration is still one of the 
most dimly- lighted regions in the whole arcana of natural 
history, and its beginnings in most cases go far back into 
immemorial time, I trust — despite the great demands just now 
of the British Association reports on your valuable space — that 
you will kindly give some competent ornithologist, resident at, 
or a visitor to Worthing, the opportunity of conf rming, if the 
fact is so, that the Italian fig-pecker has formed the habit of 
attending fig ripening there since the time of Thomas A’Becket. 

Henry Cecil. 

Bregner, Bournemouth, September 9. 

The Common Sole. 

Mr. Cunningham, in his valuable Treatise on the Common | 
Sole,” recently published, remarks (p. 125), Why I have failed 
to obtain soles in the first year of their growth, after the stage of 
those found at Mevagissey in May, I cannot understand.” It 
may be of interest to those who are studying this subject to know 
that, among the investigations organized by the Royal Dublin 
Society, and intrusted to my care on board the s.s. Fingal off 

* We have not considered it necessary to print this statement.— E d. 
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the west of Ireland, during the past summer, the working out 
of the life*history of sea h&h took a prominent place. 

In August, soles born in February and March were not found 
in shallow water, though careful search was made for them. 
Outside 50 fathoms we began to meet them. In 8o fathoms we 
took them in abundance, and also found them in the stomachs of 
other fish captured by the trawl in similar depths. 

William Spotswood Green, 

II. M. Inspector of Irish Fisheries. 

Dublin Castle, September 22. 

A Meteor. 

At about 7.49 p.m. on the 14th inst., Lsaw from the garden 
of the Pavilion Hotel, Folkestone, an uoasually laige and bright 
meteor descend towards the north-west point of the horizon. 
The long and, full tail left behind, like that of a lai^e rocket, 
enabled one to trace its path, which at its highest point was about 
6° or 8* north of Arcturus. The meteor, which was very much 
larger apparently than Jupiter, descend^ very slowly along a 
slightly wavy line of a mean inclination of about 75° to the 
horizon. The end of its path was hidden by houses on the 
“ Bayle.” J. Parnell. 

Pavilion Hotel, Folkestone, September 19. 


, THE WHITE RHINOCEROS. 

W RITING of his sporting adventures on the River 
Se-whoi-whoi (a confluent of the Umniati) in 
Southern Mashuna-land, Mr. F, Selous, in the Field of 
August 16, says as follows: — , 

“ It was within a mile of this spot that, two years 
previously [i.e. in 1883], I shot two white rhinoceroses 
{Rhinoceros simus), the last of their kind that have been 
killed (and, perhaps, that ever will be killed) by an 
Englishman. They were male and female, and I pre- 
served the skin of the bead and the skull of the former 
for the South African Museum in Cape Town, where 
they now are. I shall never cease to regret that I did 
not preserve the entire skeleton for our own splendid 
Museum of Natural History at South Kensington ; but 
when I shot the animal I made sure I should get finer 
specimens later on in the season. However, one thing 
and another prevented my visiting the one spot of the 
country where I knew that a few were still to be found, 
and now those few have almost, if not quite all, been 
killed ; and, to the best of my belief, the great white, or 
square-mouthed, rhinoceros, the largest of modern ter- 
restrial mammals after the elephant, is on the very verge 
of extinction, and in the next year or two will become 
absolutely extinct. If in the near future some student of 
natural history should wish to know what this extinct 
beast really was like, he will And nothing in all the 
museums of Europe and America to enlighten him upon 
the subject but some half-dozen skulls and a goodly 
number of the anterior horns.” 

The skin of the head of the male white rhinoceros shot 
by Mr. Selous on the occasion spoken of above was 
forwarded by the authorities of the South African 
Museum to Mr. E. Gerrard, Jun., of Camden Town, to be 
mounted for their collection. Mr. Gerrard, knowing the 
rarity of specimens of this animal, was kind enough to 
allow the mounted head to be exhibited at a meeting of 
the Zoological Society of London in 1886, along with a 
corresponding head of the (so-called) black rhinoceros 
{R, bieornis), so that an easy comparison might be made 
between them. 

The differences between the external forms of the heads 
of the two African rhinoceroses, though not, perhaps, so 
striking as the well-known differences in their skulls, are 
sufficiently obvious on comparison. I will venture to 
point them out in the pages of Nature, in the hope that 
the attention of the several exploring parties now 
traversing Mashuna-land and Matabeli-land may be 
called to this subject, knd that, in case of a straggling 
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survivor of the white rhinoceros being met with, it may 
be carefully preserved for the National Collection at 
South Kensington. 

As will be seen by the outline drawings of the heads,* the 
points by which this part of the two animals may be distiji- 
guished present themselves very appreciably. In the first 



Fig. I.— Head of Rhinoceros simus. 


place, as is already well known, the “ white 
mouthed ” rhinoceros (as it is much better called) is distin- 
guished by its short upper lip. In H. bicornis the central 
portion of the upper lip is far extended, and forms a quasi- 
prehcnsile organ. This is sufficiently manifest in the draw- 
ing, but may be still better seen in the living example of 
the same animal now in the Zoological Society’s Gardens. 



Fig. 3.— yead of R, bUcmis, 


■ A second point in which the heads of the two African 
rhinoceroses differ materially is in the size and shape of 
the ears. In R, bicornis (Fig. 2) the ear- conch is much 
rounded at its extremity, and edged by a fringe of short 
black hairs which spring from the margin. In R. simus 
(Fig. 1) the ear-conch is much more elongated and sharply 

• Reduced from P.Z.S., 1886, PI. xvi. 
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pointed at its upper extremity, where the hairs which 
clothe its maigin constitute a slight tuft. While the 
upper portion of the ear-conch is much more ‘expanded 
in R. simus (t^ian in R. bicornis), in the lower portion 
the two margins are united together for a much greater 
extent, and form a closed cylinder which rises about 
3 inches above the base. 

A third point in which the two species appear to differ 
is in the shape of the nostrils, which in R. simus are 
elongated in a direction parallel with the mouth, while in 
R. bicornis they are more nearly of a circular shape. 
Again, the eye in R. simus appears to be placed further 
back in the head than in R. bicornis. 

In conclusion, I wish to call special attention to what 
Mr. Selous has already said — that no museum in Europe 
or America possesses a specimen of this huge animal, 
and to point out that the country, in which alone (as is 
possible but by no means certain) the last stragglers 
exist, Ijeing now within the British Empire, it is clearly 
our duty to endeavour to obtain and preserve examples 
of the great white or square-mouthed rhinoceros for the 
use and information of ^sterity. 

P. L. SCLATER. 


RECENT RESEARCH AMONG FOSSIL PLANTS. 

A n instructive resumi of recent work among fossil 
plants is given by the Marquis de Saporta «n the 
Revue gindrale de Botanique, vol. ii., 1890. It appears 
that mosses were almost certainly represented in the 
Palseozq^cs, a species allied to Polytrichum having been 
discovered at Commentry, in France. Rarely as the 
fructification of ferns is preserved in the Coal-measures, 
twenty species are now investigated, confirming the view 
that the Palmozoic species differed widely from the pre- 
sent. Half of them are most nearly related to the Marat- 
tiacem, whilst others show affinities with the Osmundaceae, 
GleicheniaceJb, and Hymenophyllum, the vast order of 
Polypodiaceas, and the Cyatheai being unrepresented. 
Among the most striking discoveries in the Coal-mea- 
sures is a fern trunk several yards in length, with its 
fronds attached. The view that the Calamarias were 
in part Gymnosperms is all but universally abandoned, 
and the close affinity of the Lepidodendrons and Sigillarias 
and their cryptogamic nature everywhere admitted, so 
that a long controversy is ended, and the truth of Prof. 
Williamson’s contentions definitely established. Links 
in the chain of evolution between Cryptogams and Gymno- 
sperins still elude our search, and the earliest vegetation 
of which we have any complete knowledge already presents 
well-developed Gymnosperms in the shape of the deci- 
duous Cordaites, a few Cycads and ooscure Taxads 
allied to Ginkgo. At the same time, we get rid of the 
very puzzling Spirangium, so often regarded as a possible 
Palreozoic Angiosperm, but now relegated by MM. 
Renault and Zeiller to the animal kingdom as the* egg 
of some member of the shark family. 

Under the apparently totally dissimilar climatic con- 
ditions of the Mesozoic, the overgrown luxuriant vegeta- 
tion of the coal period is replaced by forests of dry 
scale-leaved Coniferse, with undergrowths of small-leaved 
ferns and Cycads. Fructification shows the presence of 
Cycadese in the infra-Lias, and Polypodieae in the mid- 
Jurassic. The researches of Count Solms. into the 
organization of the obscure and extinct Cycad Bennettites, 
bid fair to clear up another important and hitherto in- 
soluble problem — the true botanical position of William- 
sonia. Work in the past year or so has been destructive 
to a great deal of even recent literature on the mological 
history of plant evolution, the foundations of all specula- 
tive writing on this subject having as yet proved most 
treacherous sand. * 

The first appearance of Dicotyledons, once supposed* 
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to coincide with the Tertiary period, is ^pushed back 
farther and farther into the Secondary ; a flora .in the 
United States, otherwise Jurassic in facies, containing no 
less than seventy-five species, or more than 2o per cent, of 
Phanerogams, according to Lester Ward. In England 
the mysterious Wealden, which from analogy should 
preserve rich fossil floras shedding light on the origin of 
Angiospenns, yields little but tubers and stems of Equi- 
setum, scraps of ferns and conifers, and a uni^e liliaceous 
stem ; while our Greensapds, Gault, and Chalk afford 
little or nothing from which the existence of flowering 
plants during their deposition could be inferred. The 
veil which has proved absolutely impenetrable in our 
country, and has so long enshrouded the dawn of dicotyle- 
donous vegetation, seems, however, about to be lifted, 
and we wait with the utmost interest the publication of 
the infra-CretSceous floras of the Potomac by Prof. Fon- 
taine, and of the oldest European Dicotyledons, from the 
beds of Gault age in Portugal, by Saporta. Though, 
however, the forms will be revealed, a long time must 
probably elapse before we can hope to rightly interpret 
them. J. .Starkie Gardner. 


ON THE INFLUENCE OF HEAT ON COPPER 
POTASSIUM CHLORIDE AND ITS SATU- 
RATED SOLUTIONS 

'T'HE blue crystals of copper potassium chloride, 
■■■ CuClj zKCl.zHjjO, when heated to upwards of too®, 
change their colour, and a closer investigations proves 
such is due to the formation of a new brown salt, 
CUCI2.KCI, according to the equation — 

CuCl2.2KCl.2H2O = CUCI2.KCI •+• KCl -f 2 H, 0 . 

This same new substance can be obtained at lower 
temperatures, on heating the blue double salf in presence 
of copper chloride ; it then results according to the 
following symbols — 

CuCl2.2KCl.2H2O -f CUCI2.2H2O - 2CUCI2.KCI + 4H20. 

Both transformations are reversible — the primitive 
substances are obtained anew on cooling, and both take 
place at definite temperatures, 93® and 56” respectively, 
which temperatures can be accurately determined in 
studying the abrupt change of volume which accompanies 
that of chemical composition. 

The temperatures of 56° and 93° are, moreover, charac- 
terized by an intersection of three curves of solubility in 
each case, viz. — 

1. At 56* the following three will meet — 

{a) That of the system CuCI2.2KCl.2H2O ; CUCI2.2H2O. 
(^)-That of the system CuCl2.2KCI.2H2O ; CUCI2.KCI. 
(r) That of the system CuClJ KCl ; CuCI,.2H20. 

2. At 93°— 

(a) That of the system CuCl2.2KCl.2H2O ; OK. 

{i>) That of the system CuCl2.2KCl.2H2O ; CUCI2.KCI. 
(c) That of the system CuC^KCl ; CIK. 

Lastly, those same temperatures are characterized also 
by an intersection of four vapour pressure lines at each, 
viz. — 

I. At 56® those of the above-mentioned three saturated 
solutions, and that of the dry blue salt, mixed with copper 
chloride, meet. 

3. At 93° those of the other three mentioned above 

and that of the dry blue salt, mixed with potassium 
chloride. ' J.. H. Van’t Hoff. 

^ Abstract of a paper read at the Leeds meeting of the British Association. 
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THOMAS CARNELLEY. 

B y the death of Prof. Carnelley the science of che- 
mistry in this country has suffered an irreparable 
loss. It appears that some little time ago Dr. Carnelley 
had been suffering from an attack of influenza, and it was 
whilst returning to Aberdeen after a journey to the south, 
made with the object of recruiting his health, that he was 
seized with sudden and severe illness, which was due, as 
his medical attendants discovered, to the formation of an 
internal abscess. Surgical aid proved unavailing, the 
patient’s strength gradually gave way, and Dr. Carnelley 
passed away at mid-day of August 27, at the compara- 
tively early age of thirty-eight. 

Prof. Carnelley was a native of Manchester, the son of 
Mr. William Carnelley, Chairman of the directors of 
Messrs. Rylands, Limited, of that city. His early educa- 
tion was received at King’s College School, London, and 
it was during this period, whilst attending the evening 
classes at King’s College, that Carnelley began the study 
of that science with which he in after life identified him- 
self. In 1868 he entered the Owens College, Manchester, 
gaining one of the Dalton Entrance Mathematical Exhi- 
bitions. During his career as a student, an exceptionally 
brilliant one, he busied himself not only with the study of 
the many subjects required of graduates in science of the 
London University, but found time to devote special 
attention to his favourite science, and carried out an 
original investigation on the vanadates of thallium, for 
which he received in 1872 the Dalton Chemical Scholar- 
ship. In this year also he obtained the degree of 
Bachelor of Science of the University of London, gaining 
at the final examination for this degree marks qualifying 
for the scholarship in chemistry, in consequence of which 
he held the Dalton Chemical Scholarship for an addi- 
tional year. During the next two years he acted as 
private assistant to Prof. Roscoe, and commenced his 
career as a teacher by giving lectures in connection with 
the evening classes of the Owens College. During the 
year 1874-75 he continued his studies at the University 
of Bonn under Profs. Kekul^, Zincke, and Wallach ; and 
on his return to England in 1875 was appointed Demon- 
strator and Assistant- Lecturer in Chemistry in the Owens 
College under Prof. Roscoe. During the time that he 
held this appointment he also acted as Principal of the 
North Staffordshire School of Science at Hanley, where 
his teaching proved eminently successful. In 1879 Car- 
nelley, who had taken the London degree of D.Sc., was 
appointed to the newly-founded chair of chemistry in the 
Firth College, Sheffield, and, after three years’ successful 
work in this institution in fitting up the chemical labora- 
tory and inaugurating the teaching of chemistry in this 
College, he passed on to the then recently endowed Uni- 
versity College of Dundee. Here ample means were 
placed at his disposal, and he had the satisfaction of 
superintending the erection of a block of buildings in 
which are located the chemical laboratories, lecture- 
rooms, &c., which he had designed and carefully planned. 
Under his guidance the Chemical Department of the 
Dundee College rapidly developed*; his enthusiasm, his 
forgetfulness of self, his unstinted energy, and his ability 
and zeal as a teacher, all combined to make his depart- 
ment the most important one in the new XTollege and to 
endear him to his students. Signally successful as was 
Camelley’s career in Dundee as a pcofessor of chemistry, 
he also in many other ways conferred lasting benefits on 
the town and its inhabitants, amongst whom he spent six 
years, perhaps the most active of his life, and his accept- 
ance of the atipointment to the chair of chemistry at the 
University of Aberdeen in 1888 caused universal regret 
in Dundee. 

Amidst his many duties, first at Owens College, then 
at Firth College, and afterwards at University College, 
Dundee, where he conducted both day and evening 
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classes and superintended the teaching in the labora- 
tories, Dr. Carnelley did not forget that the first duty of 
a man of science is to advance his subject. That he did 
so with good effect is seen from the numerous communi- 
cations of importance contributed to the various learnt 
societies both in this country and in Germany, either 
alone or in conjunction with other investigators. Pro- 
minent amongst the researches with the results of which 
he has enriched science are those by which he sought to 
extend the application of Mendel^eff's discovery of the 
“ periodic law,” in accordance with which the chemical 
and physical properties of the elements and of their com- 
pounds are periodic functions of the atomic weights of 
the elements. Carnelley, when a student at the Owens 
College, appears to have been greatly impressed with 
Mendel^eff’s conceptions, and it was to th^ study of the 
physical properties of the elements and their compounds, 
and to the devising of new methods of obtaining trust- 
worthy determinations of the melting-points of metallic 
salts and the elements, that he early devoted his energies. 
The results of these experiments were subsequently 
utilized to show that the fusibility of the elements and of 
certain of their compounds is a periodic function of their 
atomic weights. From the relationships discovered by 
him to exist between the melting-points of the chlorides 
of the elements and the atomic weights of those elemeifts 
Carnelley was led to draw conclusions respecting the 
atomic weight of the element beryllium and to fix its posi- 
tion in the classification of the elements. 

Other physical properties have been shown by Car- 
nelley to be related to the atomic weights of the elements, 
and in a paper read at the Aberdeen meeting of the 
British Association he developed a scries of an.alogies 
between the elements and various series of hydrocarbons, 
from which he concluded that the chemical elements may 
be represented by a formula in which n is the 

series and x the group to which the element belongs ; 
A = 12 and B = - 2. In a paper published in the Philo- 
sophical Afaj^asi/ie in January last, he tells us that since 
1872 he had attempted to give the periodic law a simple 
numerical expression, and states that early in the summer 
of 1889 he had obtained such an expression, in which the 
atomic weight is represented as equivalent to the product 
of a constant, c, into a factor made up of /», a member of 
an arithmetical progression, dependent on the series to 
which the element belongs, and v, the maximum valency, 
or the number of the group of which the element is a 
member. Thus- -- 



The best resuks *are obtained when x — 2, and m is o for 
series II., 2J for III., 5 for IV., 8i for V'., 12 for VI., iS-j 
for VII., 19 for IX., 22i for X., 26 for XL, and 29^ for 
XII. 

The formula thus becomes A = c(f» -|- »/v), and m is a 
member of an arithmetical series in which the difference 
is 3^, save in the first two series, when it is 2i. By using 
this equation, the value for c in the case of 55 elements 
is found to lie betweerffi'o and 7*2, with a mean value of 
6*64. Accepting 6'6 as the value of c, the calculated 
atomic weight of sodium, for example, would be found as 
follows : — Sodhim is the first member of series III., m is 
therefore 2*5 and v »= i, so that A=6’6(2-s + Vi)i— 23’i. 
In the paper referred t* the atomic weights of all the ele- 
ments are given as calculated by this formula, and compared 
with those generally accepted. The results obtained exhibit 
very near approximation, the calculated values bein^, in 
fact, nearer the experimental numbers than those obtained 
by the aid of Dulong and Petit’s law. The remarkable co- 
incidence that the value 6*6 for the constant e in the 
above formula very nearly approximates to the value 6*4, 
accepted as the atomic heat of the elements, in acccord- 
ance with Dulong and Petit’s law, is noted, and that the 
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specific heats of the elements may consequently be repre- 
sented as equivalent to — The specific heats c^l- 

culated by the aid of this formula are compared with the 
experimental values, and in the case of the 55 elements, 
in which a comparison can be instituted in 45 instances 
the agreement is very satisfactory, while the other 10 are 
elements the specific heats of which, according to Dulong 
and Petit’s law, are more or less abnormal. 

Accepting Bettone’s conclusi9n that the hardness of an 
element is inversely proportional to its specific volume, it 
is shown that hardness may be represented in terms of 
the specific gravity, and the expression 6'6(m -f- s/v), 
thus — 


Hardness = -r- 

spec. vol. 


sp. gn 
at. wt. 


sp. gr. 

6'6(^n -J- ^v)’ 


But Carnelley's energies were not alone given to the in- 
vestigation of questions of a purely scientific interest, for, 
naturally, one situated as he was all his life in the midst 
of active industrial communities found many opportuni- 
ties of applying his knowledge and training for the benefit 
of those around him. Notably was this the case in the 
valuable examinations, chemical and bacteriological, of 
the air of dwellings, schools, &c., in Dundee and district, 
in a report to the School Board, of which he was an 
active member. Much valuable information was brought 
to light by these investigations, and it would appear that 
one result attained was the rcalizrition by the authorities 
in Dundee, Aberdeen, and some other towns, of the 
necessity of making provision in schools for the supply of 
a pure tcrial food for the scholars. This subject--the 
ventilation and heating of schools, &c.— was, we believe, 
one with which he was busily engaged at the time of his 
last illness, and it is to be hoped that the labour which 
he expended upon it will ^be continued by one of his 
competent collaborateurs. 

Prof. Carnqjley was also the author of an elaborate and 
most valuable compilation of certain physical constants 
of chemical compounds, published in two l^rge volumes, 
a monument of industry and devotion to science ; he was, 
moreover, an extensive contributor to the German- 
English dictionary of scientific .and technical terms 
published by Messrs. Vieweg and Son, of Brunswick. 

Of a retiring, modest, unselfish, and deeply religious 
nature, his earnest enthusiasm served not only to create 
in all a sincere regard for him, but to make him beloved 
by those who were privileged, whether as teachers or 
students, to become intimately acquainted with him. At 
all times an ardent student, an untiring investigator, a 
successful teacher, and a contributor in so great a variety 
of ways to the advancement of science, by his early death 
an already brilliant career has been deplorably cut short 
and a vacancy created in the ranks of scientific men in 
this country which must long remain unfilled. 

H. E. R. 


P. R B. 


NOTES. 

The welPknown writer on vegetable palaeontology. Prof. E. 
Weiss, of Berlin, died on July 5 last. 

The Swedish residents of Chicago have subscribed for a 
statue of Linnasus, which will shortly be erected in the Lincoln 
Park in that city. 

Dr. a. MdLLBR, of Berlin, has established, at Blumenau in the 
State of S. Catharina in South Brazil, with the assistance of the 
Prussian Academy of Sciences, a botanical laboratory, where, 
during the next two years, he will pursue Brefeld’s method 
of the artificial culture of the higher and lower filamentous 
Fungi. He will be gla!& to receive suggestions from botanists 
interested in the subject 
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The Congress of the United States has grabted the sum of 
40J000 dollars, to be employed, exclusively of salaries, in the 
prosecution of botanical work by the Division of Botany of the 
Department of Agriculture. The Section of Vegetable Patho- 
logy has now been made a distinct division, and is at present 
especially concerned in investigating the grape-vine disease 
which is spreading rapidly in California. 

There has recently been added to the marine collection at * 
the Brighton Aquarium a specimen of the manatee, or ^^sea 
cow.’’ The specimen has been imported from Trinidad, and | 
was brought from Liverpool by Mr. Wells, the marine superin- 
tendent, under whose careful supervision it was safely transferred 
to its new home in the Brighton Aquarium. The tank in which 
it has been placed has been specially fitted with heating appa- 
ratus, it being necessary to keep the temperature to between 70® 
and 80®. The manatee is 4 feet 6 inches in length, a,nd feeds 
principally upon lettuce, of which it consumes large quantities. 

The Lords of the Committee of Council on Education have 
just sanctioned under Clause 8 of the Technical Instruction Act, 
1889, a resolution passed on August 12, 1890, by the Council of 
the city of Worcester. This resolution consisted in making 
grants, under the powers conferred upon them by the Act, to 
certain institutions in Worcester for the promotion of technical 
instruction, and it was the opinion of the Council that such a 
form />f instruction is required by the circumstances of the 
district. The instruction is to be given in the following subjects, 
which are not included in the branches already recognized by 
the Science and Art Department : French, GernAtn, type- 
writing, shorthand, bookkeeping, commercial geography, com- 
mercial arithmetic, and cookery. 

The Photographic News contains an account of the eleventh 
annual Convention of the Photographers’ Association of America, 
which proved a great success. The chief part of the programme 
was the unveiling of the monument to Daguerre at the city of 
Washington. The work was after the design of Scott Hartley, 
and i s stated to be of a beautiful unique design, and worthy of 
the admiration of every photographer in America. The sessions, 
owing to the kindness of the United States officials, were held 
in the National Museum, and under the very able management 
of the executive officers an excellent programme was provided 
and carried out successfully. There was an unusually large 
number of papers presented, and the discussions were entered 
into by the members in the most hearty and satisfactory manner. 
Among other articles are those by Dr. H. W\ Vogel on photo- 
graphy in Germany, and by Colonel J. Waterhouse on the reversal 
of the negative photographic image by thio-carbamides. 

The last two numbers of Cosmos contain some very interesting 
information on various topics. Some new discoveries have been 
made at Pompeii, near the Stabiana Gate, and a description is 
give.! of them. Three bodies were found, two being those of 
men and the third that of a woman. Not far from the resting 
place of these bodies was found the trunk of a tree, 3 metres 
in height, and measuring 40 centimetres in diameter. This 
tree, together with its fruits that were found w^th it, have 
been examined by the Professor of Botany, M. Pasquale, who 
finds in it a variety of Laurus nohilis. By means of the fruits, 
since they come to maturity in the autumn, he concludes that 
the eruption did not take place in August but in November. 

The current number of La Nature contains an interesting 
account of the ceremony of unveiling the new statue of Gay- 
Lussac at Limoges. In the name of the Academy of Sciences, 
M. P. P. Deh^rain gave a long discourse on the life and works 
of this great man, extracts from which are given. Prince Roland 
Bonaparte gives a description of the r»ace of Somalis, some of 
which are at present in the Acclimatization Gardens of Paris, 
and whic)i form a most curious ethnographical exhibition. The 
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article is written from observations of the author and from other 
sources, and deals with the country, food, habits, dress, &c., of 
these people who inhabit that country, *‘si affreux et si d^sol^.” 

It was observed a short time ago by Dr. Kremser, that the 
curve of mortality in North Germany lagged about two months 
behind that of the variability of temperature. An inquiry into 
this matter in the case of Budapesth has been lately made by Dr. 
H^^oky, taking the nine years 1873-81. Comparing the 
months, he failed to make out a certain connection. But taking 
into account other meteorological elements besides temperaturCi 
and reckoning by seasons, he found the variability of weather in 
the different seasons to give the following order from maximum 
to minimum : winter, spring, autumn, summer. As regards 
mortality, the order was : spring, summer, winter, autumn. 
Thus it appears there is a displacement of three months. If a 
connection of the kind referred to really exists between weather 
and mortality, the effect, mortality, must appear somewhat 
later than the cause, variation of weather. 

The National Revieiv for September contains an article on 
the progress of weather study, by H. Harries. The subject 
d^alt with refers chiefly to the wind, and the author traces the 
history of the development of the law of storms and of the 
practical application to weather prediction. He points to the 
useful work of the Meteorological Department under Admiral 
FitzRoy in collecting synchronou;s observations of the Royal 
Charter storm of October 1859. The charts then published, 
although too limited in their area, threw much light on the 
movements of the atmosphere and formed a most important 
step in the right direction. The later investigations of the 
Meteorological Council of the United States Office, and of the 
Deutsche Seewarte^ &c., have contributed greatly to increase our 
knowledge, and to improve the accuracy of weather forecasts and 
it is by such synchronous discussions, and by taking advantage 
of the reports from rapid steam vessels, that we must hope for 
an extension of our knowledge in the future* 

Mr. £. Nevill, the Government Chemist at Natal, in his 
last report to the Colonial Secretary, notes that valuable 
deposits of argentiferous galeno of copper and of bismuth exist 
in the colony, and of such rich nature that they could be 
profitably exported in bulk. In both Alexandra and Umvoti 
Counties deposits of silver-bearing lead ore have been found, 
containing from ten to fifteen pounds worth of silver per ton of 
lead ore. Saltpetre has been found so rich as to be worth 
more than three times as much as the besti Peruvian deposits. 
Plumbago, asbestos, and the mineral phosphates appear to be 
of inferior quality. Several calcareous formations have been 
i examined, which are likely, under proper treatment, to yield 
good hydraulic cement. 

Some chemical reactions can be started or accelerated by 
sunlight, and an increased effect is to be expected where the 
rays are concentrated by a lens or concave mirror. Herr 
Briihl has recently described (in the Berichte) experiments made 
in this way, in production of zinc ethyl from zinc and ethyl 
iodide (a reaction difficult to start). The retort, containing zinc- 
filings and several hundred grammes of ethyl iodide, was placed 
at the focus of a concave mirror, about a foot in diameter, receiving 
the sun’s rays. The reaction soon began, and grew so vigorous 
that cooling was necessary. In a quarter of an hour all the 
ethyl iodide was consumed, and through the subsequent distilla- 
tion in an oil-bath, a good yield of zinc ethyl was bad. This 
radiation process, it is suggested, might be variously useful in 
actions on halogen^compounds, which tend to be disaggregated 
by sunlight. A lens, owing to the athermanous property of 
glass, would be less powerful. 
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Mr. a. McAdie, Fellow of Clark University, U.S., has 
forwarded us his prize essay on tornadoes, reprinted from the 
American Meteorological journal for August. After a dis- 
cussion of the state of our knowledge of storms of this charactery 
the possibility and practicability of predicting them is considered. 
It is suggested that, since the barometric movement is too 
sluggish and the thermometric indications too much masked to 
be serviceable, the electrometer might be better adapted to give 
notice and warning of the proximity of violent whirlings in the 
air and detect those which would otherwise pass unheeded. A 
careful study of cloud movement is also suggested, as a method 
promising much in the way of obtaining knowledge bearing on 
the occurrence of tornadoes. 

The Report of Dr. Eitel, Inspector of Schools«in Hong Kong, 
for the past year, contains some interesting details. The total 
number of educational institutions of all descriptions, known to 
have been at work in the colony of Hong Kong during the year 
1889, amounts to 21 1 schools, with a grand total of 9681 scholars 
under instruction. More than three-fourths of the whole num- 
ber of scholars, viz. 7^S9» attended schools (106 in number) 
subject to Government supervision, and either established 
or aided by the Government. The remainder, with 2022 
scholars, are private institutions, entirely independent of Govetn- 
ment supervision and receiving no aid from public funds. The 
total number of schools subject to direct supervision and annual 
examination by the- Inspector of Schools amounted, in 1889, to 
104, as compared with 5oin^879, and 19 in 1869. The total 
number of scholars enrolled in this same class of schools during 
1889 amounted to 7107, as compared with 3460 in 1879, and 
942 in 1869. In other words, there has been an increase of 31 
schools and 2518 scholars during the ten years from 1869 to 1879, 
and an increase of 54 schools and 3647 scholars during the ten 
years from 1879 to 1889. It would seem, therefore, that the 
decennial increase of schools and scholars during the last twenty 
years has shown a tendency to keep up with the progressive in- 
crease of population. Comparing the statistics of individual 
years, the number of schools under supervision and examination 
by the Inspector of Schools rose from 94 in 1887 and 97 in 1888 
to 104 in 1889, whilst the number of scholars under instruction 
in these same schools rose from 5974 in 1887 and 6258 in 1888 
to 710J in 1889. There is, therefore, a steady annual increase 
during the last three years, progressing from an increase 
of 284 scholars in 1888 to an increase of 849 in 1889. The ex- 
penses incurred by the Government during the year 1889, on 
account of education in general, amounted, exclusive of the cost 

of new school buil^lings, to a total of 853,901. 

• 

In Science reference is made to a question which may interest 
many of our readers, Should beer be drunk out of a glass?'' 
Dr. Schultze claims to have established, by a very extended 
Series of experiments, that beer, by as little as five minutes* 
standing in any glass, even when cold and in the dark, will be 
materially affected both in taste and odour. By making trial 
tests on some one hundrqfl persons he sustains his claims. The 
change is due, as he thinks, to the slight solubility of the glass 
substance in the beer. Lead is used in the manufacture of glass, 
making it more easy to manipulate, and from experiments with 
glass obtained from the leading sources of supply, he determined 
that one cubic centimetrie of beer, by five minutes’ standing in 
glass, dissolved 6-26 ten-millioliths of a milligram of the glass 
substance containg 0-48 thousand-millionth» of a milligram of 
lead oxide. It is this small quantity of glass substance that 
affects the taste of the beer, and if it contains lead, renders it 
objectionable for sanitary reasons. By further experiments with 
vessels of different substances, he comes to the conclusion that 
gold-lined silver mugs are the best, and he ranks covered salt* 
glazed stone mugs as good. 
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The United States Consul at Hanover, in a recent report 
refers to afforestation in that State, where, he says, there were 
formerly rich tracts of forests. These, in consequence of wars, 
were reduced to desolate wastes, and remained so until the first 
decades of the present century — particularly those districts 
between Hamburg and Hanover which are known by the 
name of Luneburger Haide. Another reason for the devasta- 
tion was mismanagement, such as division of common forests, 
by which they were dispersed and /ell into the hands of people 
with small means, and thus were doomed to neglect and 
destruction. The celebrated Burkhardt was appointed Director 
of the Forest Department in 1850, and under him part of the 
Luneburger Haide, as well as otlier tracts growing more and more 
I desert by the encroachments of sand, have been wooded with 
great pains and trouble. To prevent the inciyase of sandy 
I deserts those tracts were at first planted with fir-trees. After a 
I number«of years these were cleared, and beech and other trees 
substituted. How much the forests have been enlarged in this 
I manner will appear by the fact that the wooded surface amounted 
in the year 1850 to 1,217,625 acres, and in 1885 to 1,551,900 
acres. The Government granted large sums for the purchase of 
land unfit for cultivation to be turned into forest tracts, and is 
now intent on uniting again those formerly scattered wooded 
parts into one single tract. In the same way the Klosterkammer 
(Administration of cloister funds) purchase extensive stretches of 
soil. Municipalities, communities, and even private individuals 
who are inclined to establish forests and manage them rationally, 

I will receive loans at 2 per cent, from the Provincial Govern- 
I ment, t<P be reimbursed yearly by small instalments ; single 
subsidies also are granted for converting large wastes into forest 
I grounds. The Government employed vagabonds, tramps, and 
prisoners not of a dangerous character, for forest culture. In 
this manner about gooo acres were planted with trees by those 
troublesome classes within the years 1876 to 1888. Moreover, 
communities as well as private individuals have turned about 
14,000 acres into forest grounds within the same period by means 
of subsidies afforded by the Provincial Government, and various 
towns have laboured to preserve and plant forests in their vicinity 
for purposes of health, recreation, and incidentally of profit 
also. 

The additions to the Zoological Society’s Gardens during the 
past week include a Rhesus Monkey (Macacus rhesus 6 ) from 
India, presented by Mr. A. S. Keys ; a Brazilian Tree- Porcu- 
pine (Sphtngun4s prehensilis) from Trinidad, presented by Mr. 
J, N. Kilner ; two Vulpine Phalangers {Phalangista vulpina 
3 9) from Australia, presented by Mr. J. G. Mackie ; two 
Pucheran’s Guinea Fowls (Numida pucherani) from East Africa, 
presented by Mr. Keith Anstruther ; a Silver Pheasant {Euplo^ 
camus nycthemerus 9 ) from China, presented by Mr. E. W. 
H, Blagg ; two Wheatears {Saxicola cenanthe\ a Sto^echat 
{Pratincola rubicola)^ a Whitethroat (Sylvia cinerea), ‘British, 
presented byMr. J. Young, F.Z.S.; an Owen's Apteryx 
oweni) from New Zealand, presented by Capt. E. A. Findlay, 
R.N.R., ]^M.S. Ruapehu \ a Blue and Yellow Macaw (.^Tra 
ararauna) from South America, presented by Mr, Luxmore 
Marshall; a Blue-eyed Cockatoo (Cacatua ophthalmica) from 
New Britain, presented by Mrs. R. E. Anson; a Guillemot 
(Lomvia troile\ British, presented by Mrs. Forbes; two Common 
Gulls (Larus canus)^ a Black-headed Gull (Larus ridibundus\ 
British, presented by Mr. A. C. Howard ; a Lion (Felis leo t ) 
from Sokoto, West Africa, deposited ; a Common Bee-eater 
(Merops apiaster'U European, a Green-headed Tanager (CaUiste 
tricolor) from Brazil, purchased ; three Garden Dormice (Myoxus 
quercinus) from Vosges, France, received ^ in exchange ; 
two Viscachas (LagBotomus trichodactylus), born in the 
Gardens* 
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OUR ASTRONOMICAL COLUMN 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. onr September 25 a 
22h. iSm. 40s. 


Name. 

Mag. 

Colour. 

R.A 1890^1 

i 

Deck sSgo. 

(i)G.C. 48T5 



h. m. a. . 
22 32 t , 

+ 3*3 4 Q 

(2) 615 Birni 

6 

Vellowish-rcd. 

22 34 18 

4*56 13 

(3) B.A.C. 7954 

4 

1 Yellowish-red. 

: 22 43 46 

~14 4 

(4) Aquarii 

3 

While. 

22 23 12 

- 0 35 

(5) n Aquarii 

4 

White. 

22 29 42 

- 0 41 

(6) 251 Schj. 

8 

Very red. 
RVddish. 

21 3S 43 

+ 37 3 « 

(7) T Herculis 

Var. 

18 4 56 

+ 3 ' 0 


^ Remarks. 

(1) According to the observations of Huggin and D’ Arrest, 
this nebula has a continuous spectrum, but further observations 
for “irregularities” or bfight ilutings should be made. The 
nebula is described as “Bright; pretty large; pretty much 
elongated in the direction 160°; suddenly much brighter in the 
middle.” 

(2) Duntfr compares the spectrum of this star of Group If. 
with that of a flerculis, and states that “it is one of the hnest 
in the northern sky.” The bands 2-9, including 6, are very 
wide and dark, and the spectrum is one which may be advan- 
tageously studied. Light-curves of spectra of this type are 
valuable, as they show the relative extent of carbon radiation, 
and tMirefore serve as a cross check in the classification which is 
made on other grounds. 

(3) The spectrum of this star is one of Group II., in which 
bands 2, 3, and 7 are dark but not very wide, and liands 4, 5, 
and 8 are feeble and narrow. Duner thinks it almost inter- 
mediate between Group II. and Group III., but in this he is 
probably mistaken, as the description agrees almost exactly with 
that of 75 Cygni (see p. 511), which turns out to belong to an 
early and not a late species of the group. In that case the bright 
carbon flutings are predominant, and it will probably be found 
that this applies also to the star in question, ^llere, again, a 
light-curve of the spectrum compared with that of a star like (2) 
should emphasize this point. 

(4) This star has a spectrum which is almost Group IV., the 
hydrogen lines being considerably broad, but, at the same time, 
d and D are seen without much difficulty. Its proper place on 
the temperature curve is therefore the last stage of Group III. 
It may be remarked that with the same thickness of F in a star 
of Group V., the metallic lines would not be so prominent. One 
need only compare Aldebaran and Capella to see this difference 
in the intensities of the metallic lines in Groups III. and V. 

(5) A star of Group IV. 

(6) In the spectrum of this star of Group VI. no secondary 
bands were seen with certainty by Duner, and although the 
green and yellow zones are very bright, the blue light is very 
fccble. It seems as if in some of these stars there is more con- 
tinuous absorption than in others, and comparative light-curves 
of the spectra of stars of the group might throw light upon this 
point. This again would probably enable us to determine the 
relative temperatures of the different stars. The intensity 
of the blue zone certainly does not depend altogether upon 
magnitude. 

(7) The approaching maximum of this variable (October 4), 

will offer another opportunity of determining the character of its 
spectrum. It is much to be regretted that so m^py variables 
have as yet unknown spectra, and the sooner they are observed 
the better. T Herculis has a period of about 165 days, and 
ranges from 6'^8*3 at maximum to Ii’4~i27 at minimum 
(Gore). A. Fowler. 

S01.AR Activity from January to June 1890. — Prof. 
Tacchini has just presented to the Paris Academy of Sciences a 
note on the distribution in latitude of solar phenomena observed 
by him during the first half of this year {Comptes rendus^ 
September 15). Hydrogen prominences have been more frequent 
in the southern hemisp^here than in the northern, and reached a 
maximum of frequency in the zone included between the latitudes 
40'*-50^ This was also the case in ^1889 {Comptes rendus^ 
May 5, 1890). During the second quarter of this year pro- 
^ minences have been observed very near to the poles, wnich 
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indicates that solar activity is on the increase. Faculse show 
maxima of occurrence at the same distance from the equator in 
both hemispheres, viz. 20^-30®. The maximum frequency in 
the northern hcmi.^phere is more marked, however, than in the 
squthem. The distribution of groups of spots is the same as 
that of faculse, hence Prof. Tacchini concludes that we have 
reached a period of change in the distribution in latitude of solar 
phenomena ; for whilst prominences have maintained a pre- 
dominance in the southern hemisphere, faculae and spots have 
been more frequent in the northern. The absolute number of 
groups of spots during the second quarter of this year was greater 
than that of the first quarter, thus indicating that the minimum 
period has definitely passed. 

The Telluric Spectrum. — In the /:urrent number of 
V A stronomie M. Janssen gives a short account of his work in 
Algeria on the telluric spectrum. The object of the expedition 
was to photograph the solar spectrum on isochromatic plates 
when the sun was respectively on the meridian and horizon. By 
the use of such plates, having maxima of sensibility at the less 
refrangible end of the spectrum, the increase in intensity of the 
most important telluric lines, which accompanied a decrease in 
the sun’s altitude, may be strikingly demonstrated. The ob- 
servations were made from a small fort near Biskra, situated on 
the edge of the Sahara, and having an uninterrupted view 
towards the south. The solar spectrum was obtained by means 
of a Rowland’s grating, and many photographs were taken 
during the three months of observation. Their discussion is not 
yet completed, but M. Janssen notes that without the purity of 
the sky at the place of observation and the continuance® of fine 
weather it would have been impossible to obtain any useful 
results. An excursion was made to Tuggurt in order to study 
the solar spectrum from one of the driest places on our globe. 
Some photographic observations of mirages were also made at 
the same time, and are said to throw much light on the nature 
of the conditions necessary for the production of these singular 
phenomena. 

The Perseid Meteors. — In Comptes rendus for September 
15, Prof. Denza gives an account of the observations made in 
Italy from August 9 to ii under the direction of the Italian 
Association for the Observation of Meteors. From the results 
obtained at the thirty stations it is concluded : — 

(1) The number of luminous meteors, especially on August 
II and 12, was greater than in preceding years, and has relatively 
attained a maximum. This appears to prove that the earth has 
cut through a condensation in the metcoritic ring. 

(2) The meteoritic shower, which formerly began on August 
10, appears to have suffered a retardation, and now begins on 
August II. 

(3) The following are the numbers of meteors observed at 
some of the stations: Vatican Observatory, 1971; Florence, 
1749; Aprica, 1740; Gaeta, 1305; San Martino in Pensilt, 
1276 ; Moncalieri, 1036. 

(4) The radiant of the principal shower was found to have the 

same position between Perseus and Cassiopeia as has previously 
been noted. . 

(5) Other radiants were also observed, and fcotably in Ursa 
Major and Ursa Minor, Cygnus and Andromeda. 

(6) Most of the meteors seen had the yellow colour charac- 
teristic of this swarm. 

(7) The shower was a remarkable one this year^ not only 
because of the great number of meteors, but also because of 
their large size. 

Natal Observatory. — From the annual report of the 
Government Astronomer of this ObseAratory for 1889 it appears 
that the principal work in progress is a comparison ot the 
declinations deduced, from observations made at Observatories 
in the northern and southern hemispheres bya comparison by 
Talco^s method of the zenith distances of northern stars and 
circumpolars both above and below thp pole. Some ^important 
results have also been obtained from an investigation into the 
present theory of lunar motion. The meteorological observa* 
tions made during*^ 1889 have been tabulated, and will be found 
useful. 


THE NARRABURRA METEOR. 

^HE Narraburra meteor was found in the year 18^4, by Mr» 
^ O’Brien, in lat. 34'' \d long. 147® 43' E., which is apoint 
on the Narraburra Creek about la miles east of Temora. When 
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found, it WM on a hard and stony surface, but I have been stars is being made, and upon this, Mr. Ilarrold sent it tome, 
unable to obtain any other^ particulars, as the finder has long I am very much indebted to both of these gentlemen for enrich* 
since p^ra away to the majority. ing the Observatorycollection by this most interesting specimen 

♦ Mr. O Brien 8®’'^ ♦he meteor to Mr. Patrick Harrold, of of a metallic meteor. Our museum for meteors now contains* 

Mount nope, near Cootamundra, and it has been in his keeping six. 

wm'i-**^*^* ’ until, on March 30, 1890, he was induced by Mr. In appearance this meteor is like rusty iron, and it has a very 

' William R. Eury, Inspector under the State Children’s Relief irregular outline, which seems to have resulted from the oxida* 
Branch, to send it to me. Mr. Eury, as soon as he saw the tion or solution of rounded masses, which had solidified with 
'■meteor, pointed out to Mr. Harrold the great scientific interest the iron, and upon removal formed cavities. In size it measures 
attaching to it, and that undoubtedly the proper place for it was ii inches x 7J inches. Two of these are so placed that they 

in the Observatory, where a collection of these so-called shooting, look like the orbits in an ox’s skull, a suggestion borne out by 



the general ’outline, '"which is not unlike the bone in question, when it reached the atmosphere, they were charged with some 

In one place a hole nearly 1 inch in diameter and inch deep, substance that would burn freel]^ in the oxygen of the air, this 

has been made straight intb the solid iron, and there seems to solid mass of iron would have twisted about under the influence 

be little doubt that, when the iron originally cooled down from of the many gas-jets from the burning masses in its sides, 

its gaseous state, it did so in the presence of these rounded and I find its specific gravity is 7*57 and its weight is 71 pounds 
symmetrical masses, which impressed their form on the plastic (70 pounds 14 ounces). Meteoric iron is, I think, never quite 

iron as it solidified. These, as I have already suggested, have pure, and masses of it vary very considerably in specific gravity, 

no doubt been removed since they reached the earth’s atmo- Taking five at random which fell in different parts of the earth, 

sphere. varies in them from 7*38 to 7*82, and the mean happens to be 

A meteor which &|1 in New England in November last was 7*62, almost exactly the same as the one before us. 
seen to have a spihu^motion, emitting steam or smoke in jets. This meteor has not been analyzed yet. 

Looking at the holes in this meteor, one can see at once that if, July 26 H. C, Russell. 
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THE AMEE/CAN ASSOC/ATJON FOR THE 
ADVANCEMENT OF SCIENCE. 

'PliE thirty-ninth annual meeting of this body was held on 
^ August 20-26 at Indianapolis, which is the capital and 
largest city of the State of Indiana, and is the largest inland 
city^ of the United States, being a railroad centre without 
navigable water of any kind, and having, with its suburbs, a 
population of about 140,000. 

Near the city is located the greatest region of natural gas in 
the world. The manufacturing business of this whole region 
has received a wonderful stimulus from the discovery of natural 
gas, which has caused a raped increase in population and manu- 
facturing within the past three years. The gas is found in the 
Trenton limestone at a depth of nearly a thousand feet over a 
large area north and east of the city, and, besides being used in 
stiu, is brought to the city in pipes for use there, where it has 
displaced other fuel in the large factories. One of the most in- 
structive object-lessons the Association has ever had was the 
excursion or Saturday through this gas belt, stopping at 
Noblesville (whence the supply for Indianopolis is drawn), 
Kokomo, Marion, Muncie, and Anderson. At the Is^ter place 
a remarkable exhibition was made of gas forced through the 
river and ignited upon the surface. President Goodale warned 
the citizens in an address of the necessity of economizing this 
resource, since it is not inexhaustible. 

The sessions of the Association were held in the new Capitol, 
a fine building completed only two or three years ago at the cost 
of about 2,000,000 dollars, and decidedly the most sumptuous 
quarters ever offered to the Association, being also spacious 
enough to accommodate all the eight Sections under one roof. 

A number of affiliated assqciations meet at or about the time 
of tho principal one. Of these the Society for the Promotion of 
Agricultural Science, and the Society of American Geologists 
preceded the main meeting, while the Botanical, Entomological, 
and, this year for the first time, the Ornithological Cfeib, met at 
intervals between meetings of the parent Association. 

On Wednesday morning the retiring president, Prof. T. C. 
Mendenhall, called the Association to order, and resigned the 
chair to Prof. George L. Goodale, President-Elect. The 
morning was devoted^ to addresses of welcome and responses, 
and to the organization of the several sections. Among the 
speake^ were Mayor Sullivan and Lieutenant-Governor Chase. 
An invitation was received from the Australasian Association for 
the Advancement of Science to attend the meeting at Christ 
Church, New Zealand, in January 1891, and President Goodale 
was deputed, and will attend as a delegate. 

In the afternoon the eight Vice-Presidents read their several 
annual addresses before their respective Sections. These 
addresses were generally ably written. 

Section A (Mathematics and Astronomy) was addressed by 
Prof. S. C. Chandler, of Harvard, on the variable stars. The 
number of these discernible with an ordinary field-glass is two 
thousand, while our largest telescopes reveal, perhaps, hundreds 
of thousands. The cycle of change, commonly called the period, 
ranges from less than eight hours in the wonderful variable 
recently found by Paul, up to two years. Between these limits 
is a highly significant deviation from uniformity of distribution. 
At least five-sixths of the variables are reddish, and the redness 
of the variable stars is, in general, a function of the length of 
their period of light variation. The redder the tint, the longer 
the period. An examination of fluctuations in brightness, or 
ligM curves, enables us to distinguish a number of types, of 
which the most remarkable is that of Algol. The cause of 
variability is still problematic, except for the ten stars of the 
Algol type, which seem to be explained by the theory of 
an occulting satellite, somewhat modified however. For the 
other types we may perhaps seek an explanation ini 'certain con- 
sequences of rotation of the stars upon their axes, or by 
introducing modifying suppositions of unequally illuminated 
surfaces, irregular forms, tidal action upon light-absorbing 
atmospheres, spontaneous and intermittent explosions, meteor 
swaims, and the like. 

Section B (Physics) was addressed by Prof. Cleveland, Abb^ 
of Washington, colloquially designated throughout the United 
States ‘‘ Old Probs,’* lor the reason that he is in charge of the 
weather bureau, and makes up the daily weather report, with 
indications, formerly called probabilities. His theme was 
terrestrial physics. There are two kinds of physics — molecular 
and terrestrial. The latter he name^ following the German 
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nomenclature, geo-physics. It relates to the earth as a whole^ 
including all phenomena relating to earthquakes, volcanoes^ 
gravitation, and the variations in its intensity on land and sea, 
mountain, plain, and valley, magnetism of the earth, tidal 
motion and tidal stress of the earth’s crust as well as of the 
ocean, and in general the study of the entire interior of the 
earth, of the earth’s crust, both land and water, meteorology, 
auroras, &c. He deplores the lack of laboratories for such 
researches, and deems a good geo- physical laboratory a great 
desideratum. He urges that some such institution should be 
founded and endowed, rather than to continue the founding ol 
laboratories for research in chemistry or molecular physics of 
which so many are already in existence, or the establishment 
and endowment of universities to teach only what is already 
known. 

The address of Prof. R. B. Warder,- of Washington, to 
Section C (Chemistry), on geometrical isomerism, was de- 
cidedly the most abstruse of the series, but to one able to follow 
him, it was of, unusual interest, giving the latest results of study 
into the subject of the relative positions of atoms in a molecule, 
including a careful study of the right-handed and left-handed 
carbon molecules. Most of this material is very recent, the 
prominent workers, such as Wislicenus and Wunderlich, having 
made more progress within two or three years than in any 
previous period. Besides the speculative interest of these 
studies'they have a very important practical application in the 
physiological and pathological action of isomers, many of which, 
while identical in chemical constitution, affect living organisms 
very differently, whether adnministered as food or as medicine. 

^ Prof. James E. Denton, of Hoboken, addressed Section D 
(Mechanical Science and Engineering) on mechanical tests of 
lubricants. Experiments to determine the co-efficient of friction 
between lubricated rubbing surfaces have been prosecuted for 
two hundred years, and have resulted in the existence of many 
forms of satisfactory apparatus for such measurement, which arc 
now known as oil-testing machines. The overheating of bear- 
ings is due, however, to accidental abrasion of rubbing surfaces, 
which generates an intense heat at some points, and tends to 
vaporize some oils more than other?. Oil-testing machines are 
inadequate to reveal these differences, and moreover the supply 
of oil is artificially abundant, instead of feeding through practical 
forms of oil-cups. It is concluded, therefore, that each oil must 
be tested with a series of conditions of the rubbing surfaces, and 
practical feeding devices which involve opportunities for abrasion 
and overheating. ^ Explanation was given of the paradoxical 
fact that overheating is often remedied by supplying sand or 
emery to bearings. The sand grains make grooves around the 
wearing parts, and as a result the oil is uniformly distributed, 
and the hot-box cools down to the limit of safety. 

Prof. John C* Branner, State Geologist of Arkansas, addressed 
Section E (Geology and Geography) on relations of the 
state and the national geological surveys to each other. He 
thus recapitulates the benefits to be derived from voluntary 
cordial co-operation between all geologists and all geological 
organizations in this country. 

“(i) Geologic research being under the nominal direction of 
the leading investigators would be so conducted as to be of the 
greatest utility to the greatest number. 

“ (2) When a piece of work was done by one it would be 
done for all, and duplication by state surveys and by individuals, 
and the consequent waste of energy, time, and money would 
cease. 

*‘(3) The functions and fields of official organizations being 
better defined, state and national surveys and individuals could 
so direct their efforts as to serve the purposes of others without 
neglecting their own immediate aim^, and without infringing 
upon each other’s ground. 

‘•(4) National and state surveys would be strengthened, and 
local organizations and individual effort encouraged. 

•‘(S) It would give us a better geologic literature, better 
instruction, better geologists, and more thorough specialists. 

(6) And finally, we trust it would put a stop to those oracles 
of science who arc so ready to prophesy in its name.” 

Dr. Charles S.^ Minot, of Boston, addressed Section F 
(Biology) on certain phenomena of growing old. The loss of 
vital power commences from birth ; the older an organism is the 
more time it takes to produce a given change, and this indicates 
a progressive loss of vitality. Anatomical peculiarities can be 
found correlated with this progressive loss of vitality. Con- 
sidering in detail the various tissues of the body in the order of 
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their development, in each of the principal tissues and organs of and the highest skill shall be stimulated in the endeavour to 
nner, miadle and outer layer of the body, the cells composing meet all the wants of our people by the results of our own 
em snow the same peculiarity, namely, that in their young labour, it will be impossible for us to have a surplus Tor export, 
condition they contain only a small amount of protoplasm, and It is a matter of time, of determined effort, of high endeavour to 
in the adult condition a very much larger amount, so that t|je render high wages consistent with large exportations of surplus 
j^oportion of protoplasm to nucleus increases with the age of but the luture will accomplish it, if the present scale of living 
me organism. The conclusion is that development of protoplasm and rate of wages of the American people shall be maintained. 

• IS associated with loss of vitality. So that instead of speaking Wednesday evening was taken up with the address of 
of protoplasm as the physical basis of life, we might term it the the retiring president, Prof. T. C. Mendenhall, chief of the 
physical basis of advancing decrepitude, or in other words, the United States Geodetic and Coast Survey, who spoke on the 
physical basis of death. The reverse development is seen in relation between men of science and the community. He 
generation, where the first iirocess which the fecundated ovum brgan by calling attention to the fSct that this association is the 
undergoes is segmentation into numerous nuclei, with attendant outgrowth of the Association of American Geologists and 
decrease in the proportion of protoplasm to nucleus, and pre- Naturalists organized just fifty years ago. He spoke of the 
cisely the same phenomenon is noted in animals which multiply duty assigned the retiring president to present an address as 
by fissure, the tissues at the point of fissure becoming greatly giving an opportunity to dismiss the relationship between 
segmented. members of the Association and the general public whose 

Dr. Frank Baker, of Washington, addressed Section H interest is often born of curiosity rather than intelligent ap- 
(Anihropology) on the ascent of man, in which he traced preciation. 7'he meetings of this Association Ifevc been the 
with much detail the modifications which the body has under- means of disseminating proper methods of investigation and 
gone in ages of development, the more striking modifications study throughout the land. He considered various elements of 
being those connected with the limbs, the change from quadru- weakness in scientific men such as assumption of superior 
pedal to erect posture and the segmentation of the body, and knowledge in lines of investigation outside of their own 
indications of change being left as vestigial organs. The erect specialties, lack of a proper amount of utilitarianism, as well 
position is gradually acquired, and the difficulty that an infant as lack of interest in political affairs, contrasting this spirit 
experiences in learning to walk erect is strong evidence that it is i with the distinguished service rendered to mankind by such 
an accomplishment acquired by the race late in its history. The scientific men as Newton, Watt, and Franklin. The ideal of duty 
human body gives evidence of a previous semi- erect position, which ought to he present in the mind of every man of science 
The special changes of structure which secure the erect position may well be higher than that growing out of mere selfish 
are less marked in children and in the lower races. In the pleasure in the acquisition and possession of knowledge, 
course of evolution of these changes, there is a period of struggle The remaining days of the session — Thursday, Friday, Mon- 
before the body becomes thoroughly adapted to them. Such day and Tuesday — were devoted to general business affd the 
struggle is still going on, the ladaplation being far fi;om complete, reading of papers in the sections. On Friday evening Dr. 
Hence the liability of man to certain deformities and diseases, II. C, Hovey lectured on Mammoth, Marengo, and Wyandotte 
to which quadrupeds are not so much disposed. It is in just this caves, arrt on Monday evening Prof. C. Leo Mees lectured on 
line that is to be found the explanation of the greater difficulty electricity. 

and dangers of parturition in the human family, and of the fact The general business included an appropriation of 250 dollars to 
that woman in her entire organism has suffered more than man Prof. E. W. Morley for the further prosecution of his researches 
in the upward struggle. The increased influence of gravity also in the velocity of light in a magnetic field ; resolution of thanks 
explains the greater tendency to certain disturbances of the to two Brazilian gentlemen for removing to the museum at Rio 
circulatory organs. Study of the bony skeleton gives, in man, the largest meteor ever found, weighing five tons ; resolution 
evidence of his relationship, in origin to the lower animals, as in requesting Coftgress to provide fire-proof quarters for the 
the persistence of relics of ribs, and in unmistakable signs that botanical collection at Washington, and another urging pro- 
thc skull is composed of segmented pieces like the vertebrae, tection of the forests ; resolution favouring the use of the metric 
The evidence of such relationship has come, and is coming from system at Custom houses in the United Stales, 
all sides, from the study of comparative brain weight and It was decided to hold the next annual meeting at Washington^ 
structure, of the facial angle, the face bones and teeth, with and invitations were sent to other governments on the American 
their resulting changes in expression from brute or brutal man to continent to send delegates, thus giving to this meeting, which 
the highest types, in which the brain shows its rulership in the is the only one held at Washington in recent times, an inter- 
countenance national character. 

Prof. J. R. Dodge, of Washington, addressed Section I The Association adopted the report of the committee of 
(Economic Science and Statistics) on the standard of living in anatomical nomenclature, which recommends the following 
America. Prof. Dodge is chief of the agricultural bureau of changes, with special reference to the brain: “That the 
statistics of the United States, and his report of the condition adjectives dorsal and ventral be employed in place of posterior 
of growing crops on the loth of every month is always eagerly and anterior, as commonly used in human anatomy ; and, in 
awaited, and has a great effect on market prices of agricultural place of upper and lower as sometimes used in comparative 
produce of all Itinds. The American standard of living is the anatomy ; that the cornua of the spinal cord and spinal nerve 
highest known. To maintain it, wages arc and should remain roots be designated dorsal and ventral rather than posterior and 
high. Production is not thereby diminished because of the brain anterior ; that the costiferous vertebrae be called thoracic rather 
power of the American people and our utilization of labour- than dorsal ; that the hippocampus minor be called calcar ; that 
saving machinery, so that in many articles exportation increases the hippocampus major be called hippocampus ; the pons 
enormously despite high wages. Our woods are tougher than variolii, pons; the insula Reilii, insula; pia mater, pi2u;®dura 
those of Europe, and we would not accept European tools if mater, dura.'* 

given to us. Two hundred and fifty-nine papers were read, of which the 

His most important conclusions are : The question arises, largest number, fifty- one, were in the section of physics, and 
Shall the present standard of living be maintained? It is a the next laijgest, forty-eight, in biology. It is difficult to attempt 

point upon which bangs “ the future education, enterprise, in- a selection without doing injustice, but a few of the papers de- 

dependence, an(^prosperityof the people" of the United States, serve mention, while perhaps others, equally meritorious, may 
It depends on the industry of the producing classes, and wisdom be overlooked. Prof. Cleveland Abbe read papers by himself 
in the distribution of their labour for a production that shall meet on kinematic methods of determining the altitudes and motion 
their wants. If idleness ^hall be encouraged, production limited, of the clouds, and, by Frank N. Bigelow, on further study of the 
importation enlarged, and dep*endence on foreign countries solar corona, and on terrestrial magnetism. The corona is 
fostered, wages will be reduced, and the ability to purchase as deemed to consist of matter streaming out from the sun in zones 
well as the volume of production will decline. If the advice of about 32® distant from the poles, and falling back into the 

public and private teachers of repressive economy to buy every- region of sun-spots, which are, probably, thus caused. It is 

thing abroad, and sit down in the enjoyment of the luxuiy of regarded as similar to the earth’s aurora, though of denser 
idleness at home, shall become the law of the land, short rations matter. 

will follow, and high prices will only be abated by the inability I Prof. T. C. Mendenhall, in his paper on the use of the 
of our people to purchase for consumption. ' magnetograph as a seitmoscope, showed that earthquakes are 

Unless the largest variety of production shall be encouraged, caused by tne tidal stress of sun and moon upon tne earth's , 
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crust, and are accompanied by magnetic currents which serve as 
indices of their approach. 

Prof. E. W. Morley’s report on the velocity of light in a 
magnetic field shows an increase in velocity in such a field 
amounting to seven parts in one thousand million. These 
investigations are to be continued. 

Profi Morley also read a paper on the determination of the 
volumetric composition of water, and one on the ratio of the 
density of oxygen and hydrogen. In twenty determinations the 
minimum value of combination in water was 2*0005, the maximum 
was 2*06047, mean 2*00023, with a probable error of one part 
in 30,000. The value two to one, which every schoolboy 
learned is the ratio of hydrogen and oxygen in water, must be 
increased about one nine- thousandth. In two determinations of 
density, Morley reaches the same result as Rayleigh, viz. 15,884, 
giving 15,882 as the atomic weight of oxygen. Prof. W. A. 
Noyes read a paper on the atomic weight of oxygen, giving the 
results of four reries of six determinations with apparatus devised 
by himself. The value found is 15,896, or al^ut seven one- 
hundredths less than the usually accepted one. , 

The series of papers on distribution of North American plants, 
prepared on topics assigned last year, was pronounced by the 
presiding officer the most remarkable ever presented to the 
biological section. They were on the distribution of the North 
American umbelliferx, by John M. Coulter ; the distribution of 
hepaticse of North America, by Lucien M. Underwood ; geo- 
graphical distribution of North American grasses, by W. J. 
Beal ; geographical distribution of North American cornaceae, 
by John M. Coulter ; and the general distribution of North 
American plants, by N. L. BuUon. The following assignments 
were made for next year : — 1 he absorption of gases, J. C. 
Arthur ; the aeration of aquatic plants, W. P. Wilson ; the 
absorption of fluids, L. H. Pammel ; the movement of fluids in 
plants, W. J. Beal ; transpiration, C. E. Bessey. 

The exhibition of apparatus included some delicate seismo- 
scopes and seismometers. Prof. Mendenhall exhibited some of 
the metric standards recently distributed by the International 
Congress, in the manufacture of which to distribute to all nations, 
two-thirds of all the iridium in the world was used. Prof. 
W. A. Rogers exhibited a precision screw 8 feet long, with a 
variation of only 1/8000 of an inch in its entire length. 

Officers elected for the Washington meeting were ; President, 
Albert B. Prescott, of Ann Arbor, Mich. ; Vice-presidents, 
Section A, E. W. Hyde, of Cincinnati, O. ; Section B, F. E. 
Nipher, St. Louis, Mo. ; Section C, R. C. Kedzie, Agricultural 
Collie, Mich. ; Section D, Thomas Gray, Oene Haute, Ind. ; 
Section E, J. J. Stevenson, New York ; Section F, J. M. 
Coulter, Crawfordeville, Ind. ; Section H, Joseph Jastrow, 
Madison, Wis. ; Section I, Edmund J. James, Philadelphia, 
Pa. ; Permanent Secretary, F. W. Putnam, Cambridge, Mass, 
(holds over) ; General Secretary, Harvey W. Wiley, Washing- 
ton, D.C. ; Secretary of the Council, Amos W. Butler, Brook- 
^ille, Ind. ; Treasurer, William Lilly, Manch Chunk. Secre- 
taries of the sections : Section A, E. D. Preston, Washington, 
D.C. ; Section B, A. McFarlane, Austin, Texas ; Section C, 
T. H. Norton, Cincinnati, O. ; Section D, William Kent, New 
York ; Section E, W. J. McGee, Washington, D.C. ; Section 
F, A. T. Cook, Agricultural College, Mich. ; Section H, 
W. H. Holmes, Washington, D.C. ; Section I, B. E. Vernon, 
Washington, D.C. 

Thir ticket was elected as reported from the nominating com- 
mittee, except that a substitution was made in the Vice-President 
for Section I, which is notable as the first instance in the history 
of the Association in which any change was ever made in the 
list of nominees reported. Wm. H. Hale. 


CHEMISTRY AT THE BRITISH ASSOC/A ITON 

^ANY of the papers read in Section B this year were of 
^ ^ considerable theoretical importance. Additional interest 
was^ also given to the proceedings by the presence of several 
distinguished foreign guests. 

After the President's Address, Prof. Dunstan read the third 
Report of the Committee on the present methods of teaching 
'Chemistry. During the past year the Committee has l^en 
principally engaged in collecting and comparing the regulations 
issued by the more important of the examining bodies in the 
^ingdom, in order to discover how far their requirements were 
in harmc|^ with such a course of instruction as that suggest^ 
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by the Committee in their second Report, presented at the New- 
castle-on-Tyne meeting. The Committee direct special attention 
to the following points : — 

It is of great importance that natural science should be suffi- 
ciently represented on the board which issues the regulations and 
is responsible for the proper conduct of the examination. 

In addition to examinations, periodical inspection of the 
teaching seems desirable, the reports of the inspectors as well as 
the students' own record of work testified to by the teacher being 
taken into account in awarding prizes, certificates and grants, in 
addition to the results of an examination. 

With respect to the schedules and examination papers, for the 
most part they do not aim at an educational training of the kind 
suggested in the Committee’s last report, being on the other 
hand more suitable for those who wish to make a special and 
detailed study of chemistry as a science. The obvious con- 
clusion is that the necessary reforms can only be brought about 
by the active co-operation of examiners and teachers. 

Sir Henry Roscoe introduced a discussion on recent legislation 
for facilitating the teaching of science. He drew attention to 
the powers given by the Technical Instruction Act of 1889, to 
County Councils and other local authorities, and assured his 
hearers that the Education Department and the Science and Art 
Department were extremely anxious to give local authorities a 
free scope, and free choice of subjects. Referring to the action 
of the Chancellor of the Exchequer, which placed in the hanch 
of the County Councils this year the sum of ;^743,ooo to be 
devoted, whole or in part, to the purpose of technical education, 
he urged upon these bodies the importance of taking full advan- 
tage of this grant. In the discussion which followed hopes 
were expressed that the money would not go simply towards the 
relief of the rates. It was also remarked that for the success of 
these provisions it is necessary that more attention should be 
given to primary education. 

Dr. J. H. Gladstone and G. Gladstone read a paper on the 
refraction and dispersion of fluorbenzene and alliea compounds. 
Fluorine behaves quite differently to chlorine, bromine, and 
iodine, as it exerts scarcely any refractive action upon the light 
rays, and it has the property of reversing the dispersion produced 
by other substances. 

Dr. G. H. Bailey and J. C. Cain gave a paper on a method 
of <]^uantitatlve analysis by weighing precipitates suspended in 
liquids. The object of the method is to do away with the 
operations of filtering and washing. The specific gravity^f the 

a itate having been determined once for all, it is weighed 
er with the supernatent liquid in a specially constructed 
me^uring flask. The specific gravity of the supernatent liquid 
can be readily determined, and hence the weight of the pre- 
cipitate calculated. The method is found to be rapid, and to 
give results of sufficient accuracy for many technical purposes. 

Dr. G. H. Bailey and A. A. Read gave a paper on the 
behaviour of different metallic oxides when exposed to high 
temperatures. This is a continuation of work previously pub- 
lished in the Joum. Chem. Soc. on oxide of copper. The fol- 
lowing oxides were subjected to high temperatures in an oxidizing 
atmosphere: — SnO,, Bi^Oi, YjO^, PbO WOg* M0O3. The 
following results were obtained : — V9O5 was converted into V,03, 
SnOg lost weight slightly, and MoOg lost oxygen, and was 
transformed into the blue oxide of molybdenum, the others 
were unchanged. It was suggested that some light might be 
thrown by the experiments on the formation of minerals in 
nature. 

A paper was then read by Dr. G. H. Bailey on the spectrum 
of the haloid salts of didymium. The influence of dilution 
and of various reagents on the intensity of the different bands 
was studied. It was found that the addition of nitric acid to 
the solution of didymium chloride influenced some bands quite 
differently to others. Again the variation of the halogen clement, 
in combination with the didymium, brought about differences in 
the relative positions of the bands. ^ In addition to these, 
observations were also made on the effect of polarised light. 
Each of these different conditions influenced the bands some- 
times in intensity, sometimes in position, and this in a selective 
manner. The connection was pointed out between these results 
and the experiments of Welsbach on the fractionation of 
didwium. 

rrof. Armstrong read the fifth Report of the Committee on 
isomeric naphthalene derivatives. A complete set of reference 
compounds nas now been prepared in the disubstituted series. 
It is found that although 13 dichlor naphthalenes have been 
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described only 10 exist. Of the 14 possible triderivatives 13 are 
known. Light has been thrown by these researches on the 
mode of action of reagents upon naphthalene and other hydro- 
carbons, and it appears that in all cases the initial action is the 
same, the ultimate product depending on secondary causes, 
in the case of benzene an ortho compound is always first ob- 
tained, meta and para compounds being produced by secondary 
causes. The influence^ of structure on the colouring properties 
of naphthalene derivatives has also been studied in connection 
with these researches. 

Prof. J. IL Van*t Hoff read a paper on the behaviour of 
copper potassium chloride and its aqueous solutions at different 
temperatures. 

This compound, which is a blue salt, splits up on heating into 
potassium chloride, water, and a brown double salt, according to 
the following equation : CuCl^ 2KClaH20 = CuCl2KCI + KC 1 + 
aligO. On cooling the reverse change takes place" The brown 
salt can also be formed by the action of cupric chloride on the 
blue salt thus; CuCIa 2KCI 2IT2O + CUCI2 zHo^-aCuCIaKCl 
+ 4^20. The changes of volume attending these transforma- 
tions have been studied, also the solubility of the various con- 
stituents of the system at different temperatures, and the vapour 
pressure of their solutions, and interesting relations are shown 
to exist between the values obtained in each case. 

Dr. Richardson read the Report of the Committee for the 
investigation of the action of light on the hydracids of the 
halogens in presence of oxygen. 

It has been found that the presence of 10 per cent, hydro- 
chloric acid prevents all decomposition of chlorine water, e\1fcn 
after lohg exposure to sunshine. 

Aqueous solutions of pure bromine and iodine have been ex- 
posed to sunlight for a period of fourteen months. It was found 
that, in a dilute solution of bromine water (o‘i6 per cent. Br.), 
as much as 57 per cent, of tfie total bromine is converted into 
hydrogen bromide ; in a saturated solution the minimum amount 
of decomposition occurs, again increasing with further additions 
of bromine. With iodine water under an atmosphere of carbon 
dioxide, 8*3 per cent, of the total iodine in the solution was 
converted into hydrogen iodide. Under an atmosphere of air 
14*2 per cent, of the total iodine was converted. Further ex- 
periments have been made on the oxidation of gaseous hydrogen 
oromide in sunlight. The presence of free bromine exercises a 
retarding influence on the decomposition. 

The influence ot temperature on the oxidation of hydrogen 
chloride and bromide has been studied. Rise of temperature 
appears to retard oxidation in the first case and accelerate it in 
the second. 

Profs. Liveing and Dewar gave a paper on some experiments 
on the explosion of gases under high pressure. It was found 
that with increase of pressure the luminosity of the flame steadily 
increased. When hydrogen was exploded with excess of oxygen, 
it was found that large quantities of nitrogen peroxide were 
formed from the nitrogen present as impurity in the oxygen. 
The water formed contained 3 per cent, of nitric acid. With 
excess of hydrogen small quantities of ammonia were formed. 
It was found that, in an atmosphere of carbon dioxide, it was 
very difficult to*mflintain the oxy-hydrogen flame if the pressure 
exceeded two atmospheres. Experiments were also made with 
ethylene and cyanogen exploded with oxygen. 

Prof. H. B. Dixon and J. A. Harker gave a paper on the 
rates of explosion of hydrogen and chlorine in the dry and wet 
states. They showed that there was no great difference in the 
rate, such as they had previously found with carbonic oxide and 
oxygen mixtures, thus showing that, in the case of hydrogen 
and chlorine, the aqueous vapour simply acts like any other 
inert gas, making the rate a little slower. 

Dr. G. S. Turpin read a paper on the ignition of explosive 
gaseous mixtures. The author has commenced a thorough in- 
vestigation of the conditions affecting the ignition of explosive 
mixtures of gases, and the present paper gives an account of the 
results obtained in aserie;g of experiments on the temperatures of 
ignition of various mixtures of CSj vapour with oxygen and other 
^es. The method used is a modification of Mallard and 
Chalelicr’s second method, in which the gases are introduced 
into a heated and exhausted bulb. The existence of a dis- 
continuity ^tween gradual combustion and ignition proper is 
found to exist in some cases, while in others there is a perfect 
gradation from slow combination, attended by a feint glow, to 
instantaneous combination, attended by a bright flame. The 
effect of change of pressure on the ignition was examined and 
found to be somewhat complex. 
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The Report of the Committee on the properties of solutions* 
was read by Dr. Nicol. The experiments have now been com- 
leted on the solu\)ility of a salt in a solution of another salt, of 
nown strength. In general a salt is less soluble in a salt sofu- 
tion than in pure water. An exception is the case of the solubility 
of KNO3 in solution of NaNOg. 

A joint discussion with Section A on the nature of solution 
and its connection with osmotic pressure was opened by Prof. 
Pickering, in a paper on the present position of the hydrate 
theory of solution. The supporters of the hydrate theory claim 
that the curved figures, representing the properties of solutions 
of various strengths, show sudden qhanges of curvature af certain 
points, which are the same whatever be the property examined, 
which correspond to the composition of definite hydrates, and 
which, therefore, can only be explained by the presence of these 
hydrates in the solutions ; while the supporters of the physical 
theory, now identified with the supporters of the osmotic pressure 
theory, claim to have shown that, with weak solutions at any 
rate, the dissolved substance obeys all the lays which are 
applicable to gases, and that, therefore, its molecules must be 
uninfluepced by, and uncombined with, those of the solvent. 

With regard to the lowering of the freezing-point of a solvent, 
the following questions were proposed : — 

(1) Is the molecular depression that produced as calculated 
for one molecule dissolved in 100 molecules) constant, independent 
of the nature of the solvent? 

(2) Is it independent of the strength of the solution, so long 
as this strength does not exceed the limits (gas strength) above 
mentioned ? (Boyle’s law). 

(3) Is it independent of the nature of the dissolved sub- 
stance ? (Avogadro’s law). ^ 

Evidence was adduced involving a negative answer to each of 
these questions. 

Objection was taken to the theory of dissociation into ions, 
on the grounds of itsirreconcilability with our ideas of the relative 
stability oi various bodies, and with the principle of conservation 
of energy. 

A letter was afterwards read from Prof. Arrhenius in which it 
was shown that both the osmotic pressure and the electrical 
dissociation theories must be taken into account in drawing 
conclusions from observed numbers. 

Prof. Armstjong remarked that, according to the electrical 
dissociation theory, hydrochloric acid and water must be re- 
garded as entirely different substances, whereas in their chemical 
relations they are very nearly allied. 

Prof. Fitzgerald, Prof. Ostwald, and Prof. Lodge all spoke 
to the effect that Ostwald’s experiment, on the decomposing 
effect of a charged body on a salt solution, does not involve a 
contradiction of the principle of the conservation of energy. 

P. J. Hartog and! J. A. Harker described a convenient 
form of apparatus for determining freezing-points, and for 
performing reactions in the cold. Adopting a proposal of 
Kaoult, the evaporation of a volatile liquid is used to produce 
low temperatures. 

A paper was given by A, G. Green, C. F. Cross, and E. J. 
Bevan, on a method of photographic dyeing and printing. It 
was observed that the diazo-compound of primuline was deepm- 
posed by light, thereby losing its property of combining with 
phenols and amines. If a material, dyed with diazotized primuline, 
be exposed to light under a design, those parts which are acted 
upon by light will be decomposed, whilst the parts protected^ 
from the light will remain unaltered, and consequently on 
subsequent development with a phenol or amine, will produce 
colours, whilst the decomposed portions will not. 

Prof. Thorpe gave a demonstration of some of the most 
striking properties of phosphorous oxide. He believes that the 
physiologic^ effects usually ascribed to phosphorus are due in 
reality to this oxide. 

Prof. R. Meldola read a paper on diazo-amido-compounds,. 
a study in chemical isomerism. The paper dealt largely with 
heterogeneous diazo^amides, which the author believes nave the 
general constitutional formula — 

X— N— N— NR'— Y 

I I 

Y— N— N— NR'— X 

thus being derivatives of a hypothetical tetraimine — 

HN— NH 

I I • 

HN— NH 
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Compounds have been prepared of all degrees of stability, from 
well-defined individuals to molecular compounds. The above 
general formula has been given for chemical reasons, A mole- 
cular weight corresponding to half that represented by the above 
formula is given by Raoult's method, but it is believed that 
dissociation takes place in solution, 

C. H. B jthamley read a paper on the action of phosphorus 
trichloride on organic acids and on water. The equation given 
in the text-books, representing the action of phosphorus tri- 
chloride on organic acids, is shown to be incorrect. An equation 
given pi*eviousTy by Thorpe i% confirmed, viz, : — 

3CH3COOH + 2PCIs = sCHaCOCl + PjOa + 3HCI. 

The reaction, however, only takes place according to this 
equation in the case of acids of low molecular weight, and when 
the reacting substances are present in the required proportions. 
As the molecular weight of the acid increases the reaction tends 
to become moKse complex. 

A paper was read by Prof. W. H. Perkin, Jun., on the con- 
stitution of the alkaloid berberin. On treatment with perman- 
ganate the alkaloid yields three principal oxidation prcmucts of 
the following empirical formulae 

C 20 W 17 N Og,C2oHi7N07,C2oH27N 0 (|. 

From the results of the careful investigation of these, the 
following formula has been proposed for berberin : — 


CHaO>^ 

CH.O^ 


C,H, 


-C— CH- 




I H I / 

_c— N— C Hj— CH/ 


C.H, 


■\o/ 


CII2. 


In the course of the meeting interesting discourses were given 
by Dr. W. H. Perkin on the development of the coal-tar colour 
industry since 1880, and by Prof. Hummel on fast and fugitive 
coal-tar colours. 


GEOLOGY AT THE BRITISH ASSOCIATION. 

'T'HE short but extremely useful address of the President, A. 
^ H, Green, Professor of Geology at Oxford, formerly of 
Mathematics and Geology at the Yorkshire CoWege, dealt with 
the educational aspect of Geology. Although he dwelt on the 
risk of becoming loose reasoners, which geologists continually 
ran, the President pointed out how by a proper training in minute 
and delicate experimental work, the student might be taught 
the necessity of exactness, and could then proceed to practical 
work, which would lead him into the open air, and compel 
him to acquire the eye and enthusiasm necessary for geological 
research. 

Amongst the reports presented to the section was one by Prof. 
T. R, Jones, describing a Saccocaris from the Arenig, Aristozoe 
and Estheria from the Devonian and Carboniferous ; one by 
Mr. G. R. Vine, giving lists of Cretaceous Polyzoa from the 
Neocomian, Gault, Upper Greensand, Cambridge Greensand, 
and Red Chalk ; one from Mr. A. Bell giving the lists of fossils 
obtained from the manure gravels of Wexmrd, by which he is 
able to indicate the date of the final separation of Ireland from 
England ; and one from Mr. Marr, giving the proposed circular 
letter and record sheet to be issued to the curators of public 
and private museums, in order to obtain a reliable register of the 
location of all type specimens of fossils. 

Mr. Jeffs presented the report of the Photograph Committee 
containing a list of about 300 photographs of geological interest, 
and suggestions for their collection and registration ; he also ex- 
hibited photographs collected during the present year, amongst 
which some from Yorkshire, Antrim, and Scotland were of 
especial value ; Dr. H. Johnston- Lavis gave an elaborate report 
on the volcanic phenomena of Vesuvius, including a plan of 
the cone in April 1890, an estimate of the lava extruded between 
May and December, 1889, and a general record of the doings 
of the volcano in the year ; while Mr. De Ranee’s report on 
undei^round water included an immense number of well sections 
in different parts of England. 

The chief papers contributed to the section were perhaps 
those on local geol<^y, some of which gave the results of many 
years’ research, Mr. Holgate described the coals and clays of 
Leeds, and sho.wed that the colour and texture of the containing 
rock was influenced by the nature of itS fossils ; thus, the more 
delicate jplants like ferns give blue, larger plants black, and 

NO. 1091, VOL- 42] 


animal remains hard, black rocks. He followed with a paper 
on the physical properties of coals, in which he showed that 
coals with a dull black colour and a wide cleat were chiefly made 
of spores, with but little fusible ash, and were the best for use 
where the temperature is high ; while the bright, soft coals, with 
close cleavage, made largely of mineral charcoal and probably of 
plant stems, contained much fusible ash, broke tip in burning 
and formed slow burning, caking coals. Mr. J. R. Dakyns 
described the setting in of the Yoredale beds in Yorkshire, and 
the gradual changes which occur in them and in the lower and 
upper Millstone grit as the beds are traced northwards ; Messrs, 
Cash and Lomax accentuated the identity of Lepidofhloios and 
Lepidodendron^ of which plants a magnificent series of slices was 
displayed in the temporary museum ; Mr, J. W, Davis stated 
that fish remains had been found at nine horizons in the West 
Riding coal-field, from two of which, one above the Better bed 
and the other in the Adwalton Cannel of Tingley, no less than 
sixty species of fish and some of Labyrintnodonts had been 
described. Mr. Tate identified the so-called *Hngleton Granite” 
as a quartzose volcanic tuff, and Phillips’s dyke at Ingleton as a 
mica-trap belonging to the minette group ; Dr. Hatch also 
described mica-trap dykes from nine localities in West York- 
shire. Prof. Silvanus Thompson gave the results of experiments 
on the sources of the river Aire made by means of the fluorescent 
properties of uranin, and Mr. Maule Cole described a lacustrine 
deposit of post-glacial age near Filey. 

Mr. Lamplugh dealt with the famous cliff section at Speeton, 
wi'tich was in capital condition for the inspection of a geological 
excursion on Saturday. He divided it into five zones' by its 
belemnites, and by means of this classification was able to 
correlate its divisions with those of Lincolnshire. The same 
author gave a table of the Yorkshire boulders, from which he 
concluded that the North Sea ice stream drove that from the 
valleys of the Tees and other northern rivers southward and 
pressed it against the high eastern coast of Yorkshire. In a 
second paper he argued that the North Sea ice which formed the 
Basement Clay with its shelly inclusions, overtopped the Speeton 
cliffs and overrode Flamborough Head, passing into Bridlington 
Bay ; the purple clays of Holderness were the equivalent of 
gravels of the interior and to the north ; whilst the Upper 
Boulder Clay (and Hessle Clay) was formed by the retirement of 
extra-British ice and the increase of that from the Pennine high 
land. Mr. Lamplugh also presented a final list of mammals 
and shells from the ancient sea beach of Bridlington, which is 
earlier in date than the first glaciation of the Yorkshire coast. 
In connection with local glacial work may be mentioned Dr. 
Crosskey’s report on erratic blocks ; he exhibited a fine map of 
the distribution of the principal boulders in the Midlands, gave 
lists of boulders from Warwickshire, Lancashire, Cheshire, 
Isle of Man, and Yorkshire, and attributed their deposit to at 
least two distinct periods ; Mr. Kendall’s note on the occur- 
rence of Eskdale and Scotch granites and local rocks in the 
glacial drifts of the Isle of Man ; the account of the boulders 
of Scotch and Cumbrian granites and other rocks from the 
Cheshire area by Messrs. Antrobus and Hatch ; and a paper by 
Mr. E. Jones describing the find of neolithic burials in the 
Elbolton cave near Skipton. 

Taking the more general papers in order, we come to two 
papers by Dr, Hicks, one on earth-movements and their effects 
on Archaean and Lower Paloeozoic rocks in Wales and Shrop- 
shire, and a second on the contents of Cambrian conglomerates, 
which provoked some discussion. In the latter he identifies 
twenty types of fragments, many of which must have been 
derived from Archaean rocks, while in the former he attributes 
many phenomena to earth -movement, which have often been 
put down to intrusion. Mr. Morgan noted the occurrence of 
Llandovery rocks in Montgomeryshire, and Mr. Watts correlated 
so far as possible the Silurian rocks of the Long Mountain with 
those of the typical Silurian areas of Wenlock and Ludlow. 
An important paper, establishing correlations in the Devonian 
rocks of South Devon and Cornwall, was read by Mr. Ussher, 
and one on an unconformity involving the absence of two 
zones in the Upper Lias of Bridport, by Mr. J. F. Walker. 
Mr, Whitaker suggested that trials for coal in the south-east of 
England might welt be made in such localities as St. Margaret’s, 
Chartham, Chatham, Bush^, and Coombs, where borings had 
already given some idea of the thickness and character of the 
secondary rocks. Mr. G. H. Morton showed that the Liverpool 
Bunter was 1950 feet in thickness and the Keuper, of which only 
the lower part is exposed, 8clO feet ; two important pebble beds 
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wcur in the succession. Mr. A. Irving dealt with the chemical 
and geological characters of the Bagshot sands, their bedding, 
and fossils, and aigued that they must have been deposited m 
an estuary opening on the sea. 

n amongst the palaeontological papers must be placed 
1 ron Marsh s restorations and descriptions of the Ceratopsidse, 
of the skulls of which he exhibited life-size diagrams, some 
more than six feet in length. Prof. Seeley gave a description of 
the mural arch in the Ichthyosauria from Liassic and Oolitic 
specimens. Mr. Smith Woodward exhibited five examples and 
plates of fishes from the Hawkesbury series, and, on behalf of 
Irof. Anton Fritsch, plates and descriptions of Palaeozoic 
Elasinobranchs, while Dr. P. H. Carpenter, dealing with the 
of Qystidea, compared them with the Crinoids 
and Blastoids, and suggested that in forms without a genital 
pore the anal pyramid may have subserved generative functions, 
while ^ in two forms a fourth opening may possibly have been 
nephridial in function. • 

With the exception of local papers, petrology was thinly 
represented. Mr. Hunt read a paper on the saline inclusions of 
the Dartmoor granite, and favoured the idea of their derivation 
from the sea; and Mr. Brindley gave a useful account of the 
principal marbles of the Mediterranean — a pendant to Sir Lam- 
bert Playfair’s address to the Geographical Section. Other 
foreign papers were, one on the geology of Nicaragua, and a 
second cn human footprints in recent volcanic mud in the same 
area, by Dr. J. Crawford, an account of the minerals of New 
South Wales, including coal, gold, silver, tin, copper, antimoty, 
iron, dikmonds, and ornamental stones, by Mr. C. S. W^ilkinson, 
and a paper on. the seismic origin of the Barisal Guns” of the 
Gangetic delta, by Mr, T. La Touche. 

There only remain to be mentioned. Dr. Tempest Anderson’s 
photographs and descriptions of landslips and 'volcanoes in 
Iceland ; Mr. Logan Lobley's paper containing an estimate of 
the gold scattered through the pyrites in the clays and chalk of 
south-east England ; Mr. Hart on volcanic paroxysms ; and a 
paper by Mr. Browne on historical evidences for changes of sea 
and land levels in the south-east of England. 


MECHANICS AT THE BRITISH ASSOCIA TION. 

npHERE was a full {programme in Section G at the recent 

meeting of the British Association at Leeds. It is ques- 
tionable, however, whether quantity was not obtained some- 
what at the expense of quality. We are aware of the great 
difficultv there is in regulating the supply of papers in the Me- 
chanical Section, and so long as the present mode of procedure 
remains in force the difficulty will also remain. There should 
be a limit to the number of papers to be read, and there should 
be a fixed day on which contributions might be sent in. The 
day being fixed, it should be adhered to with absolute severity — 
not the names of all the professors and all the science-knights 
should suffice to break the law. The papers that were deemed 
most worthy would be accepted, whilst those with less merit 
would be retumefl with thanks. This would create a competi- 
tion amongst contributors, and would-be contributors, which 
would, we are sure, have a most healthy influence on the pro- 
ceedings of the Section. We do not make these remarks simply 
by the way ; the fact is, the proceedings in Section G are oe- 
coming of a scrambling and hap-hazard character. It is not 
long since that one gentleman in this Section read a paper he 
had previously read before the Institution of Naval Architects. 
He did not take the iqatter and re-dress it, but calmly read 
firom the proceedings of the latter society, word for word. This 
year we have bad a great deal of matter that has already ap- 
peared in some of the technical journals. The discussions on 
the papers wer^ as a natural consequence, generally of a poor 
description. ^ There was so much to get through that the presi- 
dent was obliged to bew constantly hurrying, and any one who 
was not of the elect was treated* with somewhat scant ceremony. 
As no one knew what the papers were to be about, the most 
that could be said as a rule was of a superficial and common- 
place character, some of the most noted exponents of this 
school of discussion being especially to the fore. It is very 
certain that, unless Section G sets its house in order, the 
mechanical science of the British Association will become a 
byeword amongst engineers. When pne contrasts the scant and 
listless audience at Leeds last week with that at a meeting of 
the Institution of Civil Engineers, or of the Institution of Naval 
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Architects — the meetings of the latter are more akin to those of 
the British Association — one cannot but feel that there is need 
for very radical reform. The two chief reforms we would suggest 
would be that a limit should be put to the number of contribu- 
tions, and that abstracts should be printed in good time and 
copies be previously sent to members and associates on applica- 
tion. The former would raise the quality of the papers— -because 
that which every one can get no one values— whilst the latter 
would raise the quality of the discussions. 

There were thirty items on the five days’ programme in 
I Section G, namely twenty-seven papers, two reports df Com- 
mittees, and the Presidential address of Captain Noble. The 
proceedings commenced at ^ noon of Thursday the 4th inst., a 
later hour than usual being selected in order that the members of 
the mechanical section might hear the Presidential address of 
Dr. Glaisher in the Mathematical and Physical Section. Captain 
Noble’s address we have already printed in full. 

The first paper on the list was by Mr. J. F. Grpen, of Black- 
wall, and was entitled ‘‘Steam Li/e- Boats.” The historic firm 
at Blacl^wall Yard have at last succeeded in solving a problem, 
oft attempted but never before with success, and have produced 
a steam life-boat which has given satisfaction to the Royal 
National I.ife-boat Institution. The vessel is driven by the 
reaction of a stream from a turbine, a mode of propulsion which 
certainly finds a useful position for life-boat work, whatever may 
be its shortcomings in the matter of mechanical efficiency. The 
boat has been placed on the Harwich station, and gives, we 
think, every promise of success. The great question is un- 
doubtedly that of expense, first cost of boat and cost of upkeep. 
That however is a matter to be fettled by Messrs. Green and 
the Life-boat Institution. We would suggest that this boat 
might be improved by the use of liquid fuel on the principle 
adopted by Messrs. Doxford, of Sunderland, and applied by 
them to ^he big torpedo boat they have recently constructed. 
We know the danger of including too many experiments in one 
vessel, but now that Messrs. Green have proved their design so 
far they might venture a step further ; and we can speak as to 
the practicability of the liquid fuel system in question. 

“The Victoria Torpedo” was the title of the next paper, which 
was contributed by Mr. G. R. Murphy. This weapon, which, 
like all other ttorpedoes, is to beat everything that has gone 
before in murderous potentiality, has not yet assumed tangible 
shape, but the form it is to take when completed was fully 
illustrated and described in the columns of one of our technical 
contemporaries a few weeks ago. A paper on aluminium bronze, 
which calls for no special comment, came next, and was followed 
by one of the most interesting contributions to the section, in 
the shape of a paper by Prof. Barr and Dr. Stroud, on new 
telemeters and range finders. Without illustrations we could 
not give a fair description of the inp;enious instruments, in which 
the authors of the paper have applied certain mathematical laws 
to judging of distance, and we will therefore leave the subject for 
a future occasion. 

On the following day, Friday, the 5th inst., the proceedings 
commenced with the reading of two reports of Committees, 
nameljr the Estuaries Committee, and tne Graphic Methods 
Committee. Both these were very brief, and consisted in sub- 
stance in saying that the work was still progressing. A paper 
on the manufacture of netting from sheet met£U dealt with 
a process already described in a technical journal. A number 
of short slits are made in a sheet of metal by a special sh^arii 
press, and the slits are opened out so as to form a number 
diamond-shaped holes. The invention is ingenious, and the 
“ netting ” possesses the great merit of rigidity. Cable tram- 
ways next occupied the attention of the Section; Mr. W. N. 
Colam reading a paper in which he described certain devices 
which he has devised in connection with this means of dealing 
with passenger traffic. The “Serve” tube and the simplex 
brake were the subjects of two papers by Mr. W. B. Marshall. 
The former is for boiler tubes, and has ribs of metal running the 
whole length of the interior of the tube. These ribs extend 
down into the stream of hot gases, and so absorb much of the 
heat^ that would otherwise go to the uptake. Of course the 
heating surface of the tube is much increased, and this is effective 
heating surface, as the resistance to absorption is greatest at the 
surface. The Thorne Type Composing Machine, which next 
came before the Section, appeared to us as an old friend which 
we think made its dibu^ in Europe at the American Exhibition, 
if not before, and was duly illustrated and described in the 
technical journals of the day. The Bonier hot air motor had ' 
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also previously made its appearance in an engineering publica- 
tion, but the contribution of Mr. Vernon on this subject was 
taken as read. 

On Saturday, the 8th inst., only three papers were taken. 
Prof. A. Lupton read a contribution on the pneumatic distribu- 
tion of power ; in the course of which he gave some interesting 
details of the important system which is now working at Bir- 
mingham. This paper gave rise to a good discussion, in the 
course of which the author was sharply taken to task for the 
efficiency he claimed for the system. It should be pointed out, 
however, that Mr. Lupton did not speak of •‘efficiency” as 
looked at from a scientific standpoint, but from a commercial 
point of view, which enabled him to take credit for certain waste 
heat, not obtained from the power installation, which would 
otherwise be thrown away. This was plainly stated in the paper. 
Mr. F. G. M. Stoney*s paper on the construction of sluices for 
rivers, &c., was next read. The subject was of course well 
treated by the author, and the paper was acceptable ; but there 
was little novel in it, except the reference to the new tilting 
sluices which are to be put up in connection with the new lock 
at Richmond. Mr. Cope Whitehouse’s paper on the Raiyan 
reservoir was listened to by a thin audience, the preparation for 
the afternoon’s excursions calling the majority away. 

Monday in Section G is now given over to applied electricity, 
and there is invariably a large influx of the more abstract 
A’s into the section. The Leeds meeting was no excep- 
tion to this rule, and when Sir William Thomson opened the 
proceedings by reading his paper the People’s Hall, which the 
section occupied, had quite a crowded appearance. The subject 
which first occupied Sir WinCim’s attention was the new electric 
raeter^which he has recently brought out. This apparatus is yet 
in the experimental stage. Perhaps Sir William will be able to 
do something towards cheapening the design. An example of 
the meter was shown in operation on the platform. In the dis- 
cussion which followed, Prof. Fleming made some pertinent 
remarks on the effect of rough and smooth surfaces. The multi- 
cellular voltmeter and the engine-room voltmeter described by 
the author had previously been brought before the public 
through the medium of technical literature. A new form of 
voltapile, also described, was an instrument which was intended 
for standardizing operations. Mr. Gisbert Kapp> described the 
Lineff system of electric traction, by means of which a partially 
buried conductor can be used with safety to man and beast. 
Messrs. Lawrence and Harries next read a paper on alternate 
V. continuous currents in relation to the human body* No 
doubt at times the effect of electrical currents on the human body 
possesses a very intense interest for engineers, nevertheless the 
paper was hardly suitable for the Mechanical Section. It is 
well, however, that engineers should remember, as was stated in 
the paper, that not voltage only, but current strength is the 
important factor in estimating the danger from accidmtal con- 
tact. In the discussion which followed, the late American execu- 
tion naturally occupied a prominent place. Mr. Wilson Hartnell 
brought the meeting back to a more mechanical complexion by 
reading a paper on electric lighting and fire insurance rules, 
illustrating his remarks by practical examples. He succeeded 
pretty conclusively in showing that the fire insurance companies 
want instruction in electrical matters, and, we think, at the same 
time, he surprised some of those present, who certainly have 
had considerable experience in electrical matters, by the result 
of hb experiments. The paper was eminently practical and 
worthy ot study by engineers. The last paper on the list for the 
4 ay was by Mr. W. J. S. Barber Starkey on secondary batteries, 
in which the author described his system of adding carbonate of 
soda to secondary batteries. The subject is not new. 

Tuesday, the 9th inst., was the last day on whicb Section G 
met. Mr. Preece first occupied about five minutes in reading a 
short contribution on submarine cables for long distance we- 
phony. Mr. F. Higgins next exhibited the “Column Printing 
Machine,” after which Mr. Arthur Greenwood read his paper on 
heavy lathes. Mr. W. Bzjlty Marshall followed with a sug- 
gestive paper on factors of safety, in which he gave the results 
of a large number of tests of iron and steel extending over a 
period of five or six years. The conclusion he had come to was 
that in roof and bridge work elastic limit, and not ultimate 
tensile strength, should be the important factor, but in the dis- 
cussion that followed, which was the best discussion during the 
meeting, the pertinent question was raised as to what “ elasdc 
limit ” IS. A paper by Mr. J. H. Wicksteed on the measure- 
ment of elongation in test samples was also well discussed. A 
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paper by Mr. A. Mallock, on the measurement of strains, in 
which the author described an instrument he had devised for the 
purpose, and an exhibition by Prof. Barr of a mechanism for 
giving vertical motion to a camera, brought the business of the 
Section to a close. 


SCIENTIFIC SERIALS. 

American youmal of Science^ September. — Rocky mountain 
protaxis and the post-cretaceous mountain-making along its 
course, by J. D. Dana. — The magneto-optical generation of 
electricity, by Dr. Sheldon. It is well knoum that, by using 
proper conditions, a beam of plane polarized light may be 
rotated by an electromagnet, and that a reversal of the current 
causes the plane to be rotated in the opposite direction. A 
rapidly altemifling current thus produces a rapid swinging to 
and fro of the plane of light. The author has conducted the 
converse experiment, and by oscillating the plane of polarization 
through 90*’ about 300 times per second, has produced an 
alternating current. — Contributions to mineralogy. No. 49, by 
F. A. Genth, with crystallographic notes by S. L. Penfield. 
The results are given of the examination of some specimens of 
ferric sulphate from Mina de la Compania, Chili. — Chalcopyrite 
crystals from the French Creek Iron Mines, St. Peter, Chester 
County, Pa., by S. L. Penfield. — Koninckina and related 
genera, by Dr. Charles E. Beecher. — The effect of pressure on 
the electrical conductivity of liquids, by C. Barus. It is shown 
that, both in the case of mercu^ and a concentrated solution ot 
zinc sulphate, the effect of isothermal compression is a decrement 
of resistance nearly proportional to pressure, and from this fact the 
deduction is made that the immediate effect of rise of temperature 
is a decrement of specific resistance. — Notice of two new iron 
meteorites from Hamilton County, Texas, and Puquois, Chili, 
by Edwin E. Howell. Analyses of the two meteorites are 
given. — The Cretaceous of Manitoba, by J. B. Tyrrell. — On 
mordenite, by Louis V. Pirsson. — Geology of Mon Louis Island, 
Mobile Bay, by Daniel W. Langdon, Jun. — On Leptsenisca, a 
new genus of Brachiopod from the Lower Helderberg group, by 
Dr. Charles E. Beecher. — North American species of Stropha- 
losia, by the same author. — Notes on the microscopic structure 
of oolite, with analyses, by Erwin H. Barbour and Joseph 
Torrey, Jun. 

V Anthropologic^ sous la direction de MM. Cartailhac,Hamy, 
ct Topinard, tome i.. Nos. 3 and 4 (Paris, 1890). — The exotic 
races at the Exhibition in Paris, 1889, by MM. Deniker and 
Laloy. In this report the authors give the general results of the 
anthropometric determinations they obtained from their examina- 
tion ot 145 individuals belonging to the most different races, 
some of which had not previously been made the subject of 
scientific inquiry. The value of their remarks on the various 
Senegalese and other South African negroes is enhanced by an 
admirable series of portraits, copied from spirited photographs 
by Prince Roland Bonaparte. From the qbservations of the 
authors, it appears that the negroes of West Africa may be 
divided into tnree or four groups, differing in physical characters. 
In fact, crispness of the hair, and a more or less dark coloration 
of the skin, seem to be the only characteristics commpjn to all. 
The negro races generally are tall, have flat noses, s^nd are of a 
dolichocephalous type, each group presenting, however, certain 
features which distinguish them from the remainder. The two 
leading varieties are separated by tribes which are small in 
stature, with a very haiiy skin, and are of a marked bracby- 
cephalic type. This intermediate group is spread across Africa 
from the extreme east to the v^est, in about 2* S. and 3* N. of 
the equator, and it is among these peoples that the true jy.gj^y 
tribes are found, which under the name of Alckas or Tiki-Tiki 
of the Nile, Batus of the Congo, Akoas of the Ogowe, have 
become known to us through Stanlqr and other recent explorers. 
According to Emin Pasha, to whom we are indebted for the few 
particulars that we know regarding their physical character, the 
mean height eff these so-ealTed negrilloes is 1*36 m., and their 
mean cephalic index 79 ; braehycephalism being a marked 
character in all the trygmy tribes. Very complete tables are given 
by the authors. — New explorations at Solutrii, by M. A. Arcelin. 
Paleontologists will welcome the report here ^ven of the various 
explorations that have been in progress at Solutr^ since these im- 
por^t deposits were first made the subject of scientific inauiry 
in tB66. The extent of the beds, which at some points are tally 
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ten metres in depth, has retarded the work, which is of a com- 
plicated nature in consequence of the different groups of materials 
that have been brought to light, and which include two distinct 
foyers^ belonging the one to the reindeer age, and the other to a 
probably earlier period, besides numerous sepulchral remains and 
several accumulations of the bones of horses. The latter are 
perhaps the most curious of the Sofutr^ finds, since within an 
area of about 4000 metres there is a circular embankment con- 
structed of horse-bones so densely packed that it is estimated to 
contain the remains of no less than 10,000 animals. According 
to the author, these bone*mounds may be regarded as the kokken 
moddings of the early men of Solutre, whose principal food must 
therefore have been horse-flesh. — A note on two Phoenician 
skulls found in Tivpis, by Dr. Bertholon. — Art among the 
barbarian races at the fall of the Roman Empire, by Baron J. de 
Baye. The author shows how greatly archzeology has gained in 
recent times by the researches of French and other men of science 
in regard to art among the barbarian nations. *In France the 
Abbe Cochet, by his clear definitions of the distinctive features of 
industrial art among races of Burgundian and Frankish origin, 
h^ given a new and firm basis to mediaeval archaeology, and to 
him we are indebted for several veiy important works on the 
forms and symbolical character of barbaric ornamentation, 
which is now shown to be common to peoples of the most 
widely separated countries. The present article is copiously 
illustrated with drawings of buckles and other ornaments pre- 
senting symbolical designs, which have been found not only in 
Central Europe, but in Russia, the Crimea, and North^n 
Cauca^a. From a careful study of these objects, which have 
ordinarily been referred to as specimens of Gothic art, it would 
appear that so-called Gothic forms of ornamentation have an 
eastern origin, and were gradually vulgarized by V)arbarian tribes 
in their passage westward . — ^ history of the so-cailed Oppidum 
de Castel-Meur en Cieden (Finistere), by Paul du Chatellier. — 
The muscles of the face in a negro of Ashantec, by Dr. Popovsky. 
This case, according to the author, supplies an instance of the 
interlacing of the facial muscles, which is not iinfrequent among 
the inferior races, and belongs to a class of anomalies presenting 
a strongly-marked character of atavism. 

Bulleiin de rAcadimie des Sciences de St, Petersbotirg 
nouvelle scrie, vol. i., Nos. 2 and 3. — The chief papers (in 
French or German) are : — On the normal variations and the 
perturbations of magnetical declination, by IL Wild. — On some 
(seven) species of Russian and Siberian earthworms, by N. 
Kulaguin. — New contributions relative to the OUnellus micHvitzi 
from the Lower Cambrian deposits of Esthonia, by Fr. Schinidt. 
— On the quantitative determination of antimonium and sodium, 
by F. Beilstein and O. Blaese. — A formula for the computation 
of the length of the arcs of longitude upon the earth ellipsoid, by 
A. BonsdorfF. — The bases of a mathematical theory of the in- 
terior diffusion of light, by Dr. O. Chwolson. I'he gener^ 
solution of the problem is not possible ; but, on the hypothesis 
that the interior diffusion of light in a transparent body is due 
to particles of matter which reflect the light, and can be con- 
sidered as independent sources of light, the author, after having 
established the*general theory, discusses several special cases in 
which the problem appears simplified to some extent, — Sahidic 
fragments of the Bible, by O. Lemm. — Fishes from the Lower 
Silurian deposits, by J. Rohon, The little hooks, described 
by Pander as Conodonts," which formerly were taken for teeth 
01 fishes, but are now considered to have belonged to Annelids 
and Gephyrece^ are accompanied by real teeth of Vertebrata 
which wholly differ from them, and prove that fishes were living 
at the earliest times of tjie Silurian epoch as well. — Report of 
the Russian delegates to the Paris Conference upon Metrical 
Measures, by H, Wild and O. Backlund. — On the ancient 
Turkish dialects : (i) Seldschuk verses in the Rebab-Ndmeh, by 
W.'Radloff. — /Pd Flutarchi qu» fenintur Moralia, by P. Nikitin. 
— Devonian fishes from the Yenisei, by J. Rohon, followed by 
remarks upon the spinal cord of Devonian fishes generally.— 
De scholiis in Sophoclis tragsedias a P. N. Papageor^io editis, 
by A. Nauck. — Preliminary results of his observations made 
upon the satellites oT Saturn by means of the 30-mch refractor, 
by Herm* Struve. The observations were made for the purpose 
of determining the orbits of the interior satellites, Rhea, Dione, 
Tethys, Enceladus, and Mimas, and later on, the dimensions of 
the planet and its rings. 

Memoirs of the Odessa Society of MaturalistSy vol. xiv. — On 
the difhtsion of a solution of common salt, by N. Utnoff. 
The experiments were made on the system recommended by Sir 
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William Thomson, by means of glass balls, and the results are 
given day by day Tor a period of six months. The result is that 
the law proposed by Dr. Fick for cylindrical vessels is not yet 
proved. — On the. influence of HCl and metallic chlorides upon 
the photochemical decomposition of water, by E. Klimenko and 
G. Pekatoros. — On the excretory organs of the Invertebrates, 
note by A. Kovalevsky. — On isomery in the thiophene series, by 
N. Zelinsky. Preliminary report. — On M. Timtehenko’s anemo- 
graph, which combines an anemometer with a weather-cock, by 
A. Klossovsky. — On some snow-storms, by the same author. — 
Catalogue of plants found in the, neighbourhood of Kishineff 
(420 dicotyledons and 84 monocotyledons). — On the peritracheal 
cells of insects, by J. Pekarsky (with a plate). — On the action of 
the phosphor- pentachloride upon citric acid, by E. Klimenko and 
Bubhstab. — On the snow-covering of South-West Russia, by 
P. Pantchenko. — On the Nemertinae of Sebastopol Bay, by J. 
Lebedinsky. Description of a dozen species of Nemertinoe, 
formerly unknown at Sebastopol. — Geological exploration in the 
peninsula of Kertch, by N. Andrussolf. The Mediterranean 
Miocene deposits of Kertch belong to a basin of the Miocene 
sea, whfqh extended from Varna, in the Balkan peninsula, to 
the Ust-Urt, and was connected in the west with the Miocene 
sea of Roumania and Galicia by means of one or several straits. 
A good deal of information supplementing the former explora- 
tions of the same author is also given. — On the history of the 
development of the crab Eryphia spimfrons, by J. Lebedinsky ; 
an elaborate paper, illustrated by several plates. — On the ex- 
cretory organs 01 some insects, spiders, and myriapods, note by 
A. Kovalevsky. 

Bulletin de la SociM des Naturqlistes de MoscoUy 1889, No. 4. 
— On the chief properties of meteoric showers, by Th. Br.xlichin 
(in French). After having developed in his former articles the 
idea that the “ anomalous ” tails of comets give rise to meteoric 
showers, ^which, as a rule, may appear annually with varying 
intensities, the author now examines into those meteoric streams 
which appear in great multitudes at intervals of several years. — 
Studies on the palaeontology of Ungulata, by Marie Pavloff 
(in French). — The cosmical origin of naphtha, by W. Sokoloff. 
— Zoological researches in the Trans-Caspian region, by N. 
Zaroudnoi (in French). The list of mammals mentioned is 
now increased rfo 42 species, and that of birds to 309 species ; 
the short notes about their habitats and modes of life are of 
the same high character as in the preceding work of the same 
author. 

Geological Annals of the Balkan Peninsula^ vol. ii., fasc. i. — 
Note on the meteorite of Jelica, by J. M. 2 ujovic. Twelve 
fragments of this meteorite, which fell on November 19, 1889, 
were collected; the largest of them weigh^ 3175 grammes. 
Its composition resembles that of a trachytic breccia. In an 
earthy, ash-coloured mass, porphyric elements and angular stony 
pieces of a dark colour, sometimes 4 centimetres long, are dis- 
seminated. The latter seem to be aggregates of crystals, prob- 
ably of pyroxene. Closer microscopical examination is promised* 


SOCIETIES AND ACADEMIES. 

Sydney. 

Royal Society of New South Wales, May 7. — Annual- 
Meeting. — Prof. Liversidge, F.R.S., President, in the chair. — 
The Report stated that twelve new members had been elected 
during the year. One honorary member, the Rev. J. E. 
Tenison- Woods, and one corresponding member, Major-General 
Sir Edward Ward, R.E., had died, and the total number on the 
roll on Ajiril 30 was 461. During the year the Society held 
eight meetings, at which the following papers were read; — 
Annual address, by Sir Alfred Roberts, (i) Note on the com* 
position of two sugar plantation soils ; (2) well and river waters 
of New South Wales, by W. A. Dixon. The aborigines of 
Australia, by W. T. Wyndham, (i) Note on the recent rain- 
storm ; (2) the source ot the underground water in the Western 
Districts, by H. C. Russell, F.R.S. On the high tides of 
June 15-X7, 1889, by John Tebbutt. List of the marine 
and fresh-water invertebrate fauna of Port Jackson and 
the neighbourhood, by T. Whitelegge. The eruptive rocks of 
New Zealand, by Prof. F. W. Hutton. On the application of 
prismatic lenses for making normal-sight magnifying spectacles^, 
by P. J. Edmunds. Hying machine memoradda,‘by L. Har* 
grave. Irrigation in its relation to the pastoral industry of New . 
South Wales, by H. G. McKinney- (i) The analysis of 
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prickly pear; (’2) on the occurrence of arabin in prickly pear 
\OpunHa ^braziliensi 5 \ by W. M. Hamlet. Personal recollec- 
tions of the aboriginal tribes once inhabiting the Adelaide Plains 
of South Australia, by E. Stephens. Aids to* the sanitation of 
unsewered districts (poudrette factories), by J. Ashburton Thomp- 
son, M.D. Brux. Notes on Goulbum lime, by E. C. Manfrca. 
Notes on some New South Wales minerals, by C. H. Mingaye. 
The Australian aborigines, by Rev. J. Mathew. The M^ical 
Section held seven meetings, twelve papers were read, and 
numerous exhibits shown ; the Microscopical Section held six 
meetings. The Clarke Meflal for the year 1890 had been 
awarded to George Bennett, M.D. Univ. Glas. The Society’s 
Bronze Medal and money prize of £2$ had been awarded to 
J. Whitelegge, Sydney, for list of the marine and fresh-water 
invertebrate fauna of Port Jackson and neighbourhood ; also to 
Rev. J. Mathew, Coburg, Victoria, for paper on the Australian 
aborigines ; and the Council has since issued the following list of 
subjects withnhe offer of the medal and £2$ for each of the 
best researches if of sufficient merit : — To be sent in not later than 
May I, 1891 : The meteorology of Australia, New Zealand, 
and Tasmania. Anatomy and life-bistory of the Echidna and 
Platypus. The microscopic structure of Australian rocks. To 
be sent in not later than May i, 1892 : On the iron ore de- 
posits of New South Wales. On the effect which settlement in 
Australia has produced upon indigenous vegetation, especially 
the depasturing of sheep and cattle. On the coals and coal- 
measures of Australia. — The Chairman read the Presidential 
address, and the officers and Council were elected for the ensuing 
year, Dr. A. Leibius being President. 

iA^ris. 

Academy of Sciences, September 15. — M. Duchartre in the 
chair. — On the atomic weight of gadoline, by M. Lecoq de 
Boisbaudran. The author finds that the atomic weight* of gado- 
line is 155*95, which agrees fairly well with the value 15675, 
found previously by M. de Marignac. — Observations of the new 
minor planet discovered hy M. Charlois, made at Paris Ob- 
servatory, by M. G. Bigourdan. The nights of observation of 
position were September ii and 12.— Observations of Denning^s 
comet (1890, July 23), made with the great equatorial of 
Bordeaux Observatory, by MM. G. Rayet, Picaft, and Courty. 
Some observations of position are given which extend from 
August 5 to September 12. — Solar phenomena observed during 
the first half of 1890, by M. Tacchini. (See Our Astronomic^ 
Column). — ^The shooting-stars of August 9 and ii, 1890, 
observed in Italy, by M. P. Denza. (See Our Astronomical 
Column.) — The tornado-cyclone of August 19, 1890, by M. 

L. Gauthier. The author thinks that the storm of August 19 
should be called a tornado-cyclone, because of its complex 
character. He gives an account of secondary phenomena that 
accompanied it, viz. electrical manifestations, divisions of the 
principal branch, the conical form of the cloud, the aspiration 
produced by the rapid whirling of the air, and the formation of 
a lateral wind. — The storms of the month of August 1890, and 
the solar period, by M. Ch, V. Zenger. The author traces a 
connection between August storms, the Perseid meteors, 
and the sun-spot period. — On the acetic ester of acetal, by 

M. A. Combej;. — On the Isonandra Percha or Isonandra Gutta, 
by M. Serullas. The author gives an account of the Isonandra 
Gutta^ both as to its discovery and as to the growth of certain 
specimens. Some interesting information with respect to the 
use of gutta-percha for commercial purposes is also given. — 
Researches on the propagation of the vine by cuttings, by M. 

L. Ravaz. — Notes were also submitted by MM. Dumoulin- 
Froment and Doignon on the electrical gyroscope ^^signed by 

M. Trouve for the rectification of the compass ; and by M. 
Mathieu Plessy, stating that he had discovered potassium in the 
supposed new base that he obtained by heating ammonium 
nitrate {Comptes rendus^ August 25, 1890). 

Brussels. 

Academy of Sciences, August 2. — M. Stas in the chair. — 
On the preservation of oxyhsemoglobin when sheltered from the 
action of atmospheric germs, by M. Leon Fredericq. In a note 
published in the Bulletin de TAcadimie^ No. 2, 1890, the author 
recorded that oxyhsemoglobin may be preserved intact for more 
than a month without losing its oxygen, and without being 
transformed inter methaemoglwin, by isolating it from the action 
of atmospheric germs. He has since found that the oxyhsemo* 
g^obin cannot be preserved for an unlimited period, but after a : 
time begins fo pass into methaemoglobin, and the transformation ^ 
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is complete at the end of a few months. It appears, in fact, 
that oxyhsemoglobin preserved in a sealed tube and containing 
atmospheric germs is transformed entirelv into reduced haemo- 
globin in a few days. If, however, such germs are rigorously 
excluded, the oxyhsemoglobin is preserved intact for a much 
longer period, but at length is transformed into methsemoglobin. 
— On tne characteristic property of the common surface of two 
liquids in contact, by M. G. Van der Mensbrugghe. — On the 
reduction of invariant functions, by M. Jacques Deruyts. — On 
conjugate cubical involutions, by M. Cl. Servais. — Some facts 
with respect to aldehyde, by M. Maurice Delacre. The author 
brings some facts relating to the dissociation of chloral hydrate 
to explain why It should be a well-defined and stable compound, 
whilst aldehyde hydrate is unknown in »an isolated state. — 
On the deformations produced at the surface of a hollow metallic 
hemisphere bv the impact and by the pressure of a hard body, 
by M. H. Sch^entjes. — Reduction of nitrates by sunlight, by M. 
Emile Laurent. The author has found that a solution of 
potassium nitrate exposed to the sun behaves as if it contained a 
nitrite. It has therefore been concluded that the nitrate is re- 
duced to nitrite by the action of sunlight. Griess's reaction was 
employed for the identification of the nitrites. — On the reduction 
of nitrates by brewers’ yeast and by some Mucorini, by the same 
author. From a series of researches it has been found that grains 
of barley and maize sterilized and placed in sterilized water until 
the shoot was one centimetre long, contain no bacteria in their 
tissues, and therefore have not the power to reduce nitrates. 
liSnce the author considers the reduction of nitrates as a property 
common to certain microbes, and to the cells of superior plants 
which are developed in a medium containing no oxygen. The 
researches have reference to some observations made previously 
by M. Jorissen. ^ 
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THE METAL OF THE FUTURE. ’ 

Alutnimum : its History y Occurrence, Properties, Metal- 
lurgy, and Applications, including its Alloys. By Jos. 
W. Richards. (London : Sampson Low and Co., Ltd., 
1890.) 

A S the recent improvements in the manufacture of 
aluminium have been so great as to enable ft to be 
bought now at &ne-tertth the price it was only three years 
ago, and as its uses, especiailly in its alloys, are becoming 
constantly more extended and varied, a somewhat detailed 
review may be of service in directing attention to this, 
the latest book on the subject. It is intended by the 
author, who is instructor in metallurgy in Lehigh 
University, to lay before the general public as well as 
before metallurgists a full and accurate account of the 
aluminium industry as it exists at the present time. To 
do this, the author has found it necessary to make such 
numerous and extensive additions to the first ec^tion, 
that the present volume may almost be regarded as a 
new book. 

Passing in review the various parts of the book, we come 
first to an admirable resume, of 27 pages, of the 
history of the progress made in reducing aluminium 
metal ; it contains much interesting information, not easily 
obtainable elsewhere, describing the founding, of the 
various works for this manufacture from the time of 
Deville to the present electrical processes of Cowles, of 
Lockport, New York ; of Hall, of Pittsburg ; and of 
Heroult, of Neuhausen, Switzerland. The affairs of 
Frishmuth, of Philadelphia, here mentioned, rhay serve 
as a warning to those too ready to believe reports of 
success from enthusiasts or from the inventors of secret 
processes. 

Chapter ii., of 7 pages, deals with the occurrence of 
the compounds of aluminium in Nature. It may be in- 
teresting to remind the reader of the existence of several 
precious stones that contain aluminium, but a list of 
“ some other compounds occurring frequently" is surely 
very misleading when it contains the minerals turquoise, 
lazulite, wavelUte, topaz, and even cryolite ; these ought 
to have been replaced by such minerals as the sodium- 
and potassium-felspars, hornblende, augite, mica, kaolin 
&c. These common aluminium minerals are described, 
curiously enough, however, in the chapter dealing with 
the artificial preparation of aluminium compounds.- The 
statement "that aluminium has never been found in 
animals or plants ” requires correction. The description 
of beauxite is accompanied by many analyses ; but that 
of cryolite, which is directly used in the manufacture of 
aluminium, il< accompanied by an incorrectly calculated 
percentage composition, and the one statement that " the 
so-called pure article was found by Prof. Rogers, of Mil- 
waukee, to contain 2 per cent, of silica and i per cent, of 
iron," although further details are to be found on several 
other pages of the book. 

Chapters iii. and iv., of 31 and 13 pages, deal with the 
physical and chemical properties of aluminium. A list is 
given of analyses, and an account of various specimens of 
commercial metal, showing the amount of the impurities, 
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iron and silicon, that may be contained, and the effect 0(1 
the physical properties is mentioned. The chapter on 
the chemical properties concludes with a paragraph headed 
"General Observations on the Properties of Aluminium" ; 
this, being a quotation from Deville’s general theoretical- 
considerations, is very much behind the time indeed, and 
should be replaced by observations made with respect to 
Mendeleeff’s classification of the elements, and coupled to 
the general considerations on the " structure of aluminium 
compounds " that introduces the next chapter. 

Chapter v. describes generally the properties and pre- 
paration of aluminium compounds, but* requires some 
alterations ; thus, on p. 86 we read, " Alumina forms no 
carbonate," and p. 103 is a paragraph headed "Aluminium 
Carbonate," describing the preparation o¥ the compound 
AI2O3.CO2 ; and again, p, 88, we find diaspore is Ala03.H20, 
beauxite is AI2O3.2H2O, and gibbsite is AI2O3.3H3O, 
whereas on p. 47 it is said that " beauxite is a combin- 
ation between diaspor, AI2O3.3H2O, and brown hematite, 
Fe203.3H20,” and on the same page is also found 
" Diaspore, H2AI2O4." We must certainly disagree with 
the names "aluminium-ammonium chloride" for the 
substance AI3CI3.3NH3, and "aluminium fluorhydrate" 
for AI3F3.7H3O, and also think that the descr^tion of 
some dozen substances as the double chlorides of 
aluminium and sulphur, phosphorus and selenium, the ' 
abov^ ammonia compound and the selenide.and selenite 
of aluminium, might Have been entirely omitted, and . 
the space devoted with advantage to a more detailed 
description of the really important compounds. 

Chapter vi., of 29 pages, is a well-written account 
of the "Preparation of Aluminium Compounds for 
Reduction,^ and describes the preparation of alumina 
from crude sulphates, from beauxite and from cryolite, 
the preparation of aluminium chloride, and aluminium 
sodium chloride, and the preparation of artificial cryolite 
and of aluminium fluoride, and also that of the sulphide 
of aluminium. The numerous processes here described 
give one much food for thought and comparison, and 
though no author is really res^nsible for the statements 
of others which he may introduce, yet where the state- 
ments of two authorities do not agree, the disagreement 
should be mentioned and suggestions made to explain the 
cause of it. Two cases may be cited. On pp. 1 13 and 
1 1 8, analyses are given of alumina precipitated by car- 
bonic acid from sodium aluminate solutions : the one 
shows 2*5 and the other 20 per cent, of sodium car- 
bonate. Again, on p. 121 we find the method Qf«6auer-i«> 
wein for preparing alumina from cryolite, viz., 

AljF^.fiNaF -f Al203.3Na20 + 6HgO - 2(Al203. 3 H, 0 ) 

+ i2NaF ; 
o * 

while on p. 137 is described the very reverse reaction, a 
method of Berzelius for preparing cryolite from alumina, 
viz., 

2A1,08.3H20 -j- i2NaF = AljFg.eNaF ^ Al203.3Na20 

+ 3H2O 

(this last item is a mistake for fiHjO). 

Chapter vii., of 39 pages, describes " The Manu- 
facture of So^um," giving a full account of the older 
processes, and al^^ of the recent ones of Castner and 
Netto, in which not sodium carbonate, but hydrate, is 
reduced by carbon at a red heat. There ii also reference 

A A 
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made to the experimental preparation of sodium by 
electrolysis of fused salt. 

The’ eighth chapter, 13 pages, considers “The 
Reduction of Aluminium Compounds from the Stand- 
point of Thermal Chemistry.” After a short introduction, 
a list is given showing the heat developed in the oxidation 
of various metals. At the head stand magnesium and 
aluminium, and the author predicts the possibility of 
reducing alumina by magnesium under certain unknown | 
conditions; and it is interesting here to note that 
C. Winkler, only a few months ago, in the course of a 
series of logical researches, has found that alumina, 
heated with magnesium, gives (according to the propor- 
tions) either finely-divided aluminium or a hitherto 
unknown oxide/' viz. AlO, a perfectly black substance ; 
and this was the substance for which Deville was search- 
ing in 1854, when for the first time he accidentally ‘ob- 
tained pure aluminium in globules, an accident which 
led to his well-known labours in connection with this 
metal. The chapter concludes with an account of the 
thermal aspects of the formation and reduction of the 
chloride and sulphide of aluminium. 

The next two chapters, ix. and x., of 26 and 
24 pages, are headed, “The Reduction of Aluminium 
Compoui.-d5 by Potassium 0/ Sodium,” although potas- 
sium has probably not been used for the preparation 
of aluminium since the experiments of Wohler, in 1845. 
The first chapter is devoted to the double sodium chbride 
as source of the metal, and contains very full accounts 
of the process as practiced by Deville, and of the various 
improvements made up to the time of Paul Morin in 
1882. Describing the patented process of Frishmuth,the 
author says : “ In what the originality of the pi^pcess con- 
sists ... we cannot see, and we simply acquiesce blindly 
to the mysterious penetration of our Patent Office Board 
and the remark might fitly be applied to other patents 
than this particular one, and to other Patent Office Boards 
than that of the United States. The second chapter de- 
scribes the reduction of the fluorine compounds. From 
the experiments and experience of H. Rose, Percy, Dick, 
Deville, Tissier Brothers, all fully described, the conclusion 
is drawn that the best use of cryolite is as a flux when 
reducing aluminium sodium chloride ; but as a contrast 
to this is the account of the Alliance Aluminium Com- 
pany’s processes, by which 77 per cent, of the metal con- 
tained in the cryolite was extracted. The account of 
Grabau’s processes, the reduction of aluminium fluoride 
by sodium, is very .interesting, and especially so as he has 
been the first to produce on a commercial scale aluminium 
with less than half of i per cent, of impurities. 

Chapter xi., of 70 pages, is one of the most import- 
ant chapters in the book. It is an accoun); of the 
“ Reduction of Aluminium Compounds by the use of 
Electricity,” and is introduced by an all too brief review 
of “the principles of electro-metallurgy as they apply 
to the decomposition of aluminium compounds.” The 
method of calculating, from the heats of formation, the 
electromotive forces required to decomp<^ aluminium 
chloride and alumina having been described, the number 
of volts thus found are explained to be 

“the absolute minimum of intensity] which would pro- 
duce decomposition, and the actual intensity practically 
required would be greater than this, varymg with the 
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distance of the poles apart and the temperature of the- 
bath as far as it affects the conducting power of the 
electrolyte. From this it would immediately follpw that, 
if the substance to be decomposed is an absolute non- 
conductor of electricity, no intensity of current will be 
able to decompose it. If, on the other hand, the substance 
is a conductor, and the poles are within reasonable dis- 
tance, a current of a certain intensity will always produce 
decomposition.” 

We are sure that such an explanation of phenomena 
that can only be successfully treated mathematically wilt 
not greatly enlighten the uninitiated, and hope that in the 
next edition the author will find it possible to give a more 
exact and fuller account of electric phenomena in so far 
as they apply to the subject in hand ; as, for instance, 
an account of Obm’s law applied to electrolytes, of the 
chemical and thermal effects of electric currents upon 
electrolytes, of the chemical, electrical, and thermal effects 
of secondary reactions to which the products of the electro- 
lysis may give rise, &c., and also even a brief description 
of the instruments and machines used to measure and 
generate the powerful currents used in the manufacture 
of aluminium. With the expression of this hope we 
will p*&ss over many inaccurate and dubious expressions 
relating to electrical terms and descriptions. 

Exceedingly curious is the account of some twenty 
patented processes for depositing aluminium or its alloys 
from aqueous solutions, and the following remarks of 
the author summarize the results obtained by all these 
enthusiastic labourers in Nature's unwilling fields ; — 

“We have inventors affirming in the strongest manner 
the successful working of their methods, while other ex- 
perimenters have followed these recipes and tried almost 
every conceivable arrangement, yet report negative re- 
sults. ... No good authority testifies to the success of 
any process so far advanced, neither have I seen any so- 
called aluminium plating (from aqueous solution) which 
really was aluminium.” 

“The Electric Decomposition of Fused Aluminiun) 
Compounds ” is treated, with the exception of a few cases, 
chronologically ; in reviewing the chapter we shall, how- 
ever, group them according to the electrolyte used, and 
we cannot but think that this very important chapter 
could have been presented more concisely in such a 
way. 

First, then, there are accounts of the electrolysis of 
fused aluminium sodium chloride by Deville, Bunsen, Le 
Chatellier, Berthaut, and Gratzel, whose process was 
actually tried on a large scale, but abandoned. The pro- 
cesses of Omholt and Faure are amusing, inasmuch as the 
one melts aluminium chloride in a reverberatory furnace 1 
and the other electrolyzes a bath of the same substance 
at 300® ! 

The remaining processes may be classified as follows ; 
(i) electrolysis of cryolite without addition of alumina, 
but with or without addition of salt, &c. ; (2^ the same as 
No. 1, except that alumina is also ad^ed ; (3) electrolysis 
of alumina dissolved in cryolite salt, &c. ; (4) electrolysis 
of fused alumina ; (5} electrically heating mixtures of 
alumina and carbon to such a temperature that they 
zeac? upon each other chemically ; (6) methods using 
crude clay« beauxite, or kaolin as the source of alumina, 
and not worthy of further consideration. To the first 
dajis beloi^ the processes of Gaudin, Grabau, Feldman, 
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and perhaps also that of Rogeia ; the products of the 
action are aluminium and chlorine or fluorine. To the 
second class may be ascribed the process of Kleiner, 
perhaps that of Rogers, and that of Bernard Brothers ; the 
products of the action arei thePsame as the first class, but 
the aluminium fluoride destroyed by electrolysis is in part 
restored to the bath ^*by causing the fluorine vapours 
evolved to act on alumina or beauxite placed somewhere 
about the anode.” To the third class may be ascribed 
the processes of Henderson, Hall, and part of Heroult’s 
patented process; here the products are said to be 
aluminium and oxygen, which by contact with the carbon 
anode is converted into carbon monoxide or carbon 
dioxide, and the cryolite, &c., used as solvent for the 
alumina are said to remain unchanged. The fourth class 
contains only Heroult’s process, and of that only the 
latter half of his claims. The fifth class contains tlte 
process of Monckton, Cowles, Menges, and Farmer. 

As regards the details of these various processes re- 
ference must be made to the book. The processes 
of Cowles, Hall, and Heroult are reported as beij^g in 
actiye and very extensive use by the several companies, 
and if one is to believe the glowing reports that are pub- 
lished they are very successful indeed ; thus Hall claims 
to extract 50 per cent, aluminium from alumina, instead 
of the theoretical 52*94 per cent, while the fluorides used 
waste only very slightly, and require replenishing to the 
extent of a small fraction of the weight of the metal 
made ; and with his latest improvements aluminium is 
not to cost more than half a dollar a pound ! 

The scientific investigation of these processes is either 
kept secret, or, alas, has scarcely been attempted ; and 
yet the surest and quickest way to establish a process on 
a sound commercial footing is to thoroughly investigate 
the conditions regulating every reaction, and not merely 
those conditions relating to the principal reaction, for 
those relating to the ubiquitous “ impurity ” are at least 
of equal, if not of greater, importance. In describing 
the above processes, the author introduces scientific and 
nunierical discussions on several points ; but the work 
would have been more valuable to the increasing number 
of metallurgists interested in the subject if the book had 
bristled more with hard facts expressed in figures, and 
with references to volume and page where the original 
might be found. 

Chapter xii., of 31 pages, is a summary of the very 
maiiy processes that have been proposed for the Reduc- 
tion of Aluminium Compounds by other means than 
Sodium or Electricityi” Many of the accounts record the 
partial success of actual trials, and deserve considera- 
tion; but many are but little more than written hopes 
and imaginations. 

As far as the end of this last chapter, the subject-matter, 
with the exception of chapters iii. and iv., is purely 
chemical, and relates*, indirectly or directly, to the primary 
production of aluminium or of certain of its alloys. 
From this point the book deals with the manner of work- 
ing aluminium, the preparation of its alloys, and the pro- 
perties which characterize thenu This metallurgicdl part 
of the book may be considered as being introduced, as 
far as alum inium itself is concerned, by chapters iiL and 
iv. and some four pages of chapter xiii., which .describe , 
the *' Purification of Aluminium,* and refer verf^ briefly | 
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to Mallet’s preparation of the pure metal. * The special 
methods found suitable for the analysis of aluminium- 
and its alloys are described in the last chaptw of the 
book. 

Chapter xiii., of 29 pages, describes fully the methods 
of working in aluminium — casting, rolling, annealing, 
soldering, &c., &c. In speaking of the uses of ^uminium, 
the author says, when referring to its lightness, 

I but I would say a word or two about the popular fallacy 
of aluminium replacing steel as a constructive material, 
... or in any position where its strength is of import- 
ance, ... it is forgotten that it is only one-third as 
strong.” ^ 

The aluminium alloys are considered in the next three 
chapters. Chapter xiv., of 30 pages, describes many alloys, 
of which the following two classes are especially important, 
as they promise to enter largely into commerce. The 
alloys with copper and nickel mostly contain but a very 
small proportion of aluminium, but nevertheless .-are 
superior to ordinary German silvers for strength and fine- 
ness of grain. Those containing copper and zinc, and 
known as aluminium brass, possess exceedingly valuable 
working qualities, are three and four times as sftrong as 
ordinary brass, and containing mostly only 2 or 3 per cent, 
of aluminium are further recommended by their low cost. 
Chapfer xv., of 32 pages, describes the alloys with copper ; 
of these the most important contain 5 or at most 10 per 
cent, of aluminium, and are known as aluminium bronzes ; 
and full accounts of the methods of working and tests of 
the strengths of the metals are given. Chapter xvi., of 
31 pages, describes the “Aluminium-Iron Alloys,” and 
is a very interesting account of a difficult but ex- 
ceedingly important subject. The chapter is divided 
into three parts, dealing with the effects produced by 
adding trifling quantities of aluminium to steel, to 
wrought-iron, and to cast-iron ; in almost all cases the 
castings are quite free from blow-holes ; and in certain 
cases the metal becomes more fluid, allowing of castings 
being more readily made. Cast wrought-iron sounds like 
a paradox, but it is not one, for, by adding a small amount 
of aluminium to wrought-iron that has been heated 
until it has become pasty, the latter immediately 
liquefies, and can then be poured into moulds, making 
castings as sound as if they were of grey cast-iron. The 
author discusses at some length the -probable explana- 
tions of the effect of adding aluminium to the ^^ious 
kinds of iron, and his conclusions may be very briefly 
stated as being : (1) addition of very small quantities of 
aluminium, i.e. o‘oi to o’l per cent., causes the destruction 
of carbonic oxide or dioxide, or of the oxygen compounds, 
as oxide of iron, disseminated mechanically, and which 
at the moment of setting give rise to the formation of 
these gases ; hence the cast metal is free from blow- 
holes, and, owing to the removal of suspended oxides, the 
metals cease to be pasty and become quite fluid; (2) 
addition of aluminium in larger quantity, /.«. 0*2 to 0*5, or 
even several per cents., converts the combined carbon — 
that is, if there be any appreciable amount— into graphitic 
carbon, aodt according to the quality of the iron operated 
on and the amount af aluminium added, Has the effect of 
lendering the castings free from a chiUpd surface, of 
making the metal very uniform in texture and hardness, or * 
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of separating* the graphite to such an extent that the metal 
becomes pasty and unfit for making castings. Wonderful, 
indeed, are the effects of traces of foreign su'bstances on 
the physical properties of the metals, and, though much 
has been done towards studying the effect of foreign 
substances on the properties of iron — the metal of the 
past, the present, and the future also, notwithstanding all 
that has been said about aluminium —yet the effects of 
this new ‘‘ impurity,” aluminium, are so great that evi- 
dently not only the modern man of science, but also the 
time-honoured iron-master, has still much to learn. 

H. Bakkr. 


ELECTRIC DARKNESS. 

Electric Light : its Production and Use, By John W. 
Urquhart. Third Edition. (London : Crosby Lock- 
wood and Son, 1890) 

T his book has the characteristic defect of many 
scientific works that go through several editions — 
the old matter is fondly retained, while edition by edi- 
tion, ne^ bits of informationoare inserted here and there, 
until finally the paragraphs must feel as awkward in one 
another's company as ancient Britons and gentlemen in 
top hats. And unfortunately Mr. Urquhart gives no hint 
to the readers of Electric Light ” as to which are his 
aboriginal paragraphs painted in woad, and which of 
them wear the modem frock coat. 

That section of his book which is devoted to arc-lamps 
almost starts with a description of the latest form of the 
Brockie-Pell lamp, followed by an account of the Siemens 
and Hefner Alteneck pendulum and differential lamps, 
the Thomson-Houston, and the Brush lamps, types 
which may all be met with in constant use at the present 
day ; then the author, without a. word of warning that he 
is becoming historical, dilates on the Wallace-Farmer 
and the Rapieff forms. Next comes the Crompton lamp, 
with only a page given to it, and not thought worthy of 
an illustration. The reader would hardly gather from 
this that the Crompton lamp is extensively used in railway 
stations and elsewhere at home and on the Continent, and 
that the streets of one of the few towns in England elec- 
trically lighted — viz., Chelmsford — obtain their light 
wholly from Crompton lamps. We have then the de- 
scription of a very excellent lamp, the Pilsen, especially 
in view .of the improvements introduced into it by Mr. 
Joel ; these, however, are not even referred to, Mr. Joel’s 
contribution to electric lighting being confined, according 
to Mr. Urquhart, solely to his semi-incandescent lamp of 
1881. And the description of the Pilsen lamp tnly occu- 
pies a fraction of the space devoted to the rotatory disc, 
the Regnier, the Werdeman, the Wilde, the Jamin blow- 
pipe lamp, and other obsolete specimens which close this 
section, wherein may be found some of the most important 
arc-lamps of the present day indiscriminately jumbled up 
with types that figure only in museums and text-books. 

Although the book is dated 1890, the description of Sir 
William Thomson’s meters, to which only half a page is 
given, must have been written several years ago, before 
Sir William abandoned the use of 'iron, since, according 
to “ Electric Light,” all the assistance Sir William has 
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contributed to the electric light industry is the invention 
of a voltmeter in which a stumpy bit of iron is attracted 
by a coil. The co-inventor of the Ferranti dynamo is 
we learn, another man, a Sir William Thompson, with 
a “ p.” «• 

With reference to the Deptford mains we are told,. 
** The main is composed, first, of a copper tube of small 
diameter surrounded by a considerable thickness of in- 
sulating material, the whole being enclosed in a copper 
or other metallic tube about three inches in diameter. 
It is to be particularly observed that the * return ’ is in- 
tended to be put in connection with the earth.” We 
should like to hear what the Postmaster-General would 
say to this bit of intelligence after the opposition that he 
offered in the spring of 1889 to the original plan being 
carried out, and which led to the return of the Deptford 
iqains being insulated. 

Details are given of the electric lighting of the Albert 
Hall by 5 arc-lamps, the author not mentioning that the 
words, “At the Albert Hall a saving of gas is effected, 
&c.,” aiid those that follow were written in the very early 
days of electric lighting. And yet, so anxious to be up 
to date does the author profess himself to be that he 
states, when dealing with high candle-power lamps, ** We 
need not enter more deeply into the question how many,, 
because . .. . calculations made in 1889 would probably 
not apply in 1890.” 

This happy indifference that he displays to the dis- 
tinction between the past and present tense may very 
likely lead people to unfairly condemn as useless, 
and out of date, a good deal of solid and valuable in- 
formation which the book contains. The chapter on 
electric distribution is distinctly good, and the chapters 
on dynamos may be read with profit if we set down to the 
author’s love of living in the past the accounts he gives 
of the Wallace-Farmer, of the Biirgin, and of other 
dynamos now practically abandoned ; and if we attribute 
to a like cause such 'information as the following with 
reference to direct-current dynamos : — “ The idea of 
making the armature a fixture, and of causing the field 
magnet to revolve within it, has, ... in several lately- 
constructed machines, proved a most advantageous form 
of construction.” The section on the management of the 
dynamo is particularly useful, and contraAs -most favour- 
ably with the large amount of historical matter the book 
contains. We hope, however, that the author’s statement 
regarding a shunt dynamo, as to its probably being im- 
possible to bum up such a machine by short-circuiting, 
will not be brought forward as an excuse by some begin- 
ner for short-circuiting a shunt dynamo which has been 
running on open circuit ; because the bill that will pro- 
bably haveto be paid for rewinding a bumt-up armature will 
forcibly illustrate the importance of taking into account 
what the author has neglected, viz. the residual magnetism 
of the field-magnet cores. » 

The detailed instructions which are'given for making 
simple apparatus like batteries, a laboratory magneto- 
Gramme machine, simple arc lamps, &c., will recom- 
mend the book to amateurs, but the author’s views that 
the vertical slit down the cylindrical zinc of a cell is for 
the purpose of preventing local action, that “both 
sides of the zinc evolve electricity,” that “ electricity of 
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opposite name is believed to flow off in contrary direc- 
tions in equal quantities from the surface of generation, 
viz. the junction of the liquid with the positive plate/* are 
very crude even for amateurs. * 

Mr. Urquhart’s account qf accumulators is a trifle 
mixed. On p. 47, *‘the negative grids are filled with 
litharge ; ” but on p. 48 we have “ the litharge (positive) 
plate ” ; the capacity of an accumulator with 32 lbs. of 
plate is stated to 50 ampere hours, whereas, as a 
matter of fact, it is about two and a half times that 
amount. The .specific gravity of the solution, which 
Mr. Urquhart says should be 1*220 when the cell is fully 
charged, falls, he says, about o*i for every 5 ampere 
hours, no reference whatever being made to the size of 
the cell. The specific gravity, then, of the liquid of an 
accumulator from which 61 amperes could be taken, 
would fall to nought at the end of the first hour of dis- 
charge, though what that might mean we do not kno^. 
On p. 51 we are told in connection with the miner’s lamp, 
that an accumulator weighing only 3 lbs. can “ be made 
to light a small incandescent lamp for ten or* twelve 
hours, yielding a light of two or three candles." Nbw 3 
candles for 10 hours means about 120 watt hours, so that, 
if we assume that the box and liquid weigh together only 
8 ounces, this marvellous accumulator stores something 
like 140,000 foot-pounds? of energy per 1 pound of plate. 
On p. 294 the weight of the miner’s accumulator and' 
incandescent has gone up to 7 lbs., and the light has 
gone down to 1 or li candle. 

This sort of looseness runs through the book, The 
legal ohm is the resistance presented by a column of pure 
mercury, 106 centimetres in length and i millimetre in 
section,” the word square before millimetre, and all 
reference to temperature being omitted. After the defini- 
tion of the watt it is stated that “ An incandescent lamp 
is said to need 4 watts per candle power, or 60 watts in I 
all to run it ; ” “ said to need ” looks as if it were a defini- | 
tion instead of being an experimental fact, and since the 
candle power of the 60 watt lamp is not mentioned, it 
might appear that all incandescent lamps from 2 to 2000 
candles power required 60 watts. In speaking of the 
number of lamps a dynamo can maintain glowing, the 
author says, “ More lamps could be maintained at 5 watts 
per candle than at 4 ; ” we should very much like to know 
why. The phase of an alternate current is defined as its 
life. Under “ Cost of Electric Light ” we are told, “ The 
Board of Trade unit, consisting of a kilowatt (a thousand 
watts for one hour) is the recognized standard of calcula- 
tion,” and that this is not a printer’s error is shown by 
the author going on to say, ** that a kilowatt can be sold 
at a fair profit at from jd. to 9</.” Perhaps the author 
will favour us with the market value of one mile an 
hour. , . 1 

A large amount of useful information has been collected | 
together, the illustratipns are abundant and well executed, j 
and probably much time ha,i been spent in the compiling 
■of this book. Is it not a pity then that its value, both for 
the technical reader and for the electrically-lighted house- 
holder, should be much diminished by the unscientific 
vagueness that runs through it, and by the indis- 
criminate mixture of the antique with the modern in 
Its pages? 
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COUES'S '^^ HAND-BOOK OF ORNJTHOLQGY! 

Hand-book of Field and General Ornithology : a Manual 
of the Structure and Classification of Birds. With 
Instructions for Collecting and Preserving Specimens. 
By Prof. Elliott Coues, M.A., M.D., &c. Pp. 344. 
(London : Macmillan and Co., 1890.) 

N * ATURALISTS are nqt unfrequently regafded as be- 
longing to two categories — those of “ the field ” and 
those of “ the cabinet.” The “ field naturalist ” is too 
often little acquainted with scientific metliod, and apt to 
undervalue scientific research. On the other hand, the 
“ cabinet naturalist ” in many cases despises the labour of 
his brother of the field,” and thinks that%e can solve all 
the problems of life without studying the living organisms. 
The ’best naturalists — it is not necessary to quote names 
in support of such a truism — have always been those who 
combine much experience in the field with great study in 
the cabinet. The author of the present work is well 
known to possess both these qualifications, without which, 
indeed, he could hardly have ventured on the task of 
writing it His experience in the field, as he tells us in 
his prefatory remarks, reaches in time over thirty years, 
and extends in area over large portions of North America. 
Having made personal acquaintance with most of the 
species of North American birds, and having shot and 
skinndd with his own hands several thousand specimens, 
he may reasonably claim to speak with authority on field 
ornithology. On the other hand. Dr. Coues is the author 
of the “ Key to North American Birds,” which has passed 
through many editions, and is generally recognized as the 
standard text-book of the American ornithologist. On 
this branch of his subject, therefore, Dr. Coues is likewise 
entitled to claim our full attention. 

Dr. Coues commences his hand-book with “ Field Orni- 
thology,” which, as he truly says, should lead the way to 
systematism and description, and devotes nearly ninety 
pages to this part of his work. The necessary implements 
for collecting, the various instruments and materials 
required for making skins, the proper modes of registra- 
tion and labelling, and the right way to keep a collection 
when made, are all discussed in turn, and admirably ex- 
plained and illustrated. Labelling,” we are glad to see> 
Dr. Coues expatiates upon at full length, and it is im- 
possible to exaggerate its importance. How often are 
the best prepared and rarest specimens of natural objects 
rendered comparatively useless by the neglect qf this 
requirement I We do not presume to say that' all the 
twelve particulars insisted upon by our author should be 
given in every case, but the locality, the date, and the 
collector’i name should at least never be omitted from the 
label of a scientific specimen. 

A still more important part of Dr. Coues’s hand-book is 
that of General Ornithology,” which occupies the re- 
mainder of the present volume. It is divided into four 
sections. In the first of these the author endeavours to 
define exactly what a bird is, and discusses the position 
of the class ** Aves ” in the series of Vertebrata. In the 
secopd section the principles of classification are reviewed, 
and it is shown that morphology or bodily structure is the 
only safe guide to a patural system. The third section is 
devoted to a description of the external characters of 
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birds, and the fourth to the internal characters, or, as they 
are generally called, the anatomy of birds. These two 
essays form in fact the most important part of the volume, 
and occupy more than half its pages. Both of them are 
well drawn up, the various characters are described in 
plain and simple language, ^d the structures are illus- 
trated by a large number of woodcuts introduced into the 
text. That Dr. Coues's statements are absolutely free from 
error we by no means affirtnt Zoological science is pro- 
gressing rapidly nowadays, and since these essays were 
written, five or six years ago, discoveries have been made 
that should have caused a modification of some of them 
as they now stand. But Dr. Coues is generally well up 
to the level o^ modem science, and seems to be ac- 
quainted with most recent views of experts on most 
points. On the whole, we know of no volume likely to be 
more useful to the student who wishes to become ac- 
quainted with birds, alike in the field and in the cabinet, 
than Dr. Coues’s Hand-book,” and we are of opinion 
that the publishers have done a good deed in reprinting it 
for the use of British ornithologists. N o other manual that 
we are acquainted with exactly takes its place, or con- 
tains such a well-arranged mass of useful and generally 
correct information on this subject. 


OUR BOOK SHELF. ^ 

SwMttage : its History^ Resources^ 6 r*c. (London : William 

Henry Everett and Son, 189a) 

Seaside guide-books are generally the production of 
some local tradesman, but the rising town of Swanage 
has issued one by no less than eight authors and an editor. 
Nothing but exceptional care could knit such a work into 
harmony, yet of editing there is no trace but the name. 
Though a full chapter by such an authority as Horace B. 
Woodward is devoted to geology, its interest is allowed 
to be forestalled earlier in the book by writers who are 
in apparent ignorance of the coming chapter, and who 
make no reference to it. 

The book contains no itineraries, no suggestions as to 
how and in what time places of interest can best be 
reached ; no guide as to hotels and lodgings, or tariffs for 
carriages and boats ; no hints as to sea and river fishing; 
nothing of the birds ; not a word on marine zool<^. In 
place of these there are an introduction and conclusion, 
presumably editorial, worthy of a tenth-rate society paper, 
the latter containing a table of distances by a literary 
scaramouch. In this extraordinarily facetious table, Cowes 
is given as distant 27} miles by water and 6 i by land; 
the Needles are 19^ miles nearer by land than Bourne- 
mouth ; Parkstone and Poole, though well-nigh suburbs 
of Bournemouth, are no less than 24 miles nearer by land 
to Swanage ; Bournemouth itself is said to be 34 miles 
distant, while everyone knows it is only 25 miles by rail ; 
Southampton is actually less distant than Christcllurch,and 
so on. With such editing we are not surprised to find 
the same place figuring as Branksea in the letterpress' 
and Brownsea on the map. 

It is impossible seriously to criticize the anon^ous 
portions of such a book, except to say that the arcnaeolo- 
gical information is evidentl;^ by an accomplished an- 
tiquary. It is a pity that his solid contributions are 
interwoven with adulatory remarks, perhaps by. the 
editorial gentleman, which must be distasteful to Mr. 
George Burt, who, owning some 150 to 200 acres of 
the l^t building land already laid out and ready for 
erecting residences,” no doubt finds his account in what 
he does. 
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Of the specialist chapters, that relating to hygiene, by 
Dr. L. 'Forbes Winslow, is the longest, and we should 
have thought 27 pages more than ample to tell us that, 
being almost on a promontory on the south coast, and 
weir sheltered from the north-east by a high range of 
downs, the climate of Syranage is mild, equable, and 
bracing, and with good water and drainage should be 
particularly healthy. Visitors should be warned, on the 
other hand, that the air is strong, and that the Purbeck 
Hill at the back is bleak and bare of trees, and being 
riddled with stone quarries presents a forbidding aspect. 

The chapter on geology is of course excellent, and, had 
it been illustrated with a few sections and figures of fossils, 
would be sure to induce visitors with tim% on their hands 
to take the subject up. We cannot think, however, that 
the Wealden has the enormous thickness of over a third 
of a mile so clo£e to its western limit, and rather believe 
that the same beds occur over and over again in a series 
of truncated folds. 'The author, like others who know 
the section, does not endorse the views of Prof. Judd on 
the so-cal]^ Punfield Beds. The section deserves notice 
as the only British locality for a gigantic Paludina, and 
all the beds up to the chalk are fossiliferous, and deserve 
more careful investigation than they have received. On 
the othfer side of the massive chalk barrier, the Lower Bag- 
shotr beds, though only 70 feet thick at Alum Bay, occupy 
about half a mile of the shore at high angles, and are as 
obviously plicated as the Wealden. They are so entirely 
Glassed over, except at Redend Point, that nothing can 
be known of them, but inland masses of Middle Bagshot 
are present in' the folds. The be*ds are very fossiliferous 
- in places, but the pipe-clays have had such a squeezing, 
that the leaves are miniature geological models of 
faults and slickensides, and readily fall to pieces. The 
vegetation is much more characteristic of swamp life than 
at Alum Bay, the prevailing fossils being a laige fan 
palm, reed^ and a tropical Cbrysodium massed together, 
and more rarely leaves of Aralia primigeniaj Quercus 
hnchitiSy Acer and Salix, and occastonal shells of U nio and 
d^ra of insects. The poverty of the flora is in contrast 
with the enormous wedth of that of the Bournemouth 
beds just across Poole Harbour. 

Of the admirable and careful lists of plants by Mr. }. C. 
Mansel-Pleydell, and of insects by Messrs. Herbert Goss 
and Eustace Banks, we have nothing to say except to 
lament that the book is so unworthy of them. Of course 
there is no index, and the illustrations are commonplace 
process plates, in which Mr. Burt’s house and his big 
refreshment-room on the hill, perhaps the future Casino, 
figure prominently. Really interesting bits like the tower 
ofthe old church, or romantic scenes like the Pinnacles or 
Old Harry, are omitted. • , J. S. G. 

Graphic Lessons in Physical and Astronomical Geography. 

By Joseph H. Cpwbam, F.G.S. (London : Westminster 

School Book Depot, 1890.) 

The method of teaching adopted in this work justifies 
itself for the subjects with which it deals. The lessons 
have been prepared to cover certain courses of instruction, 
among them being the Standard Code, pupil teachers’ 
course of geography during the four years of their training, 
scholarship examinations preparatory to entrance into a 
training collie, and for the entire course of physical 
geography laid down in the certificate svllabus for first 
and second year’s students in training colleges. 

The main features of the wtork lie in its arrangement, 
the note-like stvle adopted in the great variety of simple 
sketches and blackboard illustrations which demonstrate 
well the innumerable points for which they are required. 
Each item of nutter is surrounded bv abundant informa- 
tion, and teaching hints in the form of notes are given here 
and there for the benefit of those using this book. 

The end of each section contains a short summaiy of 
the preceding subject matter, and concludes with questions 
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«or examination. The book will be sure to be well used, 
^nd we recommend it, and with the authors we hope 
** that it may stimulate others to make the teaching of 
physical geography a pleasant exercise for themshlves 
and a valuable mental trailing for those whom they 
tteach.” \V. 

The Evolution of Photography. (Illustrated.) By John 

Werge. (London ; Piper and Carter ; John Werge, 
1890.) 

In this work we have a most interesting account, arranged 
in chronologic^ order, of the origin, progress, and de- 
velopment of the science and art of photography. The 
author has divided this time into four periods. The first 
•deals broadly with facts bearing on th^ accidental dis- 
covery of photography, and on the early researches and 
ultimate success of the pioneers. The second embraces 
a fuller description of their successes and results, while 
•the third is devoted to the consideration of patents and 
impediments, and the fourth to the final development Of 
both photographic literature and art. 

Although the author has not entered minutely into 
elaborate details of each process, yet he ha^ given 
•enough to form an interesting summary. Elxcellent 
illustrations of some of the chief photographic investi- 
gators, taken from paintings, daguerreotypes, &c., and 
reproduced by the callotype process, add greatly to the 
value of the book. 

Following this there i^ a chronological record of inven- 
tions, discoveries, publications, and appliances connected 
with the development of photography, and the autihor 
•concludes with the personal reminiscences, extending over 
a period of forty years. 

This book will be an acceptable addition to our photo- 
graphic 'literature, and will be found interesting not only 
oy the practical photographer, but by many amateur^ 

Geometrical Drawing for Art Students. By I. H. Morris. 

(London : Longmans, Green, and Co., 1890.) 

Art students will be glad to find in this work a com- 
pendium of those parts of geometry which cover the 
necessary range for their course. Plane geometry and its 
applications, the use of scales, and the plans and eleva- 
tions of solids, are treated concisely, and the method 
adopted throughout of placing the text on the left-hand 
ages, leaving the right-hand pages solely for figures, will 
le found most convenient. The figures are alt neat 
and well drawn, those illustrating the problems on solid 
geometry being especially so. 

The chapter *on the construction and use of plain and 
diagonal scales and scales of chords, subjects which are 
generally stumbling-blocks to a great many students, is 
made very clear, and in chapter xv. good ideas are im- 
parted in the applications of geometry to the construction 
of patterns and simple tracing. 

Nearly six hundred figures are inserted in the book, 
together with a complete and exhaustive collection of 
exercises. Students Interested in this subject other than 
those for whom the work is intended will find the 
arrangement adopted more convenient than in many 
other books on the subject. W. 

An Elementary Textbook of Dynamics and Hydrostatics. 

By R. H. Pinkerton, B.*A. Oxon. Second Edition. 

(London: Blackie and Son, Limited, 1890.) 

We are glad to see the appearance of a second edition 
6f this serviceable little text-book, the first edition 
of which we reviewed some time ago. No material 
alteration has been made in any part of the work. The 
appendix has been extended by the intrc^uction of the 
meth^ of co-ordinates, the discussion of simple harmonic 
mottott' and its application to the pendulum, and the 
method of finding moments of inertia. 
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Several new examples have been fully worked otit for 
the purposes of illustrating the methods of solving 
problems graphically, and some additional examination 
papers have been given. 

At the beginning of the book tables of relative density 
and of the English and French measures will be found, 
and the work concludes with a newly added index. We can 
only repeat what we said formerly, that this is .a book to 
be thoroughly recommended. W. 


LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the waiters of, rejected 
mamsscripts intended for this or any other part of NATURE. 
No notice is taken of anonymous communicatiom.\ 

The Pilcdmayo Expedition. 

In view of the notice in the Times this week of the 
collapse of the Pitcomayo Expedition, the inclosed extract from a 
home letter of Mr. L Graham Kerr, Naturalist with the Expe- 
dition, may be of sufficient interest for publication in Nature. 
The letter was received in Scotland on September 2. It con- 
tains no mention of Captain Pa^e, and must have been written 
before his death as recorded in the TimeSa The letter bears 
out the Times account of the^difficulties encountered by the 
Expedition, and that the Pilcomayo is not likely to tfecome a 
trade water-way ; but it does not foreshadow disaster such as the 
Times account suggests, and it gives hope that the other 
members of the Expedition may not have .shared the fate of 
Captam Page. Isaac Bayley Balfour. 

September 27. 

** j.j. ^Bo/ivia^* Rio Pilcomayo^ lat. 24® 25' long. 58*40' 
Tuesday^ Jufu 3, 1890. 

. ** We entered the Pilcomayo on March 12, therefore we have 
been 3 months on the river. We have managed to penetrate 
about 300 miles by river in that time, but owing to the extra- 
ordinary tortuosity of the Pilcomayo, our distance in a straight 
line from Asuncion I don’t suppose is more than, if it reaches, 
100 miles. The river is very disappointing from the points of 
view of aesthetics, botany, zoology, geology, and anthropol<^y. 
As regards the first, the scenery in the lower reaches is certainly 
beautiful, but of a type of beauty which soon palls upon one, 
and becomes intensely monotonous. The scenery is very much 
that of a sluggish flowing river at home. When we first en- 
tered the river, I was amazed at its small size — only about 50 
yards in width* Up here it seldom reaches 20 yards, and is 
frequently not more than 10, and there is scarcely any water in 
it at all. For the last two months we have got forward not 
more than 10 leagues, at the very outside, and what little we 
have done has been by building dams, letting the water accumu- 
late, and so getting forward for a short distance, when another 
dam was built, and so on. The larger steamer, the General Paz^ 
we had to leave far down the river. The military detachment 
whom we had left a few miles down was discovered the other day 
to have flown, their provisions, no doubt, having run short. We 
brought a corporal and two men on with us. The othet day, 
however, one of these deserted, and has, no doubt, either gone 
over to the Indians or been killed by them. To return, how- 
ever, to the scenery. . Here, and for a long distance down, we 
have bad#a type of scenery which is to m found in very few 
parts of the world — ^that of an immense palm forest, covering 
thousands of square miles. It consists typically of a perfectly 
level plain clothed with breast-high grass, over which are closely 
studded palm-trees with large fan-shaped leaves ; all around; 
far as the eye can reach, an interminable vista of palm-trees, 
varied only by an occasional clump of brushwood, or near the 
river by a*small patch of forest. In no way is Ae aspect of 
nature suggestive of the tropics here, i.e. when one has got over 
the first impression indnoed by the palm-trees. The Gran Chaco 
is in fact an immense wildemess. Large game occurs only in 
small numbers. I have managed to get only a couple of 
peccaries, and no one else has shot any large game, I have not 
even got a tiger yet, and have only once had anything approach- 
ing an adyenture with one. Other adventurer we have had 
absolutely none. Intense monotony and uninterestinmess are 
the chief characteristics of the river. Botanically spealung, it is 
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an absolute desert. In an ordinary summer’s afternoon walk at 
home one sees more species of plants in flower than I have seen 
since we entered the river. . . . However, this may improve, as 
it is now the dead of winter here, and with the advent of spring 
T hope to see many new and interesting flowers appear. Zoo- 
logically, too, it is disappointing, except in the case of birds. 
In the lower parts of the river not a bird was to be seen, but 
now they are rather more frequent, and I have already observed 
116 specie^ of which 1 believe about 30 have not before been 
collected in Argentina. Owing wo the desert nature of this part 
of the Chaco, its human inhabitants are very few, scattered, and 
nomadic. We have not seen a single Indian or canoe on the 
Pilcomayo. But we know they are about, for nearly every day 
we see their great fires for hunting all around us, and we occasion- 
ally come across a chipped palm, or the remains of an old tolda^ 
the rude shelter which serves them as a tent ; now and again, 
too, we see a« human footprint, sometimes of immense 
size, impressed upon the muddy margin of a lagoon. So we 
are always on the alert, the four Britons of the Expedition 
keeping watch at night, fully armed and wide ayi^ake. 
The four said Britons are Poole, Kenyon (English), Henderson 
the chief engineer, and myself. When I go away collecting 
also, as I do every day, I always go with loaded revolver and 
knife — ready for emergencies. For in addition to Indians there 
are abundance of tigers about, which one has to be prepared for. 
Yesterday we got an alligator close to the boat, 8 feet long. 
The alligators here are all small, 8 feet being the largest we 
have seen. . . . 

As regards food we are on short rations, being within 
a month t>r so of the end of our provisions. The canoe is to be 
sent down soon, 1 believe, to hurrv up the fresh supplies of pro- 
visions, and bv it I shall send this letter, although it is very 
doubtful whether you will ever get it. The health of the men 
is not gold ; we have always two or three of the 17 on bc^rd ill. 
1 have, however, had excellent health. The only thing dis- 
agreeable is the fearful cold. In the mornings the thermometer 
is often nearly at freezing-point, and I feel quite benumbed. 
Fortunately, it generally gets a little warmer daring the day, the 
temperature rising in the afternoon to between 70® and 90® F. 
The river- water is regular brine here, quite as salt jis sea- water, 
and when occasionally we run out of fresh water for a few days, 
it is very disagreeable having to take coffee, &c«, made with the 
salt water. Of fruits here, there are none worth eating. The 
young parts of the palm-trees are eatable, and we use a good 
deal of it in order to economize the rice, &c. I don’t expect at 
all that we can possibly reach Bolivia, and I don’t think the 
river could ever be made navigable.” 


Protective Colours. 

Mr. Poulton, in his book entitled The Colours of Animals,” 
seeking a reason for the glistening metallic colours of many 
chiysalides, after showing that the colour is probably protective 
in its origin, states **that it has arisen from the protective re- 
semblance to rough dark surfaces of rocks.” 

He comes to this conclusion after failing to find othei more 
probable examples of glistening bodies in nature. 

Are such not, however, very common (i.) in the slime or mucous 
covering many of the Invertebrata, and which snails and slugs 
leave on' all surfaces over which the;^ have passed ; (ii.) the webs 
of spiders and their allies, especially if moist ; (iii.) tne exudation 
or excretion of many plants ; (iv.) decomposing bodies ; (v.) the 
bark of manv trees ? 

Perhaps tne commonest places to find glistening chrysalides 
are on palings, tree trunks, and various plants ; all of which 
structures are usually resplendent with one or more of the above 
metallic hues, and among which the chrysalides are very hard to 
find. 

May not these more common objects be those of attempted 
resemblance, rather than the less frequent pieces of brokqn rock ? 

Grosvenor Club, Bond Street, W. Walter K. Sibley. 


Mr. Sibley’s letter appears to me to contain valuable sugges- 
tions as to the meaning of the metallic appearance of certain 
chrysalides. It is probable that a resemblance to the objects he 
suggests does aid in concealing the pupsft Mr. Roland Trimen 
has similarly concluded that certain brilliant hetiXtB {Cassidida) 
are nrotected by resembling drops of dew. At the same time I 
think that there is some evidence that the metallic appearance of 
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the pupserof Vdrtessida may have been originally acquired in order 
to favour concealment against glittering mineral .surfaces. The 
evidence is as follows : — (i) In shape and character of the surface 
these«pupde strongly resemble a rough and broken piece of rock. 

(2) They appear in two forms, resembling grey and weathered as 
well as freshly exposed and glittering rock surfaces. (3) When 
they seek green leaves for pupation they either conceal them- 
selves with the greatest care ( K atalanta\ or a glittering variety 
of other species is represented by a green variety which is in; 
conspicuous against the leaves ( V. Id), (4) Another species 
( V. urtica), which lacks the habit of V. atalanta and the green 
variety of V, lo^ is, as far as my experience goes, very rarely 
found on the leaves of its food- plant, and when so found, is, as 
a rule, diseased. • 

I mention the chief lines of evidence upon which I have relied 
in order to show that it was not merely the failure “ to find other 
more probable examples of glittering bodies in nature ” which 
led me to adopt the view alluded to by Mr. Sibley. Although 
I still consider that my hypothesis is probable, at any rate for 
the Vanessida^ I am convinced that the resemblance to other 
glittering objects, such as those mentioned by Mr. Sibley, has 
soured the development and especially the persistence of the 
metallic appearance. £• B. Poulton. 

September 19. 

* The Aryan Cradle-land. 

** A* will be for the benefit of our science,” said the President 
of the Anthropological Section of the British Association, ^^that 
speculations as to the origin and home of the Aryan family 
should be rife ; but it will still more conduce to our eventual 
knowledge of this most interesting question if it be consistently 
borne in mind’ that they are but “speculations.” With the 
latter, no less than with the former opinion, I cordially agree. 
And as, in my address on the Aryan cradle-land, in the 
Anthropological Section, I stated a greater variety of grounds in 
support of the hypothesis of origin in the Russian steppes than 
has been elsewhere set forth, I trust that I may be allowed 
briefly to formulate these reasons, and submit them to discussion. 

(1) The Aryans, on our first historical knowledge of them, 
are in two widely separated centres, Transoxiana and Thrace. 
To Transoxiana as a secondary centre of dispersion the 
Eastern Aryans, and to Thrace as a secondary centre of 
dispersion the Western Aryans, can, with more or less clear 
evidence, or probable inference, be traced, from about the 
fourteenth or perhaps fifteenth century b.c. ; and the mid* region 
north-west of Transoxiana and north-east of Thrace — and which 
may be more definitely described as Ij^ing between the Caspian 
and the Euxine, the Ural and the Dnieper, and extending from 
the forty-fifth to the fiftieth parallel of latitude — suggests itself as 
a probable primary centre of origin and dispersion. 

(2) For the second set of facts to be considered reveal earlier 
white races from which, if the Aryans originated in this region, 
they might naturally have descended as a hybrid variety. Such 
are the facts which connect the Finns of the north, the Khirgiz 
and Turkomans of the east, and the Alarodisftis.of the south, 
with that non-Semitic and non-Aryan white stock which have 
been called by s»me Allophyllian, but which, borrowing a term 
recently introduced into geology, may, I think, be preferably 
termed Archaian ; and the facts which make it probable that 
these white races have from time immemorial met and 
mingled in the South Russian steppes. Mor, in this connection, 
must the facts be neglected which make great environmental 
changes probable in this region at a period possibly synchronous 
with that of Aryan origins. 

(3) In the physical conditions of the steppes characterizing 
the region above defined, there were, and inaeed are to this day, 
as, has been especially shown by Pr. Schrader, •the conditions 
necessary for such pastoral tribes as their language shows that 
the Aryans primitively were ; whilct ihjhe regions between the 
Dnieper and the Carpathians, and between the Oxus and the 
Himmayas, the Aryans would, both in their south-western and 
south-eastern migrations, be at once compelled, and invited, by 
the physical xonditions encountered, to pass at least partially 
from tne pastoral into the agricultural stage. 

(4) The Aryan languages present such indications of hybridity 
as would correspond with such racial intermixture as that sup* 

f osed ; and in the contemporary language of the Finnic groups 
rofi de Lacouperie thinks that we may detect survivals of a 
former language presenting affinities with the general character- 
istics of Aryan speech. 
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(5) A fifth set of verifying facts are such links of relationship 
^\between the various Aryan languages as geographically spoken 

in historical times, such links of relationship as appear to 
postulate a common speech in that very area above indicated, and 
where an ancient Aryan language still survives along with 
primitive Aryan customs. For such a» common speech would 
have one class of differentiations on the Asiatic, and another on 
the European side, caused by the diverse linguistic reactions of 
conquered non- Aryan tribes on primitive Aryan speech, or the 
dialects of it already developed in those great river-partitioned 
plains. 

(6) A further set of verifying facts are to be found in those 

which lead us more and more to a theory of the derivative origin 
of the classic civilizatioits, both of the Western and of the Eastern 
Aryans. Just as, between the Dnieper and the Carpathians, 
and between the Oxus and the Himalayas, there were such 
conditions as must have both compelled and invited to pass 
from the pastoral into a partially agricultural stage ; so, in 
passing southward from each of these regions, the Aryans .would 
come into contact with conditions at once compelling and in- 
viting to pass into a yet higher stage of civilization. And in 
support of this all the facts may be adduced which are more 
and more compelling scholars to acknowledge that in pre- 
existing Oriental civilizations the sources are to be found, not 
only of the Hellenic and the Italic, but of the Iranian and the 
Indian civilizations. • 

(7) Finally, if the Hellenic civilization and mythology is 
thus to ^ mainly derived from a pre-existing Oriental oirl 
“Pelasgian" civilization, it is either from such pre-existing 
civilizations, or from Aryans such as the Kelto-Italiots, migrating 
northward and southward from Pelasgian Thrace, that the 
civilization of Western and I^rthern Europe would, on this 
hypothesis, be traced : and a vast number of facts appear to 
make it more probable that the earlier civilization of Northern 
Europe was derived from the south than that the earlier 
civilization of Southern Europe was derived from the north. 

The three conditions of a true solution of the problem either 
f of Semitic or of Aryan origins appear to be these. First, the 
locality must be one in whicm such a new race could have ethno« 
logically, and secondly philologicatly, arisen as a variety of the 
Archaian stock of white races ; and thirdly, it must be such 
as to make easily possible the historical facts of dispersion 
and early civilization. And I venture to submit the above^ sets 
of facts as not inadequately, perhaps, supporting the South 
Russian ^‘speculation as to the origin and home of the Aryan 
family." J- S. Stuart Glennie. 

The Shealing, Wimbledon Common, September 22. 

Mr. Dixon’s Mode of Observing the Phenomena of 
Earthquakes. 

Mr. Harold Dixon’s letter in Nature of Sept. i8 <p. 491) 
is exceedingly interesting to seismologists. On two occasiems 
he was able to make the only kind of observation which is of 
any value unless sei«mogrwhs are actually employed ; he has 
been able to make^hese In Enjp[Iand, where earthquakes are rare, 
and I know of no record of such definite information being 
given by any of the trained observers in Japan, where earthquakes 
are so numerous. It requires great coolness to make such 
observations at such a time. 

Seismographic records show that even in destructive Japanese 
earthquakes the vertical displacement of the ground is usually 
less than one millimetre, so that the mere difference in verdc^ 
displacement observed by Mr. Dixon between two points in the 
same room must have approached five hundred times the greatest 
absolute vertical displacement in Japan. Mr. Dixon truly says 
that, if the displacement observed by him had been due to the 
movement of the hift itself, it must have meant a good deal, for 
it would have meant some hundreds of thousands of times the 
greatest vertical earth movement recorded by any seismograph. 

When I say that Mr. Dixon’s letter is interesting, I make the 
assumption that what he observed was not merely what 
anybody observes who raises his head when looking at a distant 
hill through a window. John Perry. 

31 Brunswick* Square, W.C., September 24. 

Butterflies Bathing. 

In Nature of August 21 (p. 402) is a note taken from 
the Victorian Ifaturalist describing an observation made by 
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Mr. G. Lycll, Jug., of Melbourne, He states that several 
butterflies \Papilio macleayanus) were seen to enter the water 
backwards, remain partly .submerged for about half a minute, 
and then fly off to the hill-sides refreshed with their bath. The 
heat of the weather is given as the cause of their action. 

I should like to suggest that the insects were probably engaged 
in depositing' their eggs. Perhaps some one who has the oppor- 
tunity will ascertain if the larva of this butterfly is aquatic, or 
feeds on plants growing at the water’s edge. 

G. A. Freeman. 

St. Olave’s Grammar School, Southwark. 

Surface-tension and Surface-viscosity. 

e 

If an oiled needle be placed on the surface of pure water, it 
will be supported, but if it be washed in a solution of potash, it 
will sink. In the first case the effect cannot be due to the sur- 
face-tension, which is much diminished by the oib Has the 
viscosity of the oil anything to do with it ? Also in the case of 
a soap-bubJ>le, is the effect due to viscosity, and not to surface- 
tension ; and what is the difference between surface-tension and 
surface- viscosity ? They are both, no doubt, due to cohesion, but 
if is difficult to form definite conceptions of the two properties. 
Would any of your readers kindly answer the above questions, 
and give references to any works bearing thereon ? Maxwell’s 
“ Theory of Heat," on capillarity and viscosity, does not seem to 
throw any light on the matter. W. P. O. 

Leicester, September 2$. 

ON STELLAR VAklABIUTY.^ 

II. 

I HAVE before stated that the variability phenomena 
observed in stars of the Groups I. and II. and 
VI. are produced by the same cause ; all differences in 
the details of the effects being due to the different physical 
nature of the central body. In Groups I. and II. it is a 
swarm of meteorites with which we have to deal ; in 
Group VI. it is a condensed star of low radiation sur- 
rounaed by a dense atmosphere containing carbon in 
some combination. 

In both cases the bodies are normally dkn ; in Groups 
I. and II. they are so because the meteorites when un- 
disturbed are relatively free from collisions ; in Group VI. 
they are so for the reason stated above, the star being on 
the verge of extinction. 

I insist upon this dimness, because the dimmer the 
central body the more important becomes the luminosity 
caused by. or set up in, secondary swarms. Further, 
such variability as we are now considering is unknown in 
the case of the hotter stars. 

It is clear that phenomena produced in either group 
by the action of two swarms should strongly resemble 
each other, and that if it be found that this explanation 
holds good in one case it should be found to hold equally 
good in the other. It is to be expected then that pheno- 
mena observed in each may throw light upon the other, 
and that the view advanced may be tested by the di^or- 
ences observed. 

Let us consider two hypothetical cases, to start with, in 
Groups I. and VI. 

In Group we hav^ a condensing nebula the light of 
which when undisturbed is say 6 mag. Round thi.s there 
revolves a cometary swarm sa^ in six time units. At penas- 
tron collisions occur which raise the light of the combined 
swarms to 3 mag. There is also another similar swarm 
revolving in say twelve time units. The conditions are 
such that this second swarm produces a smaller disturb- 
ance which only raises the light to 4^ mag. We will 
assume the periods to be exactly commensurwle, and the 

S Niistra to occur together. It is obvious that alternate 
inima will be raised by this second revolving swarm, 
but the maxima wiU be constant. 

In order to put result* of.this nature into di&^ammatic 
form we must consider that we are dealing with certain 

Continued from p. 4x9. 
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additions of light to the constant light of the star. These 
additions must be shown as such. 

It is very important that I should point out that for 
this method of direct integration to be adopted a scale of 
light units must be employed, for the reason that the 
amount of light which is sufficient to produce a change of 
a magnitude in a faint star would only produce a change 
of a fraction of a magnitude in a brignter star. 

Takjng the' li^ht'ofa star of magnitude m as a unit, and 
using the formula ' • 

Lm-m = j[*’5**)**^^ 

in which Lm represents the light of a star of magnitude 
m and the light of a star n magnitudes brighter, 
\ve get — 

Lm-i = 2 5* 

L«i-s — 6*31 I.** ■ 

L«.j « 15-85 L*. 

L»-4 = 39 78 L» 

I «_8 = 100-02 I 


The amount of light to be added for the different 
magnitudes will therefore be as follows : — 

Additions for one magnitude s ( a-51 — i )Lm = 1-51 
„ „ next „ = ( 6-31 - a-5i)Ui = 3-80 Lm 

»» ♦» *t »i • — ( *5*85 ”■ 6 - 3 i)Lm — 9*54 

»» »» »• »* ~ ( 39*78 — 15*85)!^ = 23-93 

.. M » „ = (*00-02 - 39-78)Lm « 60*24 Lm 

It is obvious that these differences are in exactly the 
same proportion to each other as the numbm repress^ 
Ing the light of the stars of diiferent magnitudes, and 
our diagrams we take a ceifoin length . of line th fopre*^ 
sent the added light equivalent to one magnltu^, about^ 
2} times this will represent the added light fdhmibn' 
next magnitude, and each , succeeding mu^itude will 
be represented by a line si times as long as the preceding 
one. A scale of this, kind must be adopted in integrating 
the effects of two sources of added light, for the reason 
already stated. 



Time-units - o 6 la tS o 6 " 'xa -x8 • 

Fig. i.^Hypotheticsl curve in Ughtninits, . Fic.,a»-^Hypqtli^ca1 cuive in magnitude 

Thus while the amount of light to be added to a sixth 
nU^^tude star, to take an instance, to increase it to the 
fii^h is .units, the number of tne same units to be 
added to a fourth magnitude star ^ make il a third is 
9|. Hence the li units which raito a star of the 6th to 
the 5fh magnitude— that is, one whole naagnitude— would 
only increato a fourth ma^itude Star by about one>sixth 
of a magnitude. 

To graphically represent what happens when by 
cometary action a star is raised three magnitudes above 
magnitude m, we get, in the above light*units — 

1 *512 additions for one magnitude 
3-80 „ ,, the next magnitude 

9*54 ,1 It II _ II 

The sum of these numbers represents the 

affiled light. 

' The plan -on which the following curves have been 
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drawn will be gathered fhm the tablo g{tfeh'bfldw, which , 
shows how on the shove basis the lighb-uiiifis and magpi* ; 
tudes correspond . 
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In the hypothetical case represented in Fig. i the added produce constant maxima of 14*85 units, and minima 
iff u* cent^ swarm may be taken as 6 nvig., alternately o and 2*97. We can in this way represent the" 
mid the added light of the two second^ swarms as vary- light-curve of a star which changes its magnitnde from 
mg from ml to 3 mag. and from ml to 4) mag. respectively. 3 to 4i and 3 to 6 alternately. 

It IS then obvious that the integrated effects of the lig^ The relative scales of light-units to brightnesses shown 



Fig* 3.— ^Hypotheiicai curve iu 





/ > 4 


Fio. 4*-- Hypotheticel curve in megniludet* 

by the foregoing figures, however, enable us to transpose result by the continuous line. One of the revolving 
the diagram to one in which equal spa^s represent swarms has a period of 6 units of time, and the other a 
equal mfferences of magnitudes. This is shown in period twice as long. The eccentricity of the primary 
Fig. 2. , , swarm is such that it adds, at maximum, 14*85 light-units. 

In the diagrams, the light-curves of the two subsidiary while the secondary swarm adds 2*97 light-units. 

swarms are represented by dotted lines, and the integrated A comparisoo of the two diagrams will make clear what 

• * 
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has already been said about the relative value of the light 
of one magnitude at the top and bottom pf the curve. 

* We next take a hypothetical case from Group VI. 

Here, instead of a nebula, dim owing to absence of 
collisions brought about by disturbances, we have to deal 
with a condensed body of small luminosity, the light of 
which is strongly absorbed by a carbon atmosphere. 

We first consider the action of two subsidiary swarms, 
one producing more light with a short period, the other 
less light with a period say fifteen times longer. In fact 
we have one comet with stn orbit of great eccentricity and 
short period, and another of small eccentricity^ and long 
period. We will assume the periastra to be coincident. 

As the %ht is generally feeble, we may take the con* 
ikaht luminosity of the star as of the twelfth magnitude, 
and that it is raised to the eighth magnitude by the added 
light of thetswarms at perihelion. We have then a dif- 
ference of four magnitudes. 

Proceeding as before we have : — 

1 *51 addition for one magnitude 
j'te the next 

954 

* 3'96 „ 

The sum of the added light gives us 38'8i of the li] 
units adopted = (2‘5i2)^ - J.- 


The continuous curve represents in Fig. 3 the inte- 
^ated effects expressed in light-units of the two adde^ 
light sources, and it will be seen that the result is a^ 
variable with both maxima and minima also periodically 
variable. But although both maxima and minima are 
variable by an equal number of light-units, the effect on 
magnitude is totally different. Whereas the minimum 
I varies by two magnitudes, the maximum only varies by 
about one-tenth of a magnitude. 

! In the hypothetical case represented, the maximum 
; varies between 7*8 and 7*9, whilst the minimum varies 
! between io‘o and 12. 

I Like the curve for the variable of Group II., this may 
I also be transferred to one in which ^qual differences of 
' magnithdes are represented by equal spaces. 

This is shown in Fig. 4, and here again it will be seen 
I that, as in t^e former case, in adding a change of mag- 
nitude at the bottom of the curve to the top of the curve 
' the magnitude-change is diminished according to the ratio 
: of light-units. 

The question now arises. Are there any stars in'] the 
heavens the phenomena of which can be represented by 
: the hypothetical curves which we have just given ? If so, 

I we shall be Justified in tracing a vera causa in the hypo- 
- i thesis under consideration. It may be here stated that 
onc^of the received explanations of such a variability as 



Fig. 5. — Light*curye of fi Lyrae. 


is represented on our first hypothetical diagram is that due 
to Prof. Pickering, who conceived that the observed effect 
might be produced by a surface of revolution ; the 
ratio of the axes being 5 : 3, with a dark portion at one of 
the ends and symmetrically situated as regards the longer 
axis.* 

A reference to Fig. 5 will show that the hypothetical 
curve shown in Fig. 2 strikingly represents toe actual 
light-curve of /3 Lyrae (actual magnitudes are not in 
question), and I submit therefore that the well-known 
phenomena of that star are produced by the causes I 
have suggested rather than by the complicated apparatus 
suggested by Prof. Pickering, to say nothing of the earlier 
suggestions of Maupertius and others. 

1 append another diagram (Fig. 6} to show that the 
second hypothetical curve is a close approximation to the 
light-curve of U Cygnt, one of the best observed variables 
in Group VL ;and here I must express my obligations to 

Gore in Astronomy for AmateurSi" p. e38» 
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Mr. Knott, who has freely communicated all his observa 
tions of this star to me, and has permitted me to publish 
them in this form. 

Unfortunately, though the observations are of such a 
high order of exactness^ they arp not continuous. The 
parts of the curve, in which the line is continuous repre- 
sent the actual observations. The dotted lines added are 
for the purpose of enabling a comparison to be made 
i with Figs. 3 and 4, in which the probabA relations of the 
1 periods and intensities of the two hypothetic swarms are 
I shown in light-units and i^agnitiMes respectively. 

The similarity between the hypothetic case represented 
and Mr. Knott’s actual observations greatly strengthens 
my view. 

It follows very clearly feom the above considerations 
that on my hjrpothesis there should be frequently found 
rhythmical variations at the minimum, while the. change 
at maximum is so slight that our best observers fail to- 
I notice it. 
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The smaller the range, the more will both maxima and 
minima be affected by the subsidiary swarms. W Cygni is 
a case in point. • 

It has been before remarked that the hypothesis de- 
mands that in sparse swarms of meteorites (Groups I. 
and II.) the ascent to maximum, due to the sudden astion 
of the colliding swarms, should 1 ^ much more rapid than 
the descent to minimum, for tKe reason that the descent 
must represent a gradual cooling down of the disturbance. 
This moYe rapid ascent has been noted in 


R Pbcinm 

S Vulpeculse 
R Leonis Minoris I 
R Ursse^lajoris 
R Corvi ... . 

W Cygni ... . 

S Cassiopeiae 
R Arietis ... . 

R Ononis 

T Delphini 
T Vulpeculse ... 



Known Group II. stars. 


Group not yet determined. 


I have also suggested that the short minimum is a 
measure of the indirect disturbance, but it is easy to 


imagine that this short minimum will not be invariable 
under all conditions, and accordingly we find in R Persei 
with a period of 212 days, a long minimum. 

In stars of Group vl., on the other han'd, wheise |we 
have simpljt to deal with the added light of comets 
passing perihelion, there is no reason why this should 
happen, indeed, it ought to be rather the other wa^^, 
since comets put on their greatest brilliancy after peri- 
helion. As a matter of fact, so far as my inquiries have 
gone, I have not yet come across a case of a Group VI. 
starshowing any great difference in the time; spent in 
rising and falling. • 

dha the hypothesis a perfectly constant period can only , 
occur in the case of those double swarms in which the 
central one has a regular figure and 'density. The 
moment this condition is departed from, seeing that the 
central swarm is certain to be in rotation, variation ot 
period as well as of maximum must be ejgiected. 

Nor is this the only variation which depends upon the ’ 
central body. In the absence of knowledge in each Ohse, 
we must assume that the structure of the central s#arm 
resembles that of those which have been examined in 
Andromeda, Ursa Major, and Canes Venatidythat is, 
the meteoritic density will vary locally (S Aquilse), and 


Fio.- 6. — Lighi-curva of U Cygni, showing Mn Knott's actual obsarvations. 


some of the bbservations made may be explained on the 
supposition that the subsidiary swarm breaks into regions 
in which the density is suddenly increased, as if we were 
noting the result of a ring being pierced (R Aurigae). 

We have only to look at Mr. Roberts’s photograph of 
the nebula in Andromeda, and consider under what 
different conditions a secondary swarm might reach the 
same periastric distance if there were any rotation in, the 
nebula or any movement of the nodes, to recognize the 
importance of taking the above points into consideration. 

If there be a condition of the central body anything like 
that of the nhbulse named, it must be borne in mind that 
in the struggle for existence those swarms moving in the 
plane of the intakes and in the same direction, nrill be 
those that will longest survive ; hence we ought to be able 
to explain the light-curves on the supposition that the 
conditions of the secondary swarms are as stated above, 
and it is seen that we can so explain them. 

When we have more than one subsidiary swarm it is 
easy to see that certain relations of -the regular periods of 
their orbital motions will produce an irregularity in the 
compound period ; so that a rhythmic change 01 period 
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will enable us to learn somewhat of the relation of the 
relative intensity and period of each of tli^e swarms. We 
are really in presence of a lig^-Hde, the elements of, 
which can be found by analysis, as occurs with Other 
tides nearer home. 9 

The explanation suggested by the h)rpothesfs of the 
variability of stars of Group VI. seems also to throw light 
upon the strange colours of some of them. ^ R Lepqris, 
for instance, one of the most marked variables in the gr^up, 
is the famous crimson star observed by Mr. Hind. Now 
crimson « rsd:-f‘ Uue^ All these stars are red, ana in 
many of t{tem thb abaenee of the blue is one of the n^ost 
emphasis characteristics of the spectrum. 

But suppose that the secondary swarm which adds its 
light at maximum is a cbmet with the usual carbon baiids, 
we shall get this condition of things 

Blue. Green* Citron* 

. i masked by 1 

Bands in star < continuous > absorbed ... absorbed 

o ( absorption ) 

Bands in subsidiary swarm ... bright ... bright ... bright 
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Fig. io.'--P«riods 5 to 3. PerUstra not coincident. 


a Principal swarui. SuUIdiaiy ewarm. € Result in added light«ttn!tfc d. Result in added magnltudeSi 
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in othenyords, the bright fluting of carbon in the green 
and blue of the subsidiary swarm will just mask the 
absorption bands. . They will pale^ and the colour of the 
star (red) will be but slightly affected from this cause ;,but 
the. blue flutings will be clear gain to the blue end of the 
spectrum, and crimson will result. 

If this explanation be conceded, it is clear that comets 
travelling round such stars are conditioned very much 
like comets travelling round our own sun. 

The general colour of the stars in Group VI. indicates 
that they are near the point of invisibility, the conditions 
being no doubt a red or white hot crust with a strongly 
absorbing atniosphere. It is worth while to.point out 
that the cessation of all radiation of light from the central 
'body need not prevent its passing on as a variable star to 
Group VII. As we must assume comets^ to be shreds of 
nebulae, i.e. meteoritic fields or streams, filched by masses 
which pass near them ; and as the mass remains after the 
light has gone, there will be the same attraction at work, 
and we have no right to assume that it will not act in the 
same way as heretofore. * 

We can gather firom this that practically there can be 
no permanently dark bodies in space ; they must at one 
time or another be accompanied by comets, ai^ they 
must therefore be variables. 

Hpre a most interesting point comes in : if the pneno- 
mena of the repulsion of comets' tails, or, in other words, 
the repulsion of carbon in some form pr other from 
eometary swarms, depends upon the thermal energy of 
the central body, this result can no longer* happen when 
the central boay has cooled down. The effect of this 
upon the spectrum of such a compound system is well 
worth inquiring into. 

In the hypothetical curves I have already given, I have 
dealt with simple cases. But in the stars there will be 
milltii^to bp complexsoneiy^rouglu about by the succes- 
^yprpedastra or apastra ndt .being coincident in the two 
^swarms (to deal only with two), and by different relation- 
ships in the periods. 

I append (Figs. 7-10) some hypo^etical curves worked 
out Imth in light-units and mi^initudes, the conditions 
being stated ror each. The paucity of actual light- 
curves available prevents any inquiry as to the stars in 
which the conditions here imagined actually exist, but in 
the absence of such knowledge it is still easy to gather 
that different periods separating maxinia, secondary 
minima of unequal periods, and great variations in the 
rise to and fall from nuudmum. instead of necessarily being 
the result of “irregularity,'' are all demanded by the 
most perfect regularity, provided we have more than one 
swarm to deal yvith under conditions anything like those 
employed in*the hypothetical curves above given. 

If there is anything of value in what I have advanced, 
it is qyite clear that the observations of variable stars and 
variable star catalogues require considerable revision. 
First, arrangements should be made with the obser- 
vatories of America and India so that the observations of 
a certain number of stars in the northern hemisphere 
should be observed, as continuously as possible. The 
relative brightening of the bright caroon flutings in stars 
of Groups f. and II., and the paling of the^dark carbon 
flutings in Group VI., should be spectroscopically 
watched in dkch case. 

; It is highly important also that the precise g^up to 
which eaw variabld belongs should be determined at 
once, and that this datum should take the first place in the 
worlqng catalogues employed. 

The observations should also be recorded when mi^on 
light-curves, the time ordinate being, contracted as much as 
possible in order that the genesis of the compound curve 
may be suggested as soon as possible, so that future ob- 
servations can be controlled, and thegieatest attention be 
given at the critical periods. 
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The colour-observations have done their wiork and have 
had their day: less attention need now be ‘directed to 
them, and much time will be liberated theieW.^ 

J. NoRMaN LoCKYER. 


THE LABYRINTHODONTS OF SWABIA,* 

S WABIA, it need scarcely be said, lies to the south- 
east of Stuttgart — the dassic ground of the Triassic 
Labyrinthodonts of Germapy — ^and since it contains the 
same Triassic dt^sits, we should naturally expect to 
find therein the same species of this group Amphi- 
bians. The present memoir, remarkable mike for*the 
splendid plates with which it is illustrated, and for the 
care with which the specimens have bec^ described, is 
devoted to making known to the scientific world the 
magnificent collection of Labyrinthodont remains which 
haveljeen from time to time obtained from the Swabian 
and Wiirtembeig deposits, and are now preserved in the 
Museums at Stuttgart, Tubingen, and Munich. Of the 
seventeen plates with which this work is illustrated, a 
large proportion are folded ones of very considerable 
size, while all are especially noticeable for their beauty of 
execution. They appear to have been printed by some 
special process from photographs, the finely-preserved 
specimens of skulls standing out with wonderful clearness 
from a black background, ^ven niore noteworthy than 
the unrivalled execution of the plates is the perfection 
and beauty of the specimens themselves ; and we would 
especially direct attention to the magnificent skull of 
Metals, represented in plates xii. and xiii. of the work 
before us, as being the finest Labyrinthodont specimen 
that has ever come under our notice. 

In the introduction to his memoir, the author, after 
summarizing what has been previously written on the 
subject, glances at the chief groups into which it has 
been propo%ed to divide the Labyrinthodonts. The 
forms treated of in the present memoir all belong to 
the typical group, the Eus^ypta of the British Association 
Committee of 1874, and the Stereospondyli of Prof, von 
Zittel. This group has been generally characterized, 
among other features, by the fully ossifiM centra of the 
vertelnrae ; but Dr. Fraas remarks that it is very difficult 
to be sure of the nature of their vertebrae, and that, at 
least in Mastodonsaurusy either the caudal vertebrae, or the 
vertebrae of young individuals, are of that imperfectly 
ossified and segmented type to which the term “ rhachi- 
tomous " has l^n applied, so that fully ossifi^ vertebne 
only occur in the trunk re^on of the adult. This seems 
to us to indicate very clearly that the pre-Triassic Arclte- 
gosauridesy in which the vertebrae are always “rhachi- 
tomous," can only be separated from the Antkracosauridce 
and Mastodonsaurida by characters of family value. 

After the introductory portion, the author proceeds to 
discuss the geological divisions of the German ^Trias. 
Here, contrary to the views hitherto generally adopted, 
four main stages or groups (exclusive of the Khaeti<^ are 
recognized, viz. the Bunter-sandstein, the Muschelkalk, 
the Lettenkohle, f^d the Keuper. The separation of 
the Lettenkohle as a pricKary group distinct from the 
Keuper (in which it has hitherto been generally included) 
appears to rest on the ground that it contains many forms of 
Vertebrates common to the underlying Muschdkalk which 
do not occur in the typical Keuper. Thus the Sauro- 
pterygian genera Nothosaurtu and Simosaurus up 
into the Lettenkohle, but stop short of the thie Keuper. 

* 1 have to thank th^ Astronomer-Royal and^ Prof. A* S* Herachel for the 
correction of an error into which I had fallen in the part relating to light - 
units in the first draft of this article. The table on p* I have extracted 
from one of the valuable letters with which Prof. Hendiel has favoured me 
on this subject ; it is fulleiUhan the one it repLaces. • 

* •• Die Labyrinthodonten dcr schwabischen Trias, by Eberhard Fraas. ^ 
Pahfontographica^ vol. xxxvi. (1889X pp» r-1581 plates t.-xvii* 
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Thfe same is true of Mastodonsaurus gigant^us, although Passing to the descriptive portion of the work, we may 
that/orm i» succeeded by a closely allied species in the first of all observe that Dr. Fraas sees no reason to 

prop*er Keeper; the latter species, by the way, being not im- depart from the generally accepted homology of the 

probably the one occurring in the Bristol Rhaetic, which boi>^s forming the hinder part of the Labyrinthodont 

was identified by the British Association Committee with cranial roof ; and he does not, therefore, accept the 

M. giganteus^ - K table, with the names of the forms view of Dr. Baur that the bone usually termed the 

characteristic of each horizon, fully explains the author’s squamosal (^Sg. of figure), is really the supra-temporal, and 

views on all these points of geological classification. vice 7>ersA j neither does he adopt the suggestion of the 



Skull of one fifth natanliii'e. suwa-o^cipual ; i^.,epiotic; /*., parietal ; .S*^. , squamoial : .S*. TVmtA , Mipra*temporaI ; 

Pt.F., post.frontal ; J't.Orb., post-orbital; frontal; Pr.F., pre-frontal; If., nasal; P.Stx., pre>maxtlla ; Mx.tu/., maxilla; L., lachrymal; 

7^1 jugal ; quadratO'Jugal. ^ * 

same palaeontologist that the bone usually termed epintic ^ Of the several species described, the first is the well- 
(Zi/.) really represents the opisthotic of other Vertebrates, known Mastodonsaurus giganteus, oi the MqschelkaUc 
The arrangement of the Labyrinthodont cranial bones is and Lettenkohle, of whidi the author gives a new figure 
well shown in the woodcut of the skull of Mastodonsaurus | of the fine skull found in the Lettenkohle of Gail- 
given on p. 44 (reproduced here), in which we notice ; dorf in 1833, and so well known in all Museums by 
that the squamosal has a more rhombcidal form given to ' means of plaster-casts. Tliis magnificent specimen, we 
it.than in the restoration published by the British Associa- [ learn, has recently been thoroughly cleaned from matrix, 
tion Committee in 1874. j by which means the true relations of the bones can^be 
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more clearly seen. A woodcut of the pelvis of the same 
(Species is especially valuable, and shows (as, indeed, had 
been previously well displayed in Prof. Cope’s figure of 
the pelvis of Itryopi) ifasx the ossified pubis is very small, 
and takes no part in the formation of the acetabular 
cavity for the head of the femur. .Another species of 
this genus from the Muschelkalk and Lettenkohle is de- 
scribed as M. granulosus, a second from the Lettenkohle 
as M . acuminatus, and a third from the true Keuper as 
M, keuperinus. 

The genus Capitosaurus was originally described upon 
* the evidence of a specimen of the skull from the Keuper 
of Franconia, a secopd species being subsequently de- 
scribed from the equivalent beds of Wiirtemberg fts C. 
robust us ; while C nasutus and C.fronto are smaller forms 
from the Bunter of Bamburg. (It may be observed, in 
passing, that, in the Report of the British Association 
Committee, all mention of these two species from the 
Bunter is omitted, and it is thus only suggested that the 
genus might possibly be represented in these beds.) Dr. 
Fraas describes and figures a beautifully preserved skull 
of C. robustus from Stuttgart, which exhibits the very 
remarkable specific peculiarity that the epiotic gives off 
a process to join the supra-temporal, and thus converts 
the auditory slit into a foramen. The author would ft- 
gard this feature as of sufficient importance to form a«, 
generic character, and he accordingly proposes to separ- 
ate this species from Capitosaurus, with the appropriate • 
designation of Cyclotosaurus. We are, however, rather 
inclined to agree with Prof., von Zittel, who regards the 
feature in question merely as a well-marked specific one. 

Of still more importance are the skull and skeleton of 
Metopias. Hitherto, the occipital region of the skull of 
this genus has been undescribed ; and the magnificent 
« skull to which allusion has already been made shows 
that the restoration of this part by the British Associa- 
tion Committee was not altogether correct. The type 
species of Metopias must have been a huge creature, 
only second in point of size to Mastodonsaurus, its 
skull being some 2 feet in length. In addition to 
the skull, the affinities of this genus are illustrated by 
a«slab showing both surfaces of the anterior half of the 
skeleton. In this beautiful specimen the three plates of 
the thoracic buckler are preserved in their natural posi- 
tion, and show well-marked differences from the corre- : 
spending bones of Mastodonsaurus. ^ Thus, the median 
plate (interclavicle), instead of ending in a sharp posterior 
process like the corresponding bone (entoplastral) of a 
turtle, is rounded ; while the lateral plates (interclavicles) 
meet in a long suture in advance of the median plate. 

In thus making accessible to the scientific world the 
wonderful specimens of Triassic Labyrinthodonts pre- 
served in the Museums of Germany, Dr. Fraas has laid 
all students of this branch of zoology under a deep 
obligation to him ; and his work forms a fitting com- 
panion to the volumes containing Dr. Fritsch’s descrip- 
tion and illustrations of the smaller Labyrinthodonts of 
the older Permian beds of Bohemia. R. L. 

— — 

NOTES. 

The proceedings of the Iron and Steel Congress seem to have 
excited much interest in America. About four hundred mem- 
bers of the Iron and Steel Institute and of the German Metal- 
lurgical Association are in R*ew York, taking part in the meetings. 
The sittings of the American Institute of Mining Engineers 
began on Monday, those of the Iron and Steel Institute on 
Wednesday. According to the New York correspondent of 
the Times, the foreign delegates are much pleased with the 
arrangements made by the Americans for their reception. 

- The Harveian Oration will be delivered by Dr. Andrew, 
at the Royal College of Physicians, on Saturday afternoon, 
October 18, at four o’clock. j 
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The eleventh annual ** fungus foray*' of the Essex Field 
Club will be held on Friday and Saturday, October lo and ii, 
in Ilathcld Forest, near Great Hallingbury, a remnant of about * 
^ 1000 acres of the great forest of Essex. The head-quarters for 
the meeting will be at Bishop's Stortford. Papers will be read,, 
and an exhibition of fungi and other botanical specimens held, 
under the direction of Dr. M. C. Cooke and Mr. George Massee. 
Any of our readers wishing to attend, should communicate with 
Mr. W. Cole, Hon. Sec., Essex Field Club, Buckhurst Jiill, 
Essex. • 

The Fniiterers' Company will hold an exhibition of fruit, at 
the Guildhall, London, on October 6, 7, and 8. Their objects 
are (i) to show what excellent fruit can be grown in this • 
country ; and (2) to afford information respecting the best sorts 
to plant, and how to cultivate them advantageously. • 

At the annual meeting of the friends of the Manchester 
Technical I 5 ?chool, held on Monday, it was resolved that the 
p^perty and effects of the school should be transferred to the 
Whitworth Institute. A letter from Mr. Chancellor Christie, 
one of the trustees of the late Sir Joseph Whitworth, was read. 

In this letter he referred to the property of the Institute, and 
said the trustees were prepared absolutely to give and convey 
their property in Peter Street, of which at present the Technical 
School has the use. Upon the representations made to them 
that it was impossible for the Technical School to be carried on 
for the present unless it obtained from some source a subvention 
of ;^iooo a year, or thereabouts, the legatees had undertaken to 
provide that^um, if necessary, for a few years, and they had 
already made some annual payments of this amount. As, how- 
ever, the Corporation of Manchester, under the powers con- 
ferred by the recent Act, had arranged for the payment of 
;^2000 a year to the Technical School, the amount conditionally 
promised by the legatees would not be required. They were 
willing, in lieu of 4 his, to contribute the sum of towards 

the building fund. The writer added, that while he should like 
to see a building in every respect adequate and satisfactory, he 
thought it would be a mistake to contemplate the immediate 
erection of a building on the scale of that of which plans were 
prepared about a year since. '*The design, indeed, should 
embrace everything that conld be needed for many years to 
come, but it should be so planned that a portion only could, and 
should, be immediately erected, leaving the rest for the future. 

In fact, it would follow the lines upon which the Owens College 
has been partially built. An expenditure of less than ;^ioo,ckx> 
should, I think, be sufficient for all the immediate purposes of 
the Technical School.” 

Within the last few days, telephonic communication hasbeens 
established between London, Manchester, Liverpool, and Lan* 
caster by the National Telephone Company, Limited. The line 
is not yet open for use by the public, but it was placed at 4 he 
dispo.sal of the Manchester Field Naturalists' Society on Mon- 
day evening, when a discussion on the effects of fog and town 
atmosphere on plant-life was held between members in Man- 
chester and £ number of corresponding members in London. 

Dr. Bailey, of Owens College, proposed a scheme for the che- 
mical examination of fog, with reference to its injurious effects 
on animal and vegetable organisms. Colonel Mackenzie, Super- 
intendent of Epping Forest, denied its evil effects as far as plants 
were concerned ; Prof. R. Meldola thought that the atmosphere 
of London was becoming more and more harmful to plants, and 
that this effect was probably due to the absence of light ; Mr. 
Philip Hartog suggested that an attempt should be made to 
photograph the absorption spectrum of fog, and that a dai/y 
analysis of the air in larg^ towns should be made in laboratories 
devoted to that purpose. A sub- committee was appointed to 
consider the subject further. 
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Another determination of the atomic weight of the element 
beryllium has been made by Drs. Kriiss and Moraht, with the 
purest oxide that has probably ever been j>repared {BtrichU^ 
No. 13, 2552}* The result is eminently satisfactory to those 
who entertain a certain amount of belief in a modified Prout^s 
law/’ for the value obtained, 9*05 when oxygen is considered 16, 
is almost exactly a whole number, much nearer the round 
number 9 than the value obtained by Nilson and Petterson, 9*1 1, 
and the still earlier one of Awdejew, 9*22. The method em* 
ployed consisted in igniting under special conditions the 
sulphate BeS04 + 4H20. The advantages attending the 
use of this salt are that it is capable of preparation by a 
method detailed in a former communication in an almost 
absolutely pure state, and it is not hygroscopic. The powdered 
crystals lo^ two molecules of their water of crystallization 
at 105^ C., and the remaining two molecules at 25o'’-26o^ 
When heated to redness the residual anhydrous sulphate is 
decomposed, beryllium oxide remaining. The last traces of 
sulphuric acid are completely removed by ignition to bright 
redness in a stream of air saturated with ammonia gas. The 
beryllia used for the preparation of the sulphate was obtained 
from three distinct minerals — leucophone, beryl, and gadolinite. 
Sixteen separate determinations were made, about 20 grams of 
the sulphate being ignited in each case. The excellent agree* 
ment between the results is seen from the fact that the maximum 
valw; obtained was 9*08, and the minimum 9*03, when oxygen 
= 16. It appears, therefore, that in the case of beryllium the 
value obtained for the atomic weight approximates the more 
closely to the whole number 9 the purer the mateiftals and the 
more perfect the method employed in the work. 

Writing to us on the subject of sonorous sand, Mr. tienry 
C. Hyndman asks whether Prof. H. C. Bolton is aware of an 
inland locality in South Africa, where it is stated the sands are 
sonorous. In a recent letter to the Scotsmcua^ Mr. Hyndman 
mentioned that be had come across a paragraph in a work 
entitled ** Twenty-five Years in an African Waggon,” by 
Andrew A. Anderton, published in 1887, in which the author 
said, Before leaving this part of the Griqualand West I should 
like to describe that peculiar sand formation on the west side of 
the Langberg mountain, which is in fact part of it. I heard from 
many of the Griquas and Potgielet living near it, that the lofty 
hills are constantly changing ; that is, the sand bills, 500 and 600 
feet in height, in the course of a few years subside, and other 
sand hills are formed where before it was level ground.” 
then in a footnote it is added, I regret very much the descrip- 
tion of this sand formation has been left out, it being the only 
extraordinary geological formation known in Africa, and fully 
describes the musical sand.” 

There is an interesting article in EJucaiioPt on the Uni- 
versity Correspondence College (London and Cambridge) and 
its founder. Mr. William Briggs is the principal and founder, 
and the idea of teaching by correspondence first suggested itself 
to him while holding the appointment to a Marquis of Bute 
Professorship in a Scotch College. The idea so^^n took) root, 
and the general method of work now ^opted is as follows : — 
Students every week receive a scheme of work, conning 
of selections from text-books, indications of important points, 
hints, notes on difficult portions of each subject that is under 
consideration. At the end of the fiiat week, in addition to 
the above, a test paper is sent on the work, of the preceding 
week, the answers^ to which are sent to the tutor on an arranged 
day. These are then examined and returned with corrections, 
hints, and model answers in each subject and solutions of all the 
difficulties. The advantage this method has over oral teaching 
is that all difficulties, &c., are commitUed to writing, and. can be 
looked at over and over again and kept for future reference. 
The stair employed consists of forty tutors, whose academical 
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careers were exceptionally brilliant, twenty-six of them having 
taken first places at London University examinations. Th/ 
best judgment as to the work of the students may be formed 
'from the following information : — In the Intermediate and B.A. 
examinations, 79 and 7q passes were obtained in one year. In 
the Honour and M.A. examination, 105 at the recent June 
examination passed, including the tenth, thirteenth, and seven- 
teenth places in the Honour list ; at Intermediate Arts, twenty 
took honours, one with a first and two with second places ; at 
B. A., sixteen took honours, one being University Prizeman. 

The Durham College of Science, Nowcastle-upon-Tyne, has 
issued its Calendar for the session 1890-91. The schedules for 
the A. Sc. and B.Sc. degrees have been re-modelled, and are 
now on the same lines as the corresponding examinations in the 
London and Victoria Universities. Attention may also be 
drawn to the fact that the list of subjects on which courses of 
lectures are delivered includes agricultural botany. 

The Calendar of the University Collie of North Wales for 
the year 1890-91 has been published. 

We have received the calendar of the Imperial University of 
5 apan (Teikoku Dargaku) for the year 1889-90 (22nd-;23rd year 
of Meiji), published by the University at Tokyo. This Uni- 
versity is under the control of the Minister of State for Education, 
and depends for its revenue upon annual allowances from the 
Treasury of the Imperial Goverhment. An accumulation fund, 
made up of tuition fees and other sources, helps to pay the 
current expenditure of the University when the cases are of such 
a nature as to demand the outlay. The whole University, con- 
sisting of offices of the University, library, colleges of law, 
medicine, engineering, literature, and science, the first hospital 
of the College of Medicine, tfc., are situated in the grounds at 
Molofujicho, Kongo, Tokyo, known as K^a-yashiki. The 
Botanical Garden Observatory and the second hospital of the 
Medical College are all situated within the city bounds, and the 
Marine Biological Station is situated at Misaki. The Calendar 
contains information on everything concerning the University, 
viz. University offices, regulations for colleges, courses of in- 
struction, examinations, scholarships, fees, &c. The appendix 
gives the address delivered by President Watanabe on the oc- 
casion of the annual graduation ceremony, July 10, 1889. 

M. E. Drake del Castillo has recently published a 
memoir, rewarded by the French Academy of Sciences, on the 
Flora of Polynesia. 

A CATALOGUE of numerous works in every branch of astronomy 
has been issued by Felix L. Dames, Berlin, W., Taubenstrasse 
47. To those who may wish to have copies of rare and standard 
astronomical publications at a reasonable price it will be found 
extremely useful. 

Messrs. G. Philip and Sons, l^leet Street, have published 
a portable sun-dial adjustable for all latitudes and fitted with a 
compass. The model has been designed to illustrate simply 
and accurately the principle of the sun-dial! The equation of 
time on the 1st, nth, and 21st of each month is given, so that 
civil time may be found. No table ' is given of magnetic varia* 
tion, hence the fixing of the instrument in the magnetic instead 
of the geographical meridian involves at certain amount of error. 
The box into which the model fits is made exactly one cubic 
decimetre in capaoty, and is intended to illustrate the decimal 
system of weights and measures. 

The Engineer of the 19th inst. contains an important article* 
on Railway Axles in India,” due to a remarkable statement in 
the Indian technical press, to the effect that steel railway axles 
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had not given satisfaction, and that at considerable expense iron 
•^xles were to be substituted for them. Our contemporaiy 
observes that questions have, naturally enough, been asked, 
and publishes Sir A. M. Rendel’s reply I originally,” he 
says, “ recommended the use of steel for axles on the Bombay, 
Baroda, and Central India metre gauget because I thought that 
steel was not only better than iron, but because its price was not 
more than half that of the class of iron suited for axles. I was 
further moved to do so by an opinion that, whilst steel was im- 
proving in quality, and daily taking the place of the best classes 
of iron, the quality of those classes of iron must deteriorate, 
because the price obtainable for them must diminish. In re- 
spect to the relative price of steel and iron, I was quite«right ; 
in respect to their relative suitability for axles, I have been 
wrong, or, at any rate, premature. Commercial sUel^ when used 
in axles^ seems subject to deterioration^ which flakes it very 
brittle after a lew years^ wear. The consequence is that we 
must do now what we should certainly have done at first, had 
all the facts been then before us — I mean, we must substitute 
iron for steel. It being also desired that our waggon loads 
should be increased, it has been found necessary to increase the 
size of our axles, and their weight in iron is now 231 lbs., 
instead of 198 lbs. in steel ; and their present cost is £2 4f., 
instead of about £i 2 s. 6d. Had we originally supplied th<^ 
large iron axles, capital would have been charged, for every 
such axle supplied, the sum of;^2 6s. or thereabouts, instead of 
£i 2s. 6</., and I can see no reason why, because we attempted 
an economy in the first instancef which experience has proved to 
be impracticable, capital should escape the larger charge now. 
It appears to me indisputable that the difference between the 
cost of the axles originally supplied and those now sent out 
, should be charged to capital and not to revenue.” The italics 
in this quotation arc those of the Engineer^ and the state- 
ment is a grave charge against steel, and one that the steel 
manufacturers will no doubt combat strongly. The Engineer 
does not tell us where these metre gauge axles have usually 
failed, and it is therefore difficult to find a reason for the whole- 
sale rejection of steel as a suitable material for axl^, always 
hearing in mind the general use of this material in this country 
for that purpose, with the greater mileage run with steel axles, 
be they crank or straight axles, over that obtainable from iron 
axles. It is to be hoped that the matter will be thoroughly 
thrashed out. The question of manufacture must not be over- 
looked. Steel rails occasionally fail at the ends owing to in- 
sufficient "‘‘crop” being cut off the rolled rail, i.e. the steel 
is not considered sound for about 3 feet from each end of the 
rail as it leaves the jrolls, and is therefore usually rejected as 
“crop ends.” I? these axles are rolled ones, probably this 
might explain the failures, if they usually took place at the ends 
and not in the middles. 

The autumn series of science lectures at the Royal Victoria 
Hall began on Tuesday with a lecture on “Nebulae,” by Mr. J. 
D. McClure. The arrangements for lectures during the month 
of October are as follows October “The Sun,” by J. D. 
McClure ; October 14, “ Bees as Florists and Fruit Producers,” 
by Ree. Prof. Cheshire ; October ai, “ The Colours of Animals 
and their Uses,” liy Dr. W. D. Halliburton; October a8, 

“ Mountaineering,” by H. G. Willink. 

• 

The additions to the Zoological Society’s Gardens during the 
past week include a Brown Bear {Ursus aretos S) from 
Russia, presented by Mr. G. W. Robinson ; a Golden E^le 
(Aquila ehrysailus ? ) from the Rocky Mountains, Wyoming, 
U.S.A., presented by Mr. Percy Cooper; two Common 
Squirrels {Sdurus vulgaris), British, a Reticulated Python 
\PythoH reticulata) from Siam, purchased ; five Viperine Snakes 
( TropidoHotus viptrinus), born in the Gardens. 
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^emarJts, 

(1) In the spectrum of this nebula Dr. Ht^ins iRis recorded 
only the chief nebula line near ^ 500. It is remarkable that 
Herschel describes it as easily resolvable, and if this be correct 
the nebula 'must be regards as a cluster of nebulous stan. 
•^is important result is well worth checking, both by telescopic 
and spectroscopic observations. 

(2) This nebula is described as “considerably bright; con- 

siderably large ; little elongated ; gradually much brighter in 
the middle; mottled as if with stars.” The spectrum of the 
nebula is rather vaguely described by Dr. Hu^ins as follows r 
“The spectrum does not consist of one or two lines on^; I 
believe it is continuous.” The doubt should be removed by a 
more definite observation. > 

(3) The spectrum of this star is a very fine one of Group*!!. 
The dark baqd^ however, are by no means so strongly deve- 
loped as they Rre In a Herculis or Mira, but still they are well 
marked, an 4 , in addition, the spectrum abounds with lines. The 
relative feebleheM of the bands, and the presence of so many 
lines, indicate! that the star is well advanced in condensation, 
and this is further confirmed by my own observation of the com- 
paratively feeble bright flutings of carbon. Most of the lines 
are identicid #lth those seen in Aldebaran. D is partly hidden 
by a dark flutlfigi but lines in other places stand out promi- 
nently. Tbe^ aro not quite like those seen in the solar spw- 
trum, and beoee the spectrum of the star is one from which 
useful inforuuktloil relative to the criteria between Groups HI. 
and V. may be derived. 

(4) Prof. Pickering has found by photography that the spec- 
trum of this star contains bright lines. Vogel, however, de- 
scribes the spectrum as a well-marked one of the solar ty^t and 
makes no mention of bright lines. In my own observations of 
the star I found the dark lines characteristic of the spectrum of 
a star like the sun, but detected no bright ones. It is quite 
possible, therefbrt, that the bright lines are not always visible, 
and the spectrum should be examined with reference to a possible 
periodicity. 

(5) According to the observations of Konkoly, this star has a 
well-marked spectrum of the solar type, but Gothard and Vogel 
describe it as one of Group IV. My own observations confirm 
those of Vogel* 

, (6) A star of Group IV. 

(7) This faint star has a spectrum of Group VI., and Duner 
states that the dark carbon band which separates the green and 
yellow zones is Wider than he has seen it in any other star. 
blue zone is scarcely perceptible. It seems as if this is a star 
which has coolcd down until it is almost non-luminous, and the 
observation is important as indicating to a certain extent what 
tbe spectrum will be at the last stage of visibility. It appears 
that the carbon absorption intensifies until finally all the 
remaining light is absorbed. A. Fow ler. 

The Telluric Spectrum. — The current number ot Comp te 
rendus (September 22) contains an account of the expedition 
lately made to the summit of Mont Blanc by M. Janssen, for the 
purpose of obletvlng the spectrum of the sun from an elevated 
station. Two jreurs ago M. Janssen ascended Mont Blanc as far 
as the Grands-MUtets, a station having an altitude of 3050 metres.. 
The spectroscopio observations then made showed, that a diminu- 
tion took place in the intensity of the groups of lines A, B, and 
a, due to the Mtion of the oxygen in the atmosphere, and indi 
cated very d^nitely that at the limits of our atmosphere these 
groups woiud disappear. * To confirm these results it was re- 
solved this y|fr to repeat thC^bservations at a greater devation,. 
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and after considerable difficulties the Cabaue des Bosses was 
reached on August 1 8. The altitude of this station is ^00 
. metres. ‘ Work was commenced four dqvs later, and precisely 
similar results obtained. The B group, whigh appears to consist 
of ten well-defined doubles when observed at Meudon, and 
was almost reduced to the last double at Grands- Mulcts, had 
disappeared altogether. 

These observations, in conjunction with those made last year 
between the Eiffel Tower and Meudon, those made by M. de la 
Baume Pluvinel at Candia during the annular eclipse of June 17, 
and those made in the laboratory at Meudon, definitely demon- 
strate the absence of oxygin from the sun, or, at least, of oxygen 
in the state that we know it. 

M. Janssen thinks that, in the interests of astronomical and 
terrestrial physics and of meteorology, an Observatory should be 
established on the summit of Mont Blanc. The difficulties to be 
overcome in the erection of a station at such an elevation are 
great, but that they are not insurmountable is evidenced by the 
observations that have just been made. 

Astronomy and NuMisMAxrcs. — Dr. A. Vercoutre, in 
V Astronomie for September, points out how astronotrfical know- 
ledge may be of service to numismatical science. It is known 
that on many antiejue medals, and notably on the coins of 
the Roman Republic, stars and members of the solar system 
figure sometimes as symbols and sometimes as heraldic allusions 
to the magistrate by whom the coin was struck. Thus, on a 
coin struck by L. Lucretius Trio, 74 B.c., the seven stars in 
Ursa Major are shown, and this constellation, being named 
Septem Triones, was evidently used as a phonetic allusion to the 
surname (Trio) of the magistrate. Again, on a coin struck in 
B.c«43, Dr. Vercoutre noticed five stars, ope of which was much 
larger than the others. He therefore conclu*ded that the con- 
ste nation represented on the coin was Taurus, as this was the 
only group of five stars known to the ancients in which one was 
more brilliant than the others. On this account ^ne was en- 
abled to attribute the coin to P. Clodius Turrinus, who appa- 
rently u^ed the constellation Taurus or Taurinus as a phonetic 
signification of his surname. A coin struck by Manius Aqutllus, 
H.c. 94, has figured upon it the first four stars in the constella- 
tion Aquila. They arc shown in nearly the same relative 
positions occupied in reality, hence the coin qpntains the oldest 
known representation of a portion of the celestial vault. It is 
therefore possible that an inspection of the stars figured on old 
coins may be the means of ascertaining the identity of the magis- 
trate under whom they were struck, or, knowing this and the 
constellation represented, they may be useful for the determina- 
tion of proper motion. 


GEOGRAPHICAL' NOTES. 

M. Andrusoff, whose researches into the geological history 
of the Caspian Sea have been mentioned more than once in 
Nature, gives now some interesting preliminary results of his 
exploration of the Black Sea. After having carefully studied all 
chat was previously known about that sea and embodied it 
in an excellent paper (published in the last issue of the Izvesiia 
of the Russian Geographical Society, voK xxvi., 2), he induced 
the Hydrographical Department of the Russian Navy to send 
out a special gunboat for the exploration of the Black Sea, 
under Captain Spindler and Captain Wrangel. The sea was 
thus carefully explored from Odessa to Constantinople, and 
thence to Batum and Sebastopol. It appears that great depths 
are found everywhere within a short distance of the shore ; and 
that^ from a depth of 200 metres the water of the Black Sea 
begins to contain sulphuretted hydrogen resultin^from the de- 
composition of decaying organisms, so that no organisms 
either vegetable or animal, are met with at depths exceeding 
200 metres. The Black Sea, he concludes, is not a .sea, properly 
^ peaking, but an immense stagnant pond (reaching a maximum 
depth of 1200 fathoms) which is covered on the surface by the 
water of the Mediterranean and the rivers which flow into it. 
The full report M. Andrusoff is expected soon, and is sure to 
be full of interest. 

A TELEGRAM, dated Tashkend, September 15, gives some 
extracts from a letter written by M. Grombehevsky on July 20 y 
at Sehkilian. The expedition had at last reached Tibet from 
t he ‘horth ; but the hostility of the Vuler of Keria compelled 
iChem to undertake the journey too early in the spring. On May 
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2t, they were on the Tibet plateau, but weather was most 
inclement at that time. Hard frosts (20** C. below zero),^ 
terrible snow-storms, and a complete want of water — the snow 
in the mountains not having yet begun to thaw— compelled the 
expedition to return to Ka^garia without having accomplished 
the proposed programme of exploration. Later on, the want of 
money prevented them from returning to Tibet in the summer. 
M. Grombehevsky also adds that the ruler of Kanjut has entered 
into vassal relations to the Government of India, and that the 
fort Shahidulla-hodja is occupied by a garrison of Kashmerees, 
thus commanding the drainage area of the Raskem-daria and its 
pasture grounds. Besides, in April last, the beck of Kanjut 
took possession of the Pamir and Dangarym-bash forts, formerly 
occupied by Chinese garrisons ; so that the fort Pamir, which 
is now., practically under English influeifbe, and the Russian fort 
Kara-kul are separated by but a three days’ march over a 
territory densely peopled with Kirghizes. We may thus expect 
that the veil which has for so many centuries concealed those 
regions from science will soon be entirely lifted, and Northern 
Tibet will become as well known as Central Asia. 


“ THE AGE OF SCIENCES 

/^N Friday evening last, Lord Derby, before distributing the 
awards of the Liverpool School of Science, delivered a clear, 
vigorous, and interesting address on some aspects of science. Ours, 
said, would be remembered as pre-eminently the age of science. 
Our successors might excel us as writers, as politicians, av soldiers ; 
they might surpass even the industrial energies of the present 
time, but it was not likely — it was scarcely possible — that in the 
region of science the twentieth century should witness advances 
greater than, or as great as, those of the nineteenth. The 
general experience of the world had been that brilliant but brief 
epochs of advance had been followed by long intervals of stag- 
nation, and sometimes even of retrogression. Retrogression 
was not likely, but stagnation was quite possible. There was 
one phrase much employed when people talked on these 1 
subjects which, to his mind, contained a fallacy. lie meant 
the common phrase of popularizing science. To popularize 
science was simply impossible. Anybody could cram up, 
with the help of an average memory and of easily acquired 
hand-books, a summary of what had been done in astro- 
nomy, in chemistry, or other sciences, but when that result 
was accomplished he would l)e very little nearer to any real 
gain which science could bring to liim. It was only labour 
and perseverance, added to natural capacity, that could give a 
scientific mind. Some tincture of scientific knowledge was 
desirable for every educated person. The result might not be 
great, but the process was valuable. An entire absence of the 
scientific spirit was no doubt compatible with brilliant talent and 
high distinction. We did not find fault for a deficiency of that 
kind in a novelist, a poet, or a writer of light literature, but it 
was a deficiency notwithstanding. If asked what he meant by a 
scientific spirit, he thought he knew, but he must confess that it 
was more easily described in vague and general terms than pre- 
cisely defined. He meant by it, in the first place, a habit of 
accuracy and exactness in matters of fact. In the next place, he 
me^nt that temper of mind which seeks for conclusions, but 
does not jump at them — which is equally opposed to the 
stupid incredulity of ignorance, refusing to accept any idea which 
is not familiar ; to the reverential credulity which accepts as true 
any statement coming down from old or high authority ; and to 
the careless indifferentism which, so long as a theory looks and 
sounds well, and especially if it flatters some previously existing 
feeling of prejudice, does not care on what foundation of reality 
that theory rests. That the world is governed by laws which we 
did not make and cannot abolish — laws i*^ich will operate 
whether we recognize or ignore them, and which it is our wisdom 
therefore to study that we may obey, and in obeying utilize them 
— that was what was taken to be the*butcome of scientific teach- 
ing, and if anybody thought that a useless or an unimportant or 
unnecessary lesson he did not agree with him. Something else 
science, rightly understood, would teach us to know — what it is 
that we can hope to know and to understand ; and to recognize 
how little that is, and how much lies, and probably always will 
lie, beyond the reach of our faculties. One word only he would 
add — that, having known men of many professions, he should, 
sav, as far as his observation went, the happiest lives were those* 
wnich bad been devoted to science. Every step,” said Lord 
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Derby, ^is interesting, and the success of those who dp 
succeed is lasting. What general, what orator, what states- 
man, what man of letters can hope to leave a memory 
Darwin? An invalid in health, a man who 
seldom stirred from home, a man until his later years very 
little known to the outer world, but, who, from his quiet 
study, revolutionized the thought of Europe, and will be remem- 
bered as long as Newton and Bacon. If fame be ever worth 
working for — I do not say it is— that kind of fame is surely, of 
all, the rnost durable and the most desirable. Well, I have 
perhaps dik^ressed from our proper subject, for it is not likely 
that we have a future Darwin in this room, but it is no 
•oTaggeration to say that, as a rule, no man who has taken to 
science as the work of hk life regrets the choice, while men who 
have done important work in other lines feel like Renan,* who, 
at the height of his literary eminence, tells ns in his autobio- 
graphy that he has often regretted that science, rather than his- 
torical research, had not been the object of his earl/pursuit/' 


MIMICRY^ 

^T'HE relationship of mimicry to other animal colours can only 
be explained by giving a short account of the latter. 

I. The commonest use of colour is for concealment {cryptic\ 
enabling an animal (i) to escape its enemies, or (2) to approlbh 
its prey. In these (i) protective (procryptic) or (2) aggressivd^ 
{anticryptU) resemblances, animals seek concealment by a like-^ 
ness to some object which is of no interest to enemies or prey* 
respectively. Similar effects may be produced by the use of 
foreign objects with which the animal covers itself to a greater 
or lesser extent (allocryptic). * 

Examples. — (i) Procryptic Colours, A green pipe-fish 
(Siphonostoma typhU) conspicuous in the water, but well con- 
ceale<l among the leaves of ZosUra: the brown lappet moth 
{Gastropacha quercifolia)^ conspicuous on a smooth deal board, 
Abut well concealed among dead leaves. 

(2) Aniicryptic Colours, A large frog (Cerafophrys cornuta) 
from tropical South America, which almost buries itself in a 
hole in the ground, while the head, which is exposed, har- 
monizes with the surroundings. In this position it waits till the 
small animals on which it feeds approach or even walk over it. 

(3) Allocryptic Colours, A small English crab {Sleno- 
rhynchus phalangiutn) which decks itself with pieces of sea- 
weed : another small English crab {Hyas coarctatus) was shown 
with and without its covering of pieces of seaweed {Ulva^ &c.). 

Mimicry is closely related to the colours illustrated above, but 
differs in that the animal resembles an object which positively 
repels its enemies or positively attracts its prey rather than one 
which is of no interest to either. It is better, therefore, to defer 
its consideration until after the description of the colours which 
form the models for mimicry. 

II. The second great use of colour is to act as a warning or 
signal {semalic colour)^ repelling enemies by the indication of 
some unpleasant or dangerous quality (aposematic or warning 
colours)^ or signalling to other individusds of the same species, 
and thus assisting them to escape from danger {episematic or 
recognition colours). In a very interesting group of cases {allose- 
matic)^ the animal warns off its enemies by associating with 
itself some other animal with unpleasant qualities and warning 
colours. 

Examples. — (i) Aposematic Colours, The two. unpalatable 
English moths (Spilosoma t^ticce and S, mendica^ female), when 
disturbed, assume attitudes which serve to display their con- 
spicuous yellow and black colours. Portchinski has recently 
snown that an unpalatable European chrysalis (Limenitis jpopuli) 
bears the most delailed resemblance to a chrysalis which has 
been pecked and rejected by a bird. The American skunks 
(Mephitis mephitica^ Conepqfus mapurito. See, ) possess the power 
of emitting an intolerable stench, and are extremely conspicuous 
black and white mammals. 

(2) Episematic Colours, In the common rabbit the white tail 
serves as a beacon to other individuals, pointing the way to the 
burrow. 

(3) Allosematic Colours, A hermit crab (Pagurus bernhardus) 
is commonly found with a sea anemone (Sagartia parasitica) 
/ittached to its shell ; in another hermit crab (Pagurus prideauxii) 

} Abstract of Lecture delivered by Edward B. Poulton, F.R.S., on 
Friday, September 5, at the Leeds meeting of the British Association. 
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the association is mo|^e constant, and the sea anemone (Adamsiar 
palliata) is i^iecialized for life on the shell of the crustacean. 
Two crabs (Polydectus tupulifer and Melia tessellata)^ described' 
by Mbbius in some df the islands round Madagascar, invariably 
held a sea anemone in each claw. Two other groups of animals, 
sponges, and ascidians, in addition to sea anemones, are avoided 
by the enemies of the Crustacea, and these are also made use of 
by the latter. Thus the hermit crab (Pagurus cuanensis) ia 
found in shells which are covered with a (generally) brightly- 
coloured sponge (Suberites domuncula) i Mobius also descHbea 
a hermit crab (Ascidiophilus caphyraefarmis) which lives in a*case 
formed by an ascidian. 

III. Mimicry may be defined as false warning or signalling 
colours (pseudosematic), repelling enemies by the deceptive sug- 
gestion of some unpleasant or dangerous quality (pseudctposematic )- , 
or attracting prey by the deceptive appearance of something 
attractive to them (pseudepisematic). Even foreign objects 
commonly associated with some well-defended andoaggressive 
species may be mimicked by a comparatively defenceless formi 
(pseudallosematic), 

Exampl&s. — (i) PseudaposemaHc Colours, The various de- 
grees of complexity with which protective mimicry occurs in 
insects was shown by examples of Indian and African Lepidoptera. 

(a) Both sexes of the Indian Papilio agestor closely resemble 
the much commoner and nauseous butterfly Euploea tytia, 

(b) An Indian moth (Epicopeia philenora) similarly mimics 
an unpalatable butterfly (Papilio protenor)^ but in this case the 
male moth mimics the appearance of the male butterfly, and the 
female moth that of the female. 

(c) If the mimicking species becaiqp common relatively to the 
mimicked, the deception would be liable to be detectea. We 
therefore find that two or more models are often mimicked by 
the same species. Thus the male of the Indian Elymnias 
lencocyma n^mics Euplcea binotata, while the female mimics the 
female of Eupla;a linncei. Both these Euploeas are also imper- 
fectly mimicked by day>flying moths (Amesia midama). So 
also the male of the Indian Papilio castor mimics Papilio chaon^ 
while the female mimics Euplcea core: in the south, Papilio 
chaon is absent, and both sexes of the species (Papilio dravid^ 
arum) which represents P, castor^ mimic E, core, 

(d) Female butterflies are exposed to more dangers than the 
swiftly-flying males, and we find many instances in which the 
former are mimetic, although the latter are not. Thus the 
female of Hypolimnas bolina mimics Euplcea core^ while the 
male is non-mimetic. The same is true of Hypolimnas misippus^ 
the female of which mimics Danais chrysippus. Two forms 
closely allied to the latter (some regard them as merely varieties) 
are also mimicked by the former. 

(e) The mimetic females also often resemble two or more dif- 
ferent species of nauseous buttorflies. Thus the female of Papilio 
pammon appears in two forms, mimicking respectively Papilio 
hector and P, aristoloche; while the females of Euripus halitherses^ 
(the male of which is probably mimetic) mimic Euplcea rhadam- 
anthus and Euplcea deione, 

(f) There are also striking examples in which the non- 
mimetic ancestor of a mimetic species has been preserved, e,g, 
in an adjacent island. Thus the female of Elymnias undularis 
mimics Danais genutia in Sikkim and North-East India ; in 
Rangoon and Burmah there is a variety of the latter with white 
hind wings which is as common as the typical form, and the 
female of E, undularis is beginning to mimic this variety j ^tn 
South India E, undularis is represented by E^ caudata^ in 
which the male is also beginning to mimic Z>. genutia^ and the 
female is a more perfect mimic than in the other localities ; in 
the Andaman Islands E, cottonis represents E, undularis^ anc^ 
both sexes ap^ar to be non-mimetic, while D, genutia has never 
been recordea from this locality. A still more wonderful ex«> 
ample is found in Africa and adjacent islands. Papilio meriones 
of Madagascar is non-mimetic, and the sexes are alike ; the 
same is true of a closely-allied species, P. humbloti^ recently 
discovered in Grand Comoro, and of P. antinorii recently found 
in Abyssinia. A very nearly related species in West Africa has 
a closely similar ifon-mimetic male, while twp forms of female 
mimic Danais chrysippus and Danais niavius. In South Africa 
Papilio cenea has an almost identical male, while the females 
mimic D, chrysipfus^ the southern form of D, niavius, and two 
varieties of D, ecneria, 

(g) There are also exqpiples which show us the origin of 
mimicry, in which the resemblance is very imperfect, but, never- 
theless, sufficient to afford protection, liie blue , Euploeas of 
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India, &c« (such as J?. harrisi^ E. linuiei^ E* splmdens^ mA 
, E. iraihada) form a very characteristic grpup, while their general 
type of appearance is imperfectly mimicked by a group of d^y- 
flying moths {Amesia midama^ A. aliris^ A, sanguijlua). It is 
extremely probable that the wonderfully close likeness of many 
mimetic species arose by gradual stages from some general re- 
semblance to a type of colour or pattern possessed by some 
large group of unpalatable insects. 

The above-cited examples are some of them well-known, 
they<were chosen to illustrate the various different ways in which 
mimicry occurs. 

Evidence for the evolution of mimetic resemblance has also been 
forthcoming as the result of recent and hitherto unpublished work. 

Many moths have lost the scales which are characteristic of 
' the order of insects to which they belong, so that their wings 
become transparent, and they mimic stinging insects such as 
wasps or hornets. This is the case with two British hawk-moths 
{Hemaris Jiici/ormis and bombyliformis). It is known that when 
these moths emerge from the chrysalis, the transparent parts of 
their wings are thinly covered with scales which are^ shaken off 
during the first flight. The loss of the scales has now been 
shown to be due to the rudimentary nature of the stalk at the 
base of the scale and of the socket in which the stalk is in- 
serted ; a closely-allied Indian moth {Hemaris hylas) was still 
more completely denuded of scales, but in it also the rudiment- 
ary sockets were found to be thinly scattered over the transparent 
part of the wing. These facts suggested that all moths with 
transparent wings may be found to repeat, in the course of their 
own individual Kves, the history of the change by which the 
transparency has been attained by the species. Investigation 
hai' supported this suggestion. The examination of two British 
moths which resemble hornets or wasps was especially instruc- 
tive. In one of these {Sesia apiformis) the mimicry is not so 
perfect as in the other, and is therefore presumably of more 
recent date ; in this moth the rudimentary scales which fall ofl 
are comparatively perfect, while in the other species {S. bem* 
heciformis) they are far more d^enerate, inasmuch as they have 
been useless to the species for a far longer period of time. It is 
interesting to note that these degenerate scales have not been 
reduced in size in either species, but are, on the contrary, much 
larger than the scales which are retained for the whole life of 
the moth. In the allied clearwings ” of the genus Trochilium^ 
the transparency of the fore wing has been attained by the trans- 


parency of scales whieli are retained as well as by the loss of 
scales. ^ 

(2) Pseudepisematie Colours, This division not only includes 
the examples of aggressive mimicry in which an animal resembles 
another, and $0 is enabled to approach and injure it in some 
way, but also the caseaof alluriiQg colouring in which an animal 
possesses a lure which is attractive to its prey. 

Examples of the former are seen in the flies of the genus 
Volucella^ which are enabled to lay their eggs in the nests of 
humble-bees, &c., because of their close resemblance to the 
latter. The larvae of the fly feed upon those of the bee. 

Examples of alluring colouring. An Asiatic lizard {Phrj* 
nocephalus mystaceus) possesses pink flower-like structures at* 
the corners of its mouth, it is probable that flies, &c., are thus 
allured. A terrapin {Macroclemmys Temminckii) from the 
Southern States of America, when hungry, opens its mouth 
and moves about two filaments at the anterior end of its tongue. 
These look like worms moving in a crevice in the rocks, and 
attract prey. The animal is otherwise perfectly motionless, and 
resembles a weed-covered rock. The fish Lophius piscatorius 
(the angler or fishing- frog) attracts its prey by a brightly coloured 
lure placed over its large mouth, the rest of the body being con- 
cealed. Certain deep-sea fishes allied to Lophius {Ca^atias 
bispinosus^ C. uranoscopus^ &c.) have a phosphorescent lure 
which attracts the other fish on which they teed. 

^t( 3 ) PseudalloKtmatic Colours, A very striking instance was 
discovered by Mr. W. L. Sclater in tropical South America. The 
'^well-defended and abundant leaf-carrying ants {(Eepdoma) are 
•mimicked by an immature Homopterous insect possessing a 
shape and colour which closely resemble the ant together with 
the piece of leaf it is carrying. 

IV. Epigamic colours are the bright tints and patterns dis- 
played during courtship. As in other classes of colours the 
same effects may be produced by the use of foreign objects 
{Allepigamic), Examples are found in the various beautiful or 
curious objects collected by bower-birds for the decoration of 
their bowers. Especially interesting in this respect is the^, 
Amblyornis inornata of New Guinea. 

Mutual relationship of the above-mentioned classes of colours. 

It is clear that I. (Cryptic) and III. (Pseudosematic) colours are 
closely related ; they may be conveniently grouped under one 
head : — Apatetic or deceitful colours. The following scheme 
will be found to represent the mutual relationships : — 


I. Apatetic Colours. 

(Resembling the environment, or some other species, 
or acting as a lure.) 

s 

A. Cryptic Colours. B, Pseudosematic Colours. 

(Protective and Aggressive (False Warning and 

Resemblances.) | Signalling Colours.) 

1 

II. Sematic Colours. 
(Warning and Signalling.) 

III. Epigamic Colours. 
(Displayed in Courtship.) 

*' a 

(l) Procry ptic Colours. 
(Protective Resemblances.) 

(i) Pseudaposematic Colours. 
(Protective Mimicry.) 

(t) Aposematic Colours. 
(Warning Colours.) 

(2) Anticry ptic Colours. 
(Aggressive Resemblances.) 

(2) Pseudepisematie Colours. 

(Aggressive Mimicry and 
Alluring Colouring.) 

f 

(2) Episematic Colours. 
(Recognition Markings.) 

AUocryptic Colours. 

(Concealment gained by 
use of foreign objects.) 

Pseudallosematic Colours. 

(Resemblance to some 
foreign object associated * 
with mimicked species.) 

(f 

AUosematU Colours, 

(Warning Colours of another 
Animal made use of.) . 

AlUpigamie Colours. 

(Display of foreign objects 
‘ in Courtship.) 


^ 'The comparatively new terms employed in the lecture were 
due to the kind help of Mr. Arthur Sidgwick. The beautifully 
painted lantern slides were due to the great skill and patience of 
the artist, Mr. H. M. J. Underhill. The examples of Alio- 
cryptic and many of those of Cryptia\axiA of AllosemcUic colours 
were painted from the living animals in the Marine Biolc^cal 
Laboratory^ at Plymouth. Colonel Swinhoe had very kindly 
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su|i;ge 8 ted good examples of mimicry among Indian butterflies, 
and hi^ lent from his beautiful collection the specimens for 
copyine. Mr. H. Grose-Smith had kindly lent the African 
examples. Rev. F. J. Smith had most kindly helped in photo* 
graphing the examples selected. Mr. W. R. Mornll had kindly 
translate Portchinski’s Russian paper, thus rendering possible 
the use of some very interesting examjfles. 
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FORTHCOMING SCIENTIFIC BOOKS. 

'TV/TESSRS. LONGMANS AND CO. announce the followr 
ing : — The Principles of Chemistry,*' by D. Mendel^eff, 
translated by George Kamensky, of the Imperial Mint, St. 
Petersburg, and edited by A. J. Greenaway; “Text-Book of 
Chemical Physiology/* by Dr. W. D. Halliburton; “Human 
Physiology," being the substance of lectures delivered at the 
St. Mary's Hospital Medical School from 1885 to 1890, by 
Dr. Augustus D. Waller ; “ Elements of Materia Medica and 
Therapeutics," by C. E. Armand Semple, illustrated ; “ Notes 
on Building Construction," arranged to meet the requirements 
of the Syllabus of the Science and Art Department of the 
Committee of Council on Education, South Kensington — Part 
4 V. “Calculations for Structures," illustrated; “Preliminary 
Survey, including Elemtatary Astronomy, Route Surveying, 
Tach/eometry, Curve-ranging, Graphic Mensuration, Estimates, 
Hydrography, and Instruments, " by Theodore Graham Gribble, 
illustrated ; “ Optical Projection : a Treatise on the JLJse of the 
Lantern in Exhibition and Scientific Demonstration,^ by Lewis 
Wright. 

Among tlie scientific works promised by Messrs. Macmillan 
and Co. are the following : — Dr. Lauder Brunton's Croonian 
Lectures, “ On the Connexion between Chemical Constitution 
and Physiological Action, being an Introduction to Modern 
Therapeutics"; “ A Manual of Public Health," by A. Wynter 
lilyth ; “Dictionary of Political Economy," edited by R. H. 
Inglis Palgrave, F.R S. ; “ The Scope and Method of Political 
Economy," by I. N. Keynes, second edition; “Outlines of 
I’sychologjj," by Dr. Harald Hdffding, translated by M. G. 
Lowndes; “The Meteoritic Hypothesis," by J. Norman 
Lockyer, F.R.S., illustrated; “Electricity and Magnetism," 
a popular treatise, by Amedc'e Guillemin, translated and edited, 
with additions and notes, by Pro 4 S. P. Thompson, illustrated ; 
“ Popular Lectures and Addresses," by Sir William Thomson — 
Vol. III. “Papers on Navigation" ; “Are the Effects of Use 
and Disuse Inherited?” by W. Platt Ball (Nature Series); new 
editions of Dr. Russel Wallace’s “ Contributions to the Theory 
of Natural Selection : and Tropical Nature and other Essays," 
ind “The Malay Archipelago : the Land of the Orang Utan 
and the Bird of Paradise"; “The Myology of the Raven 
( Corvtis corax sinuaius) : a Guide to the Study of the Muscular 
System in Birds," by R. W. Shufeldt, illustrated; “Text-book 
of Comparative Anatomy," by Dr. Arnold Lang, translated by 
Henry M. Bernard and Matilda Bernard, with preface by Prof. 
Ernst Haeckel, two volumes, illustrated ; “ Lessons in Element- 
ary Biology," by T. Jeffrey Parker, illustrated ; “ A Text-book 
of Physiology,** by Prof. Michael Foster — Part III. ‘‘The 
Central Nervous System and its Instruments*' ; a new edition 
of ‘*The Chemistry of the Hydrocarbons and their Derivatives, 
or Organic Chemistry," Vol. III. Part III., by Sir H. E. Roscoe 
and Prof. C. Schorlemmer ; “ The History of Chemistry,” by 
Prof. Ernst von Meyer,, translated by George McGowan ; “ Ele- 
ments of Physics for Public Schools, " by C. Fessenden ; “ Sound, 
Light, and Heat : an Elementary Text-book," by D. E. Jones, 
illustrated; “Elementary Applied Mechanics," by James H. 
Cotterill and J. H. Slade ; a new edition of Todhunter's “ Plane 
Trigonometry," revfeea by R. W. Hogg; “The Geometry of 
Position," by R. H. Graham, C.E., illustrated; “Manuid of 
Logarithms," by G. F. Matthews; a new edition of “Class- 
book of Geology," by Archibald Geikie, F.R.S. ; two volumes 
of “Macmillan's Geographical Series," edited by Archibald 
Geikie — “A Geography of Europe,” by James Sime, and 
“Maps and Map Drawing," by William A. Elderton; and a 
“ Physical and Political School Atlas," by J. G. Bartholomew. 

The Clarendon Press announce’ “ Mathematical Papers of the 
late Henry J. S. Smith, Savilian Professor of Geometry in the 
University of Oxford," with portrait >ii\d. memoir, in two 
volumes; “A Treatise on Electricity and Magnetism," by J. 
^‘Clerk Maxwell, new^dition; “An Introduction to the Mathe- 
matics of Electricity," by W. T. A. Emtage; “A Manual of 
Crystallography," by M. Ha N. Story-Maskelyne ; “Trans- 
lations of Foreign Biological Memoiht ' — HI. “Contributions 
to the History of the Physiology of the Nervous System," by 
Prof. Conrad Eckhard, translate by Miss Edith Prance, and 
a translation of Prof. Van't Hoff's “ Dix Annies dans THistoire 
d'une Throne," by J. E. . Marsh ; and Count H. von Solms- 
Laubach's “ Introduction to Fossil Botany," translated by the 
Rev. H. ^E. F. Garnsey, and edited by I. Bayley Balfour, 
F/R.& y 
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The Pitt Press announce “The Collected Mathematical 
Papers of Arthur CAyley, F.R.S.," Vol. III.; “Mathematical 
and Physical Papers/' by Sir W. Thomson, Vol. III..; “A 
Treatise on Plane Trigonometry," by E. W. Hobson; “A 
Treatise on Analytical Statics,” by E. J. Routh, F.R.S* ; “ A 
!• Treatise on Statics and Dynamics for Schools," by S. L. Loney ; 
and two volumes of the “ Pitt Press Mathematical Series*' — 
“The Elements of Geometry after Euclid, Books III. and IV.," 
edited by H. M. Taylor, • and “Elementary Algebra, with* 
Answers to the Examples,” edited by W. W. Rouse Ball. 

Messrs. Smith, Elder, and Co. have in preparation a new 
work by Prof. Ferrier, being “The Croonian Lectures on 
Cerebral Localization," delivered before the Royal College of 
Physicians, June 1890. 

Messrs. Sampson Low, Marston, and Co. announce “ The 
Structure of Fibres, Yarns, and Fabrics ; a Practical Treatise 
for the Use of all Persons employed in the Manufacture of Tex- 
tile Fabrics," by E. A. Posselt, illustrated; and “Directory of 
Technical Literature : a Classified Catalogue of ^11 Books, 
Annuals, and Journals published in England, America, France, 
and Germany, including their Relations to Legislation, Hygiene, 
and Daily Life," by Fritz von Szczepanski. 

Messrs. Bell and Sons announce a revised edition of 
Daighton’s “Euclid," Books I. and IL, and Books I. to III. ; 
“ The Elements of Trigonometry,” by J. M. Dyer and the Rev. 
R. H. Whitcombe, assistant masters of Eton College ; 
“ Solutions to the Problems in Dr. Besant's Elementary Hydro- 
statics" ; a Key to “Examination Papers in Trigonomeiry," 
by G. H. Ward ; “ Colour in Woven Design," by Roberts- 
Beaumont ; and “ Structural Mechanics," by K. M. Parkinson. 

Messrs. Philip and Son will issue “ Commercial Geography," 
a series of lectures by J. Scott Keltic, Librarian of the Ro];aL 
Geographical Society, with numerous coloured maps and dia- 
grams ; “Across East African Glaciers, being an Account of 
the First Ascent of Mount Kilima Njaro,” by Dr. Hans Meyer ; 
“The Devetepment of Africa," by A, Silva White, Secretary 
of the Scottish Geographical Society, illustrated with a set of 
14 maps, specially designed by E. G. Ravenstein ; “Magellan 
and the Pacific,** by Dr. h\ H. H. Guillemard, illustrated, form- 
ing Vol. IV. of the “ World's Great Explorers and Explorations*' ; 
“Home IJfc on an Ostrich Farm," by Mrs. Annie Martin, 
illustrated ; “ The Unknown Horn of Africa, an Exploration 
from Berbera to th% Leopard River," by the late F. L. James, 
illustrated, new and cheap edition, containing the narrative 
portion and notes only. 

Mr. Fisher Unwin will publish a book on “Gypsy Sorcery 
and Fortune Telling," by Charles Godfrey Leland, illustrated ; 
a second edition of Mrs. Brightwen's “ Wild Nature Won by 
Kindness," with additional matter; and “ Everyday Miracles,^' 
by Bedford Pollard, a work designed to present the wonders of 
science to young readers. 

“ Methuen’s Science Series,” edited by Mr. R. Elliot Steel, 
will include, among other volumes, “The World of Science," 
“Elementary Light and Sound,” “ Elementary Electricity and 
Magnetism,*^ and “ Elementary Heat." 

Messrs. Charles Griffin and Co. will issue Dr. A. E. Garrod’s- 
“ Treatise on Rheumatism and Rheumatoid Arthritis *' ; Dr. A. 
E. Sansom's “The Diagnosis of Diseases of the Heart"; 
“ Foods and Dietaries : a Manual of Clinical Dietetics,'* by Dr. 
R. W. Burnet; “ Railway Injuries : with Special Reference to 
those of the Back and Nervous System,*' by H. W. Page ; 
“ Outlines of Practical Histology," by Prof. W. Stirling, and f 
second and rewritten edition of “ Outlines of Practical Physio- 
logy," by the same author ; a laboratory course on “ Pharmacy 
and Materia Medica,". by W. Elborne ; “Scientific Amuse- 
ments," a variety of experiments illustrating some of the chief 
physical and chemical properties of surrounding objects, and 
the effect upon them of li^t ahd heat, by Dr. C. R. Alder 
Wright, F.R.S. ; Prof. Roberts- Austen's “Introduction to the 
Stu^ of Metallurgy " ; Dr. C. Le Neve Foster's “ A 
Text-book of Ore and Stone-Mining"; ‘*A Text-book of 
Coal-Mining," by H. W. Hughes ; “ Aids in Practical Geolo^, 
with a Section on Palaeontology, " by G. A. J. Cole; *^A 
Text-book of Electro- Metallurgy," by W. G. Macmillan 
“ The Design of Structures : a Practical IHreatise on the 
Building of Bridges, Roofs, &c.," by S« Anglin ; “ A Zoolo^al 
Pocket-book; or. Synopsis of Animal Classification," by Dr. 
Selenka and J. R. A. Davis ; the complete volume of Prof. 
Jamieson’s elementary manual of “ Magnetism and Electricity " 
a thoroughly revised editiofl of “Seaton's Manual* of Marine^ 
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Kngineering ; ‘‘Sewage Disposal Workj^ the Construction 
of Works for the Prevention of Pollution of Rivers and 
Kstuarics/' by W. Santo Crimp ; and the eighth annual issue of 
the “ Year-Book of Learned and Scientific Societies,** 

Messrs. Cassell promise “Hygiene and Public Health,** by 
Dr. Arthur Whitelegge ; “ Medical Hand-Book for Colonists/* 
by £. Alfred Barton ; new editions of “Climate and Health 
Resorts,** by Dr, Burney Yeo, and “The Story of the 
Heavens/* by Sir R. S. Ball ; “ The Art of Cooking by Gas,** 
by Marie Jenny Sugg, illustrated ; “ Nature’s Wonder-Workers : 
being some Short Life- Histories in the Insect World,** by Kate 
R. Lovell; “Object Lessons from Nature: a First Book of 
Science, * by L. C. Miall ; “Commercial Botany of the 
Nineteenth Century/* by J. R. Jackson ; two new volumes of 
“Cassell’s Agriculture Series/* edited by John Wrightson — 
'Soils and Manures,” by Dr. J. Munro, and “Crops,** by I 
Prof. Wrightson ; and “The Year-Book of Treatment for 
1891 : a Critical Review for Practitioners of Medicine and 
Surgery,**^ 

Messrs. Whittaker will publish a new and revised edition of 
Mr. Gisbert Kapp*s “Electric Transmission of Energy”; 
“Electro-Motors,** by S. R. Bottone : “Metal Turning,” by 
the author of “Practical Ironfounding** ; a fourth and popular 
edition of Colonel Findlay*s “ The Working and Management of 
an English Railway” ; and “A Manual of Wood-Carving,” by 
Charles G. Leland. 

A work on “Animal Life and Intelligence,** by Prof. C. 
Lloyd Morgan, Dean of University College, Bristol, is in the 
press, and will be published by Mr. Edward Arnold in October. 

Mr. Stanford- will publish “The Philosophical Basis of 
Evolution,” by Dr. JameStCroll, and ‘^Through Magic Glasses ** 
by Arabella B. Buckley (Mrs. Fisher). This will be a sequel to 
the same author’s “ Fairyland of Science.** 

SOCIETIES AND ACADEMikS. 

Paris. 

Academy of Sciences, September 22. — M. Duchartre in the 
chair. — Account of a scientific expedition to the summit of Mont 
Blanc, by M. J. Janssen. (See Our Astronomical Column.) — 
On the modular equation for the transformation of the eleventh 
order, by Prof. A. Cayley, — On some curious phenomena pro- 
duced in a current of water, by M. Daniel Colladon. The 
author presented two photographs taken at Geneva above a 
river bridge having a grating stretched across its arches. By 
moving certain of the bars, miniature water-spouts and other 
phenomena are produced. These forms are conspicuously visible 
and have been photographed in plan and elevation. The paper 
contains some, observations of their average dimensions. — M. 
Berthelot announced the death of M. F. Casorati, Professor at 
the University of Pavia. — Observations of the new minor planet 
made with the equatorial coudi of Algiers Observatory, by 
M. F. Sv. The observations extend from September 11 to 13. 

— On the electrical resistance of metals, by M. H. Lc 
Chatelier. The accompanying figure expresses the results 
obtained with various metals and alloys : — 



On the excretory apparatus of some crustacean decapock, by 
M. Paul Marchal. — Comparative influence of ansestnetics on 
chlorophylUan assimilation and U anspiration, by M. Henry 
Jumelle. The researches of the author seem to show that anses- 
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thetics increase the transpiration of plants exposed to the light, 
when sufficient is given to suspend aj^similation. This increase 
of transpiration is evidently due to the action of the ether on’ 
the chlorophyll which is exposed to the light, because, from 
experiments made in the dark, it has been found that the ether 
acts in an opposite manner on the protoplasm. 

SydneV. 

Royal Society of New South Wales, June 4. — Dr. 
Leibius, President, in the chair. — The following papers were 
read : — A compressed air-flying machine, by L. Hargrave. — 
On the treatment of slips on the Illawarra Railway at Stanwell 
Park, by W. Shetlshear. — On native names of some of the 
runs, &c., in the Lachlan district, by F. B. W. Woolrych.'--'* 
Remarks on a new plant rich in tannin, by C. Moore. — The 
following exhibits were shown and described : two new filmy 
ferns, by C. Moore ; the Narraburra meteor found in 1854 — 
specific gravity 7*57, weight 70 lb«. 14 oz., by H. C. Russell, 
F.R.S. (of*which an account was given in Nature of Sept. 25, 
p. 526). 

July 2. — Dr. Leibius, President, in the chair. — Record of 
hitherto undescribed plants from Arnheim’s land, by Baron 
Ferd. von Mueller, F.R.S. — A new mode of demonstrating 
the manner in which the mind judges of objects in the outer 
world, also working models demonstrating the value of the 
spinal curve in diminishing the evil effects of mechanical 
^olence, by Prof. Anderson Stuart. — Charles, third Earl 
^anhope’s arithmetical machine, bearing date 1780, also his 
“ demonstrator,” an instrument for the performance of logical 
operations, by Rev. Robert Harley, F.R.S. 
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THURSDAY, OCTOBER 9, 1890, 

A NEW THEORY FOR THE SENSITIVE 
PLANT. 

Das reizleitende Gewebesystem dtr Stnnpflame. By Dr. 

G. Haberlandt. (Leipzig W. Engelmann, 1890.) 

* I ’HE present decade has been a very important one 
from the point of view of a botanical revival in this 
country. The seed sown in previous years by Thiselton 
Dyer and others did not fall entirely on sterile soil, and 
gradually a school*of active workers has arisen, semetimes 
described, for want of a better name, as “ the younger 
school of botanists," The individuals constituting this 

school," though few in numbers, have pursued widely 
diverging lines of research ; some devoting themselves to 
morphology, others to physiology and minute anatomy, 
others again to the diseases of plants, &c. Important , 
results have accrued from their labours in the various 
branches taken up, but in no case have they been more 
striking than in the held of minute cell anatomy. The 
readers of this journal hardly need to be remindea ^at 
the discovery of the continuity of the protoplasm from 
cell to cell, and the demonstration of the fact that plknt 
tissues do not consist of a number of isolated masses of 
protoplasm, cut off from one another by the dead cell- 
membranes, w 4 s largely due to the investigations of 
Gardiner. 

The knowledge of the existence of these uniting fila- 
ments seemed from the first to throw light on many intri- 
cate and obscure physiological problems. F oremost among 
these was the possibility that by their instrumentality 
the transmission of stimuli over considerable tracts might 
be facilitated. It is interesting to remember that almost 
the first case of continuity of protoplasm demonstrated 
by Gardiner was that in the pulvini of the leaves and 
leaflets of the sensitive plant. Nor did this lose its 
significance when it was later realized that such a 
continuity was a very general, if not universal, phe- 
nomenon in plant tissues. The view that the stimuli, 
which undoubtedly travel considerable distances in most 
of the plants endowed with irritable movements, are 
transmitted in virtue [of these exceedingly fine uniting 
filaments is one yery generally held by botanists in this 
country, and 'finds expression in Vines’s “ Lectures on 
the Physiology of Plants." Indeed, that this is so, in certain 
cases, has been experimentally demonstrated. , In view 
of these circumstances, the book whose name heads this 
review, dealing as it does entirely with the mechanism of 
stimulus transmission, will be studied with. interest, and 
the more so from • the fact that Dr. Haberlandt’s 
Physiologische Pflanzenanatomie " has done much 
towards the elucidation of many of the facts of anatomy. 
Dr. Haberlandt here limits himself solely to the investiga- 
tion of the means by which a stimulus, set up at some point 
in the sensitive plant ^Mimosa pstdiea), is transmitted to 
a distance, promoting movements in regioits for removed 
from the point stimulated. 

During this century various physiologists have busied 
themselves with this problem, notably Dutrochet, Pfeffer, 
and Sachs. The previUi^t theory on the Continent, which 
is associated especially with the name of Pfeffer, briefly 
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amounts to this : — When an irritable portion of one of tl^e 
pulvini of the sensitive plant is stimulated, tl^e inritable 
I cells lose their turgidity, water passing out of them into 
' the intercellular spaces associated with them ; a certain 
amount of this water is said to enter the tracheides and 
vessels of the xylem of the vascular bundle, and to upset 
the hydrostatic equilibrium obtaining there ; this dis- 
turbance is transmitted to a distance as a wave in the 
xylem, and stimulates, as it travels along, the irritable cells 
of the successive pulvini which it passes near, causing 
them likewise to contract. This may affect merely the 
pinnules of a single leaf, or, in certain cases,, the stimulus 
may travel from one leaf to another. 

This hypothesis is based on very old experiments per- 
formed by Dutrochet more than sixty yemrs ago. Du- 
trochet found that, (i) after the removal of a complete 
ring or zone of cortical tissue from the stem, a stimulus 
could still be propagated from one leaf to another, across 
the decorticated region. A similar result followed when 
the pith was destroyed, the vascular bundle alone being 
left intact. The irresistible inference was that the 
stimulus travelled by the vascular bundle. Further, (a) 
when the woody portion of the bundle was cut into, a 
drop of liquid was observed to exude Immediately, and a 
stimulus was transmitted upwards and downwards from 
the point of lesion, causing movements in the nearest 
leaves and even travelling to more distant ones. The 
drop wffich exuded was supposed to come from the wood, 
and the disturbance of pressure resulting, to initiate the 
stimulus. Haberlandt deals with this “ fundamental ex- 
periment," and shows that Dutrochet and the others were 
in error. To make this clear, it is necessary to. briefly 
indicate the structure of a bundle and adjacent tissues in 
Mimosa pudica. In a transverse section of a stem (and 
the same holds generally for the petiole) there is ex- 
ternally the epidermis, below which comes the parenchy- 
matous cortex. The cortex passes over into a zone of 
thick-walled cells, described as collenchyma by Haber- 
landt, as bast-fibres by some other writers. Within this 
thick- walled zone is a ring of phloem, and finally the xylems 
and pith. Dutrochet, when he thought he had dissected 
away all the tissues outside the xylem in the experiment 
recorded above (i), had, in point of fact, left not only the 
phloem, but also the collenchyma-ring intact. His knife 
had been arrested by the collenchyma, which he had 
mistaken for the wood. The collenchyma and phloem 
remained intact, and the inference that the stimulus tra- 
velled by the xylem was consequently a false one. ^ 
Further, in the case of experiment (2), Haberlandt is at 
great pains to show that the drops of liquid do not issue 
from the wood at all, and establishes the fact that they 
arise in reality from special Mils in the phloem. Follow- 
ing the same method of experiment as Dutrochet, Meyen, 
and Pfeffer, Haberlandt demonstrates clearly — 

(1) That the stimulus normally travels inside the 
collenchyma ring, but outside the xylem of the bundles ; 
in other words, in the phloem. 

(3) That, wben a stem is cut through* drops exude at 
the moment of cutting. These drops arise, not from the 
xylem, but from special cells in the phloem. 

This alone marks a considerable advance on the older 
hypothesis. 

B B 
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Having cleared the ground so far, H^erlandt sets 
himself two problems for solution, and it’ is with these 
that the greater portion of his paper is dccupied. These 
questions are : — 

(1) What are the special organs in the phloem which, 
transmit the stimulus ? 

( 2 ) What are the details of the mechanism of trans- 
mission ? 

As hil later inferences aivd experiments are based on a 
detailed anatomical study of the sensitive plant, it will be 
advisable to follow Haberlandt into this matter. The 
phloem of many Leguminosae is characterized by the pos- 
session of rows of cells, somewhat larger than the true 
sieve-tubes, which, from the nature of their contents, are 
known as tannin-sacs. These, in Mimosa pudica, are 
long, tube-like cells, arranged end to end. Each cell 
possesses a primordial utricle and a large nucleus'. The 
longitudinal walls of these cells are frequently pitted, but 
the structure of their transverse walls is characteristic. 
Each possesses a very large, shallow pit. The closing- 
membrane of the pit is traversed by a number of very 
delicate protoplasmic filaments. These are much finer 
than the similar connecting filaments of sieve-tubes, and 
approximate more nearly to the uniting filaments of ad- 
jacent parenchyma cells. Haberlandt shows that it is 
a portion of the watery content of these cells which 
escapes, when a stem or petiole is cut into ; and it is his 
view that these cells constitute the organs which transmit 
the stimuli from one point to another in the plant. The 
watery fluid which exudes from them, usually clear and 
colourless, gives a very characteristic, and deep reddish- 
violet colour, with iron chloride, and, if allowed to dry 
upon a slide, crystallizes out in various fbrms, usually 
arranged as sphere crystals or dendritically. This sul^ 
stance is probably of the nature of a glucoside, since, 
among other reactions, when treated with acids it Is 
broken up into glucose and a resinous body. Accom- 
panying this glucoside is a considerable amount of 
mucilage. 

The distribution of the vascular bundles, in especial 
relation to these supposed conducting cells, both in leaf 
and stem, is followed out in detail. The glucoside-con- 
taining cells occur, roughly speaking, in two rings in the 
phloem, one of which is nearer the collenchyma zone, the 
other nearer the xylem. Some of the former actually 
touch the collenchyma cells. Where the bundles traverse 
the pulvini, a much larger proportion of these cells are 
in contact with the collenchyma. In the leaflets all the 
larger bundles are accompanied by the glucoside-con- 
taining cells, but in the very small anastomoses they die 
out. Finally, as to the distribution of protoplasmic con- 
tinuity. This obtains in the soft cortex and in the 
collenchyma (whose cells are freely pitted). The cells of 
these two tissue systems are united together by ex- 
tremely fine filaments in such a manner that ah unbroken 
protoplasmic continuity exists, from the periphery of the 
pulvinus to the inmost layer of the collenchyma. In the 
phloem also there exists a similar continuity. Between 
these two systems, however-rthe soft cortex and collen- 
chyma on the one hand, and the phloem (including the 
glucoside cells) on the other — there is, according to 
Haberlandt, no direct continuity ; hnd although the col- 
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lenchyma cells are freely pitted on all sides, the closing- 
membranes of these pits are untraversed by protoplasmic 
filaments on the side directed towards the phloem (and 
ghtcoside cells). 

By careful experiments, referred to above, Haberlandt 
demonstrates (what had been regarded by several ob- 
servers as probable) that the stimulus travels in the 
phloem ; and in view of the fact that the glucoside sacs 
emit the drops of liquid on cutting a stem or petiole 
(thus giving rise to a hydrostatic disturbance), and in 
view also of inferences drawn from further experiments, 
to be considered immediately, Haberl^dt concludes that 
the stimuli are transmitted by the rows of glucoside-con- 
taining sacs, and this in a purely mechanical manner. Before 
going on to etaborate his theory, Haberlandt meets and 
disposes of the hypothesis, mentioned at the commence- 
ment of this review, that the stimuli travel from cell to 
cell by the agency of the uniting filaments *of living 
protoplasm. According to that view, when any pulvinus 
is stimulated, as by a mechanical shock, its irritable 
cells contract, losing their turgidity, and a movement 
results ; at the same time the stimulus would be con- 
veyed to the phloem, and there transmitted from cell to 
cel) by the filaments of protoplasm (it is immaterial 
whether in the phloem-parenchyma, or even in the longi- 
tudinally-running series of glucoside sacs) until it reaches 
another pulvinus, where it would be communicated in 
the same way to the irritable cells there, and a further 
movement would result, and so on. 

It is necessary at this Juncture to explain, so as to make 
what follows intelligible, that physiologists have availed 
themselves of two entirely different methods of stimu- 
lating the plant — firstly, by submitting a pulvinus to a 
mechanical shock, without damage to its tissues ; and 
secondly, by cutting the petiole or stem, and causing 
actual lesion of the conducting tissues. In both cases 
the stimulus is transmitted, but in the latter to a much 
greater distance, the method being altogether a more 
violent one and perhaps quite different in its effects. 
Pfeffer was content to regard anything of the nature of a 
** vital ” hypothesis of stimulus-transmission as disproved, 
from the fact that, even when he chloroformed a definite 
portion of a petiole, a stimulus could still be transmitted 
through the region subjected to the chlproform. Haber- 
landt, however, points out that this result must not be 
taken as final, since there is no proof that the internal 
tissues had been really acted on by the anaesthetic, as 
applied by Pfeffer. Further, Vines has pointed out that, 
although chloroform deprives the irritable cells of the 
pulvinus of their irritability (rendering them rigid), there 
is no justification for the assumption that it likewise 
deprives the protoplasm of the conducting cells of their 
conductivity ; an objection the validity of which is ad- 
mitted by Haberlandt. It was necessary, therefore, to 
make a more crucial experiment to decide this point, and 
this Haberlandt does by substituting ^n actual killing of 
the protoplasm in a small portion of a petiole for a mere 
chloroforming. This was done by steaming a confined 
zone of a petiole. Under these conditions, the stimulus, 
to be transmitted successfully, had to passthrough a dead 
region. If the stimulus could be shown to traverse this 
region, the ** vital ” hypothesis would be untenable. The 
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result was most instructive. When an ordinary mechatiical 
stimulus was applied, there was no transmission ; When, 
however, a stimulus, caused by a lesion of the tissues, 
was applied, it was transmitted, in the majority of cases, 
over the zone previously killed by steam. From this, 
Haberlandt concludes that no theory which depends on 
filaments of protoplasm to conduct the stimulus can be 
maintained. He considers it improbable that a me- 
chanical stimulus and one due to lesion should travel in 
different ways, notwithstanding the fact, which he men- 
tions later on, that under special conditions a stimulus 
can be transmitted even by the vessels and tracheides of 
the xylem. There is nothing surprising in the trans- 
mission over a dead region of a stimulus due to lesion. 
It is Just this sort of stimulus that would cause a con- 
siderable upset in the hydrostcitic equilibrium in the 
glucoside cells cut into, and it is conceivable that the 
disturbance due to this sudden fall in pressure might be 
conveyed, in a purely mechanical manner, over consider- 
able distances. Hitherto it has not been shown that a 
normal mechanical stimulus can be transmitted o^er a 
zone that has been rendered incontestably dead. ^ 

If the distribution of the continuity of protoplasm in a 
pulvinus should be, as stated by Haberlandt, such tfiat 
the outer system of continuous cells extends inwards only 
so far as, and including, the collenchyma, and that the 
phloem is independent of this system, then it is difficult 
to see how the stimulus could pass (by a vital hypothesis) 
from the irritable and contractile cells to the conduct- 
ing cells. This result, however, requires confirmation. 
Gardiner, who investigated the nature of the continuity 
in these organs of the sensitive plant, makes no coniment 
on any such marked discontinuity of the protoplasm, and | 
the inference, drawn from a study of his paper in the j 
Philosophical Transactions, is that the cells, from the 
periphery right up to dead vessels of the wood, consti- 
tute one connected whole. What he denies to the sensitive 
plant, Haberlandt admits for other cases. The pheno- 
menon of transmission of stimuli in the stigmas of 
Mimulus and Martynia^ in the leaves of Dionaa and 
probably of Drosera, and in the tendrils of many climbing 
plants, would seem to be a function of the protoplasmic 
fibrils. Having dealt with his refutation of the “ vital ” 
hypothesis, as, applied to the sensitive plant, we may 
give a short summary of the theory put forward by 
Haberlandt, though for its details, and the many ques- 
tions raised therein, the reader is referred to the original 
text. Haberlandt holds that both in the case of a 
mechanical stimulus, and in that of one caused by a lesion 
of the tissues, the transmission is effected in a purely 
mechanical manner, aS a wave or impulse passing along 
the glucoside-containing cells. Necessarily the trans- 
verse walls, which possess each a broad, shallow pit, are 
regarded as offtring little resistance to the filtration of 
the contained sap. The protoplasm which is continuous 
these pit-mem\>ranes< is not regarded as playing 
portant part in this event. When a pulvinus is 
mechanically stimulated, its irritable cells lose water and 
contract; tUe disturbance set up by this fluctuation in 
pressure will start a wave in the rows of conducting cells, 
travelling from the point at which the increase of pressure 
occursi The wave is what may be described as a positive 
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wave {Bergwelle), and the method of its transmission is 
similar to that obtaining in a closed rubber tube'distended 
with water, when* it is pinched at one end. This wave, 
when it reaches the irritable cells of the next pulvinus, 
will be communicated to them through the elastic collen- 
chyma layer, probably through the pits, which are 
numerous. In more sluggish cases it may not, perhaps 
be till an actual bending occurs in the stimulated pulvinus 
that the increase of pressure will be sufficient to s'tart the 
wave in the conducting cells. 

j On the other hand, when the stimulus is due to lesion, 

' as when a petiole or internode is cut into With a sharp 
knife, the wave is set up in a different 'manner. At the 
j moment of cutting into the turgid, glucoside-containing 
cells, a drop of liquid escapes, causing a fall in pressure. 

: This is transmitted as a negative wave {Thalwelle), and 
' will be ‘communicated to the irritable cells at a distance, 
by the agency of the pits there. In this case, however, 
the pit-closing membranes of the collenchyma will bulge 
slightly inwards, in the former case outwards. The com- 
munication from the conducting to the contractile cells is 
rendered easier from the fact that in the pulvinus a much 
larger proportion of the former lie adjacent to the collen- 
chyma than at other points on the course of the bundle. 
This special arrangement undoubtedly seems to favour 
such a theory as that of Haberlandt. Still it must be 
rememt^red that it may be due to quite different causes. 
As is well known, the arrangement of the bundles is 
always considerably modified at the pulvini, so that the 
bending may be interfered with as little as possible. 

In conclusion, it must be admitted that the paper here 
reviewed is a masterly piece of work, though, it may 
be, many na*turalists in this country will hardly agree 
with the author in the inferences which he draws, and 
the theory which he builds upon them. It must be borne 
in mind that possibly too important a part may have been 
assigned to the uniting fibrils of protoplasm as touching 
the transfer of stimuli of various kinds from cell to cell. 
In the first blush of a great discovery, of so far-reaching 
a nature as that of the continuity of protoplasm, and 
more especially from the fact that at a very early period it 
was in the sensitive pulvini that this continuity was shown 
to exist, — in view of this, the position that has been taken 
up by workers in this country may have been an over- 
sanguine one. It may be that the explanation of this 
phenomenon of protoplasmic continuity (though un- 
doubtedly it facilitates transmission of stimuli in certain 
cases, eg. stigmas of Mimulus^ &c.) may have another 
bearing — that it may in some way affect the nutrition of 
the pit-closing membrane, or even discharge the purely 
mechanical function of binding the protoplasts to the 
closing mAnbranes. For the present, although it must 
be conceded that Haberlandt has considerably advanced 
our knowledge of this question, in that he has localized 
the conducting region to the phloem, and has shown that 
stimuli due to actual lesion can be transmitted in a purely 
mechanical manner ; nevertheless he has failed to demon- 
strate conclusively the untenability of*the “ vital hypo- 
thesis in the case of the normal stimulus {Stossreiz). This 
being so, further results must be awaited before this in- 
teresting question can be regarded as finally settled. 

• • T. W. O. 
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CHRISTY'S BIRDS OF ESSEX,” 

The Birds of Essex : a Contribution to the Natural \ 

History of the County. By Miller Christy, F.L.S., ■ 

8vo. (Chelmsford and London-: 1890.) 

“ T T ITHERTO,” truly observes the author of this work 

-TJ. in his Preface, “the birds of Essex have not 
found a chronicler. It is to supply this omission that I 
have laboured." The omission has indeed been long re- 
gretted, and every page of his book shows that Mr. 
Christy has laboured hard to supply it, so much so that 
it would seem an act as ungenerous as it is certainly un- 
pleasing to find any fault with him for the way in which 
he has performed his task ; but the duty of a reviewer is 
one neither toS}e lightly entered upon nor lightly executed, 
and misplaced tenderness may easily be as harmful in a 
critic as in a surgeon. 

There is fortunately in these days no need to dwell on 
the advantage of county ornithologies — even the worst of 
them is better than none at all. Mr. Christy’s is very far 
from being among those that are bad ; but it does seem 
to us that more skilful treatment would have secured for 
Essex a less insipid result than he has given us ; for the 
county of the gi«itest English naturalist should surely 
presem a more becoming figure than here appears. Its 
geographical position, its sufficiently varied natural 
features — and among them especially its wealth of 
estuaries, so grateful to scores of graceful birds — l^eem to 
point it out as one of the most favoured parts of the king- 
dom. We can hardly admit the value of Mr. Christy’s 
supposition (pp. 2, 3) that — 

“ If only our illustrious Ray had made some attempt to 
produce a list of local birds, similar to that of his con- 
temporary, Sir Thomas Browne, there is no saying how 
many practical Essex ornithologists it might indirectly 
have brought out, or to what a pitch of ornithological 
eminence the county might by this time have been 
raised." 

When will naturalists think the history of their study 
worth studying ? Nothing can be more certain than that 
the now celebrated “Account of Birds found in Norfolk,’’ 
by Sir Thomas Browne, remained in manuscript until 
printed by Wilkin in 1835 ; and, while very few could 
have been aware of its existence, fewer still could have 
read its crabbed handwriting. As a matter of feet, we 
believe it was unknown to every ornithologist until it was 
published. On the other hand, Mr. Christy shows that 
almost from Ray’s time to the present day Essex has not 
been wanting in observers of birds, who really seem to 
have had it in them to do as much good work as those of 
the not very distant and more northern county, whom he 
evidently and not unjustly regards with a kind gf modified 
envy. But our author may get some comfort by looking 
southward across the wide Thames, and there contemplat- 
ing in a still nearer neighbour a county whose ornitho- 
logy, as we have before remarked in these columns, is 
yet unwritten as it should be. 

Mr. Christy rightly remarks that “%ome detailed 
attempt" to describe the physical features of every 
county or district should be an essential part of each local 
“avifauna,” but he unfortunately favours us with barely 
three paggs of such description. Now we are sure that 
he mighinave told us a good deal more on this subject 
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that would have been well worth knowing. He divides 
his county into five districts, which is doubtless well 
enough, if we can forgive the incongruity of the last : — 
(i),The Chalky Uplands, (2) The Lowlands, (3) The 
Forests and Woodlands, (4) The Marshes and Saltings, 
(5) The Open Sea ! Th£ first of these, a very small but 
well-defined area, has probably, through enclosure and 
tillage, undergone more change within the last 70 or 
80 years — or even less — than any of the rest ; for the 
second has been highly cultivated for centuries, and the 
third — though Mr. Christy thinks that strictly speaking it 
cannot be separated from the secortd — in some sort 
possesses the appearance it must have worn (if not the 
fauna it harboured) in the middle ages when, if we may 
believe the chn>niclers, the citizens of London went forth 
to slay wild bulls and wild boars within its precincts — a 
trace of the practice being retained in the “Epping 
.Hunt" of Easter Monday, which some of us are old 
enough to remember, and others may be reminded of by 
Hood’s comic verses. But the fourth of Mr. Christy’s 
districts may be considered the most characteristic of 
£s|ex, and we think he might advantageously have told 
us much more about it, especially about the islands — if 
islahds, except in popular speech, they may be rightly 
called — into which the land, as it were, breaks up — 
Canvey, Foulness (a most suggestive name), Osea, 
Mersea, and others. One would think they cannot be 
all alike, and would like to know wherein they differ. 
The same may be said of the rivers — and the rivers of 
Essex are rather fine things in their way ; the many- 
mouthed Crouch is not exactly similar to the spacious 
Blackwater, any more than is the narrow Colne (in 
happier times glorying in its abundance of “ natives ’’) 
to the lake-like Stour, which the county shares with 
Suffolk. As to the fifth district, only a technical objec- 
tion could be raised, and that would be against the use 
of the epithet “ open." A maritime county must have a 
sea-border, and it stands to reason that a fair portion of 
the adjacent salt water should be regarded as adscriptus 
glebce, but no attempt is made to define that portion. 
Considering the shallow soundings off the Essex coast, 
perhaps the political “ three mile limit ” might be the best 
to choose ; but again, considering the paucity of bird-life 
in the summer time in this narrow sef, and the know- 
ledge that in winter one part of it is nearly as good as 
another, this does not much matter, and if Mr. Christy 
would extend his survey to the halfway line between 
England and Belgium, there is none to take exception 
thereto. In truth Essex, owing to its want of cliffs — for 
there is nothing save near Walton-on-the-Naze entitled to 
be so-called — and of beaches, sucluas those of Orford or 
Dimgeness possessed by its neighbours, has nowadays 
nothing except the Little Tem,^ that can be called pecu- 
liarly a shore-bird, for he properly denies (pp. 100, loi) 
the claim set up by the late Dr. Bree for the “ Mud-lark ’’ 
{Anthus obscurus), and, as 9II ought to know, the Ringed 
Plover will breed far inland ; but we think he has n rft i e d 
an opportunity in not applying to the Migration Com- 

* There can be hardly a doubt that the Common and perhi^s the Sandwich 
Tern bred f;>rmerty on the Eeiex coast, but everyone knows how easily a 
settlement of either may be destroyed in a lew hours by some heedless person 
who thinks Mmself a sportsman or a naturalist'— so that all around our shores 
both species are being yearly extirpated IVom spot after spot. Mr. Christy's 
evidence (pp. adt, eoe) as to the BtaOk Tern, not that it is littoral species,, 
breeding in the county* amounts to nothing if properly scrutinised. 
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mittee of the British Association for the schedules, filled 
up by the light-keepers on the coast of his county. * The 
necessary documents would doubtless have been readily 
placed at his disposal, and comparatively meagre as ^he 
results might have been, they would certainly have 
•enabled him to give a considerable amount of addi- 
tional information. 

Like most of his fellows, Mr. Christy attaches an undue 
value to the number of species he is able to register, and 
his number is 272. We have often wished there would 
arise some strong-minded man who would" clearly dis- 
tinguish between a member of a fauna and a 'fortuitous 
straggler. Still, we gladly allow our present author to be 
more discriminative than many of his brethren, and highly 
applaud his exclusion of several species which they, or 
some of them, welcome — yet he more than once bows the 
knee to the prevailing Baal. It is bad enough for any 
British faunist to admit one species of Sooty Tern; 
especially when the alleged single specimen rests on 
authority not quite beyond suspicion, and, though not ten 
years have elapsed, has been “entirely lost sigh* of”; 
but the inclusion of a second species dulls one’s feelkigs, 
like an ansesthetic — especially when we are told that in 
this case it is the captor “ who has since been lost sight 
of” (p. 261), though the specimen is (apparently) to the 
fore. Then, again, wh*at can be more 'absurd than 
the admission of Porphyria smaragdonotus (p. 225) — a 
species of which living examples are yearly imported in 
great numbers, and one that possesses faculties of 
escaping from confinement that would have been envied 
by a Casanova or a Baron Trenck. 

It may be urged that we have picked out trifling, faults^ 
but we could reply that we have purposely chosen these 
instances to show two at least of the failings of faunists. 
Others we might specify of a rather different kind. It is 
a remarkable fact for ornithologists in general that the 
Needle-tailed Swift should have flown across the Old Con- 
tinent from Eastern Siberia to Essex, but that fact does 
not make it a “ British ” bird, and the late Mr. Yarrell — 
generally too prone to naturalize all stragglers — was in 
our opinion perfectly justified in refusing it a place in his 
well-known work, while even the subsequent occurrence 
of two examples in Hampshire does not affect his rejec- 
tion of it. As Regards the inclusion of “ stragglers,” the 
line is in many cases hard to draw, but in one such as 
this there ought to be no doubt in the mind of anybody 
who has a decent acquaintance with the geographical 
distribution of animals. 

The present work differs of all others of its kind in two 
respects, and one of ^ them is deserving of much praise. 
This is the useful “ Biographical Notices of the principal 
Essex Ornithologists,” which are greatly to the point, 
and generally, as appears to us, well done, though Mr. 
Christy is somewhat lavish of the expression " excellent 
ornithologist.” That would doubtless be applicable to 
John Ray, who is not included, but in its literal sense to 
few if any others. Yet men like Sheppard, Hoy, and 
Henry Doubleday were worthies who left their mark on 
British natural history, and fully merit all that is said of 
them, while Christopher Parsons seems to have been 
one of those diligent observers who delight in hiding 
their candle under a bushel, and we feel under an 
obligation to Mr. Christy for bringing him out of obscurity. 
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Of the other distinctive feature of the work we cannot re- 
port so favourabjy. It is the needless introduction of a 
considerable .number of figures representing the birds 
mentioned. Some of them, it is true, are reproductions of 
Bewick’s well-known woodcuts, and therefore right in the 
main, however poor the imitation. Next, if not equal to 
them, are the few drawn by Mr. Wolf ; but the adapta- 
tions of the engravings from Yarrell’s work, if ^hey can- 
not be called absolutely badj are objects about as dis- 
agreeable as one ordinarily encounters, and there are 
others, the source of which we cannot divine, that make 
one shudder, for the draughtsman has evidently copied loo 
faithfully (as the manner is nowadays) the distortions of 
the bird-stuffer — as witness the figure of th% Swift (p. 144), 
which reminds one forcibly of the impossible tenants of 
the aif in the familiar willow-pattern plate. 

To sum up, let us say that with all its shortcomings 
Mr. Christy’s book is one that must demand the attention 
of every British ornithologist, for it “ means business.” 
There is no attempt at fine writing in it, and yet its com- 
position has clearly been a labour of love to the author. 
We trust he may be rewarded by a successful sale, which 
the populous county of Essex oughfc to insure, and be 
able to bring out a new edition. If so, let him ^schew 
his woodcuts, and in their place give us more large type. 

HYPNOTISM. 

Hypnotism. By Albert Moll, of Berlin. “ Contemporary 
Science Series.” Edited by Havelock Ellis. (London : 
Walter Scott, 1890.) 

T his book by Dr. Albert Moll, a physician of Berlin, 
on hypnotism, now presented to us in a becoming 
English dress, marks a step of some importance in the 
study of some difficult physiological and psychological 
problems which have not received much attention in the 
scientific world of England. The appearance of a 'text- 
book on any subject in a set of hand-books such as the 
“ Contemporary Science Series,” indicates a general agree- 
ment on the main points of knowledge, and in this case 
a full admissal of the subject to the category of recognized 
science. Dr. Moll’s work has already been widely accepted 
as a text-book in the German schools which are begfinning 
to take some interest in his subject. The first edition 
was published hardly eighteen months ago, and was very 
rapidly exhausted ; the second, from which this English 
translation has been made, shows good proof of the dili- 
gence and care of the author, in the large amount *>f new 
matter incorporated with the old, so that on the whole it is 
well up to date, a matter not so easy to accomplish in 
treating of a rapidly growing subject such as hypnotism, 
on whiclf nowadays there are published some 300 books, 
pamphlets, and articles every year. There has often been 
in this crpwd of minor literature of late years a tone Of 
somewhat indignant, sometimes injured self-assertion, such 
as is not unnatural to the friends of a young branch of 
knowledge, who are anxious and perhaps over-anxious to 
establish its position on equal terms ^ith its seniors. But 
Dr. Moll’s hand-book embodies an essentially non-com- 
bative survey of the full breadth of the subject, including 
both the details of ^he physical and physiological condi- 
tions of hypnotism on the one side, and on the other the 
alterations of personality and the more delicate points of . 
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psychological interest ; and it does not refqse to consider 
with some • careful attention the phenon^pna' of telepathy 
and thought transference in a hypnotic state, such as are 
judged by Charles Richet, Gurney, Pierre Janet, Oliver 
Lodge, and others to take place under conditions which 
render their explanation by the action of the known senses 
at present inadequate. 

Such a comprehensive review of the present position 
is in need of a far more exiensive and careful historical 
preface than is usually undertaken ; and in this respect 
Dr. Moll has shown his sense of his responsibilities, and 
gone much beyond a mere reproduction of the hackneyed 
account of many of the French writers. He sees that 
the phenomeija generally called mesmeric did not entirely 
originate with Mesmer (1734-1815), about a century ago ; | 
but can be in. part traced back to some of the earlier j 
civilizations (cf. Ebers’s papyrus, l6th century B.C.), and 
assumed some of their more modern forms under Paracel- 
sus (1493-1541) and van Helmont (1577-1644), although, 
of course, their recent growth has been far more rapid. 
Mesmer is a man hard to estimate rightly. The final 
account of him has probably not yet been written, nor 
the final judgment passed, but Dr. Moll furnishes a sketch 
of some discrimination, based chiefly on contemporary 
evidence, and showing some sympathy for the mental and 
moral bewilderment occasioned by the chaos of the Great 
Revolution with which he was surrounded in, Paris. 
Since Mesmer, he realizes the steps in advance made by 
Braid (1843), recognizing the physiological and psycho- 
logical importance of a state of attention in what he 
called no longer mesmerism or animal magnetism, but 
hypnotism ; by Esdaile in 1845, in demonstrating the 
complete anaesthesia that was made possible by hyp- 
notism, even in major surgical operations ; by Lidbeault 
(1866), in showing the practical use of post-hypnotic 
suggestion to dominate at least some morbid habits and 
minor pains ; and by the schools both of the Salpdtridre 
under Charcot (1878) and of Nancy under Bernheim 
(1884), in proving to the general public the permanent 
importance of a deeper study of the subject. 

The survey of the methods of induction and the 
symptoms of hypnotism is founded on much personal 
experiment and a wide experience in all the European 
nations. More than 600 authors are quoted, and more 
than half of these are contemporary. Though fully half 
of them come from France and Germany together, yet 
there is a very considerable tot.il of English, Swiss, Aus- 
trians,. Americans, Italians, Spaniards, Belgians, Dutch, 
Swedes, Danes, Greeks, and Russians. Hypnotism is 
certainly not a limited or local fancy. Last year the four 
days’ discussion of hypnotism under its various^aspects at 
the Congrds International de Psychologie Physiologique, 
in Paris, by such a large gathering of men from all parts 
of Europe, not interested merely in the medical side of 
the subject, but in its total results and their relation to 
other branches of knowledge, gave very tangible proof 
of this, as may be seen in their Compte rentiu. And who 
are the easiest persons to hypnotize ? It is very common 
to find those who have had little or no experience them- 
selves confident that they can point out the most amen- 
able subjects, and choosing generaljy persons with some 
obvious weakness. But Dr. Moll shows that neither 
neurasthenia nor hysteria, nor weakness of' will, nor any 
NO. 1093, VOL. 42] 


of the sentimental weaknesses that may be made to 
render their subjects laughable, really conduce to making 
them more readily hypnotizable. Hysterical people may 
be morbidly imitative, and if one is hypnotized many may 
follow the example, if it 's open to their observation ; but 
taken singly, their hysterical tendencies rather hinder 
than help their hypnotization (p. 316), a point which has 
unfortunately been rather obscured by the long and im- 
portant experimcnj[s made by Charcot on the hysterics 
only ; for, from the success of many of these, it was hastily 
and incorrectly assumed, before wider trial, that this 
class of subject was the most easily influenced. Whether 
there can be any special capacity in the hypnotizer is a 
point Dr. MoP does not discuss in detail ; he assumes 
that all of fairly good intelligence are about equal after a 
little practice at the technique. But there are some cases 
which he mentions (p. 363), of hypnotism at a distance by 
"Dr. Gibert and Pierre Janet, in which, when both the 
persons hypnotizing and the times of hypnotism were un- 
known tothe subjects, certain persons proved pre-eminentiy 
successful {^Bulletins de la SocUie de Psychologie Physio^ 
logique, 1886, p. 78). The proof or disproof of indiyidual 
qualifications is, in fact, one of the many difficult points 
for the settlement of which a wide and very careful ex- 
perimental research is still necessary. The mesmerists 
of the early part of the century can be shown to have laid 
too much stress upon it ; it may be that it is too much 
overlooked now. 

Any exact definition of hypnotism, as of other abnormal 
states of consciousness, is difficult enough, as Dr. Moll 
very readily acknowledges. “ The two characteristics of 
hypnosis are suggestibility and the power -of ending the 
state at pleasure ” (p. 208), he observes, in agreement with 
most others who have considered the subject ; but it is 
not plain how this is consistent with what be has said just 
before (p. 201), viz. that “ to my mind the dividing line 
between sleep and hypnosis is merely a quantitative 
difference in the movements.” The mental susceptibility 
would have seemed to us a more important point of 
variance. But we are glad to say that, on the more 
difficult points of theory. Dr. Moll promises us another 
book at some future date, and it seems wise to allow 
some considerable time for the collection and attestation 
of the phenomena before attempting the establishment 
of theory in matters of such traditional difficulty. 

That the practice of hypnotism is very useful in the 
healing art Dr. Moll is convinced, and offers a good 
deal of technical medical evidence which it would be 
hardly appropriate to consider here. The power of post- 
hypnotic suggestion in checking habits of drunkenness, 
&c., is one which is just beginning to be confirmed from 
various quarters, and which opens a wide vista. The 
possible dangers which arise from the hypnotist’s power 
over the patient’s conduct need very careful attention, 
though Dr. Moll is inclined to point with satisfaction to 
the very few cases in which any injury has been actually 
done. We could have wished that he had made plainer 
that most important preventive practice of Li^beault’s^ 
viz. that those who are afraid of the dominion of any 
hypnotist can be and should be protected against it by 
hypnotization under other trustworthy hands, and by the 
suggestion that no one can have any hypnotic 6r post- 
' hypnotic power over them. In his last chapter on 
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animal magnetism, Dr. Moll practically admits an un 
* explained residuum of facts, and in the candid tempei 
of his whole book, shows a truly scientific spirit o: 
genuine interest in their investigation. , 

A. T. Myers. 


OUR BOOK SHELF. 


Text-book of Mechanics. By Thomas Wallace Wright. 

(New York: D. Van Nostrand Company, 1890.) 

This book is a most excellent treatise on the science of 
mechanics, and systematically places before th^ student 
the principles which underlie the subject. The differen- 
tial calculus for the most part is used only when a clear 
advantage is gained by it, and in the earliqf chapters of 
the work two courses are open to the reader, one with and 
the other without it. The author in a note rather regrets 
that words for the unit velocity and unit acceleration have 
not been proposed, as these would simplify matters ; the 
Rev. J. B. Lock, in his late book on “Dynamics for 
Beginners,” has proposed and used two very good words, 
“ velo ” and “celo,” for unit velocity and unit acceleration 
respectively. ^ 

On the whole, the practical parts are treated more fidly 
than is usual, and the examples throughout are of a very 
practical and typical character, and not mere numerical 
illustrations of formulae. Many examples the author has 
treated by the graphical method of solution, but he adds 
a word of warning to the student against making it a 
complicated weapon for attacking all sorts of problems 
which are more easily solved in other ways. 

Another important point alluded to is the use of 
approximate formulae : the rigorous formula always pre- 
cedes the approximate one, the latter being reduced from 
the former, so that the degree of approximation can easily 
be estimated. 

The last two chapters deal with the statics and kinetics 
of fluids, or, as tliey .are more generally known, hydro- 
statics and hydrokinetics. 

Besides numerous examples there are plenty of figures 
and woodcuts, and scattered here and there are a few 
liistorical notes which give a lively interest to the subject. 


Elementary Text-book of Heat and Light. By R. 

Wallace Stewart, B.Sc. London. (London : W. B. 

Clive and Co., 1890.) 

This volume is one of the University Correspondence 
College Tutorial Series, which are written specially to 
meet the requirements of the various London University 
examinations. • 

Of the twenty chapters, the first ten deal with the 
principles which underlie the theory of heat, while the 
second ten treat of those of light. In each chapter the 
principles and laws on which the subject-matter depends 
are fully described, and under the heading of “ Calcula- 
tions” the author explains the various laws in mathematical 
form, concluding with^examples worked out,* and in many 
cases questions from well-known examinations. The 
chapters on light are treated in a similar manner. Those 
reading this work should be able to obtain a fair grip of 
these two subjects, the elementary principles being well 
and concisely expressed. 

At the beginning of the second part of the book, on 
“ Light,” the author recomm’ences the numbering of the 
pages, which we think is rather a mistake, as it is awkward 
in the firtft instance for reference, and in the second it has 
necessitated the use of two indexes. The illustrations, 
one hundred and fifty in number, are very good and 
accurate, and the wok concludes with an appendix con- 
taining a paper of questions set at the London Matricu- 
lation examinations imder the new 1888 regulations. 

W. 
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The Confession^ of a Poacher. Edited by John Watson, 
F.L.S. (London-: The Leadenhall Press, 1890.) 

In an editorial note it is stated that the poacher of these 
“ Confessions ”• is “ no imaginary being.” Since that is 
so, it might have been well for Mr. Watson to explain 
the precise nature of his own functions as editor. It 
seems rather odd to find a poacher talking in this way : — 
“ It was the fact that I had, during the small hours of 
the morning, stood alone on London Bridge. The great 
artery of life was still; the pulse of*the city had. ceased 
to beat. Although bred amoifg the lonely hills, I felt for 
the first time that this was to be alone ; that this was 
solitude. I felt such a sense as Macaulay’s New Zea- 
lander may experience when he sits upon the*ruins of the 
same stupendous structure.” How much of this is the 
poacher’s, and how much are we to attribute to the 
editor ? The same question often suggests* itself, and a 
good many readers, we suspect, will conclude that at 
least wjth the form of the “ Confessions ” the person 
supposed to be confessing has had very little to do. The 
book displays a curious and intimate acquaintance with 
some forms of animal life, and may be of service in 
fostering a liking for natural history. Unfortunately, 
however, grammatical rules are not always treated with 
the respect which is due to them. Says the poacher i 
‘* Whilst preparing my nets and wires, the dogs would 
whine impatiently to be gone.” No doubt the poacher 
here means that he himself prepared nis nets and wires, 
but what he says is that the dogs prepared them. • 

Examination Papers in Trigonometry. By George H. 
Ward^M.A. (London ; George Bell and Sons, 1890.) 

One hundred and twenty examination papers are given 
in this book ; they are arranged progressively and seem 
to be well chosen, and will be found good substitutes for 
the questions in the various text-books which become 
familiar to the student on his second reading. Questions 
solely on book-work collected together at the end form a 
useful addition. 

Blackie's ATodern Cyclopaedia. Vol. VII. Edited by 
Charles Annandale, M.A., LL.D. (London : Blackie 
and Son, Limited, 1890.) 

This is the seventh volume of this useful and valuable 
essence of information, commencing with the word “ Pota- 
mogeton ” and reaching as far as “ Skates.” The articles 
on the various subjects are generally well treated, and 
every reader may find something of interest in them ; 
numerous pictorial illustrations and maps are given. The 
references to printing, Prussia, railways, Rome, Russia, 
and Scotland are among the most lengthy in this volume. 


LETTERS TO THE EDITOR. 

The Editor does not hold himself restotmble for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Naturx. 
No not^e is taken of anonymous communications.^ 

Recent Classification of the Shrews. 

During ^he present year some very important work has been 
done with the Soricidee, the family of the Shrews. This has 
been mainly contributed by the well-known student of the group. 
Dr. George £. Dobson, F.R.S., the distinguished mammalogist. 
Dr. Dobson ha^ just published the first fasciculus of Part III. 
of his work entitled " A Monograph of tlft Insectivora, Srate- 
matic and Anatomical” (Gurney and Jackson, London). This 
asciculus deals entirely with the Shrews, it being a quarto 
llustrated by six fine lithographic plates fully illustrating the 
dentition of the Sortcifee, as its text, in the most admirable 
manner, presents their characters. Even a still* more, important 
papev by the same author appeared in the Proceedings of the 
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Zoological Society of London for February of the present year, 
and is entitled ‘*A Synopsis of the Genera- of the Family 
SoricidivJ *^ ' Probably the most extensive collection of these in- 
teresting little mammals ever examined by a sii>gle investigator, 
came under the hand of the writer of the woi^s just quoted, 
wherefrom to make his deductions. His classification is most 
complete and acceptable, and goes to show that the Shrews 
are first to be divided into two sub-families, vis. the Soricida^ 
and the Crocidurifut^ the first being characterized by having 
their teeth red-tipped, while in the latter the teeth are white. 
Five genera make up The first sub-family — which stand, Sorex^ 
Soriculus^ Blarina^ NotiosoreSc^ and Crossoptis. In the Croct^ 
durirnr we find six genera — namely, Myosorex^ Crocidura^ 
Diplomesodofty Anurosorex^ ChimarrogaU^ and NectogaU. This 
adds four genera to M. Milne-Edwards’s list, and from the same 
omits the genus Neosorex. Dr. Dobson believes that “ the red- 
toothed S^ews diverged from the white-toothed, development 
having proceeded on somewhat similar lines in the descendants 
of both according to similarity of environment and modes of 
life.^' Of Dr. Merriam’s genus and type, Atophyrax bendirii^ he 
says that *Uhere are no leading characters which would, enable 
one to ^ define the genus, were I inclined to admit it in my 
synopsis.** 

It is refreshing in these days to meet with such classification, 
and such an able classifier — one who, as Dr. Dobson most 


Protective Coloration of Eggs. 

In view of Mr. Grensted’s letter to Nature last year (voL 
xli. p. S 3 ), asserting the writer’s belief that the egg of the red- 
backed shrike varies with the tint of the lining material of 
the nest, and of my own reply to this (same volume, pp. 
12^30), I had intended this summer to examine as large a 
series of nests and eggs possible, in order to verify or dis- 
prove my former observations. I have, however, been unable to 
devote any time to the matter; and have only obtained two 
nests — both from the neighbourhood of Evesham. In each of 
these, I must confess that Mr. Grensted’s contention is borne 
out. The lining of one nest is dull brown in colour ; and the 
cgp is) are of a mouldy-brown ground-colour, tending towards 
dull green. The lining of the second is brighter in tone ; and 
contains a small fragment of red flannel. The eggs (5) of this 
nest show the commoner flesh-coloured ground. 

In spite of these two instances, I must hold to my former 
opinion, that the correlation of ground-colour and environment 
is very imperfect in the nests and eggs of these birds. Next 
year I hope to be able to examine a greater number of nests. 

E. B. Titchener. 

Mote House, Mote Road, Maidstone, October 2. 


emphatically does, draws good strong lines in taxonomy, and 
discourages the hair-splitting methods adopted by some 
mammalogists in these days. R. W. Shufeldt. 

Takoma Park, D.C., September 13. 

Musical Sands. 

In reference to the note respecting Mr. Hyndman’s query 
re sonorous sand (Nature, October 2, p. 554) it may be 
interesting to him, and others, to know that in our own islands 
musical sand is by no means rare. In the second edition of my 

Musical Sand,” shortly to be issued, I shall give a list of 
the places at which it occurs in England, Scotland, Ireland, and 
Wales, showing that only observers are rare — not the sands. 

My investigations since my paper was first published nearly 
two years ago have brought many new and interesting facts 
under mv notice, not the least being that the musical sands at 
Studland Bay are always mute during an easterly wind. This 
I have been able to account for. 

About three years ago I propounded a theory to account for 
the emission of these musical sounds from sands ; briefly it is 
that they are the result of the rubbing together of millions of 
clean sand-grains very uniform in size : two such grains rubbing 
together would not produce vibrations audible to us, but the 
accumulation of such vibrations issuing from millions of surfaces, 
and, approximately, of equal length, would produce a note 
sufficiently powerful to be sensible to us. 

This theory has long been published, and though it has been 
examined by some of our most eminent physicbts, and tested in 
a variety of ways since, nothing has been suggested which has 
caused me to abandon it. I shall be pleased to send Mr. 
Hyndman a copy of my first paper on the subject. 

Bournemouth, October 6. Cecil Carus- Wilson. 


With what Four Weights (and a Pair of Scales) can 
be Weighed any Number of Pounds from z to 40 
inclusive ? 

With two weights four amounts can be weighed, viz. each 
weight and the sum and diflerence of the two. 

With a third, in addition to these four, the sum and difference 
of each and the third can be weighed. Three weights therefore 
give 13 amounts. Similarly a fourth weight gives 13 -f 2 x 13 -fi, 
or 40 amounts, exactly. 

It is therefore evident that each amount must be arrived at by 
only one combination, and that the sum of the weights must t>e 
40 pounds. To weigh 39 pounds, then, we shall clearly want a 
I pound weight. With t and 39 we can weigh 1, 38, 39, 40. 
For the next weight 2 clearly will not do, as 1 <fould be arrived 
at in two ways. Taking 3, we find that 1, 3, and 36 give us 
L 2, 3, 4, 32, 33, 34, 35, 36, 37, 38, 39, 40- Now to get 5 
without getting any amount by more than one combination we 
clearly want 9, and this will be found to solve the question, the 
weights being 1, 3, 3^, 3^. A fifth weight of 3^ will enable us 
to weigh any number of pounds up to 121, and so on. 

• eyw • E* E* F • 
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LUNAR PHOTOGRAPHY. 

T he idea of employing the process invented by 
Daguerre and Niff pee for the purpose of obtaining 
photographs of our satellite was first suggested by 
Arago in a report made to the Paris Academy of Sciences 
on August 19, 1839. Daguerre acted on the suggestion, 
but, in spite of a long exposure, he obtained only feeble 
impressions, in which all details were conspicuously 
absent (Arago, “ CEuvres,” vol. vii. p. 458). The first 
photographic representations of the moon may therefore 
.truly be said to have been made by Dr. J. W. Draper in 
America by means of a Newtonian reflector of five inches 
aperture. The specimens were presented to the New 
York -Lyceum of Natural History. The following is an 
extract from the minutes of that association ; 

“ March 23, 1840. Dr. Draper announced that he had 
succeeded in getting a representation of the moon’s 
surface by the daguerreotype. . . . The time occupied 
was 20 minutes, and the size of the figure about i inch in 
diameter.” 

Dr. Draper also wrote in September of the same 
year : — 

“ There is no difficulty in procuring impressions of the 
moon by the daguerreotype beyond that which arises 
from her motion. By the aid of a lens and a heliostat, I 
caused the moon-beams to converge upon a plate, the 
lens being three inches in diameter. In half an hour a 
very strong impression was obtained. With another 
arrangement of lenses I obtained a stain nearly an inch 
in diameter of the general figpire of the moon, in which 
the places of the dark spots might be indistinctly traced ” 
{Phil. Mag., vol. xvii. p. 222, 1840). 

In 1850, W. C. Bond, in conjunction with J. A. Whipple, 
a photographer of Boston, obtained some really good 
daguerreotypes of the moon. The instrument used was 
the equatorial of j 5 inches aperturd* belonging to Harvard 
College Observatory, and images from ^wo to three inches 
in diameter were obtained on plates adjusted at its focus. 
Some of these pictures on glass, and mounted for the 
stereoscope, were exhibited in London at the Great Ex- 
hibition of 1851, and also at Paris (‘‘Annals, Observatory 
of Harvard College,” voL i. p. clvii.}. 

Also in 1850, Niepce de St. Victor obtained a strong 
impression of the rail moon in twenty seconds on an 
albumenized glass plate sensitized with silver chloride. 
He had only discovered this photographic process a few 
months previously, and the plate was exposed in order to 
test the efficiency of the film employed. No attempt was 
made, however, to follow the moon’s motion, so the 
pictured disk could hardly have exhibited the circular 
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outline of the object it portrayed {Comptes rendus, vol. 
XXX. p. 710, 1850). 

After the discovery of the collodion process by 
Scott Archer in 1851, lunar photography .grew apace. 
Warren De La Rue exhibited some photographs of fhe 
moon at the Royal Astronomical, Society in 1853. With 
respect to these pictures he afterwards remarked : “ At 
the latter end of 1852 I made some very successful positive 
lunar photographs in from two to thirty seconds on a 
collodion film, by means of an equatorially mounted 
reflecting telescope of 13 inches aperture, and 10 feet 
focal length, made in my workshop, the optical portion 
with my own hands, and I believe I was the first to use 
the then recently discovered collodion in celestial photo- 
graphy.” No automatic driving motion was attached to 
the telescope, and the moon’s motions both in right ascen- 
sion and declination were followed by adjusting a sliding 
frame attached to the eyepiece holder, in the diagonal 
parallel with the moon’s apparent path (Brit. Assoc. 
Rep., Aberdeen, 1859, p. 131). 

In July 1853, Prof. J. Phillips obtained photographs oC 
the moon i| inch in diameter on a collodion plate ex- 
posed for five minutes in the first focus of a 6i-inch 
refractor. Some of the pictures were exhibited at the 
Hull meeting of the British Association in September 
1853. on which occasion Prof. Phillips read a paper %On 
Phomgraphs of the Moon,” and pointed out the many 
advantages to be gained by the development of lunar 
photography (Brit. Assoc. Rep., Hull, 1853, p. 14), He 
also dwelt on the desij-ability of using reflecting tele- 
scopes for the purpose because of the fact that in such 
instruments the chemical and optical foci coincide. 

The Rev. J. B. Reade, the discoverer of many im- 
portant improvements in photographic processes, made 
several not very successful attempts to obtain daguerreo- 
types, whilst Bond and Whipple were producing such 
pictures in America. Later, in 1854, by exposing a 
collodion plate for thirty-five seconds in the focus of a 
reflector having an aperture of 24 inches, a negative of 
the full moon was obtained from which enlargements 
9 inches in diameter were made. These results were 
exhibited at the meeting of the British Association held at 
Liverpool in 1854 (British Association Report, 1854, p. 10). 

Mr. Hartnup, of the Liverpool Observatory, in con- 
junction with Dr. Edwards and Mr. Forrest, also took 
some lunar photographs in 1854, by means of an 8-inch 
refractor, and exhibited the residts at the above meeting 
{th'd., p. 66). 

Prof. Crookes began work with the same instrument in 
1854, and his first step towards obtaining good negatives 
was the introduction of the purest chemicals. This, and 
a strict adherence to correct formulae, enabled him to 
reduce the exposure from thirty to four seconds. The 
diameter of the moon’s image in the first foais of the 
instrument used was 1*35 inch, and the negatives ob- 
tained bore an enlargement of twenty times, but on 
account of the proportional magnification of defects in 
the film, the results were not perfect. To eliminate 
defects arising from this cause, Prof. Crdokes suggested 
that “ The magnifying must be conducted simultaneously 
with the photographing, either by having the eyepiece on 
the telescope, or, better still, by having a proper arrange- 
ment of lenses to throw a magnified moon image at once 
on the collodion ” (Roy. Soc. Proc., vol. viii. p. 363, 1857). 

In 1857, Mr. S. Fry obtained photographs of the full 
moon bv means of an eight and a half inch refractor. 
With this instrument it was found that the average ex- 
posure for the full moon was three seconds, for half moon 
twelve seconds, and for quarter moon forty-five seconds ; 
collodion plates being used. Mr. Fry observed that the 
distance of the chemical focus from the object-glass was 
subject to variation, the change being most probably due 
to variations in temperature {Photographic Journal, vii. 
p. 80, 1862). 
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Secchi paid much attention to the photography of 
particular portions of our satellite, and during the first 
quarter. The chemical activity of the light of the moon 
at full and at- first quarter was found to be in the pro- 
portion of three to one {Comptes rendus, vols. xlii.j 
xlvi., 1856, 1858). In 1857, Sir Howard Grubb, using a 
refractor of 12 inches aperture, obtained photographic 
images of the moon a little over two inches in diameter 
with exposures from ten to forty seconds. A sliding back 
similar to that invented by De La Rue and afterwards 
improved upon by Lord Ro%se, was used to follow the 
moon’s motion. The improvement consisted in the 
application of clock-work motion to the slide in order 
to follow motion in declination and in regulating the 
driving clock of the equatorial to follow the moon in right 
ascension (Dublin Photographic Society, May 6, 1857.) 

Although De La Rue obtained some excellent photo- 
graphs in 1852, when working under very disadvan- 
tageous conditions, it was not until 1857 that he began 
to pr6duce those detailed representations of the lunar 
surface that have made his name immortal. The want 
of a driving clock was the cause of the cessation of 
lunar photography in the former year, and when this 
had been supplied, De La Rue continued his work. 
Numerous positives on glass and negatives slightly more 
than an inch in diameter were obtained. These were 
perfectly defined and bore a magnification of more than 
16 diameters. In 1S59, at the British Association meet- 
ing held at Aberdeen, De La Rue reported “ C>n the 
Present State of Celestial Photography m England,” and 
exhibited some of the fruits of his labour. Amongst the 
'specin^pns were positive enlarged copies of other nega- 
tives, eight inches in diameter, which would bear still 
further enlargement, and instantaneous pictures of the full 
moon. It was noted that very strong pictures of the full 
moon were produced with exposures from one to five 
seconds, and that the crescent moon required from twenty 
to thirty seconds. A.great part of the report was devoted 
to a discusston of the methods adopted in taking stereo- 
scopic pictures of the moon, many photographs of this 
character being exhibited at the meeting. 

The extensive multiplication of enlarged copies of De 
La Rue’s negatives renders it unnecessary to expatiate on 
their excellency. A magnificent series of twelve photos 
was published in book form, and also enlarged so that 
the lunar disk had a diameter of seventeen inches. In 
this series the moon’s progress was traced from the time 
when she was six days old through the waxing and 
waning periods to the 234 day. Each of the pictures was 
a work of art, whilst the many details they contained gave 
them a high scientific value, and conclusively demon- 
strated the applicability of photography to the delineation 
of celestial bodies. 

An enlargement three feet In diameter, from a negative 
taken by De La Rue in 1858 is suspended in the Imrary 
of the Royal Astronomical Society. 

Rutherford began his work in lunar photog^pby 4 n 185S 
with a refractor having a focal length of fourteen feet, and 
an aperture of eleven and a quarter inches. By reducing the 
aperture of the telescope to five inches for the full moon, 
negatives were produced which would bear enlargement 
to fifty diameters, or five inches. In the same year, whilst 
De La Rue was obtaining stereoscopic pictures in England, 
Rutherford was working in the same direction in America, 
and with similar resmts. To the general public the 
photographs taken by Rutherford in 1858 left little to be 
lesired, but they did not reach that degree of perfection 
which is necessary to satisfy a scientjjically cultured mind. 

A mirror having a diameter of thirteen inches was. there- 
fore worked and fixed on the tube of the refractor in t86t. 
The results obtained were, however, still deemed un- 
satisfactory. The mirror soon became tarnished by the 
action of the confbustion products of the gas usm for 
illuminating purposes, while the motion of vehicles in ^he 
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neighbouring street gave it vibratibns, which by reflection 
were doubled in amount. The reflector was therefore 
abandoned, and Rutherford resolved to have an object-, 
glass made of the same size as that formerly, used by him,* 
but specially corrected for photographic rays. With ftie 
completion of this instrument p.utherford’s best results 
began. In March 1866, some rernarkably fine negatives 
were obtained with, exposures from two to three seconds 
three days after the first quarter, and one-quarter of a 
second for the full moon. The publication of enlarge- 
ments from these negatives, having a diameter of twenty- 
one inches, was much appreciated by astronomers and 
others interested in lunar photography. 

No man has done more in the furtherance of celestial 
photography than Dr. Henry Draper, the son of the 
renowned physicist to whom reference has already been 
rnade. After a brilliant scholastic careei* he was asso- 
ciated with his father in many important researches. A 
journey to the British Isles in 1857 gave Dr. Draper the 
opportunity of visiting Lord Rosse’s observatory at 
Parsonstown. He was so struck with the power ot 
the great reflecting telescope, that on returning to 
America in 1858 he began the working of a similar 
speculum having a diameter of 15 inches. This was 
afterwards discarded, and a silvered glass Ne\*tonian 
reflector, having a diameter of 15^ inches, was «on- 
structed, and adapted for celestial photography. Detailed 
descriptions of the construction and testing of the mirror, 
the method of silvering, and the manner in which it is 
mounted, are embodied in a memoir by Dr. ^Draper “ On 
the construction and use of a silvered glass telescope, 
i5i inches in aperture, and its use in celestial photo- 
graphy " (“ Smithsonian Contributions to Knowledge,” 
vol. xiv. p. 52, 1864). Instead of driving the telescope 
in the usual way by means of a clock, Dr. Draper used 
a sliding plate holder, driven by a “ clepsydra ” specially 
devised for the purpose. Some perfectly defined nega- 
tives were obtained in 1863, about li inches in diameter ; 
many of them were enlarged to 2 feet, and from one a 
magnificent picture was made in which the lunar disc 
had a diameter of 50 inches. The beauty of the copies 
was probably due to some extent to the fact that a 
concave mirror was used instead of a combination of 
lenses in the process of enlarging. 

From the time when Dr. Henry Draper produced his : 
best results until last year very little remarkable work had i 
been done in lunar photography. In 1866, Mr. A. Brothers 
took several good negatives of an inch in diameter 
in the first focus, of a 5-inch refractor, and by the insertion 
of a Barlow lens he increased the size of the image to 

inches. Enlargements from these negatives were dis- 
tributed to*m*any astronomers, and evidence of their 
excellency is afforded by the circumstance that they were 
mistaken for some of Rutherford’s productions by the 
editor of a scientific journal, and commented upon as 
such. Mr. Brothers.gave.a long account of the develop- 
ment of celestial photography in the paper in which his 
method of work was’, described (Proceedings of the 
Literary and Philospphical Society of Manchester, vol. v. 
p. 68, 1865-66.) 

In 1872, Mr. Ellery, the Director of Melbourne Obser- 
vatory j presented some remarkably sharp lunar photo- 
graphs to tlfe Royal Astronomical Society, that he had 
obtained by means of the great reflector {Monthly 
vol.»xxxiii. p. 219, 1873.) . . 

Amongst other lunar photographs possessed by the Royal 
Astronomical Society are ; two .taken by Dr. Gould at 
Cordoba Observatory in 1875-76, in each of which the 
moon has a diameter of nearly 20 inches. A photograph 
taken in 1877 by Prof. -iPritchard at Oxford, witn the 
reflector used bjr De La Rue, and some taken in 1880 by 
Mr. Common with his three-fi6ot reflector, also figure in 
the above collection as remarkable works of art having 
an important scientific signification. 
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In a recently published paper on “Astronomical Pholqr- 
graphy at the* Lick Observatory " (“ Publications of the 
Astronomical Society of the Pacific,” vol. ii.. No. .9), 
Prof. Holden gives a detailed account of the photographic 
apparatus of the great equatorial, and the work done 
with it. The image of the moon in the first focus of this 
instrument is nearly five and a quarter inches in diameter, 
and the negatives bear easily an enlargement of 570 
diameters, and even double this amount. In the pro- 
duction of these negatives the aperture of the object-glass 
was reduced to 12 inches. • I-'rom an examination of 
the best pictures yet taken at the Lick Observatory, 
Prof. Holden finds that parallel walls on the moon whose 
tops are no more than 200 yards or so in width, and 
which are not more than icxxi or 1200 yards apart, are 
plainly visible. A series of copies from the negatives 
obtained at Lick Observatory has been published. > 

Some photographs of the moon taken in March last^ 
by the Brothers Henry, at Paris Observatory, appear to 
eclips^. all previous ones. The instrument used, was 
the 13-inch photographic equatorial, and an examina- 
tion of the plate which accompanies this note will show 
that real progress has been made. The superiority of 
the results is due not only to the perfection of the object- 
glass, but to the use of a secondary magnifier, by means 
of which the size of the image at the first focus was 
increased fifteen times. It is manifest that this method 
of direct enlargement po^esses mahy advantages over 
that ordinarily used, and its further development «vill be 
awaited with considerable interest. 

There is no doubt that enlarged photographs of our 
satelli^ are capable of affording more information regard- 
ing its surface than can be gained by years of diligent 
observation, whilst their multiplication at different epochs 
will enable selenographers to readily detect changes of a 
comparatively minute character. The study of the lunar 
surface has always excited interest. Hence the con- 
tribution to knowledge afforded by the photographs taken 
by MM. I^aul and Prosper Henry will not lack the 
appreciation it fully deserves. 

Richard A. Gregory. 


COMPARATIVE PALATABILITY OF 
INSECTS, 

I N the course of last autumn and the present Summer 
we made a series of experiments bearing upon the 
relative palatability of insects, '&c., ; the animals chiefly 
experimented on being domestic mice, common toads, 
and a common Mynah {Acridotheres tristis).' We 
obtained the following results. 

Among beetles, Carabus violacetts, which emits a very 
strong, unpleasant-smelling fluid, was once eaten by the 
toads, and twice by the mice. As a rule, however, it 
seemed too large and strong for either. The Mynah,' 
also, was not very fond of -it. 

Torostichus niger, and the nearly-allied red-legged 
species, which also emit strong-smelling fluid, were 
readily taken by all the animals under observation : 
though they sometimes caused the mice a little trouble. ' 
The small copper-coloured ground-beetles were eaten 
readily by the Mynah and toads, but in every case 
refused by the mice. 

Melolontha vulgaris was liked by the mice and toads. 
We did hot offer it to the Mynah. 

Coccinella^bipunctata was invariably licked and refused 
by the mice, even when hungry. wThe toads took it- 
readily. We did not offer it to the Mynah. . ■ 

Ocypus olens, the “devil’s coach horse,” was taken 
without hesitation by the toads, even in its defiant atti-’ 
tude, with the he%d and abdomen erected. On one or 
two occasions, however, it was immediately ejected. This 
has also happened with Torostichus niger, and appears 
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to be due to the bite of the insect rather than to the 
emission by it of unpleasant matter.* The OQffius was 
eaten by the Mynah. 

The red soldier-beetle was seized by one-mouse, which, 
however, left the abdomen. It was refused by another, 
which was feeding rather poorly at the time ; though the 
same animal, immediately afterwards, killed and partly 
ate a house-fly. This beetle was eaten by the toads. We 
did not offer it to the Mynah. 

The dung-beetle {Geotropes stercorarius) was offered 
only to the toads. It w£ts apparently too ' large and 
strong for them. 

Among Hymenoptera, only one Bombus (terrestris) was 
offered to the mice : they seemed afraid to touch it We 
were surprised at this, in the face of Darwin’s fact of 
field-mice attacking nests of Bombi. The Mynah ate 
wasps greedil)'. The toads readily took wasps and bees 
{Megachile^ ApiSy Bombus)^ only occasionally refusing the 
large queens of the Bombi. They were often stung, but 
did not seem to suffer from this, since they would take 
three or four of the insects in succession. 

We were not fortunate enough this year to take any of 
the Chrysididie. Experiments should certainly be made 
with these. 

Of Lepidoptera, the Mynah was offered Pieris rapa 
and Vanessa urtica. It would eat both ; but greatly 
preferred the latter. We gave the mice Pierides rabce 
and nabiy Vanessh ur/icay J'ryPhcena pronubay some 
other (duU-coloured) Noctutr, and some Geometra. All 
were eaten. Pieris rapSy Vanessa urticcsy Bryophila 
Perlay Plusia gammay and several other (dull- coloured) 
moths, were offered to the toads. Two specimen%,of the 
Bryophila were eaten ; but the other insects were almost 
invariably unregarded. This appeared to us to require 
explanation, as the other animals ate butterflies and moths 
so readily. We kept our toads in an open enclosure ; 
and were therefore obliged to mutilate the wings of the 
insects given them. The consequence was that these 
either fluttered violently or remained perfectly stationary ; 
and toads do not seem to take food under either of these 
conditions. 

The silkworm moth was taken by the mice ; to which 
alone we offered it 

The swallow-tail moth {Urapteryx sand>ucarid)y of 
which we only obtained one specimen, was eaten by a 
mouse. 

Green and brown larvae were taken greedily by the 
Mynah and toads. The latter also ate the bright-coloured 
caterpillars of Pieris sp. {rapdf)y and any hairy cater- 
pillars that were offered them. Among them was that of 
Orgyia anti^ua. In one case a hairy caterpillar was not 
swallowed till two or three attempts had been made to 
secure it No hairy caterpillars were offered to the other 
animals. 

Some blight orange-coloured larvae, with black heads — 
found feeding, in a web, on hawthorn — were readily eaten 
by the*tpads and by one mouse. Another mouse (feedine 
poorly) refused them. 

A scarlet-and-black bug was eaten by the toads ; as 
also was the lace-wing flv {Chrysopa perla). Neither 
insect was offered to the other animals. • 

Three sword-tailed grasshoppers were readily eaten by 
a mouse. 

Blaita orientalis was eaten by the toads. did not 
give It to the mice. The Mynah for a long time refused 
',p». finally in the dearth of other insects, 

rhe same holds good, in its case, of Lumbricus 
terrestrts. ^ * 

A fey centipedes were given to the mice and the Mynah. 
These were never eaten ; though the mice, in one case, 
eagerly sewed and killed a large specimen. We offered 
small frogs to the Mynah, which seized, but did not eat 
them ; leaving them apparently unhuh. The toads eat 
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— though with some difficulty — small newts; which a 
water tortoise (Emys sp.) will not take. 

E. B. Titchener. 

F. Finn. 

A young heron {Ardea cinerea)y which takes frogs 
freely, killed, but did no| eat, a common toad. 

A water-tortoise {Etnys sp.), though it eats small frogs, 
will not touch a toad. £. B. Titchener. 

Zeuzera ascul( was offered to a prairie owl at the 
Zoological Gardens ; and though eagerly seized, left alive 
after considerable examination. Queen ants were taken 
by toads and by the common lizard {Lacerta vivipard). 

. • F. Finn. 


T//E PROGRESS OF BIOLOGY IN CANADA. 

'f^E have before us the official account of the 
formal opening of the new building of the 
Biological Department of the University of Toronto, 
«on December 19 last. The building is a substantial 
stone one in Scottish Norman style, replete with the 
most mc^ern fittings and accessories ; and the lecture 
hall, which may be approached independently of the 
main ^ifice, is benched to seat a minimum audience 
of f^o. The work of the institution is presided over by 
Pro/. R. Ramsay Wright. The classes in biology are* said 
to be among the largest in the University^ and the ex- 
cellence of the new arrangements and teaching appliances 
elicited, at the opening ceremony (from Prof. Osier, an 
old student of the parent college), the remark that ** it is 
possible for one to live through a renaissance, similar 
perhaps in kind, less important in degree, than that” 
directed against mediaeval thought May this be justified ! 
Certain it is that the biological work now in progress in 
Toronto was begun under most auspicious circumstances. 

Prof. Ramsay Wright is well-known and respected in 
this country and, at the opening of his new building, 
allegiance was sworn him by Minot and other biologists 
of the New World whose published researches, like his 
own, rank high in contemporary literature. Investigations 
like those upon the spiracular cleft of Ganoids, the 
nervous system of the tadpole’s epiderma and of the 
liver, which his school has given to the world, are not to 
be easily matched as thoroughgoing and honest pieces of 
work. They denote a high standard of attainment, and 
one which, in face of the inanities of certain trans- 
Atlantic workers of another type, must be maintained if 
the biological brotherhood of me New World is to hold 
its own. 

^e Biological Department of the University of Toronto 
exists in connection with a Medical School, aild it is there- 
fore not surprising to find signs of a leaning towards 
bacteriology and those allied branches of study which, as 
being furthered by MentschnikofT and his pupils, by 
Darier, Podwyssozki, Neisser, Rufter, Macallum, and 
others, are just now assuming a revolutionary imase. 
Indeed, the Key-note was struclc by Prof. Wright in the 
peroration to his opening address, in* which he said that 
’not only bacteria, but low forms of animal life furnish 
important pathogenic organisms.” We rejoice in this the 
more, now that an outcry against the biological training 
of the suigeoR-student is being raised at honft, by persons 
who clamour for the restoration of an ap^nticeship 
system. From the utterances of dfotinguished medical 
m^rts made at the Toronto ceremony, it is certain that 
W* meet with no response from the New 

• 

The Biological Institute of Toronto is detached from 
the mam University building. The latter was, on Feb- 
ruary 14 last^ almost wholly destroyed by fire. During 
the preparations for the annual conversazione, a wooden 
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tray covered vdth lighted lamps fell to pieces, while being 
carried ; a lainp was upset, and, although the burning 
mass was heroically carried towards the exterior by the 
Sub-Curator and a caretaker, the buildinj?,’its valuable 
contents, museums, and books, were for the most 
part destroyed. Prof. Wrighf has been for some 
months on a tour of inspection in Europe, seeking, 
among other things, gifts of specimens and books. Truly, 
our Canadian brethren do not deserve these unless 
better able to take care of them than in the past. Prof. 
Wright assures us that such will be the case, and, on his 
behalf, we jmpeal to specialists and others who may be 
possessed of duplidhtes, and to those who may be other- 
wise willing, to help. The position is one which threatens 
to injure seriously the educational prospects of a rapidly 
advancing country to which we, at noi^, are mucn 
beholden ; and it calls for combined action, by which 
alone a loss such as that we deplore can be made good. 


NOTES. 

At a meeting of the Royal Geographical Society of Austral- 
asia, held at Melbourne on August 22, a letter from Sir Thomas 
Elder was read, in which he offered to bear the entire cost of«n j 
expedition to the unexplored regions of Australia. A report pn 
the question of Antarctic exploration was also submitted to the 
meeting. In this report it was stated that public interest in the 
subject had been revived by tho announcement that Baron A. E. 
Nordenskiiild, after a conference with his friend, Baron Oscar 
Dickson, had consented to take the command of an expedition 
to the South Polar regions, on the condition that the Australian 
colonies contributed a sum of ;^5ooo towards the expenses, 
Baron Dickson having offered to advance the other moiety, or | 
whatever more might be necessary. “ The offers were cordially 
accepted, and the Antarctic Committee felt itself justified in 
making the necessary arrangements without delay for collecting 
the amount to be contributed by the Australasian colonies. The 
Council of the Society had passed resolutions recognizing a 
national duty in the exploration of the Antarctic regions, es- 
pecially that portion lying opposite to Australasia, pledging 
itself to use its influence in promoting the enterprise, and giving 
authority to head a subscription list in aid of the Swedish- 
Australian Exploration Fund with a donation of £^00 from the 
Society’s funds. It would appear from ' the hearty reception 
accorded to the proposals of the Antarctic Committee that the 
latter might rely upon the energetic co-operation of all the 
scientific societies of Australasia, and thus be enabled to collect 
the amount of thtf contribution promised towards defraying the 
expenses of the combined Swedish and Australian Exploring 
Expedition to the South Polar R^ions." The report on being 
put to the meeting was “ received with acclamation.” 

An expedition to Greenland will start from Denmark next 
year, under the command of Lieutenant Ryder, to investigate 
the east coast between lat.«66* and 73*. 

Prof. Edward Hull, F.R.S., has severed his connection 
with the Geological Survey of Ireland, of which he has been 
Director for nearly«i years. The one- inch geological survey of 
Ireland having been completed, the staff has been reduced. The 
Dublin Daily Express, corilmenting on Prof. Hull’s retirement, 
says he takes with him “the best wishes of his colleagues, who 
will retain a vivid recollection of the consideration, kin dness, 
and sympathy ^yhich he ever manifested towards them.” 


were spoiled, and the 'authorities at Calcutta reported, that some 
j casks were found •to have been attacked by wire-worm or 
boren Were the* casks unsound when shipped from this countiy, 
or had they been attacked on board ship during the voyag^out ? 
The matter was submitted to Mr. W. F. H, Blandford, Lec- 
turer on Entomology at the Indian Civil Engineering College, 
Cooper’s Hill ; and his report, which embodies the results of 
much ingenious labour, is published in the new number of the 
Kew Bulletin. Notwithstanding the somewhat scanty mate- 
rial that was available,” says the Bulletin^ ** Mr. Blandford has 
very skilfully traced the cause of the injury, and probably also 
identified the particular insect concerned. Further, he has 
shown that the injury to the wood had occurred before it was 
worked up into barrels, although, owing to the very minute 
holes made by the insects, it was almost impos^le to detect 
their presence. ” Other subjects dealt with in this number of the 
Bu/letinMt : prickly pear in South Africa, Jarrah timber, treat- 
ment of niildew on vines, cultural industries in West Africa, and 
* economic plants of Madagascar. 

Mr. Cecil Carus-Wilsom writes to us that he has recently 
invented a luminous crayon for the purpose of enabling lecturers 
to draw on the blackboard when the room is darkened for the 
use of the lantern. He hopes that the invention may prove of 
value not only to lecturers who use a lantern, but also (in an- 
other form) to those students whb sfish to take notes. ^ 

Mr. Robert Swordy, of Drybum Cottage, Durham, sends 
us a letter which has been printed in the Durham County AiU 
vertiser^ giving an account of a toad {Bufo vulgaris) which he 
recently saw crawling out of the Pond Wood at Aykleyheads. 
The muscles of the toad’s body were (as usual) arranged in such 
a fashion that the back of the toad looked like minute nodules 
of dark gravel embedded in a damp path below trees ; but 
what seemed to Mr. Swordy most remarkable was that on the 
top of this gravet-like arrangement of muscles there was spread 
a mesh or network of very fine lichen, with oval-shaped leaves 
of a lightish green colour, connected more or] less to each other 
by a hair-like process of stems. This lichen spread irregularly 
over the toad’s back, and odd sprays of it were also to be seen 
on the legs and upper surfaces of the feet. ** Now,” says the 
writer, had the toad been in its regular haunts under the trees 
and shrubs, with this wonderful counterfeit of gravel and pro- 
tective colouring, it would have been almost impossible to 
discriminate its form from the dark gravel, lichens, moss, wood- 
sorrel, and dead leaves of the place, and I doubt not that this 
animal’s unobtrusive attire would aid it materially in capturing 
the insects necessary for its sustenance.” Mr. Swordy encloses 
photographs of the toad sitting on a section of lichen-coloured 
gravel path, taken from near the spot where he found it. 

Messrs. Thos. J. Syer and Co. inform us that they have, 
at 45 Wilson Street, Finsbury Square, London, a class-r8om 
in which are taught, practically, various trades, such as car- 
pentry, cabinet-work, wood-carving, &c. The winter session 
is said to have been very successfully opened, and Mr. Syer, 
who acts as principal, invites anyone who may be interested in 
the subject to visit the room, and see the work in prepress. 

A woRKi on art among the Dayaks of Borneo, by Alois 
Raimund Heih, has been issued at Vienna. The publisher is 
Alfred Holder. 

Mr. William f. Collins, scientific bookseller, has issued 
a Catalogue (No. 24) of miscellaneous scientific books. 

The next meeting of the Royal Microscopical Society will be 


The India Store Department lately sent to the Royal Gardens, held on Wednesday, the I5lh inst., at 8 o’clock, when the fol- 

K w specimens of oak-staves which had formed part of a beer- lowing papers will be read Note on a new type of Foramini- 

. ^ barrel was in the early part of 1889, filled fer, by H. B. Brady ; nen^ method of demonstrating intercdlular 

wdtT malt liquor in the autumn, and shipped with others as protoplasmic pontinuity, by P. C. Waite ; and, simple form of 

iooverfiment stores In March 1890 to Calcutta. The contents warm sti^e for the microscope, by F. Dowdeswell.* 
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There is some difference of opinion asio the original mean- 
ing of the word “kangaroo.” At the meeting of the Linnean 
Society of New South Wales on August 27, the question was 
discussed whether, in the dialect of the blacks of the Endeavour 
River, the word signified “I don’t know,” and was so used in 
answer to the queries of Captain Cook’s party, or whether, as 
Cook supposed, it really was the name of the animal in use 
among the aborigines of the locality. 

At the same meeting Mr. X. J. North criticized the statement 
of the late Mr. Gould that the gay attire of the members of the 
genus Malurus “is only assumed during the pairing season, 
and is retained for a very short period, after which the sexes 
are alike in colouring ” (“ Hand-book to the Hirds of Australia,” 
i. 317). According to Mr. North, full-plumaged males, more 
particularly in the section of the genus in which blue predomin- 
ates, are to be met with all the year round. 

« 

A VALUABLE contribution to the subject of atmospheric elec- 
tricity has been lately made by Prof. L. Weber, who, in experi-^| 
ments at Breslau, used a sensitive, earth-connected galvano- 
meter, instead of the electroscope in Exner’s method. Using 
Exner’s metallic rod and flame, he found that the currents were 
extremely small, about a micromilliampere (or the thousand- 
millionth part of ^n ampere). They were increased with a 
longer rod and bigger flame ; l»\t much better results were got 
with% kite or captive balloon. The edge of the kite was coated 
with silver paper, and the tail was formed with tassels of the 
paper. A line of fine steel wire was used, and about 12 feet 
at the upper end were of non-conducting string.® Experi- 
ments were made on 12 cloudless days. Taking the intensities 
of current as ordinates, and the heights to which the kite (or 
balloon) rose as abscissae, the curve of intensity bad its convex 
side to the axis of abscissae. On but few days >vas the current 
negative, this effect being probably due (the ^uthor thinks) to 
dust charged with negative electricity which it gave to the line. 
This might neutralize some of the positive electricity set flowing 
in the wire by the earth^s induction. Prof. Weber considers 
that any experiments on the earth’s surface with short conductors 
can at best give relative values and determine periodical changes. 
His values differ not inconsiderably from Exner’s. At a height 
of 350 m. (1166 feet) the potential was found to be 96,400 
volts ; and, assuming a regular increase of potential with height, 
the fall of potential would here be 275 volts. The potential of 
the earth is estimated at the enormous value of 1720 . 10^ volts. 
Supposing the volt to be about the electromotive force of a 
Daniell element, a huge battery of this number of elements | 
would be needed to produce the earth’s potential, the zinc pole 
being connected with earth, and the copper led into space. 
Prof. Weber considers the question of possible electric repulsion 
from the earth, and is led to some instructive remarks on rain 
paAicles, clouds, &c. Some very interesting effects were ob- 
tained from thunder-clouds ; but for these and other matters we 
may refer to the original (an account of these researches appears 
in Humboldt for September). 

The Smithsonian Institution is publishing some interesting 
reports of the results of explorations by the U.S. Fish Commis- 
sion steamer Albatross. In one of these reports Mr. Charles 
H. Townsend deals with birds from the coasts of western North 
America, and adjacent islands, Mr. Townsend, referring to 
several of the islands visited by the Albatro^s^ points out that a 
rich field awaits the naturalist who may explore them. “The 
islands of the Santa Barbara group,” he says, “ have hitherto 
been very imperfectly explored with regard to their fauna. 
Clarion and San Benedicte Islands, of the Revillagigedo group, 
bad never before been visited by maturalists. Socorro, an 
island of the same group, and one abounding in peculiar species 
of vertebrales, had not been visited since the type specimens 
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wer^ collected by Grayson, about the year 1870. The flora of 
all the Revillagigedo Islands is practically unknown, aS the 
Albatross brought back only a small collection of flowering 
pJknts.” 

The Royal Meteorological Society have published the first 
part of vol. X. of the Meteorological Record^ containing the results 
of observations for the quarter ending March 31 last, with 
remarks on the weather by W. Marriott, Assistant Secretary, 
containing a large amount of useful information, compressed 
into 20 pages. The remarks show at a glance whether tempera- 
ture, rainfall, &c., have been above or tjjelow the average ; for 
the peridB in question the temperature of January was, on the 
whole, very mild, while cold spells occurred from February 3-15, 
and from February 20 till March 5. During the first few days 
of March, temperatures were lower than in any other March for 
nearly 50 years ; but, on the whole, the temperature of the 
quarter, and also the rainfall, were above the average. The 
tables contain the values of bright sunshine for 31 stations ^ 
monthly results of observations at stations of the second order 
(for 9 a.m. and 9 p.m.) at 25 stations ; abstracts of climato- 
logical observations, chiefly temperature and rainfall (for 9 a.m.) 
at 7J stations ; earth temperatures observed between 3 inches 
arfh 6 feel at various stations ; and, lastly, the observations from 
the Quarterly Reports of the Registrar-General, with reniarks on 
the weather by James Glaishcr. 

The second part of the Annq^l Report of the Chief Signal 
Officer (U.S. ) for 1889 contains a treatise entitled, “Prepara- 
tory Studies for Deductive Methods in Storm and Weather 
Predictions,” by Prof. Cleveland Abbe. The object of the 
paper is to consider the physical principles that are involved in 
the formation and motion of storms, and that have guided the 
author in predicting storms in his Official capacity in the Signal 
Service, and it is an able and most instructive exposition, with 
very few mathematical formulae, of the progress made in 
meteorological science during the last thirty years. The author 
distinguishes between matters that are important, such as the 
earth’s rotation, gravitation, and solar radiation, and those that 
are unimportant, such as lunar influence, atmospheric electricity, 
and magnetic disturbances. The general idea that underlies the 
work is that a storm centre moves towards the region where 
conditions produce the greatest precipitation of aqueous vapour. 
Objection is urged against the idea that high westerly currents 
carry the storms of America eastward. The work is obtainable 
in a separate form. 

A NEW theory of sea-sickness has been recently offered by M. 
Rochet. Accepting the view that the symptoms are those of 
cerebral anaemia, he accounts for this ansemia by the disorder 
brought into muscular contractions through not being used to 
such sudden movements as those of vessels. He points out the 
enormous capacity of the reservoir formed by the muscular and 
perimuscular venous system, and the considerable rdle of tonicity 
and voluntary or reflex muscular contractions in the action of 
emptying it ; also the predominance of reflex muscular actions 
over voluntary, in keeping one’s balance, and in most move- 
ments. In the movements of a vessel, the relaxation of muscular 
tonicity and suppression of reflex movements result in a con- 
siderable increase of the peripheric reservoir, and, as a con- 
sequence, in cerebral anaemia. Hence it is that the descent of 
the ship is the most trying motion ; and one can understand the 
benefit of the horizontal position, compression of the abdomen, 
fixing the body in a tight position, &c. Very young children are 
not ill, because the education of the reflexes in them is not yet 
accomplished. On solid ground they reel as on deck. M. 
Rochet’s advice is, not to look to anaesthetics, soothing drugs^ 
&c., for relief, but rather to muscular excitants, and above alE^ 
seek in voluntary movements a compensation for the reflex 
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movements which are not produced. He recommends slrvch. 

nine, veralrine, ergot of rye, and drinks charged with carbonic 
ftcid. 

Mr. S. V. Proudfit has presented to the U.S. National 
Museum a collection of stone implements from the district of 
Columbia. In an account of the collection, published in the 
Proceedings of the Museum, Mr. Proudfit pays a tribute to the 
handicraft of the aboriginal tribes of the region in which the 
collection has been formed. The material with which they 
wrought was, he says, the most obdurate and refractory of all 
substances found available to any considerable degree among 
the American Indians, Quartz, quartzite, and argillite* for the 
greater part were used from necessity, no better material being 
within reach. The first two are very hard, and, in the hand of 
the workman, full of unpleasant surprises. The ar^llite, though 
softer, is not susceptible of receiving or retaining any high degree 
of finish. Notwithstanding these obstacles, the material was 
treated ‘‘ with such patience, care, and skill, that the work of 
this region, not only in matters of utility, but in points of finish, 
compares favourably with that of any other.” 

A PAMPHLET by Dr. Edward Sang, on the exhibition of 
curves produced by the vibration of straight wires, which w^ 
read before the Scottish Society of Arts last November, has 
been sent to us. THe means adopted for obtaining these curves 
was to make one end of \ wire fast in a vice, while the other 
end was free to move ; the motion of the wire being m ade 
visible by fixing to the free en<f a small polished knob capable 
of reflecting light from some given source. These phenomena 
were clearly found to be connected with the unroundness of 
the wires, and the object of the paper was to inquire what would 
be the result with a given irregularity. The ratios of vibrations 
having been varied, different results were obtained, and it was 
noted that when the ratio was expressed by two odd numbers, .the 
closed curve connected two opposite corners and passed through 
the centre, but that when one of the numbers was even, the closed 
curve connected two adjacent corners and did not pass through 
the point of rest. Illustrations of some of these curves are 
given, showing their delicacy and symmetry similar to those curves 
formed by the resultant motion of two pendulums of different 
periods oscillating at right angles to one another. With bent 
wires particularly, as the author states, “the poetry of motion, 
the gracefulness of curvature, attract the student of the fine 
arts, who may find examples ranging from the severe classic and 
tragic to the extravagant burlesque styles,” 

In the last issue of the Bulletin of the Moscow Naturalist, 
Madame Marie PaVloff concludes her excellent studies on the 
paleontology of the Ungulata. She examines the fossil relics 
of the Hipparion in Russia (//. mediterraneum and H. gracile 
which she considers as the same species, and the probably new 
species of H. fninus)^ as well as the relics of the Pleistocene horses 
found in Russia, and gives a genealogy of the Equidcac since 
the Mio- Pliocene period. ^ At the beginning of the Middle 
Pliocene, horses akin to Eg. hippidium, which!at that time were 
living in America only, emigrated from West America to Asia, 
and during the Middle Pliocene epoch they developed in the 
Siwalik mountains fhto forms now described under the name of 
Equus sivalensis. Part of the latter migrated from Asia to 
Africa, at that time connected wilh Italy, and thus reached 
Europe. In the Upper Pliocene deposits of Africa and Europe 
we have the Eg. stenonis^ which is very near to the foregoing. 
Having thus reached Europe from Asia during the Upper Pliocene, 
they left their fossil relics in the Eg, steno$us in Italy, Austria, 
Germany, France, Great Britain, and Russia, and slowly evolved 
the Pleistocene species of Equus caballus. However, one part 
only of the Equus sivalensis having left Asia, the remainder 
developed at the same time into the Equus nomadicus in Asia ; 
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while in Amcrick a parallel evolution gave rise to the Eq. 
.fxcellus and Eq, major and to Equus cabatlus fossilis in Africa, 
j As to the presenfhorses of Russia, they all originated from the 
same Pleistocene species which already at that time offered great 
varieties in Europe, The variety of the Russian races depends 
upon the continued mixture of forms which developed in Russia 
with those which were imported from Asia on the one side, and 
from Western Europe on the other side. 

• 

Sir William Gregory, a former Governor of Ceylon, has 
lalely been revisiting that island, and has communicated to a 
local journal a series of notes and observations. In one of these 
he refers to the well-known Colombo Museum, as to which he 
says it is hoped that a very liberal extension will be con- 
ceded by the Legislative Council without delay.® Important 
objects of natural history have been procured and cannot yet 
be exhibited, books of value to the general reader and to in* 
quirers have accumulated without the means of arrangement, and 
tfie space for large archaeological objects which should be care- 
fully and liberally displayed is altogether defective. There is one 
department, continues Sir William, hitherto much neglected, to 
which special care should hereafter be devoted, viz. that of 
geology. A geologist of high attainments ought to be engaged 
for a fixed period of a few years, during^ which a general 
geological survey should be matje and a perfect collection be 
formed of the rocks, clays, and gems which are a speciaK^ of 
Ceylon. These, if properly exhibited and properly protected 
from theft, would be one of the most valuable and interesting 
portions of ithe Museum to a large number of visitors. 

North China Herald of Shanghai, in a recent curious and 
interesting article on modem science in China, says that the 
views now held by intelligent Chinese on the origin of science 
are that the knowledge possessed by their ancestors leaked out 
to the men of Western nations, who improved on the information 
they received, and gradually developed modem sciences and in- 
ventions. This idea was started by Mei Wu-ngan in the reign of 
Kanghi, and has been maintained ever since with singular per- 
sistence, and the cultivated class have consoled themselves with 
this thought during the past two centuries. Those who are 
really in favour of introducing foreign improvements say : — We 
wish to make use of the knowledge of Western men because we 
know that what they have attained in science and invention has 
been through the help that our sages gave them. We have a 
good right to it. What Europe has done she has done through 
the help we gave. If we did not exactly give science to Europe, 
we gave it the fruitful germ which produced it. They have the 
science of optics, but in our • Motsz’ we find that reflection from 
mirrors was known in the days of Mencius. The men of the 
West hold that the earth is round. This was believed also by 
our poet Chii Yuen, who in his ode on astronomy announces this 
doctrine ; and this was not many years after Mencius. This 
being so, we ought not to be ashamed of the study of Western 
science. We are the rivals of the Western kingdoms, and it is 
good policy to use their spears in order to pierce their shields. 
We ought to t fliin our youlh^ inj Western science so that we may 
know how best to meet them Jin the struggle to resist their en- 
croachments.” Mei Wu-ngan and others read the books trans- 
lated by the }esttits, including Euclid and the teaching of 
astronomy, and they were delighted with the new views. The 
Jesuits, however, were in high favour at Court, and while they 
basked in sunshine* the native matheroaticiaiw shivered in the 
shade. This was not agreeable, and the native astronomers 
went home each day from Court dissatisfied. One of them, 
Yang, ventured to foretell an eclipse. Adam Schaal, a Jesuit, 
in Pekin, foretold the sameieclipse, and his hours, minutes, and 
seconds agreed with the fact. This was a crucial case. Al* 
Pekin was waiting with interest to know the result- The pro* 
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phecy of the foreigner proved by its fulfilment* the errors of the 
Chinese mathematician, who retired in disgrace from the position 
which he held. He went back to his home to write the book 
called ‘'The Inevitable Exposure," which contained a series of 
calumnies and grossly untrue accusations against the Jesuit 
fathers. This bad book made him much more notorious than 
his works on mathematics. The unscrupulous enemies of the 
Westerns have reprinted it again and again, and they still do so. 
Very different was the tone 6f Mei Wu-ngan, who was invited 
three days in succession by the Emperor Kanghi to converse wdth 
him upon mathematical subjects. He had a fondness for mathe- 
ipatics, and I’ead voraciously. He was therefore in a position to 
criticize Western knowledge in an appreciative manner. 

The addit irons to the Zoological Society’s Gardens during the 
past week include two Grizzly Bears (C/rsus korribilis) from the 
Missouri Brakes, Montana, U.S.A., presented by Mr. Ewen j 
Somerlid Cameron ; a Raccoon {Prccyon lotor) from the Catskill 
Mountains, New York State, presented by Mr. James H. 
Frodsham; a Greater Black-backed Gull {Larus marinus)^ a 
Herring Gull (Zarwr British, presented by Mr. A 

M. Bailey ; a Common Tern (Sterna hirundo)^ British, presented 
by Mr. A. C. Howard ; two Mississippi Alligators (Alligator 
viississippunsis) from the Mississippi, presented by Miss Edith 
Baker ; a Macaqifh Monkey (Maeacu^ cynomolgns d ) from 
Indiu, a Great Kangaroo {^Macroptes ^iganteus d) from Aus- 
tralia, deposited ; a Horned Screamer (Palamedea cornutd) from 
the Amazons, three Violet Tanagers {Euphonia violacea) from 
Brazil, an Ocellated Sand Skink (Sips oeellata)^ South^European, 
purchased ; a Chestnut-breasted Duck (Anas casta nea) from 
Australia, received in exchange ; a Crested Pigeon ( Ocyphaps 
lophotes) bred in the Gardens. 


OUR ASTRONOMICAL COLUMN. 

Objects for thb Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on October 9 m 
ajh. 13m. 52s. 


Name. 

Mag. 

1 

Colour. 

|r.A, 189a 

Decl. zSgo. 

(1) 0.0.4892 ... 

(2) G.C. 4921 ••• 

(3) X Aquarii 

(4) f Pep;asi 

(5) 19 Pjscium 

(6) k Aquilae 

... 1 

... , — 

... 5 

6 

...j Var. 

Yetlowish-red. 

Yellowish-while. 

Red. 

Very red. 

h. m« n. 

' 22 59 26 
j 23 10 22 
23 ji 9 
■ 22 40 26 

1 23 40 46 
19 J 5 

-fii 44 
-f- 5 46 

I 8 13 

-hit 40 
-f 2 52 

+ 8 4 


Remarks. 


(t and 2) Neither of these nebulae have yet had their spectra 
recorded. The first of them is about 4' long by 2' broad, and 
has been described as streak tapering at each end in the 
General Catalogue it is described as ‘‘pretty bright ; consider- 
ably large; much elongated in the direction 11 '’•9; between 
two stars." The second is described as “ considerably bright ; 
pretty small ; irregularly round ; pretty suddenly bright^ in 
the middle." They are both very convenient]^ situated for 
observation. 


band in which any considerable variation is established. It will 
be remembered that this is the cometary band which varies, 
most, but in comets it varies in position also. It seems possible, 
therefore, that it may also change in position as well as in 
intensity in stars of Group VI. Comparisons with a spirit-lamp 
flame would easily decide this point. 

(6) This variable has a well-marked spectrum of Group II. 
Dun^r describes it as “very fine," and states that the bands are 
very wide and dark throughout the spectrum. The period is^ 
about 345 days, and it ranges from 6 *4-7 *4 at maximum to 
10*9-1 1 *2 at minimum. The star falls in species 9 of the sub- 
division of Group II., and if it behaves like other variables with 
similar spectra, bright lines should appear at or about maximum. 
The spectrum should also be observed for brightenings of the 
carbon flutings. A. Fowler. 

Observations of Comets. — Prof. E. E. Barnard, of Lick 
Observatory, contributes a note on Comets 1889 I. and II. to 
the Astronomical Journal^ No. 225, and makes some suggestions 
as to the possibility of seeing the short -period comets at aphe 
lion. The majority of observers neglect comets as soon as they 
become faint or difficult to see. Prof. Barnard has made it a 
point to take up comets when they have been dropped elsewhere, 
and to observe them as long as they can be seen. Comet 1889 1 , 
has been observed at Lick Observatory from September 2, 1888, 
to August 18, 1890 — that is, for very nearly two years ; and 
Coixet 1889 11 . from March 31, 1889, to August 24, l890-|-that 
is, for 16 months 24 clays : hence the duration of visibility of 
each exceeds that of the great comet of 18 il, which was fol- 
lowed for 16 months 20 days. At the observation of Comet I. 
1889, on August 17, its distance from the sun was 6*25 times 
the earth’s mean distance. On August 24, Comet II. 1889 was 
5*06 times the same unit from the sun, and Prof. Barnard thinks 
he will be able to follow it for quite six months longer. The 
following are the aphelion distances of short-period comets 
(excepting Tuttle’s) recognized at more than one return : — 


Encke’s ... 

... 4*10 

Brorsen’s ... 

5-66 

Tempers II. 
Teffipel’s L 

... 466 

D* Arrest’s ... 

573 

... 4-82 

Faye’s 

5 92 

Swift’s 1880 
Winnecke’s 

• • 5‘(4 

... 5*50 

Biela’s 

6’I9 


It will be seen that Comet I. 1889 is now being observed at a 
distance from the sun greater than it is possible for any of the 
short-period comets to attain. It would appear, therefore, that 
some of the latter class of comets ought to he followed through- 
out their entire orbits. 

Photographing Stars in the Daytime. — In the Astro- 
nomical yossmal for September 16, 1889, Prof. Holden gave an 
elementary theory of the subject of photographing stars projected 
against a bright background. He showed that, if the intrinsic 
brilliancy of a star be ten times as great as its background, the 
photographic image in the Lick telescope was 4124 times 
brighter than that of the sky. It was also proved that small 
photographic contrasts of this character could be increased with 
a given telescope by simply cutting down the aperture. 
Recently, Prof. Holden writes (Astr. Toum.^ September 19^ 
1890), “ the question has been examined experimentally by Mr. 

W. Campbell and myself, using the great telescope (locus, 
570 inches) and apertures of 33, 15, 8, and 4 inches. Photo- 
graphs of Venus, Mercurv, the moon, and of Alpha Lyrse have 
Been taken in broad daylight (2 to 5 p.m.) with the apertures 
named, with a constant expMure of 0*138., and on Seed 26 
plates. In general, the smallest apertures used have given the 
darkest images, as demanded by tne'^theory." 


(3) The spectrum of this star is a very fine one of Group II., all 
the bands being wide and dark. Carbon comparisons will prob- 
ably Ije the most valuable observations of this Var, the cha- 
racter of the spectrum indicating that the flutings should be 
considerably bright. 

(4) Secchi thought that this star had a baaded spectnim, hot 
Duner states that ft it one of the solar type(** So. Il.a I du type 
le plus pur”). It itill requires observing with reference to 
(.roups III, and V. 

(5) The spectrum of this star is one of (be very finest of its 
claw (Group VM. It h- been observed in considerable detail 
by Vogel Md Dun^r. All the priri^pal and secondary bands 
arc well visile. The carbon band 6 (X 564) is stated by Don* to 
be feebler than the others, and so far as we yet know* this is the only 
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PHYSICS AT THE BRITISH ASSOCIATION. 

TN Section A, nine Reports of Committees and fifty 'four 
^ papers were read. Perhaps tke distingoishing character- 
istic 01 the Section is its teoAenew to bifurcation on the slightest 
proToeatioD. Several Sections do not meet at all on the Satur- 
day, and manejjM to get through their business comfortably by 
the Tuesday, not so Section A. On the Saturday, under the 
influence of clectrolytical ettiactlons and repnblons, there oc- 
curred a disso ci a t ion of the Section into its constituent elements, 
s^mpanled by a migration of i<ms from pieces of h^h poten- 
tial (in a Bramwellian sens^ to places of low, or evVs twvd. la 
Mcordance with the law of ionic mifpnstion enunciated by Sir 
Frederick at the conclnding meeting, the ions collected at tlw 
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kathode were found to far exceed in number those collected 
at the anode. 

To give even an outline of all the voluminous and multitudin- 
ous contributions to the Section would occupy many pages, and 
would rec^uire that the writer should have received the training 
of a Succi or a Jacques before undertajcing the task. 

M, Du Bois read a paper on refraction and dispersion in cer- 
tain metals. Kundt’s method of observation with very thin 
electrolytic metal biprisms was used in this investigation. The 
dispersion was determined with all possible care, using four 
kinds of light defined by spectral lines. It was found that light, 
on passing from iron, cobalt, and nickel into air, begins by fol- 
lowing Sneirs law for small angles of emission, the refractive 
index being mathematically defined as the limit of tha ratio of 
sines when the angle of incidence approaches the limit zero. 
The dispersion in the case of each of the three metals mentioned 
was found to be anomalous. 

Sir William Thomson, F.R.S., in a paper on*an illustration 
of contact electricity presented by the multicellular voltmeter, 
called attention to the modification of the force between the 
aluminium needles and the brass cells of the instrument arising 
from the contact electricity'' difference between polished brass 
and polished aluminium. In the instrument as at present made, 
the observed difference of potential on reversal amounts to as 
much as J volt. Thus the use of the multicellular electrometer 
gives a new and very interesting direct proof of Volta’s cgptact 
electricity. ^ ^ 

Lorc\ Rayleigh, Sec.R.S., read a paper on defective colour- 
vision, in which he pointed out that the existence of a defect* is 
probably most easily detected, in the first instance, by Holm- 
gren's wool test ; but this method does not decide whether the 
vision is truly dichromic. F^r this purpose, Maxwell^s colour- 
disks may be used. Lord Rayleigh found, in the case of some 
colour-blind persons he was examining, that it looked as though 
the third colour-sensation, presumably red, was defective, but 
not absolutely missing. When a large amount of white was 
present, matches could be made, in spite of considerable differ- 
ence in the red component. But when red light was nearly 
isolated, its distinctive character became apparent. This view 
was confirmed by experiments with the colour-box. 

Mr. !• Swinburne, in a paper dealing with the question of the 
producHon of high vacua, called attention to the great superiority 
of the Geissler over the Sprengel form of mercury pump. 

Profs. Barr and W. Stroud, in a paper on the use of the 
lantern in class-room work, described a simple and convenient 
form of lantern for horizontal and vertical projection, and exhi- 
bited an apparatus for the preparation of lantern-slides in large 
numbers from books, periodicals, &c. 

Mr. W. N. Shaw read a paper on the general theory of ventila- 
tion, with some applications, in which general laws of 
tion are established similar to Kirchhoff s laws relating to the 
distribution of currents in a network of conductors. ... 

On Friday, September 5, there was a discussion on electrical 
units, opened by Mr. Glazebrook with a paper on 
minations of the absolute resistance of mercury, in which he 
carefully compartd and criticised the diflferent methods ®®P*°Y®^ 
b, “iiL. oW™ The to, of to oto 

■ M ’ Si&"sboog 1 , fh, 

wloptloii of the iwmber ■“‘S 

to 

PrtodH J. V. to »!•«* it , 

ss'Xjp f.BStZiiMXi 

to'- 

and the *»«»*»«* ®^.., ;« the method employed were • 

The fo? holding the merciwy ; 

(a) TTi® einplo)rment of a long w ^ iirtween the electrodes, 

i. buidoof to 
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equilibrium of the galvanometer corresponding to two different 
rates of rotation of .the disk. The latter measurement it is easy 
to make with acpuracy, for the movable electrode may be rigidly 
attached to the movable headstock of a Whitworth measuring-* 
machine placed parallel to the length of the trough ; and the 
two equilibrium positions may be taken near the middle of the 
trough, so as to avoid danger of curvature in the equipotential 
surfaces passing through the electrode in its two positions. A 
new difficulty is, however, now encountered, viz. the deter- 
mination of the section of the mercury column. The^ capillary 
depression at the sides of the Aough would make it a most 
serious task to determine the section by direct measurements to 
the required degree of accuracy. This difficulty is overcome by 
a further differential method, viz. by making observations with 
the mercury at two different heights in the trough. The sides of 
the trough in that part of it traversed by the movable electrode are 
assumed plane, parallel, and vertical. The troughjused in the ex- 
periments was cut in paraffin wax contained in a strong casting of 
iron with its sides strengthened by outside ribs. The channel was 
43*5 inches long, by i *5 inches broad, by 3 inches deep. Paraffin 
was found, however, not to be perfectly satisfactorv, and Prof. 

, Jones expressed the opinion that a trough of worked glass or 
scraped marble would have been preferable. The position of 
the mercury surface in the trough was determined electrically by 
using a pointed steel spherometer screw. The screw may be 
moved downwards until an electric circuit comprising the screw 
and the mercury is completed. (0) The employment of a 
brush of special form to secure good electrical contact at the 
periphery of the rotating disk. The brush Consisted of a single 
wire perforated by a channel thibugh which a constant Qpw of 
mercury might be maintained from a cistern cf adjustable height, 
(y) In connection with the measurements ^ necessary to enable 
the calculation of the coefficient of mutual induction to be per- 
formed, Qrof. Tones employs a coil consisting of only one layer 
of wire, the advantage of which is that every part is visible, and 
that nothing is done to alter the position of the wire after 
measurements have been made. If a coil consist of many layers, 
it is not quite easy to say where, after me^urement, the lower 
layers go to under the pressure of the superincumbent ones. 

In conclusion, the main suggestions offered for consideration, 
were s— ^ * 

(1) That the time is ripe for a new determination of the ohm 
that shall be final for the practical purposes of the electrical 
engineer. 

(2) That such a determination may be made by the method of 
Lorenz, the specific resistance of mercury being obtained directly 
in absolute measure by the differential method described. 

(3) That the standard coil should consist of a single layer of 
wire, the coefficient of mutual induction being calculated by the 
formula given in the paper. 

Sir William Thomson, in a paper on alternate currents m 
pardlel conductors of homogeneous or heterogeneous substance, 
pointed out that when the period of alternation is large in com- 
parison with 400 times the square of the greatest thickness or 
diameter of any of the conductors, multiplied by its magnetic 
permeability and divided by its electric resistivity, the current 
intensity is distributed through each conductor inversely as the 
electric resistivity ; the phase of alternation of the current is 
the same as the phase of the electromotive force ; and the current 
across every infinitesimal area of the cross-section is calculated,, 
according to the electromotive force at each instant, by simple 
application of Ohm's law. Further, that when the period is 
very smdl compared with 400 times the square of the^ smallest 
thickness or diameter of any of the conductors, multiplied by its 
magnetic pe^eability and divided by its electric resistivity, the 
current is confined to an exceedingly thin surface-stratum of the 
conductors. The thickness of this stratum^ is directly as the 
square root of the quotient of resistivity, divided by magnetic 
permeability,* of the substance in different parts of the surface. 
The dependence of the total quantity of electricity carried oa 
extent of surface justifies Snow Harris, and provw that those whe 
condemned him qut of Ohm’s law were wrong, in respect to his 
advising tubes or broad plates for lightning conductors, but do^ 
not justify him in bringing them down in the interior of a Am 
(even through the powder magazine) instead of acroM the deck 
and down its sides, or from the masts along the rigging and 
down the sides Into the water. . . 

Sir William Tbomsoii tead a paper on antl-effeotive copper m 
parallel conductors, or in coiled conductors for alternate cnrrrats. 
It is known that making the conductors of a ciipuit too thick 
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we do not get the advantage of the wholef conductivity of the 
metal for alternate currents. When the conductor is too thick, 
we have in part of it comparatively ineffective copper present ; 
but, so far as is known, it has generally been supposed that the 
thicker the conductor the greater will be its whole effective 
conductance, and that thit^ening it too much can never do 
worse than add comparatively ineffective copper to that which is 
most effective in conveying the current. It might, however, be 
expected that we could get a positive augmentation of the 
effective bhmic resistance, becaij.se we know that the presence^ of 
copper in the neighbourhood of a circuit carrying alternating 
currents causes a virtual increase of the apparent ohmic resist- 
ance of the circuit in virtue of the heat generated by the currents 
induced in it.* May it not be that anti-effective influence such as 
is thus produced by copper not forming part of the circuit can 
be produced by copper actually in the circuit, if too thick? 
Examining th^. question mathematically. Sir William finds that 
It must be answered in the affirmative, and that great augmenta- 
tion of the effective ohmic resistance is actually produced if the 
conductor is too thick, especially in coils consisting of^ several 
layers of wire laid one over another in series around a cylindric 
or flat core, as in various forms of transformer. 

Prof. J. A. Ewing, in a most interesting and important com- 
munication (vUe PhiL Mag,^ September 1890), exhibited a 
ino<icl to illustrate some novel ideas on the molecular theory of 
induced magnetism. 'I'he present notion of a quasi- frictional 
resistance opposing the turning of the molecular magnets lends 
itself well to account for the most obvious effects of magnetic 
hysteresis and the reAuction of hysteresis by vibration. On the 
other hand, it conflicts with tITe fact that even the feeblest mag- 
netic force induces some magnetism. Reference was made to 
another (and not at all arbitrary) condition of constraint, which 
not only suffices to explain all the phenomena of hysteresis, 
without any notion of friction, but seems to have in itr.bundant 
capability to account for every complexity of magnetic quality. 
Prof. Ewing supposes that each molecular magnet is perfectly 
free to turn except in so far as it is influenced by the mutual 
action of the entire system of molecular magnets. A model 
molecular structure was exhibited, consisting of a large number 
of short steel bar-magnets strongly magnetized, each pivoted 
upon a sharp vertical centre, and balanced to swing horizontally. 
The bars swing with but little friction, and their pole-strengths 
are sufficient to make the mutual forces quite mask the earth’s 
tlirective force when they are set moderately near one another. 
The group is arranged on a board which slips into a large frame 
wound round the top, bottom, and two sides, with a coil, through 
which an adjustable current may be passed to expose the group 
to a nearly homogeneous external magnetic force. 

Sir William Thomson read a paper on a method of determin- 
ing in absolute measure the magnetic susceptibility of diamagnetic 
and feebly magnetic solids. The method proposed consisted in 
measuring the mechanical force experienced by a properly shaped 
portion of the substance investigated, placed with different parts 
of it in portions of magnetic field ^tween which there was a 
large difference of the magnetic force. A cylindrical or rect- I 
angular or prismatic shape terminated by planes perpendicular | 
to its length was the form chosen; the component magnetic 
force in the direction of its length was equal to 4Ai(R* “ R'*)A ; 
where ^ denotes the magnetic susceptibility, R R' the magnetic 
forc^ in the portions of the field occupied by its two ends, and 
A the* area of its cross-section. 

Ix)rd Rayleigh read a paper on the tension of water surfaces, 
clear and contaminated, investigated by the method of ripples, 
riie ripples were rendered visible by a combination of Foucault’s 
optical arrangement with intermittent illuminatioii Two fre- 
quencies were used, about 43 and 128 per second. The surface- 
tension of a clean water surface, in c g.s. measure, was found 
to be 74*0, thus confirming observations made with capillary 
tubes. Water saturated with olive oil had a stlrface-tension 
of 41*0, and saturated with oleate of soda a surface-tension 
of 25-0. 

Mr. W. N . Shaw reported on the state of eur knowledge of 
electrolysis and eleAro-chemistry. 

Mr. J. Hopkinson read a paper on the inland compared with 
the maritime climate of England and Wales. For special reasons 
Buxton, Woburn (Apsley Guise), Croydon, Cheltenham, and 
Churchstoke were chosen to represent the interior of the 
country, while* Scarborough, Ldwestoftf Babbacombe, Worthing, 
snd Llandudno were chosen to represent the sea-coast. The 
places were eo chosen that the mean position, latitude, and 
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longibide of the five inland places should closely approximate^ to 
those of the maritime. As the result of observations extending 
bver the decade from 1880-89, he concluded that, so far as reg^ds 
oua comfort and most probably also our health, our maritime 
climate is on the whole superior to our inland climate, being 
warmer, owing (it is most iq;iportant to observe) to the nights not 
being so cold, while the days are no hotter, the extremes of tem- 
perature being much less, the air rather less humid, the sky less 
clojudy, and the rainfall less. 

Prof. Ramsay read a paper on the adiabatic curves for ether, 
gas and liquid, at high temperatures. The method adopted in 
the experiments was an ingenious one, and consisted in deter- 
mining the velocity of sound in the vapour by Kundt’s dust- 
figures, from observation of the wave-lengtk and the pitch of the 
note emitted by the stroked tube containing the vapour. This 
process gives the ratio of adiabatic and isothermal elasticity 
from which the former elasticity can be calculated as the latter 
is known. * 

Prof. Ostwald read an interesting paper on the action of 
semi -permeable membranes in electrolysis, in which he gave an 
account of experiments upon the passage of an electric current 
through solutions in series separated by semi-permeable mem- 
branes, and pointed out the importance of such phenomena to 
physiology* He explained that a semi- permeable membrane 
would allow ions of one kind to pass through, but arrest ions of 
anothf^ kind, and thus act as though it were a metallic electrode. 

^rof. C. Piazzi Smyth sent a paper on photographs of the in- 
visible in solar spectroscopy. Two photographs were shown, 
each measuring 40 inches long x 20 inches high. They represent 
in reality, only very small portions of the faint ultra-violet of the 
solar spectrum, but on a whole scale of 57 feet long from red to 
violet ; and afe located quite outside the spectral limit of vari- 
ability to the human eye, with tne grating spectroscope con- 
cerned, whether under summer or winter sun. 

Profs. Rucker and Thorpe contributed a paper on regional 
magnetic disturbances in the United Kingdom, and this was 
followed by a paper upon similar disturbances in France, by 
Prof. Mascart. A point of great interest in connection with 
these papers was the continuous nature of the disturbances ex- 
tending from the one country across the Channel to the other. 

Prof. Lodge, in a paper on electrostatic forces between con- 
ductors, gave an account of an investigation into the forces 
between electric resonators as examined experimentally by Boys, 
and therefrom branched out into several allied subjects connected 
with the mechanical forces of electric pulses and waves. 

Prof. Fitzgerald communicated several papers on mathematical 
physics to the Section. One of these bore what would have 
been an attractive title, ‘‘ An Episode in the Life of J,” had it 
not been for a parenthetical addition, viz. (Hertz’s Solution of 
Maxwell’s Equations).” It may be remarked that J has nothing 
to do with Joule or bis equivalent, and that the episode referred 
to was not of the popular anecdotal type. 

Mr. W. Barlow, in a paper on atom-grouping in crystals, called 
attention to some very interesting properties of the simpler kind 
of symmetrical grouping of points, and pointed out an easy^and 
effectual method of studying them by using a model consisting 
of equidistant parallel planes of homogeneously distributed 
points represented by beads. 

Mr. W. H. Preece read a paper on the character of 
steel used for permanent magnets. Samples of steel for the 
experiments were obtained from all the leading firms, and after 
magnetization were tested by a magnetometnc method. The 
marked superiority of the Marchal ma^ets over those made of 
English steel is due either to the qualky of the steel, or to the 
mode of tempering — most probably the latter. 

Prof. S. P. Thompson read a paper on the use of fluor spar 
in imtical. instruments, in which he referred to the existing uses 
of ifaor spar for experiments on ri^iant heat, and in the ** apo- 
chromatic ” microsoope lenses of Zeiss. The latter application 
derives its importance from the extremely low dispersion rela- 
tively to the mean refiracitve ]k>wer of the material. To these 
applications the author now added that of the construction of 
sp^roscopfc direet'Vision prisms ; and be described two prisms, 
both constructed for him by Mr. C. D. Ahrens— rone consisting 
of a fluor prism cemented between two flint-glass prisms, and 
the secoiid ednsisUog of one loeland-spar prism cemented be- 
tween two fluor prisms. The former was considerably shorter 
than the ordinary dtrrct-vision prism of equal power ; the latter 
bad the property of polariaiiig the light as well as dispersing it, 
and presented the novel feature of a true polarispectroscope. 
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BIOLOGY AT THE BE/T/SH ASSOCIATION. 

^^LTIIOUGH the number of papers in Section D was not 
^ large as usual, it was found sufficient to occupy 

ne time fully. As <fn previous occasions, the most attractive 
part of the proceedings was a discussion on a subject of general 
interest a^anged beforehand, and opened by set papers. 

After the President’s address on Thursday, irof. Newton 
pve an interesting account of the ornithology of the Sandwich 
Islands, discussing its peculiarities and probable affinities. He 
showed that the fauna is now undergoing modification, and is in 
danger of extermination on account of the changes which are 
raputly being made in the vegetation of the islands ; and he 
urged strongly the necessity of making a thorough examination 
of the fauna and flora of this important region while it is still 
possible. This paper led to the appointment of a committee, 
with a grant, for the purpose of seeing that the necessaiw ex- 
ploration was carried out at once. • 

1 he visual reports on the zoology and botany of the West 
India Islands, on the migration of birds, on the disap peararfbe 
of native plants, on a deep-sea tow-net, on the Botanical Station 
at Peradeniya, Ceylon, on the Biological Laboratory at Plymouth, 
and on the Zoological Statical at Naples, were read, and the 
committees were reappointed. 

The greater pan of Friday’s meeting was occupied by an 
important and interesting discussion on the teaching of botany, 
and especially the teaching in sch'iols or to the young. The 
subject was opened with papers by Prof. Marshall Ward, 
Prof. F. W. Oliver, and Prof. F. O. Bower. Prof. Marshall 
Ward discussed the teaching of botany under the three heads ; 
(i) elementary or school teaching; (2) more advanced or 
academic teaching ; and (3) applied or special botany, such as 
forestry. He urged strongly the advantages of an early training 
in botany, and showed the suitability of the subject for school 
teaching, not however from books, but practically, and especially 
by means of field-work. In the teaching of applied botany he 
considered that principles and generalizations were of more 
importance than masses of facts, even in the training of the so- 
called practical man. 

Prof. Oliver treated chiefly of the teaching of elementary 
botany to medical students at our colleges ; and Prof. Bower 
dealt also with the arrangement of the usual junior University 
course, which he considered should be wide in its range and 
suggestive, rather than more re.stricted and exhaustive.^ 

A number of other teachers of botany joined in the discussion ; 
and Dr. Forsyth, o£ the Leeds Higher Grade School, showed 
that many of the suggestions which had been made were being 
carried out at his school, where the pupils were taken periodi- 
cally to the fields to collect the specimens for their object 

lessons. . . . r 

Prof. Marsh then gave an interesting account ot the Cre- 
taceous mammals of North America, of which he had now in 
his possession over 1000 specimens, all obtained during the last 
year or so. These remains all appear to belong to the lower 
forms of Mammalia, such*as Monotremes and Marsupials, and 
are all of small size, although they are found in the same beds 
with the gigantic Dinosaurs, such as Trjeeratop^, • • • 1. u a 
Prof Denny gave an account of an abnormality which he had 
found in three successive seasons in some flowers of Tropaolum, 
and which consisted in the inversion and in some cases dupltca- 
A? the sDur Prof. Denny suggested that these abnormal 
to Wicte thi w.. r.Jl7th.,.p». 

"cIoOT Trilonim conlribofodlome’notra on the nntmrni hhtorr 
fS-Thfrm and* Graciosa, two outlying islands of the Canary 
Grour A JapeV b? E. H. rfanlin dealt with the «odi< 
Group. A paper y trvDsin and pepsin, upon 

fying action of anthrax. It is 8Sgge8t;d Aat 

v**?*f* thL ferment causes a “defensive proteid '* to_be 

forinS*wd thrown into the circulation for the purpose of killinB 
the bacteria 
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On Monday^ Prof. Miall and Mr. Hammond gave jan account 
of the development* of the head of the* adult fly in the life-history 
of the dipterous .insect Chironomus^ commonly found in impure 
water. Prof. Marshall and Mr. Bles called attention to varia- 
bility in development amongst allied animals, and even amongst 
individuals of the same species. Dr. P. H. Carpenter contributed 
notes on the anatomy and morphology of the Cystidea. 

Mr. S. F. Harmer discussed the regeneration of lost parts, 
in the Polyzoa, including the formation of new polypites in 
Pedicellina on the tips of the old stalks where no endbdermal 
tissues are present. Dr. S. J. llickson gave two papers on 
the Hydrocorallina — the one dealing with the meaning of the 
ampullse in MilUpora murrayi^ which were found to contain* 
modified daciylozooids bearing only very large spemn sacs ; and 
the other being on the gonangia of Distichopora and Alloporh. 
An important conclusion drawn from these investigations was 
that, as regards the position and character of the gonads, Mille- 
pora is not related to any of the Stylastericlsc. 

Amongst a number of botanical papers read on Tuesday 
were : ope by Mr. R. Warrington, showing that certain bacteria 
have the power, usually supposed to be peculiar to chlorophyll- 
shearing organisms, of forming organic compounds from inorganic 
materials ; one by Prof. Bower, on the phylogenetic relation- 
ships between the different groups of Ferns ; one by Prof. P. 
Geddes, on the origin of protandry and protogyny ; and one by 
Dr. J. M. Macfarlane, on hybrids, in which it was shown from 
a number of genera of plants that certain hybrids which had 
been produced were intermediate, not only in appearance and 
general structure, but even in the most *minute histological 
details, between the two parenF species. 


GEOGRAPHY AT THE BRITISH 
ASSOCIATION. 

TN the quality and scientific value of the papers, this Sectioi> 
was considerably above the average of last year. There 
were only about a score of papers altogether, but the Organizing 
Committee had determined rather toMie short of papers than to- 
accept any of trivial importance. As it was, the time of the 
Section during tne four days on which it met was well filled up. 
The sittings were well attended, and sometimes almost crowded ; 
which is saying much, considering the size of the hall in which 
the Section met. The Section adopted a plan which answered 
admirably. It adjourned each day from i to 2 p.m., and 
invariably a good audience assembled for the afternoon meeting. 

The hall was well filled at the President's address, which was 
an excellent rhum/ oi the physical geography of the Mediterra- 
nean and the regions around its shores. On two other occasions 
the lower part of the hall was quite filled by audiences evidently 
greatly interested. First, on the Monday, when there was a 
joint meeting of Sections E and F to discuss the important sub- 
ject of the Lands of the Globe still available for European Settle- 
ment. Mr. E. G. Ravenstein opened the conference with a paper 
giving what may be called the geography of the subject. He ex* 
eluded from consideration the Polar areas, desert areas, and tropical 
areas unsuited to a European population. He showed that, dealing 
with the subject from a purely theoretical point of view, the popu- 
lation of the world, at the present rate of increase, would, in about 
three or four generations, amount to something like 5000 millions. 
This, of course, sounds very alarming, but as in the case ot the 
prediction of the exhaustion of our coal supply, it was shown* 
during the discussion that we may keep our minds at ease. Prof. 
Marshall, Sir Rawson Rawson, Dr. Cunninghame, Mr. Bourne, 
and others wHo took part in the subsequent discussion, mainly 
from the economical point of view, suggested various considera- 
tions in modification of those derived from the purely theoreti- 
cal standpoint The earth has still vast undeveloped resources 
a more equable distribution of these among mankind is p^ible, 
and even desirable ; the theoretical rate of increase will cer- 
tainly be modified in various ways ; the so-called deserts may, 
actual experiment^has shown, be made, by means of irrigatioi^ 
from underground supplies, both fertile ana habitable. The 
great truth which came clearly out of the discussion — a truth 
which ought to be widely realized now that tropical Africa is 
being oMned up — is that European colonization, in the proper 
sense of the term, is impossible, so far as present experience 
goes, between the tropics. There are, no doubt, modifying 
circumstances.in some cases, but these are rare. As usu^ is 
such discussions, there was atcertain amount >of irrelevant talk>. 
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but, on the whole, the conference quite fulfilled the expecta- 
tions and the object of those who arranged it. 

The hall was even more crowded, with an audience even more 
interested, on Tuesday morning, when Miss Menie Muriel Dowie 
read her paper on a journey in the Eastern Carpathians. It is 
the fashion in certain quarters to regard Europe as beyond the 
pale of geography ; but to all but a very few of those who 
listened to Miss Dowie*s delightful paper, what she had to tell 
about the Carpathians and their people was as new as Mr. 
Stanley's account of his ^eat African forest. 

Africa, of course, occupied a prominent place in the proceed- 
ings of the Section, one whole day being devoted to it. Dr. 
Kerr Cross, who has been stationed for many years in the Lake 
Nyassa regibn, and is well q^ualified for scientific observation, 
read a paper on the interesting plateau country lying between 
Lakes Nyassa, Hikwa or Leopold, and Tanganyika. The 
paper gave a most instructive picture of the extensive and varied 
area with which Dr. Cross is familiar. The information he 
gave about the little-known Lake Hikwa, east of the south end 
of Tanganyika, was specially valuable, as it had only been seen 
at a distance before by Mr. Joseph Thomson and a German 
•explorer. It is brackish, of a lon^ curved shape, and lies in a* 
deep depression of the plateau, its basin being a parched-up 
wilderness. Though there has been abundant rain on the plateau 
around, for three years not a drop has fallen in the lake valley. 
Mr. E. A. Maund described in some detail Matabeleland, where 
he himself has resided for some years. Dr. R. A. Freeman’s 
account of his journeys in Ashanti and neighbouring regions was 
of special novelty ‘and value. ^ The paper described a journey 
throagh a tract of country in* and to the north of Upper Guinea, 
comprising the territories of Fanti, Assin, Adansi, Ashanti, 
Jaman, and Gruinsi. The tract extends from 5* N. to 10® N., 
and from .0® to 4® W. The first _four countries are inhabited by 
various branches of the great Otshwi family, and the^remainder 
by certain pagan aboriginal tribes, and by numbers of Wongara 
or Mandingo immigrants. Journeying from Cape Coast, through 
Ashanti to Bontuku, the capital of Jaman, the author crossed 
three zones of country : (i) open country covered with low bush 
about 30 miles broad ; (2) dense forest about 180 miles broad ; 
(3) park-like country which, alternating with grassy plains, 
<;eems to occupy the greater part of Central and Eastern Africa. 
On arrival at Kumassi, the capital of Ashdnti, the author was 
received by the kii^ and principal chiefs with great ceremony, 
the court of Kumassi retaining much of its former splendour. 
The town of Kumassi is much dilapidated, but presents many 
relics of great interest. Jaman is a kingdom situated to the 
north-west of Ashanti, about 9300 square miles in extent ; its 
capital, Bontuku, is a large town closely resembling in appear- 
ance the towns of the Tawarek and Upper Niger. It is in- 
habited almost exclusively by Mahommedans, and forms an 
important slave depot, as do also the Gruinsi towns of and 
Bori. The commercial resources of the tract of country here 
described are considerable ; over the whole of it gold is fairly 
plentiful, and the forest abounds in rubber plants both in the 
form of trees and vine.s. Hard woods are very plentiful, and are 
of great value in Europe, notably the Odum and Pappao, both 
of which trees reach a height of nearly 200 feet The Kola nut 
also, which grows abundantly in the forest, has a great and 
increasing commercial value. The country is intersected by 
several considerable rivers which might be easily rendered 
navigable, and thus form great highways of trade. There are, 
moreover,^ no special obstacles to the construction of railways, 
and the district may thus be expected to form one of the great 
•commercial centres of the future. 

Mr, J. S. Keltie’s paper on the Commercial cGeography of 
Africa dealt with the varied physical conditions of the con- 
tinent, and endeavoured to indicate the bearings of these on its 
industrial development and colonization. It was shown that the 
vast tropical region, in which Nature is most exuberant^ is of 
insignificant commercial value compared with the countries along 
the Mediterranean and the region south of the Zambesi. Central 
Africa will only become of commercial value when, as in North 
and South Africa^ man is able actively to interfere ; the spon- 
laifeous animal and vegetable products of tropical countries can 
never be of great commercial importance. 

Mr, A. Silva White followed with a paper showing in detail 
the partition of Africa among the Powers of Europe. 1 

Ta/^o othei^ papers of special Afri&n interest were read by ' 
dwr. Cope Whitehouse and Dr. Schlichter. The former sought 
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to prove that in the oldest Ptolemaic maps a depression ( Lacus 
Meridis) is shown, exaetty corresponding to the Wadi 'Riynn 
and Wadi Mullah. Dr. Schlichter, in an elaborate paper, dis- 
cussed the whole subject of Ptolem/s knowledge of North-East 
Africa, and sought to show that many of his positions exactly 
corresponded with those of modern maps, obtained by quite 
recent explorations. 

There were three papers connected with Asia. Mr. Theodore 
Bent’s paper on his recent explorations in North-Eastern Cilicia 
was mainly of an archaeological character. Sir Frederic Gold- 
smid read a paper on a railway through Southern Persia, as a 
link of communication in the great nulway route that will one 
day connect England with India. Surveys and reports by recent 
travellers have rendered it easy to supply this link, which may be 
appropriately called the Bi^hdad- Bandar- Abbas section, or, more 
minutely, the Baghdad-Shiraz and Shiraz* Bandar- Abbas sections. 
As to the route from Bandar- Abbas to Karachi on the east, and 
from Tripoli to Baghdad on the west, any doubts or difficulties 
that present themselves are already ripe for discussion, and their 
solution cannot be treated as dependent upon further travel and 
research. It is proposed to carry the line from Baghdad through 
Persian Arabistan, either by way of Dieful and Shustar, con- 
tinuing along the recognized track from the latter place to 
Bebehan ; or by an alternative route down the left bank of the 
Tigris, stndvid Haweizah to Ahwaz, whence Major Wells, R.E., 
has /iimished full details of route from his own experiences, 
l^e same officer has made, moreover, very valuable suggestions 
on the mode of reaching Shiriz from Bebehan. 

‘>Mr. H. F. B. Lynch dealt with an allied subject in his paper 
on new trade routes into Persia. In the course of the paper 
Mr. Lynch, f:om his own personal knowledge, gave much in- 
formation as to the physical geography of Persia, and especially 
the region watered by the Karun River. 

South America was dealt with in two papers. Mr. J. W. 
Wells described the physical geography of Brazil in its bearing 
on the industrial development of the country, and M. A. 
Thouar sent an abstract narrative of his journeys during the past 
few years in the Argentine, Peru, and Bolivia. 

Mr. Coutts Trotter gave a most useful summary of exploration 
in British New Guinea in recent years, dealing mainly with Sir 
W. Maegregor’s journey to the summit of the Owen Stanley 
Range, already described in Nature. 

Dr. H. R. Mill gave a risumi of his investigations on the 
vertical relief of the globe, details of which have been published 
in the Scottish Geographical Magazine. He also gave an inter- 
esting account of his observations on the methods of teaching 
geography in Russia and of Russian geographical text-books. 

Mr. Henry T. Crook’s paper on the present state of the 
Ordnance Survey, and the paramount necessity for a thorough 
revision, led to the ^ Sectional Committee’s requesting the 
Council of the Association to move the Government to take steps 
for the rapid completion of the Suivey, and for rendering the 
Ordnance maps much more accessible for purchase by the 
general public than they are at present. 


ANTHROPOLOGY AT THE BRITISH 
ASSOCIATION 

Thursday, September 4, after the President’s address, a 
paper by the Rev. F. O. Morris, on the doctrine of here- 
ditism was read, and gave rise to a lively discussion, or rather a 
chorus of cobdemnation of the views advanced bv the author. 

In a paper by Mr. Horatio Hale, vfnich forms the introduction 
to the Report of the North-Western Tribes of Canada Com 
mittee, attention was called to some of the chief peculiarities of 
British Columbian ethnography, the great number of linguistic 
stocks which are found in this comparatively bmall territory and 
the singular manner in which they are distributed, especially the 
surprising variety of stocks , clustered along the coast as con- 
trasted with the wide sweep of the languages of the interior. All 
the languages of British Columbia have a peculiar phonology ; 
their pronunciation is singularly harsh and indistinct ; and it 
would appear that this is me mainly to climatic influences, for, 
south of the Ctdumbia River, the hamh utterance suddenly 
ceases and gives place to softer sounds. 

A paper by Mr. J. W. Fawcett was read on the religion of 
the Australian aboiteioes. The author stated that the Aus- 
tralians believe in a CreaUHr; in a future life, and in good and 
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hkvA * stnct scnsc of right and wrong, and 

«TTttnn?t?!!fT vf held in secret* on 

*r held very sacred, so much so that if it is touched 
y the fTOt of a white person it loses all sanctity. 

L ^*''^®*** was read on the aborigines df 
Aust ralia, in which he traversed certain statemenu that have 
be^ made by Mr. Carl Lumholtz. 

On Fnd^, September 5, Mr. F. W. Rudler, who, in the 
absence of Dr. Evans, presided over the Section, read a paper 
P*^®sent aspect oi the jade question# 

It has long been known that implemenU worked in jade have 
occasionally been found in ancient graves in France and Western 
. Uermany, and in certain Neolithic stations on the Swiss lakes. 
Some of these^ implements are wrought in nephrite^ or true jade» 
Md others in jadeite. •As neither of these minerals had been 
found in situ in Europe, while both were known \o occur in 
Asia, it had been conjectured that the European jade imple- 
ments must have had an Oriental source, and that either the 
implements themselves or the raw materials of wnich they were 
made had been brought to Europe in prehistoric times. But 
within the last few years Herr Traube, of Breslau, has discovered 
nephrite $u place near Jordansmiihl, and near Reichenstein, in 
bilesia. Pebbles of nephrite have also been recently recorded, 
by Dr, Berwerth, from the valleys of the Mur and the Sann, 
two rivers in Styria# A pebble believed to be of jadeite was 
found by M. Damour at Ouchy, on the Lake of Geneva, and 
the same mineral has been recorded from Monte Vis#, in 
Piedmont. ^ 

Jade, implements are found along the coast of British 
Columbia and Alaska, and it has been suggested that these, t>r 
the raw jade, had been obtained from Siberia, where the occur- 
rence of nephrite is well known. Dr. G. M. Dawson has, how- 
ever, recorded the discovery qf small boulders of jade? partially 
worked, in the lower part of the Frazer River Valley; and 
Lieutenant Stoney has obtained the mineral in situ at the Jade 
Mountains in Alaska, 150 miles from above the mouth ot the 
River Kowak. 

The present aspect of the jade question is, therefore, quite 
different from that which it presented when the late Prof. H. 
Fischer and others strongly favoured the view that the jade im- 
plements of Europe and America had an exotic origin. In. both 
these continents jade has now been found in situ^ and it seeins, 
therefore, probable that the material of the implements is in- 
digenous, as maintained by Dr. A. B. Meyer for those of the 
Old World, and by Dr. Dawson, Prof. F. W. Clarke, Mr. G. 
F. Kunz, and others, for those of the New World. If future 
discoveries should confirm the indigenous view, the famous jade 
question will be lifted out of the domain of anthropology. 

A paper entitled “Is there a Break in Mental Evolution?” 
was contributed by the Hon. Lady Welby. The introduction of 
the idea of “ghost” marks mental degeneration. If the idea of 
“spirit” had its origin in primitive man, it would have to 
undergo the most primitive tests, viz. contact^ odour^ and 
flavour. The author contended that we must either suppose an 
absolute break and reversal in the evolution of mind wherein a 
permanently distorted picture of the universe is created, and the 
real and significaht suddenly abdicates in favour of the baseless 
and unmeaning ; or, we must ask whether there is some reality 
answering to these crude conceptions, which thus form part of a 
continuous mental development, and may be described as faulty 
translation^ rendered inevitable by the scantiness of primitive 
means of analysis and expression. * .v j • 

To adopt the first alternative is to stnke a blow at the doctrine 
of continuous ascent in evolution : while the secohd might lead 
us to conclude that what Ve want is a greater power of inter- 
preting primitive ideas as expressed in myth and ritual, notably 
m relation to recent developments and present researches m 
psychology itself and the psychological aspects of language. 

^ Dr Phend rea<f a paper on an unidentified people occupying 
parts of Britain in pre-Roman-British times. From extensive 
Investigations in France. ‘Italy, ^c., he flowed Art certain 
n^es and vrords continued from Britain to the Mediterranean 
aloiw ancient routes of traffic, and the works and construrtions 
alonff and in connection with, the same routes, were so alike as 
io be identical in design. These constnictow and merchante 
were not British, and the traffic appears earned back long prior 

other papers read were on the Yourouks of Asia Minor, 
by Mr. T. the Aryan cradle-land, by Mr. J. Stnart 
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I Glennie ; and reversions, by Miss Nina Layard. The Report ol* 
the Notes and Queries' Committee was also presented*. 

On Monday, September 8, Dr. G. W. Hambleton read a 
paper on physical development, in which he described the 
results of a practical experiment in phy.sical development which 
is being carried on at the Polytechnic Institution. Fifty per 
cent, or the 200 members of the author’s Physical Development 
Society had obtained an increase of chest-girth of one inch 
and upwards, the average increase being a little less than two 
inches. In one case the increase was 6^ inches. The increase haa 
I taken place in small as well as in Jarge chests, whether the men 
I were tall or short, under or over twenty-one years of age, and 
I with or without gymnastic training. 

I Dr. Munro described some archeological remains bearing on 
I the question of the origin of the Anglo-Saxons in England. 

I The relics in question have been recently brought to light on the 
coasts of Holland and North Germany, more especially in 
Friesland and the low-lying district northwards far as the 
River Elbe, and show a remarkable similarity to Anglo-Saxon 
antiquities found in England. Dr. Munro 'also contributed a 
paper on^rehistoric otter and beaver traps, in which he described 
some curious wooden machines which have been discovered in 
•various peat bogs in different parts of Europe, and of which 
hitherto no satisfactory explanation has been offered. 

, Rev. £. Maule Cole read a paper on the Duggleby “ Howe.*' 

I This great mound on the Yorkshire wolds was opened by 
Mr. J. R. Mortimer on behalf of Sir Tatton Sykes in July last. 
The diameter of the mound was found to be over 120 feet,, 
and the height was originally about 30 feet. In the process of 
excavation it turned out that theje was an odter mound of rough 
chalk, of some 15 feet or more fti thickness, surrounding an 
inner mound, and that the centres of the two did not exactly 
correspond. In the grit and lower clay were found fifty-three 
deposits of burnt human bones, but without any urns. Some 
beautiful flint weapons and tusks of the wild boar were discovered 
with human bodies in graves cut out of the solid rock. 

Mr. J. R. Mortimer described a Romano-British graveyard ia 
the parish of Wetwang-with-Fimber, which he believes to be the 
site of the long-lost Delgovitia. 

Mr. Mortimer also contributed a paper on a supposed Roman 
camp at Octon, close to the road from York to the coast. The 
rectangular comers of the camp, and the width of the ditches 
(7i feet) at the bottom, encourage the belief that this is not a 
British work, but Roman. 

The other papers were on minute Neolithic implements, by 
Dr. H. C. March ; indications of retrogression in prehistoric 
civilization in the Thames Valley, by Mr. H. Stopes ; and a. 
suggestion as to the boring of stone-hammers, by Mr. W. Home.. 

On Tuesday, September 9, Dr. Wilberforce Smith read a 
paper on stethoeraphic tracings of male and female respiratory 
movements. 1 ne investigation of the author, so far as it has 
yet proceeded, totally fails to confirm the view commonly put 
forth in physiological text-books that there is a natural difference 
between the sexes in regard to respiratory movements. Mr. W. 
F. Stanley exhibited and described a new spirometer, constructed 
upon the principle of the class of gas-meters used for testing*. 
Dr. T» G. Garson contributed some notes on human remains 
found by General Pitt-Rivers, at Woodyates, Wiltshire. The 
measurements of the limb bones showed the stature of the 
persons to have been greater than that of those who were 
interred in Woodcuts and Rotherl^. The characters ofcthe 
skulls showed a considerable range of variation in sizd. and 
proportion, indicating that they md not belong to a homo- 
geneous people, but to individuals of mixed race* Variation, 
was found npt only in the facial portion, but also in the form of 
the calvariais As far as the author was able to judge, the 
mixture is due to crossing between the Romans and the early 
dolichocephalic British race. There is no evidence of mixture 
arising from crossing between either of these races and the 
Celtic population* 

The following papers were also read : Mr. B. Hollander, old 
and modern phrenology ; Dr. Wilberforce Smith, diagrams for 
reading off indiaes ; General Pitt-Rivers, excavation of the 
Wandsdyke at Wo^yates ; together with* the report of the 
Anthropometric Laboratory Committee ; report of the Pre- 
historic Inhabitants Committee ; report of the Nomad Tribes of 
Asia Minor Committee ; report of the North-Western Tribes- 
of Canada Committee ; and the report of the Indian Com-^ 
mittee. 
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THE VOLCANOES OF THE TABLE LAND 
OF MEXICO. 

• • 

following account with extracts is based on information 
^ gathered from a notice which appeared in the Phila* 
deiphia Public Ledger^ sent us by the courtesy of Prof, 
Heilprin. He had been obliged to issue the notice in advance 
of the full publication of his papers by the Academy of Natural 
Sciences of Philadelphia, as he found on his return many varying 
reports of the work carried on in Mexico. 

Amoftgst the most recent (leterminations of the heights of 
these great volcanoes are those made by the Mexican Expedition 
lately organized under the auspices of the Academy of Natural 
Sciences of Philadelphia. Prof. Heilprin has recently placed 
on record his barometric determinations of the four loftiest 
summits of the Mexican Republic : Orizaba, Popocatepetl, 
Ixtaccihuatl, and the Nevado de Toluca. In this paper he 
points out tha4 the highest point of the Republic is the Citlal- 
tepetl or Star Mountain, more commonly called the Peak 
of Orizaba, and not Popocatepetl as is generally assumed by 
the Mexican geographers. All his observations were made 

with a carefully tested aneroid barometer, and the data were 
computed from almost simultaneous observations at the Mexican < 
Central Observatory of the City of Mexico, and from barometric 
readinp^s made at the sea-level at Vera Cruz, The equable 
condition of the atmosphere, at the time these observations were 
made, rendered the possibility of the occurrence of possible 
errors of magnitude almost From the above quotation it 

will be seen that great care was taken to eliminate all errors and 
to get as accurate nfhasurements as possible* 

Popocatepetl was commonly accepted as the highest peak, and 
Alexander von Humboldt recorded it in 1804 as 17,720 feet. 
Since the above date, many trigonometrical surveys have been 
made, and the results vary from 17,200 feet to a few feet over 
18,000. The latest measurements by Prof. Heilfirin give 
17,523 feet as the height, being 200 feet lower than Humboldt’s 
estimate. This determination has been derived from the newer 
data which have been made possible through the levelling of 
ihe Mexican Railway, which was constructed a few years since, 
while geographers have almost universally accepted Humboldt’s 
determinations and figures. From these new data it was shown 
that ‘*the estimate of the elevation of the city of Mexico 
(7470 feet), and of the adjoining plateaus, which have served as 
a basis for most of the angle measurements of the mountains, 
have been placed 123 feet high. Allowing for this excess, 
a striking correspondence is established between the early 
measurements and those obtained in the spring of the year 
by the Philadelphia Exi>edition.” 

Prof. Heilprin and Mr. Y . C. Baker made the ascent of this 
mountain on April 16 and 17, reaching the “rim of the crater 
at 11.30 o’clock on the morning of the 17th, and the cul- 
minating point early in the afternoon of the same day. Little 
difficulty was encountered in the ascent beyond that which is 
due to inconvenience arising from the highly rarefied atmosphere. 
The snow-field was found to be of limited extent, and not more 
than from five to ten feet in depth, and was virtually absent from 
the apex of the mountain. The surprisingly mild temperature 
of the summit, 45** Fahrenheit, rendered a stay of several hours 
in cloudland very delightful.” 

The supposed second highest summit of the Mexican Republic 
is tke mountain of Orizaba or Citlaltepetl, and “the results of 
Prof.* Heilprin’s determinations show more marked variations 
from those of most of the earlier investigators, and more 
particularly from those of Humboldt.” The height determined 
by Humboldt by means of angles taken from near the town of 
Galapa, was 17,375 feet, while Ferrer's determination in 175^ 
gave I7t879 feet, as recoided in the Transactions of the American 
Philosophical Society. The latter value is generally adopted by 
the German geographers, while the Mexican geographers, on the 
other hand, adopted the measurement of Humboldt, or “that 
which was obtained by the National Commissions of 1877, 
indicating a height of 17,664 feet.” 

The following is a short account of the# ascent: — “Prof, 
Heilprin, with thtee of his scientific associates and eleven 
guides, made the ascent on ^ril 6 and 7, or ten days before 
the ascent of Popocatepetl. The last camp, at a height of some 
1 3, OCX) feet, was left shortly before five o’clock in the morning 
of the second day, and after a difficult and continuous struggle 
of twelve hours through loose boulders, sand, and a much cut 
op ice cap, the party— or rather the fragment whjeh succeeded 
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in holding out — finally reached the rim of the crater.” . At this 
point, about 120 feet below the apex of the cone, Jfrof. Heilprin 
made a measurement which indicated a total height of 18,206 
feet, exceeding Ferrers and Humboldt’s* measures by 325 and 
860 feet respectively. 

As upon Popocatepetl, “the snow cap, upon Orizaba, al- 
though arising 2400 feet, ar nearly half a mile above the summit 
of the highest peak of the Alps, was a comparatively insigni- 
ficlint development.” The time spent on the summit was 
short, lasting only a quarter of an hour, and then followed 
the descent through the numerous seracs of the. ice, which 
proved most difficult. At a little past eight o’clock in the 
evening the camp was reached, thus completing V* a remarkable 
round of mountain climbing of fifteen successive hours.” 

Prof. Heilprin describes the views frhm the slopes of the 
mountain as surpassingly grand, exceeding anything that he had 
seen in his travels. “ Far off to the west the giants Popocatepetl 
and Ixtaccihuatl were clearly outlined against the sky at a 
distance of about 100 miles, while to the east and south the eye 
wandered over a seemingly endless expanse of plateaus and low- 
lands, penetrating through a series of successive cloud planes.” 
The measurements of b^uth the peaks of Orizaba and Popo- 
catepetl were made under very similar conditions of the atmo- 
sphere ; the same instruments were used, and there was only an 
interval of ten days between the measurements, which points to 
the conclusion that “the first place among Mexican volcanoes 
mustabe accorded to the Star Mountain.” 

^n the 27th of the same month the ascent of the third highest 
peak, called the Ixtaccihuatl, was made. The general appear- 
aillce of this mountain differs considerably from the two men- 
tioned above ; instead of having a symmetrical or conical out- 
line, it has “ a strong flowing crest, covered with a heavy 
deposit, Some 75 or 100 feet in« thickness, of snow and ice, 
which serves readily to distinguish the familiar ‘ White 
Woman ’ of the plain of Anahuac.” 

The measurement obtained by Prof. Heilprin of the height 
of this mountain is 16,962 feet, which height differs by 800 to 
1300 feet respectively, from those formerly obtained by the. 
Mexican geographers. Sonntag, in the year 1857, also deter** 
mined its height, and his result accords very closely (within 
II feet) with Prof. Heilprin’s. The temperature on the summit 
was found to be lower than that on either of the other two 
peaks, the thermometer indicating 32® F. 

In view of the close proximity of this mountain to Popo- 
catepetl, it is difficult “to account for the low value given by 
Humboldt and the Mexican geographers. So nearly do they 
appear of equal height that the e^e at first fails to distinguish 
which of the two summits is the higher. German geographers, 
however, in a few cases, have adopted Sonntag’s measurements, 
neglecting, as in the case of Popocatepetl, to make allowancjss 
for the error in this case of 125 feet which is indicated by the 
levelling of the Mexican Railway.” 

On April 2, Prof. Heilprin and Mr. Baker ascended the fourth 
highest summit of the Republic, the Nevado de Toluca. The 
ascent of this mountain is much easier than the others, and the 
summit can be reached on horseback to within a distance of 900 
feet. The rim of the broken crater “ is extremely ragged and 
narrow, descending with equal abruptness to the inner and outer 
faces of the volcano^ At some points the crest is so attenuated 
that it can be readily straddled.” The height of this mountain 
was found to be 14,952 feet, which approximately corresponds 
to the mean between Humboldt’s determination and those made 
by a class of students from the School of Engineers of the city 
of Toluca. • 

The results of the measurements <ff this mountain are veiy 
divergent, as will be seen by the following list. La Perouse, in 
1786, gave the height as less than 13,000 feet. The British 
Hydrographic Chart of 1872 gave 14,970 feet, and this estimate 
is the one which is generally followed by tlie English and a 
number of American geographers.. Malespina^ in 1791, by 
means of angles taken" from, positions near Fort Mulgrave, 
determined the height to be 17,851 feet, while Tebenkoff re- 
duces this figure by about 900 feet. 

The most carefully conducted series of measurements are 
“those which were made by Mr. W. H. Dali, under the 
auspices of the United States Coast Survey, 1874. These yielded 
results ranging from a little more than 18,000 to nearly 20,000 
feet* The measurements were made from distances 69, 127, and 
167 miles, and it is more likely that the discrepancy in the results 
obtained is due to an uncertainty regarding the actual position of 
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the mountain.” Even in these latter measurements we have 
results in which the extreme variation is about 2000 feet,, and 
this distance compared with 4 miles (about the height of the 
mountain) is a lar^e quantity, and shows that a still more' 
accurate determination must be made before its height is plaoed 
beyond doubt. 


From the resiflts of the measur<iments of the heights of these 
four mountains,* the 'existing evidence seems to point to the 
Star Mountain ”. of Mexico, the peak of Orizaba, with its 
18,200 feet, as |he culminating point of the North American 
continent. 


A NEW ELECTRIC LIGHT OTTO GAS- 
ENGINE. 


'pi'LECTRIC lighting is becoming so ugivcrsal in all parts 
^ at the present day, that we give an illustration of the 
latest form of gas-c^gine made by Crossley and Brothers, 


Manchester. This engine, called the “High Speed Electric 
Light Otto Gas-Engine,” runs at 250 revolutions, and is de- 
signed throughout to run at this Exceptional speed. It is fitted 
with most of the latest improvements, such as Crossley's tube 
ignition, patent timing valve, and a special electrib light gover- 
nor, which makes it a very steady running engine foj; this kind of 



work. The makers claim that “electric light lamps can be driven steam-engine has been used; and that the light will be as 
direct from the dynamo without fitting the dynamo with a fly- absolutely steady as is possible with any form of motive 
wheel or ^sc, as has hitherto been done when a .small gas or power.” 


SCIENTIFIC SERIALS. 

The Amerieau Meteorological youmaJ for September con- 
tains an article, by Prof. H. A. Hazen, on Espy’s experiments 
on storm generation and the liberation of latent heat on cloud- 
formation ; these were made about 50 years ago, and Prof. 
Hazen states that tEey have never been cnecked, but have been 
accepted without* q'uestion by meteorologists. His own experi- 
ments have led to diflerent results, and he finds that derasition 
from moist air does not set free latent heat. — E. B. Garriott 
contributes aq article on the origin of storms ; he attributes 
their development to an excess of neat from the earth’s surface 
by radiation, and their progressive movement to the precipita- 
tion of aqueous vapour at a considerable elevation, wl^e the 
direction in which they move is_ r^ulated by the 'disposition^ of 
cold dry air found in areas of high pressure. For a verification 
of these facts, he points to the storms of the North American 
continent, a laige majority of which originate over the great 
plateau region in the lee of the Pacific coast ranges of moun- 
tains, and advance towards the r^ions of greatest moisture 
which embrace the Great Lakes, the Gulf of Mexico, and the 
valleys of the principal rfvers. — M* Faye has a supplementary 
article on trombes and tornadoes, for the purpose of introducing 
the figures illustrating his previous papers in the /wma/. — Mr. 
M. W. Harrington contributes an* instructive paper on forests 
and soil temperatures. He has taken various sets of observa- 
tions published in Germany and elsewhere, amounting altogether 
to 150 years, and has discussed them by harmonic analysis for 
various periods, with the view of finding the distribution of 
temperatures in the soil within and out of the forest, at any 
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depth, and at any time. The greatest difference between the 
forest soil and that of the open fields is at the surface, the mean 
difference of forest below open field being about 3% but below 
the surface the differences between forest and open field do not 
progress uniformly. There appears to be a gain of heat in the 
upper soil of the woods which the open fields do not havp. 

American yournal of Mathematics, vol. xiit.. No. I (Balti- 
more, October 1890). — The opening paper (pp. 1-52), entitled 
“ Ueber die zu der Curve + \Fv -t- = o im projectiven 

Sinne gehorende mehrfache Ueberdeckung der Ebene,” is by 
Mellen Woodman Haskell, a name not familiar to us,^ brt be- 
longing evidently to a mathematician of power. The discussion 
is exhaustive, and is fully illustrated with diagrams in the text, 
and two large-paged tables containing shaded diagrams. The 
reader who is familiar with Klein’s “Ueber eine neue Art 
Riemann’scbbr Flachen ” will easily follow the author’s work. 
An index supplies the student with a ready key to the matters 
handled.— Prof. Cayley (pp. 53-58), in a note on a soluble quintic 
equation, disrasses one of the equations given in Mr. Young’s 
paper, ‘ ‘ Soluble Quintic Equations with Commensurable Co- 
eflicients” (vol. x, pp. 99-130). ITie example considered is 
X® + 3x® -h 2x - I = o, the solutions of which the author shows 
admit of being pift in much simpler form than those given by 
Mr. Young.— Then there is an instalment of a course of lechires 
delivered at the Johns Hopkins University during the montns of 
January and February 18^, by Oskar Bolza. Its title is “ On 
the Theory of Substitution-groups, and its Applications to Alge- 
braic Equations.” The p^per is divided into two parts. 'Vm first 
develops the fundamental propositions, and concludes with a 
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short sketch of the extension of the theory to .groups of opera- 
tions in general. The second part deals with Galois’s theory of 
algebraic equations, in particular their solution by radicals. The 
material is taken from Jordan, **Traite desf Substitutions’’; 
Serret, Cours d’Algibre Suptfrieure” ; and Netto, ‘*Substi- 
tutionen-Theorie.” Other authors have been consulted, and the 
whole has been strongly influenced by a course of lectures on 
the suWect by Prof. K^lein. The editor of the journal expresses 
a belief that this development will prove extremely useful to , 
students. — This being the opening number of a new volume, is | 
graced by a fine portrait of Trofi Cayley, which gives a very 
trutiiful presentment of this eminent mathematician’s charac- 
teristic features. 

, In the nlimbers of the Journal of Botany for August and j 
September is an interesting mycological contribution nom Dr. | 
A. Barclay, describing some of the Ustilagineac and Uredineae ' 
parasitic on oireal crops and other crops in India. The most 
important of these are the following : Ptucinia Sorghi on 
Sorghum vulgare^ Melampsora Lini on Linum usitatissimum^ 
Uromyces Pisi on Cicer arietinum and on Lathyrus; sativus, 
Puccinia Fagopyri on Fagopyrum esculentum^ Mr. W. H. 
Beeby contributes a paper on the British species of Spar^anium ^ 
as regards fertilization, he states that they are rarely visited by 
insects ; they are all proterogynous, and mostly wind-fertilized. 
Among the “Short Notes’” is the very interesting record of 
the occurrence of the very rare Ranunculus ophioglossifolius in 
Gloucestershire. 

SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, September 29. — M. DiSchartre in 
the chair. — On the theory of infectious disease, of re- 
covery, of vaccination, and of natural immunity, by M. Cb« 
Bouchard. — On the absorption of carbon monoxide by rocks, 
by M. Berthelot. Observations in mines after explosions have 
been said to indicate that the rocks of which the walls are con- 


the colouring-matter recently extracted from theDiaptomus dentt- 
corniSf by M. Blanchard, and considered as a carrotin of animal 
origin. — The identity in the structure of li|^tning and discharges 
from an induction machine, by M. £. L. Trouvelot. 

Stockholm. 

Royal Academy of Sciences, September 17. — On the 
dtscoveiT of cerium minerals and columbite, and on the occur 
rence of microlite, by Baron Nordenskiold. — On the discovery 
of pinakiolite, trimerite, and centrolite, by G. Flink, com- 
municated by Prof. Brogger. — On inclosures of dissimilar rocks 
in some Scandinavian diabases, by Herr H. B'ackstrom. — On 
maxima and minima by double integrals, by Dr. O. Kobb. — On 
a generalization of the Beraoullian functions, and their connection 
with the gerieralized series of Riemann, by Dr. A. Jonqui^re, of 
Basel. — Some formulae of Bierens de Haan, by Dr. Lindman. 
— l^tttdes deja distribution spectrale de I’absorption dans le 
spectre infra-rouge, by Dr. K. Angstrom. — On phenyl-totyl 
and benzylen-diamin, by Dr. Sbderbaum and Prof. Widman. — 
Derivatives of ortho-amido-benzyl-alcohol, iii., by Dr. Soderbaum. 
— Researches on the conductibility of the caloric in porous 
humid bodies, by Herr S. A. Andr^e, C.E. — On the new 
edition of the collected works of Galileo, by Dr. G. Enestrom. 

Amsterdam. 

^ Royal Academy of Sciences, September 27. — Prof, van 
de Sande Bakhuysen in the chair. — Prof. Schoute de^lt with 
s6me general theorems relating to directly similar plane figures. 
— Prof. Hubrecht described phases in the early development of 
the shrew’s placenta, and mled attention to the fact that, 
whereas in Ihe hedgehog the uterne epithelium disappears — the 
subepithelial stroma forming the maternal contribution to the 
placenta — in the shrew, on the contrary, this contribution is 
directly derived from the epithelium of the uterus. 


stituted possess a specific property by virtue of which they 
retain carbon monoxide in their pores for a longer period than 
other gases. From some experiments made to investigate this 
question, M. Berthelot finds that the volume of carbon monoxide 
^sorbed by argillaceous rocks and given up by them, is sen- 
sibly identical with the volume of air absorbed and given up 
under the same conditions. Hence, rocks impregnated witn 
carbon monoxide owing to an explosion do not retain it because of 
any specific action peculiar to this gas. — On acetylene condensed 
by the silent discharge, by the same author. An examination 
of the result of the condensation of acetylene by means of the 
silent discharge appears to indicate that it differs in character 
from that obtained by the influence of heat on the same com- 

K und. — Spark spectrum of gadolinium, by M. Lecoq de Bois- 
udran. The author gives the wave-length of the lines, bands, 
and flutings characteristic of the spectrum of gadolinium. — On 
the atomic weight of terbium metals, by the same author. The 
value found from two experiments was 159*48. — On a new safety- 
lamp for use in mines, b^ M. Charles Poliak. The lamp is an in- 
ca^escent one. It weighs about 1800 grammes, and will give 
a light eq^ual to 0*7 or O'o of a candle-power for twelve hours. 
Observations of Comets Coggia and Denning {h and c 1890)^ 
made with the great equatorial of Bordeaux Observatory, hv 
MM. G. Rayet, L. Picart, and Courty. Observations for posi- 
tion were made on July 27 and 29 and on August 6 in the case 
of the former comet, and on September 14 and 1^ in the case of 
the latter. — ^Thermo-electric researches, by MM. Chassagny and 
H. Abraham. The authors find, from some experiments, that the 
variation in the electromotive force produced by heating the 
poles of a copper-iron coimle is practically constant between 
and 100'’ C. It is therefore possible that thermo-electric ele- 
ments may serve aS standards of electromotive force lietter than 
electro-chemical oells. The same results Srere found with 
couples two months old as with those only two days old.— -On a 
fungus of the Mucedinean ^oup, by M. Raphael Blanchard. — 
On the properties of the pnncipal natural colouring-matters of 
yellow 8slk| and then similarity to those of carrotin, by M. 
Raphael Dubois, Evidence is adduced to show that raw yellow 
silk owes its colour to the presence of a substance analogous to 
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THURSDAY, OCTOBER 16, 1890. 

ANALYTICAL MECHANICS. 

A Treatise on Analytical Mechctnics, By Bartholomew 
Price, M.A., F.R.S., F.R.A.S., Sedleiati Professor of 
Natural Philosophy, Oxford. Vol. II. Dynamics of a 
Material System. Second Edition. (Oxford : Clarendon 
Press, 1889.) 

I A SECOND title-page describes the present work as 
volume iv.* of “ A Treatise on Jnfhiitesimal 
J^alculus,” so that Prof. Bartholomew Price’s well-known 
|four volumes may be taken to represent the curriculum 
the Infinitesimal Calculus and its applications for the 
• mathematical student at Oxford. 

To one accustomed to the style of the text- books in use i 
at Cambridge, the contrast is very striking ; the Oxford 
student is much to be envied for the leisurely and 
luxuriant way in which the subject is here presented, 
which follows on the lines of Lagrange and Laplac^, and 
utilizes all the resources of analysis. A student who ^as 
been through the present work will be prepared to ap- 
preciate the purely geometrical form in which the New- 
tonian methods, insisted upon at Cambridge, would 
present some of the theorems in a more fundamental and 
incisive form ; but to our mind the Cambridge system is 
inferior, which ostensibly insists on the purely geometrical 
methods before allowing the student to make use of the 
power of analysis. 

Although Newton claims to be one of the inventors of 
this Calculus, and must have employed its methods in the 
discovery of his theorems, yet he carefully covered up 
all traces of the analytical scaffolding, and exhibited a 
theorem in the “ Priiicipia,” like a Greek temple, in pure 
geometrical form. 

His influence on his successors was too great when they 
attempted to follow in the same lines, with the consequence 
that our insular school of mathematics lagged hopelessly 
in rear of Continental progress. 

Although prescribed as the text-book at Cambridge, the 
“ Principia” is not studied in the original Latin, as Newton 
wrote it, from one end to the other ; but the student 
makes use ol^ commentaries and selections, which, in 
accordance with the regulations, he professes to appreciate 
and apply, before knowing even by sight the supposed 

mystifying symbols of dyjdx and jydx. 

We might as well send out our soldiers armed with 
muzzling loading guns, or even bows and arrows, to meet 
a continental army equipped with the most recent inven- 
tions of magazine rifles and breech-loading artillery. 

Thus the late R. A. Proctor could write that, although 
a wrangler, he jenew nothing of the Differential Calculus 
till some time afterwards, when he had to pick it up of 
himself; however, by acecent pgulation, only passed a few 
weeks ago, a most stupendous change has been made in 
the Mathematical Tripos, by prescribing a certain very 
elementary course of Analytical Geometry and the Cal- 
culus in the First Three Days. 

At Cambridge the large number of candidates for 
mathematical honours acts as a check to dhange ; and as 
the same papers have to serve for such widely different 
classes as the wranglers and the junior optimes, it may 
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happen that a* candidate who merely writes out .book-work 
will beat a better mathematician who is tempted to try 
the difficult questions. 

The number of students in mathematics at Oxford is 
much smaller, and the standard for honours is higher ; 
so that we can take this treatise on Infinitesimal Calculus 
and contrast it with the extracts from Newton’s ** Prin- 
cipia,” to illustrate the relative standards. • 

Under the enthusiastic influence of a Sylvester we may 
see the mathematical school at Oxford the first in this 
country, as it was two hundred years ago, in the days of 
Wren, Wallis, Keill, and the founders of the Royal 
Society, which had its origin in Oxford. 

At the outset of the Dynamics of a Matrfhal System in 
space, it is necessary to discuss a number of theorems in 
solid geometry on the distribution of principal axes and 
the associated theorems of confocal quadrics (chapter i.) ; 
also the kinematics of a rigid body, involving the compo- 
sition and revolution of angular velocities, and the trans- 
formation of co-ordinate axes (chapter ii.). 

The author could simplify the distinction between the 
j two systems of rectangular axes by adopting Maxwell’s 
comparison with the screw, right-handed or left-handed. 
All specifications of rotation *as clock-wise, or cettnter- 
clock-wise, are ambiguous ; because the direction changes 
as we pass from one side to the other of the clock face. 
Standirll: at dusk about a quarter of a mile from a wind- 
.mill, nearly in the plane of the sails, it is possible by a 
slight mental effort to change the apparent direction of 
rotation, and back again, as often as we please. 

The author does not permit himself the use of the 
elliptic functions ; or else he would have found the 
wonderful chapter i., t. ii., of Halphen’s ‘‘Fonctions 
Elliptiques ” of great service in giving the representation 
of the cosines of the angles which a movable straight 
line or a movable set of three rectangular axes makes 
I with three fixed rectangular axes. Much of the sub- 
sequent work on Euler’s three angles, the integration of 
his equations of motion, and of the spherical pendulum, 
&c., could be completed and the integrations effected by 
the use of Halphen’s formulas. 

Dynamics proper is introduced in chapter iii., where 
D’Alembert’s principle is employed to establish the 
equations of motion of a material system, with the 
subsequent corollaries of the independence of the motions 
of translation and rotation, and the principles of the 
conservation of momentum and energy. ^ 

It is more the fashion now to dispense with D’Alem- 
bert’s principle, and to refer immediately to Newton’s third 
law of motion ; still, D’Alembert’s principle, although a 
mere coroyary, states the thing in such a way as to lead 
immediately to the formation of the six equations of 
motion ; and by stating it in such a manner as to reduce 
all dynamical principles to a statical form — the reversed 
effective forces and the impressed forces form a system 
in equilibrium, the internal cohesive forces (stresses) 
being in equiliBrium among themselves^’ — it was formerly 
considered that a simplification was effected. • 

But Maxwell, in his “ Matter and Motion,” by con- 
sidering Newton’s third law of motion as merely the 
definition of a stress^ has been able to restate all the 
theorems involved in D’Alembert’s principle in a few 
simple sentences, and in a much more convincing form. 

CG 
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It is a pity that the term vis viva has bean allowed to 
remain in this last edition, and that it wasi not entirely re- 
placed by kinetic energy : the contrasted term vis mortua 
has been dead for a long time, and vis viva should have 
followed long ago. 

The transformations of the dynamical equations into 
the Lagrangian and Hamiltonian forms are introduced at 
rather an early stage ; and the subject is resumed in the 
last chapter x., on “ Theoretical Dynamics,” written by 
the late Prof. W. F. Donkin. These transformations are 
merely analytical illustrations of the change of in- 
dependent variables, the form of the equations depend- 
ing on whether we express the kinetic energy in terms of 
' the generalized" velocities or the generalized momenta. 

A clear and expressive notation, somewhat in the style 
of that found necessary in Thermodynamics, would make 
these equations more intelligible and convincing ; 'but in 
any case, the application to definite problems, especially 
where the geometrical constraints present any peculiarity, 
is so difficult and refined, that these equations are 
dangerous weapons to put into the hands of any but 
advanced students. 

The principles of^^Least Action and of Least Constraint 
are also introduced here *by the author ; interesting 
verifications are thus afforded of well-known problems ; 
but these principles again would not be employed for 
choice ; and although the author pleads in their /avour, 
we think it should not be forgotten that the principle of 
Least Action was employed to bolster up the Corpuscular 
Theory of Light. 

Newton’s principle of mechanical similitude, in the next 
section, is, however, of great practical importance, and we 
see its application in the constantly increasing size of our 
bridges, ships, and guns. In its particular application 
to naval architecture, a corollary goes by the name of 
Froude’s law (also enunciated by Reech), which asserts 
that in similar vessels run at speeds proportional to the 
square root of the length or the sixth root of the dis- 
placements, the resistances are as the displacements ; and 
thus the naval architect is able to infer, f^rom the known 
performance of a ship or a model, what to expect on a 
different scale. When we make, in any two similar 
machines of the same material, the velocities in the ratio 
of the square root of the linear dimensions, we ensure in 
this manner that the stress per unit area in the material 
is the same, and thus the two machines are equally 
strong ; so that this law of corresponding speed is 
most 'useful in the practical application of Newton’s 
law of similitude. 

A valuable section on Units, No. 9, points out that there 
are only two systems which need be considered : the 
British foot-pound-second (F.P.S.) system, and the metric 
centimetre-gramme-second (C.G.S.) system. The author’s 
numbers for the conversion of one system intq the other 
are not exactly according to the latest determinations ; 
thus it is more accurate to make i metre = 39’37079 
inches, and i foot, =* 30*4794 centimetres.* The metre 
was qriginally designed so that the kilometre should be 
the centesimal minute of latitude, for use in navigation ; 
but taking the sexagesimal minute of latitude as 6 o 3 o 
feet, the Admiralty standard, then the above figures make 
the length of the earth’s quadrant 10,007 kilometres, in- 
stead of 10,000, as designed. It has been decided, how- 
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ever, for electrical purposes that 10’ centimetres should 
be called a guadrant, although about 0*07 per cent. out. 

Recent redeterminations of the weight of a metre cube 
of water, and of the volume of 10 gallons or 100 pounds 
of water, made with the greatest care, have revealed per- 
ceptible discrepancies with former estimates ; so that the 
definition of the kilogramme as a decimetre cube of pure 
water at its maximum density must be considered a 
purely academic definition, and not sufficiently precise for 
legal purposes ; the ultimate appeal being to the lump 
of platinum preserved in the Conserva,toire des Arts et 
Mdtiers. * * 

A Committee of the British Association is at present 
engaged in attempting to fill up the gaps in our dynamical 
terminology : the author introduces the dyne and erg, due 
to a former Committee, but not the kine, spoud, bole, and 
barad, recently settled upon as names for the C.G.S. units 
6f velocity, acceleration, momentum, and pressure. The 
e.G.S. units are too minute for practical purposes, so that 
electricians now employ the joule, of ergs, and the 
watt zs the volt-ampere, or power doing one joule per 
secotid — units based really upon the commercial units of 
the metre and kilogramme, instead of the centimetre and 
the gramme. These microscopic units were adopted by 
the original Committee apparently merely to gratify the 
fad of making W = .rV, instead tif iooojV. 

The astronomical unit of mass is defined in § 143 ; but 
if it is difficult to measure the volume of a kilogramme of 
water, the probable error in the determination of this 
astronomical unit of mass is immensely greater ; so that 
to our mind this unit had better be discarded, and the 
gravitation constant introduced into the equations, using 
its provisional value, 10-* x 6'48 C.G.S. units (Everett, 

Units and Physical Constants,” § 72). 

Chapter iv. discusses the equations of motion of a 
rigid body expressed in terms of angular velocities and 
their increments, &c. The author adopts various illustra- 
tive methods, but to our mind the simplest procedure is 
to establish the general equations, with the usual notation 
A, — //jdg-t- — L, ; and then Euler’s equations, 
&c., follow as particular cases. By adding the terms due 
to the employment of a movable origin we obtain the 
form of the Hamiltonian equations required in the dis- 
cussion of the motion of a body moving m 9. liquid ; and 
here is a good opportunity for the introduction of Dr. 
Routh’s principle of the Ignoration of Co-ordinates, re- 
quired to complete the theory of the generalized equations 
of motion. 

Prof. Price could make a very useful book for students 
of elementary' mathematics by taking out and printing 
separately the part on uniplanar motfon and its illustrative 
examples (chapter v.) : the complication of the subject 
of rigid dynamics is more than doubled when we consider 
motion in three dimensions ; but in two dimensions the 
subject is within the grasp of most students, who will 
thus acquire a good working knowledge sufficient for 
most purposes. At the outset the determination of simple 
moments of inertia is required, and this involves a know- 
ledge of integration ; so that a student, untrained in the 
Calculus, can make very little headway. It is a pity that 
the lack of the slight knowledge of integration required 
for this purpose prevents most of our students from going 
on to the real study of the. pendulum, the motion of the 
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vrheel and wheeled carriage, and of the ballistic pendulum 
Prof. Price calls the inventor Captain Robins ; but 
■according to the preface of his “ Mathematical Tracts,’ 
Robins was of Quaker extraction (like so many other 
students and inventors of warlike instruments), and his 
only military employment was as chief engineer of the 
East India Company, in planning and carrying out their 
fortifications. 

In chapter vi. the rotation of a rigid body about a 
fixed point is discussed, with applications to the three im- 
portant problems 6f motion under no forces ^ith Poinsot’s 
geometrical representation, the motion of the top or 
gyrostat, and the precession and nutation of the earth’s 
axis. These problems illustrate very stril^ingly the great 
increase in complication when we go from plane motion 
to motion in space. The figure of the herpolhode, on 
p. 251, shows points of inflexion ; but, as the author men-* 
tions in § 295, these points of inflexion cannot exist in 
Poinsot’s herpolhode. An elegant geometrical demonstra- 
tion is given on p. 379 of Sylvester’s extension of Ptjjnsot’s 
representation, where confocals to the momental ellipsoid 
are made to roll upon parallel planes ; and now it is 
possible in certain corresponding herpolhodes for points 
of inflexion to make their appearance ; the analytical and 
geometrical discussion ofathis problem has .engaged the 
attention of de Sparre and Hess. 

We mentioned at the outset that the author did not 
permit himself the use of elliptic functions ; but appa- 
rently he could not resist the temptation of introducing 
them in the complete solution of Poinsot’s motion, the 
simplicity and elegance of the representation being so 
great. In the separating case, when the modulus of the 
elliptic functions becomes unity, the introduction of the 
corresponding hyperbolic functions would have exhibited 
an analogous symmetry. 

By considering the elliptic functions as defined by plane 
pendulum motion, some of the results in the motion of 
the top or gyrostat could have been exhibited by com- 
parison with a plane pendulum ; but it must be confessed 
that the simplicity is not maintained when we investigate 
the projection of the motion on a horizontal plane, with- 
out we introduce functions invented by Hermite, of a 
higher degree of, complication. 

In the discussion of precession and nutation, a simpli- 
fication can be introduced by making use of the observed 
fact in determining the latitude, that the deviation of the 
axis of rotation from the axis of figure, although certainly 
existing, is quite inappreciable in the case of the earth ; 
so that the axes of figure, of rotation, and of angular 
momentum may be ftiken as coincident. With this ap- 
proximation the pole of the earth follows a point 90” in longi- 
tude behind the sun or moon with a certain velocity ; and 
now the rest ol*the calculation of precession and nutation 
becomes a kinematical problem. 

Chapter vii. discuss*es interesting and important prob- 
lems of small oscillations and of bodies rolling on each 
other, e.g. of a billiard ball on the table ; and chap- 
ter viii., on 'relative motion, is important as showing how 
far we are justified in applying our dynamical equations 
to the problems going on around us, considering that 
they take place on the surface of the earth, which is 
moving in a complicated manner in space. The corre- 
sponding elementary discussion in Maxwell’s ** Matter and 
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Motion,” on the ideas of relative motion, and the modifica- 
tion of the principles of dynamics to make them rigorous, 
is well worth attention at this point. 

The deviation from the vertical of a body let fall down a 
deep mine, of a projectile from the vertical plane of fire, 
and the rotation of the plane of oscillation of Foucault’s 
pendulum, are discussed as illustrations of the influence of 
the earth’s rotation in modifying a dynamical question ; 
but considering how slight a disturbing cause, such as 
a current of air, would be sufficient to mask the effect, 
we believe that these effects have not yet’ really been 
observed. 

In Foucault’s pendulum a very slight jockeying can* 
make the thing go as we wish ; while with artillery fire at 
long ranges the disturbing cause of deviation or drift 
quite bverpowers any deviation due to the rotation of the 
earth. Theoretically, Foucault’s pendulum, if set swinging 
in a plane through the rising moon, should continue to 
follow the moon ; and roughly speaking, a shot fired at 
the rising moon should keep moving in the moving 
vertical plane through the moon, and would thus fall to 
one side of its original vertical plane^f fire ; in a range 
of twelve miles, and a time^ of flight of one minute, this 
deflection would, in the latitude of Shoeburyness, amount 
to about 71 yards, out of about 1000 yards observed 
average lateral deviation. 

A few simple problems on the vibration of elastic 
threads and plates are given in chapter ix. ; and 
chapter x., as already mentioned, is occupied by Prof. 
Donkin’s contribution on Theoretical Dynamics. 

Throughout the work good collections of illustrative 
examples are introduced, to test the student in his grasp 
of the principles given immediately before. If we might 
make a slight criticism, we should suggest the introduction 
of some arithmetical exercises on these problems, taken 
from examples in real life ; for, as Sir William Thomson 
insists, it is from arithmetical applications that the student 
obtains a real grasp of dynamics ; the examples given 
here only testing his algebraical and geometrical power. 

In conclusion, we congratulate the student of mathe- 
matics at Oxford on the possession of such an admirable 
text-book, fully brought up to date in the latest 
developments. A. G. Greenhill. 

ANNALS OF THE ROYAL BOTANIC GARDEN, 
CALCUTTA. • 

Annals of the Royal Botanic Garden, Calcutta. Vol. I. 
Appendix— (i) “Some New Species of Ficus from New 
Guinea,” By George King, F.R.S., &c.. Superintend .*nt 
of the ftoyal Botanic Garden, Calcutta. (2) “ On the 
Phenomena of Fertilization in Ficus Roxburghii, Wall,” 
by D. D. Cunningham, F.L.S., &c., Surgeon-Major, 
Bengal Army. (Bengal Secretariat Press, 1889.) 

A bout a dozen new species of Ficus are added here 
to Dr. King’s valuable monograph of the figs of 
the “ Indo-Malayan and Chinese counfries,” which occu- 
pies the whole of the first volume of the “ Annals.^ It 
may be remembered that Dr. King proposed a modified 
classification of th^ species of Ficus, based upon 
characters indicating, in his view, the 'direction of 
evolution >n the genus, beginning with a small group 
having pseudo-hermaphrodite flowers {Palceomorpke), 
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and ending with another small group ' {Neomorphe) 
remarkable for having di- or tri-androiis male flowers, 
and the receptacles (fruit) borne in clusters, often very 
large, on the trunk and branches, sometimes at the very 
base of the trunk. 

Curiously enough, although the other five groups or 
sections^ into which King divides the genus Ficus, are 
all represented among the additional species from New 
Guinea, neither the oldest nor the newest is ; but both 
are represented there by previously known species, and 
th^ Neomorphe by some of the most remarkable of the 
genus. Thus, imperfectly as the flora of New Guinea is 
known, there ^are indications of great age and variety. 
Noteworthy among the species figured in the present 
work is Ficus hesperidii/ormis. King, belonging to 
the section Urostigma, which is characterised by 
having male, female, and “ gall-flowers ” intermixed in 
the same receptacles. Ficus hesperidii/ormis resembles 
the familiar india-rubber tree, F. elastica, but the leaves 
are larger and the receptacles (fruit) very much larger ; 
the ripe dry ones resembling small oranges, hence the 
specific name. 

Dr.^ Cunningham’s memoir on the fertilization of Ficus 
Roxburghii is an interesting and important contribution 
to the subject of reproduction, inasmuch as he arrives at 
some rather startling conclusions with regard to the 
plant in question. * 

The relations between certain insects, parasitic in the 
receptacles of the fig and caprifig, and in various other 
species of fig, and the fertilization of the flowers, has 
been investigated in recent times more especially by Dr. 
G. King, Mr. Fritz Mueller, and Count ‘Solms ; and 
particulars of their results, or conclusions, have been 
given from time to time in Nature (vols. xxvii. 
p. 584, xxxvi. p. 242, and xxxix. p. 246). Neverthe- 
less it may be well to repeat here some of the princi- 
pal conditions and phenomena of the flowers of figs. 
In the first place it may be noted for unbotanical 
readers that the flowers of figs are very small and 
crowded all over the interior of the receptacle or fruit. 
Further, that the wall or substance of the receptacle is 
continuous and closed, except at the apex, where it is 
provided with a number of closely overlapping scales, 
rendering ingress, and egress, without eating its way, 
impossible to any but a very minute insect. I say, with- 
out eating its way, because much depends upon whether 
inseets can reach the interior of the receptacles and at | 
the same time carry pollen with them ; and writers on 
the subject, so far as I am aware, have not considered 
the probabilities of the earlier visiting-insects’thus opening 
a channel for those following. I have also, fin another 
place, suggested the possibility of the scales at the mouth 
of the receptacle being loosened at the receptive period, 
and Mr. C. B. Clarke tells me that he Has actually 
observed this to be the case. 

The flowers are of four kinds — namely, male, female, 
neuter, and gall f and they are variously associated, or 
separated, in different species of Ficus. There are 
indeed five kinds of flowers if we include the pseudo- 
hermaphrodite flowers of the group Palceonwrphe. In 
the cultivated fig {Ficus Caried), Aie flowers are almost 
invariably all female ; and the male flowers of. this species 
arjii' borne by the “ caprifig ” of the south of Europe and 
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Western Asia. Associated in the same receptacles with 
the male flowers, and covering the whole of the inside 
except a ring near the top, are the so-called gall-flowers. 
Structurally they are female, but instead of bearing seed 
they nourish the larva' of an insect, and the perfect 
females of this insect are supposed to convey the pollen 
of the male flowers to the receptacles containing female 
flowers, the ovules of which are thereby fertilized. The 
presence of insects in figs seems to be general in the very 
numerous (500 perhaps) species spread all over the tropical 
regions of the earth ; and the commonly accepted theory 
is that these insects, in return for the shelter and nourish- 
ment received, convey the pollen from the male to the 
female flowers*, so that the association is mutually bene- 
ficial. At least this was the theory of Solms and Fritz 
Mueller. In the introduction to his monograph of the 
Asiatic figs. Dr. G. King says : — “ The exact way in 
which the females are pollenized is a matter on which I 
cannot pretend to throw any light. I can only state the 
problem.” Yet a little farther on he states that there can 
be no” doubt that the insect developed in the gall-flowers in 
some way conveys the pollen of the males to the females 
in 6ther receptacles, though he found it difficult to under- 
stand how this could be effected ; and he informed the 
writer that he had never discovered the slightest evidence 
of the process, beyond the fact that seeds were formed. 

At the instigation of Dr. King, Dr. Cunningham has 
thoroughly investigated the phenomena of fertilization in 
Ficus Roxburghii, and he arrives at the conclusion that 
pollen is never, or exceedingly rarely, conveyed to the 
female flowers, though good seed is abundantly matured. 

Ficus Roxburghii is perfectly dioecious — that is, the two 
sexes are produced on different trees ; and the fruit is 
borne in large clusters on the thicker branches and trunk 
often at the very base of the same, and extended on the 
ground.' The receptacles are similar in shape to those 
of the common fig, and from two to three inches in 
diameter, or sometimes nearly four inches ; and the 
flowers are proportionately large, so that they are easily 
examined. It may be mentioned, too, that this species 
belongs to King’s section or sub-genus Neomorphe, which, 
in our opinion, exhibits the latest stage in the evolution 
of the genus. 

It would occupy too much space to foilo<v Dr. Cunning- 
ham through his investigations, but it will suffice to give 
some extracts from his concluding remarks : — 

’'There can be little room for doubt that the phenomena 
indicate that, while the development of embryos in the 
female receptacles of the tree is essentially connected with 
the access of the insects to the receptacular cavity, it is 
yet normally independent of the introduction of pollen by 
their agency. The fact that the access of a single insect 
or of a pair of them only is sufficient to determine the 
development of ten or twelve thousand 'embryos, is in 
itself almost conclusive against the occurrence of any 
ordinary process of pollination. The obstacles through 
which a passage has to be forced ere the receptacular 
cavity is reached are of such nature and amount as to 
render it almost inconceivable that pollen should be 
introduced in sufficient quantity, and there is at the same 
time an absolute want of evidence to show that such 
introduction takes place. I have carefully examined very 
many receptacles at various periods shortly after access 

A photograph of • tree in Ihih form* the froatUpiece to the tint volunn 
of the Annals of the Calcutta Garden." 
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of insects to the cavities, and have never been able to 
detect any evidence of general distribution of polled over 
the stigmatic surface. Examination of individual flowers 
has given like results ; in most cases it has been im> 
possible to find any pollen within the receptacle or cavity, 
and in the few cases in whicU any was found it was 
represented by one or two shrivelled grains adherent to 
the corpses of insects. It must be borne in mind, ‘too, 
that, if we accept the hypothesis that the development of 
the embryos is due to ordinary processes of pollination, 
we must assume not only that a single insect can convey 
many, thousands of pollen-grains with it in spite of the 
excessive obstructions to access presented by the ostiolar 
plug, but that these grains are also metbodfcally and 
economically distributed, for, unless each stigma were 
only allowed to appropriate a single grain, the amount 
introduced would have to be indefinitely nrAiItiplicd. 

“ The most important evidence against the occurrence 
of pollination of any sort as a normal and essential event 
lies, however, in the fact that the embryo originates, as it 
does in undoubted cases of development, apart from* 
pollination. The embryo, as a rule — for of course it is 
possible that pollination and normal evolution may occur 
in certain individual flowers — certainly arises as an out- 
growth of the nucellar parenchyma, outside the eflibryo- 
sac, and not as the result of special evolution of any*ele- 
menls contained with in the latter. The embryo-sac ivp to 
the period of insect-access and of initial development of 
the embryo normally retains the characters of a simple 
uninucleate cell. There, is no evidence of the formation 
of an oosphere, of synergid®, or of antipodal cells within 
it, and it is only subsequent to commencing evolution of 
the embryo that the primary nucleus is replaced by a 
large number of secondary ones, which are apparently re- 
lated to the elaboration of food material for the growing 
embryo, when it gains access to the cavity of the sac. 

“ But if this be so, if pollination be unnecessary, why 
should the access of insects be essential to the develop- 
ment of embryos The phenomena presenting them- 
selves in connection with the male flowers of gall- 
receptacles appear to afford a clue to answering this 
question. It is just as impossible for the male flowers to 
come to perfection — Just as impossible for perfect pollen- 
grains to be developed without the access of insects to the 
gall-receptacles — as it is for embryos to be developed in 
female ones under parallel circumstances. 

“ The development of embryos in F. Roxburghii^ then, 
appears normally to be an asexual process dependent on 
hypertrophic budding of a specialized portion of the 
nucellar parenchyma, and it appears not improbable that 
the phenomenop is not peculiar to the species, but is the 
rule in the 'case of other figs also. This, _ of course, 
remiires further investigation ; but in the only_instance in 
wmch I have yet had time to examine the" matter — in 
the case of F. hispida—^txt, can be no doubt that it 
is so.” 

From the foregoing extracts it will be seen that Dr. 
Cunningham insists, on two extraordinary' phenomena — 
namely, the impossibility of the formation of pollen in the 
absence of insects, and the formation of embryos by bud- 
ding outside of the embryo-sac instead of sexual develop- 
ment. As to*the first, improbable as it may seem, I am 
assured by two or th^ee independent observers, who have 
had opportunities of testing* Dr. Cunningham's work, that 
they have arrived at the same conclusions. As to the second, 
the asexual formation of embryos is not so very rare an 
occurrence, according to Strasburger in his elucidation of 
polyembryony and the so-called parthenogenesis. Then 
as to the whole, the phenomena would seem to point to 
the extinction of sexuality. The points are that the 
development of both pollen and embryo is due to a 
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stimulation of thp tissues caused by the punctures of 
insects. Therefore Dr. Cunningham might* with more 
propriety haye entitled his paper “The Phenomena* of 
Non-Fertilization.” W. Botting Hemsley. 

SYNONYMY OF THE POLYZOA. 

A Synonymic Catalogue of the Recent Marine Bryosoa. 
By E. C. Jelly, F.R.M.S.* (London: Dulau *and Co., 
1889. 

T his is a work for which all students of the Polyzoa 
(Bryozoa) should be grateful. It supplies an jin- 
doubted want, and will greatly facilitate the investigation 
of the large and interesting class with which it deals. 

Synonymy is certainly not an attractive element of 
natural history study. Indeed, anything of less intrinsic 
interest cannot well be imagined, and yet it has a specific 
value in relation both to morphological and systematic 
work, and it is of the first importance that it should be 
carefully determined. A just and accurate synonymy is 
of course an essential condition of a sound nomenclature ; 
it is a key to the actual state of knowledge, and an index 
to the sources in which it must be sought, which is 
invaluable to the student. *It>is also a safeguard ^gainst 
duplicate and delusive names. 

Miss Jelly’s “ Synonymic Catalogue of the Recent 
Marine Bryozoa ” fills a vacant place. There is not, so far 
as we know, any work which occupies the same ground. 

“ It aims,” as the author explains in her preface, ** at 
bringing into view all the names of published recent 
Bryozoa, with as full a synonymy as may be possible.” 

The fossil^forms belonging to recent species, and these 
only, are included in the synonymy. The work, which 
bears the marks of careful and conscientious labour, 
brings before the student within small compass the entire 
series of published Polyzoan forms belonging to the 
recent fauna ; supplies him with a reference to the book 
in which each species was first described and with the 
name of the writer who first described it ; tr.acks it, as it 
were, however disguised by variety of name, from author 
to author, and so in fact furnishes an index to the whole 
range of the systematic literature. 

The value of such a guide to the student of the Polyzoa 
must be at once evident. It economizes his labour ; it 
enables him to enter upon original investigation with a 
full knowledge of what has been already done, and it saves 
him from adding to the weariness and perplexity of those 
who may follow him by multiplying duplicate namffs. 

Within the last few years large additions have been 
made to the known species of Polyzoa, the diagnosis of 
which is distributed to a great extent through the bio- 
logical jdhrnals of Europe and America. With all the 
care that he can exercise the student is continually liable 
to overlook some paper in some obscure periodical of 
which perhaps he has never heard, and, as a result, to add 
another name to the already burthensome synonymy. In 
point of fact,«as a matter of convenience the synonymy of 
each class of any extent is worthy of Separate and special 
treatment ; and such a work as Miss Jelly haS now 
supplied should be regarded as an essential part of the 
apparatus of the sti|dent who devotes himself to descrip- 
tive and systematic work. 

We cannot but regret that Miss Jelly has abandoned 



.590 


■NA TURE 


[October i6 » 1890 


the name of the class which has been generally adopted 
in England, and which commemorates the remarkable 
researches of an unobtrusive but most able and original 
worker in the province of invertebrate zoology. We have 
no intention of reviving the controversy on this subject, 
in which indeed Miss Jelly takes no part, as she does 
not state the grounds on which she bases her decision. 
The consensus of Continental naturalists in favour of 
EhrenbeVg’s name has no doubt had much weight with her, 
but the appeal to numbers is hardly likely to satisfy those 
who have tried the case on its merits, and arrived at a 
different conclusion. Of course it would be satisfactory 
to secure uniformity of nomenclature, if it were possible ; 
but those who have a strong conviction that J. V. Thompson 
was the earliest to appreciate ani define the distinctive 
peculiarities of Polyzoan structure, and that his name was 
intended to apply not merely to the zooids of a colony, 
but to the type of organization which they represent, can 
hardly consent to be parties to an absolute rejection of 
his claim. 

The value of such works as the present depends en- 
tirely on the care and minute accuracy with which they 
are compiled. Miss Jelly’s “ Catalogue ” affords abundant 
proof that these qualities h^v.p not been wanting in her 
case. 'That she possesses a thorough command of the 
literature of her subject is shown by the fulness of the 
synonymy, and (very strikingly) by the explanatory* notes 
appended to many of the species. The book supplies 
ample evidence of intelligent and enthusiastic interest 
in the subject, and patient industry in dealing with it. 

As to the synonymy itself, many difficult questions 
arise in connection with it, which clearly cannot be dis- 
cussed in a work which aims at being a ^uide to the 
recorded species, and not a critical treatise. In not a 
few cases of supposed synonymy we should feel compelled 
to dissent from the conclusions arrived at, or adopted 
from others. But on such points the student must satisfy 
himself. 

We may add that the book is handsomely got up, and 
printed in a type which, so far as clearness is concerned, 
leaves nothing to be desired. 

Miss Jelly is to be congratulated on the completion of a 
very onerous task, and on the valuable contribution which 
she has made to the working apparatus of the student. 

OUR BOOK SHELF. 

Zoolog^sche Ergebnisse einer Reise in Niederlandsch 

Ost-Indien. Von Dr. Max -Weber. Erstes Heft. 

(Leiden: Brill, 1890.) 

The numerous books, memoirs, and pamphlets that have 
been published during the century dealing «with the 
natural history of the Malay Archipelago have revealed 
to the world of science a fauna which is perhaps un- 
rivalled for richness, variety, and general interest. But 
even now we are scarcely beyond the threshold of the 
investigation. The travels of von Rosenberg, Wallace, 
van Martens, Forbes, and others, and the painstaking 
observations and collections of many of the Dutch 
residejrts and controleurs, have given us a knowledge of 
the principal features of the ornithology and entomology of 
some of the more important islands, but there are still 
many regions of undoubted interest that have scarcely been 
explored at all^ even by their nominal masters the Dutch. 
During the journey undertaken by Prof. Weber and his 
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wife in 1888 and 1889 some of these little-known regions, 
and islands were visited, and the results are now appear- 
^g in a series of memoirs prepared by eminent Dutch 
naturalists, under the editorship of the distinguished; 
Professor of Zoology at Amsterdam. 

Several interesting new forms are described in the first 
part ; and no doubt many others will follow in the 
memoirs that are now in course of preparation, from 
Central Celebes, Flores, and the Saleyer Islands —regions 
that have hitherto scarcely been visited by naturalists. 
But the interest in Prof. Weber’s results does not by any 
means lie exclusively in the fauna of the remote corners 
of the archipelago. By investigating the fresh-water 
fauna and tl^c inconspicuous forms of terrestrial inverte- 
brates of all the districts visited, he has opened to us a 
new chapter in the natural history of the archipelago. 
The memoirs cn Spongillidte by the editor, on Apterygota 
by Oudemans, and on the land Planaria by Loman, are 
most valuable and interesting contributions to our know- 
ledge of the tropical species of these groups. Of more 
.than special importance is the paper by the Professor and 
Madame Weber, “ On some New Cases of Symbiosis.” 

I One of the most remarkable of those described is that 
of an alga belonging to the family Trentepohliacea^ 
symbirtic with a fresh-water sponge. This paper is in 
Frerch, and contains an interesting discussion of the 
problems presented and the literature of the subject. 

Two memoirs, in English, by Prof. Weber and by Dr. 
Jentinck, de.*!! with the mammalia collected during the 
journey. It appears from these pages that the curious 
animal the sapiutan, Anoa deprhsicornis^ is not confined 
to the northern peninsula of Celebes, as is usually stated 
to be the case, but may be found in favourable localities 
all over the island. In a long discussion on the habitat of 
the rare monkey Macacus maurtts, we are told that it 
occurs on the Maros River and elsewhere in South Celebes, 
and that it should be considered to be “ one more of the 
remarkable animals peculiar only to that island, with a 
continental character.” 

Every naturalist who reads this first part of Prof. 
Weber’s results will look forward with interest to the 
publication of the memoirs that are still in course of 
preparation. SYDNEY J. HiCEsoN. 

Inorganic Chemistry, Theoretical and Practical. By 

William Jago, F.C.S., F.I.C. (London; Longmans, 

Green, and Co., 1890.) 

The number of classes established according to the 
regulations of the Science and Art Department is now 
so considerable that publishers and authors alike are 
ready to specially cater for their needs. ‘ Messrs. Long- 
mans, Green, and Co. have already an extensive scries 
of “ science manuals ” written to meet the requirements 
of students taking the elementary stage of subjects as 
given in the Directory of the Department ; and Mr. Jago’s 
volume is one of a similar series that is in preparation to 
include the matter prescribed in the advanced syllabus 
of each subject. After the preface we are nowhere 
reminded of the particular aim of*the book, or of the 
limitations under which the author has done his work ; 
and it is worthy of note that the papers set by the 
Department examiners are not reprinted, at the end. 
Leaving the particular meaning attached to the words 
elementary and advanced by thp Science and Art 
Department, we may describe the volume before us as 
an elementary treatise on inorganic chemistry, of about 
460 pages. It includes a consideration of the more 
common metals and their compounds, three pages con- 
cerning the periodic law, and six pages on the causes 
which modify chemical action.’’ Fluorine takes its 
natural place among the halogens as an isolated element, 
and other of the recent advances are duly noticed Some 
parts are very meagre, as, for example, the paragraphs 
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on acetylene, in which, by the way, there occurs the very 
objectionable expression “ two volumes of carbort " in 
reference to the composition of the gas. The statement 
that “ nitric acid is largely used in the manufacturer of 
sulphuric acid ” needs qualification, especially as we are 
told that “ sulphuric acid is Ivgely employed in the 
preparation of . . . nitric acid.” But, on the whole, the 
manual is one that deserves recommendation, and will be 
valued by those for whose use it has been written. 

We would suggest that, in the future editions that will 
doubtless be called for, “ choke ” or “ after-damp ” be not 
described as carbon dioxide, because the amount of 
carbon dioxide in it is very small compared with the 
nitrogen present ; and we do not think that the Examiners 
at South Kensington would harshly judge any student 
who corrected the current notion. And if the engraver 
of the illustrations had photographs of the apparatus 
supplied him, or, better still, if the blocks could be 
prepared mechanically from such photographs, the figures 
would have an appearance of genuineness which at present 
many of them lack. It is better to represent the apparatus* 
used than the operation in progress, and then one avoids 
such unnecessary and unwise conventionalities as appear 
in the attempt to illustrate a brilliant combustion in a 
glass jar. • 

# 

Arifhmetical Chemistry. Part I. By C. J. Woodward, 

B Sc. New Edition. (London : Simpkin, Marshall, and 

Co., 1890.) 

In the study of chemistfy there is a certain amount of 
arithmetical work which the elementary student must 
master as he progresses, and this used to be generally 
considered as the part in which the young pupil was 
most likely to fail. But now it is different, and we fear 
that there is rather a danger of too much stress being 
laid upon arithmetical exercises. In the volume before 
us the author proceeds by easy stages, explaining the 
various subjects dealt with in a sound and simple 
manner. We hope for the student’s sake that it is 
intended for the teacher to select from the numerous 
exercises set. At the end of the volume there are “ the 
whole of the questions in arithmetical chemistry and 
chemical philosophy,” selected from the examination 
papers of five different examining bodies, for the years 
1886 to i88g inclusive. These will doubtless be useful to 
the teacher if used with discretion enough to prevent his 
students from imagining that chemistry is a branch of 
arithmetic. 

Air-Analysis : with an Appendix on Illuminating Gas. 

By j. Alfred • Wanklyn and W. J. Cooper. (London: 

Kegan Paul, Trench, Triibner, and Co., Ltd., 1890.) 

This small volume of ninety pages is a practical guide 
to air-analysis, especially for sanitary purposes. The 
directions arc plain, and multiplication of methods is 
avoided. Hempel’s apparatus is employed. For the 
estimation of oxygen, nitric oxide is advised, and it is 
pointed out that as an excess of the gas is used it need 
not be pure. The authors state that, in their hands, this 
method has proved very accurate, and they give experi- 
mental results showing that it is to be preferred to , 
alkaline pyrogallol or explosion with hydrogen. Direc- 
tions for these latter methods are, however, included. 
The estimation of small ^ujintities of carbonic oxide is 1 
perfdi^ed by absorption in a cuprous chloride solution, I 
with subsequent elimination and measurement of the 
gas. The analysis of coal-gas is dealt with in the 
appendix, and the volume concludes with some useful 
tables. As an addition to the treatises on special 
branches of analysis written by Mr. Wanklyn, either solely 
or jointly, this volume will be welcomed by analysts and 
students. 
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Fresh-water Aquayia : their Construction^ Arrangetnent, 
and Management. By Rev. Gregory C.‘ Bateman, 
(London: L. TJpeott Gill, 1890.) 

Mr. Bateman says that he has always been fond of 
natural history, and that when he was a boy he looked 
forward with pleasure to the prospect of having an 
aquarium of his own. When this delight was experi- 
enced, he found that it had many drawbacks. These 
were due to the fact that he did not know how to.manage 
his treasure. He bought dt borrowed books on the 
subject, but was not able to obtain all the information he 
required. Then he tried to find out by experiment what 
he could not learn by reading ; and as raojt of his at- 
tempts were in the end successful, he resolved that he 
would write such a book as he himself had wished for 
when he was making his first blunderg in aquarium 
matters.” The present volume is the result of this de- 
cision, and there can be no doubt that it will be vqry 
cordially welcomed by many students who want just such 
information as the author has brought together. He 
writes simply, clearly, and practically, and no one who 
reads with moderate care what he has to say will find 
much difficulty in complying with the rules he lays down. 
He gives, also, interesting details as to the best water- 
plants and live stock to be kept, how and where they are 
to be obtained, and how they are to be maintained in 
health. The volume includes many illustrations. 

• • , 

Scenes and Stories of the North of Scotland. By John 
Sinclair. (Edinburgh : James Thin. London : Simp- 
kin, Marshall, and Co. 1890.) 

Mr. SftjCLAiR is an intelligent and lively writer, and has 
produced a book which may be read with pleasure by 
persons who have visited, or think of visiting, the scenes 
he describes. The work is not, in the strict sense, scien- 
tific ; but it includes many passages which are, to a cer- 
tain extent, of scientific interest. The subjects are : Loch 
Duich, Ros 5 -shire ; the Black Rock, Ross-shire ; the 
Island of Lewis ; Assynt, in Sutherland ; the Caithness 
coast ; the town of Thurso ; and the Shetland Islands. 
Here is ample scope for fresh observation and bright de- 
scription ; and the author has generally made good use 
of his opportunities. It is to be regretted, however, that 
he did not, before writing of the Island of Lewis, make 
himself acquainted with what trustworthy archaeologists 
have said about the great prehistoric monument at Caller- 
nish. “ There is little doubt,” he asserts, “ that these 
standing stones are a monument of the ancient Druids.” 
There is not a shred of evidence that the D'-uids had 
anything whatever to do either with these or with- any 
other “ standing stones.” 


LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opines ex- 
pressed by his correspondents. Neither can lu undertake 
to return, or to correspond -with the writers of, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communicatious.l 

The Discharge of Electricity through Oases. 

On returning from abroad I find that Prof. J. J. Thomson 
has written to you to complain about a passage in my Bakerian 
Lecture, and I should like to say a few words in explanation. I 
am sorry if I have said anything that would seem unfair to Prof. 
Thomson, but^I have re-read his paper, and confess that my 
difficulties have* not been cleared away. • 

I shall be glad to be allowed to enter somewhat ful^ into 
the objection raised by Prof. Thomson to my remarks, as, in- 
dependently of any personal question, this may help to clear up 
some disputed matters. The point at issue between Proi. 
Thomson and mjrtelfas, whether the Clausius-, Williamson dis- 
sociation hypothesis forms an essential portion of the views ou 
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the disruptive discharge which he expressc^d in ^his paper pub- 
lished in the Philosoj^hical Magazine for June *1883. That is 
paftly a matter of opinion» but rrof. Thomsoh has certainly led 
his readers to think that he considered the presence of free 
atoms before discharge as essential. 

One of the principal difficulties of any theory of the disruptive 
discharge is the explanation of the relation between pressure 
and so called dielectric strength. This relation is one of the 
crucial points by means of n^ich every theory must be judged. 
The two following passages will show how Prof. Thomson 
meets the difficulty : — •» 

Let us now apply these considerations to the case of the 
electric discharge. The disturbance to which the gas in an 
electric field is subjected makes the molecules break up sooner 
in^o atoms thta they otherwise would do» and thus diminishes 
the ratio of the pair^ to thq free times of the atoms of the gas ; 
as the intensity of the electric field increases^ the disturbance in 
some places niciy become so violent that in these regions the 
ratio of the paired to the free times approaches the value it has 
when the gas is about to be dissociated.” 

Let us now consider what efiect rarefying the gas« would 
have upon its electrical strength. In a rare gas the mean 
distance between the molecules is greater than in a dense one ; 
and if the temperature be the same in both cases, and con- 
sequently the mean velocity of the molecules the same, the ratio of 
the free to the paired time will be greater for the rare than for the 
dense gas,^ for the free atoms will, on an average, be longer in 
meeting with fresh partners. Thus the rare gas will be nearer the 
state in which it begin^ tosufier dissociation than the dense gas, and 
thus it will not require to be dis(^urbed so violently as the dense 
gas in«order to increase the rafioof the free to the paired time to 
its dissociation value ; and thus the intensity of the field neces- 
sary to produce discharge would be less for the rare gas than 
for the denser one : in other words, the electric strength would 
diminish with the density, and this we know is the case^’ 

It will be seen that the explanation entirely depends on the 
idea that free atoms exist already before discharge. In my 
Bakerian Lecture, I have pointed out that the existence of free 
ions seems inconsistent with experimental fact, and I add : 
“ This seems to me to be fatal to J. J. Thomson’s view of the 
disruptive discharge.” This is the passage which Prof. Thomson 
says implies a misconception, but surely, assuming that I am 
right in my argument that no dissociation takes place before 
discharge, I am also right in saying that this is fatal to any 
theory which makes the relation between pressure and spark po- 
tential depend on such dissociation. It may be said, on the other 
side, that the idea of decomposition of molecules by the discharge, 
which forms so important a feature in the theory which I have 
explained in my Bakerian Lecture of 1884, occurs already in 
Prof. J. J. Thomson’s paper of 1883 ; and that it is unfair, there- 
fore, to condemn his views because they do not account for a 
feature of the discharge which has never been satisfactorily 
explained. A few remarks are therefore necessary to explain 
the relationship between Prof. .Thomson’s paper of 1883 and 
my own of the succeeding year. 

The hypothesis that the discharge of electricity in gases is 
similar to that in electrolytes, and that each atom of a gas such 
as nitrogen or hydrogen carries a permanent charge, seems so 
obvious that it must have occurred to many who have thought 
about the matter ; but no attempt has, until recently, been made 
to develop the hypothesis so as to' account for the complicated 
phenomena of the discharge. 

The credit of being the mrst to have done so undoubtedly belongs 
to Giese, who has explained by means of it a number of observed 
facts concerning the behaviour of flames, and of the gases rising 
from flames, but he has not until quite lately considered any 
other part of the subiect. J. J. Thomson, in 1883, published 
his paper ^*On the Theory of the Electric Discharge in Gases.” 
The hypothesis of atomic charges is not mentioned jLherein, and 
the author does not discuss the question whether or not a 
current of electricity in a gas consists of a diffusion of charged 
atoms or not. So carefttllv are these matters excluded, that it 
is difficult to avoid t^e conclusion that it was done intentionally, 
in order that the investigation may be more general, and in- 
depehdent of any particular theory which mi^t in future be 
established. 

**As the most general assumption,” the electric field is sup- 
posed to consist ot a distribution of jrelocity in the medium 
whose vortex motion constitttte:^ the atoms of the gas ; the dis« 
turbance due to this distribution of velocity wiU cause the 
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molecules to break up sooner than they otherwise would do.’" 
The way in which the decomposition of molecules is connected 
yrith the spark must be judged from the passages quoted above, 
and from those quoted by Prof. Thomson in his letter to you. 
Thh general terms in which the whole paper is expressed may 
increase its scientific value, but it affords no help to those who* 
wish to form any more definite notion what an electric current 
through a gas consists of. If in future it should be shown that a 
currbnt of electricity does not consist of a diffusion of charged 
atoms. Prof. Thomson's reasoning may still apply. 1 do not 
know whether such general considerations may ntly described 
as ‘‘a theory.” 

After having for a number of ;years attempted to trace out 
the consequences of the electrolytic hypothesis, and discovered 
some methoc^ by means of which it could be definitely tested, 
I presented to the Royal Society, in 1884, a paper which forms 
the subject of the Bakerian Lecture for that year. In that paper 
I referred to Pfof. J. J. Thomson's of the previous year, out 
unfortunately I was not then aware of Giese’s work, and that 
gentleman has undoubtedly some right to complain of the way in 
which his researches have, till recently, been neglected by 
n^self and others. I have never claimed that my hypothesis 
*^01 atomic charges was in any way original ; but I have always 
maintained that that hypothesis, by itself alone, does not explain 
much. My recent Bakerian Lecture shows sufficiently clearly 
that we must form much more definite notions regarding the 
phenomena of dissociation and the interaction between chemical 
andcelectrical forces before we can say that we have a complete 
theory of the electric discharge, and those who will overcome sue- 
cestfully all the remaining difficulties will have done much more 
than those who started the idea. The work of Hittorf, £. Wiede- 
mann, Hallwachs, Warburg, Elster and Geitel, and others, has 
thrown so much light oil many points, that the final decision as to 
the truth or otherwise of the theory under discussion cannot be long 
deferred. I have ventured to call it the ** theory of electrolytic 
convection,” which, I should say, was a sufficiently neutral and 
distinctive name. Arthur Schuster. 


A Suggestion respecting the Syllabus of the Science 
and Art Department. 

Will you permit me to call attention to the following con- 
siderations which have occurred to myself and several of my 
colleagues as the result of some years' teaching experience ? 

(1) The syllabus of Subject VIII. (Sound, Light, and Heat), 
as it at present stands, is very extensive — too much so, indeed, 
for the majority of students to grasp in one session. This fact is 
tacitly acknowledged by the Department, as a student is per- 
mitt^ to obtain a first class in either stage by taking two only 
out of the three subjects. 

(2) Sound and light are pretty closely related, both being 
forms of wave motion, and the general ideas involved in their 
study very similar. But between these two subjects on the one 
hand, and heat on the other, this connection is small, existing, 
inde^ (so far as the Department’s syllabus extends), only in 
the comparatively unimportant section of sadiant heat. The 
considerations involved in dealing with specific *and latent heat 
and with heat as a form of energy are of an utterly different 
character from those presented in sound or light. 

(3) The syllabus of Subject VI. (Theoretical Mechanics) is 
also too extensive for most students to grasp in one session, in- 
cluding, as it does, four subjects, viz. Statics, Dynamics, Hydro- 
statics, and Pneumatics. And although the Department does 
not officially sitate that a student can ^obtain a first class with 
two only of these subjects, yet the papers are always arranged to 
admit of his doing so by taking statics and dynamics only. 
Thus, in the elemental^ stage, a candidate may answer only 
seven questions out of twelve, and in the advanced, eight out of 
twelve, and yet in each case nine of the twelve are confined to 
statics and dynamics. 

The result is that teachers aqd studehts pay but scant ^tention 
to hydrostatics and pneumatics. " 

(4) A large number of students take physics and mechanics 
simply as accessories to engineering and the applied sciences. 
Now, to such students a knowledge of Aeat is most essential, 
while sound and light are quite useless. Again, though heat has 
but slight connection with sound or light, it has a verv strong 
connection with hydrostatics and pneumatics. By far the most 
important thermal phenomena are those presented by liquids 
and gases, and moreover it Is precisely these that an enpneering 
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Student requires to know. For how can the action.of the steam* 
engine be prraerly understood without a knowledge of the 
principles of fluid and gaseous pressure, and of the relation 
between heat and work? Yet under the present arrangement 
the former of these constitutes a neglected part of Subject VI., 
while the latter comes under Subject VIII., and is associated 
with matter totally irrelevant. 

All these considerations seem to j^oint to the desirability of a 
change in the official syllabus somewhat as follows : — 

(a) To cut out, Heat from Subject VIII., making the latter 
consist of Sound and Light only. 

(^) To cut out Hydrostatics and Pneumatics from Subject VI., 
making the latter consist of Statics and Dynamics only. 

(c) To combine Heat, Hydrostatics, and Pneumatics into a 
new subject having^ its appropriate number. These three could 
then be more effectively studied than under the j^reSent system, 
and there would be ample matter therein to form one of the 
courses from September to May. The syllabus of the new 
subject would naturally include all the points^ specified by the 
Department as necessary preliminaries to the study of Steam 
(w/if Steam syllabus, Subject XXII.), and would thus supply a 
specific want to all engineering students. 

On the whole, it is respectfully submitted to the authorities of 
the Department, and others interested in the education of Ihh 
people, that the proposed alteration would conduce to a more 
thorough and systematic study of all the subjects referred to, 
and be attended with benefit to students both of physics and 
mechanics. Volo Leges Mwtari. 

On Last-place Errors in Vlacq, 

M. M. F. Lefort, in his account of the great Cadastre 
tables, contained in the. fourth volume of the Annales de 
r Observatoire Imphdal ae Pa^ts^ gives a list of errors in 
Adrian Vlacq’s ten-place table of logarithms. As this one by 
Vlacq, or its copy by Georg Vega, is the only complete table 
of ten- place logarithms yet in existence, we naturally desire to 
make it thoroughly accurate, and therefore proceed to correct it 
by aid of this new information. 

M. Lefort tells us that Prony, in his instructions, was expressly 
enjoined “not only to compute tables which shall leave nothing 
to be desired as to exactitude, but to make them the most vast 
and imposing monument of calculation that had ever been 
made or even conceived,** and, adds M. Lefort, “this pro- 
gramme, so widely sketched, has been faithfully carried out.** 
Yet, on the very same page, we are told “ that Prony fixed the 
general limit of precision for his logarithmic tables at 12 
decimals ” ; this although the original work by Henry Briggs 
had been carried to 14 places. 

Thus it seems that the Cadastre tables cannot be trusted to 
determine the absolute accuracy of those of Vlacq whenever 
the figures to be rejected are between the limits 4900 and 5100, 
and that in no case can they serve to check the final figures in 
Briggs. 

Having scrupulously examined, by help of my fifteen-place 
table, all the cogrrections given by M. I,efort, I here give the 
results, in oiUer that the possessors of Briggs, Vlacq, or Vega 
may make note of them. 

Among 282 last-place corrections given, I find seven to be 
erroneous, the logarithms in Vlacq and in Vega being right. 
In order to make doubly sure, I have also used my 28-place 
table, and here give the exact figures from the 8th to the 20th 
place — 

N'umber. Logarithm. • • 

26188 • ... 322 49959 00920 

29163 ... 978 49968 31667 

30499 ... 999 50010 73882 

31735 ... 026 49975 27403 

•34182 ... 883 50038 92375 

34358 — 753 500*1 99957 

60096 • ... ^ 662 49998 09339 

From this we see that the Cadastre tables are inadequate to 
the thorough checking of ten* place logarithms ; in the case of 
the last of .these miscorrections, even Uie fifteen-place table is 
barelv sufficient, and needs to be fortified by an extended 
calculation. 

Among the 375 remidning errors, five have been imported 
from Briffis, and I have therefore examined them to greater 
length ; tM logarithms to the 30 th place are— • 
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N umber. Logarithm. 

' 7SS9 ... 453 41468 90981 

• 8006 ... 857 69086 31797 . 

8009 ... 936 63054 38960 ’ 

. 10033 ... 122 46398 29224 

99926 ... 031 14867 68936 

Thus there are left 270 errors to be chaiged against Vlacq ; of 
these no less than 96 are within the limits of inaccuracy 
allowed by Prony. 

Near the end of the list there occurs a group of 21 (from the 
number 98336 to 98367) which seem to have resulted /rom some 
single running error. Now this part of the table was copied 
from Briggs, and we should expect these errors there ; but, on 
turning to the original work, we find that none of his logarithms 
differs by more than unit in the 14th place from that of the 
fifteen-place table, and thus the source of the errors in Vlacq 
becomes mysterious. 

The most feasible explanation is that the errors had been ob- 
served and corrected while the sheet was at priss, and that thus 
all the copies of Briggs are not alike. It is probable that the 
very copy used by Vlacq may be preserved in some one of the 
libraries in the Netherlands ; in such case, an inspection would 
set the matter at rest. Edward Sang. 

September 27. 


On the Soaring of Birds. 

In answer to Mr. C. O, Barlrum's objections in Nature of 
September 4 (p. 457), I beg to refer to an article in the Skand. 
Archiv. fiir Physiologic^ ii. 2, in which P have given a detailed 
account of the weighty reasonk 'Which have led me to# suppose 
that soaring birds are able to undertake successive alterations of 
direction with very little loss of vis viva» This loss is of the 
same kind as that caused by the resistance of the air to the 
rectilii'iear translation. 

There is, however, one fact which, in the article in the Skand^ 
Archiv,, 1 have thought it superfluous to point out — ^namely# 
that the manoeuvre of the bird is the same, and the loss of 
energy thereby equally the same, whether the bird turns in a 
calm or in a uniform wind. If Mr. Bartrum has been led to 
another opinion, it may be that he has not quite made out how 
these turnings are executed. Magnus Blix. 

Lund, Sverige, October 10. 


Earthquake Tremors. 

If those of your readers who are interested in this subject will 
turn to p. 84 of the “Report on the East Anglian Earth- 
quake of April 2, 1884,** by R. Meldola and W. White 
(Essex Field Club special memoirs, vol. i.), they will see that 
at Wivenhoe a man who felt the shock of the earth movement 
found to his own satisfaction, by careful measurement and calcu- 
lation, that the vertical displacement where he stood amounted 
to no less than six fecL How it was that any building in 
Wivenhoe remained standing after so tremendous an uphenvsd 
the observer did not appear to think worth considering. 

Alfred P. Wire. 


THE PROPERTIES OF LIQUID CHLOMNE. 

A LTHOUGH chlorine was shown by Faraday so long 
ago, as the year 1823 to be one of the more easily 
condensable gases, yet, no doubt owing in a large measure 
to its v€ty disagreeable nature, comparatively little has 
hitherto been known concerning its properties when in a 
liquefied state. In view of the fact that chlorine is now 
stored in the liquid state for the use of manufacturing 
chemists in a similar manner to carbon dioxide, sul- 
phur dioxide, and ammonia, it is imperative that some- 
thing more definite should be known as to the relations 
of liquefied chlorine to temperature and pressure. Con- 
sequently, a very complete investigation of the subject 
has been made by Dr. Knietsch at the request of the 
directors of the Badischen Anilin- und Sodafabrik,*’ of 
Ludwigshafen ; and his results, of which the following ia 
a brief account, ate published in an interesting commum- 
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cation to the current number of Liebig's Annalen (Band 
259. Heft 1. p- 100). • • 

The work includes the determination .of the vapour- 
tension of liquid chlorine at temperatures from - 88’ C. 
to 146’ C. (its critical point), a complete examination of 
its behaviour near the critical point and the determina- 
tion of its specific gravity and coefficient of expansion 
for a range of temperature between — 80° and -f- 80'’. 

Liquid chlorine generally appears to possess a yellow 
colour. .When, however, the colour of a long column is 
examined, it is found to have a distinctly orange tint. 
The absorption spectrum does not exhibit any character- 
istic bands, but the blue and violet portions of the spec- 
trum are coijipletely absorbed, the transmitted spectrum 
thus consisting of the red, orange, yellow, and green. 

Vapour-Tension of Liquid Chlorine below its 
Boiling- Point. 

The apparatus used for this determination consisted of 
a kind of distilling flask, whose side tube was connected 
by means of a piece of strong-walled caoutchouc tubing 
with a wide manometer tube. The flask was about half 
filled with liquid chlorine, and was immersed in a bath 
also containing liquid chlorine whose temperature could 
at the same time be kept equal throughout, and be very 
finely regulated by means of a current of air driven in 
through a tube passing to near the bottom of the bath. 

In commencing aperies of determinations the chlorine 
in the flask was first made td boil, thereby driving out the 
air remaining in the apparatus. The neck was then 
closed by means of .a caoutchouc stopper well coated 
with glycerine, and the open end of the manometer 
was allowed to dip into a vessel containing concen- 
trated sulphuric acid. As the flask became cooled 
by immersing it in the cold chlorine in the bath, 
sulphuric acid was drawn into the manometer until it 
attained a height of 3-5 cm., when the caoutchouc con- 
nection was momentarily pinched while the open end of 
the manometer was transferred to the mercury trough. 
The small column of sulphuric acid thus standing above 
the mercury column effectually protected it from the cor- 
roding action of the chlorine. The bath was then cooled 
gradually, and a series of readings taken of the tempera- 
ture of the bath, by means of an alcohol thermometer, 
and of the position of the meniscus of the mercury in 
the manometer. The small column of sulphuric acid was 
of course calculated to its equivalent height of mercury, 
and added to the measured height of the mercurial column. 
By careful use of the current of dry air the liquid chlorine 
of the bath was found capable of being reduced in tem- 
perature as low as —60'’ C. The lower temperatures, 
down to — 88'’, were attained by mixing more or less solid 
carbon dioxide with the chlorine. The results obtained 
are given in the table at the end. 

Determination of the Pressure of IJquid Chlorine from 

• its Boiling-Point to 40 ■ C. 

The data at present existing upon this subject are very 
meagre and conflicting. Davy and Faraday found the 
pressure at 15’ C. to be 4 atmospheres, whilst Niemann 
gives the pressure at o'' C. as 6 atmospheres^ and at 
I2'’*5 C. as 8 atmospheres. As this is a most important 
point in regard to the storage of liquid chlorine in metal- 
lic bottles, great pains have been taken to arrivept unim- 
peachable results, and as the most certain method of 
measuring the pressure a high column of quicksilver 
was employed, 'i he apparatus consisted of a Ll-tube, one 
limb of which was* narrower than the otlTer, and pro- 
longet^ upwards to a height of over 8 metres. The other 
and wider limb was joined at the top by means of a capil- 
lary tube to a cup, serving the purpose of a funnel for intro- 
ducing the liquid chlorine. In commencing an experiment, 
a convenient quantity of mercury warf* first poured in so 
as to stand in the wider limb at about a quarter its height. 
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A column 6f sulphuric acid was then introduced into the 
wider, limb so as to protect the mercury, and finally the 
liquid chlorine was introduced through the funnel by a pro- 
e'ess of alternately warming and cooling ; the cooling was 
effd'ted by pburing a little liquid chlorine over a piece of 
cotton wrapped round the limb and evaporating it by a 
strong current of air. 'When the limb was quite full, the 
chlorine occupying the capillary tube was evaporated by the 
warmth of a small blowpipe flame, and the capillary fused 
up. The apparatus was then immersed, until the wider 
limb was covered, in a bath of liquid sulphur dioxide for 
temperatures up to o', in ice for the determination at 0°, 
and in water agitated by a current of air, and either cooled 
by ice or warmed by a small flame for temperatures up to 
40°. For the* comparatively higher of these temperatures 
it was of course necessary to pour mercury into the longer 
limb so as to prevent the mercury in the wider limb being 
driven round tne bend. Complete results are given at 
the end, but it may be remarked in passing that the 
pressure at 0“ is 3'66 atmospheres ; and at 15’, 575 
atmospheres. 

Determination of the Pressure at Higher Temperatures. 

For these yet more dangerous and difficult experiments 
a meta^ apparatus was employed, similar in principle to 
j that iust described, except that the pressures were measured 
by a metal gauge manometer, which had previously lieen 
completely t,ested and its readings verified. It was found 
important in these experiments not to employ too much 
chlorine, as owing to the immense coefficient of expansion 
the whole space might become fifil of liquid, and further 
heating would cause the generation of dangerously high 
pressures. For temperatures up to too’ a water-bath 
was employed, and for the higher temperatures up to the 
critical point 146^ an oil-bath, both kept in circulation by 
a rapid current of air. The pressure at the critical 
temperature of 146° C. was found to be as high as 93’5 
atmospheres. 

Critical Point of Liquid Chlorine. 

The critical point was determined in a separate ex- 
periment, and some very interesting results were obtained, 
the yellowish green colour of chlorine perhaps assisting 
in rendering the appearance of what has sometimes been 
termed the fourth state of matter between the liquid and 
the gaseous more distinct than usual. A hard glass tube 
of 8 mm. diameter was about one-third filled with re- 
distilled dry liquid chlorine and sealed. A small thermo- 
meter, whose readings commenced at 140°, was attached 
to it by platinum wire, and the whole very slowly heated 
in a bath of vaseline. The observations were made with 
the naked eye, the observer being protected from any 
possible explosion by a thick glass plate. At 140'’ ex- 
tremely small bubbles began to be developed throughout 
the mass of liquid. At 144^ the hitherto sharp meniscus 
began to disappear, and at 145° the presence of a liquid 
was only evident by the more intense yellow colour and 
higher refractive power of the lower portion of the tube. At 
•146'’ the contenrts of the tube were homogeneous through- 
out, the critical point being attained,*and the liquid con- 
verted into gas. On allowing the tube to cool slowly, the 
condensation always commenced below 146°, with the 
formation of a cloud and a fine rain of rqinute yellow 
spheres of liquid chlorine. The rain was generally ap- 
parent throughout the whole of the upper portion of 
the tube. Sometimes, however, tne liquid meniscus 
again appeared without any previous manifestation of 
precipitation. 

Specific Gravity and Expeatsion of Liquid Chlorine. 

It is a curious fact that many gases when compressed to 
the state of liquid expand enormously when heated as com- 
pared with orainary liquids, the amount of expansion some- 
times exceeding'that of the gfas itself. Liquid chlorine is no 



OCTOBEK 1 6, 1890] 


NA TURE 



exception to this rule, and it was absolutely essential that 
its rate of expansion should be thoroughly investigated, 
in order that storage bottles should not be filled to a 
dangerous extent. For temperatures up to 36“ C. a closed 
dilatometer of glass was employed, the lohg cylindflcal 
bulb of 60 c.c. capacity and part of the stem being filled 
with liquid chlorine, and the reifiainder of the stem with 
chlorine gas. The whole apparatus was immersed in a 
long cylindrical bath. P'or the lowest temperature, of 
— 80°, the bath was filled with solid carbon dioxide. For 
the determination of the specific gravity at the boiling- 
point of chlorine, a bath of boiling liquid chlorine itself 
was employed, no less than three kilograms being required. 
Between the boiling-point and o'' the substance used in 
the bath was liquid sulphur dioxide. For tite determina- 
tion at zero powdered ice was employed, and for the 
higher temperatures a water-bath kept in^ motion by an 
air current. It was not possible to proceed higher than 
36® with this apparatus, on account of the danger of ex- 
plosion. The higher determinations were made by means 
of a hydrometer suspended in liquid chlorine enclosed in 
a tube of hard glass which was immersed in a glass water- 
bath heated to the required temperature. 

It will be seen from the following table that litiuid 
chlorine is indeed a very expansible substance, 'fhe co- 
efficient of expansion at 80“ is already 0*00346, nearly 
equal to that of gaseous chlorine, and is rapidly increas- 
ing, so that before the critical temperature of 146“ is 
attained, the coefficient of expansion will be considerably 
higher than that of the gas. 

Following is a tabid showing the pressure, specific 
gravity, and coefficient of expansion of liquid chlorine 
for every 5^ of temperature from - So® C., calculated 
from the formulae derived from the experimental data 
obtained. 


'j’emperature. 

I’ro.ssurc. 


Specific 

gravity. 

Mean 

CocfTic:icnt of 
e:;pan.sion. 

- 102 ^ C. ... 

Solid (Olzewski). 

• • • 

— 

- 88 

37 '5 

mm. Ilg. 

. . . 

— 


- 8 s ... 

45*0 

j f 

. . . 

— 


- 80 

62*5 

f f 

... 

I 6602 


- 75 

880 

9 t 


I 6490 


- 70 

118 

f 9 


I *6382 


- 65 ... 

*59 

tf 


1*6273 


- 60 

210 

I f 

. . . 

1*6167 


- 55 

275 

9 9 

... 

I *6055 

' o*cx)i409 

- 50 

350 

99 

. . . 

1 -5945 


- 45 

445 

9 » 


1*5830 


- 40 

5O0 

99 


1*5720 


" 35 

70s 

9 9 

. . . 

I 5589 


- 33‘6 . . 

760 

9 9 

. . . 

1'5575 


- 30 

I *20 atmospheres 


1-5485 


- 25 

1*50 

99 


1 -5358 


- 20 

1*84 

99 

... 

1*5230 


- 15 

2-23 

99 


1*5100 

0 001 793 

- 10 

2*63 

99 

. . . 

I ’4965 


- 5 

314 

99 

. . . 

1 *4830 


0 

3-66 

99 

. . . 

I *4690 


+ 5 
+ 10 

4-25 

4 ' 9 S 

99 

99 

... 

i *^548 
1 - 44 P 5 

-0*001978 

* 

-f 15 
-t- 20 

5 *?S 

6*62 

99 

99 

... 

14273 

1*4118 J 

“ 0*002030 

+ 25 

+ 30 

7 ‘63 
8-75 

99 

99 

... 

1-3984 

1-3815/ 

0*002190 

+ 35 

9 ’95 

99 

... 

1-3683 

0*002260 

+ 40 

11*50 

99 

... 

i- 35 'o^ 

+ 50 

-f- 60 

14 7 Q 
18*60 

99 

• 

99 

... 

i*ti 7 o 

1 *2830 / 

0*002690 

+ 70 
-(- 80 

23*00 

28*40 

99 

99 

... 

1*2430 
1*2000 / 

0*003460 

+ 90 .... 

34-50 

99 




-(-100 

41*70 

99 




+ 110 

50*80 

99 




+ 120 

60*40 

99 




-t-i3o 

71*60 

99 




.t-146 

93 SO 

,, Critical point. 
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An interesting result, which is not noticed by' Dr. 
Knietsch in .his paper, is obtained on calculating t^e 
specific volume of chlorine from the determination of 
specific gravity at the boiling-point, — 33°'6. On dividing 
the atomic weight 35*5 by 15575, the specific gravity at 
the boiling-point, the number 22*8 is obtained for the 
atomic or specific volume of chlorine, a number prac- 
tically identical with that derived by calculation from the 
numerous determinations of the specific volume of com- 
pounds containing chlorine. 

In this respect chlorine* resembles bromine' and the 
compound radicles NOj and CN, which were shown by 
Prof. Thorpe (Journ. Chem. Soc., 1880, 382) to occupy the 
same volume in the free state as in combination. 

A. E. Tuttoh- 


ELECTRICAL STORMS ON PIKE'S PEAK. 

T H.K “Annals of the Astronomical Observatory of 
Harvard College,” vol. xxii., contains the meteoro- 
logical observations made at the summit of Pike’s Peak, 
Colorado, at a height of 14,134 feet above sea-level. 
It is not remarkable that such an elevated station should 
be celebrated for its electrical storms, and the observers 
from 1874 to 1888 have recorded many interesting details 
in the journals respecting their physical and physiological 
actions. • 

The manifestation of atn^os^heric electricity by induced 
effects is often very strongly marked. During the passage 
of electrified clouds over the summit of the peak the 
well-known singing and buzzing noises described as an 
adjuneft of St. Elmo’s fire were heard to proceed from 
the telegraph wires, the exposed instruments, the instru- 
ment shelter, and the house. The sound is said to be 
very similar to the buzzing of bees and crackling of burning 
evergreens. At times the hair of the observers became 
upright and strongly repellent, and the same peculiar 
noise proceeded from it. 

Some very remarkable effects are recorded on August 
18, 1877: — “During the evening the most curiously 
beautiful phenomena ever seen by the observer were 
witnessed, in company with the assistant and four visitors. 
Mention has been made in journal of May 25 and July 13 
of a peculiar ‘ singing ’ or rather ‘ sizzing ’ noise on the 
wire, but on these occasions it occurred in the day-time. 
To-night it was heard again, but the line for an eighth of 
a mile was distinctly outlined in brilliant light, which was 
thrown out from the wire in beautiful scintillations. Near 
us we could observe these little jets of flame very plainly. 
They were invariably in the shape of a quadrant, and the 
rays concentrated at the surface of the line in a small 
mass about the size of a currant, which had a bluish 
tinge. These little quadrants of light were constantly 
jumping from one point to another of the line — now 
pointing in one direction and again in another. There 
was no heat to the light, and when the wire was Inched 
only the slightest tingling sensation was felt. Not only 
was the wire outlined in this manner, but every exposed 
metallic point and surface was similarly tipped or covered. 
The anemometer cups appeared as four balls of fire 
revolving slowly round a common centre : the wind-vane 
was outlined with the same phosphorescent light, and 
one of the visitors was very much alarmed by sparks 
which wftre plainly visible in his hair, though none 
appeared in the others’. At the time of the phenomenon 
snow was falling, and it has been previously noticed that 
the ‘ singing ’moise is never heard except when the atmo- 
sphere is very damp, and rain, hail. A* snow is falling.” 

These displays were described with the same ntinute- 
ness on June 7, 1882. It was then noticed that when 
the finger was passed along the line the little jets of flame 
were successively peffed out, to be instantly relighted in 
the rear. An observer also found that when he approached 
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one of the places from which the buzzing sound proceeded 
h would cease, but would recommencer again as soon as 
he withdrew two or three feet distant. 

It is recorded that the “observer, on placing his hands 
close over the revolving cups of the anemometer where 
the electrical excitement was abundant, did not discover 
the slightest sensation of heat, but his hands instantly 
became aflame. On raising them and spreading his 
fingers, each of them became tipped with one or more 
cones of light nearly three inches in length. The flames 
issued from his fingers with* a rushing noise, similar to 
that produced by blowing briskly against the end of the 
finger when placed lightly against the lips, and accom- 
panied by a. crackling sound. There was a feeling as of 
a Current of vapour escaping, with a slight tingling sensa- 
tion. The wristband of his woollen shirt, as soon as it 
became dampened, formed a fiery ring around his arm, 
while his moustache was electrified so as to make a 
veritable lantern of his face. The phenomenon was 
preceded by lightning and thunder, and was accoii^anied 
by a dense driving snow, and disappeared with the 
cessation of snow.” 

A few instances are given of convulsive muscular 
contraction caused by discharges. Thus, on June 23, 
1887, whilst an observer was examining the iron joints 
around the station, from which the above-described 
hissing noise was proceeding, a strong electrical mani- 
festation was felt by a twitching of the muscles of the 
face and hands. A violdht* “ return shock ” was ex- 
perienced by the observer, who, on June 16, 1876, “ whilst 
sitting on a rock, saw a blinding flash of lightning dart 
from a cloud seemingly not more than five hundred feet 
away, and heard a quick deafening report, and at tne same 
time received a shock that jerked his extremities together 
as though by a most violent convulsion, and left lightning 
sensations in them for a quarter of an hour afterwards.” 

Among other effects previously noticed at considerable 
elevations above sea-level we find that on one occa- 
sion an observer felt a pain as if from a slight burn 
on both temples directly under the brass buttons of 
his cap ; when he put his hands to the spots, there was 
a sharp crack, and all pain disappeared. A peculiar 
burning sensation was also often felt on the face and 
hands, and the scalp appeared to be pricked with hundreds 
of red-hot needles. A more intense action is recorded on 
J une 9, 1 882, when an observer was “ raised off his feet 
by the action of the electricity passing through the top of 
his hat. Instantly snatching the hat from his head, 
he observed a beam of light as thick as a lead pencil, 
which seemed to pass through the hat, projecting about 
an inch on either side and remaining visible for several 
seconds. The top of his hat was at least two inches from 
his head when this fiery lance pierced him. . . . He ex- 
perienced a peculiar burning or stinging sensation of the 
scalp for several hours afterwards.” 

The telegraph wires and the buildings were struck by 
lightning on several occasions. When a flash struck the 
telegraph wire on July 19, i884, for a moment the line 
resembled a belt of fire, and vibrated violently for some< 
minutes after the discharge. Frequent discharges have 
also been observed between the ground wirf and the 
rocks on which it rested. 

On August 1 2, 1 879, it is recorded : — “ At 5.40 p.m. a bolt 
of lightning went through the arrester with thj report of 
a rifle, throwing a ball of fire across the room against the 
stove and tin sheathing. At 6.35 p.m. the lightning struck 
the wire and building at the north end where the wires 
come through the vKindow and arrester, with a crash etjual 
to any 40-pounder. It burned every one of the four wires 
coming in at the window into small pieces, throwing them 
with great force in every direction, and filled the room 
with smoke from the burning gutta-percha insulation. 
The window-sash was splintered on ftie outside, one pane 
of glass broken, and another coated with melt^ copper. 
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The aneniometer wires were also burnt up, and the dial 
burned and blown to pieces.” Barometer bulbs were 
cracked by lightning on August 21, 1881 ; and on August 
*15. 1886, it is recorded : — “ Station struck by lightning at 
6.45 p.m. ; shattered the west window of the dining-room, 
breaking four panes of glass and shivering the casing, 
leaving an opening beftween the casing and the wall ; 
also slightly damaged the building in several places, and 
set' fire to some articles in the storehouse, and burned 
several holes in the side of a tin bucket, allowing the water 
in it to escape.” 

Again, on September 7, 1883, we read: — “Lightning 
struck the anemometer cups, burning a round hole about 
half an inch in diameter in one of them.*The contact spring 
in the dial ^as badly bent, and the point of contact was 
considerably damaged by melting. When the insulated 
wire passed oyer a nail in the side of the house, the head 
of the nail was melted and the wire burnt off. Inside the 
window, at a bend in the wire, electricity passed off into 
the sill, setting some paper on fire. The paper covering 
^ the battery box was ignited. Three window lights were 
' broken. A tourist in the dining-room was badly stunned. 
Observer in passing from dining-room to office was 
severely stunned by what seemed and felt like a blow on 
the h^d. One hand swelled rather badly. The report 
in ^e house was double, and sounded like striking red- 
hot iron upon which cold water had just been thrown.” 

Some interesting observations of hail-stones are also 
given. The stones are said to vary in size from peas to 
pigeons’ eggs, and many of them were conical in shape. 
Sometimes they consisted of soft white snow throughout, 
without any nucleus, and at other times they were so hard 
as to require a heavy blow to break them. When this 
was the case, the broken hail-stones presented a stratified 
structure, with a centre of clear ice, and concentric rings 
of solid and spongy ice, with an outer covering of soft 
snow. It is noted that in all hail-storms the fall of hail 
entirely ceased for about half a minute following a heavy 
electric discharge ; after this interval, however, the fall 
was considerably heavier than before. 

The following observations, made on October 12, 1877, 
have an important bearing on the subject of hail forma- 
tion : — “ The rotatory movement of the hail cloud could 
be plainly seen, and with every violent flash of lightning 
the passing cloud would grow perceptibly darker, indi- 
cating increased condensation. The hail formed by this 
cloud must have fallen about three miles below, for the 
wood-packers reported quite solid hail at timber line, 
and none above. This verifies the theory that a hail 
cloud can be transported laterally several miles while the 
ice stones are forming.” 

The constant crackling of hail when* it reaches the 
earth is also referred to, and rocks are said to give forth 
a peculiar chattering noise, as if they were shaken by 
subterranean convulsions, during the occurrence of heavy 
hail-storms. 

These instances of inductive actions manifested during 
thunderstorms, electrical discharges, and their relation to 
hailstorms might be considerably multiplied. They confirm 
previous observations in an intense 'manner, and should 
be of some assistance to the student of meteorological 
phenomena. R. A. GREGORY. 


NOTES. , 

B 

Th£ ordinary general meeting of the Institution of Me- 
chanical Engineers will be held on Wednesday evening, 
October 29, and Thursday evening, October 30, at 25 Great 
George Street, Westminster, by permission of the Council of 
the Institution of Civil Engineers* The chair will be taken at 
half-past seven p.m. on each evening, by the President, Mr. 
Joseph Tomlinson. The following papers will be read and dis- 
cussed, as far as time permits On tube-frame goods waggons 
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of light weight and large capacity, and their effect upon the 
working expenses of railways, by Mr. M. R. Jefferds, of London 
(communicated through Mr. Henry J. Marten). In conneciiocii 
with this paper the members are invited to inspect one of 4he 
waggons which will be on view at any time during daylight on 
October 29 and 30, at the Victoria passenger station of the 
London, Chatham, and Dover Railway, where it will be stand- 
ing in the siding behind the main arrival platform, by permission 
of the railway company. On milling cutters, by Mr. Geoige 
Addy, of Sheffield. On the mechanical treatment of moulding 
sand, by Mr. Walter Bagshaw, of Batley. 

The annual general meeting of the Mineralogical Society will 
be held in the apartments of the Geological Sociefy, Burlington 
House, Piccadilly, on Tuesday, November ii, at 8 p.m. 

An Exhibition, for the most part national, avill be held at 
Lyons in 1892. With regard to electricity it will be inter- 
national. 

M. Flahault, the eminent algologist and Professor of Botany 
at Montpellier, has been sent by the Minister of Public Instruc- 
tion in France on a mission to Sweden, Norway, and Denmark, 
for the purpose of endeavouring to establish permanent relations J 
between the Scandinavian Universities and the centres of •higher 

instruction in France. • 

• 

The municipality of Verona gave a cordial reception to* the 
Italian Botanical Society, which held its third annual Congress | 
in that city from September^i-8. Prof. Arcangeli was elected 
President of the Society in the place of Prof. Caruel. 

The Vienna Academy commissioned Dr. G. Bukowski to 
make some geological investigations in Western Asia Minor at 
the beginning of the present year. After leaving the Khonas- 
Dagh, Dr. Bukowski made an excursion from Denisli to 
T.shoekelez-Dagh, the district lying to the north of the Tshur- 
iiksu Valley ; from thence he proceeded over the Tshukiir Pass 
to Jorenguine, and over the Davas Ovassii table-land to the foot 
of the Baba-Dagh. At the end of June his researches were 
interrupted by ill-health. 

The Geologists* Association will open its winter se:.sion with 
a conversazione^ which will be held in the library of University 
College, Gower Street, on, Friday, November 7. Many objects 
of geological interest will be exhibited on the occasion. 

Mr. John Hancock, the well-known naturalist, died at 
his residence at Newcastle-on-Tyne on Saturday, at the age of 
84. Mr. Hancock was an admirable observer of bird-life, and 
the Museum of th^ Natural History Society at Newcastle has 
profited largely by his knowledge and enthusiasm as an 
ornithologist. 

The death is announced, at the age of seventy-six, of Dr. 
Wenzel Leopold Gruber, the eminent Professor of Anatomy at 
the University of St. Petersburg. 

The first series of If ctures provid ed by the Sunday Lecture 
Society begins on Sunday afternoon, October 19, in St. George’s 
Hall, Langham Place, at 4 p.m., when Prof. Silvanus P. 
Thompson will lecture on ** Waves of Light,” with illustrations 
and experimentsf Lectures will subsequently be given by Dr. 

B. W. Richardson, Mr. A. Elley Finch, Dr. Andrew Wilson, 
Mr. Willmott Dixon, Mr. Arthur Nicols, and Sir A. C. 
Lyall. 

A SCIENTIFIC expedition, under the auspices of the Field 
Naturalists’ Club of Victoria, will start on or about November 
15 for the Eastern Islands. Its work will occupy from ten to 
fourteen days. The expedition will be divided into two parties, 
one of which will land on Deal Island, the other on Flinders 
Island. A sub-committee appointed to make the necessary 
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arrangements hks reported that while there is little informatipji 
with regard to 'Deal* Island, the utility of visiting, one of 
Kent group, which are small, lies in the possible opportunity of 
determining the limits of the strictly Tasmanian and Australian 
fauna and flora, since the islands lie considerably nearer the 
Victorian than the Tasmanian coast. The greater number of 
members will probably proceed to Flinders Island. They will, 
in all probability, be able to visit Barren Island, which lies close 
to the southern portion of Flinders Island. Two varieties of 
wallaby, waterfowl, and game •of various kinds appear to be 
plentiful, and the nature of the country seems favourable for the 
I pursuit of different branches of natural history. 

The October number of the Kew Bulletin begins with a paper 
on an edible fungus of New Zealand (Hirneola polytricha^ 
Montagne). In order that the value of this fungus as an article 
of food might be tested, a supply of it was recently obtained for 
Kew. A portion of this supply was submitted for analysis to 
Prof. Church, F.R.S., and a note by him on the subject is 
printed in the Bulletin. Other subjects dealt with are Mexican 
Fibre or Tslle, a forest plague in Bavaria {Liparis Monaclia\ 
okro fibre (Hibiscus esculentu^^ cocoa-nut butter, and soil 
and cultivation in Yoruba-landl. 

In the one hundred and third Annual Report of the Royal 
Botanic Garden, Calcutta, Dr. King says that the attention of 
the staff during the past year was devoted^ chiefly to the main- 
tenance, in as high a state of efficfency as possible, of the yarious 
departments of the garden. Special attention was given to the 
herbarium, and a considerable number of new species were 
describe^. The sum of 1000 rupees having been granted in 
order that specimens might be obtained in Burma and Assam, 
Dr. King was enabled to do more than usual in these provinces. 
Under a recent order of the Government of India this explora- 
tion will be extended. An official document relating to Dr. 
King’s Report, and issued by order of the Lieutenant-Governor 
of Bengal, corftains the following passage: — ‘•The control of 
Indian botanical operations has been centralized in the Calcutta 
Gardens, and the Superintendent has been appointed Director 
of the Botanical Survey of India. The grants promised by the 
Administrations of Burma and Assam will enable collections to 
be made on a larger scale and more continuously. As this work 
will constitute a separate Department, it has been ordered that 
in future years a separate Report should be submitted on the 
subject.” 

The twenty-eighth Annual Report of the Government cin- 
chona plantation and factory in British Sikkim, by Dr. King, 
has been issued. At the end of the financial year 1889-90 the 
plantation consisted of 4,682,401 trees of various ages, and of a 
nursery stock amounting to 264,000 seedlings. The crop col- 
lected during the year amounted to 304,705 pounds. The pro- 
ducts of the factory were 1833!^ pounds of sulphate of quinine, 
and 6578 pounds of febrifuge. The whole of the quinine and 
the greater part of the febriAige were manufactured by tHe new 
/usel-oil process ; and, as the arrangements for working this 
process were* quite completed during the year, the old acid 
and alkali ^method of manufacture has now been definitively 
abandoned. An additional year’s experience of the fusel-oil 
process confirms Dr. King’s previously expressed opinion of its 
complete success. The quinine turned out by it is of excellent 
appearance and great purity, in the latter respect comparing 
favourably with most of the brands of the drug of European 
manufacture. • ^ 

The National Association for the Promotion of Technical 
and Secondary Education have issued some valuable ** notes” 
on the working of the Technical Instruction Act ; and a series 
of ** suggestions” to County Councils and other local authori- 
ties on the use of the new fund allocated to County Councils for 
the purposes of technical and secondary education. 
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The greater part of the new number of the Mineralogical 
Magazine consists of a most careful and interesting paper» by 
Mr. L. Fletcher, on the Mexican meteorites, with especial 
regard to the supposed occurrence of wide-spread meteoritic 
showers. The number includes also the following papers, all of 
which are short : — A visit to the calcite quarry in Iceland, by J. 
L. Hoskyns-Abrahall ; sanguinite, a new mineral, and Kren- 
nerite, by H. A. Miers ; notes on Bowenite, or pseudo-jade 
from Afghanistan, by Major-General C. A. McMahon ; on the 
relations between the gliding planes and the solution planes of 
augite, by Prof. J. W. Judd, 

It is reported from India that Mr. John Eliott, Meteorological 
Reporter to (he Government, starts this month on tour, and will 
first visit Quetta and then go down the Indus to Kurrachee and 
Bombay, and finally make his way to Calcutta. 

{tom La Nature that on September 21 Marseilles 
was visited by a severe thunderstorm accompanied by torrential 
rain and hail. The storm began about 6 a.m., and lasted 
2j hours. Everything that was in front of the shops was carried 
away, and the port was filled with dibris of all kinds. Many of 
the hailstones were of the size of walnuts and even of fowl’s 
eggs ; several places were struck by lightning, and many animals | 
were drowned. Such atmospheric disturbances are said to be 
very rare at Marseilles. 

The Agricultural Department of Bphemia has published, in a 
quartq volume of 138 pages, •tlte results of the rainfall observa- 
tions made in that country during the year 1889, in continuation 
of the work formerly undertaken by the Hydrographic Com- 
mittee, under the direction of Dr. Studnicka. The stations now 
number 707 ; the rainfall is measured at 6 a.m. daily, and the 
amount set down to the previous day. For a large number of 
stations the daily rainfall is entered in the tables. The yearly 
results are shown upon a map, by means of reference numbers to 
the tables and curves for each 100 mm., and the various water- 
sheds are also shown by red outlines. The tables show the 
number of wet days, and the maximum daily falls at each 
station. This rainfall service is now one of the most complete 
in Europe. 

The Annual Report of the Director of the Royal Alfred 
Observatory, Mauritius, for the year 1888 shows that the tem- 
perature of the air was o'’'5 below the average of the last fourteen 
years, and below the average in every month except August and 
November. The greatest rainfall in one day was 4*5 inches, on 
March 19, on which day I'j inch fell in fifty minutes. The 
island has not been visited by a hurricane since March 21, 1879, 
but the Observatory continues its useful work of examining the 
logs of ships traversing the Indian Ocean, and synoptic charts 
have been prepared for eighteen days on which tropical cyclones 
were experienced. The upper clouds, when visible, generally 
travelled from the westward. The number of unusual sky glows 
was l^ss than in 1887, but were observed in all months except 
Septcinber, October and Dcccmbet-. There seems to be some 
connection between mortality from fever and rainfall ; th^ 
maximum mortality occurs about two months aftec the maximum 
rainfall, and the minimum mortality about two mo^hs after the 
minimum rainfall. The report contains monthly rainfall values 
for eight station^:, and results of the meteorological observations 
at Seychelles and Rodrigues. ^ 

Four interesting phenological maps of Finland appear in the 
Ahieorologische Zeitschrift for September. In these, Dr. Ihne 
shows the date of flowering of Ribes rttbrum^ Prunus padus^ 
Syringa vulgaris^ and Sorbus Aucuparia in different parts of 
the country, by a series of zones, embracing each five days. Ribes 
and Prunus begin to flower earlier than the two others, and, 
accordingly, the zone for a given date is further north in the 
case of the former ; their maps also pfesent more zones. The 
ispphanes (or lines of the same d ite of flowering), Ordering the 
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zones, are approximately parallel to the parallels of latitude. 
The Regions from June 9 to 20 have more regular boundaries 
than those from May 26 to June 4, more equable weather having 
then set in. The presence of ice, and its cooling effect on water 
(even after melting), and so on wind, delays the lime of flower- 
ing. Thus it is that islands and the land north-west of Lake 
Ladoga, &c., show* retardation. The unequal breadth of the 
zones is remarkable ; Dr. Ihne supposes the cause to lie in an 
irregular progression of the wave of heat, due to the arrangement 
of land and water. 

A REPORT from Nicaragua stales that an earthquake occurred 
at Granada on September 30. No damage was done, nor did 
any volca\iic/;ruption of the Mombacho take place. 

A GIGANTIC pendulum has been suspended from the centre of 
the second platform of the Eiffel Tower. • It consists of a bronze 
wire, one hun&red and fifteen metres long, with a steel globe 
weighing ninety kilogrammes at the end. The object is to 
demonstrate visibly the motion of the earth. 

In the course of arclKeological explorations lately carried on 
in the Crimea, Prof. Vasselovski found painted human bones in 
two graves — six skeletons in one grave, and one in another. 
Prof. Grempler, of Breslau, is of opinion that these graves 
belonged to the original inhabitants of the Crimea, the Cim 
merians of Herodotus. They laid their dead on elevated spots, 
so \hat the birds might consume the flesh. When quite bleached, 
the skeletons were painted with some mineral pigment. Several 
graves containing such painted skeletons have been found in 
Central Asia. Only three had Seen previously found in the 
Crimea. 

We learn from the Botanical Gazette that the Cornell Uni- 
versity Experiment .Station is making a large and important 
collection of cultivated plants ; collectors being sent to leading 
nurseries, and botanists employed in many parts of the country 
to collect the cultivated plants. 

The rich algological herbarium collected by the late Prof. 
F, llauck, of Trieste, has been purchased by Mme. Weber 
van der Bosse, of Amsterdam. 

The P'ictorian Naturalist learns from Mr. Tisdall that the 
English foxglove has established itself on the slopes of the 
Stringer’s Creek Valley, near Walhalla. Last season in some 
parts the banks were purple with them. 

Nautilus shells are being picked up by fortunate hunters at 
Portland, Victoria. The Portland Guardian says the search 
after the shells is very keen, and that before daylight numbers 
of enthusiasts visit the beaches ready to prosecute their searches 
as soon as the morning breaks. • 

The Museum Committee of the Leicester Town Council, in 
their twelfth Report, just issued, are able to give a most satis- 
factory account of the institution under their charge. The 
building of the Town Museum has lately undergone extensive 
repairs, and many important additions have been made to the 
various departments. We may note that a very ingenious 
method for the exhibition of coins is in use. The pulling of a 
lever rotates a frame — containing cards in which the coins arc 
inserted — in such a manner that the obverse and reverse, with a 
full description of each coin, are shown at^the will of the 
observer. This method has been devised by Mr. Montagu 
Browne, the Curator. ^ 

A VALUABLE pupcr, by Mr.* E. Wilson, on fossil types in the 
Bristol Museum, has been reprinted from the Geological Magazine 
for August and September 1890. The Bristol Museum, it 
seems, contains 186 distinct fossil forms ; and many of them 
possess for the student of British palseontology a very high 
interest, not only on account of the remarkable nature of the 
fossils themselves, but also from the fact of their having been 
described by some of the most distinguished of palseontologishs 
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Messrs. Cassell and Co. have issued Part 24 of their 

'New Popular Educator.” It includes a coloured map of 
France. \ 

Four new parts of the “ Encyklopccdie der Naturwissen- 
schaflen ” (Breslau, E. Trewendt) hav^been issued. In Parts 58 
and 59 of the second Abtheilung some important contribu- 
tions are made to the dictionary of chemistry included in this 
great work. Parts 5 and 6 of the third Abtheilung contain 
portions of a hand-book of physics. 

The preliminary surveys for the projected Onega-White Sea 
Canal have been completed. The British Vice-Consul at Arch- 
angel in his last Report says that the following facls have been 
established. The level of the White Sea is about 15 feet higher 
than that of the Lake Onega ; and the length of the proposed 
canal would be 219 versts, of which 129 versts ^are a natural | 
waterway. The proposed measurements of the canal are — | 
breadth, 63 feet; at the locks H2 feet; and along its other 
portions the proposed depth is 10 feet. The cost is estimated at 
about 7»SO®>ooor. (j^8oo,ooo), not including the expenses in- 
curred in the construction of a port at a point on the coast of the 
White Sea. With the construction of the canal it is expected 
that the cost of transport of goods from St. Petersburg to Arch- 
angel will be diminished from ir. per poud to 40c. The caffal 
will afford every facility for the transport of fish from the plcnli- 
ful fishing-grounds of the White Sea to St. Petersburg, and also 
for the transport of the mining products of Olonets. It will also 
be of great strategical iinportcmce in connecting St? Petersburg 
and (Jronstadt with the White Sea. There can be no doubt, 
the Vice-Consul thinks, that, considering the unlimited supply 
of timber in the province of Olonets, and the enterprising cha- 
racter of the population, shipbuilding will be carried on on a 
large scale when the canal is constructed. 

If we were to judge by statistics alone, we should be forced 
to conclude that the present system of granting rewards for the 
destruction of wild animals in India has had little or no effect in 
diminishing their numbers or in decreasing the mortality caused 
by them. This conclusion, however, would not be in accord- 
ance with facts. The methods according to which the statistics 
are collected have been so much improved that no induction can 
safely be made from the figures available. This is pointed out 
in a recent Report of the Revenue Department of the Govern- 
ment of Madras. The Report continues : — “ The experience 
of almost every District officer who has been some years in the 
country would be that the number of destructive wild animals 
had largely decreased with the advance of cultivation and the 
progress of railways,* and the evidence of natives would prob- 
ably be the same. There are parts of the country still where, 
owing to the existence of forest and difficulty of access, wild 
animals of prey continue to exist in large numbers, and it is the 
case that, owing to various causes, Europeans at all events do 
less now in the way of killing large game than formerly was the 
case. They have less time to spare from their official duties, 
and less money to spend. * It can hardly, however, be doubted 
that, owing to the existence of the system of granting rewards 
for animals slain, native shikaris are encouraged to maintain a I 
profession which otherwise probably they would give up from 
want of support, and for this reason, if for no other, the Board 
would not wish to see at paesent any change made in the system 
of granting rewards. It may be hoped that the construction of 
the East Coast Railway, and the branch from it through the 
heart of the Vizagapatam district to the Central Provinces, will 
tend in a great measure to reduce the number of wild animals 
in the districts where they now do very considerable damage. 
Cultivation and population in tracts now given up to jungle and 
grass will increase largely, and the need of wood for the rail* 
ways will lead probably to the destruction of large areas of 
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jungles, which now e.xist in tracts which should be devoted to* 
agriculture.” 

NATURALiSTS*will read with interest a paper in Humboldt for 
September, in which Prof. Forel, of Zurich, gives the results 
of a visit he lately paid to Tunis and Eastern Algeria, chiefly to 
observe the ants there. Looking from a ship at the dreary grey 
wastes, and the large date-palm oasis of Gabes, one fancies all 
animal life must be concentrated under the palms. But really 
there is very little of it there, mid hardly anything singular ; 
while the sand of the desert contains, round each of the poor, 
small, sparse plants, a host of beetles and other insects, many 
of them with striking adaptations and peculiarities. . Some live 
on excrement of camels, asses, &c., some on the plants, anti 
some prey on other animals, big and small. In one ant-hill he 
found that several ants had a small brown object flinging to the 
lower part of an antenna ; in some cases, one on either antenna. 
On examination, this fell off, and was found to be a small beetle, 
which evidently clings there as guest ; it has tufts of hair, which 
[•are probably licked by the ant. The host did not seem to 
trouble itself about this little creature, which, by its odd post, is 
enabled to accompany the ant in its wanderings and changes of 
abode. Prof. Forel remarks on the peaceful character of 
the ants in that region ; with few exceptions they avoid 
fighting, and only one ant was found capable of piercing the 

human skin. ^ * 

• • # 

The phenomenon of globular lightning was imitated by M. 
Plante, it will be remembered, with his secondary batteries. It 
has been recently shown by Herr von Lcpel {Met, Zeits,) that 
this can alto be done with so-called statical electricity, obtained 
from an influence-machine. Two thin brass- wire points from 
the poles of a powerful machine being held at a certain distance 
from the opposite sides of an insulated plate of mica, ebonite, 
glass, or the like, there appear small red luminous balls, which 
move about, now quickly, now slowly, and are sometimes still. 
Even better effects were had with a glass or paper disk which 
had been sprayed with paraffin. Small particles of liquid or 
dust seem to be the carriers of the light. A slight air-current 
makes the spherules disappear with hissing nois.\ These 
spherules, the author remarks, are phenomena of weak tension ; 
an increase of the tension gives a rose spark-discharge. Various 
interesting analogies with globular lightning are traced. 

In a long series of articles a native Japanese paper gives some 
interesting figures about the students of Tokio. There are 
107,312 students in the whole Empire in the various colleges 
and other high schools (primary schools and ordinary middle 
schools excepted). Of this number, 3^,114 represent students 
prosecuting their studies in the capital — that is to say, about 
40 per cent, of the whole number are congregated in Tokio. 
Among the 38, 1 14 students, 6,899 domiciled in Tokio, so 
that the number of those coming from other localities is 31,915, 
The amounts which individual students spend vary from seven or 
ei^ht dollars to about fifteen dollars per month. Taking the 
average, it may^be assumed that each student spends ten dollars 
a month, or y?o dollars a year. Thus the total amount of money 
annually disbursed by these lads is a little over 3, 700,000 dollars. 

In other words, money aggregating over three millions and a 
half is beings yearly drawn from the provinces to the capital 
through this channel. The provinces receive little in return, for 
few of the students ever go back to their homes, their sole 
ambition being tq remain in the capital, and there rise to 
eminence in some walk of life. * 

The British Consul at St. Jago de Cuba, in his latest Report, 
refers to the disease in the cocoa-nut plantations there, and the 
result of the investigatioi^ into the pest made by the Academy 
of Sciences of Havanna. Their Report attributed the disease 
:o a microscopic fungus of the genus Uredo^ and stated that the 
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only remedy was to cut down and burn 4II th^s trees attacked. 
Dr. Galves’ however, endeavoured at the time to convince the 
Academy that this was an error, and that the djseasc proceeded 
from an hemipterous insect of the genus Coccus^ which he clas- 
sified as Diaspis vandaltcus^ and afterwards Dr. Valdes Domin- 
guez, of Baracoa, confirmed this opinion. Finally, at the end 
of last year. Dr. Carlos de la Torre, a member of the Academy, 
set ail doubt at rest, and proved that the Uredo referred to by 
the Condmission did not even ^xist in the cocoa-nut trees, and 
that the small stains which had been mistaken for it were normal 
to the plant, and existed both in the healthy and attacked trees, 
and that the^ real cause was the Diaspis vandalictis of Calves, 
together with three other species of Coccus. The first symptom 
of the disease is the appearance on the under side of the leaflets 
of the fronds, « f small white stains, almost imperceptible. These 
soon attain the size of a pepper-com, and impart a general 
white colour to the leaflets, which change, later on, to yellow, 
and finally dry up. 

The additions to the Zoological Society’s Gardens during the 
past week include two Black-eared Marmosets {Hapak penicil- 
lata) from South-East Brazil, presented by Captain C. Crawford- 
Caffier, R.N. ; an African Civet Cat {Viverra civclia)^ a Two- 
spotted Paradoxure (Nandinia binotata) from West Africa, 
presented by Lieut. -Colonel W. Gordon Pachett, W.LR. ; a 
Serval (Felis scrvalfixom West Africa, presented by Mr. J. H. 
Cheefham, F.Z,S. ; two £.ong-fronted Gerbilles {Gerbiilus 
longifrons <5 9 ) from Western Asia, presented by Mrs. F. A. 
Kitchener ; two Blackcaps (Sylvia atricapilla)^ a Carden 
Warbler (Sylvia hortensis), British, presented by Mr. J, 
Young, F.Z.S. ; three Passerine Parrots (Psittacula passiHna) 
from Brazil, presented by Mr. Arthur Robottom ; a Bar- 
nard’s Parrakeet (Platycercus barnardi) from Australia, pre- 
sented by Mrs. E. M. Temple; a Golden Eagle (Aquila 
chrysektus) from Morocco, presented by Mr. Charles A. Payton ; 
a Snowy Egret {Ardea candidissima) from America, presented 
by Mr. H. H. Sharland ; a Herring Gull (Larus argentatus)^ 
three Lesser Black-backed Gulls (Larus fuscus), British, pre- 
sented by the Hon. J. S. Gathome Hardy, M.P., F.Z.S. ; two 
Purple Porphyrios (Porphyria carukus) from Sicily, presented 
by Mr. J. I. S. Whitaker ; a Common Chameleon (Chamalcon 
vulgaris) from North Africa, presented by Mrs. Wanklyn ; two 
North African Jackals (Cams anthus) from North Africa, 
deposited; two Philantomba Antelopes maxwelli 

6 9) from South Africa, three Passerine Parrots {Psittacula 
passerina) from Brazil, a Lucian’s Parrakeet (Palaornis luciania 
6 ) from China, purchased ; six Esquimaux Dogs (Canis 
familiaris var. 4^29), bom in the Gardens. 

OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on October f6 
23b. 41m. 28s. 


Name. 

Mag. 

Colour. 

R.A x8^ 

Deel. 1890. 

(i)G.C. 4940 ... ... 



h. m. 8 . 
23 15 9 

• / 

+ 7 aS 

(21 G.C. 49^4 

— 

BluUh-green. 

33 20 2,0 

+ 4 * 47 

G) ^80 Schj. ... ... ... 

8 

Very red. 
WhitiKn-yelloMT. 

«3 55 39 1 

+ 59 44 

(4) Aquarit 

4*5 

*3 9 34 

- 9 45 

(s) ^3 Aquarii 

^.*r. 

White. 

23 12 43 

- 10 16 

( 6 ) V *Taun ... ... ... 

Reddish. 

> 45 4 ® 

+ 17 21 

(7) R Tauri 

Var. 

Very red. 

4 22 16 
18 52 0 

+ 9 55 

(8) R Lyrae ... 

Var. 

Red. 

+4348 


Remarks. 

(1) The spectrum of this nebula hps not yet been recorded. 
It is. desciil^d as ** considerably bright ; pretty small ; round ; 
pretfy suddenly brighter in the middle.” 
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(2) This remarkable planetary nebula was stated by Lassell 
to be bi-annular, consisting of a nucleus and two rings, whilst 
Lord Rosse observed a spiral structure. Herschel described it 
as **a very remarkable planetary nebula; very bright; pretty 
small ; round’; blue.” The spectrum is also a remarkable one, 
consisting of the three ordinary lines of the nebulae, and, in addi- 
tion, a line near wave-length 470, which was first seen by Dr. 
Huggins. This line occurs only in this nebula, with the excep- 
tion of the Orion nebula, where it has been recorded by Mr. 
Taylor, and is also feebly impressed in Mr. Lockyer's photo- 
graph of the spectrum. It is, however, far brighter in the 
planetary nebula than in the Orion nebula. It has been sug- 
gested that the line is really the blue band of carbon under such 
conditions that most of the light is concentrated at about wave- 
length 470, is sometimes the case in tfie laboratory. If this 
be so, it ought not to be so sharply defined as the other lines, 
and an observation should be made with reference to this point. 
Other lines, especially near the carbon flutings in the green, 
should also be looked for. 

(3) The spectrum of this star, according to the observations of 
Duner, is undoubtedly a banded one, but whether it is one of 
Group II. or Group VI. is doubtful. The strongest band is in 
the red, and this is very little degraded. In the green there is 
another band, which is wider but not so strong. With less cer- 
tainty other bands were detected in the red and yellow-green, 
and another ** very vi^uely ” in the blue. The spectmm i.s well 
worP further investigation, as we are likely to learn most 
by*a study of the apparent departures from the regular types. 

(4) A star of the solar type, with fine lines (Konkolyi The 
spectrum should be further examined as to whether the tempera- 
ture is increasing (Group III.) or decreasing (Group V.). The 
fineness of the lines tend to show that it is the latter. 

(5) A star of Group IV. (Konkoly). 

(6) The spectrum of this variable, according to Gore’s Cata- 
logue, has yet to be determined, and the forthcoming maximum 
of October 19 may therefore be taken advantage of. The period 
is about 169 days, and the magnitude ranges from 8 *3-9*0 at 
maximum to < 12*8 at minimum. 

(7) This variable of Group IL will reach a maximum about 
October 21. The period is about 326 days, and the variation 
from .7 *4-9*0 at maximum to < 13 at minimum. Bright lines 
and carbon flutings should be looked for. 

(8) This well-known variable of Group II. will reach a maxi- 

mum about October 24. The range is small (4 *3-4 *6) and the 
period short (46 days), two cond^itions which appear to go 
together, exactly as is demanded by the collision theory of this 
kind of variability. Further, if that explanation be correct, it 
is not likely that bright lines will appear at maximum, and this 
may be made a test observation. A. Fov^tler. 

Theory of Solar Radiation. —Mr. W. Goff has written a 
pamphlet in which he propounds a theory of the sun’s radiation 
of heat. It is well known that geologists and physicists demand 
a inuch longer duration of the sun’s past activity than the present 
estimate of the expenditure of heat would allow, supposing that 
there have been no unknown means of supply. Dr. Croll, in 

Stellar Evolution,” brings forward evidence in support of the 
longer periods. To account for the great disparity that exists 
between the results arrived at from different points of view, he 
assumed that the primitive nebulous mass possessed a store of 
energy derived from the impact of two large cold bodies moving 
with enormous velocities. Mr. Goff also thinks that the grounds 
upon which geologists and biologists found their conclusions 
are more certain and trustworthy than those of the physicist. He 
doeu not, however, supplement gravitational energy by energy 
derived from other sources, in order to account for the sun’s out- 
1^, but shows that the methods adopted for arriving at values 
of the amount are at fault. In his words : — Radiant energy is a 
very different thin^ from absorbed heat, and I hi.ve endeavoured to- 
demonstrate that its value must be considerably less. Also I have 
shown that the current estimates of the sun’s annual loss of heat 
are founded entirely on an absorbed heat basis. They must, 
conseauently, if tiiy arguments are correct, be far in excess of 
what niM expenditure actually is.” The distinction between 
radiant energy and absorbed heat is clearly indicated, and it is 
evident that, unless the value of each is the same, the present 
determinations of the sun’s emission of beat must be incorrect. 

The Satellites of Saturn. — The micrometer measures of 
the satellites of Saturn made by Dr. Hermann Struve with the 
30-incb Pulkova equatorial, has led to some interesting and im- 
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portant results. In a recent communication {Astronomische 
Nachrichten^ No. 2983), the orbits of Mimas and £nceladus^«and 
their relation to those of the other satellites, are considered. The 
orbit of Mimas has an eccentricity of 0'0i6, and an inclination 
of I® 26'. The retrograde movement of the nodes, is aboht 
1® per day, and is accompanied by a direct movement of the 
perisatumium point, which is almosU equal to it^(- 365® and 
+ 37 *^ pc** year). The comparison of the Pulkova observations 
with those made at Washington (1882-86) indicates an accelera- 
tion of the mean motion of Mimas, which corresponds to a re- 
tardation in the mean movement of Tethys. Dr. Struve shows 
that the changes in the elements and mean motions of the two 
satellites may increase indefinitely, or vary between certain 
limits. The latter explanation is proved to be the correct one, 
and a discussion of the observations of Sir W, Hcrschei, Lassell, 
Marth, Newcomb, Asaph Hall, &c., leads to th^ conclusion 
that the conjunctions of Enceladus and Dione occur at the peri- 
satumium of the former satellite or nearly so, whilst those of 
Mimas and Tethys oscillate 45" about the point ndd way between 
the ascending nodes of their orbits on Saturn’s equator, and 
perform this libration in about sixty- eight years. 

The masses of Dione and Tethys inferred by Dr. Struve from 
the libration are respectively seven and eleven times smaller 
than those deduced from photometric comparisons with Titan, 
'rhe result for Mimas is twenty-two times smaller than that fur- 
nished by photometry. It appears necessary to admit, therefore, 
that in the system of Saturn, as in that of Jupiter, either the 
intrinsic brilliancy of the satellites increases, or their density 
decreases, as the planet is approached. A knowledge of the 
masses of the four above-named satellites, determined phe^o- 
metrically and found by Dr. Struve, allows those of Enceladus 
and Rhea to be estimated with some probability. The following 
are the calculated and the hypothetical values in Jerms of the 
mass of Saturn : Mimas, 1/11,500,000; Enceladus, 1/4,000,000 ; 
Tethys, 1/767,000 ; Dione, 1/528,000; Rhea, 1/200,000; Titan, 
1/4700. By adopting the above hypothetical values of the 
masses of Enceladus and Rhea, the observed and calculated 
values of the . secular motions of the nodes and apses are found to 
agree in a very satisfactory manner. The spheroidal constant of 
Saturn has been determined as 0*0258, which differs consider- 
ably from the value 0*0223 assumed in a previous paper ( 4 stro- 
nomische Nachrichten^ No. 2946). This alteration obviates the 
necessity of giving the ring-system a sensible mass in the 
calculations. 

A New Comet {d 1890). — A faint comet was discovered by 
Mr. E. E. Barnard, of the Lick Observatory, on the 6th inst. 
It was then situated in Capricornus. 


ANTARCTIC EXPLORATION. 

'X‘HE following address, on ‘‘The Objects of Antarctic Ex- 
^ ploration,” was delivered at the annual meeting of the 
Bankers’ Institute of Australasia, at Melbourne, on Wednesday, 
August 27, by Mr. G. S. Griffiths, F.G. S., F. R.G. S., His 
Excellency the Eari of Hopetoun being in the chair. 

Mr. Griffiths said,— My experience, during the four years 
which have elapsed since this project was first mooted in Mel- 
bourne, is that any reference to the subject is sure to be met 
with the query. Cut bona ? What good can it do ? What benefit 
can come from it? What is the object to be served by such an 
expedition? 

In setting myself to the task of answering these questions, let 
me observe that it would indeed be strange if an unexplored 
region, 8,000,000 square miles in area — twice the size of Europe 
—and grouped around the axis of rotation and the magnetic 
pole, could fail to yield to investigators some novel and valu- 
able informat ioiv But when we notice that the circle is en- 
girdled without by peculiar physical conditions which miwt be 
correlated to special physical conditions within, speculation is 
exchanged for a confident belief -that an adequate reward must 
awair Uie skilled explorer. The expected additions to the 
geography of the region are, of all the knowledge that is to 
be sought for there, the least valuable. Where so many of the 
physical features of the country-— the hills, the valleys, and the 
drainage lines — have been buried beneath the snow of ages, a 
naked outline, a bare skeleton of a map, is the utmost that can 
be delineated. Still, even such knowledge as this has a distinct 
value, and as it can be acquired by the explorers as they proceed 
about their more important researches, its relatively small value 
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ought not to be admitted as a complete objection to any enter*, 
prise which has other objects of importance. ^ 0,ur present 
acquaintance with -the geography of the region is excessively 
limited. Ross just viewed the coasts of Victoria Land, between 
163® E. and 160® W. long. ; he trod its barren strand twice^ 
but on each occasion for a few minutes only. From the adjacent 
gulf he measured the heights of its volcanoes, and from its 
offing he sketched the walls of its icy barrier. Wilkes traced on 
our map a shore-line from 97^^ E. to 167® E. long., and he 
backed it up with a range of mountains, but he landed no- 
where. Subsequently Ross sailed over the site assigned to part 
of this land, and hove his lead 600 fathoms deep where Wilkes 
had drawn a mountain. He tells us that the weather was so 
very clear, that had high land been within 70 miles of that posi- 
tion he must have seen it (“ Ross’s Voyage,” 1278). More 
recently Nares, in the Challenger^ tested another part of Wilke^s 
coast- line, and with a like result ; and these circumstances throw 
doubts upon the value of his reported discoverifs. D’Urville 
subsequently followed a bold shore for a distance of about 30O’ 
miles from 136® E. to 142® E. long. ; whilst in 67® S. lat., and 
between, 45'' E. and 60° E. long., are Enderby’s and Kemp’s 
lands. *Again, there is land to the south of the Horn, which 
\ trends from 45*" to 75° S. lat.. These few discontinuous 
coast- lines comprise all our scanty knowledge of the Antarctic 
land. It will be seen from these facts that the principal geo- 
graphical problem awaiting solution in these regions is the inter- 
connection of these scattered shores. The question is. Do they 
constitute parts of a continent, or are they, like the coasts of 
Greenland, portions of an archipelago, smothered under an 
overload of frozen snow, which conceals thftir insularity ? Ross 
inclined to the latter view, and •ht^ believed that a wide channel 
leading towards the Pole existed between North Cape and the 
Balleny Islands (“ Ross’s Voyage,” 1221). This view was also 
held by the late Sir Wyville Thomson. A series of careful 
observations upon the local currents might throw some light 
upon these questions. Ross notes several such in his log. Off 
Possession Island a current, running southward, took the ships 
to windward (ibid,, 1 195 )» Off Coulman Island another drifted 
them in the same direction, at the rate of eighteen miles a day 
{tbid.f 1204). A three-quarter knot northerly current was felt 
off the barrier, and may have issued from beneath some part of 
it. Such isolated observations are of little value, but they were 
multiplied, and were the currents correlated with the winds 
experienced, the information thus obtained might enable us 
to detect the existence of straits, even where the channels 
themselves are masked by ice-barriers. 

Finally, it is calculated that the centre of the polar ice-cap 
must be three miles, and may be twelve miles, deep, and that, 
the material of this ice mountain being viscous, its base, must 
spread out under the crushing pressure of the weight of its 
centre. The extrusive movement thus set up is supposed to 
thrust the ice cliffs off the land at the rate of a quarter of a mile 
per annum. These are some of the geographical questions 
which await settlement. 

In the geology of this region we have another subject replete 
with interest. The lofty volcanoes of Victoria Land must pre- 
sent peculiar features. Nowhere else do fire and frost divide 
the sway so completely. Ross saw Erebus belching out lava 
and ashes over the snow and ice which coated its flanks. This 
circumstance leads us to speculate on the strata that would result 
from the alternate fall of snow and ashes during long p^rioda 
and under a low temperature# Volcanoes are built up, as contra- 
distinguished from other mountains, which result from eleva- 
tion or erosion. They consist of ddbrts piled round a vent. 
Lava and ashds surround the crater in alternate layers. But in 
this polar r#gion the snowfall must be taken into account as 
well as the ash deposit and the lava-flow. It may be thought 
that any volcanic ejecta would speedily melt the snow upon 
which they fell, but this does not by any means necessarily follow. 
Volcanic asfi, the most widespread and most abundant materiah 
ejected, falls comparatively cold, cakes, and then forms one of 
the most effective non-conductors known. When such a layer, 
a few inches thick, is spread over snow, even molten lava may 
flow over it without melting the snow bene&th. This may seem 
to be incredible, but it has been observed to occur. In €828, 
Lyell saw on the flanks of Etna a glacier sealed u^ under a 
crust of lava. Now, the Antarctic is the region of thick-ribbed 
ice. All exposed surfaces are quickly covered with snow. Snow- 
falls, fish-falls, and lava-flows must have bee^a leaping them- 
selves up around the craters daring unknown ages. What has- 
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•been the result ? lias the viscosity of the. ice been modified by 
the intercalation of beds of rigid lava and of hanf-set ash ? Does 
the growing mass tend to pile up or to settle down and spread 
out? Is the ice wasted by evaporation, or does the ash-layer 
preserve it against this mode of dissipation ? These interesting 
questions can be studied round the South Pole, and perhaps 
nowhere else so well. 

Another question of interest, as bearing upon the location of 
the great Antarctic continent, which it is now certain existed in 
the Secondary period of geologists, is the nature of the rocks 
upon wllich the lowest of these lava-beds rest. If they can be 
discovered, and if they then be found to be sedimentary rocks 
such as slates and sandstones, or plutonic rocks such as granite, 
they will at once afford us some data to go upon, for the surface 
exposure of ‘granite signifies that the locality has been part of a 
continental land sufficiently long for the weathering and removal 
of the many thousands of feet of sedimentary rocks which of 
necessity overWe crystalline rocks during their genesis ; whilst 
the presence of sedimentary rocks implies the sometime proximity 
of a continent from the surfaces of which alone these sediments, 
as rain- wash, could have been derived. 

As ancient slate rocks have already been discovered in the 
ice-clad South Georgias, and as the drag- nets of the Erebus and 
the Challenger have brought up from the beds of these icy seas 
fragments of sandstones, slates, and granite, as well as the 
typical blue mud which invariably fringes continental land, 
there is every reason to expect that such strata will be found. 

Wherever the state of the snow will permit, the polar moun- 
tains should be searched for basaltic dykes, in the hope that 
masses of specular fron and^njckel might be found, similar to 
those discovered by Nordenskiold, at Ovifak, in North Green- 
land. The interest taken in these metallic masses arises 
from the fact that they alone, of all the rocks of the 
earth, resemble tho<e masses of extra-terrestrial origin which 
we know as meteorites. Such bodies of unoxidized inetal are 
unknown elsewhere in the mass, and why they are peculiar to 
the Arctic it is hard to say. Should similar masses be found 
within the Antarctic, a fresh stimulus would be given to specu- 
lation. Geologists would have to consider whether the oxidized 
strata of the earth’s crust thin out at the poles ; whether in such 
a case the thinning is due to severe local erosion or to the pro- 
lection against oxygen afforded to the surface of the polar 
regions by their ice caps, or to what other cause. Such discoveries 
would add something to our knowledge of the materials of the 
interior of our globe and their relation to those of meteorites. 

Still looking for fresh knowledge in the same direction, a 
series of pendulum observations should be taken at points as 
near as possible to the Pole. Within the Arctic circle the pen- 
dulum makes about 240 more vibrations per day than it does at 
the equator. The vibrations increase in number there because 
the force of gravity at the earth's -surface is more intense in that 
area, and this again is believed to be due to the oblateness of 
that part of the earth’s figure, but it might be caused by the 
bodily approach to the surface at the poles of the masses of 
dense ultra-basic rocks just referred to. Thus, pendulum ex- 
periments may reveal to us the earth’s figure, and a series of 
such observations, recorded from such a vast and untried area, 
must yield important data for the physicist to work up. We 
should probably learn from such investigations whether the 
earth’s figure is as much flattened at the Antarctic as it is known 
to be at the Arctic. 

We now know that in the past the North Polar regions have 
enjoyed a temperate climate more than once. Abundant seams 
of Palaeozoic coal, large deposits of fossiliferous furassic rocks^ 
:ind extensive Kocene beds, containing the remains of evergreen 
and deciduous trees and flowering plants, occur fa. within the 
Arctic circle. This circumstance leads us to wonder whether 
the corresponding southern latitudes have ever experienced 
sirnitar climatic vicissitudes. Conclusive evidence pn this |>oint 
it is difficult to get, but competent biologists who have examined 
the floras and faunas of South Africa and Australia, of New 
Zealand, South America, and the isolated islets of the Southern 
Ocean, find features which absolutely involve the existence of 
an extensive Antarctic land — a land which must have been 
clothed with a varied vegetation, and have been alive with 
beasts, birds, and insects. As it also had had its fresh-water 
fishes, it must have had its rivers flowing and not frost-bound, 
and in those circumstances we again sec; indications of a modified 
Antarctic climate. Let us briefly consider some of the evidence 
for the* existence of this continent. We are told by Prof, Hutton, 
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of Christchurch, that 44 per cent, of the New Zealand flora is 
of Antarctic origin. The Auckland, Campbell, and Macquarie 
. Islands all support Antarctic plants, some of which appear never 
to^ have reached New Zealand. New Zealand and South 
America have three flowering plants in common, also two fresh- 
water fishes, five seaweeds, three marine crustaceans, one marine 
mollusk, and one marine fish. Similarly New Zealand and 
Africa have certain common forms, and the floras and faunas of 
the' Kerguelen, the Crozets, and the Marion Islands are almost 
identical, although in each case the islands are very small, and very 
isolated from each other and from the rest of the world. Tristan 
d’Acunha has 58 species of marine Mollusca, of which number 
13 are also found in South America, six or seven in New Zealand, 
and four in South Africa (Hutton’s “Origin of New Zealand 
Flora and F?nna”). Temperate South America has 74 genera 
of plants in common with New Zealand, and 1 1 of its species 
are identical (Wallace’s “ Island Life ”). Penguins of the genus 
Kudyptes are common to South America tifnd Australia (Wallace, 
“ Dist. of Animals,” 1309). Three groups of fresh- water fishes 
are entirely confined to these two regions. Aphritis, a fresh-water 
genus, has one species in Tasmania and two in Patagonia. 
Another small group of fishes known as the Haplochiionid® 
inhabit Tierra del Fuegia, the Falklands, and South Australia, 
and are not found elsewhere, while the genus Galaxias is confined 
to South Temperate America, New Zealand, and Australia. 
Yet the lands which have these plants and animals in common 
are sc widely separated from each other that they could not now 
posr^.ibly interchange their inhabitants. Certainly towards the 
equator they approach each other rather more, but even this fact 
faife to account for the present distribution, for, as Wallace has 
|K>inted out, “the heat-loving Reptilia afford hardly any indica- 
tions of close affinity between the two regions ” of South America 
and Australia, “whilst the cold-cjiduring Amphibia and fresh- 
water fishes offer them in abundance” (Wallace, “ Dist. of 
Animals,” 1400). Thus we see that to the north inlerchange 
is prohibited by tropical heat, while it is barred to the south by 
a nearly shoreless circumpolar sea. Yet there must have been 
some means of intercommunication in the past, and it appears 
certain that it took the shape of a common fatherland for the 
variou.s common forms from which they spread to the northern 
hemisphere. As this fatherland must have been accessible from 
all these scattered southern lands, its size and its disposition 
must have been such as would serve the emigrants either as a 
bridge or as a series of stepping-stones. It must have been 
either a continent or an archipelago. 

But a further and a peculiar interest attaches to this lost 
continent. Those who have any acquaintance with geology 
know that the placental Mammalia — that is, animals which are 
classed with such higher forms of life as apes, cats, dogs, bears, 
horses, and oxen — appear very abruptly with the incoming of the 
Tertiary period. Now, judging by analogy, it is not likely that 
these creatures can have been developed out of Mesozoic forms 
with anything like the suddenness of their apparent entrance upon 
the scene. Jor .such changes they must have required a long 
time, and an extensive region of the earth, and it is probable 
that each of them had a lengthy series of progenitors, which 
ultimately linked it back to lower forms. 

Why, then, it is constantly asked, if this was the sequence of 
creation, do these missing links never turn up ? In reply to this 
query, it was suggested by Huxley that they mav have been 
developed in some lost continent, the boundaries of which were 
gradually shifted by the slow elevation of the sea margin on one 
side and its simultaneous slow depression upon the other, so that 
there has always been in existence a la(ge dry area with its live 
stock. This dry spot, with its fauna and flora, like a great raft 
or Noah’s Ark, moved with great slowness in whatever direction 
the great earth-undulation travelled. But to-day this area, with 
its fossil evidences, is a sea-bottom ; and Huxley supposes that 
the continent, which once occupied a part of tne Pacific Ocean, 
is now represented by Asia. 

This movement of land-surface-tr&nslation eastwards even- 
tually created a connection between this land and Africa and 
Europe, and if when this happened the Mammalia spread 
rapidly over these countries, this circumstance would account for 
the abruptness of their appearance there. 

Now, Mr. Blanford, the President of the Geological Society 
of London, in his annual address, recently delivered, advances 
matters a stage further, for he tells us that a growing acquaint- 
ance with the biology of the world leads naturalists to a belief 
that the placental Mammalia, and other of the higher forms of 
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terrestrial life, originated during the Mesozoic period, still 
further to the southwards — that is to say, in the lost Antarctic 
continent, for the traces of which we desire to seek. 

But it almost necessarily follows that wherever the Mammalia 
were developed there also man had his birthplace, and if the^ 
speculations should prove to have been well founded we may 
have to shift the location of the Gsirden of Eden from the 
northern to the southern hemisphere. 

I need hardly suggest to you that possibilities such as the^e 
must add greatly to our interest in the recovery of any traces of 
this mysterious region. This land appears to have sunk beneath 
the seas after the close of the Mesozoic. Now, the submergence 
of any mass of land will disturb the climatic equilibrium of that 
region, and the disapp^jearance of an Antarctic continent would 
prove extremely potent in varying the climate oL this hemi- 
sphere. For to-day the sun’s rays fall on the South Polar regions 
to small purpose. The unstable sea absorbs the heat, and in 
wide and comparatively warm streams it can it s off the caloric 
to the northern hemisphere to raise its tempA’ature at the 
expense of ours. But when extensive land received those same 
heat ra}s, its rigid surfaces, so to speak, tethered their caloric 
in. this hemisphere, and thus when there was no mobile current 
to steal northwards with it, warmth could accumulate and 
modify the climate. , 

Under the influences of such changes the icy mantle would be 
slowly rolled back towards the South Pole, and thus many plants 
and animals were able to live and multiply in latitudes that t^i-day 
arc barren. What has undoubtedly occurred in the extreme 
north ifi equally possible in the extreme south. But if it did 
occur — if South Polar lands, now ice-bound, were then as prolific 
of life as Disco and Spitzbergen once were — then, like Spitz- 
bergen and Disco, the unsubmerged remnants of this continent 
may still retain organic evid^ces of the fact in the shape of 
fossil- bearing beds, and the discovery of such dep^osits would 
confirm or confute such speculations as these. The key to the 
geological problem lies within the Antarctic circle, and to find 
it would be to recover some of the past history of the southern 
hemisphere. There is no reason to despair of discovering such 
evidimce, as Dr. M‘Cormack, in his account of Rnss’s voyage, 
records that portions of Victoria Land were free from snow, and 
therefore available for investigation ; besides which their surface 
may still support some living forms, for they cannot be colder 
or bleaker than the peaks which rise out of the continental ice 
of North Greenland, and these, long held to be sterile, have 
recently disclosed the existence upon them of a rich though 
hum>>le flora. 

We have now to consider some important meteorological 
(|uestions. If we look at the distribution of the atmo-phere 
around the globe v\e shall see that it is spread unequally. It 
forms a stratum which is deeper within the tropics than 
about the poles and over the northern than over the southern 
iMinisphrre, so that the barometer normals fall more as we ap- 
j>roach ihe Antarctic than they do when we near the Arctic. 
Maury, taking the known isobars as bis guide, has calculated 
that the mean pressure at the North Pole is 29*1, but that it is 
only 28 at the Soijth*( Maury’s “ Meteorology,” 259). In other 
words, the Antarclic circle is permanently much barer of atmo- 
sphere than any other part of the globe. Again, if we consult a 
wind chart we shall see lhal both poles are marked as calm 
areas. Each is the dead centre of a perpetual wind vortex, but 
the South Polar indraught is the stronger. Polarward winds 
blow across the 4Sth degree of north latitude for 189 days in the 
year, but across the 4Sth degree of south latitude for 209 days. 
And while they are drawp in to the North Pole Trom over a 
disk-shaped area 5500 miles in diameter, the South Polar in- 
draught is felt throughout an area of 7000 miles across. Lastly, 
the winds which circulate about the South Pole are more heavily 
charged with moisture than arc the winds of corresponding parts 
of the other hemisphere. Now, the extreme degree in which 
these three conditions — of a perpetual grand cyclone, a moist 
atmosphere, and a low harometer— co-operate without the 
Antarctic, ought to produce, within it, an exceptional meteoro- 
logical state, and the point to be determined is what that con- 
dition may be. Maury maintained that the conjunction will 
make the climiCte of the South Polar area milder than that of the 
north. His theory is that the saturated winds being drawn up 
to great heights within the Antarctic must then be eased of their 
moisture, and that simultaneously they must disengage vast 
latent heat ; and it is because more heat must be 
libmtted in this manner in the South Polar regions than in the 
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north that he infers a Jess severe climate for the Antarctic. He* 
estimates that the resultant relative differences between the two 
polar climates will fie greater than that between a Canadian and 
an English winter (Maury’s “Meteorology,” p. 466). Ross re- 
ports that the South Polar summer is rather colder than that 
of the north, but still the southern winter may be less ex- 
treme, and so the mean temperature may be higher. If we 
examine the weather reports logged by Antarctic voyagers, in- 
stead of the temperature merely, the advantage still seems forest 
with the south. In the first place, when the voyager enters the 
Antarctic, he sails out of a tempestuous zone into one of calms. 
To demonstrate the truth of this statement, I have made an 
abstract of Ross’s log for the two months of January and 
February 1841, which he spent within the Antarclic circle. 
To enable everyone to understand it, it may be well to explain 
that the wind force is registered in figures from o, which stands 
for a dead calm, up to 12, which represents a hurricane. 1 find 
that during these 60 days it never once blew with <he force 8 — 
that is, a fresh gale ; only twice did it blow force 7, and then 
only for half a day each time. Force 5 to 6 — fresh to strong 
breezes---ds logged on 2 1 days. Force i to 3 — that is, .gentle 
breezes — prevailed on 34 days. The mean wind force registered 
•under the entire 60 days was 3*43 — that is, only a four to five 
knot breeze. On 38 days, blue sky was logged. They never 
had a single fog, and on 1 1 days only was it even misty. On. 
the other hand, snow fell almost every second day. We find 
such entries as these — “ beautifully clear wreather,” and “atmo- 
sphere so extraordinarily clear that Mount Herschel, distant 90 
miles, looked only 30 miles distant.” And again, “land seen. 
120 miles distant, sky beauti(ull)L clear.” Nor was this season 
exceptional, so far as we can t 3 l,*for Dr. M‘Cormack, dft the 
Erelms^ in the third year of the voyage, and after they had left 
the Antarctic for the third and last time, enters in his diary the 
following remark. lie says: “It is a curious thing that we 
have always met with the finest weather within the Antarctic 
circle ; clear, cloudless sky, bright sun, light wind, and a long 
swell” (McCormack’s “Antarctic Voyage,” vol. i, p. 345). It 
would seem as if the stormy westerlies, so familiar to all 
Australian visitors, had given to the whole southern hemi- 
sphere a name for bad weather, which, as yet at least, has not 
been earned byjthe South Polar regions. It is probable, too, 
that the almost continuous gloom and fog of the Arctic 
(Scoresby’s “ Arctic Regions,” pp. 97 and 137) July and 
August have prejudiced seamen against the Antarctic summer. 
The true character ot the climate of this region is one of 
the problems awaiting solution. Whatever its nature may be, 
the area is so large and so near to us that its meteorology must 
have a dominant influence on the climate of Australia, and on 
this fact the value of a knowledge of the weather of these parts 
must rest. 

To turn to another branch of science, there are several ques- 
tions relating to the earth’s magnetism which require for theii 
solution long-maintained and continuous observations within the 
Antarclic circle. The mean or permanent distribution of the 
world’s magnetism is believed to depend upon causes acting in 
the interior of the earth, while the periodic variations of the 
needle probably arise from the superficial and subordinate 
currents produced by the daily and yearly variations in the 
temperature of the earth's surface. Other variations occur at 
irregular intervals, and these are supposed to be due to atmo- 
spheric electricity. All these different currents are excessitely 
frequent and powerful about the poles, and a sufficient scries of 
observations might enable physicists to differentiate the various 
kinds of currerits, and to trace them to their several sources, 
whether internal, superficial, or meteoric. To do this properly 
at least one Ifind observatory should be established for a period. 

In it the variation, dip, and intensity of the magnetic currents, 
as well as the momentary fluctuations, of these elements, would 
all be rccorde^l. Fixed term days would be agreed on with the 
observatories of Australia, of the Cape, America, and Europe, 
and during these terms a concerted continuous watch would be 
kept up all round the globe to determine which vibrations were 
local and which g^eral. • 

The present exact position of the principal south magnetic 
pole has also to be fixed, and data to be obtained from whiefi to 
calculate the rate of changes in the future, and the same may be 
said of the foci of magnetic intensity and their movements. Iik 
relation to this part of tl^ subject, Captain Creak recently re- 
ported to the British Association his conclusions in the following 
terms. He . says Great advantage to the science ot 
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terrestrial magnetism would be derived from* a new magnetic 
survey of the southern hemisphere extending from the parallel 
of 40® S. as far towards the geographical pole as possible.** 

Intimately connected with terrestrial magne;tism are the phe- 
nomena of auroras. Their nature is very obscure, but quite 
recently a distinct advance has been made towards discovering 
some of the laws which regulate them. Thanks to the labours 
of Dr. Sophus Tromholt, who has spent a year within the 
Arctic circle studying them, we now know that their movements 
are not as eccentric as they have hitherto appeared to be. He 
tells us that the Aurora Boreafis, with its crown of many lights, 
encircles the Pole obliquely, and that it has its lower edge sus* 
pended above the earth at a height of from 50 to 100 miles, the 
mean of 18 trigonometrical measurements, taken with a base 
line of 50 miles, being 75 miles. The aurora forms a ring 
ebund the Pole which changes its latitude four times a year. 
At the equinoxes it attains its greatest distance from the Pole, 
and at midsummer and midwinter it approaches it most 
closely, and it has a zone of maximum intensity which is placed 
obliquely between the parallels of 60® and 70^ N. The length 
of its meridional excursion varies from year to year, decreasing 
and increasing through tolerably regular periods, and reaching a 
maximum about every eleven years, when, also, its appearance 
simultaneously attains to its greatest brilliancy. Again, it has 
its regular yearly and daily movements or periods. At the 
winter solstice it reaches its maximum annual intensity, and it 
has its daily maximum at from 8 p.m. and 2 a.m., according to 
the latitude. Thus at Prague, in lat, 50^ N., the lights appear 
at about 8.45 p.m. ; at Upsala, lat. 60® N., at 9.30 p.m. ; at 
Bossekop, 70® N., at 1.30 a.m. Now, while these data may be 
true for the northern hemisphere, it remains to be proved how 
far they apply to the southern. Indeed, seeing that the atmo- 
sphere of the latter region is moister and shallower than that of 
the former, it is probable that the phenomena would be modified, 
A systematic observation of the Aurora Australis ah a number 
of stations in high latitudes is therefore desirable. 

Whether or not there is any connection between auroral 
exhibitions and the weather is a disputed point. Tromholt 
believes that such a relationship is probable (** Under the Rays,** 
1283). He says that, “ however clear the sky, it always became 
overcast immediately after a vivid exhibition, and it generally 
cleared again as quickly** (** Under the Rays,* 1235). Payer 
declares that brilliant auroras were generally succeeded by bad 
weather (** Voyage of Tegelhoff,** 1324), but that those which 
had a low altitude and little mobility appeared to precede calms. 
Ross remarks of a particular display “that it was followed by a 
fall of snow, as usual ’* (“ Ross’s Voyage,** 1312). Scoresby ap- 
pears to have formed the opinion that there is a relationship 
indicated by his experience. It is, therefore, allowable to regard 
the ultimate establishment of some connection between these two 
phenomena as a possible contingen^. If, then, we look at the 
eleven-year cycle of auroral intensity from the meteorological 
point of view, it assumes a new interest, for these periods may 
coincide with the cycles of wet and dry seasons, which some 
meteorologists have deduced from the records of our Australian 
climate, and the culmination of the one might be related to some 
equivalent change in the other. For if a solitary auroral display 
be followed by a lowered sky, surely a period of continuous 
auroras might give rise to a period of continuous cloudy weather, 
with rain and snow. Fritz considers that he has established 
this eleven- year cy^le upon the strength of auroral records ex- 
tending from 1583 to 1874, Ws deductions have been verified 
by others. 

In January 1886 we had a wide-spread and heavy rainfall, and 
al^ an auroral display seen only at Hobart, but^ which was suf- 
ficiently powerful to totally suspend communication over all the 
telegraph lines situated between Tasmania and the China coast. 
This sensitiveness upon the part of the electric currents to auroral 
excitation is not novel, for long experience on the telegraph wires 
of Scandinavia has shown that there is such a delicate sympathy 
between them that the electric wires there manifest the same 
daily and yearly ];>eriod8 of activity as those that mark the 
auroras. The current that reveals itself in rfire in the higher 
regions of the atmosphere is precisely the same current that 
plagues the operator in his office. Therefore, in the records of 
these troublesome earth-currents, now being accumulated at the 
Ob^rvatory by Mr. Ellery, we are collecting valuable data, 
which may possibly enable the physicist to count the unseen 
auro^ of th^ Antarctic, to calculate^ their periods of activity 
fnA lethargy, and, again, to check these with our seasons. But 
it need.h^yoly be said that the observations, which may be 
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made in the higher latitudes and directly under the rays of the 
Aurora Australis, will have the greater value, because it is only 
near the zone of maximum auroral intensity that the phenomena 
are manifested in all their aspects. In this periodicity of the 
southern aurora I have named the last scientific problem to 
which I had to direct your attention, and I would point out that 
if its determination shou,ld give to us any clue to the changes in 
the Australian seasons which would enable us to forecast their 
mutations in any degree, it would give to us, in conducting those 
great interests of the country which depend for their success 
upon the annual rainfall, an advantage which would be worth, 
many times over, all the cost of the expeditions necessary to 
establish it. 

Finally, there is a commercial object to be served by 
Antarctic exploration, and it is to be found in the establishment 
of a whaling trade between this region and Australia. The 
price of whalebone has now risen to the large sum of ;^2CXX5 a 
ton, which adds greatly to the possibilities of securing to the 
whalers a profitable return. Sir James Ross and his officers 
have left it on record that the whale of commerce was seen by 
them in these seas, beyond the possibility of a mistake. They 
have stated that the animals were large, and very tame, and 
that they could have been caught in large numbers. Within the 
last few years whales have been getting very scarce in the Arctic, 
and in consequence of this two of the most successful of the 
whaling masters of the present day. Captains David and John 
Gray, of Peterhead, Scotland, have devoted some labour to 
cqjilecting all the data relating to this question, and they have 
consulted such survivors of Ross’s expedition as are still available. 
They have published the results of their investigations in a 
pamphlet, in which they urge the establishment of the fishery 
strongly, and they state their conclusions in the following words. 
They say: — “We think it is established beyond doubt that 
whales of a species similar to tne right or Greenland whale, 
found in high northern latitudes, exist in great numbers in the 
Antarctic seas, and that the establishment of a whale fishery 
within that area would be attended with successful and profit- 
able result.s.” It is not necessary for me to add anything to the 
opinion of such experts in the business. All I desire to say is 
that if such a fishery were created, with its head-quarters in 
Melbourne, it would probably be a material addition to our 
prosperity, and it would soon increase our population by causing 
the families of the hardy seamen who would man the fleet to 
remove from their homes in Shetland and Orkney and the 
Scotch coasts, and settle here. 

In conclusion, I venture to submit that I have been able to 
point to good and substantial objects, both scientific and 
commercial, to justify a renewal of Antarctic research, and I 
feel assured that nothing could bring to us greater distinction in 
the eyes of the whole civilized world than such an expedition, 
judiciously planned and skilfully carried out* 

( 2 UARTZ FIBRES.^ 

OEFORE I enter upon the subject upon which I have to 
^ address you, I wish to point out that, quite apart from any 
deficient on my part which will be only too apparent in the 
course of the evening, it is my intention to commit two faults 
which may well be considered unpardonable. In the first place, 
1 shall speak entirely about my own experiments, even though 
I know that the iteration of the first personal pronoun for the 
space of one hour is apt to be as monotonous to an audience as 
it is wanting in taste on the part of a lecturer. In the second 
place, 1 am**going almost to depend upon the motions of a spot 
of light to illustrate the actions which 1 shall have to descrioe, 
in spite of the fact that it is impossible for an audience to get 
up any enthusiasm when watching the wandering motion of a 
spot of light the result of the manipulation of a mystery-box, 
of which it is impossible to see the inside. These, however, are 
faults which are the immediate consequence of the nature of my 
subject. , * 

Physicists deal very lai^ely with the measurement of extremely 
minute forces, which it is of the utmost importance that they 
should be able to measure accurately. Now forces may be 
considered under aspects. It may be that the force which 
is developed and which has to be measured is a twist, in which 
cm the twisting force mav be applied to the end of a wire 
directly, when the amount through which that wire is twisted is 
a measure of the twisting force. Or the force may be a direc|.pull 

* Lecture delivered by ProC C. Vernon Boys, F.R.S., on SsptStfiber 
8, 1890, at the Leeds meeting of the British Association. 
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or a pusli^ which may also be measured by the twist of a wire if 
it is applied to the end of a lever or arm carried by the wire.* 

Now supposing that the force— whether of the nature of a 
twist or of a pull, it does not matter which — is too small to 
produce an appreciable twist in the wire, it is obvious that a 
finer wire must be employed, but it is not obvious how much 
more easily a fine wire is twisted than « coarse one. If the fine 
wire is one-tenth of the diameter of the coarse one, we must 
multiply ten by itself four times over in order to find hdw 
much more easily twisted it is, and thus obtain the enormous 
number 10,000 ; it is 10,000 times more easily twisted than the 
coarse one. Thus there is an enormous advantage in increasing 
the minuteness of the wire by means of which feeble twisting 
or pulling^ forces are , measured. But if the delicacy of the 
research is such that even the finest wire which qjin be made 
is still too stiff, then, even though with such wire, which is 
somewhere about the thousandth of an inch in diameter, forces 
as small as the millionfh part of the weight of a single grain can 
be detected with certainty, the wire is of no use'*; and as wire 
cannot be made finer, some other material must be used. Spun 
glass is fine and strong, and is still more easily twisted than 
the finest wire, but it possesses a property somewhat analogous 
to putty. When it has been twisted and then let go, it does not 
come back to its old place, so that though it is m^ch more 
largely twisted than wire by the application of a force, it is 
not possible with accuracy to measure that force. There is, 
or rather I should say there was, no material that could bc#u«?ed 
as a torsion thread finer than spun glass ; and therefore phjKi- 
cists ujfe instead a fibre almost free from torsion. A single thread 
of silk as spun by the silkworm is taken and split down the 
middle, for it is really double, and one half only is used. This 
is far finer than spun glass, and being softer in texture, it is 
much more easily twisted. Silk is ten thousand times more easily 
twisted than spun glass. So easily twisted is silk that in the 
majority of instruments the stiffness of the silk is either of no con- 
sequence at all, or at any rate it only produces but the slightest 
disturbing effect. Now if it is necessary to push the investiga- 
tion further still by the continued increase in the delicacy of the 
apparatus, silk itself begins to prevent any progress. Silk has a 
certain stiffness, but if that were always the same it would not 
matter 5 but then it possesses that putty-like character of. spun 
glass, but in a far higher degree ; it is affected by every variation 
of temperature and moisture, and any really delicate measures are 
out of the question when silk is used as the suspending fibre. 

This, I believe, is a fairly accurate account of tlie state of the 
case three years ago. At that time I was improving, or 
attempting to improve, a certain class of apparatus of which 1 
shall have more to say presently, and I was met by the difficulty 
that a greater d^ree of delicacy was required than was possible 
with existing torsion threads. Silk would have entirely prevented 
me from reaching the degree of delicacy and certainty in this 
instrument that I hope to show this evening that I have attained. 

Being then in this difficulty, I was by good fortune and 
necessity led to devise a process which I propose at once to show 
you. I shall not describe the preliminary experiments, but 
simply describe ^e*process as it stands. There is a small cross- 
bow held in a vice, and a little arrow made of straw with a 
needle point, and I have here a fragment of rock crystal which 
has been melted and drawn into a rod. It requires a tem- 
perature greater than that developed in any furnace to melt this 
material so that it may be drawn out. If the arrow, which also 
carries a piece of the quartz rod, is placed in the bow, and if 
both pieces are heated up to the melting-point and joined together, 
and then the arrow is snpt, a fibre of q^uartz is drawn — that is to 
say, it is drawn if there is not an accident. 

The arrow has flown, and there is now a fibre, not very fine 
this time, which I shall hand to our President. At the same time 
I can pass him apiece of much finer fibre^ made this afternoon, 
which shows (and this is a proof of its fineness) all the brilliant 
colours of the spider line when the sun shines upon it, but with 
a degree of magnificenceland splendour which has never been 
seen on any natural object. 

The main features of these fibres are these. You can make 
them as fine as you please ; you can make them of very con- 
siderable length; you can make pieces 40 or 50 feet long, 
without the slightest trouble, at almost every shot. Even 
though of that great length, they are very uniform in diameter 
from end to end, or, at any rate, the variation is small and per- 
fectly regular. The strength of the fibre is, 1 think I may safely 
say, something astonishing. Fibres such as I have in use at 
the present time in an instrument behind me are stronger than 
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ordinary bar steel : tl^ey carry from 60 to 80 tons to the square 
inch. That is one of their most important features, for this 
reason — that on account of their enormous strength you can 
make use of very much finer fibres than would be possible if they 
were not so strong ; and 1 have already explained the import- 
ance of the fineness of the fibre when delicacy is of the first 
importance. 

As to the diameter of these fibres, I have said they can be 
made as fine as you please. I shall not trouble you with 
a large number of figures, but one or two may probably be 
interesting to those who are in the habit of using philosopnica) 
apparatus. In the first place, a fibre a great deal finer than a 
single fibre of silk — that is, one five-thousandth of an inch in 
diameter — will carry an apparatus more than thirty grains in 
weight. I have in one of the pieces of apparatus which 
shall use presently a fibre the fifteen-thousandth of an inch in 
diameter. That is, so fine that if you were to take a hundred 
of them and twist them into a bundle you would produce a com * 
pound cable of the thickness of a single silkworm’s thread. I 
do riot mean the silk used for sewing that is wound on a reel, 
because that is composed of an enormous number of silk threads ; 
but a single silkworm’s thread as it is wound from the cocoon, 
•and that fibre is at the present time carrying a mirror the move- 
ments of which will presently be visible in all parts of this large 
room. 

But that is by no means the limit of the degree of fineness 
which can be reached. A fibre the fifteen-thousandth of an 
inch in thickness is quite a strong and conspicuous object. You 
may go on making them until you cannot see them with the 
naked eye. You may go on following thenfwith the microscope 
until you cannot see them with tne' microscope — that is te say, 
you cannot find their end — they gradually go out. The ends 
are so fine that it is impossible ever to see them in any micrO' 
scope that can be constructed, not because the microscopes are 
bad, but ftecause of the nature of light. But that is a point 
upon which I shall not say more this evening. It has been 
estimated that probably the ends of some of these are as fine as 
the millionth part of an inch — I do not care whether they 
are or whether they are not, because they can never be seen and 
never be used — but certainly the hundred- thousandth of an inch 
is by no means ^beyond the limit which can be obtained. As 
these large numbers of hundreds of thousands and millions are 
figures which it is impossible for anybody thoroughly to realize, 

I may for the purpose of illustration say that, if we were to 
take a piece of quartz about as big as a walnut, and if we could 
draw the whole of that into a thread one hundred-thousandth of 
an inch in diameter — threads which can certainly be produced — 
there would be enough to go round the world about six or seven 
times. 

These quartz fibres, on account of their fineness, are emi- 
nently capable of measuring minute forces— that is to say, 
they would be capable if they were free from that pulty-like 
quality which I have described as making spun glass useless. 
Now, experiments made both in this country and in Australia 
.show that to a most extraordinary degree they are perfectly free 
from that one fault of spun glass. 

The number of useful properties of quartz that has been 
melted is so great that 1 can merely take, in a more or less 
disjointed way, one or two ; and I propose, in the first place, 
to say something which, I think, may be especially interest- 
ing to chemists, and, perhaps, to our President. I should 
like to ask experimental clfemists what they would think of a 
material which could be drawn into tubes, blown into bulbs, 
joined together in the same way that glass is joined, drawn out. 
attached to a Sprengel pump, sealed off with a Sprengel 
vacuum, which would be transparent, which would be less acted 
upon than glass by corrosive chemicals, and which, finally, 
at the point at which platinum is as fluid as water, would 
still retain^ its form. Here is such a tube with a bulb 
blown at the end. I have found that it is possible to make 
tubes (though it cannot be done in the ordinary way, as with 
glass) and to blow bulbs with quartz, and that they have this 
advantage which glass does not possess— namely, that it is 
almost impossible to crack them by the sudden application of heat. 

Then there is another property which quartz fibres and** rods 
possess which 1 shall be able to show only imperfectly— namely, 
the power of insulating anything charged with electricity under 
conditions under whi^ in general insulation is impossible. 
You now see upon the screen an electroscopei the leaves of 
which were. charged at noon, and they are still divergent, but 
not to a very great extent, because they have suffered from un* 
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.^voidable shaking during the day. Tlje point to which I 
specially wish to refer is this. In electroscopes and all electro- 
static apparatus one puts in a dish of sulphuric acid, which is . 
an abomination, in order to keep the atmosphere dry. I have 
in this electroscope such a dish, but it is filled with water in 
order to keep the atmosphere moist. Experiments carefully 
made, using the same box — everything the same — except that 
in one case the insulating stem was made of quartz, and in the 
second case it was made of the best flint glass, well washed, of 
the same shape and size, show that, if the atmosphere is per- 
fectly dry, the electricity escapes from both at the same rate ; 
but that, if the atmosphere is perfectly moist, the electricity 
escapes from the leaves insulated by the clean-washed flint glass 
only too quickly ; whereas, from the leaves insulated by the 
quartz, the rate is identically the same as it was in either case 
when the atmosphere was perfectly dry. 

I have said that these fibres are uniform in diameter, and fine 
and smooth bnd strong, and that they glisten with alt the 
colours of the spider web, but that they are far more brilliant. 
It was naturally rather a curious point to note what a spider 
would do if by any chance she should find herself on such a web, 
and now that I am dealing with live and wild animals which 
cannot possibly be trained the conditions are such as to render 
the success of an experiment entirely a matter of chance. How- 
ever, I propose to make use of the spider as a test of the 
very great smoothness and slipperiness of one of these fibres. 
There are here three little spiders which have been good enough, 
since they came to Leeds, to spin upon these little wooden 
frames their perfect and beautiful geometrical webs. I have 
succeeded in placing one of these frames in the lantern without 
distufbing the spider, which you can now see waiting upon her 
web. I must now, without disturbing the peace of mind of 
the spider, carry her to a web of quartz ; and therefore (it is 
necessary that the spider should be fortunate enough to catch a 
fly. Now, instead of bringing a fly I will make an ordinary 
tuning-fork buzz against the web. She immediately pounces 
upon the imaginary fly, and thus I can without frightening her 
place her upon the quartz fibre. Unfortunately this spider has 
slipped and has got away, but with another I am more suc- 
cessful. I intended to show that the small and common garden 
spider could not climb the quartz fibre, but for some reason this 
spider is able to get up with difficulty ; however I shall not spend 
any more time upon this experiment. 

I shall now at once speak about the instrument which actually 
led me to the invention of the process for making quartz fibres. 
This, which I have called a radio-micrometer, is an instru- 
ment of very great delicacy for measuring radiant heat from 
such a thing as a candle, a fire, the sun, or anything else wrhich 
radiates heat through space. 

The radio-micrometer which I wish to show this evening 
is resting upon a solid and steady beam, and as usual its index is 
a spot of light upon the scale. Vou see that that spot of light 
is almost perfectly steady. Now the heat that I propose 
to measure, or rather the influence of which I intend to show 
you, is the heat which is being radiated from a candle fixed in 
the front of the upper gallery some 70 or 80 feet from 
the instrument ; and in order that you may be sure that the in- 
dication of the instrument is due to the heat from the candle, 
and not to any manipulation of the apparatus on the beam, I shall 
perform the experiment as follows. None of the apparatus at this 
end <rf the room will be touched or moved in any way ; but by a 
string I shall simply pull the candle along a slide up to a stop, 
at which position it will shine upon the sensitive part of the, 
radio- micrometer. Instantly the spot of light d^rts along the 
aesAe for a distance of ten feet, and then after leaving the scale 
it comes to rest upon the face of the balcony five of'six seconds 
after it began to move. Now if the candle is allowed to move 
back through about a foot, you will see that the instrument will 
cool down at once — it is at present suffering from the heat which 
falls upon it from the distant candle ; but it will cool down at 
once, and the index will go back to its old place. It is very 
nearly at its old place now. 1 will now let the candle .«ihine 
upon it again. The index at once goes on bo the balcony as 
before, and now that the candle is moved away again, the index 
has assumed its old place upon the scale. 

That really shows that we have here the means of measuring 
heat with a degree of delicacy, and also with a degree of cer- 
tainty, ease, and quickness, which has never yet been equalled. 
It is probable that the measure which 1 have given of the degree 
of dc^jkcv that I have reached in my astronomical apparatus — 
name^ that t^e heat of a candle more than two miles away can 
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certainly be felt — will not seem so absurd now that you have seen 
this less perfect apparatus at work, as it does to people whose 
experience is limited by the thermopile or their senses. 

^ You can now see the spot of light ; it is perfectly quiet in its 
old place. I wish to show you that this instrument is unlike 
those which are ordinariljr used for this purpose. All the heat, 
the very considerable neat, due to this electric arc lamp, 
is actually falling on the instrument, but not upon its sensi- 
tive surface, and there is no indication. There are a large 
number of people in the room — it does not feel the heat 
from them. Stray heat which it is not meant to feel — which 
is not in the line along which it can see, or feel — has no influence 
upon it. When the candle was moved to the place to which it 
was looking, it felt the heat, and you saw the movement of the 
index. Wh^t is perhaps more important than all is, that it is an 
instrument which does not even feel the influence of a magnet. 
I have here a magnet, and on waving the magnet about near the 
instrument there is no movement of the index at all ; it does not 
dance up and down the scale, as it certainly would do in the case of 
a galvanometer, because this magnet would affect a galvanometer 
at the other end of the room. We have then a degree of 
sensibility which is certainly not easily developed in any other 
way. I must except, however, the instrument which Prof. 
Langley of America has recently brought to a great state of 
perfection. I am unable to state, from want of information, 
whether his instrument is as sensitive as the one I have just 
show*A, but whether it is or is not as sensitive it certainly cannot 
coaspare with this in its freedom from the disturbing effects of 
stray heat falling upon it, or of the magnetic or thermo-electric 
disturbances which give so much trouble where the galvanometer 
is employed. 

Now this apparatus I was recently using in some astronomical 
experiments x>n the heat of the moon and the stars. As these 
experiments could only be made with an instrument such as 
this, possessing extreme sensibility and freedom from extraneous 
disturbances, and as this instrument is both the cause of the 
discovery and the first result of the application of quartz fibres, I 
have thought it well to repeat a typical experiment upon the 
moon*s heat, but, like Peter Quince, I am in this difficulty. As he 
said, There is two hard things, that is to bring the moonlight 
into ar chamber.” In fact, at the present time the moon has not 
risen, and if it had we should not be much better off. Peter 
Quince proposed that they should in case of moonlight failing 
have a lanthom and a bunch of thorns. That no doubt was 
sufficient for the conversation of Py ramus and Thisbe, but that 
would not do for the purpo'^e of showing the variation of radiation 
from point to point upon the moon’s surface, and as that is the ex- 
periment which I now wish to show — an experiment which this in- 
strument enables one to make with the greatest ease and certainty 
— it is necessary to have something better than a lanthorn and a 
bunch of !horn<. Therefore I have been obliged, as the moon is 
not available, to bring a moon. Now this moon is a real moon ; 
it is not a representation ; it is not a slide ; it is a real moon, and 
it is nfade by taking an egg-shell and painting it white. That egg- 
shell is now placed upon a stand, and is illuminated by the sun — 
that is, an electric light — and in order that the moon may be 
visible the room must be darkened. The moon is now shining 
in the sky. An image of the moon is cast by means of a con- 
cave mirror upon a translucent screen. There is in addition 
another mirror which throws a small image of the same moon 
upon the radio-micrometer. There is one more thing to explain. 
There is upon the screen a black spot which represents the 
sensitive surfape of the radio-micrometer. That bears the same 
proportion to the moon which you see on the screen as the 
sensitive surface of the radio-micrometer bears to the image of 
the moon that is cast upon it. Now the two mirrors are 
arranged to move by clockwork, so as to make the two images 
travel at proportional rates. The moon is travelling with the 
dark edge foremost, and now that the terminator of the moon 
has come upon the sensitive surface,, the heat is felt and the 
deflection of the instrument is'the result. Now as the moon is 
gradually travelling through the sky, the radiation is slowly 
and steadily increasing, because the radiation from the moon 
gets greater and greater, as the point at which the sun is shining 
vertically — that is, a point at right angles with the terminator — is 
approached ; it is here a maximum, and then it falls back, and as 
soon as the moon has gone off the instrument, you will see the 
index fall back almost suddenly. But there is something more. 
This moon in one respect ds better than the other moon. At 
the present time it represents the moon nineteen days old, a moon, 
that is to say, which is waning, and which goes through the sky 
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With its dark edge foremost. The clockwork will now bring the 
nioon back again, and convert the nineteen-day moon into a 
nine-day moon, one in which the bright edge goes forward. 
What I want you to notice, and it will be perfectly evident, is thi^ 
that the spot of light will now go up the scale suddenly, will then 
rise to a maximum position, and will then fall slowly until the 
terminator is reached, which proves thilt in the former case the 
slow rise and sudden fall, or the present sudden rise and slow 
fall was not a peculiarity of the instrument, but was due to the 
fact that the dinerent points of the moon radiated in the manner 
which I have stated. There is one point which, as the moon 
has now left the instrument, I should like to show ; that is, that 
it is a real moon and not a mere slide. That is shown by gradually 
moving the sun round. ^ Now it is at right angles to the line of 
view, and we have got the half moon. As it goe^roflnd, the 
moon continues waning, appearing more like a new moon, and 
at last we have an eclipse of the sun, which may be annular 
if the proportions of the apparatus are properly arranged. 

I wish now to make a few statements as to life delicacy of 
apparatus that can be made with the help of quartz fibres. 1 
would wish you niost distinctly to understand that it is not 
sufficient to go into a shop and buy apparatus as it is now 
made, replace the silk by quartz, and to suppose you can get a 
degree of delicacy such as I have shown you. Th%t is not 
sufficient. If you take out the silk and put in a quartz fibre the 
apparatus will be much improved, and you can then increase 
its delicacy. You will then escape the troubles due to ailk ; 
but one after the other a new series of disturbances will appe:v, 
and anything like ultimate, extreme and minutQ accuracy 
will still seem out of the question. Now it has been nfy 
business to eliminate one by one these disturbing influences. I 
will not weary you with a description of them all, and the 
methods by which they ma3s be certainly provided against. 
These disturbing causes, which at the present time with instru- 
ments carrying a silk fibre are not even known to exist, or 
if known to exist, are practically of no consequence what- 
ever, come one by one into prominence, when you attempt 
to push the delicacy of your apparatus to the extent that I have 
reached in the home-made apparatus which I have here this 
evening. I do not propose to give more than one illustration, 
and as this is one which I found out by accident, and which at 
the time very much annoyed me, I imagine that it may be of 
interest to explain the circumstances under which this was 
observed. 

In the experiments I made on the heat of the moon and the 
stars it was necessary to determine to what degree of delicacy 
the apparatus could be brought — that is to say, to determine 
what deflection would be produced by a known and familiar 
source of radiation. For this purpose the source of heat that I 
used was a common candlCii placed sufficiently far off to produce 
a convenient deflection. 1 began by placing the candle about 
100 yards away, but I was obliged to place the candle at a 
distance of 250 yards. At that distance I could not conveniently 
at night turn the shutter on and off with a string. Therefore I 
adopted the naore simple and practical plan of asking my niece to 
stand at the top of the hill and to pull the string when I gave the 
signal. The signal was nothing more nor less than my saying the 
word on " or “ off,” so that without moving I could observe the 
deflection due to the heat of the candle at that distance. Those 
were the circumstances, but when I shouted “on,” before the 
sound could have reached m)r niece at the top of the hill, the . 
spot of light had been driven violently off the scale. This seemed 
as if, as I suspected at the time, one of niy little eight-legged 
friends had got inside th^ apparatus, and feeling tfte trembling 
due to the sound, struck forward, as the diadema spider is known 
to do, and tried to catch the thing that was flying by. But 
further experiments showed that this was not the case. It 
happened that the sound of my voice was just that to which the 
telescope tube would respond. It echoed to that note, the 
instrument felt the vibration of the air, and that was the result. 

In order to show that &n instrument will feel the motion in 
the air under the influence of sound, 1 have arranged an experi- 
ment of the simplest possible character. I should say that the 
first instrument of this kind was made many years ago by Lord 
Rayleigh ; butT feel sure that even he would not be prepared 
for the delicacy to which apparatus on this principle can be 
brought. It simply depends upon this familiar and well-known 
fact. A card or a leaf allowed to drop through the air does not 
fall the way of the least resistance — that is, edgeways — but it turns 
into the position of greatest resistance, and fiuls broadside on, or 
P^overshoots the mark, and so gets up a spin. 
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Supposing you ^take .a little mirror suspended at an angle of 
45^ to the direction of the waves of sound, the instant sound- 
-waves proceed to travel, that mirror turns so as to get into such 
a position as to obstruct them. The mirror that I nave for this 
purpo.se weighs about the twentieth part of a grain, and the fibre 
on which it is suspended is about the fifteen- thousandth part of 
an inch in diameter. The mirror is so small and light that the 
moment of inertia is a two-hundredth part of that which people 
ordinarily call the minute and delicate needle of the Thomson 
mirror-galvanometer. With a fibre only a few inches long, there 
is no difficulty in getting a period*of oscillation of ten or eleven 
seconds. When the light from the lamp is reflected and falls Mpon 
the scale, as it will be in a minute, then a movement of the light 
from one of those great divisions to the next — that is, a move- 
ment of three inches — will correspond to a twisting fefree such as 
would be produced by pulling the end of a lever an inch long 
with a force of a thousand-millionth part of the weight of a 
grain. It would be easy to observe a movemfnt ten or a 
hundred times less. My difficulty now is that it is impossible 
to speak and at the same time to keep that spot at rest, because 
the instrument is arranged to respond to a certain note. This is 
not the predominating note of my voice, but since the voice, 
like all other noises as distinguished from pure musical sounds, 
consists of a great number of notes, every now and then the 
note to which the instrument is tuned is sure to be sounded, and 
then it will respond. Therefore, while I am speaking it is im- 
possible to keep the spot of light at rest. However, in order to 
show that the instrument does respond to certain notes, even if 
feeble, with a degree of energy and suddenness which I believe 
would never be expected, I sh^jjl with these small organ pipes 
sound three notes. But I must explain beforehand what X am 
going to do, as the .sound of my voice will spoil the experiment. 
I shall, standing as far away as I can get from the instrument, 
first sound a note that is too high ; I shall then sound a note 
that is too%ow ; and then I shall sound the note to which the in- 
strument is tuned. I must ask everyone during this experiment 
to be as quiet as possible, as the faintest sound of the right sort 
will interfere with the success of the experiment. The first two 
notes sounded loudly produced no result, while the moment the 
right note was heard the light went violently off the scale and 
travelled round t^ie room. When this little organ pipe was blown 
at the farthest end of the room this afternoon, it drove the light 
off the scale, almost as violently as it did just now. 

[The Cavendish experiment of observing the attraction due to 
gravitation between masses of lead was then explained ; and the 
actual experiment, performed with apparatus no larger than a 
galvanometer, in which the attracting masses were two pounds 
and fifteen grains respectively, in which the beam was only 
about five-eighths of an inch long, and in which the total force 
was less than one ten-millionth of the weight of a grain, was 
then shown. The actual deflection on the scale was rather 
more than ten feet, and eighty seconds were required for the 
single oscillation. With this apparatus forces two thousand 
times as small could be observed, though the fibre is, in com- 
parison with others that were made use of, exceedingly coarse.^ 
Forces equivalent to one million-millionth of the weight of a 
grain were stated to be within the reach of a manageable quartz 
fibre.] 

Now that I have shown all that my limited time has permitted 
me, I wish finally to answer a question which is frequently put 
to me, and which possibly some in the room may have ^ked 
themselves. The question nfay be put broadly in this form : 
“^These fibres no doubt are very fine, and very wonderfhl, 
but are they of any practical use ? ” This is a question which 
I find it difficult to answer, because I do not clearly know what 
is meant by practical use.” If by “a thing of practical use ” 
you mean something which is good to eat or to drink, or if vou 
mean something which we may employ to protect ourselves 
from the extremes of heat or cold or moisture, or if you mean 
— and this is a point which those who have studied biology will 
perhaps appreciate more than others — something which may be 
made use of for the purpose of personal adornment ; if that is 
what you mean By “practical use,” then ^itb the exception of 
the possibility of being able to weave garments of an extra- 
ordinary degree of fineness, softness, and transparency, q&artz 
fibres are of no “practical use.” But if you mean something 
which will enable a large and distinguished body of men to 
do that which is most important to them more perfectly than has 
been possible hitherto — I allude of course to the experimental 
philosopher igiid his experimental work, which after all has laid 
the foundations upon which so much that is ci^led practical 
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actually is built — if this is what you meats then 1 hope that the 
few experfments which I have been able to. show this evening 
are sufficient to prove that quartz fibres are of some practical 
use ; and they have served this additional purpose — with what 
success I am unable to say — they have provided a subject for 
an evening lecture of the British Association. 


« SOCIETIES A^D ACADEMIES. 

London. 

Entomological Society, October i. — The Right Hon. 
Lord Walsingham, F.R.S., President, in the chair. — The Rev. 
Dr. Walker exhibited, and read notes on, a long and varied 
series of Cry modes exulis^ collected in June and July last in 
Iceland. In reply to a question by Lord Walsingham as to 
whether all trife forms referred by Dr. Walker to Crymodes exults 
had been identified as belonging to that species, Mr. Kirby said 
the species was a very variable one, and that several forms had 
been described from Labrador and Greenland. Mr. South stated 
he believed that most of the forms had been described by Dr. 
Staudinger. — Dr. D. Sharp, F.R.S., exhibited a specimen of 
OmUhomyia avicularia^ L., taken near Dartford, to which there 
were firmly adhering — apparently by their mandibles — several 
spjccime ns of a mallopbagous insect. He also exhibited specimens 
of fragile Diptera, Neuroptera, and Lepidoptera, to snow that 
the terminal segments in both sexes might be dissected off and 
mounted separately without the structures suffering from 
shrivelling or distortion. — G. F, Hampson exhibited a 
series of Erebia melas^ taken in July last, in the Austrian Alps 
(Dolomites), by Mrs. Nicholls. Captain Elwes observed that 
this species was abundant in the Pyrenees, but he had never been 
able to obtain specimens from any other part of Europe ; and 
that it had been left to an English lady to first take a species of 
Erebia new to these Alps. He added that the species only 
frequented very steep and stony slopes on the mountains, so that 
its capture was attended with difficulty. — Mr. McLachlan, F.R.S., 
exhibited specimens of an extraordinary Neuropterous larva 
found by Mr. B. G. Nevinson in tombs at Cairo. He said that 
this larva had been assigned to the genus Nemo era by Schaum, 
and Roux had previously described and figured it as an abnormal 
apterous hexapod under the name of Necrophiius arenarius. 
Mr. Nevinson supplemented these remarks with an account of 
his capture of the specimens in the Egyptian tombs. — Mr. G. 
T. Baker exhibited species of the genus Boarmia from Madeira ; 
and also melanic varieties of Gracilaria syringella from the 
neighbourhood of Birmingham. — Mr. W. F. H. Blandford 
exhibited and remarked on specimens of Dermestes vulpinus^ a 
wood- boring beetle, which had been doing much damage to the 
roofs of certain soap-works in the neighbourhood of London. — 
Mr. R. W. Lloyd exhibited a specimen of Carabus catenulatus^ 
in which the femur of the right foreleg was curiously dilated 
and toothed. — The Rev. C. F. Thornewill exhibited a black 
variety of the male of Argynnis aglaia^ taken by himself in July 
last on Cannock Chase ; also a number of living larvae of a 
species of EupUkecia feeding on the flower-heads of Tanaceium 
vulgare. He expressed some doubt as to the identity of the 
species, but the general opinion was that the larvae were those 
of Eupithecia absynthiata, — Mr. H. Goss exhibited, for Mr. G. 
Brydnt, a variety of the larva of Trichiura cratagi, — Mr. C. G. 
Barrett exhibited a specimen of Plusia moneta^ Fabr., a 
species new to Britain, taken at Reading in July last. Mr, 
Goss stated that the first specimen of this species had been 
taken at Dover last June, and was now in the collection of Mr. 
.Sydney Webb, of that town. Mr. Kirby said tWat Mynheer 
Snellen had reported this species as being unusually common in 
Holland a few years ago. — Mr. W. Dannatt exhibited a variety 
of Papilio hectorides from Paraguay. Mr. O. Salvin, F.R.S., 
said he had seen this form before. — Mr. C. J. Gahan exhibited 
a curious little larva-like creature, found in a mountain stream in 
Ceylon, and observed that there was some doubt as to its true 
position in the anime.l kingdom. It was made up of six distinct 
segments, each of which bore a single pair of laterally directed 
processes or unjointed appendages. Mr. Hampson remarked 
that the appendages were very suggestive of the parapodia of 
certain choctopod worms. Lord Walsingham and Mr. McLachlan 
expressed an opinion that the animal was of myriopodous 
affinities, and Was not the larva of an insect. — Mr. Baker read a 
paper entitled “ Notes on the genitalia of a gynandromorphous 
Eronia hippiaP ^ 
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Paris. 

Academy of Sciences, October 6. — M. Duchartre in the 
chair. — Ou the determination of integrals of certain equations 
fw>m partial^ derivatives of the second order, by M. Emile 
Picard. — On the balls of fire or electric globes of the St. Claude 
tornado, according to the report of M. Cadenat, by M. H. Faye. 
Prof. Cadenat, of the Si. Claude College, has brought forward 
a number of testimonies as to the appearance of many balls of 
fire daring the storm of August 19. It is a remarkable fact that 
the United States tornadoes are rarely accompanied by globular 
lightning discharges like those observed during the recent storms 
of Dreux or St. Claude. The cause may be that American 
tornadoes have been most frequently observed in broad daylight, 
whilst in France those of August 18 aad 19 appeared towards 
the evening — On the movement of Foucault’s pendulum, by 
M. de Sparre. The author establishes the complete formulae for 
the movement of Foucault’s pendulum in air, and shows that 
the resistance, of the air has an indirect iiifluence on the velocity 
of rotation of the plane of oscillation, both diminishing the 
amplitude of the vibrations, and causing deformations in the 
curve described. — Some theorems on similar plane figures, by 
M. P. H. Schoute. — On a new method for testing urea, by M. 
M. P. Miquel. — Destruction of the tubercular virus by the 
products of the evaporation of certain substances, such a> a 
mixture of alcohol and diflerent essences, on spongy platinum, 
by M. Onimus. — On the fecundation of Hydatina senta^ Ehr., 
by M. Maupas. — Experiment^ on the cultivation of wheat in a 
sterile siliceous soil, by M. Pagnoul. The experiments show 
that phosphates, especially in the soluble form, play an important 
rdle in the production of wheat ; in fact, the suppression of 
phosphoric acid retarded the maturity of plants about ten days. 
The richness of the grain in nitrogenous matters increases with 
the proportion of nitrogen at the disposal of the plant. It 
it is found to decrease to 8 or 9 per cent in plants grown in 
soil containing no nitrogen, and reaches as much as 20 per 
cent — that is, much above the average — in those grown in soils 
in which the assimilated nitrogen was greater than that of the 
most fertile soils. — Observations of the part played by fluor in 
mineralogical syntheses, by M. Stanislas Meunier. The author 
finds that the introduction of fluorides renders the synthesis of 
labrador, nephelite, and Icucite remarkably easy and rapid, and 
does away with the necessity for very high temperatures. 
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BRITISH FARM, FOREST, ORCHARD, AfiD 

GARDEN PESTS. 

• 

British Farm, Forest, Orchard, and Garden Pests. A 
Manual of Injurious Insects, with Methods of Preven- 
tion and Remedy for their Attacks to Food Crops, Forest 
Trees, and Fruit, to which is appended a Short Intro- 
duction to Entomology. Compiled by Eleanor E. 
Ormerod, F.R^Met.Soc., &c. Second Edition^ (London: 
Simpkin, Marshall, Hamilton, Kent, & C?b., 1890.) 
^TT'HE first edition of “ The Manual of Injurious Insects ** 
■L was published in 1881, and was tjien justly con- 
sidered by all entomologists to be the most important 
work upon economic entomology since Kirby and Spence 
wrote their famous “ Introduction to Entomology,” “ conj- 
bining,” as John Curtis said, “truth, instruction, and 
amusement.” It was undoubtedly also by far the most 
exhaustive account of insects destructive to agricultural 
and horticultural crops that had been produced sfhce the 
appearance of the admirable “ Farm Insects ” of turtis 
in i860. The second edition of this useful “ Mandal of 
Injurious Insects” has been recently issued, and contains 
in addition to the vast stores of information concerning 
all manner of insects which attack farm and' garden crops, 
the results of the devoted labours, keen research, and 
scientific observation of Miss Ormerod, during a period of 
nine years. 

In point of volume and matter this last edition is nearly 
twice as large as the first. As regards interest, practical 
value, and science, it is likewise of much more' impor- 
tance, because it records the discovery of insects altogether 
new and undescribed in this country, as well as measures 
of prevention and remedial methods against these and 
many other insects, that have been prescribed and 
adopted within the past decade. It describes, in short, 
the advance which has been made in economic entomo- 
logy in this period, in the knowledge of insects, of their 
life histories, and habits, and of means to protect the 
crops of cultivators against their ravages. And no one is 
better qualified to relate this progress than Miss Ormerod, 
who has herself contributed so greatly towards it. 

Most of tlfis new matter has been previously given for 
the edification of the public and the advantage of 
farmers in Miss Ormerod's “ Annual Reports of Observa- 
tions of Injurious Insects and Common Farm Pests.” It 
is condensed in the new manual, and arranged under 
different headings, or parts. These are three, the same as, 
in the first edition. ‘Part I. — Food crops and insects that 
injure them. Part II.— Forest trees and insects that 
injure them. Part III. — Fruit crops and insects that 

injure them. • ...... 

An Introduction to Entomology is given m this edition 
as an Appendix, while in the former it precedes the three 
pans, or divisions. It may be said of this, in passing, 
that it will be most useful to students of entomology, as 
it gives in concise terms the main points by which insects 
of various orders and species may be distinguished in 
each stage of their life histories. The classification of 
insects is plainly set forth so that beginners may see 
almost at a glance the primary division of insects into the 
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two great tribes, Mandibulata and Haustellata, and the 
subdivision 'of the one into eight orders, and. of the other 
into five orders, in accordance with the rational^ arrange* 
ment of Prof. Westwood. 

Among the troublesome insects treated of in Part I. 
are several species of butterflies, moths, and Hies which 
attack cabbages, as the large and small white cabbage 
butterfly, Pieris brassicce and Pieris rapa, the cabbage 
moth Mamestra brassicce^ the cabbage fly Unthomyia 
brassica, and others more or less injurious* to the 
brassica tribe. Complete histories are furnished of all 
these insects, and valuable means of prevention are 
advised and remedies suggested of a practical nature 
that can easily be adopted, both on a lar^e scale suitable 
for farmers and market gardeners, as well as for gar- 
deners and allotment holders. 

There is an important monograph of the carrot-fly, 
Psila'rosa, which will be gratefully received by market 
gardeners and market garden farmers, as the fly has 
in the last few years been especially destructive, not 
only in England, but also in Scotland and Ireland. 
This attack is generally termed “rust,” because the 
leaves of the carrots become yellowish, or rusty coloured, 
and the roots are covered ^ with rtfsty patches. To one 
unacquainted with entomology and not having gdod eye- 
sight, it is difficult to trace the cause of the disorder to 
the tiny maggots of this fly in the roots of the plants. 
Upon* very careful examination, however, a diseased 
carrot will be found to be swarming with legless, slimy, 
yellowish maggots, not a quarter of an inch in length, 
many of which are found to be sticking half in and half 
out of the roots. Miss Ormerod says : — “ The grubs may 
be found in'winter as well as summer, and attack all parts 
of the carrot-root by gnawing galleries on the surface, or 
into the substance of the root ; but whilst the roots are 
young, the grub appears generally to attack the lowest 
part.” This is not always the case, for in some young 
carrots examined in July last, which were sent from 
Ireland, the crowns of the roots were as full of the 
maggots as the ends. 

Under the head of prevention and remedies for this 
affection, it is stated — 

“ The following notes regarding carrot cultivation will 
be found to bear in various ways suitable to different 
circumstances of soil and climate on the main points of 
— 1st, such preparation of the ground in autumn, or 
winter, as will ensure favourable conditions for a 
healthy, vigorous, and uninterrupted growth from the 
first sprouting of the seed ; 2nd, thinning at suchtt stage 
of growth, in such ciitumstances of damp weaither or 
with such watering or treatment after thinning as may 
least expose the plants to the attack of^ the carrot-fly 
which fj^quently occurs after this operation. Whether 
the fly is attracted by the scent of the bruised plants, or 
what brings it, is not clear, but it is very clear that, as it 
goes down into the ground to lay its eggs oh or by the 
carrots, *all operations which leave the soil unusually 
loose and open lay at the same time the carrot roots 
open to attack, and it will be observed that the various 
methods of tl-eatment in regard to^thiiming bear upon 
the means of meeting this difficulty.” ^ 

This is given as one instance of Miss Ormerod's powers 
of observation as to the habits of insects, which enable 
her to recommend* suitable and effective remedies and 
methods against them. The practical conclusion in this 
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case is that carrot-growers should thin carrot’plants early, 
and draw the soil as close as possible*, and make the 
soil 'vcry^ firm around them immediately ‘after thinning 
has taken place. 

Again, although the summer broods hatch in three or 
four weeks the maggots may be found in the roots during 
the winter, and they change to pupa: in the earth adjacent. 
It is therefore very desirable that all infested carrot-beds 
should be ‘thoroughly cleared of roots in the autumn, and 
the grotmd well dug, or trenched, so that such maggots or 
pupae as remain in the bed may be destroyed ; some may 
escape, but the larger number will thus be buried too 
deeply to come up again or be thrown on the surface to 
the birds ; and | dressing of gas-lime will be serviceable 
in destroying such of the maggots as are lying near the 
surface.” ‘ 

Remedies are prescribed for this attack in the shape of 
dressings with spirits of tar mixed with sand, and of 
paraffin oil and sand ; also waterings with dilute soluble 
phenyl and paraffin oil, in the proportion of a pint of 
paraffin to two gallons of water. 

Among the many insects that injure com crops whose 
histories appear in this “ Manual,” is a group of dies, 
among which are the*^ frit fly J,(psctms frit ) — a minute fly, 
not the eighth of an inch long, whose attention seems to 
be confined to oats. The maggot coming from the egg 
laid by this ** fly feeds in the heart of the young oat-plant 
a little above the ground-level and eats away the Centre, 
so that the shoot above the eaten part is destroyed, and 
the damage that is going forward then becomes noticeable 
from the injured shoots turning brown and withering 
instead of continuing their growth.” 

The frit fly has been well known in France, Germany, 
and particularly in Sweden, where it attacks barley, but 
until 1888, when the attacks of the frit fly were very 
prevalent in Devon and Cornwall, not much was known 
of it in this country, although, as Miss Ormerod points 
out, “ the presence of the Osctnis vastator, Curtis, which 
appears to be the same as Osdnis frit, was watched and 
recorded in 1844 by John Curtis in his * Farm Insects.’ 
In 1881 I. was favoured by Mr. R. H. Meade, of Bradford, 
with the information that the Osdnis frit had been ob- 
served in the autumn of that year in swarms in an out- 
building, in the lofts of which a lot of newly-threshed 
barley had been stored, which points to the Swedish form 
being then present ; but it was not until 1887 that 1 was 
able to watch this attack throughout its course, up to the 
development of this fly as a regular field attack.” 

Farmers now find another fly, the “ gout ” fly, or ribbon- 
footed fly, Chlorofs taniofus, to be a frequent enemy to 
wheat, rye, and barley plants. This, as shewn in the 
“ Manual,” is most prevalent on barley, and is mentioned 
by Curtis as having done much harm, in 1841, in Surrey 
and Lancashire. Now it is found in most parts of the 
country, and is a striking instance of the general spread 
of insect pests within the last few years among cultivated 
crops of all kinds. 

The action of this insect is thus described by Miss 
Ormerod : — ** Whilst the plant is still young and the form- 
ing ear is wrapped in the sheathing leaves, the fly places 
her eggs either within these leaves or so that the maggot 
can ipake its way through them to the ear ; there it 
usually, eats away some parts of the lower portions of the 
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ear, and then gnaws or, rather, tears a channel down one 
side of the stem to the uppermost knot, and beneath the 
leaves the maggot changes to a reddish chrysalis, from 
which the gout fly appears about harvest time.” 

It has been a moot point where this insect passed the 
winter in this country. « In Germany, as Taschenberg 
states in his Praktische Insekten Kunde, the flies place 
their eggs on grasses and autumn sown com, upon which 
hibernation takes place either in larval or pupal form. 
As reported by the Consulting Entomologist of the Royal 
Agricultural Society of England, pupae of the chlorops 
were discovered in the main stems of lirheat plants just 
above the ground, in England, in the early part of the 
spring of 1890 by Mr. Whitehead. The time when these 
were found and the evident injury caused to the plants 
proved that the insect had hibernated within their stems. 

Another insect belonging to the group of corn flies is 
the com saw fly, Cepkus Pygtnaus, a very small insect 
which pierces the stem of wheat and barley plants “just 
below, or at one of the knots, and inserts there an egg, 
continuing this process successively to other stems until 
her eg^'supply is exhausted. The maggot, which hatches 
in al>out ten days, is about half an inch long, yellowish 
white, fleshy,' with a horny, rusty-coloured head, and is 
peculiar in being footless, although the larva of a saw fly. 
It feeds on the inner substances, clearing its way some- 
times through* the knots, even through the topmost, and 
when nearly full-grown comes down inside the stalk on 
which it has fed ; and about harvest time, or a little 
before, it comes down to the ground level, where it gnaws 
a ring so neatly and cleanly round inside the stem that 
the straw readily falls with its own weight, or from a slight 
pressure of the wind, the severed stalk showing almost as 
smooth a fracture as if it had been separated by a knife. 
When the maggot has thus travelled down the stalk and 
nearly cut it through (so that nothing may prevent its 
escape presently as a fly) it goes down into the lowest 
part and spins itself a silken case in which it passes the 
winter.” 

The wheat-bulb fly {Hylemia coarctatci), though only 
identified in 1882, has now become one of the pests to be 
dreaded by wheat growers. Curtis does not speak of it, 
and it was first distinguished in this country by Miss 
Ormerod. Taschenberg speaks of this fly as destructive 
in parts of Germany, and says there are two 'broods there. 
As this seems to be a new destroyer here, it is possible 
that it was brought from Germany with Imported straw 
or produce, of some kind. 

In the “ Manual ” it is observed that the attacks of the 
maggots of the wheat-bulb fly and those of the frit fly are 
much alike, so far as the method of injury is concerned. 
But here Miss Ormerod’s entomological knowledge and 
acute perception of the smallest distinctions serve to 
show how the different flies may be recognized. In the 
maggot or larva of the wheat-bulb fly “the tail segment 
projects, and ends in two ..squarisb-ended teeth with 
flattened edges placed cttUrally, with one pointed tooth, 
and sometimes m<»o, on the central square part. . . . 
The presence of these teeth and the absence af a little 
bunch of stalked spinidies near the head appear to me to 
be the simplest way bf knowing the wheat-bulb from the 
frit maggots.” 

The Hessian fly, another member of the group of stem 
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flies, having first appeared in Great Britain in 1886, is 
graphically described by Miss Ormerod, who has ‘done 
so much to familiarize agriculturists with the dreaded 
scourge, and to make them acquainted with preveiftive 
measures and remedies against it. This information, 
published from time to time, is dbnciscly summarized, so 
that it may be said that, in the few pages devoted to .this 
insect, all that is known about it is plainly set forth. 

The least generally known facts connected with the 
Hessian fly, and those of the most scientific interest, 
relate to its parasites, which have been carefully studied 
by the authoress* who had the advantage ,of ‘long con- 
sultations with Prof. Riley in 1887. 

The importance,of the various parasites of the Hessian 
fly in tending to keep it down in this country is great. 
By some it is believed to be desirable to rear them 
and take them to places that are badly infested, just 
as, recently, parasites were imported from Australia tct 
destroy the Icerya purchasi in the Californian orange 
groves. It is certain that in this last summer the attack 
of the Hessian fly was immensely modified by th^ para- 
sites, which were present in unusual numbers. In scifcral 
instances where the pupae of the Hessian fly, were trans- 
ferred to live cages, at least 70 per cent, proved to be 
parasitized by at least three different kinds of flies. Miss 
Ormerod and Prof. Riley, agree that the parasites of the 
Hessian fly in Great Britain are of the same species as 
those found in Russia, and differ from those which infest 
the Hessian fly in America. Comparative lists of the 
American and Russian Pteromali are submitted, from 
which it is seen that they are of the same genus, but not 
of identical species. “ The examination of our parasites,” 
Miss Ormerod concludes, “ pointed, therefore, very strongly 
to the probability of our Hessian fly attack having been 
imported to us from the east of Europe.” And, further, 
it is suggested that it originated, not in straw imports, as 
it was first imagined, but in the pupa, or “flax-seed,” 
condition in foul grain imports. 

In Part II., devoted to the insects that injure forest- 
trees, among the principal offenders is shown to be 
the elm-bark beetle, Scolytus destructor^ which makes 
the well known galleries between the bark and the wood, 
“ mainly in the soft inner bark, but so as to leave a slight 
trace of the working on the surface of the tree.” This 
beetle often causes serious injury to elms both in this 
country and on the Continent. It generally attacks trees, 
or the parts of trees that are inclined to disorder, or 
decay, or that have been previously attacked by beetles.’ 
.To circumvent the operations of this insect. Miss Ormerod 
recommends that the rough bark should be. scraped off, 
so that the larvae ar<(* exposed to air, or driven out by the 
flow of sap from the inner lining of the bark. This was 
found to answer in France, where upwards of 2,000 trees 
were thus treated. 

The ash-bark beetle, Hylestntts fraxinij injures ash 
trees in the same minner by making galleries beneath 
the bark, particul^ly in young trees. It is advised that 
the bark should be treated with a good coat of soft soap 
well rubbed* into the affected parts of the trees. 

Yet another boring beetle is giveo,^ known as Hylurgus 
piniperda, or pine beetle, injurious more on account of 
the harm the beetles cause by boring through the side 
of ^pptender shoots of young pine trees and eating their 
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way for an ip'ch or more along the pith, than from the 
galleries made, by the larvae in pine timber. As they 
often select .dead or diseased trees for boring Anto for 
breeding purposes, felled trees should be at once removed 
and diseased branches or limbs of trees in infected woods 
should be cut off and carried away. Or traps may be set 
for the beetle by placing “ young Scots pine tops, thinning 
off all the branches (which makes them convenient to 
handle) in the plantations or against the low^r part 
of the standing trees.” The beetles select these for 
laying their eggs upon, and they should be taken away 
and burned in June. ' • 

Another pine beetle, Hylobius abietis^ is even more 
injurious to many of the conifera; than WxmHylurgus. It 
may be entrapped in the same manner, as it frequents 
forest clearings, that is, where fir trees, few or many, have 
recently been felled, and lays its eggs also on logs and 
«stumps. 

Against the attacks of many other insects troublesome 
to trees, such as the pine-bud moth, the pine-shoot moth, 
the pine saw fly, the spruce gall aphis, the larch aphis, 
the willow beetle, and the oak-tree roller moth, methods 
of prevention and remedies are prescribed. This part of 
the “ Manual ” cannot fail te be most instructive and useful 
to those in charge of woods and forests. 

In Part III., treating of fruit-crops and insects that 
injure them, twenty-three different insects are fully de- 
scribed, and in all cases practical suggestions are made 
for preventing their onslaughts upon the fruit crops, and 
for diminishing the virulence of their attacks. These 
suggestions are most timely, as during the last few years 
the fruit cre^s of almost all descriptions have suffered 
much from insects. Not only have new kinds of insects 
arisen, but long-known foes have increased and multiplied 
to a terribly dangerous extent, so that whole districts 
have been cleared of fruit. For example, in the spring 
of each of the last three years hosts of caterpillars of 
several species have ruined the apple, plum, and damson 
crops in many parts of Kent, and in other fruit-producing 
counties. 

Among the fruit pests that have recently sprung up 
are the white woolly scale, Pulvinaria ribesii, found 
last year upon currant bushes to a considerable extent. 
A figure of a currant twig covered with white cottony, or 
woolly matter, forming a covering for the eggs and young 
scales is appended, which conveys a good idea of the 
“ almost overwhelming nature of the infestation and the 
serious amount of injury caused by it.” This attaj^k has 
been known in France for some time, and is mentioned 
•by Signoret in his “ Essai sur les Cochenilles.” Miss 
Ormerod recommends applying limewash to the infested 
bushes with a brush, “ the same process as whitewashing.” 
Where remedies cannot be brought to bear, or fail, “ it 
would be best to cut off and burn the infested branches, 
or to destroy and burn the infested bushes if it could be 
done without serious loss, and thus stamp out this newly- 
observed pestjn time.” ^ 

A fruit-tree boring beetle new in this country, b]^ well 
known in Germany and America, from whence it was 
probably imported, was identified by Miss Ormerod in 
1889 as the “ Shot))t)orer,” Xyleborus dispar. This was 
found in Lord Sudeley’s fruit plantations* in Gloucester- 
shire, in the stem of a young plum tree into which it had 
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bored and Hilled the tree. Several trees were killed in 
the fiame manner. The great peculiarity m these insects 
is the disparity in size between the females* and males, 
from which it is termed dispar. The female is about 
the eighth of an inch long, while the male is only about 
two-thirds of this length. The injury begins by a small 
hole like a shot-hole being bored in the side of the stem, 
from which a tunnel is made jnto the pith, and a branch 
tunnel running horizontally about half, or two-thirds, 
round the stem. Other tunnels are made straight up 
and down. These borings, and the destruction of the 
pith, soon serve to kill the branch. The only remedy 
appears to be to cut off and bum the infested limb, and 
‘‘ coating the tKses with some wash or mixture, which will 
not hurt the bark but will prevent the beetle getting in pr 
getting out. One application advised for trial is a thick 
coat of whitewash with some Paris green in it." 

There is a detailed account of the winter moth, that arch ’ 
enemy of apple, pear, and plum growers ; this is particu- 
larly valuably as it gives the latest experience of practical 
growers with respect to preventive and remedial measures. 
The most important of these is the careful banding of the 
trees in the autumi^ before October, with grease and 
offensive compounds, to prevfertc the females from climbing 
up, and the use of arsenites (Paris green and London 
purple) for washing or syringing infested trees. These 
washes have been proved to be efficacious in Ac^erica, 
where they are universally applied for many insect attacks. 
In this country, however, cultivators have hesitated to use 
them on account of their poisonous nature. Miss Ormerod 
plainly shows that they may be employed without danger 
and with vast benefit to the fruit grower. For plum trees, 
the proportion is i ounce of Paris green to lo gallons of 
water, and for apple trees i ounce to 20 gallons. Testi- 
mony is given from various growers as to the efficacy of 
this wash, which from henceforth will, it is presumed, be 
adopted, as it seems to be the only one which will check 
the ravages of moths injurious to fruit trees. Full details 
concerning the use of these American remedies for 
insect attack are given, which must be most serviceable. 

Want of space prevents allusion to many other insects 
described in this part of the work. It can only be said 
that they are clearly and minutely defined, and all that is 
known of their habits and of means to avert or to 
modify their mischief is set forth. 

The “ Manual " is replete with capital figures of the 
insects in all stages. Many of these are from drawings 
executed by Miss Ormerod, and many are the well-known 
accurate and inimitable designs of Curtis. 

TORNADOES. 

The Tortiadp. By H. A. Hazen, Assistant Professor of 
the United States Signal Office. (New York,: Hodges, 
1890.) 

T his is a book that will hardly enhance the reputa** 
tion of its author. " Despite his assurance (which 
of course will not be questioned) that he has endeavoured 
throughout to be absolutely unprejudiced, its apparent 
aim is not so much to set before the reader a concise 
description of tornado phenomena as to controvert the 
. view* put forward by Ferrel and others relative to their 
« mechanical and physical constitution, and to' substitute 
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for these certain other speculations (we can scarcely call 
them a theory) which appear to the author to have the 
merit of greater probability. Prof. Hazen does not, indeed, 
restrict his condemnation to Ferrel’s theory of tornadoes 
and thunder-storms. As a root-and-branch reformer, he 
finds himself in opposition to the majority of those who, 
during the last quarter of a century, have built up the 
fabric of modem meteorology, for, while he speaks with 
deference of “ the epoch-making experiments of Mayer 
[r/r] and Joule,” he appears to regard as inapplicable to 
the movements of the atmosphere those laws of thermo- 
dynamics which are based on the results of Joule’s labours. 
Were it the practice of scientific authors, in imitation of 
romance-writers, to head their chapters with quotations 
appropriate to the subject-matter, chapter v. of this trea- 
tise, more especially, might be fitly introduced with the 
well-known lines from “ Faust” : — 

“ Ich bin der Geist, der stets verneint ! 

Und das mit Recht ! denn alles was entsteht 
1 st werth, dass es zu Grunde geht ” ; 

substirating, however, “ entstanden ” for the present tense 
of the verb. 

Lust it should be thought that these remarks misrepre- 
sent or exaggerate the sweeping character of Prof. 
Hazen’s “ objections,” we extract one or two passages 
from the chapter in question. On the generally-accepted 
view that work is performed by an ascending current of 
air, in pushing aside the atmosphere into which it ex- 
pands, and that in saturated air the requisite energy is 
furnished, in part at least, by the condensation of vapour, 
he observes (p. 52), 

“There is nothing in the science of meteorology, or 
possibly in any physical science, that has been developed 
rom such a worthless origin as this theory of the libera- 
tion of energy on the condensation of moisture ” ; 

I again (p. 54), 

“ All the reasoning regarding the diminution of tempera- 
ture in dry and. moist air, as we ascend in the atmosphere, 
is founded upon purely theoretical considerations. Every 
experiment, whether in the laboratory or in Nature, has 
proved that these theories, in their sum and substance, 
are false " ; 

and again (p. 56), 

“ I am inclined to think that even Espy, with all his disad- 
vantages, was too well informed to adopt such a doubtful 
and visionary idea as this of effective work performed in 
the free upper air.” 

The familiar lecture experiment illustrative of dynamic 
cooling, in which a cloud is produced in a receiver con*^ 
taining moist air by partially exhausting it with a few 
strokes of the air-pump, is interpreted in a novel manner 
, consistently with the above opinions (p. 67) : — 

“ The presence of haze or cloud is no evidence of saturated 
air, for such cloud has been produced in air having only 
2 per cent, of moisture.* When a,\r is pumped from the 
room, it has an enormous 'number of dust particles in 
it, and these give the appearance of a fog on sudden 
expansion." 

After these samples of the author’s opinions it will be 
scarcely necessary to notice, in detail, the other numerous 

' Prof. Hazen does net gire bit authority for this atatement, nor does he 
apeeiiy whether the.expraaaSon ia to be undented aa a per cent, ^satura- 
tion, or a per cent, by weight or volume.^ If the former, authS|M|piion 
aeema desirable ; if the latter, the feet is obviously irtelevaat. A/vr 
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points on which Prof. Hazen’s views are in dissonance with 
those of most other writers who have treated of tornadoes. 
Among others, he assures us (p. 57), that.“ the evidence 
for [their] gyrations is exceedingly contradictory, and the 
weight of evidence is overwh^mingly against them”; 
that (p. 52) it is impossible that warm south wind under- 
runs that which is cooler from the north, “ for the denser 
must always be beneath the lighter” ; and (p, 59) that it 
seems impossible to ascribe the progressive movement of 
the tornado to the drift of the upper current^ “ because it 
moves with a velbcity double that of the general storm.” 
Those who are curious to see the further Arguments by 
which these theses are supported must be referred to the 
work itself. We fiave yet to notice briefl34 the alternative 
views advocated by the author. 

The late Dr. Percy used to relate that, in his early days, 
when the iron would not “ come to nature ” in the Stafford; 
shire puddling furnaces, the workmen were accustomed 
to ascribe its perversity to the presence of sul]>hur in the 
charge. In still more remote times, the potentate in 
whose realm that element is supposed to be sofhewhat 
abundant, or his agents, would assuredly have been held 
responsible for what was amiss. But thirty years ag6 the 
march of science had brought in other ideas, and the 
approved explanation of any otherwise unaccountable 
difficulty of the kind was that electricity had something 
to do with it. Even at the present day this mysterious 
agency is the favourite resource of puzzled tyros in physi- 
cal reasoning, but we should hardly have expected to hnd 
it seriously put forward in all its familiar vagueness by an 
author whose official designation is that quoted above 
from the title-page of his work. That such, ho^vever, is 
the case stands in evidence in the following extracts, 
which we give as fully as our space will admit of, lest i 
we should fail to do their author justice : — 

“ It is very difficult to believe that electricity has nothing 
to do with our thunder-storms, and is merely a result and 
never a cause. . . . Our thunder-storms seem to show an 
enormous storehouse of electricity at five thousand or six I 
thousand feet above the earth ; at least electricity seems 
to be concentrated there over thousands of square miles 
during thunder-storm action. We are taught that elec- 
tricity forms a sort of dual condition, or the electric field 
is a double one.. May not this electric field draw on the 
sun for its energy ? . . . Why may not the sun’s electricity, 
oftentimes observed by its direct effect on our magnetic 
instruments, and, more often still, indirectly in our auroras, 
be intercepted by a peculiar condition of the atmosphere 
or of the earth below, and thus be concentrated in 
particular localities 1 ” 

This may, perhaps, appear somewhat Vague as an 
alternative theory of storm generation ; in one particular, 
however, viz. the accumulation in the storm-cloud of 
the enormous, quantities of water precipitated in cloud- 
bursts, the modus operandi is more fully explained. In 
Prof. Hazen’s opinion, it wopld seism that electricity per- 
forms a part in the atmosphere somewhat analogous to 
that of Clerk Maxwell’s hypothetical demons, and which 
is described as follows : — 

^Hs it inconceivable that we have to deal here with a 
neg^ative electric field, which draws to itself with great 
velocity particles of moisture from regions perhaps for 
one hundred miles about, when suddenly, upon a dis- 
charge of electricity, the potential upon the particles is 
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diminished, *and they unite in great abundance and form 
rain-drops ? ” * 

® 

This remarkable speculation, it is considered, receives 
support from a novel experiment described as follows : — 

‘‘A Holz machine was run for fifteen minutes in a 
rather large room ; and most careful measurements of 
the amount of moisture at the machine and at a point 
twenty feet away, before ^d after the machine was in 
action, showed an increase at the machine. When we 
consider that it was impossible to measure the moisture 
contents just at the plate of the machine, and also what 
an extremely slight charge could by any possibility enter 
the air from the machine, we can but be surprised that 
any effect at all was observed.” 0 

, Without imitating King Charles the Second’s scepti- 
cism in the matter of the fish’s weight in water and out 
of water, but accepting Prof. Hazen’s statement of the 
results as he gives them, we may still inquire whether 
the operators who worked the Holz machine continu- 
ously for fifteen minutes did not exhale a considerable 
quantity of water vapour in the neighbourhood of the 
machine. Perhaps they even perspired freely with their 
exertion. In any case the foundation seems hardly 
adequate for the superstrudtifre. • 

Had this book appeared under a less known name, 
and were it not for the official position of the writer, 
we should scarcely have deemed it desirable to 
notice it at such length. A really searching, intelligent 
criticism of Ferrel’s theory, by one who has exceptional 
advantages for ascertaining the facts of observation, 
would have been welcome ; for, symmetrical as that 
theory is, it js still mainly deductive, and there are many 
points in it, and these not the least important, which still 
lack confirmation. But we cannot attach much weight 
to the objections raised by Prof. Hazen. They seem to 
betray a strange misconception of the physical processes 
which he condemns in such uncompromising terms ; and 
where his arguments turn on the facts of observation, we 
must decline to accept his sweeping denials, in the face 
of the positive testimony of numerous, not incompetent, 
observers. In some cases, indeed, we might adduce our 
own personal experience of phenomena which are declared 
by him to be improbable or impossible. Such are, for 
instance, the superposition of dry northerly above warm 
and moist southerly currents, and the spiral movement 
of the air in dust whirls, which, on a miniature scale, 
represent that of the tornado. 

Again, Prof. Hazen’s argument that the rise of pressure 
beneath a thunder-storm is sometimes observed in storms 
that are rainless, and therefore cannot be due to the cool- 
ing of the air by the rain, or to its downward pressure as 
it falls, i^ rendered of little weight by the fact that this 
occurs only when the lowest strata of the atmosphere 
are very ,dry. In the recently published Climates and 
Weather of India,” it is stated that “ a complete transition 
may be traced between [the rainless dust-storms of Upper 
India] and the north-westers of Bengal, which are ac- 
companied by heavy rain.” In the latter province “ the 
dust-storm is. as a general rule, only the first stage of a 
north-wester.” It is attended with a sudden rise of pres- 
sure, and **is followed by heavy rain and sometimes 
hail,” and though the dust-storms of the former are. 
occasionally, though perhaps rarely, quite rainless,*' 
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“ the coolness of the wind and that of thh atmosphere 
aft'er tl\e storm is over is hardly to be* accounted for 
otherwise than by supposing that rain is always formed in 
the cloud overhead, but is re-evaporated before it reaches 
the earth.” 

There is nothing inconsistent in the existence of 
an excessive pressure at the ground surface beneath a 
thunder-korm and a diminished pressure in the vortex 
of the storm-cloud, but in ordinary thunder and hail 
storzns this latter is restricted to the cloud-region. As the 
barograph traces of these storms show, the oscillations 
of pressure beneath them are very great, and there may 
and indeed m^st be still greater differences between the 
tornado vortex and the neighbouring region of precipita- 
tion. Indeed, the great velocity of the air-movement 
implies as much. 

A part of Ferrel's theory which especially stands in need 
of confirmation is the assumption that, immediately prior 
to the formation of the vortex, the vertical distribution of 
temperature is such as to bring the atmosphere into a 
state of unstable equilibrium, and that a slight casual local 
disturbance of this equilibrium starts the vortical uprush. 
This is also his exfdanatioji ^of cyclone generation, and 
indeecf it is that hitherto held by the majority of writers 
on the subject. On the other hand, it is generally con- ^ 
sidered that anticyclones are determined by the greater 
local density of the atmosphere, due to a low mefin tem- 
perature of the air-column. The last of these assump- 
tions, even in the case of winter anticyclones accom- 
panied by very low temperatures at the ground surface, 
has now been conclusively disproved by Prof. Hann, of 
Vienna ; and he has also shown very strong reasons for 
believing that the temperature conditions of extra-tropical 
cyclones are also incompatible with the prevailing view. 

It does not, of course, follow that those of tornadoes and 
hail-storms are equally so, but at least the assumed con- 
ditions require verification. This may, perhaps, be some 
day effected by our mountain observatories. 

H. F. B. , 


OUR BOOK SHELF. 

Inorganic Chemistry : the Chemistry oj the Non-Metals. 

By J . Oakley Beuttler, M. A. (London : Relfe Brothers.) 

Now that there can be obtained a considerable variety of 
really good text-books of elementary chemistry suitable for 
all the usual needs of the present day, one is entitled to 
look for special features in any new manual. We fail to 
find any reason for the existence of the volume before us : 
wherein it differs from others that enjoy general recogni-' 
tion, it is incomplete and erroneous. It has neither index 
nor contents table, but this is quite a trivial m?lter when 
compared with the imperfections of the body of the work. 
On pp. 19 and 20 there are nine attempts at equations, 
none of which are correct, while many represent impossible 
or at least unknown reactions ; and in the following para- 
graphs, on graphic notation, bonds, and radicles, there is 
a collection of statements that read like the imperfect 
recollections of a -student who never ifhderstood the 
subject. A single atom of oxygen is shown with curiously 
shaped projections as an example of an element with an 
even number of bonds existing as a single “ atom- 
molepule.” It is stated emphatically that “ the element 
having the greatest number of bondif'is always printed in 
thick type,” but we search in vain for thick type in any 
in the book. The statements that are intended 
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to convey the facts of chemistry are. vague, often mislead- 
ing, and very rarely of a practical character. For an 
illustration of the style there is ho need to go further than 
the* chapter that treats of the first element, hydrogen. It 
states that “ on throwing a piece of sodium into water the 
sodium combines with part of the hydrogen of the water 
to form caustic soda, liberating the other part of the 
hydrogen.” The volume closes, as one would expect, with 
the questions set by various examining bodies during 
the last three or four years. 

Anatomy, Descriptive and Surgical. By Henry Gray, 
F.R.S. , Twelfth Edition. Edited by T. Pickering 
Pick. (London : Longmans, Green, and Co., 1890). 

Op a solid text-book so well known as the present work 
it is hardly necessary to say more than that a new edition 
has appeared.*^' The book has been carefully revised, and 
the editor has added considerably to its value by intro- 
ducing sections on topographical anatomy, and amplify- 
,ing those on surgical anatomy. Both of these classes of 
sections have been printed in smaller type, so that they 
may be disregarded by students who wish to confine their 
attention exclusively to the descriptive part of the subject. 
There^. are many new illustrations, some of which are 
original. 

The' Story of the Heavens. By Sir Robert Stawell Ball, 
LL.D. Fifteenth Thousand. (London: Cassell and 
Co., 1890.) 

It is, for many reasons, satisfactory that there should be 
a popular demand for a clear, brightly-written work on 
astronomy. Sir Robert Ball, however, ought hardly to 
be content with the issue of mere reprints of his book. 
It may be somewhat misleading to send forth in its ori- 
ginal form, in 1890, an astronomical work first published 
in 1886. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible por opinions ex- 
pressed by his correspondents. Neither can he undertone 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous eommunications.l 

The Passage of Electricity through Gases. 

In my letter in Nature of July 24 (p. 295) I objected to 
Prof. Schuster’s statement that the fact that free atoms must 
turn a gas into a conductor of electricity was fatal to the theory 
of the electric discharge given by me in the Philosophical Maga- 
zine in 1883, and I maintained that the presence of free atoms 
in a gas free from electric strain was in no way essential to the 
theory given in that paper. I see no reason, after reading Prof. 
Schuster’s. letter in this week’s Nature, to change that opinion. 
Prof. Schuster bases his statement, not on my description of the 
theory itself, but on the explanation by it of the weakening of 
the electric strength produc^ by a diminution in the density pf 
the gas. A reference to this explanation will show, however, 
that it really rests solely on the well-known fact that dissociation 
is assisted by diminution of pressure, and that the passage which 
Prof. Schuster quotes is merely an explanation of this property 
of dissociation from the_ point of view of the kinetic theory of 
gases ; if t^his explanation is held to be inconsistent with the 
absence of fiwe atoms from gas in a normal state, then any 
alteration in. the explanatipn which might be made to meet this 
difficulty, though of primary iniportance in the kinetic theory of 
gases, , is only of secondary importance for the theory of the 
electric disch a rge given in my paper, which I still maintain is 
not all . bound up with the existence or non-existence of free 
at<^s in gases not in the tiectric field. J. J. Thomson. 

Cambru^ October 18. 


Changing the Apparent Direction of Rotation. 

• Nature' of October 16 (p. 585), a curious optical effect is. 

wcidentally mentioned. Standing near a windmill, and nearly 
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in the plane of the sails, “it is possible, by a slight mental 
«nort, to change the apparent direction of rotation, and back 
iigain.” 

A similar efliect I have often observed, bat it seems in no way 
dependent on the will. Look, for say 30 seconds, steadily at 
the revolving disks of an anemometer ; they will soon reverse 
their apparent direction, whether you wish it or not. Continue 
still to gaze, and that reversed direction will be changed ba'ck. 

All whom I have asked to try this experiment fell the effect 
to be involuntary. The changes take place not gradually or 
-confusedly, but distinctly and with decision. The fact is plain ; 
the explanation not so simple. Hercules Macdonnkll. 

4 Roby Place, KJngstown. 


Under the influence of nitrous acid benzoylhydrazine 

vNO. 

forms a nitroso compound, CeHoCO — N< , which 

spontaneously changes into benzoyl-azo-imide, CsH« 
/N 

CO — N< II , with elimination of water. 

.NO 

CeHoCO— NH— NHj+ NO— OH = CeHaCO— 

\nh, 

+ HjO. 


Earthquake Tremors. 

Permit me to Say that Mr. John Perry, in his criticism 
{October 2, p, 545) of my “Method of observing the Phenomena 
of Earthquakes,*’ has assumed that the phenomena observed 
were due to vertical displacement ; whereas they.were probably 
due to a swaying of the building in which the observations werp 
made. 

This assumption seems also to have been mad^ in the case 
of the man mentioned by Mr. Wire in your last issue (p. 593). 

Marine Villa, Shanklin, I.W., H. G. Dixon. 

October 18. » 

• 

• A Ball of Fire. 

At about 12.5 last night I was going through the street at 
Milverton, and saw a bright light about south of me. I saw 
also a bright ball of hre a^ear through a break in the clouds 
proceeding with great rapidity, at about the height of 45°, in a 
direction which I estimate to be from south to north-north-east ; it 
disappeared behind a church, and I saw nothing more. I am 
told this may be of interest, and therefore forward the account 
to you. Charles Randolph. 

Milverton, Somerset, October 17. 


HYDRAZOIC ACID— A NEW GAS. 


A new gaseous compound of nitrogen and hydrogen 
has been obtained by Dr. Theodore Curtius, the 
discoverer of amidogen, and its nature and properties 
were described by him in the Chemical Section during the 
recent scientific meetings at Bremen. The composition of 

/N 

-NQ II . It is, in 
^N 

fact, the hydrogen compound corresponding to th^ well* 


the gas is HN.,, and its constitution H- 


known diazobenzene imide of Griess, CgHsN 


\ 


N 


the 


three nitrogen atoms being united in the form of a closed 
chain. The gas dissolves in water with great avidity, 
forming a solution which possesses strongly acid proper- 
ties, and dissolves many metals, such as zinc, copper, and 
iron, with evolution of hydrogen gas and formation of 
nitrides, the metal taking the place of the liberated 
hydrogen. The deyvation name of the gaS, azoimide, is 
somewhat unfortunate in view of its strongly acid nature, 
and Prof. Cuitius proposes the name “ Stickstoffwasser- 
stoffsaure.” Perhaps the nearest English equivalent, open 
to the least objection, is hydrazoic acid— a name which will 
serve to recall the many analogies which this acid bears 
to hydrochloric and t^e other halogen acids. 

In studying the reactions of his recently-difcovered 
hydrazine (amidogen) hydrate, N0H4 . HjO,Dr, Gurtius 
found that benzoylglycollicacid,CflIljCO— 0 ~CHtCOOH, 
was decomposed by two molecules of hydrazine hydrate, 
with elimination of water and formation of benzoylbydra- 
sine, C*H«CO — NH — NHj, and hydrazine acetic acid, 
NH, — NH — CHfCOOH, in accordance ufith the equa- 
tion 

CeH.CO— O— CH,COOH + aN.Hi 
C,H#CO— NH— NH,-f- NH,— NH— CH,COOH 
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.NO .N 

CeHsCO— N< = QHsCO— N<* || H, 0 . 

^NH, \n 


Benzoyl-azo- imide decomposes, upon boiling with alka- 
lies, with formation of benzoate of the alkali and the 
alkaline salt of the new acid. 


C.HbCO— N< II + 2NaOH 
^N 

= CeH 8 COONa- 4 - Na— NC H -f HjO. 

^N 


When this sodium nitride is warmed with sulphuric 
acid, h^rdrazoic acid, H — N<^ || , is liberated as a gas. 


N 


The gas is decomposed by hot concentrated oil of vitriol ; 
hence diluted acid requires to be employed, and the gas 
can thus only be collected in a moist state. HN^ pos- 
sesses a fearfully penetrating odour, producing violent 
catarrh, and*dissolves in water with an avidity reminding 
one of hydrochloric acid. The solution also bears a sur- 
prising resemblance to aqueous hydrochloric acid ; for, on 
distillation a concentrated acid first passes over, and 
afterwards a more dilute acid of constant composition. 
The aqueous solution possesses the odour of the free gas, 
and is strongly acid to litmus. With ammonia gas, 
hydrazoic acid gas forms dense white fumes of the am- 


monium salt, N4H4 or 


.N 


NH4 — N<^il , a compound which 
^N 


is completely volatile below loo*’, and which crystallizes, 
but not in crystals belonging to the cubic system, in this 
respect indicating its different constitution to ammonium 
chloride. The aqueous solution rapidly evolves hydrogen 
in contact with zinc, copper, iron, and many other metals, 
even when largely diluted. As in the case of hydrochloric 
acid, the silver and mercurous salts are insoluble in water, 
the others being generally readily soluble. ^ As tHb acid 
possesses feebly reducing propeities, solutions of many 
of its metallic salts, the copper salt for instance, yield 
precipitatea upon boiling of compounds of the lower 
oxides of the metals. The barium salt, BaN,, crystal- 
lizes froili solution in large brilliant anhydrous crystals. 
With silver nitrate the aqueous solution of the acid or 

a soluble salt yields a precipitate closely resembling 

* 

silver chloride in appearance. Silver nitride, Ag — N<' || , 

^N 


does not, however, darken when exposed to light, and is 
further distinguished from silver chloride by its fearfully 
explosive properties. During the course of his descnptioa 
at Bremen, Prof. Curtius placed a quantity of this salt 
less than o'ooi gram in weight upon an iron plate, and 
then touched it wirti a heated glass rod. A shup and 
loud detonation resulted, and the plate was considerably 
distorted.' The mercurous salt, HgsNc, is likewise very 
explosive. The metallic salts are readily converted into 
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ethereal salts by reacting upon them wijth the haloid but, no doubt because he had a talisman always with him 
• , yN ^ ^ in his devotion to science, he was never embittered by 

ethers. The phenyl salt thus prepared, C6H8N<^ | 1 , is in his Hl-luck. V/ith none of the eccentricities of a disciple 

of science, but with all the modesty and virtue of that 
every way identical with the diazobenzene imide, so long character, he will pass away from us respected by all, 
ago prepared by Griess. and much more than respected by all those who were 

A. E. Tutton. privileged to know him with intimacy.” 

H. F. B. 


PROF. S. A. HILL, 

T he last Indi.an mail of September brings us the sad 
* news of the death of Prof. S. A. Hill, one of the 
best-known of that small band of scientific workers, to 
whom we owe our present knowledge of Indian meteoro- 
logy. He has been struck down suddenly, in the full 
maturity of his powers, and in the prime of life, after a 
few days' illness which gave no reason to anticipate so 
fatal a result. The son of a clergyman in the north of 
Ireland, Mr. Hill, after studying in the London School 
of Mines, and taking the degree of Bachelor of 
Science in the London University, was appointed, 
in 1876, to the Professorship of Physical Science 
in the Muir College, Allahabad, and, shortly after 
his arrival in India, received the additional appoint- 
ment of Meteorological Reporter to the Government of 
the North-West Provinces,' irt succession to Mr. John 
Eliot, now the head of the Meteorological Department of 
the Government of India. In these combined offices. 
Prof. Hill has laboured for nearly fifteen years. In such 
spare hours as he could dispose of amid the exacting 
duties of his educational appointment and the adminis- 
trative work of his office, in a climate which is but little 
favourable to mental or physical exertion, he devoted 
himself assiduously to those original investigations which 
have made his name familiar to the meteorologists of 
Europe and America. On subjects dealing with ques- 
tions of terrestrial physics, he published numerous papers 
of high value and much originality in the Indian Meteoro- 
logical Memoirs, the Journal of the Asiatic Society of 
Bengal, the Austrian Zeitschrift fur Meteorologies and 
the Meteorologiscke Zeitschrift j and an elaborate me- 
moir on some anomalies in the winds of Northern India, 
in the 178th volume of the Philosophical Transactions. 
In this memoir he bolc'jy endeavoured to map out the 
distribution of atmospheric pressure over India, at a 
height of 10,000 feet above sea-level, and showed how 
this distribution, differing greatly from that at the earth’s 
surface, explains much that is otherwise anomalous in 
the winds experienced at the lower level, and especially 
the dry land-winds which play so conspicuous, and oc- 
casionally disastrous, a rdle in the meteorology of India. 
To the pages of this journal he was also a not infrequent 
contributor. 

Having regard to Prof. Hill’s high powers and his 
single-minded devotion to the Work, of whatever kind, 
that lay before him, it is somewhat sad to read the 
following passage in an obituary notice in the Allahabad 
Pioneer^ evidently written by one who knew him well. 
It need hardly be said that the Government referred to is 
that of the North-West Provinces and Oudh ; not that of 
India, nor of Bengal, the relations of which to their 
scientific officers are known to be of a ver/ different 
character. The writer says : — “ Many of our readers who 
will recall their late friend’s clear and accurate mind, his 
knowledge and his powers of application, will feel with a 
sense ^of bitterness that men of his capacity are not meant 
for the service of a Government, which is not oiriy always 
ready to pass them over for a joint-magistrate who has 
been unlucky in* his promotion, but will maintain that 
the latter is the best man. Mr. HiU*was, officially speak- 
,ing, the most unfortunate man of an unfortunate service 
[t^ educational service of the North-West Provinces] ; 
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JOHN HANCOCK. 

V* 

the venerable age of eighty-four years this well- 
known British naturalist has passed away, and it 
would be an injustice to his memory not to recall in these 
pages the effect of his life-work on the zoology of this 
country. He seems to have inherited his natural history 
tastes from his father, who was in business in Newcastle 
iU the early part of the century, but was apparently 
devoted to natural history pursuits ; and, in company 
with other kindred spirits, was intent on working up the 
natural history of Newcastle and the immediate neigh- 
bourhood. Unfortunately the father died at the early age 
of fofty-three, in September 1812, leaving a widow and 
six children, v>f whom the eldest was only eight years of 
age. Mrs. Hancock, however, carefully preserved the 
collections which her husband had formed, and it was 
doubtless due to her affectionate interest that three of her 
children — Albany, John, and Maiy — pursued the study of 
natural history with such success. Thesubjectof this notice, 
J ohn Hancock, seems to have turned his attention to ornitho- 
logy in particular, and as early as 1826 he commenced 
the study of the artistic mounting of animals, which, as 
Mr. Bowdler Sharpe has said, has made John Hancock’s 
name a password wherever the art of taxidermy is men- 
tioned. ’ Those who remember the celebrated groups of 
mounted animals which Mr. Hancock sent to the Great 
Exhibition of 1851, will testify to the revulsion of feeling 
which his beautiful work created, and every real naturalist 
felt in his heart that in this way alone could art and 
nature be combined in a Museum, and the public pro- 
perly instructed in a due realization of the beauty and 
symmetry of form which animals possess in nature — 
beauties which are not reproduced in a Museum gallery 
once in a hundred times. That Hancock’s influence 
should have been so little felt by the authorities of 
the British Museum is a reflection upon the officers 
of this institution, who ought to have utilized the 
genius of their countryman in making the collection 
of British animals in the National Museum a model 
for all nations to envy and copy. Anyone who knew 
John Hancockj his untiring energy and his unas- 
suming amiability, will vouch for the fact that, if the 
British Museum had wished to have a collection of 
native birds naturally mounted, and worthy of this in- 
stitution, he would have been only too delighted to 
aid in the abhievement of such a ^ask. As it is, the 
Museum of his native town, which really seems to have 
appreciated his genius, possesses a collection of birds of 
which any nation might be proud, and now that he is 
gone, those Museums (like the one at Leicester, for in- 
stance) which have series of birds mounted by this true 
lover and connoisseur of birds in mature, are to be con- 
gratulated. Of late years it is true that our National 
Museum has trodden the path indicated by Hancock, 
and a vak improvement in its taxidermy has been the 
result ; but it will be a long time before any Museum can 
show such a beautiful series of birds as that which John 
Hancock has mounted for the Museum of his native 
town. An excellent biMraphy of this esteemed naturalist 
has been published in the, Newcastle Daily Chronicle of 
October 13. 
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NOTES. 

Everyone was sorry to hear of the death of Sir Richard 
Burton, the eminent traveller and Orientalist. He died on Mon- 
day morning at Trieste, where he had been British Consul from 
1872. He was in his sixty-ninth yedir. Burton was one of the 
boldest and most successful travellers of his time, and produced 
a great impression on all who knew him by the wide range of 
his talents, and by his energy and manliness. His career as a 
traveller began in 1852, when he undertook the journey to 
Medina and Mecca, of which he afterwards wrote so fascinating 
an account. His journey with Speke in 1857, which led to the 
discovery of Lake Tanganyikfa, placed Burton ill th*e front rank 
of explorers. He had previously made a successful expedition 
into Somaliland ; aftd at a later period he did much brilliant 
work in various districts of Western Africa and*in Brazil. 

We regret to have to record the death of the ]^ev. J. A. Gal- 
braith. lie died at his residence in Dublin on Monday. For 
more than half a century he was connected with the University 
of Dublin, where he graduated in 1840. In 1844 hte distinction 
as a mathematician secured for him a Fellowship, and in 1854 
he was chosen Erasmus Smith Professor of Expevimental 
Philosophy, along with Dr. Haughton. Prof. Galbraitit was 
the author of various excellent scientific manuals.^ , 

Dr. Alexander Williamson, who died at Shanghai on 
August 28, had for 35 yearg been a member of various mission- 
ary bodies, and in his earlier years had travelled far and wide 
over North China, at a time when the greater part of that 
Empire was unexplored. His Journeys in North China is 
still a work of interest and value, for he visited many districts 
which are even still far outside the ambits of the missionary and 
the traveller, and his great knowledge of China renders the 
work very instructive. But his main work in life .was the 
establishment in Shanghai of the Society for the Diffusion of 
Christian and General Knowledge amongst the Chinese, which 
is, we believe, maintained by subscriptions from various mis- 
sionary societies labouring in China. Up to the time of his 
death, he was the editor and chief manager of the Society. 
Under his superintendence some hundreds of cheap books and 
pamphlets on all branches of science and on literary topics, suit- 
able to Chinese intelligence and Chinese pockets, have been 
issued by the Society. Usually these were compiled by 
Specialists amongst the missionaries, but occasionally a book 
already published abroad would be altered to meet the circum- 
stances of the new circle of readers, and published in Chinese. 
It thus comes 'Sabout that if an intelligent Chinese, knowing no 
language but his own, desires to make a closer acquaintance 
with that Western knowledge and civilization of which he has 
probably heard so much— whether it be anatomy, zoology, 
botany, mechanics, steam, the history of Napoleon Bonaparte, 
the story of the American War, the tale of Robinson Crusoe, 
the telegraph, the principles of hygiene — he goes to Dr.« 
Williamson’s series of publications and selects what he wants, 
usually at the price of a few cents or halfpence. The Society 
under his care has in fact stood as an interpreter between the 
East and Wes#, and has striven to give to the former all the best 
that the latter has to give in the way of intellectual and moral 
instruction. This is Surely as beneficent a task as can engage 
the energies of any man, and in it Dr. Williamson appears to 
have been most successful. 

The Agent-General for the Cape of Good Hope invites 
applications from gentlemen of appropriate scientific train* 
ing and experience, willing to proceed to the Colony for a term 
of years, there to fill one or other of the undermentioned posts 
under the Government, viz. : — (i) That of bacteriologist, to 
investigate the diseases of domestic animals, supposed to be 
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caused by genus. *The salary offered is ;^500 a year, A fite 
first-class passage by steamer (including railway fare to por( of 
embarkation)* will be provided. (2) That of toxicologist, to 
attend chiefly to forensic cases and to investigate South African 
native plants having medicinal properties. The salary offered 
is ^400 a year. A free first-class passage by steamer (including 
railway fare to port of embarkation) will be provided. Ap- 
plications must be accompanied by testimonials, and by copies 
I of any scientific publications* the applicants may have issued; 

I and should reach the Agent-General for the Cape of Gesod Hope 
(112 Victoria Street, London, S.W.) by November 15 next. 
They will then be submitted to the authorities tp the Colony, 

I with whom the appointments rest. 

At the meeting of the organizing committee of the Oriental 
Congress held on the 9th inst., at the British Museum, it was 
resolved that Prof. Max Muller should be invited to preside over 
the Oqngress. He has accepted the invitation. Sir Henry 
Rawlinson, who was to have taken the chair, has been compelled 
to retire on account of ill-health. 

The Council of the Institution of Civil Engineers have issued 
a list of subjects on which they invite original communications. 
For approved papers they have power to award premiums, 
arising out of special funds bequeathe^ for the purpose. The 
Council will not make any ^wa^rd unless a communication of 
adequate merit is received, but will give more than one premium 
if there are several deserving memoirs on the same subject. In 
the adjudication of the premiums no distinction will be made 
betweA essays received from members of the Institution or 
strangers, whether natives or foreigners, except in the case of 
the Miller and the Howard bequests, which are limited by the 
donors. 

The nomination list of proposed members of the Council of 
the London Mathematical Society, for the session 1890-^1, 
which will be submitted to members at the annual meeting on 
November 13 next, contains the following changes: — Prof. 
Greenhill, F.R. S., to be President, vice Mr. J. J. Walker, 
F.R.S,; Dr. J. Larmor, Major MacMahon, R.A., F.R.S., and 
J. J. Walker, F.R.S., to be Vice-Presidents. The proposed 
new members are Dr. Hirst, P'.R.S,, R. Lachlan, and A. E. 
Hough Love, in place of Prof. W. Burnside, Prof. Cayley, 
F.R.S., and Sir James Cockle, F.R.S., who retire. At the 
same meeting the retiring President will read an address on “The 
Influence of Applied on the Progress of Pure Mathematics, “ 
and will present the De Morgan Memorial Medal to Lord 
Rayleigh, Sec.R.S., in recognition of his writings on physical 
subjects. 

Herr J. Dorfler has successfully completed his botanical 
expedition to Albania, and has returned to Vienna. From 
Ueskueb he crossed Kal^andele to Waica, and accomplished 
the ascent of both the Kooilica and the Serdarica-Duran. 

The late*Dr. Henry Muirhead, of Bushyhill and Longdales, 
Lanarksliire, gave directions in his will that his estate — subject to 
certain life-rent provisions and legacies — was to be used for the 
I establishment and maintenance of an institution to be named 
the Muishead College, “for the instruction and education of 
women in medical and biological science, where women might 
receive an education to fit them to become medical practi- 
tioners, dentists, electricians, chemist^ &c.” The trustees, 
having obtained probate, have had several meetings, and it 
is expected that in the course of a few months thejf will be 
in a position to announce the arrangements they have been 
able to make. As the estate consists chiefly of lands, its 
money value must* in the meantime be .more or less a 
matter of opinion. The trustees, however, are hopeful that 
;£'30,ooo at least will be available for the College. 
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We are glad to hear of the continued progress of what is 
called the University Hall scheme in Edinburgh. Its objects 
are (l) to make a beginning of social residehbe among the 
students of the University, and (2) to associate with this the 
extension of University influence among the people. The 
movement was begun in 18S7, chiefly by Prof. Geddes. The 
house in which the experiment has hitherto been carried on 
having always had its full complement of residents, another 
house — an old building of considerable historic interest — has 
been secured ; and this was formally opened the other day by 
the Solicitor-General for Scotland. 

At the eighth meeting of the Congress of Americanists, an 
interesting address on the peopling of America was given by 
M. de Quatrefages. He expressed a strong belief in the unity 
of the human race, and in the consequent facts that the original 
home of mankind must have been conflned to a very limitd^l 
a pace, and that the world as a whole has been peopled^ gradu- 
ally by processes of migration. He holds that America, like 
Polynesia, was peopled by colonists from the Old World. The 
peopling of Polynesia, however, was effected, he thinks, during 
our Middle Ages, whereas the earliest migrations to America 
date from geolc^ical times. 

Under the title of “The Partition of Africa,” Mr. Stanford 
will shortly publish a sifiall volume by Mr. J. Scott Keltic, deal- 
ing maiflly with the events of t)ie past six years, and their 
results. In an introductory chapter or two, Mr. Keltic will 
seek to show what has been the footing of Europe in Africa 
from the earliest times. He will endeavour to estimate the value 
of the shares of the various European Powers in the scramble, 
from the point of view of commerce and colonization. 

Messrs. Simfkin, Marshall, and Co., have issued the 
fifth edition of Mr. Rowland Ward's “ Sportsman’s Hand- 
book to Practical Collecting, Preserving, and ArV'stic Setting- 
up of Trophies and Specimens.” In the same volume is 
included a synoptical guide to the hunting-grounds of the 
world. 

The new number of the Internationales Archiv fiir Ethno* 
graphie (Band iil. Heft 4) opens with an interesting paper, by 
Dr. Ed. Seler, on old Mexican throwing-sticks. Prof. Houtsma 
contributes notes on some pictures which once served as 
illustrations of a Persian “Falbook.” 

The University College of Wales, Aberystwith, has pub- 
lished the Calendar for its nineteenth session, 1890-91. 

The Manchester Literary and Philosophical Society has 
issued the third volume of the fourth series of its Memoirs and 
Proceedings. Among the memoirs are the following : on the 
law of cooling, and its bearing on the theory of the motion of 
heat in bars, by Charles 11. Lees ; on the combination of 
hydrogen and chlorine, alone, and in presence of other gases, 
by Prof. H. B. Dixon, F.R.S., and^J. A. Harker; on some 
applications of caustic soda or potash and carbon in the qualita- 
tive and quantitative analysis of minerals, by Dr. C. A. Burg- 
hardt ; description of a new reflecting telescope* and olmrvatory 
at Bowdon, Cheshire, by Samuel Okell ; on the flexure of a flat 
clastic spring, by Horace Lamb, F.R.S. ; and on absorption 
spectra and a method for their more accurate detei.Tnination 
(with eight plates), by Dr. A. Hodgkinson. 

The American Association for the Advancement of Science 
has issued its Proceedings at the meeting held ^at Toronto in 
August 4889. 

A BRji.LiANT meteor was seen in the northern hemisphere 
from Edinburgh on Saturday last at 3 a.m. Its advent is said 
to have been announced by a flash of li^t which illuminated 
the.itll^e city. ‘A long fiery streak marked its course, and 
remmi||l visible for more than a minute. 
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A jiEPORT from Honolulu states that an eruption of the 
i{olcano Kilauea is feared, as a lava stream has formed lately, 
and|part of it rose 15 metres in one day. 

A SHOCK of earthquake was felt at Christiansand, on October 
8, at 5. 15 a.m. The shock was directed from south to north, 
and lasted 3 or 4 seconds. 

A slight shock of earthquake was felt at Lisbon on the 
evening of October 1 7. 

According to a telegram sent through Reuter’s Agency from 
Catania on October 18, Mount Etna is in eruption. At the 
time when the telegram was despatched, « a thick column of 
vapours was Asing from the central cone. A slight shock of 
earthquake had been felt on the eastern side of the mountain at 
Giarre and its vicinity, where a shower of cinders had also fallen. 

Probably the deepest mine in the world (according to Za 
Nature) is that at Saint- Andr^ du Poirier, in France. Of its 
two shafts, one 3000 feet, the other 3130 feet, the latter is being 
Sunk to 4000 feet. A remarkable feature of this mine is the 
comparatively low temperature found in it, never exceeding 
24® C. In the gold and silver mines on the Pacific coast, with 
a depth^ scarcely half that of French mines, there is great dif- 
ficulty in keeping a temperature low enough for work. In some 
parts of the Cpmstock mines the temperature reaches 48® Ci 

The Harveian Oration was delivered by Dr. Andrew on 
Saturday last at the Royal College of Physicians. In the course 
1 of the oration Dr. Andrew referred Vo the fact that the relation- 
ship between physiology and medicine has in many ways greatly 
changed during the last 250 years, and that such change is a 
necessary consequence of the progress made by physiology. 
“ The goal of physiology is truth — e,g. perfectly trustworthy 
knowledge of a certain class of facts and laws ; and this in • 
dependently of any use, good or bad, to which that knowledge 
may be put. The goal of medicine is power — e,g, ability to 
manipulate certain given forces in such fashion as to produce 
certain effects. No doubt, theoretically, the two ends coincide, 
and we may hope in some remote future they will do so in 
reality and perfectly. For the present we must be content with 
having in one direction much knowledge which confers little or 
no power, and, on another side, very imperfect knowledge which 
yet brings with it very great power, too often ill-directed. 
Again, their methods are different. Physiology by slow degrees 
has come to rely more and more on purely scientific modes and 
instruments of research, and to apply them by preference to 
matters which can be brought to the test of direct experiment. 
Medicine, on the other hand, has no choice ):>ut to remain, so 
far as it has a scientific side, a science of observittion ; for any- 
thing like effective investigation of the matters with which it 
deals by direct experiment is impossible. As physiology slowly 
reduces to order the apparently hopeless confusion of so-called 
vital actions, the easiest questions are attacked and answered 
first, and thus those which have to be faced later in their turn 
are more and more difficult, more an4 more refractory to 
scientific analysb. Now, these more difficult questions are often 
of vital importance to medicine, and in them lie dormant vast 
possibilities of increased knowledge of the nature of disease, 
of increased power over it. And yet, from the difficulty 

I of subjecting them to experiment, physiology may seem fora 
time to fail us, and the task of cmployifigaphysiological results 
to explain clinical facts, or to form the basis of rational treat- 
ment, becomes harder than ever.” 

I The additions to the Zoological Society’s Gardeni during the 
past week include a Speke's Antelope (Tragelaphus spekii 9) 
from Lake Ngami, South Africa, presented by Mr. James A. 
Nicolls, F.Z.S. ; two Reindeer (Eangifer iarandus S 9 )$ 
Europehh, presented by Colonel W. B. Thomson, F.Z.S. ; a 
Beedi Martin (Mustella foina) from France, presented by Mr. 
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H. H. Sharland^ F.Z.S. ; two Herring 0 \A\^{Larui argentatus)^ 
British^ presented by Mr. Joseph White ; a Common Chameleon 
{ChamaUon vulgaris) from North Africa, presented by Mir. 
V. H. Dudmesh ; a White Pelican {Pelccanus onocrolaius)^ Skouth 
Buropean, deposited ; a Bay Colohus ( Colobus ferrugineus 9 ) 
from West Africa, purchased ; a Itarge Plill-Mynah {Gracula 
intermedia) from India, received in exchange. 

OUR ASTRONOMICAL COLUMN. 

Objects for the Spectroscope. 

Sidereal Time at Greenwich at 10 p.m. on October 233a 
oh. 9m. 4$. t 


Name. 

Mag. 

Colour. 

• 

R.A. 1890. 

Dec]. 1890. 

(*)G.C. 5046 



h.%1. s. 

23 57 36 

■ / 

+ 15 33 

(2) G.C. 5050 

— 

— 

23 53 52 

+ 4 35 

(3) 3<^ * iscium 

4 

Yellowish-red. 

23 56 #19 

— 6 31 

(4) 6 Androinedae 

3 

Yellow. 

« 33 24 

•4-30 16 

(5) a Androinedacj 

I 

Bluish-white. 

0 2 42 

-4-23 29 • 

(6) W Cyj;ni 

Var. 

Reddish. 

21 31 53 

+44 53 

(7) T Aquarii 

Var. 

Reddish. 

20 44 a 

- 5 32 


Remarks. ^ 

(i, 2) Neither of these nebulae have yet had their spectra re- 
corded. The first is described as “considerably bright; con- 
siderably large ; irregularly round ; very gradually brighftr in 
the middle ” : the second as “pretty bright ; very small ; much 
elongated ; very suddenly much brighter in the middle.'* 

(3) A star of Group IJ*, the spectrum being described by 
Duner as “very fine." All the bands 2 9 are very wide, 
dark, and strongly marked. As the star is a comparatively 
bright one of this class, a detailed study of its spectrum .should 
be made, special attention being given to the brightness of the 
carbon fliitings, and the presence or absence of dark lines. 

(4) Secchi thought this star had a spectrum of Group II., but 
Duner and Gothard describe it as one of the solar type, the 
latter observer, however, stating that it approaches Group II. 
According to Duner, D and b are strong and dark, and several 
other lines are distinctly visible. At the place of band 2 (the 
iron fluting) in Group II. stars there is only a narrow and feeble 
line. It seems probable that the spectrum greatly resembles 
that of a Tauri, but as the band in the red has disappeared, it 
is probably a step higher in temperature. A direct comparison 
with a Tauri, which can now easily be made, might lead to 
interesting results as to the changes brought about by an increase 
of temperature in such a star. 

(5) A star of Group IV. The usual observations are required. 

(6) There will be a maximum of this variable about October 
25. The period is short (120-138 days), and the range is from 
5’8-6*2 to 67-7 3. The spectrum is, an exceptionally fine one 
of Group II., ail the bands being very wide and dark. We do 
not. yet know Y^hether any variations of spectrum accompany the 
slight changes of magnitude of such a variable as this. 

(7) The spectrum of this variable has not yet been recorded. 

It is one of considerable range (67-7*8 to 12*4-127), and the 
period is 203 days. As the magnitude at maximum is not .small, 
the observation of the spectrum should not be difficult. There 
will be a maximum on October 27. A. Fowler. 

Photographs of Nebulae.— The current number of Comptes^ 
rendus (October 13) contains a note by Admiraf Mouchez on a 
photograph of the Ring Nebula in Lyra, obtained at Algiers 
Observatory by MM. Trepied and Rabourdin. The nebula 
was given an exposure of six hours, in two evenings of three 
hours each. Jhe negative obtained is said to be very dense, 
and a positive copy, enlarged 64 times, has been presented to 
the Paris Academy. With respect to the photograph. Admiral 
Mouchez remarked : — This image of the nebula is certainly the 
largest that has yet been obtained. It shows, in a very striking 
manner, the distribution of light in this curious celestial object. 
We see that a region of maximum light exists at each of the 
extremities of the minor axis of the elliptical ring. These two 
maidma are not equal, and in each of the halves of the ring the 
intensity of the lignt diminishes gradually up to the extremities 
of the major axis, where it has the amaflest value. These are 
well-known characteristics of this nebula, and such as ^ may be 
observed by means of ordinary telescopes. But the photo. 
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graphic observation teaches us other things. In fact, accord- 
ing to the work dbne at Algiers Observatory, when we photo- 
graph this nebula with increasing exposures, the nebulosity dpes 
not extend sensibly outside the ring, but spreads moremnd more 
towards the centre. On the other hand, when we observe the 
body in a telescope, we find that the central part of the ring is 
perfectly separated from the ring itself. The interior of the 
ring is therefore filled with a material difficult to see, but of 
which the existence is demonstrated in ,a certain manner by 
photography. In fact, the central nebulous star attains an 
intensity in the present proof sicarly equal to that of the feeblest 
maximum of the ting. 

“ At the meeting of July 7, 1890, in presenting to the Academy 
a photograph of the same nebula obtained at Bordeaux Obser- 
vatory by MM. Rayet and Courty with an exposure of three 
hours, I pointed out the probable existence of three, and perhaps 
four, extremely feeble stars which had never been previously in- 
dicated, and which formed an almost regular square around the 
central star in the dark part of the nebula. The existence of at 
least three of these very feeble stars is now demonstrated with 
absolute certainty, because of the long exposure, but in the 
enlarged image they are somewhat confused with the inner edge 
of the nebula.” 

At the same meeting of the Academy (October 13), M. B. 
Baillaud presented a plate of the region about the Ring Nebula 
obtained at Toulouse Observatory on September 8, *9, lo, and 
II, with a total exposure of nine hours. The size of the plate 
was 9 cm. by 12 cm., and it exhibits about 4800 stars to the 
naked eye within an area of three square degrees. 

Stars having Peculiar* Spectra. — In Astronomische 
Nachrichten^ No. 2997, Prof. E. C. Pickering notes that photo- 
graphs of stellar spectra taken by Mr. S. J. Bailey, at Closica, in 
Peru, show several stars having peculiar spectra. The following 
table certains the places of these stars, and a brief description of 
the spectrum of each : — 


Star. 

R.A. 

1900. 

Decl. 

1900. 

Mag. 

Description. 

Cord. Gen. Cal. 7191 

h. m. 

5 59 ‘4 

-642 

5*8 

F line bright. 

M 18859 

13477 

-4639 

6*6 

F line bright. 

» .. 19737 

1429*2 

- 4*43 

2*5 

F line bright. 

M M 2285s 

1648*4 

-4457 

Var. 

G and h bright. 

Cord.Zione Cat. 3612 

J 755 -I 

-3242 

9*0 

Bright lines. 

S.DM, - 19“ 4854 

18 2*1 

- 1925 

9*6 

Bright lines. 

Anonymous 

20 9*4 

-3929 

Var. 

Bright hydrogen lines. 

Cord.Gen. Cat, 29232 

21 13*6 

-4527 

6*0 

Type IV. 


The spectrum of the two stars with “ bright lines " is similar 
to that of the stars discovered by Wolf and Rayet in Cygnus. 

The two variable stars in the above list are new. Their dis- 
covery resulted from an examination of photographs of stellar 
spectra at Harvard College Observatory. A comparison of the 
intensity of the spectrum of the first-named star,^ situated in 
I Scorpio, with that of others on the same plate, indicated that it 
' fluctuates between magnitudes 7 and 11*4. A similar compari- 
son of the spectrum of the latter variable, situated in Sagit- 
tarius, with the spectra of other stars near it, shows that between 
May and October 1889 it decreased from 8*5 to 10*7 ma^itude. 
Both the stars have spectrsf of the same character as Mira Ceti 
and other known variables of long period. 

The Photographic Chart of the Heavens. — The In- 
ternation|j[ Committee of the Photographic Chart of the Heavens, 
will meet at Paris Observatory on March 31, 1891. The last 
details as to the execution of the work will then be discussed, 
and it is hoped that all the participating Observatories will be 
able to be|;in operations immediately afterwards. 

D'Arrest’s Comet. — In the same journal Prof. Krueger 
points out that the comet discovered by Mr. Barnard of Lick 
Observatory orf the 6th inst., is identical v^th that of the periodical 
comet of D’Arrest, for which Dr. Berberich computed an 
^phemeris {Astronomische Nachrichten^ No. 2959). An ftbserva- 
tion at Strasburg on the 10th inst. confirms the identity. 

A New Asteroi^. — Dr. J. Palisa, of Vienna Ohservatoiy, 
discovered a new minor planet (m) on the inst. Its 
magnitude was 14. 
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TIfE TEACHING OF BOTANY> 

^HE discussion was opened at great length by Prof. Marshall 
^ * War^, who reviewed the whole subject of teaching botwy 
(i to very young children and in schools, (2} as an academical* 
study at the Universities, and (3) as a special subject for those 
who are in training for technicsd and other pursuits which require 
a knowledge of that branch of science — foresters, gardeners, 
timber merchants, &c. He said : — 

As I understand it, we may regard the study of botany as 
approachable from three points of view. We may speak of 
three encjs to be attained : those of (i) elementary TOtany as a , 
school sulnect of general education ; (2) advanced botany, as a ! 
subject of University or academic training, with a view to j 
teaching and research ; (3) special botany, for various purposes 
in iffter life — those of foresters, planters, agriculturists, 
horticulturists, brewers, medical men, timber merchants, &c. 

This is, of couree, a merely arbitrary division for the argument, 
and not a philosophical classification of the subject-matter of the 
science of botany. 

The next point is the scope of the teaching in each ease. 1 j 
should advocate that all children pass through the preliminary I 
training embraced under No. i. Not only so, but I would urge ' 
the usefulness and importance of elementary botany in schools 
quite apart from its possible pursuit afterwards. 

It seems to me that the time is gone by when we need discuss 
the direct applicability of teaching in elementary schools : if 
school training is read to mean education, in the true sense of 
the word, then there is no necessity for asking that a boy and 
girl should learn at school only those subjects of which they will 
make direct application as they ^row older. Of course this 
does not preclude our keeping in mind the relative utility of the 
various subjects to be taught, but it does — and emphatically — 
preclude our falling into the error of imagining; that a school* 
subject is of educational value only in proportion to itsc direct 
and foreseen utility in the application afterwards. In other 
words, educating and teaching may be, and often are, very 
different things. 

Now, as I understand it, the nineteenth century has dis- 
covered — possibly re-discovered — the truth, that you may impart 
a wondrous amount of information to a boy or jgirl without 
awakening those powers of observing and comparing that lie 
dormant in the minds of most healthy human beings, and 
especially when young ; and that many a brilliant boy grows up 
without being able to draw correct inferences from the phenomena 
around him, and therefore less able than he should be to hold his 
own in the world he awakes in. 

The peculiarity of the study of elementary botany, properly 
understo^ and pursued, lies especially in the interest it arouses 
in the child’s mind, and the ease with which it majr be taught, 
and I would insist and re-insist on the fact that it stimulates and 
cultivates just those powers of accurate observation and com- 
parison, and careful conscientious recording of the results, which 
are so needed by us all ; and which, be it understood moreover, 
come so naturally to children who are not too much under the 
baneful influence of the mere instruction — the mere information 
— system. 

What I wish to emphasize is that the educational value of this 
subject is no more to be measured merely by the number and 
kind of facts which the child remembers, than is the educational 
value o^history to be measured by the dates learnt, and the lists 
of kings and ^ttles committed to n\emory. History, reading 
and writing, arithmetic, and other subjects, have an educational 
value, if properly taught, quite apart from their value as mere 
accomplishments, which may be granted ; but Children are 
naturally observers, and why this side of their huggry little 
natures should be starved at the expense of their usefulness in 
after life has always been a mystery to me. 

To those who allow this, and I am happy to see that their 
numbers are now many, it should hardly to necessary^to point 
out that the elements of botany afford the cheapest, cleanest, and 
most easily attained means of cultivating in children the powers 
of observing and comparing direct from Nature, and of leading 
them to generalize acculYately. 

Of course no advocacy is needed for good preliminary educa- 
tion in elementary botany in the case of those who are about to 
continue the pursuit of the subject as an academic study, or for 
a special purj^se, as noted under the headjngs (2) and (3) ; but 

• ’ Diftcusuon at theX^eds meeting of the British Aisodation, in Section D, 
oit September 5. 
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a few words may be devoted to pointing out the shocking waste 
of tim^ and energy, on the part of all concerned, in the prevail- 
ing cases where students come up to a University, or other 
ifistitutioD for higher education, insufficiently prepared for pro- 
gressive study. ' 

It is still true that boys and young men leave school without so 
much as a notion of the reaj meaning and aims of science : this 
applies no less to subjects like physics and chemistry, which are pro- 
f^edly much taught in schools now, than to subjects like natural 
history and botany, which, though avowedly in the curriculum 
of some good schools, are usually entirely ignored. 

There is considerable discussion about the details, but many 
practical teachers regard such subjects as unfitted for school, 
because the boys and girls soon cease to be interested, and get 
lost in the masses of facts and hard names thkt beset their path : 
this, to my mihd, simply shows where the whole system is 
wrong, ana wrong because the tyrant empiricism still ^es the 
prevailing methods of teaching in schools. - 

I shall go so far as to say that the only remedy for this state 
of things is for the teachers to lose that blind worship of facts, as 
facts, which dominates our school system. I am aware that this 
lays me open to very serious misconstructions, but I hope to 
make that all right in the sequel. 

I would say to the teachers, therefore, do not fall into the 
mistake of theasuring a boy’s progress by the amount of dog- 
matic information which he imbibes, and splutters forth on to 
his exaipination papers, but look to the quality of his under- 
standing of the relations between relatively few and well chosen 
facts ; and agam, pay less attention to the number of facts which 
a boy observes* and of names he remembers, and more to the 
way in which he directly makes his observations, and intelli- 
gently describes them, even if untechnically. 

This is, I firmly believe, the only jcure for the malady under 
consideration — ue. it is the prevention of it. 

Children in schools are taught most subjects from printed 
books, and it is not my province to criticize the necessity of this 
as regards those subjects ; but let a competent teacher try the 
experiment of making the children read directly from Nature, 
and he will soon see that the new exercises have a powerful 
effect. They will stumble, and they will even make stupid 
mistakes and mispronunciations ; but do they not do so when 
they are reading — i.e. observing and comparing and interpreting 
— printed wor£ in a book ? Of course they do, and therefore 
the teacher must not be discouraged by their stumbling and mis- 
apprehending when first they nave to look at and compare 
different leaves and flowers, and give forth the articulate sounds 
which correspond to the impressions created on their minds. 

Every weary teacher knows what a blessing is variety in the 
studies of the class, and it passes my comprehension why advan- 
tage is not taken of the splendid opportunity offered by the 
study of elementary observational botany. 

We now come to the important subject of method. How 
should botany be taught ? 

Here, again, I shall consider the subject from the same three 
points of inew referred to 'above. 

(i) Elementary botany in schools should be confined toles^ns 
in o^ervation and comparison of plants, and the greatest possible 
care should be taken that books are not allowed to replace the 
natural objects themselves. Indeed, I would go so far as to 
advise that books be used only as an aid to the teacher, were it 
not that a judiciously written text-book might be employed later 
on by even young children as a sort of reading-book. 

The chief aids should be the parts of living plants themselves, 
^however, and, in spite of the outciy that ipay be expected from 
pedantic town teachers, I must insist that ever^ school might be 
easily provided all the year round with materials for study. 1 
even venture to think that these materials might be collected by 
the children themselves : at any rate there should be no difficulty 
about this in the country. ** 

I will illustrate these remarks by a few examples. The teach- 
ing of elementary botany to children should commence with the 
observation of external form, and might well be initiated by a 
comparative study of the shapes of leaves, the peculiarities of 
insertion, their appendages, tid so on. 

The point never to be lost sight of is that if you teach a child 
to discriminate, n/tVA He ploitUs in hand and from obseroaHon 
onfy^ between such objects as the simple, heart-shaped, opposite, 
ex-stipulate stalked leaves of a lilac, and the compound, pinnate, 
altematei stipulate leaves of % rose, you lay the foundations of a 
power for obtaining knowledge which is in no way to be measured 
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merely by the amount or kind of information imparted. It does 
not matter whether the child learns the trivial facts mentioned 
above, or not, but it is of the highest importance that the ^Id 
be taught how to obtain knowledge by such direct observation 
and comparison ; and the beauty of it all is that, as is u/bll 
known, the child will retain most of such information as mere 
matter of course. 

F or the main purple in hand, therefore, it may be contended 
that imjr objects would do. 

This is no doubt true in one sense, but it should not be forgotten 
that (i) the mental exercise on the part of the child is best ex- 
erted on natural objects^ to say nothing of the admitted advant- 
ages of familiarising him with Nature, and (2) the parts of 
plants are so varied, so beautiful, and so common, that he need 
never lack materials for his simple and pleasant work. More- 
over, the parts of plants are clean, light, and easily handled — 
practical advantages which recommend themselves. 

I feel convinced that, if the teachers were not opposed to it, 
the subject would ere now have been more widely taught ; and 
I shall therefore say a few words in anticipation of difHculties. 
It has been suggested that materials would be scarce in winter. 
Not at all. Let the children be familiarized with 1 .he observa- 
tion and comparison of the peculiarities of a sprig of holly as 
contrasted with one of ivy ; or let them be shown how different 
are the buds and leafless shoots of the beech from tlfose of the 
oak or the horse-chestnut. Show them how to observe the 
bud-scalcs, how to infer the leaf-arrangement from the scars, 
how to notice the colour, roughness, makings, &c., of the geri- 
derm.« Or give them introductory notions as to the nature of a 
hyacinth-bulb as contrasted with a potato-tuber, confining tkeir 
attention to points which they can make out by observation. 
Every nut or orange or apple that a child eats might be made 
interesting if teachers would ^dare step over the traces of con- 
vention, and introduce such ostensibly dangerous* articles into 
class-work — and why not ? The doctrine of rewards and punish- 
ments is applied more crudely than this in most children’s 
schools ! 

Be this as it may, there is no lack of material at any season, 
for children to observe and compare, plant in hand, the pecu- 
liarities of shape, colour, insertion, markings, &c., of the 
leaves, stems, roots, and other parts. The difficulties are sup- 
posed to increase when the flower is reached : this is not neces- 
sarily the case in the hands of a sympathetic teacher, unless the 
choice of flowers is very unfortunate and limited. 

There is one danger to be avoided here, however. Young 
children should not be troubled with the difficulties of theoretic^ 
morphology : they should be made familiar with the more obvious 
roots, stems, leaves, tendrils, thorns, flowers, bulbs, tubers, &c., as 
such, and comparatively, and not forced to concern themselves with 
such ideas as that the flower is a modified shoot, the bulb a bud, 
the tendril a leaf or branch, &c., until they have learned simply 
to observe and compare accurately. Later on, of course, the 
step must be taken of rousing their minds to the necessity of 
drawing further conclusions from their comparative observations 
in addition to recording and classifying them ; but if the teacher 
is really capable o( teaching, it will be found that the children 
begin to suggeA these conclusions themselves, and, this stage 
once reached, the success of the method is insured. 

Glimpses of the meanings of adaptations of structure to func- 
tion soon follow, but they should be obvious and simple at first, 
and the mistake should not be made of entangling a child in a 
discussion as to more remote meanings. It should never be 
forgotten, in fact, that the first steps consist in learning to 
observe accurately and to record faithfully, comparative exercise 
being used in addition, ^oth as a check and as a stimulus to the 

next step is to introduce the_ methods of the s^tematic 
botanist who works in the field, with flower in one hand and 
lens in the othA ; and the necessary preliminary and acoom- 
fmniment of this is to exercise the tyro in describing common 
plants as a whole. The.value o(such training in the field can 
setweely be over-estimated. As education it is excellent, for it 
inculcates neatness and accuracy of method, keenness of observa- 
tion and judgment, and is, moreover, interestmg to the young 
student, as well as healthy in every sense of the word. As 
preliminary training in all cases where the student will have to 
pursue ^e higher branches of botany, or other science, at a 
Univesi^ or a technical institution, it is absolutely necessary. 
There is no ne^ to enlarge on its value to the traveller, the 
philosopher, and even the dilettanU who enjoys Nature in his 
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garden, or im the country, or even merely as a reader of books 
on natural history : *just think what enjoyment suclt^ a traiou^ 
would add to the lives of thousands who have read Darwin^ 
works imperfegtly, and reflect for a moment bn wlmt such 
intelligent appreciation of such writings means to a nation 
like ours. 

^ (2) The necessities of the higher academic study demand pre- 
vious acquaintance with the facies of a large number of plants— 
Cryptogams as well ai Phanerogams —and it is on this account 
advisame also that the student has been well trained in field- 
work : he should, then, be familiar with terms and groups, and 
be able to observe and compare. 

Two chief lines of instruction are open at once to the advanced 
student, and the first point for discussion is, how far they should 
be kept separate or together : they are morphology, and physio** 
logy, for, say what we will, the :two are separate studies in their 
aims and methods. 

It is not improbable that the study of pure n^rphology may 
be carried too far, as an independent study, and that one-sided 
views of the nature of plants and their parts may result ; but, 
however true this may be, I take it no botanist will deny that 
every student should know something of the attainments and 
aims of modem morphology. If this is admitted, the next point 
is not likely to be gainsaid — namely, that the study, of morpho- 
logy depends on the study of anatomy and histology, as wefl as 
upon that of external form. As we shall see, the same is true, 
but in a different way, of ph3r8iology ; but I am concerned at 
present with morphology only. 

It seems to me, in view of these facts, that the advanced 
teaching must presume an acquaintance ^ith the elements of 
anatomy and histology ; and here^ again, I am convincedgithat if 
teachers fully recognized how clean, and light, and easily acces- 
sible the material is, and how excellent the training of hand and 
eye on the one side, and of the thinking powers on the other 
may be gnade, the difficulties of introducing this elementary 
laboratory work eVen into secondary schools would be overcome. 

It has been overcome in many cases with regard to chemistry, 
and there is no reason why it should not be overcome with 
regard to botany. 

However, be it as advanced work at school, or as elementary 
work at college, the student who proposes to pass on to the 
higher academib study of botany must face the truth that even 
an extensive knowledge of the outside forms of plants will not 
car^ him far on the road to be traversed. 

Now comes the question hard to answer — Should he study 
anatomy and histology by selecting the best known and clearest 
tissues, tissue-elements, &c., from any part of the v^etable 
kingdom ; or should he choose some one plant, and explore the 
recesses of its structure as thoroughly as possible ? 

All things considered, I believe the introduction is best 
effected by the latter method, and for the followiflg reasons. 
In spite of the drawback that no one plant can be found which 
shows every tissue or tissue-element at its best, one finds that, by 
exploring the structure of some one plant as thoroughly as 
possible, the thoughtful student obtains a better idea of the co- 
relations of the structural elements than if he seeks for xylem 
vessels in Maize, sieve-tubes in Cucurbita, collenchyma in one 
plant, sclerenchyma in another, and so on. 

Moreover, the comparative survey can be better carried out, 
if time permits, by methods such as I advocate. 

The next consideration is the selection of the type to 1 )p used 
as a basis. In spite of all ^ts defects, and in anticipation of 
severe criticism, I maintain that the fern is, on the whole, the 
most useful and convenient type for the purpose. 

No Thallophyte is sufficiently obviously complex in structure 
to give th^ student the necessary ideas of co-relations of parts 
and division of labour ; moreover, the lower forms offer p^uliar 
difficulties of observation, cultivation, &c. The moss is too 
specialized for some purposes, and not sufficiently complex for 
others. The Phanerogams, on the other hand, although thqf 
present the vegetative tissues, members, &c., in the more highly 
developed and specialized forms familiar to physiolc^, offer 
such stumblmg. flocks to the t^ro in morphology that no one 
will serve as a suitable type. The pine isnne best of those pro- 
posed, but even it presents great difficulties to a beginner. 

The disadvantages of the fern (taking Aspidiuni) embrace the 
following : its roots are fine, the stem is short, and the vascular 
bundles belong to an out-of-the-way type ; the spores take a 
longtime germinating and the protnallus offers difficuUiee iil 
the way of investigation not easily overcome by a school-boy. . 
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On the other hand, the roots are fairly typical in stnictnre, 
and introduce the student to the ideas of the Toot-cap, apical 
cell, radial bundles, and axial vascular cord. The stem, at 
least, shows how the vascular bundles have definiteness and con- 
tinuity of course, in axis and appendages, and these bundles are 
so large and isolated that an introduction to the notion of their 
development from embryonic tissue is at least attainable ; more- 
over, the spiral vessels, scalariform tracheides, sieve-tubes, and 
packing-cells suffice very u ell — though, of course, in different 
degrees — to introduce the elements of the xylcm and phloem, 
and I regard it as an advantage to defer the complex idea of 
cambium. 

Elementary notions of other items of complexity appear in the 
extra fascicular strands of sclerenchyma, while protective hairs, 
reserve-starch, continuity of leaves and axis, and their origin 
from the meristem, &c., all serve as foundation stones if pro- 
perly demonstrated and discussed by the teacher. 

But it is the^porophyll on the one hand, and the prothallus on 
the other, which make the fern so supremely useful as a type. No 
conceptions in the morphology of plants have been more fruitful 
than these, and it is 01 the highest importance that the student 
really sees and examines these and their accessories for* himself. 

The beauty of the fern sporophyll as a type for demonstration 
lies in its being so evidently a leaf, in the sense understood at 
once by the beginner ; then the sorus, sporangium, and spore 
are evident and easily examined, and even the very useful ideas 
of the archesporium, tapetum, and the development of the spore 
can be mastered in the case of the fern with comparative ease. 

As for the prothallus, it is admitted to be the most accessible 
of all, and acivantagec may be claimed for its independence as a 
chlorophyll-bearing structure, 4n«spite of its fiatttened and some- 
what specialized form. The antheridia are curious, no doubt, 
but the spermatocytes and antherozoids and their development 
are easily made out so far as general features are concerned : the 
archegonia are not so typical, perhaps, as those of the moss, 
but they are sufficiently so to be very useful, and the oosphere, 
canal-cells, &c., are easily seen by an apt student. 

Moreover, I would point out that in the hands of a properly 
guided student of average intelligence, the teacher can rely upon 
the fern prothallus for introducing some theoretical notions very 
difficult to acquire — e.g. the gradual separation^ of the sexual 
organs, and their withdrawal into the prothallus, and the 
eventual separation of male and female prothallia, and their 
reduction and withdrawal into the spores, leading to the final 
specialization of male and female spores, and their retention 
and reduced germination inside the sporophylls, which also 
become specialized. 

I should explain here that I would not propose to carry this 
explanation of homologies too far at this stage, but my argument 
is that the foundations for much that is to follow can be laid now 
with better effect than at any other time. It may be contended 
that the elementary student cannot possibly understand the 
Hoffmeisterian morphology until he has mastered the structure 
of the ovule of the Phanerogam, and that, therefore, it makes 
no difference in this respect whether he begins at the one end or 
at the other. I ^ant this, but my plea is not for the crowning 
of the student’s knowledge of morphology, but for the founda- 
tion of it, and I lay so much stress on his laying this foundation 
thoroughly — otherwise it will not bear the weight of the super- 
structure I should propose to raise on it — that 1 look for the best 
type that purpose ; and, bearing in mind that such a type 
must be convenient, and one wherejji the student can find the 
objects and examine them himself, I believe it has been found 
in the fern. ^ 

It will no doubt be remarked that, in the precedfng discussion, 

1 have kept in view more especially the study of morphology as 
the aim of the young academical botanist, and that it is because 
the fern is so excellently situated midway in the vegetable 
kingdom that it forms so good a type for teaching purposes. 
If it is urged, however, that physiology is the study ’to be more 
especially^ kept in view, then it may be necessary to reconsider 
the question of a type. 

But there are two reasons, to my thinking, fqj discarding the 
idea that the study of physiolo^ should be the immediate aim 
of botanical teaching in schooU at present, though I do not 
despair of its introduction in the near future. 

Firstly, the appliances needed, simple as they are in most cases, 
nevertheless are appliances, and will, as matter of fact, \mlv the 
way to* the study daring school life fot some time to come ; 
secondly,^ however much we may insist that the study of the 
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physiology of plants presents its own problems and phenomena 
apajrt from those proper to physics and chemistry — and no one 
can urge this more earnestly than I do myself— nevertheless it 
cannot he gainsaid that the student of physiology should have a 
fafr acquaintance with elementary physics and chemistry, even at 
the outset. I am aware that the contrary has been asserted, and 
that it has been argueck that a student may learn to rig up 
apparatus for demonstrating the respiration of germinating seeds 
without knowing anything about the properties of oxygen, or 
what happens when carbon dioxide passes into a solution of 
barium hydrate, and that he may perform experiments on assimi- 
lation knowing no more about starch than that it turns blue 
with iodine, or on transpiration without understanding anything 
of the physics of the atmosphere or of water ; and 1 am not 
prepared eo say that such training would l)e without benefit, but 
apart from Ae advantages of the preliminary knowledge of 
phenomena, every teacher knows how dull is the comprehension 
of the boy’s mind when brought face to «face with such experi- 
ments devoid of the necessary physical concepts, as they have been 
termed ; and in any case the necessary minimum of physics and 
chemistry will have to be instilled at the time the experiment is 
performed. 

Secondly, the study of histology — practical acquaintance with 
the microscope — is a necessary preliminary to physiology, and I 
am di»ubtl\il whether we are at present in a position to demand 
more than the beginnings of these matters from the schools, 
thougji the time will come when it will be disgraceful for a boy 
to IfAve school quite ignorant of them. 

The stud^ of the fern should be followed by that of the 
/iw, and I am not prepared to demand a continued adherence 
to the type-system beyond this point, except under special and 
favourable circumstances, such as need not here be discussed. 
Indeed, I should be quite satisfied if we could depend on school- 
children learning how to describe plants fairly accurately, and on 
the boys and girls in secondary schools knowing something more of 
field litany and how to use a flora, and having a satisfactory 
acquaintance with the life-history and structure of a fern and a 
pine. When I speak of field botany as above, it is not intended 
to exclude an acquaintance with the external appearance of com- 
mon Aiguf, Fungi, lichens, and mosses, &c., though the extent of 
that acquaintance would necessarily depend upon circumstances. 

It must not be overlooked,* however, that somewhere between 
this stage and that of further progress to the higher departments 
of academic botany, the student will have to do some compara- 
tive anatomy and histology, on the one hand, and to master the 
details of the life-history of certain types of Algoe, Fungi, and 
Lichens, Muscineoc and Vascular Cryptogams, and look more 
deeply into that of the Phanerogams. 

It depends on circumstances whether the type-system should 
be followed here or not. If the student is going to specialize in 
the direction of morphological botany,' I am inclined to the 
opinion that be should steadily pursue the type-system, supple- 
menting his work with comparing special structures selected 
from allied types as he proceeds. For instance, after working 
through the life-history of a Pythium^ he should not need to 
devote his attention to actually exploring alk the details in the 
life history of Mucor and Peronospora^ but he should see the 
sporangia of these, and the haustoria of P, parasitica; and 
again, having worked through the chief stages in the life-history 
of Marchantia and Funaria^ say, there is no need to insist on 
the same pursuit of detail in the case of other Muscinese, but the 
student might compare with the corresponding structures in his 
types the sporangia of Anthroceros and yungermannia^ &c., 
the leaves of SpMgnum and Polytrichufa^ and so on. 

If the student is more inclined to the pursuit of physiology, I 
should prescribe a different course as soon as he has examined a 
few types of Algee and Fungi, a moss, and a few Viucular 
Cryptogams, and I should, moreover, direct ^his attention at 
once to the highest plants — the Angiosperms — instead of leading 
up to them as in the case of morphological studies. 

In fact, the system to be pursued for^ training in physiology, 
is to select the best illustrations of the organs, the tissues, and 
the histol^cal elements of which the functions are to be 
studied, l^r the typical root I should go to one plant, but it 
might be necessary to employ quite another plant for Nhowing 
root-hairs or root-eap : while selecting the vascular bundles cm 
Rantmculus repem or of Aristolochia to show certain facts about 
Ike bundles as a whole, I might take those of Cucurbita for 
sieve-tubes, those of LinunK or Vinca for bast-fibres, and those 
of quite other plants for spiral or pitted vessels, &e. ^ 
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other structures, the training is designed to 
familiarize the student with the best examples of each structure, 
and although he must acquire a sufficient insight into the 
Klations of these structures and parts to be able to understand 
how ^hcy work together, and how the functions of some depend 
on those of others, still his aim is® not to follow out their 
development and relations in space and time, but to deal with 
their behaviour now and in the mature plant. 

Up to a certain point both morphologist and physiologist 
must work along the same lines : they then diverge; and it is at 
this period that the more extensive use of books must come in ; 
for the student should now have so real a knowledge of the things 
discussed, that illustrations and information are clear to his under- 
standing. Theintending physiologist must put himself in possession 
of sufficient^ histology and anatomy to be able to fonow the work 
of the specialists in this domain, and to see what bearings their 
discoveries have on Ifis branch of investigation : no less must 
the morphologist follow the special literature, but with his own 
very^ different end in view. Both will, of course, have their 
special literature also. 

However, it is obvious that we have now reached a* point where 
no very rigid rules can be laid down, since the advanced academical 
student is in a position to strike out his own lines, and if he does 
not display some originality now in his methods, aims, &c., the 
presumption is that no amount of training on the part of teachers 
will lead to it. Nay, more than this, it is highly desirablf that 
he should be left alone, for the dormant originality is as lilpely 
as nobbeing kept down by the pressure of prescribc^l studies. 

(3) In illustration of what is required in special branched of 
botanical study, I cannot do better than take the case of 
the properly-educated forest-student : go where you may, you 
are not likely to meet with^a more representative practical 
man ** than the trained forest-officer, and consequently his case 
is peculiarly well adapted for my present purpose. 

No one will be so rash as to argue that the botanical training 
of a forester should err in subordinating a knowledge of trees 
and w*ood, the phenomena of germination and nutrition, of 
growth, &c., to transcendental hypotheses and discussions on 
the nature of morphological conceptions or on abstruse que^tions 
as to the significance of movements of irritability, or the ulti- 
mate mechanism of reproduction and the molecular forces con- 
cerned in heredity : on the contrary, most people will concur in 
agreeing with me that the teaching of forest botany should be 
directed to laying down in the student's mind a good foundation 
of facts of observation, and showing him how to acquire others, 
and, further, to training his mind to reason accurately from these 
facts, so that he may apply his reasoning to the practice which 
is to be his life’s pursuit. 

On the other hand, there is a danger which very few people 
escape when talking on this subject, and that is the danger of 
supposing that the attention of the forest-student should be con- 
fined simply to acquiring and remembering aphoristic statements 
of facts, and that his accomplishments in this connection measure 
the fitness of his training. In other words, many so-called 
** practical men’/ argue that it is the quantity of information 
which tests the ’student’s progress, and neglect the truth that 
progress is much more adequately represented by the quality of 
thi instruction. 

Let us put the case in another way. It is granted that the 
forest-student must be made acquainted with certain facts of 
observation, and that he must be informed of important con- 
clusions derived after comparing these facts: it is also granted 
that his time for training is limited — there is no* getting over 
this, and we need nof discuss what the limits are, or why they 
are so. Now, the problem is. Shall the student devote the whole 
of this period of training to simply acquiring as many of these 
facts as possible, the conclusions being limited to those directly 
applied in the fewest ; or shall more attention be devoted to the 
methods of acquiring these facts and of drawing the conclusions 
from them, and the facts themselves be utilized rather in so far 
as they are necessary for the training, than as the ultimate aim 
of that training ? 

The answer to this question is of the highest importance. If 
we decide that the chief object of the forest-student’s training b 
to make himself acquainted with the facts themselves, then his 
whole time will have to be given to such matters as learning 
the names of plants ; the peculiarities of the roots, bark, woodi i 
buds, leaves, ftc*, of the various trees ; the empirical facts as to j 
the relative amount of light, moisture, &c., and the d^ees of ; 
temperature that each species will bear, and so on ; the ascer- 
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tained growth ih height of each species, and the annual increment 
it exhibits, and so* on. It is obvious that, if the student worked 
continuously for his two years or so of probation, Be could 
make himself or be made acquainted with an enormous mass of 
such information, but it is equally obvious that he could not 
nearly exhaust the catalogue of facts. The latter truth becomes 
still more apparent, however, when we remember that he has to 
devote his attention to several other branches of study in addition 
to botany. 

But is this the right decision to come to in face of the'p^Uem 
I put before you ? I say no ! emphatically no ! On the con- 
trary, it should be recognized at once that the forest-student 
cannot acquire more than a small proportion of the facts of his 
subject while he is in training, and even if he could > they wou^d 
be of no use to him in this shape. The selection being limited, 
then, it should be the aim of the teacher to direct the student’s 
attention to a selected number of facts (you need have no fear 
that the list will be a short one) such as throw light upon mat- 
itri that the student will not be likely to explain for himself, 
unless hp is directed. The facts of the forest will be before him 
always ; why, then, occupy the valuable time of training with 
an incomplete catalogue of them ? There are thousands of other 
points, however, that he will never know anything about if he 
does not learn how to observe and infer them while he has the 
chance with a competent teacher by his side. 

Let me give an example. The details of the different modes 
of germination of the various seeds of trees are numerous, but 
they can be collated under a few heads. Some seeds, like those 
of the beech, raise their cotyledons above the surface of the soil, 
and they become green and ej^pa'nd ; others, like those \)f the 
oak, remain undci^round, and devoid of chlorophyll, and do not 
expand. As sown, however, the beech-mast and acorns are not 
se^s, but fruits, for each is enclosed in its pericarp. Both agree 
in having^two cotyledons to the embryo ; and although the beech 
seed contains a thin remnant of endosperm, both are usually 
termed exalbuminous ; moreover, the cotyledons have their cells 
crowded with food-materials consisting chiefly of starch-grains 
and oil. 

The seed of a date-palm, on the other hand, is provided with 
large stores of ^od-material in the form of cellulose, as thicken- 
ing materials to the cell-walls of the endosperm, and it contains 
a relatively minute embryo, furnished with one knob-like cotyledon 
only ; while the seed of a Scotch pine has a large, fatty endo- 
sperm, and a poly-cotyledonous embryo in its axis. The details 
of germination of the palm and the pine differ, and both in dif- 
ferent ways from those of the beech and the oak. 

Now it is unquestionable that the forester ought to understand 
what are called the phenomena of germination ; but the inquiry 
arises, Do we mean by this that he ought to learn the details of 
the germination of these and a large number of other seeds, or do 
we mean that he should be made acquainted with what research 
has shown to be common to all seeds, and then with the chief 
classes of difference in detail ? In other words, is he to be taught 
generalizations, and shown by a few well-selected examples how 
they have been and are being arrived at ; or is he to be burdened 
merely with the details themselves, as stated in the words of and 
on the authority of others? Undoubtedly the former is the true 
method : the latter is simply empiricism. 

Let none fear that the student who is thus taught will learn too 
few facts — the fetish of the ** practical man.” ♦ 

In the flrst place he cannot proceed without sufficient informa- 
tion to enable him to understand the physiological value of such 
^bodies as staigch, cellulose, oils, and proteids ; and, without 
troubling him with the refinements of micro-chemical methods, 
he will at least have to be made acquainted with the better- 
known changes which these bodies undergo in the presence of 
water and oxygen, and with the metamorphoses comprised under 
metabolism^ and here his botanical knowledge comes into 
intimate relations with his information on elementary chemistry. 

But, further than this, how is he to ]>roceed to an under- 
standing of even the outlines of the physiology of germination 
until he knows Che leading phenomena o( fermentation on the 
one hand, and of respiration on the other? 

I will not enlaige upon this part of my subject howevef, but 
simply assure those unacquainted with the full bearings of these 
remarks, that there is no paucity of facts in this connection, and 
that, simply to make l^mself acquainted with the more salient 
ones, the student has to devote many hours of careful study in , 
the laboratory. 

But he will not understand the process ot germination unless 
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he is acquainted with the structure of the seed. Here, again, it 
isfiot the details of structure of the seed-coats/ the nucellus, and 
the embtyo, which differ in each seed taken, that are to tax his 
memory and disgust his mind, but he must be made familiar with 
the leading features common to all seeds, and illustrated by a 
few selected examples. The nature of the seed-coats, the struc- 
ture of the embryo and its relations to the endosperm, &c., are 
easily taught, if the teacher knows his art, and the pupil is 
properly ^led up to his work ; otherwise, I fail to see how the 
latter is to gain any idea of whatf a seed is on the one hand, or 
of bow a tree arises from the embryo on the other, and if he 
does not understand what a seed is, he will never comprehend 
the process of germination, and he thus misses the best chance 
of.elucidation as to the development of the complex structures of 
the root, stem, and leaf, &c., which follow. 

I have said nothing of the phenomena of growth, moreover, 
and yet the p^blems of germination will remain obscure and 
unintelligible until the student knows something about growth ; 
and this presupposes at least some notions as to the phenomena 
of cell-division in the embryonic tissue, and of cell-groy^th and 
development. 

Why say more ? It is obvious that these studies lead the one 
to the other, and the real difficulty is to select the best illustra- 
tions and use them to the best advantage. 

The forest-student’s curriculum, therefore, is not to be re- 
garded as a narrow one because he needs only a catalogue of 
tacts, but as a special one because the exigencies of his profes- 
sional time demand his attention to certain classes of phenomena. 
His early training — ^ould that it began at school — should be in 
the oblervation and comparison f>r plants and their organs : he 
should then proceed to more comprehensive field-work, and 
exercises in the description of plants and systematic botany. In 
selecting his examples special attention should be paid to trees 
and shrubs, which are commonly neglected by student^ and the 
lens should be always at hand. 

Studies in the elements of anatomy and histology must follow, 
otherwise his progress will be hampered when he has to deal 
with the subjects of germination, nutrition, growth in thickness 
and formation of wood, cortex, bark, &c. 

Refined histology, ^special anatomy, and specula^ve morphology 
will have to be neglected, nor must he aim at becoming a 
specialist in taxonomy. His laboratory work must be directed 
to the end that he may understand the general structure and 
relations of tissues and organs, otherwise he cannot understand 
what is known of their functions ; that he may have clear ideas 
as to the parts which yield economic products, otherwise he 
becomes lost in the long catalogue of these ; that he may grasp 
the salient features in the structure of the different kinds of 
wood, otherwise he cannot attempt to classify and identify them ; 
that he may know something of the biology of fungi, other- 
wise he cannot hope to understand the diseases of timber which 
they cause, or the important scavenging and other work which 
they perform in the forest, and so on. 

It would take too much space and time to enlarge on the pity 
of the fact that young forest -students come up for training almost 
totally unprepared for such a curriculum, and especially devoid 
of the elementary knowledge and powers of observation which 
they should have received at school : the consequence is, much 
of their valuable probation period is occupied with acquiring the 
elementary facts and methods without which they cannot possibly 
make*progress in more special work. Now I should like to see 
all this altered, and the only way to effect the necessary salutary 
changes is to have some guarantee that such probationers have a* 
suitable training in elementary botany while they are in the 
receptive condition of school life. • 

Let me now suppose the case of a young man destined for a 
career as a brewer. No one will deny that an essential part of 
his training should consist in a thorough schooling in the 
methods of cultivating and separating the various forms of 
yeast, bacteria, and moulds which are met with in every corner 
of a brewery, and some of which are the agents on the proper 
action of which he d^ends directly, while otheie are his enemies 
— for 1 need not remind you that the fermentation industries idl 
depeifQ on various yeasts, and that the diseases of wine and beer, 
&c., are due to the interfering action of other microscopic 
organisms of the nature of yeasts, moulds, and bacteria. 

This i% all clear, and generally accept^, but I am not so sure 
' tlttt everyone recognizes the fact that the proper study of these 
and allied organisms is a department of botany ; though 
I am quite sure that many people suppose that it is the province 
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of the chemist to clear up the mysteries of these agents of fer- 
.mentation and putrefaction. 

J t reouires long practice with the microscope and with 
anicaJ methods of investigation to trace the vagaries of even 
the largest of these ferment-organisms, however ; and without 
implying in the least that some of the methods and results of 
mMem chemistry are not essential in such investigations — for 
the* contrary is really true — I would urge the absolute necessity 
of a botanical training before the student can grasp the meaning 
of the problems to be solved. 

It is surely childish to reply that the special technical methods 
of the brewer’s microscopist can be acquired without the pre- 
liminary training in botany which is here pleaded for. I know 
they can acquired, as merely technical processes, and I do not 
deny that relsiiively good work has occasionally been done under 
such conditions by men of genius and industry, who have acquired 
the botanical knowledge as they proceeded ; but the point is 
that the techncAogist who has had no training in botany is found 
groping over problems in a manner he would never have had to 
do had he a^proper view of the nature of plants and plant-life 
such as a suitable training in the elements of botany would give 
hhim. 

This training, if commenced at school with exercises on 
observing lind describing plants, and then pursued far enough 
to give him correct ideas of structure, of the nature and grouping 
of thc^istological elements, and of what is best known as to 
thei# functions in the physiology of nutrition, growth, and 
reproduction^ would at least save the student from those crude 
notions as to the so-called physics and chemistry of a yeast-cell 
or of a fungus-hypha which one so commonly meets with. 

I am not in any sense implying that a brewer’s technologist 
should be a .botanist, in the acceded meaning of the term : I 
only urge that he has to confront problems of physiology and of 
morpholo^yt over and above his every-day riddles of chemistry 
and physics ; and that even if we concede that physiological 
actions are nothing more than complex and conditioned physical 
and chemical actions (and I do not deny this), it is still true that 
he should be quite clear that this implies much more than it is 
commonly supposed to imply, and have at least an inkling of 
what .we know as to the complexity of metabolic and other 
processes. 

Now he cannot be clear on this subject unless he knows 
something of modem plant-physiology; and he cannot follow 
the teachings of physiology unless he is familiar with what is 
best known as to the structure of plants, and their general 
nature. How far he should go in these studies is not for me to 
limit, but he must at least be able to grasp enough to enable 
him to understand the progress of the science, and to see how 
far he is justified in drawing inferences from phenomena observed 
in other plants and applying his conclusions to the plants he is 
studying. To attempt to study the behaviour of a yeast -cell, or 
of a bacterium or mould, without clear ideas as to what is known 
of the plant-cell generally, seems to me very like obstinately 
attempting to open a lock in a dark room when you are 
ignorant of the whereabouts of the lock and ,have not found 
the right key. 

What I have said with respect to the study of ferment- 
organisms holds good with regard to the study ot what is called 
bacteriology, and to an even greater extent. For no one is 
likely to gainsay that such extremely difficult and delicate investi- 
gations as those made in the domain of pathology cannot be 
properly conducted without an intelligent acquaintance with the 
physiology of* parasitic and saprophytic /ungi and bacteria, and 
this bein^ conceded the rest follows as a matter of course* 

Yet it IS in just this region of special scientific investigation 
that the grossest sins are committed. It is pitiable to see the 
wild stru^les with facts that have been carried on in the name 
of bacteriology, and which might have been tivoided bad the 
investigators been properly trained in botanical science. 

Bacteriology, however, is only one Special branch of what is 
popularly known as the study of germs, and the truth of what 
MS been above stated comes out with yet more startling clearness 
when we recognize the benefits that have arisen from the study 
of parasitic fungi and their relations to the diseitoes of plants. 
TalnDg the latter as a special pursuit, it is very difficult to say 
what Mould be omitted in a training designed to fit the botanist 
for investigation. It is only quite lately that pathologists have 
clearly recognized that the Mirny of the diseases of plants (so 
im^rtant to horticulturists, planters, and foresters) implies^ ^ 
no means a mere acquaintance with the forms of fungi and 
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S stematic relationships, but that it demands, on the one hand, 
e most patient and refined researches into the life-history of 
these organisms, and the variations in their biol<^ due to ► 
changes in the environment, and, on the other hand, as deep an 
insight as can be obtained into the normal physiology of the 
host-plants, and the variations in this^due to changes in the 
environment. In other words, not only must the investigator 
attack the question of the mutual relations between parasite apd 
host (and he cannot understand these without studying the 
normal biology of both), but he must also look into the relations 
of each to a varying physical environment. 

As I said before, it would be hard to say what botanical 
information can be sijperfluous in such a training. 


But there are pther. technical pursuits which demand a train- . 
ing in elementary l^otany, and among these that of the timber 
merchant, and those of the builder, carpenter, and architect may 
be grouped together. • 

It is Emitted that these people should understand the nature 
and properties of timber in the wide sense, and especially of certain 
kinds of wood in particular. My case is made out quite clearly 
by the efforts one meets with in various articles and books on 
timber, designed for the information of those engaged in the 
trades and professions referred to. and by the lamentable^ failures 
in conveying clear instructions, owing to the want of acquaint- 
ance with the elements of botanical science. • 

I maintain that no one can properly understand the markings,. 


Tabular Risumi of the Various Branches of BotaniccU Study y as grouped for the preceding argument. 


^Specialist in mor- 
phology 


Specialist in pathology 
of plants 


Specialist in ^ 
physiology 


• 1 . 

Comparative mor- 
phology • 


Specialist in 
palaeontology 
(archaeology, &c.) 


Foresters, planters, 
farmers, gardeners, 
fruit-growers, &c. 


Artists, designers, 
travellers, &c. 


Timber-merchants, 
carpenters, archi- 
tects, builders 


Brewers, ) f Special courses for ) 
bakers, wine- / — ! technical schools^ > 
makers, &c. ) v affecting ) 


Pharmacologists, 
druggists, tanners, 
dyers, and others 
who use oils, resins, 
&c. 


I 


Museum 

curators and col- 
lectors, &c. 


Paper makers 
and those who 
use fibres 


I 

Comparative \ ^ 
physiology /' 



/ Specialist in bacteriology 
and ferments, &c. 


Systematic study of comparative ana- 
tomy and histology ; refined micro- 
scopic work, &c., &c. 


University and 
college life 

Specialist in systematic botany 
(including geographical botany,, 
origin of species, &c.) 

I 


Study of types illustrating life-history, \ 
structure, and elementary morpho- f Higher school and 
logy and physiology ; introduction to i college work 
microscopic work and drawings ) 


Elementary organography : descrip- ) School boys ana 
tive and systematic botany, lens m > girls of about 
hand ; drawings, and field-work ) lo to 14 


Lessons in observation and compari- \ , 
son of the parts of common plants, f Adapted for 
The pupiPto have specimens in hand ; l young children 
the teacher to use blabk-board ) 


colour, texture, and other technological peculiarities of timber 
who is ignorant^of its structure ; and I have had abundance of 
proof afforded me of the interest taken in this subject by indi- 
viduals connected with •the numerous callings centred around 
that of the timber merchant— wood-carvers, turners, cabinet- 
makera, wheelwrights— as well os bpr archseologists and geolo- 
gists, who arc brought face to face with problems ^hich require 
an acquaintabce with the structure of timber for their solution.^ 
Now, the structure of timber is a very interesting subject if 
properly approached, but it is a very complex and hopelm «ib- 
ftci for one who is unacquainted with the meaning of the four 
or five histological elements which compose wood, and of their 
development mm the cambium-cells j and, to comprehend these 
things, the student should know the elements of botany, 
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But it is not only the properties of timber that have to be 
understood by the workers and dealers in wood. An important 
subject, which is coming more and more to the front, is that^ of 
the classification and identification of timbers. It is astonishing 
how cleverly practical experts can find their way through the 
difficulties whiqji beset those who have to decide upon the value 
of timber, and the suitability of differeijt pieces of wood for 
various purposes ; but even more astounding is the vagueness of 
their replies to the very natural question, How do jrou d&dde in 
difficult cases ? One thing is clear — the expert bases his con- 
clusions on keen observations of minute details, and yet these 
observations are not* recorded : the whole system is one of 
empiricism and blind rule-of-thumb guess-wo^. It serves the 
purpose in many cases, just as rough measurements by an expe- 
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.rienced eye and hand are often said to serve- the purposes of those 
concerned *at the time ; but will anyone doubt that scientific 
accuracy and system would be more reliable ? J am aware that 
“practical men” doubt this, but repeated contact with “ prac- 
tical men ” assures one that they pay a heavy penalty in loss of 
time for their triumphs. 

It is repeatedly observable that the ** practical man ” — the 
man of experience, in other words — has to spend long periods of 
time in the acquirement of his unsystematized powers, and the 
convictiqn forces itself upon the pbserver that he could do much 
more if he were systematically and logically observant, instead 
of being merely spasmodically so. In other words, he is scien- 
tific in so far as his successes go, for in the end it all resolves 
itself into keenness of observation and comparison ; and he 
wpuld save *himself many failures if he were properly trained. 
How often is it pointed out that such and such a man is unscien- 
tific but practical 1 Well, this resolves itself into a fallacy, for he 
is really practidyil in so far as he is scientific in his methods — 
clumsily so, it may be, and the science in him has been uncon- 
sciously acquired and pursued ; but it is there, and it is just 
where his science breaks down that he becomes a mere bungler. 
This truth need not blind us to the further one that even a 
bungler occasionally stumbles upon success, but my argument is 
that his conclusions would be more constantly trustworthy if he 
pursued a consistent and recorded course of methodical observa- 
tion and comparison, instead of trusting to the unsystematized 
impressions from which his keen mind draws the conclusions of 
of which he is so vain. 

It is, to my thinking, one of the most curious problems of the 
human mind that “practical njcQ.” can persist in upholding em- 
piricisift, on the grounds that such knowledge as the above is most 
real and useful. Of course, it is real and useful in so far as it has 
been acquired during long years of experience in contact with facts ; 
but look at the opfK)rtunities lost in this expensive and^wasteful I 
training — at the mistakes made and the wrong lines pursued, I 
until correction comes, sharp and merciless because it involves ' 
failure. Surely, a better method is to prepare the man to gain 
lus experience at least cost, and to profit to the utmost by his 
mistakes ; and, when all is done, see the equivocal position the j 
“ practical man ” U put into — his only real knowledge is scien- j 
lific, and the wild hypotheses and ignorant fallacies to which he 
is a slave might have become fruitful thoughts, leading him to far 
higher attainments had he learnt to observe and record, and [ 
compare and judge when he was young. Personally, I know ' 
no more contradictory being than the one who prides himself on 
being a “ practical man,” and is continually throwing at one^s 
head the adage, “ An ounce of practice is worth a ton of theory,” 
for at every turn one finds him involved in endless tangles of 
error, and his ignorance of this is only equalled by the obstinacy 
with which he contends the contrary. 

The second speaker was Prof. F. W. Oliver, who considered 
the question of botanical teaching only so far as it bears upon the 
training of medical students. He argued that, since all scientific 
medicine is based upon elementary biology, it is necessary to 
hear in mind that, in a course of say fifty lectures, designed for 
the requirements chiefly of medical students, some things must 
be sacrificed in order that certain fundamental truths may be 
driven home. The only questions are, What must go? and what 
must be retained? And the reply is that much of the study of 
types, And of such transcendental sutijects as the alternations of 
venerations, and so forth, as found in the schedule of the London 
University, for instance, should be sacrificed in order that the 
teacher may concentrate his attention on such parts of the 
subject as are of real importance and interest to t^e medical 
student, and others composing large classes. He would go 
so far as to say that about thirty out of the fifty lectures 
should be devoted to the organographv and elementary phy- 
siology of the higher plants; for in that case the ^teacher is 
dealing with beings of which everybody knows something, and 
there is more human interest to the student when the facies of 
the organism is so familiar as is that of common powering plants. 
In conclusion, Prof. OMver pointed out that the responsibility of 
these matters rests with the examiners and those who draw up 
such schedules as that of the London University, and laid some 
stress on the importance of this responsibility. 

Prof. F. O. Bower followed, and directed his remarks chiefly 
to the *8ubject of teaching mixed and elementary classes in a 
University. He « wished especially to deplore the threatened 
divorce between morphology and physiology, and advocated that 
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sucljl a divorce should be prevented at all hazards. In regard to 
this, and to some other points, he must differ from Prof. Marshall 
Ward’s conclusions, though he heattily concurred with most of 
what he had* said. He thought that, taking into account the 
value of the mental exercise, so useful a study as that of mor- 
phology should be introduced early, and that the teaching of 
the mam homologies should be insisted upon. With regard to 
the cut-and-dried schedules now so universal, Prof. Bower was 
of opinion that, while they protect the weaker teachers, they 
hamper the strong ones, and he wished very much that more 
individual freedom should be allowed to lecturers. 

Mr. Foi*sytb was especially interested in Prof. Marshall Ward’s 
remarks on the teaching of botany to children in schools, and 
described-ian experiment now being tried in the Leeds Higher 
Grade School. The children are being taught to bring plants 
themselves, and to observe them in the field, and the speaker 
was of opinion that the new departure is a signal success. 

Prof. Green^poke very strongly against the “ type- system ” 
as now pursued in the teaching of botany. Not only does it 
occupy too much time, but it is quite a mistake to begin with an 
unknown arid minute object like the yeast plant : not only is 
the Saccharomyces plant a strange object, but the student obtains 
no adequate notions of its size or properties. He advocated less 
section-cufting and less work with the compound microscope, 
and more observation with the simple lens, at any rate until the 
studet^t is familiar with common objects. 

Pfiof. Hartog differed from previous speakers in thinking it a 
mistake to be afraid to teach children technical termst; and 
pointed out that children take very readily to hard names, and 
are very proud of having acquired them. He also differed 
entirely from those who advocate that the fern is a good type to 
begin with : the fern is a difficult t^'pe, abnormal in its phloem, 
its stomata, and other respects, and should be avoided for some 
time. He thought it much better to select the various tissues 
and elements from the first, and then pass on to the study 
of types. 

Prof. Hillhouse agreed with Prof. Marshall Ward that 
technical terms should be introduced carefully and not too early, 
and considered that botany has suffered in the past from being 
regarded as associated with hard words. He also advocated 
that botany affords the best means for introducing students to 
the use of the microscope. 

Prof. Geddes has often found that schools are detrimental to 
the observing powers of children, and that the real way to 
interest the pupils is to let them make discoveries for them- 
selves. He advocated the establishment of a botanical garden 
for every school, and pointed out that very useful notions of 
geometry can be taught from flowers. ProK Geddes objected 
, to the type-system for children, and urged that the life of the 
plant, and not its destruction, should be the aim of teaching. 
He would interest students in such subjects as insectivorous 
plants, and so infuse general interest into their studies. 

Prof. Johnson remarked that at South Kensington, the home 
of the typC' system, they have for some years past tried varying 
the order of teaching the several types, and have found that it 
is best to work down from the higher to the lower plants. 

Prof. Marshall Ward having briefly replied, the discussion 
was then closed by the President. 


THE PRESENT POSITION OF THE HYDRATE 
.THEORY OF SO TUITION} 

T T is but four years since this Section devoted a day io the 
^ discussion of the nature of solution ; * since then, however, 
the general aspect of the (question and the position of the advocates 
of the two rival theories have undergone such a complete 
change, that in renewing the discussion we shall run but little 
risk of going over the same ground which we then trod. At 
Birmingham, Dr. Tilden opented the discussion passing ir 
review all the well-known and long-known facts which might by 
any possibili^ throw some light on the nature of solution, anc 
those who fonowed him in the discussion each gave the inter 
pretation of these facts which harmonized best with his owr 
views, and, as the facts themselves were susceptible of severa 
different interpretations, the not surprising result fallowed tha 

* Paper read befiire Section B,at the Leeds meetina of the British A<^is 
tion, ps an Introduction to a dUciission on the nature of soluttone and tn 
theory of osmotic pressure. 

3 B. A. Kepott, tSSd, p. 444. 
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each disputant departed holding precisely the same opinions 
which he had brought with him. Since then» however, bach 
party has obtained, or thinks that he has obtained, positive 
evidence in favour of his own views ; evidence which, if upheld, 
must be accepted as conclusive, or which must be overthrown 
before hie opponents can claim the victory. The supporters of 
the hydrate theory claim that the curved figures representing 
the properties of solutions of various strengths show sudden 
changes of curvature at certain points, which are the same what- 
ever be the propcrtjr examined, which correspond to the 
composition of definite hydrates, and which, therefore, can 
only be explained by the presence of these hydrates in the 
solutions ; while the supporters of the physical theory, now 
identified with the saipporters of the osmotic pressure theory, 
claim to have shown that, with weak solutions at mny rate, the 
dissolved substance obeys all the laws which are applicable to 
gases, and that, therefore, its molecules must be uninfluenced 
by, and uncombined with, those of the solvent. ^ 

in another respect also I may notice that our position to-day 
differs considerably from what it was four years ago ; for instead 
of having to argue the matter out amongst ourselve*, as we did 
then, we are now favoured with the presence of some of those 
whose work in this very subject has made their names familiar 
household words with every physicist and chemist throughout 
the scientific world. 

I propose in the first place to give a brief summary of the 
evidence which has lately been adduced in favour of the itydrate 
theory, and in the second place to iiu^uire whether* the 
conclusions drawn from this evidence are invalidated by. the 
important facts elucidated by Raoult, van*t Hoff, Arrhenius, and 
Ostwald. 

In one respect the supporters of the hydrate theory start now 
under a distinct advantage— namely, that theif most active 
opponents do not altogether deny the existence of hydrates in 
solution, although it is only in the case of strong solutions that 
they will admit their presence ; in such solution?, indeed, it is 
difficult to see how their presence could possibly be denied. 
The only means which we have of proving that a liquid is a 
definite compound is by ascertaining whether its composition 
remains unaltered by its passage through the gaseous or solid 
condition — by fractionating it by means of distillation or Crystal- 
.liiation. With liquids of comparatively small stability, such as 
hydrates, crystallization is the only method available ; the results 
of crystallization have led us to conclude that the liquid represented 
by H2SO4 is a definite compound, and precisely similar results 
must force us to accept the definiteness of the liquids H3SO4SO3, 
H.JSO4H3O, and H2SO44H2O : in the case of each of them the 
liquid freezes as a whole, and without change of composition ; the 
temperature remains constant throughout the solidification, and 
any excess of either water or sulphuric anhydride which may have 
been added may be separated from the pure compound, which 
alone crystallizes from the mixture. Thus, in the instance taken, 
between the anhydride on the one hand and water on the other, 
we have four definite compounds, all existing in the liquid 
condition. ^ 

It docs not fiXlow, however, that every hydrate which exists 
in solution can necessarily be obtained in the solid condition ; 
probably no solution, even when it possesses the exact composition 
of some existing hydrate, consists of that hydrate only, but of a 
mixture of it with the products of its dissociation (though the 
amount of these may be very small) ; and whether the hydrate or 
one of these dissociation products crystallizes out on cooling 
must depend on the relative ease, with which Jfre bodies in. 
question assume the soKd condition ; when the hydrate does not 
crystallize easily we can hope to obtain evidence of its presence 
by indirect means only. 

MendeleefTs conclusions respecting the densities of solutions 
of sulphuric acid and alcohol/ mistaken though I believe they 
were, led to the discovery of the means whereby such evidence 
might be obtained. • « .... 

He stated that on plotting out the rate of change of the densities 
with the percentage composition of the solution (the first differ- 
ential coefficient) be got a series of straight lines, forming figum 
with well-mark^ breaks at points corresponding to definite 
molecular proportions ; but on plotting out the experimental 
points which he said formed these figures, it is impossible to see 
any justification for this statement ; in the case of sulphuric acid 
the points and MendeleefTs drawing of them have been given aide 
by side in the Trans. Chem. Soc,t 1890, p. 81, and in the case of 

^ Phyt* Ckem.^ i. p. 275; Chem. Soc. Trans., 1887, p. 778. 
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alcohol they will be found in the Zeit. f Fhys. Chem. VI. i. lOi 
Crompton then ^owed ^ from an examination of Kohlrausch’s 
values for the^ electric conductivity of sulphuric acid^olutidns 
that a second differentiation might in some cases be necessary 
before rectilineal figures with breaks in them were obtained. 
In my own work on various properties of solutions of the acid 
I have made free use of this process of differentiation, but I 
have combined it with, and now nearly entirely rely on, an 
examination of the original curves with the help of a bent ruler. 

In the Fhii, Mag.^ 1890, vol^ i. p. 430, will be found rough 
sketches of the figures representing tlic densities, contraction on 
formation, electric conductivity, expansion by heat, heat of 
dissolution, and heat capacity of the solutions, and in the Trans. 
Chem. Soc., 1890, p. 338, that representing the freezing-points. 
In some cases, such as the freezing-points of solutions near 
58 and 100 per cent, strength, a mere inpection of the figure 
enables us to locate the position of abrupt changes of curvature 
in general, however, the recognition of such Ganges is more 
difiBcult. On attempting to draw any of these figures with the 
help of a bent ruler it was found that the whole figure could 
only be. drawn in several sections, and it was also found that 
each section thus drawn consisted of a single curve of a parabolic 
nature, although a ruler, when bent by the pressure exerted by 
the two hands, by no means necessarily forms a parabola ; and 
moreover — and this is the most important part of the evidence — 
it was found that these figures, though differing so greatly in 
their general appearance, all split up into the same number of 
sections, indicating the existence of changes of curvature at the 
same points ; and, further still, these joints corresponded to 
solutions of definite molecular composition in all cases w^ere the 
ratio of the acid to th^ water was sufficiently large to render any 
such comparison possible ; the average difference between the 
composition indicated by the changes of curvature and that of 
definite Jyydrates was only 0'057H20. With weak solutions it 
is, of course, impossi^de to assert that the changes occur at definite 
molecular proportions, owing to the smallness of the change in 
percentage composition which would be caused by an additional 
molecule of water to each H2SO4 ; but the changes with these 
weak solutions are of precisely the same character as those with 
strong solutions, and, unless some strong evidence to the 
contrary be fc^lthcoming, we must attribute them to the same 
cause. 

To discuss fully the value of the evidence thus obtained would 
take me more hours than I can now afford minutes ; but I think 
that I may say that these results stand at present unquestioned 
and unconiroveried, and that unless they can be controverted 
we must accept the presence of hydrates in solution as having 
been proved. I may also add that my results with sulphuric 
acid solutions have been strengthened by obtaining analogous 
results with solutions of several other substances : that one of 
the hydrates indicated by them has been proved to exist by 
isolating it in the crystalline condition : and lastly, that a law 
governing the freezing-points of solutions has been formulated, 
according to which we can calculate within experimental error 
the freezing-point of any solution, whatever its strength may be, 
provided we acknowledge the existence of every hydrate which 
my work has indicated ; whereas, if we deny the existence of 
these, the freezing-points calculated according to this or any 
other law show such divergences from the found values that all 
semblance of agreement disappears. 1 am indeed labouring 
under no small disadvantage in attempting to support the hydrate 
theory when the greater paf t of the evidence existing in favour 
of itis as yet unpublished. 

Before proceeding to the second part of my suldect I wish to- 
draw attention to the great complexity of some of the hydrates 
which m3rwork has indicated, as well as to the fact that the 
indications of sudden changes arc nowhere more marked than they 
are with these very weak solutions. The changes, which are 
observed ki the heat of dissolution curve from 5 per cent, down- 
wards,^ afford a good illustration of this latter fact ; or, again, 
the freezing-points of weak solutions may be instanced/ wnere 
the rate of fall from o to 0*07 per cent, is a quarter as great 
again as it is from 0*07 to I'O per cent. tThe complexity of the 
hydrates indicated is so great that in the extreme ca^ they 
must be represented as containing several thousand H^O mole- 
cules, and the suggestion of such complexity will no doubt 
prejudice many agsunst my conclusions in general ; though oix 
what grounds I kno^f not, for we are entirely in ignorance at 

* Chem. Soc. Trans., x888, p. zx6. 
a /itW,, i 8 gop p. X07. 3 p. 343. 
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present as to the possible complexity of licpiid molecules. It is 
interesting to note that a similar complexity of molecular group- 
ing must be admitted if we accept Raoult's ordinal statement 
that OM molecule of any substance dissolved in 100 molecules 
of a solvent lowers the freezing-point of this latter by about 
o*’' 63 ; for, if this be so^ we must assign to the molecules of the 
various substances entered in the second column of Table I. the 
magnitude there indicated when they are dissolved in the solvent 
named in the first column, for it requires that proportion of 
these bodies to lower the freezii^-point of 100 molecules of the 
solvent by 0^*63 ; and, amongst these few instances which I 
have collected from my own determinations, we find molecular 
aggregates containing as many as 200 of the fundamental mole- 
cules, and even this number, I may mention, probably under- 
states the domplexity to a very considerable extent ; for the 
depression in this and some of the other cases had to be 
estimated from that observed with solutions containing as much 
as 10 gram molecular proportions to 100 of the solvent, and 
the molecular depression increased rapidly with the strength of 
the solution : lOOoH^O would probably be a low estimate of the 
complexity of the molecules of water when dissolved hi a large 
excess of the hexhydrate of calcium chloride, a complexity com- 
parable with that of the hydrates, which my other work has 
indicated, and that too in the case of that very substance which 
these hydrates contain — water. 


Table I. 


— Molecular Weights of Substances in Various 
Solvents,^ 


Solvent. 

^ iooH,S 04 HaO 
iooH,S044H20 
ioo(CaN6a)24H20 
lOoCaClafiHaO 


Dissolved substance producing 
o°* 63 depression. 2 

32H,0 

63H,S04 

8H,0 

i5H,S04 , 
9 oH ,0 

... 210H2O 

63 CaCl 2 


Now as to the question of how far the theory of osmotic 
pressure, and the results on which it is based, syre antagonistic 
to the hydrate theory : and let me first define clearly the position 
which I take in this matter. 1 do not for one moment call in 
question any of Raoult’s classical work, which is now so 
familiar to us, nor do I question that these results reveal the 
existence of a depression of the freezing-point which is ap- 
proximately and generally constant ; and 1 consequently admit 
that we can generally obtain an approximately correct value for 
the molecular weight of the substance by observing the depression 
which it causes ; nor, again, do I wish to question the correct- 
ness of the mathematical relationship which van’t Hoff and 
Arrhenius have shown to exist between osmotic pressure, the 
lowering of the freezing-point, and other properties, provided 
we accept the fundamental assumptions on which their calcula- 
tions are based — the truly gaseous nature of dissolved matter, 
and the dissociation of salts into their ions. But what I do 
question is that the facts of the case warrant such assumptions, 
and that the constancy and regularity of the results are so 
rigorous as to justify the conclusion that the solvent has no 
action on the dissolved substance, and that there are no irregu- 
laritief( such as would be caused the presence of hydrates. 

According to the osmotic pressure theory, the dissolved 
matter, so long, at any rate, as it is not present in greater 
quantity than it would be in the same volume of its gas, if it 
were gasified under normal conditions, is really in the gaseous 
condition, and obeys all those laws which apply to gascs. Accord- 
ing to the hydrate theory this will be but partially true, lliat 
the dissolved substance is in a condition comparable with that 
.of a gas, in so far as the separation of its own particlqs from each 
other is concerned, must be admitted — indeed, I arrived in- 
dependently at this same conclusion from a study of thermo- 
chemical data ; but inasmuch as there is present the solvent, 
which we believe is not an inactive medium, its molecules cannot 
have the same freeddm as if they were truly gaseous, and will, 
therefore, obey the laws of gases imperfectly only. 

It will be well to confine our attention to but one of those 
properties connected with osmotic pressure, and to select for 


< Other msunces of high molecular weights sOe mentioned by Brown an< 
Moms (Qiem. Soc, Timns., 1888), and Gladstone and Hibbeit (PAil. Afar. 
nS8^ vol» it. p* 38). 

F'm. WJetermined from the fireesing-points of very weak solution^. 
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that purpose the one which has been most fully investigated — 
the" lowering of the freezing-point of a solvent : and the tests 
which may be applied to assertain whether in producing this 
lowering the dissolved substance behaves as a perfect gas or not, 
may be grouped under three principal headings 

1. Is the molecular depression (i.e. that produced astalculated 
for one molecule dissolved in 100 molecules) constant, indepen- 
dent of the nature of the solvent ? 

2. Is it independent of the strenj^h of the solution, so long as 
this strength does not exceed the limits gas** strength) ateve 
mentionea ? (Boyle’s law.) 

3. Is it independent of the nature of the dissolved substance ? 
(Avogadro’s law.) 

In thci PAil. Maf^., 18^, vol. L p.'* 495, will be found 
instances of'^the variation in the molecular depression which 
maybe noticed by altering the solvent (see also Table I. above). 
With water in six different solvents it variod between i*’*072 and 
o'’*oo3 ; with ^^ulphuric acid in four different solvents, between 
2^*15 and o**‘oi ; with calcium chloride in two different solvents, 
from 2*’ 773 to o’* *01 ; and with calcium nitrate in two solvents, 
from 2^*5 to 0^*015 ; while many instances may be collected 
from Raoult’s data showing that the same substance which acts 
normally in one solvent may act abnormally (give only half the 
usual depression) in another. Such variations are so great — 
from too to 35,600 per cent. — that there can be no doubt but 
that the solvent is not that inert medium which the supporters 
of tpi physical theory would have it to be, but that it has a very 
great influence on the results obtained. It must be noted, 
however, thdt this objection, though applying to Raoult’s oririnal 
views, does not, or, at any rate, may not, apply to van’t Hoff’s 
theory, for according to this theory the nature of the solvent Aas 
an influence in determining the Iqwerii^ of the freezing-point, 

W, in van’t Hoff’s equation, At = ^ representing the heat 

of fusion of the solvent. But the lowering is according to this 
equation independent of the nature or the amount of the 
dissolved substance, so that the two following objections will 
apply to van’t Hoff’s theory as well as to Raoult’s statement 

Secondiv, as to the influence of the strength of the solution. 
It is remarkable that, although the osmotic pressure theory depends 
on the behaviour of solutions below a certain strength, no attempt 
whatever has been made by its supporters to obtain any data 
respecting such solutions. The data on which their views were 
founded referred to solutions considerably stronger than the 
requisite ”gas” strength, and though, no doubt, it was conve- 
nient to wonc with data which afforded a ready excuse for any 
awkard irregularities which might be met with, such data must 
lack the conclusiveness which is so eminently desirable.^ The 
few data which I have accumulated as to solutions of an *Mdeal” 
strength can leave no doubt that, even in their case, the 
depression is not a constant independent of the strength. 

A solution of sulphuric acid containing o '081*^804, lOoH^O 
would be of a strength comparable with the gas from the acid if 
it could be gasified at normal pressure and temperature, and the 
molecular depression should be constant for.all solutions below 
this strength : it should be represented by a horizontal line such 
as AB in Fig. i, whereas the observed deviations from constancy 
are very great, being represented by the lines marked H3SO4 ; 
and, moreover, these deviations are by no means regular, and 
cannot therefore be attributed to imperfect gasification ; they 
possess none of the characteristics of the deviations of gases from 
Boyle’s law. The determinations on which these results are 
based are ^cry numerous ; there are about sixty experimental 
points on the portion here shown, and the mean error of each 
point as determined in two different ways was only 0^*0005, 
a quantity represented by one-tenth of one of the divisions of 
the paper ; the deviations from regularity amount to thirteen 
times this quantity, and to as much as 16 per cint. of the total 
depression measured. 

^e other lines in Fig. K represent the deviations from 
regularity in the case of cucium chloride, calcium nitrate, and 
alcohol respectively, and these, though they are smaller than in 
the case or sulpharic acid, are far too great to be attributed to 
experimental error ; and the fact that they occur 'sometimes in 
one direction, sometimes in the other, precludes the possibility 
of attributing them to any constant source of error in the instru- 
ments used or in the method adopted. 

Re me mb e r i ng that these-are the only data which we have at 
present respeetmg very weak solutions, we must conclude that 
the hypothesis that such solutions exhibit perfect regularity is 
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wholly untenable ; and it must be specially noticed that one of 
thesubstMces showing these irregularities— alcohol—is a non- 
electrolyte, in which case the theory of dissociation into ions 
cannot be brought forward as an explanation of their existence. 

It IS important to observe that when we pass on to stronger 
solutions, where the actual magnitude of the deviations becomes 
so great that they would be revealed Jjy the roughest experi- 
ments— deviations of even 70**— and where, I believe, even the 


629* 

X - V 

supporters of the josmotic pressure theory would not hesitate to^ 
attribute them to.the disturbing influence of hydrates; these devia- • 
tions occur in precisely the same irregular manner as Ithey do in* 

^ the case of weak solutions, and must evidently be attribute to the 
same cause. The results with alcohol given in Fig. 2 illustrate 
these irregularities in a very striking manner. It must also be 
pointed out that, apart from the irregularity of these deviations, 
their very direction shows that they cannot be attributed to the 



Fig. I. — Deviation from regularity of the freeaing-peUnts of very weak solutions. 


dissolved particles being brought within the sphere of each 
other’s attraction, as in the case of the deviation of gases from 
Boyle’s law, for the result of this would be that their attraction 
on the particles of the solvent would be diminished, and the 
freezing*point of this latter would consequently be lowered to an 
abnormally small extent, whereas precisely the reverse is the 
case in nearly every instance at present investigated : the 
freezing-points of strong solutions are abnormally low. Various 


instances of this will be found in the Phil, Mag,^ 1890, vol. i. 
p. 500, that of sulphuric acid, which is illustrated here in Fig. 2, 
being by no means the most prominent ; while the case of 
alcohol, now for the first time displayed (Fig. 2), is the only 
exception which has, so far, been §met with, and that is an 
exception only in the case of excessively strong solutions. 

From the instances above mentioned some answer may be 
obtained to the third question — whether the molecular depression. 


Mols. (CaHeO)^ to 100H2O. 



is independent of the nature of Vie dissolved substance. The 
values obtained with these four substances, taking solutions of a 
strength corresponding to that of their gases, are : — 

Calcium chloride ... ••• ••• 

Calcium nitrate 

Sulphuric add ... 

a variation of 30 per cent., which must give an emphatic denial 
to the idea of absolute constancy ; and if we take instances from 
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Other substances, where the data available refer to solutions of 
somewhat greater strength, we find that the very substances on 
which the idea of constancy was originally founded show 
variations reaching 60 per cent. {Phil, Mag,^ 189 ^ vol. i. ^p. 
492), while in other cases, which I have quoted elsewhere (Joe, cii,^ 
p. 493),^ the variation attains the still larger dimensions of 260 
per cent. 

* The depression produ&d by HgO in 100H2SO4 h x®*o7 instead of o®’Qy 
as there ^vtn. 
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To every one, therefore, of the three test questions as <0 
constancy and regularity, the experimental results give an 
unhesitating negative. 

. In the instances quoted above the depressfon actually found, 
for alcohol has been doubled in order to simplify the comparison 
of it with the other substances. Alcohol belongs to that class 
of bodies which give just half the value in water that the 
majority do, and of which there are some instances in the case 
of every solvent yet examined. The explanations which the 
supporters of the chemical and physical theories give of these 
half values differ so radically from each other that it is hopeless 
to attemf>t to arrive at any agreeloent as to the nature of solution 
till thi? difference is settl^. The chemists say that these half 
values are in all cases the abnormal ones, just as Raoult did 
originally, and explain them by representing the molecules of 
the dissolved substances which give them to consist of two 
fundamental molecules. The physicists give exactly the same 
explanation in the case of every solvent except water, but in this 
case they say tllat the smaller values are the normal ones and 
the laiger the abnormal, the double magnitude of these being 
caused by the dissociation of the dissolved molecule into its fwo 
ions, whereby two molecules or acting units arc formed from 
every one originally added. 

If Raoult's views as to the constancy of the molecular 
depression can be maintained, the data themselves are conclusive 
against making this exception in the case of water ; for, since 
the substances which give the lower values are supposed to act 
normally, it is evident that, if the values given are in any way 
abnormal, this abnormality must be due to the solvent. Now 
the values certainly are abnormal ; they are about 1**03, whereas 
the normal value for 6ne molecule dissolved in 100 molecules of ^ 
other solvents is o**63, and the ‘^excess can, therefore, only be j 
explained by assuming that the molecules of water are more 
complex than those of other solvents in the proportion of 1*03 
to 0 63, or 14 to I ; in other words, the water molecules must 
be ijTl20. This view cannot be reconciled with tife atomic 
theory. 

Indeed the theory of dissociation into ions is altogether ^ 
unintelligible to the majority of chemists. It seems to he quite j 
irreconcilable with our ideas of the relative stability of various 
bodies, and with the principle of the conservation of energy. 
Of course we know that each ion when dissociatecLis not supposed 1 
to be permanently dissociated, but to be continually combining | 
with its neighbours and separating again from them as in every j 
other case of dissociation ; but at any particular moment a very 
large proportion of them is supposed to be free ; a proportion 
which, according to the very results under discussion, must be very 
nearly, if not quite, lOO per cent, of the whole ; and we have to 
settle whether it is probable or possible that a decomposition 
such as this could have been effected by introducing the com- 
pound into water. And how can we regard it probable that 
compounds of such stability and compounds formed with such a 
development of heat as sulphuric or hydrochloric acid should be 
thus entirely dissociated by water ; still less that these, and all 
the roost stable compounds which we know, should be thus 
demolished, while all the less stable ones — such as hydrocyanic, 
sulphurous, boric acids, 8cc. — remain intact? How can we 
admit that the more stable a body is, the more prone it is to be 
dissociated ? 

And if such a dissociation has occurred it must have been 
without any absorption of hear, and, consequently, energy 
must fctually have been created. Take one of the simplest 
instances, that of hydrochloric aokl. If anything at all is 
certain about atoms, it is that the atoms in an elementary 
molecule are united very firmly together, and (hat therefore 
in separating them a very large absorption of heat would 
occur. To separate 2HCI into 2H and 2CI would>absorb far 
more than the ^^000 cal. which we know are absorbed in 
separating 2HCI into H, and Cl,. Yet the supporters of the 
dissociation theory would have us believe that tni^ separation 
has actually taken place, not only without any al^rption of 
heat, but actually with a development of 34,630 cal. ; that is, 
that 44,000 + 34,630 4* X cal. have been created^ and that too 
through the intervention of the water, which 4 ias ex HypatheH 
no action whatever. ** 

Thie difficulty is realised by the supporters of the physical 
theory, but the way in which they meet it does not appear to me 
in an^ way to overcome it. To explain the non-absorption of 
^at in the dissociation of the salt, they^ suppose that a charge 
ov electricity combines with the titrated atoms, and, in doing 
^olves an amount of heat exactly equivalent to that ab« 
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sorbed iq the separation of the atoms from each other ; 
and a later development of the theory is, I believe, that the 
atoms, though separated, are still held together by means of 
L these charges, so that the net result is the supplanting of the 
chemical bond by an electrical bond of a precisely similar value. 
It appears to* me that nothing substantial is gained by such a 
substitution, and that its occurrence is not merely hypothetical 
but impossible. Whence come these electric charges, and by 
what agency are they brought into play ? On what grounds can 
it be maintained that a charge can combine with matter so as to ' 
evolve heat, and that the heat $0 liberated is always exactly 
equal to that absorbed in the decomposition of the compound ? 
If this equality exists, how can we account for the force which 
develops the one overcoming the equal force which develops the 
other ? and how, again, can we account fpr the heat developed 
in the act**of (dissolving ? If, on the other hand, the heat of the 
combination of these charges is supposed to be equivalent to the 
heat of combination of the atoms plus that of the heat of dis- 
solution, we are met by the objection tflat the latter is often 
negative, and f»iat, therefore, the heat of the combination of the 
charges must often be Jess than that of the combination of the 
atoms and i]jolecules, so that the lesser force must be regarded 
as overcoming the greater. 

That free ions exist in solution is supposed to have been 
proved by a recent observation of Ostwald's, to the effect that 
the ions may be separated and brought into different parts of 
the liquid by the proximity of a charged body. The separation 
of the«>ions is, of course, recognized by the subsequent lil>eration 
of hfrdrogen, oxygen, acid, alkali, &c., and it is certain that on 
allowing the^p to mix and combine heat will be developed, and 
the^salt solution re-formed ; and thus, by replacing and removing 
the charged body, it would evidently be possible to produce an 
unlimited amount of heat. Now, if the charged body has lost 
none of its charge, and if no mechanical energy has been ex- 
pended, this heat must have been produced out of nothing, 
and the whole ground- work of physical science must be false ; 
whereas, if energy in some form has been expended on the solu- 
tion, the experiment proves nothing, for there is nothing to show 
that this energy has not been utilized in bringing about the very 
dissociation the previous existence of which was in question. 

I have already shown that the experimental data prove the 
absence of that constancy and regularity which ought to exist 
according to the physical theory, and to place the hydrate theory 
on unassailable grounds it is only necessary to show that devia- 
tions from constancy and regularity are of a magnitude such as 
might reasonably be assigned to deviations due to the presence 
of hydrates. That variations of 260 and 36,000 per cent, in the 
value of the depression — such as are observed by altering the 
dissolved substance or the solvent respectively — are amply 
sufficient to satisfy the most exalted views of the influence of 
chemical attraction, requires, 1 think, no demonstration, and we 
may therefore content our-elves with examining the deviations 
observed when the proportions of the solvent are altered — such 
deviations as are illustrated in Fig. i. 

It cannot be maintained that the energy of the chemical 
combination of, say, water with sulphuric acid., is the only reason 
why the temperature of the mixture of the two* must be cooled 
below o* before any of the latter will crystallize out; some 
lowering of the freezing-point will be caused by the mere 
interposition of the foreign molecules of sulphuric acid be- 
tween those of the water, and on certain grounds, which I 
have explained elsewhere,^ I estimate this mechanical lowering, 
as I term it, at 0**56 for each dissolved molecule to 100 of the 
solvent (a«nsolccule of solvent water ^being 3H2O), a value 
which, it may be noted, is not far removed from Raoult's 
experimental value of 0**63. There is also another source of 
lowering depending mainly on the beat capacities of the sub- 
stances concerned, which 1 term for convenience the physical 
lowering ; but its value, in the* case of weak iolutions, is very 
small, and I need, therefore, say no more about it here. Both 
these lowering causes would e/ist whether there 'were hvdrates 
present or not ; but if these were present we should get a 
further depression due to their existence. Any given hydrate 
would have to be decomposed into the next lower one before it 
could give up any water for ciystallization, and a certain amount 
of resistance would thus be offered to this crystallization, to 
overcome which the solution would have to ibe further cooled. 

* On the view that hydrates exist in solution,' there is n difficulty, as I have 
shown elsewhere, in explaining the absorption of heat during dissolutiou, 
without violating the principle of the conservation of energy* 

^ Proc. Cbem. Soc., 1^89, p. 249. 
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f cooling may be estimated in the following way : 
Supposing the solution to be a mixture, and to be cooled below 
Its normal freezing-point, then, on solidification, the temperatifte 
would me to this point, but if this solidification involved a 
chemical decomposition which absorbed x cal,, the rise «tf 
temperature would be thereby reduced, the reduction thus 
caus^ amounUng to a: the heat capacity of the solution. As 
the heat absorbed in the decomposition %f the various hydrates 
of sulphuric acid is known, we can calculate the lowering pro- 
duced by their presence. * 

Table W.— Freezing-Points of Solutions of Sulphuric Acid. 


I. 

Per cent. 
H0SO4. 


0*068 

0*362 

I '06 

4'oa 

8*59 

i8*49 

29*53 


Calculated. 


II. 

in. 

IV. 

V. 

IV. 

Found 
F. p. 


Mech. 

Phys. 

Chem. 

Total. 

Calc. 

0*0209 





Per 

cent. 

0*0 

0*01 10 

0-0347 1 

0*0354 

0*37 

o‘tit4 

0*0004 

0*0248 

0*1508 1 

0*1582 

. 

! 3 54 

0*3275 

0*0044 

0*0589 


0*4272 

1*285 

0*071 

0*077 

T ‘59 

! 8*40 

2*879 

o*j88 

1 0189 

3 * 8 * 5 ^ 

3*80 

; 18*17 

6 ‘96 

3*23 

! »'59 

1 ir 78 

11*83 

' 29*7 

12 85 

18*82 i 

1 

3 ' 5 " 

34*17 

34 00 

37 5 * 


Next hydrate. 


VIII. 

Found 

Per 
cent. 
0*36 
I *06 
! 402 

; 1-59 

! i8‘49 

I 29 *5 

: 37*7 


In Cols. II,, III., and IV,, I have given the depressior^due 
to the three above-mentioned causes in the case of certain sdfii- 
tions, Col. V. containing their sum ; and it will be Seen wha^a 
small {proportion of this total lowering can be attributed to 
purely chemical causes. With most solutions it does not exceed 
10 per cent, of the total, and with weak solutions, such as are 
generally used in freezing-pf^int determinations— *say 5 per 
cent. — it amounts to considerably less than o°*i ; this, loo, in 
the case of sulphuric acid, where the heat of formation of the 
higher hydrates is greater than with any other known substance. 

The reason, therefore, why the deviations from constancy are 
so small as to have escaped detection hitherto, and the reason 
why solutions behave almost as if their chemical nature was 
non-existent, becomes apparent ; but this near approach to 
constancy and regularity, instead of proving the correctness of 
the physical theory and giving a death-blow to the chemical 
theory, is really one of the strongest arguments which can be 
adduced in favour of the latter. If the hydrate theory is right, 
the influence of hydrates must often be nearly inappreciable. 

But it is not only a general concordance between the found 
and calculated magnitude of the irregularities which the hydrate 
theory is capable of affording, but a concordance so exact that 
the precise value of the deviation at any point may be calcu- 
lated. In Col. VI. of Table II. are given the observed 
freezing-points of the solutions, and these show an average 
difference of but 0®‘004 for the three weaker solutions, and o'* ’06 
for the four stronger solutions, from those calculated (Col. V.). 
The last two columns exhibit this concordance in a different 
manner ; from the observed freezing-point we can calculate the 
composition of the fiydrates which must exist in the solution 
(Col VII.), and thej^e are found to agree so fully with those 
indicated by the examination of the curved figures representing 
various properties of the solution (Col. VIII.) that the maximuin 
difference between the two is only 0*48 in the percentage of 

acid present. .... » j • r 

When we can by simple calculations, based on one series of 

determinations, prove that the hydrates in solution .past be the 
same as those which totally independent experiments have M 
us to suppose, we have, I thinlc, arrived at proof as nearly 
absolute as it is possible to conceive ; and, if 1 have succeeded 
in Slowing that tliis proof may be accepted without in any way 
Siectim- At factsen which the advocates of the osmotic pressure 
theorv rely— approximate constancy, approximate regularity, and 
ipprScimL sfmilarity betyeen dissolved and g^wus matter-I 
ehTii fcel that I have done far better work than the mere 
Stablishment of the hydrate theory, by pointing out a possible 
Vivendi for both theories almost in their entirety, and by 
Koing to break down that wall of separation between physicists 

and chemists which is fijist crumbling into dust. 

ana cne Spencer Umfreville Pickering. 
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A TEACHING UNIVERSITY FOR LONDON. 

• • 

^H£ following letter has been addressed to the Lord iPresident 
• ^ of the Privy Council : — ^ 

My Lord, — We, the undersigned, the President of University 
College, London, and the Principal of King’s College, London,, 
beg leave to address your Lordship in reference to the joint peti- 
tion from the Councils of our two Colleges for the incorporation 
of a Teaching University in London, which has for some time 
been before the Privy Council. Your Lordship had the good- 
ness to receive a deputation from^the Councils of our tufo Col- 
leges in July 1889 ; and your Lordship then intimated jour 
judgment that the University of London should be allowed a 
reasonable time in which to propose a new charter in accordance 
with the recommendations of the Royal Commission on the 
Question of a Teaching University in London. In obedience to 
tnis intimation from your Lordship, our Councils have, at the 
request of the Senate, entered into negotiation with them, and 
have consented, subject to the satisfactory settlement of some 
points affecting the Faculties of I^aw and Medicine, to a scheme 
for our union with the University, embodying a separate system 
of graduation for our students in the Faculties of Arts and 
•Science. We desire that power .should be reserved in certain 
events to make similar arrangements in regard to the Faculty of 
Law. With respect to medicine, the Senate have stipulated 
that they should be at liberty to make different arrangements, 
separately from our Colleges ; and in the absence of opportunities 
for conference with the other institutions specially interested in 
this Faculty, we have not thought fit on this ground to break oft 
the negotiations ; but we reserve power to feconsider our posi- 
tion, if arrangements are conteiApfhted by which it wouM be 
seriously affected. We claim, further, as essential to the effi- 
ciency of our teaching in science, that our medical students, for 
the purpose of their examination in pure science, known as the 
^'Trelimirmry Scientific Examination,” shall be considered as 
belonging to the Faculty of Science on the teaching side of the 
University, and not to a separate Faculty of Medicine. 

Having been informed that urgent protests are raised by Uni- 
versity Colleges in the country, particularly at Birmingham, 
against influence being given to London Colleges in the Senate 
while they are ei^cluded, we beg to remind your Lordship that 
the amalgamation of the proposed Teaching University for 
London with the existing University was not our proposal, but 
has been, thus far, accepted by us in deference to the principal 
Report of the Royal Commissioners. We consider that, if this 
amalgamation is effected, we are entitled to a representation on 
the governing body of the reconstituted University proportionate 
to our concern in University teaching for London, considered as 
one of its two spheres of work ; and that the nature of the case 
does not admit of a similar effective representation of institutions 
elsewhere. If this reconstitution of the existing University 
should be found, by reason of such opposition, or for any other 
reason, impracticable, we desire to be replaced in our original 
position, as petitioners for the establishment in London of a 
Teaching University upon the lines of our petition presented in 
1887, and of the draft charter thereto appended, to which, in 
that case, we still respectfully adhere. 

We have the honour to remain, your Lordship’s obedient 
humble servants, 

John Eric Erichsen, 

President of University College, Londosi. 
Henry Wage,# 

Principal of King’s College, London. 


UNfl^ERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — The election of a Professor of Mechanism and 
Applied Mechanics, in succession to Prof. James Stuart, will 
take place on November I2. The names and testimonials of 
candidates are to be sent to the Vice-Chancellor by Saturday, 
November 8. TMte electors are the Vice-flhancellor, Mr. W. 
Airy, Dr. Besant, Sir F. J. Bramwell, Dr. Cayley, Mr. H. 
Darwin, Mr. Martin, Dr. Phear, and Lord Rayleigh, T'he 
stipend is ;^7oo. The Senate has approved a new scheme for 
the management of the department, under which the Professor 
is directly responsible fo^the carrying on of the workshops. 

Mr. Chaplin, the President of the Board of T/ade, has pro*- 
posed to the. Chancellor that the University should undertake 



632 


NATURE 


[October 23, 1890 


the systematic education of students of agriculture.^ The 
' question of funds stands in the way, but a syndicate is to be 
appointed to consider the question, and it* is hoped that by a 
subvention from the County Councils, or by private benefaction, 
means may be found for the formation of an agricultural 
department. 

Mr. Wynter Blyth and Dr. Ransome have been appointed 
additional examiners in Sanitary Science. Between fifty and 
sixty candidates presented themselves for examination, of whom 
about forty satisned the examiners, and have received the Uni- 
versity diploma in Public Health. 

Mr. J. G. Adami, of Christ’s College, has been elected to the 
John' Lucas Walker Studentship in Pathology, in succession to 
Dr. William Hunter, of St. John’s College. 

Mr. £. JLloyd Jones has been appointed Demonstrator of 
Pathology in succession to Mr. Adami, resigned. 

Mr. L. R. Wilbcrforce, of Trinity College, has been ap- 
pointed Deironstrator of Physics, in succession to Mr. F. 
Newall, resigned. 

The honorary d^ee of M.A. has been conferred on Dr. 
Joseph Griffiths, Assistant to the Professor of Surgery, and 
Pathologist to Addenbrooke’s Hospital. 

Dr. Donald MacAlister, of St. John’s College, has been, 
appointed Assessor to the Regius Professor of Physic. 

The following have been nominated as Examiners in Natural 
Science: — Physics: Prof. Carey Foster, F.R.S., and R. T. 
Glazebrook, F.R.S. Element^ Physics: Prof. J. J. Thom- 
son, F.R.S., and L. R. Wilberforce. Chemistry: Prof. 
Liveing, F.R.S., and Prof. Emerson Reynolds, F.R.S. Ele- 
mentary Chemistry 9: M. M. Pattison Muir and Dr. Ruhemann. 
Geolcgy: Prof. A. H. Gre:^, F.R.S., and J. E. Marr. 
Botany : Prof. D. H. Scott and Prof. J. R. Green. Zoology : 
Prof. Ray Lankester, F.R.S., and A. E. Shipley. Elementary 
Biology: Prof. Marshall Ward, F.R.S., and A. Sedgwick, 
F.R.S. Anatomy: Prof, Macalister, F.R.S., ^nd Prof. 
Windle. Physiology : L. £. Shore and C. S. Sherrington. 
Pharmaceutical Chemistry : H. Robinson and E. H. Acton. 


SOCIETIES AND ACADEMIES. 

Paris. ’ 

Academy of Sciences, October 13. — M. Hermite in the 
chair. — M. Tisserand presented the second volume of his 

Traill de Mecanique Celeste,” and noted that it deals prin- 
cipally with two subjects — viz. the figure of celestial bodies, and 
their movement of rotation. — Presentation of the fifth volume 
of the ** Bulletin du Comite international de la Carte du Ciel ” ; 
state of progress of preliminary works, by Admiral Mouchez.— 
On a photograph of the Ring Nebula in Lyra, obtained at 
Algiers Observatory, by the same author. — On a photograph 
obtained with a nine hours’ exposure at Toulouse Observatory, 
by M. B. Baillaud. (For the three above communications, see 
Our Astronomical Column.) — Observation of D'Arrest’s comet 
(rediscovered by Mr. Barnard on October 6, 1890) made at Paris 
Observatory with the West Tower equatorial, by M. G. Bigour- 
dan. The observation for position was made on October 10. — 
On the linear equations from partial derivatives, by M. A. Petot. 
— Vibrations of a platinum wire rendered incandescent by an 
electric current, under the influence of successive interruptions 
of tkis current, by M. T. Argyropoulos. The author has 
stretched horizontally a platinunw wire, 070 metre long and 
less than a millimetre in diameter, and has raised it almost 
to white heat by means of an electric current. By inserting » 
commutator in the circuit, the wire immediately vibrated, and 
tecame subdivided into a series of waves having ^well-marked 
ventral s^ments and nodes. The number of s^ments was 
augmented by very slowly decreasing the tension of the wire. 
On increasing the tension the number was diminished until the 
incandescent wire vibrated transversely with a lAngle ventral 
segment at the middle. — Combinations of cyanide of mercury 
with lithium salts, by M. Raoul Varet. The following com- 
pounds have been prepared : (1) an iodocyanide of mercuiy and 
lithium, having the compositimt^HgCyt, aLiCy, Hgl^, 7H9O ; 
{2) a^romocyanide of the same metals, for which the formula 
zHgCy^, zLiBr, yH^O is given ; (3) a chlorocyanide of mercury 
and lithium, of doubtful composition. -—Researches as to the best 
conditions for the preparation of mono-i{obutylamine in quantity, 
by M.' H. Mal|pot. — On a general process for the mthesii of 
jS-ketonic ethers and nitriles, by M. L. Bouveault. The aut^r 
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gives the most general method for the formation of /3-ketonic 
nitriles, and shows that these bodies may readily be transformed 
info the corresponding ethers. The method is given in 
sufficient detail, and several examples of its application 
shown. — Upon the presence and the disposition of trehalose 
in mushrooms, by M. Em. Bourquelot. — On the lateral nerve 
of Cyclopteridse, by M. Frederic Guitel. — Physiological re- 
searcnes on floral envelopes, by M. Georges Curtel. It is con- 
cluded that (i) the flower possesses energetic respiratory and trans- 
piratory functions, superior in general to those of the leaf of 
the same plant ; (2) the assimilation is generally feeble, and 
cloaked or much diminished by the very intense respiration ; (3) 
the volumetric proportion of carbon dioxide emitted to oxygen 
absorbed is always small, and less than unity. — On the porphy- 
ritic eruptions of Jersey, by M. A. de Lapparent. 

I Sydney. 

Royal Society of New South V^ales, August 6. — Dr. 
Leibius, Pr^ident, in the chair. — Seven new members were 
elected. — A letter was read from the Committee appointed by 
the Victorian branch of the Royal Geoj^raphical Society of Aus- 
tralasia anti the Royal Society of Victona conjointly, inviting the 
co-op>eration of the Royal Society of New South Wales in 
carrying out the proposed Swedish-Australian expedition to 
the Antarctic Regions, and stating that Barons Nordenskiold 
and Oscar Dickson had promised to defray half the cost of the 
exp^ition, providing an equal amount (;£*Sooo) was raised in 
thjf colonies. — The following papers were read : — On the theory 
01 repetition measures of angles with theodolites, by , G. H. 
Kaibbs. — Record of hitherto undescribed plants from Amheim’s 
Land (part ii.), by Baron Ferd. von Mueller, K.C.M.G., F.R.S. 
— On the Australian aborigines, varieties of food and methods 
of obtaining it, by W. T. Wyndham. — On some photographs of 
the Milky Way, recently taken a^ the Sydney Observatory, by 
H. C. Russell, F.R.S. 

Septembet3. — Dr. Leibius, President, in the chair. — The fol- 
lowing papers were read : — Record of hitherto undescribed plants 
from Amheim’s Land (part iii.), by Baron Ferd. von Mueller. 
— On the application of the results of testing Australian timbers 
to the design and construction of timber structures, by Prof. 
Warren. — Exhibits : Enlargement of photograph of a negative 
of Fresnel's interference bands, for lecture purposes, by Prof. 
ThrelfaJl ; Edison’s latest perfected phonograph, by C. L. 
Garland. 
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SEE BOH M'S BIRDS OF JAPAN” 

The Birds of the Japanese Empire., By Henry Seebohm. 

Pp. i -xxiv., 1-386. (London : R. W. Porter, 1890.) 
\/T R. SEEBOHM'S work on the ornithology of Japan 
is sure to be welcome to naturalists, as it is 
always useful to have the avifauna of any country or 
group of islands monographed and historically brought 
up to date. In his* latest work Mr. Seebohm h^s incor- 
porated all the re.sults obtained by recent Ixplorers in 
Japan, and we hav^ now a very fair idea of the birds of 
this portion of Eastern Asia. The map \^ich accom- 
panies the volume also helps to a better understanding of 
the relations of Japanese ornithology with tl^sc of the 
adjacent countries. Mr. Seebohm has further made use 
of the present work to amplify and expound his recently- 
published “Classification of Birds,” so that tlie work 
contains his latest views on this important subject. In 
his original work he gave two schemes of arrangeihent, 
giving a preference to the second or “ alternative ” one. 
He appears now to have changed his mind, and to hdve 
reverted to his original idea (“ Classif. B.,” p. vii.), with this 
important modification, that he now places his Coraceii- 
formes after his Pico-Passeres, ending with IVIimogypes 
(American Turkey Vultures), which lead from the Ground 
ilornbills {Bucorax), and are followed by the Sub-class 
Falconiformes. There is no doubt that this is a great 
gain in idea, and we are glad to see that Mr. Seebohm is 
modifying his first notion, that it is absolutely advisable 
to reduce the orders of birds to a small number of' Sub- 
Classes. We are of opinion that a still further increase 
in the number of Orders will have to take place before 
the scheme works to the satisfaction of ornithologists. 

The exigencies of arranging the Passerine Birds in the 
present work, or at least the bulk of the Palscarctic 
genera, have obliged Mr. Seebohm to declare himself on 
the subject of their classification, and this is his 
declaration : — “ With some slight modifications, I have 
adopted that defined by Mr. Oates (‘ Fauna of British 
India: Birds,’ i., p. 8), which seems to me to be a distinct 
advance upon previous arrangements.” Mr. Seebohm is 
under a misap'i)rehension here, unless we allow that his 
“ slight modifications ” are intended to entirely subvert 
Mr. Oates’s arrangement by turning it topsy-turvy— a new 
method of appreciation. The latter gentleman begins 
with the Corvidee, Mr. Seebohm with the Turdina, 
not one of Mr. Oates’s families being allowed /ull rank, 
but all of them rfilegated to the position of Sub- 
families in the family Passeridee ! The Crateropodina (a 
bad substitute for the Timeliidce {ince) follow the Turdida 
in Seebohm’s arrangement, whereas in Oates’s classifica- 
tion they come after the Paridasy which are by him con- 
sidered to be a sub-family of Jthe Corvidee. Oates’s Syl~ 
viidee are separated from his Timaline birds by whole 
families of Certhiidee, SittideCy and Regulidegy while in the 
Seebohmian* arrangement the SylviineefoWo'tr the Cratero' 
poeUneXy and are in turn followed by the Parinexy which 
contains Gold-crests ( Fam. Regulidex of Oates), Tits 
(•m Sub-fam. PaHnee of Oates), Wrens and Creepers 
(a* Fam. Certhiidex of Oates), as well as the Nuthatches 
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(=* Fam. Sittidee of Oates). The Laniidex and Stumidex 
are the only fitmiires which are similarly located by both' 
authors, and in ’our humble opinion both of them are 
wrong. If Mr.' Seebohm should ever honour us by*foUow- 
ing any classification of ours in the way in which he has 
followed that of Mr. Oates, with slight modifications y we 
can only beg to be protected from our friends ! 

The present work commences with a useful table of the 
literature relating to the avifauna of Japan, to which may 
be added a paper by Salvadori and Giglioli, “ Uccelli 
raccolti durante il Viaggio della Corvetta Vettor Pisaniy 
&c.,” where there are some useful notes on tjie Scoters 
{(Edemia) and other birds. It seems to us a great pity 
that, having looked up all his books with so much 
assiduity, Mr. Seebohm did' not think it t^orth while to 
publish a full list of references to Japanese birds, which 
would have been most useful, and is even necessary in a 
work of ‘this kind. The chapter on the “ Geographical 
Distribution of Japanese Birds” is very interesting, and 
the subject is worked out with all Mr. Seebohm’s 
accustomed energy and speculativeness, aided by full 
statistics. 

In the third portion of the work, the “ Classification 
and Identification of Japanese Birds,’*the reader will find 
a great deal more than the ^?re title denotes, for,^s we 
have hinted before, the author has seized the opportunity 
of amplifying all his previous work on the classification of 
lairds, s(f that this portion of the book is of the highest 
interest to ornithologists of every country. We find, 
however, that some of the woodcuts are not explained in 
the text, and are apparently added as make-weights to 
the diagnostic characters of the orders, but the reason 
for so doing dbes not seem very clear. 

Apart from the omission of the name of the Natural 
History Museum (Preface, p. iii.) from the list of four- 
fold obligations which are considered to be due to other 
Museums of Europe and America, a very uncompli- 
mentary allusion to the work of the present Writer occurs 
on p. 1 13, under the heading of Motacilla japonica. We 
have no intention of following Mr. Seebohm in his 
reasoning with regard to this species. He devotes 
nearly a page to show into what confusion (partly through 
his own fault, as he admits) these black-backed Wagtails 
of Japan had fallen, and then he claims to have fixed, in 
1884, that Swinhoe’s name of japonicay bestowed in 1863, 
must be restricted to the larger form which we re-named 
M. grandiSy “a useless synonym,” as Mr. Seebohm is 
kind enough to call it. Nevertheless, we can ^sure 
Mr. Seebohm that if Swinhoe intended to give his name 
of japonica to one of the black- backed Wagftails of Japan, 
it was to the small one and not to the large one, that he 
meant it tg apply, as a specimen in the British Museum 
labelled in his own handwriting shows I Swinhoe’s name, 
therefore, is a synonym of M. lugenSy and neither Mr. 
Seebohm mor any one else can “ fix ” the name of 
japonica for the large species. So far from being a 
“useless synonym,” the name of M. grandis is the only 
one which can*i>roperly be applied toithe latter, and even 
if Mr. Seebohm’s argument had been correct, his manner 
of criticism is needlessly disagreeable. 

In a work like the present, which is nothing if not 
exhaustive, it is surprising that we can find no reference 
to Garrulus Udthi and Accentor fervidus. * The only evi- 
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■ dence to hand at present is that the former bird inhabits 
the mountains of the interior of Japan, whilst the Accentor 
may be only A. rubidus, but .it is at least /well to say so. 
Then again the recent work of Mr. Ogilvie-Grant on 
Platalea and Turnix was worth a little consideration. 
The nomenclature proposed for the latter genus is not 
adopted, and in spite of the large series of measure- 
ments given by Mr. Grant t j show that the Eastern race 
of the common Spoonbill has a longer bill than the 
Western race, Mr. Secbohm states that he has been 
“ unable to find the slightest evidence of the truth of this 
statement*,” a mode of criticism more forcible than exact. 
We might also ask the author why he persists in calling 
the Woodcoik, Scolopax rusticola instead of .S', rusticula^ 
and the Wild Duck, Anas boschas instead of A. boscasf 
Also why does he misspell Linnceus’s name througfiout 
the work ? Mr. Seebohm has, however, his own'ideas as 
to the fitness of things, and he is in many respects too* 
ultra-conservative for us to hope that our criticism will 
move him. Otherwise we might ask what is the use of 
Eurhinorhynchus having its spoon-shaped bill, if it is to 
be merged in the genus Tringa f Again, to merge so 
many species und^r the genus Picus, and again under 
Fringilla, which most of us consider to belong to re- 
cognizable genera, tends to fog and confuse the ideas of 
geographical distribution, and by no means simplifies the 
study, as Mr. Seebohm would have us believe. , 

We may add that the work is illustrated by figures 
from the author’s work on the Charadoiida, but a large 
number of new cuts are added, which increase the utility 
of the diagnoses in the classificatory part of the work. 

R. BovvDi^f:R Sharpe. 

JEANS’S WATERWAYS AND WATER 
TRANSPORT.” 

Waterways and Water Transport. By J. Stephen 
Jeans, M.R.I., F.S.S. (London and New York: E. 
and F. N. Spon, 1890.) 

T his volume is intended to give a description of the 
waterways of the world and water transport, and 
more particularly means of transport by artificial water- 
ways. Under the heading of “ The Transportation Pro- 
blem,” the author deals with the vast improvements made 
during recent years in roads, both ordinary and rail, and 
with the great advancement of trade caused by better 
means of transport during the last hundred years. He shows 
that^although canals may be considered as belonging to 
a bygone day, they are now coming again into prominence 
as a cheap means of transport, and that jprobably they 
will in many cases be made the nucleus of a new and 
better system, under which the great inland towns of 
Lancashire, Staffordshire, and Yorkshire may practi- 
cally become maritime places. Chapters iy, iii., and 
iv. deal with the English river and canal system, and 
the waterways of Scotland and Ireland, giving an 
historical account^ and showing how laost of them in 
manjr ways have grown and improved. Readers of this 
volume will be surprised no doubt at the network of 
canals in this country: one is accustomed to think of 
railways as the only means of transport, and to forget the 
really l^rge traffic carried by canals in many counties- 
The author tells us of the many continuous lines of water 
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communication between different commercial centres of 
importance in England, and points out how often it 
happens that the through routes are rendered useless for 
really largd boats, owing to the locks being shorter or 
narrower on one section than on another — thus allowing 
the smallest lock to be the gauge of the boat— down to the 
very low maximum of twenty- four tons on the canal 
system between the Derbyshire district and London. 

On projected canals the author has much of course to 
say. The Manchester Ship Canal, which has attracted 
so much attention, no doubt has be^n the cause of many 
similar ^r(^ects. The Forth and Clyde.Canal is designed 
to enable vessels of considerable tonnage to pass from 
sea to sea, the present waterway being too contracted 
to be of mtfch use. The Sheffield and Goole Canal is 
projected to form an improvement on the present navi- 
gation, tft enable barges carrying 700 tons, and small 
sea-going steamers carrying 300 to 400 tons, to come to 
Sheffield for cargoes, and to serve the South Yorkshire 
collieries. The proposed waterways from Birmingham to 
the^ea are mow being considered in that district. In 
she>rt, the present tendency seems to be to bring the ship 
to, the manufactory, and thus save the railway charges to 
the coast for the carriage of the manufactured article. 

The book is divided into three sections, the first of 
which concludes with a good Retailed description of the 
waterways of different countries. Holland, the land of 
dykes and ditches, appears to have a splendid system of 
w;iter communication, and the United States has re- 
ceived ample notice at the hands of the author. The 
waterways of British India are described, and the 
question of canals versus railways in that country is 
discussed. The author says that “ Sir Arthur Cotton has 
even advocated the summary and indefinite suspension 
of nearly all railway schemes and works, in order that the 
attention of the Government might be concentrated upon 
canals, mainly for irrigation, but also adapted for purposes 
of navigation.” This is all very well from the canal point 
of view, but it would be interesting to calculate the 
capacity of canals capable of contending with the 
present traffic on the railways, excluding any military 
questions from the subject ; and in case of the famine 
railways, i.e. railways built to distribute food as a 
primary reason for their existence, and tyhere quickness 
of delivery becomes the all-important consideration, the 
comparison becomes absurd. Much important work has, 
however, been done in India by an extensive system of 
artificial waterways serving the dual purpose of irriga- 
tion and navigation, and by careful superintendence the 
country 19 > greatly improved and cjpriched by their use. 

Section II. of the volume treats of the important 
subject of ship canals. The greatest artificial waterway 
constructed up to the present time has been the Suez Canal, 
and this monument of engineering skillls very properly 
dealt with first in this section. It is interesting to note ^ 
that some of the earliest chnals recorded were constructed 
between Suez and the N ile, and these were for some reason 
allowed to fall into decay. The author gives an excellent 
account of the construction of the Suez Canal; the 
political and monetary difficulties encountered by M. de 
Lesseps in the early days of the company are explained ; 
and the ultimate completion and enormous growth of * 
traffic through the cattal are well described. On* p. 208, we 
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are told that “ vessels of nearly 200 feet in rvidth propel 
themselves through the canal.” This must be a mispsint. 

Of the Panama Canal we find a good descriptive « 
account. The many early surveys made tp locate the 
best course for such a project are described, and it is 
interesting to note that as early «as the year 1588 the 
proposal to construct such a canal is recorded. The 
floating of the original company, the commencement * of 
the works, and the ultimate complete failure of these 
works, are well described by the author. Everything 
appears to have happened to seriously hamper the work 
■on every side : political strife on the isthmus delayed the 
work ; an act of incendiarism destroyed a* number of 
buildings erected foj;- the purpose of the canal ; and the 
■ heavy mortality among the employes obtained an un- 
enviable notoriety, and rendered the supply of good men 
uncertain. Bad as these events proved, the ^pal reason 
for the ultimate failure of this undertaking must ever be , 
ascribed to the insufficient data obtained of the country 
and of its geological formation by the company’s en- 
gineers ; the original estimates have proved to be 
understated and entirely wrong, and the many engindfey ng 
difficulties must have been practically overloolced. 

The Report of the Special Commission appointed in 1S89 
to inquire into the affairs of the company was published 
in May, and describes jn detail the position of the 
undertaking. It is estimated that some 30 millions will 
be required to finish it, so that its ultimate construction 
does not appear very probable. 

The projected Nicaraguan Canal, a purely American 
project, is also described. The author says : — “ The dis- 
tance from ocean to ocean by the route that has recently 
received the approval of the United States Government, 
and is now in course of apparent realization, is i69'8 
miles. Of actual canal there will be 40-3 miles, the 
remaining I29‘5 miles being free navigation through 
Lake Nicaragua, the Rio San Juan, and the valley of the 
Rio San Francisco.” 

Chapter xxiii. brings us home again, and deals with the 
Manchester Ship Canal, a monument of engineering now 
fast reaching completion. From the excellent description 
given of these works the reader will obtain a good idea of 
the undertaking generally. 

Chapter xxiv. commences Section III., and deals with 
the transport problem with special reference to railways 
and canals. The question of railways versus canals is 
here discussed, and the steady decline of canal navigation 
from the date of the commencement of railway compe- 
tition is pointed out. The author says that at that time, 

“ one by one, canals dropped out of the race,.and were 
bought up by the railway companies, either with a view 
to getting rid of competition, and so securing absolute 
control over the traffic, or in order to make way for new 
railway lines.”* Curiously enough, the Engineer of the 
3rd inst., in a leading article on this subject, illustrates 
the above quotation by a reference to the Sheffield Canal, 
which has been allowed by the present owners— the 
Manchester, Sheffield, and Lincolnshire Railway Com- 
pany— to silt up and become nearly useless. 

The railways in this and other countries are getting 
to be considered gross monopolies, and the improve- 
ments in the canal navigations are being looked upon 
ns a means of relief. The Manchester Ship Canal 
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is the firstfruits of this feeling on the part of traders 
and manufacAurei’s, and other ship canals .are being' 
talked of. ' . 

On the cornparative cost^of water and land transport 
the author has much to sa^ In discussing the relative 
cost of carriage in the States and in this country, we 
must not forget that the capital charges per mile on open 
lines in this country cannot fairly be compared with those 
in the States, for the reason that the land was in 'the first 
instance bought from landowners anxious to obtain the 
largest sum ; the average station buildings and fixed 
plant are of a far more expensive description ; and the 
kind of traffic carried is of a different type. 

The railways in the United States appea^ to be able to 
carry goods at a remarkably low rate, no doubt severe 
competition for the traffic being the reason ; at the same 
time, excluding capital charges and the like, the amount of 
coal burnt per ton mile in this country is far below that 
used by the American locomotives. 

If traffic is to be moved from town to town at the 
cheapest rate, it is necessary that it shall be moved in 
large masses, or trains. It is on this account that the 
American traffic can be transported by railway cheaper 
than in this country; were it possible in England to 
obtain a steady through tfai^c in any large voluifie, the 
weight of trains hauled would certainly increase, and the 
rates wouldf probably drop in proportion. Canals, when 
properly* managed and with proper appliances, ought to 
carry heavy traffic with the same regularity as the rail- 
ways ; but as long as they are controlled by the railway 
companies, they are, in the nature of things, bound to 
decay and become a secondary means of transport. 

The author 6xplains in chapter xxviii. various mechanical 
means of haulage in vogue at the present time, and then 
goes on to deal with locks, planes, sluice-gates, and the 
like. The volume concludes with a chapter on the 
acquisition by the State of the waterways. The subject 
is handled in a masterly manner. In this book we have 
a large amount of information put together in a read- 
able form, and no doubt it will prove very useful to those 
interested in a very important subject. N. J. L. 


SANITY AND INSANITY. 

Sanity and Insanity. By Charles Mercier, M.B., Lecturer 
on Insanity at the Westminster Hospital Medical 
School, and at the Medical School for Women. The 
Contemporary Science ^eries. (London : Walter Scott, 
1890.) 

T O bring* the facts of any department of knowledge 
befeye the non-scientific in an easily assimilable 
form, without offence to the good taste of some one or 
other section of the community, is by no means so simple 
a matter «s the prolific literature of this class in late 
years might seem to indicate. It is not every author or 
lecturer, however able as a man of science, who can thus 
cater satisfactcA-ily for an omnivorous but captious and 
critical public. Every mechanics’ institute and pgpular 
lecture-room exemplifies this truth — the enthusiasm of the 
aspirant to public honours in this field is often inversely 
proportional to his qualifications and actual attainments. 
The first requisite condition is that the author bn 



[October 30, 1890 


636 NATURE 


thoroughly and profoundly acquainted with his subject, 
so that in a popular rt'sum^ facts sh'ould* assume their 
due perspective — that mole-hills be not amplified into a 
bizarre prominence, or that^’the great mountain tracts 
encircling the subordinate features of the territory lose 
not in the distant haze their outlines— in other words, 
that principles be clearly enunciated, and inductions 
marshalled in harmonious sequence. The next pre- 
requisitfe qualification is a keen realization of the obstacles 
which beset his own path of observation ; those knotty 
points, those complex Junctionsffof thought which cause so 
much delay in the history of all intellectual effort The 
most learned authorities are often the most laboured and 
tedious expoynts of their craft ; but we have only to 
glance at the essays and popular lectures of Clifford, 
Tyndall, Huxley, or Haeckel, to learn what a degree of 
excellence is thus attainable by a profound thinker and a 
cultured mind. It is on account of the rarity of this style 
of writing that we hail with pleasure the appearance of 
Dr. Mercier’s book, which is an excellent example of 
the perspicuity with which a cultured mind can delineate 
an obscure and difficult subject. Dr. Mercier’s numerous 
contributions to psychological literature which have 
appeared from time^o time in Brain, Mind, the Journal of 
Mental Science, and his boolc on the “ Nervous System 
and the Mind,” are a sufficient pledge of his capacity for 
a graceful handling of the subject of insanity. After a 
preliminary sketch of the mechanism of the«nervouS 
system, and the modern view of its mental correlate, 
given in simple but pleasing outline, the author devotes 
his fourth chapter to a discussion on the Nature of 
Insanity,” which he defines as a disorder in the process of 
adjustment of the organism to its environment — a disorder 
not subject to correction. The faulty adaptation of 
organism to environment is fully considered, and all 
qualifications in any such definition of insanity are 
lucidly expressed. 

In this chapter above all others the author exhibits 
his analytic abilities and discriminative capacities to 
greatest advantage, and the conception of the nature of 
insanity so framed is to our minds a mental synthesis 
which has remained unchallenged since first enunciated 
by Dr. Mercier in 1882. In this connection he makes 
the trite remark that such process of adjustment is 
simplified by a simplification of the environment, and 
hence the major utility of asylum treatment. Un- 
doubtedly, the moral factor will long remain the most 
impo^ftant in the treatment of insanity ; and here Dr. 
Mereier would seem at one with Dr. Clifford Allbutt, who 
with becoming pungency ridiculed the idea of “ curing 
insanity out of the bottle.” • 

The following six chapters are devoted to ^etiological 
inquiries, and the causes of insanity are grouped under 
the headings of heredity, direct and indirect strain, 
neurotic instability, the laws of inheritance. • Reversion 
and its limitations by the massive pressure of race 
heredity ” are ably discussed, as is also prepotence in its 
relations to insanitj/-. The potency of tlfe moral factor 
in the production of insanity, always tinctured with more 
or less mystery to the laity, is largely developed by the 
author, and reduced to its simple elementary terms ; in 
fact, the work before us is calculuted very largely to 
remove the' repellent aspects of insanity w’hich so long 
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have been created by ignorance and a false appreciation 
of its nature. 

, With respect to the community of origin of the re- 
ligious and sexual instincts, we cannot find ourselves in 
accord with Dr. Mercier’s views ; throughout his argument 
we believe he places undue emphasis on the significance 
of the sacrificial element. Cogent as are the arguments 
so' frequently used to indicate such lineal relationship, 
we think equally strong reasons may be advanced to show 
that the development is along parallel lines of contiguity, 
rather than the sublimation of the religious out of the 
sexual element. The concluding five*chapters deal with 
the various*forms of insanity ; and the* vagaries of the 
insane mind are graphically registered in these short but 
concise and^interesting delineations! We congratulate 
Dr. Mercier on the production of a work which deserves 
a widespr^d popularity. W. B. L. 

. OUR BOOK SHELF. 

A Guide to the Literature of Sugar : a Book of Reference 
foih Chemists, Botanists, Librarians, Manufacturers, 
< 9 nd Planters, with a Comprehensive Subject' I nde.v. 
y H. Ling Roth. (London : Kegan Paul, Trench, 
riibner, and Co., Limited, 1890.) 

Although published in 1890, it is right to say that this 
compilation only brings our ki^wledge down to the be- 
ginning of the year 1885. It is intended to have a sup- 
plement ready soon, and to bring the work up to date. 
In the meantime we can speak highly of the evident care 
and labour bestowed on this volume by the compiler. 
The arrangement is based on that of Mr. Daydon Jack- 
son’s “ Vegetable Technology.” There is a catalogue of 
authors, a list of anonymous publications, a list of periodi- 
cals, a list of Parliamentary publications, and a chrono- 
logical table. The first part of the latter is taken from 
Dr. Falconer’s “ Sketch of Sugar in Early Times” (1796). 
The comprehensive subject-index forms a very valuable 
part of the work. It is arranged in sections as follows : — 
Bibliography and History, Statistics and General Economy, 
Illustrations, Geographical Distribution, Chemistry, Origin 
of Vegetable Sugars (the various plants yielding sugars). 
Beet Sugar, Cane Sugar, Parasites, and Distillation. It 
will be easily seen that this guide to the literature of 
sugar covers practically the whole field in regard to 
vegetable sugars. It is a work that will prove of much 
interest to numerous readers having to do with the cul- 
tivation and manufacture of sugar, whether derived from 
the sugar-cane, beet, sorghum, palm, mhple, or maize. 
We only hope the coihpiler will be encouraged to bring 
out the promised supplement. During the last five years 
considerable activity has been displayed in the United 
States in regard to the production of sugar from sorghum; 
and there is, besides, the very important fact that the 
sugar-cane has recently been shown to produce mature 
seed, and possibly capable of improvement by seminal 
selection. The literature in regard to this point alone is 
well worthy of being carefully traced. D. M. 

Practical Plane and Solid Geometry. By 1 . H. Morris. 
(London : Longmans, Green, and Co., 1890.} 

Students will find this work to* be a most instructive 
course, arranged in such a way that no external aid will 
be required. Section 1 . begins at the very beginning of 
the subject, and in it there are many problems dealing with 
lines, areas, use of scales, plans and elevations of solids, 
sections^ &c. Section 11 . treats of descriptive geometry ; 
and various problems on the projections of lines, oblique 
suifac^ and solids are given, and thoroughly worked 
out The concluding chapter of this section is devoted 
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» graphic arithmetic, in which there are both questions 
id examp]«;S on multiplication, division, addition, eub- 
action, fractions, involution, &c. • 

Throughout the book the figures are placed on ^he 
right'hand pages, and the text opposite them on the left 
a very good arrangement. Th^ diagrams and figures 
ire neat and clear, especially the complicated figures 
quired in the drawing of sections of some solids. The 
:exercises have been selected from the papers of the 
Science and Art Department, College of Preceptors, 
'xford and Cambridge Locals, and various Military 
olleges. They are carefully graduated, and, when 
necessary, hints have been added to facilitate their 
solution. • , * 

Madagascar j or, Robert Drury's yhurnal. Edited by 
Captain P. Oliver. (London : Fisher Unwin, 1890.) 

This book may be divided into three parts : Captain 
Oliver’s introduction and notes, Robert Drury’s journal, 
and a description of the island by the Abbd Rochon. In 
the first part Cdptain Oliver tries to prove that the» 
journal is more or less fictitious. At the beginning of the 
in'/roduction he gives the names of — as he himself says — 
the best authorities in France, all of whom believe the 
jouthal to be true ; also a letter which leads him 4o say 
that the book was credited in the middle of the eightifcnth 
cenfury. After having quoted these authorities in fayour 
of the truthfulness of the journal, Captain Oliver pro- 
ceeds to give his own ideas on the subject, which are that 
the book was written by Defoe from Drury’s story, and a 
great deal of the matter* taken out of French books — 
namely, Francois Cauche, 1658, and Hacourt, 1661. He 
then goes on to say that the original journal had a 
French map, and he regards that also as evidence against 
Drury. IDrury acknowledges himself to have almost for- 
gotten the language and manners of his own country, and, 
as he was but fourteen years of age when he left, we may 
take it foi>granted that he did not know how to draw a map. 
What then could be more natural, when he had his journal 
edited, than to take the best map then published, which 
happened to be a French one, and give it with his 
journal ? 

After reading the introduction, one almost thinks that 
the book is fictitious ; but when half-way through the 
journal, in w];iich every little action is described so 
minutely, one comes to the conclusion that it is true — at 
least, that it has not been proved untrue. The journal 
itself is interesting, but very monotonous. 

The description of the island by the Abbd Rochon is 
very interesting, as it tells all about the first attempts of 
the French to colonize Madagascar. H. C. L. 


LETTERS TO THE EDITOR. 

• • • 

{The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Naturb. 

' • No notice is taken of anonymous communications.] 

Large Meteors. 

The “ball ^fire” seen by Mr. C. Randolph at Milverton, 
Somerset, on Uctober 16, at I2h. 5m., and the “brilliant 
meteor” observed at Edinburgh, on October 17, at about ish. 
<see Nature of October 23, j^. 615 and 620), were probably 
members of the October meteor shower, which has a maximum 
on about October 18-20, and a radiant point at 92® + 16“ in 
the extreme north-eastern limits of Orion. 

There was also a fine meteor on October 19 at midnight. I 
was-.engaged in telescopic observation at the time, and was 
intently watching a new nebula I had just discovered about 
2® N. of the star a Camelopardi, when I became aware of 
several brilliant flashes which lit up ^th sky and landscape 
n a startling manner. Quickly withdrawing my eye from the 
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telescope, I turned towards the direction from whence the flashes 
proceeded, and saw the end point of a magnificent fire-ball 
which had fallen *in the vapours on the western horizon. It left 
a bright streah> just east of ^ Aquarii, or from 326® to 3^9® 
- io% but this soon died away. 

This meteor must have been a grand object to observers in the 
Bristol Channel and in the western counties of England. The 
city clocks were striking the hour of twelve when it appeared, 
and from the direction of its flight it evidently belonged to the 
well-known Orionid meteor shower. 

The new nebula I have refeared to is situated at yi® -1- 68*, 
and is a fairly conspicuous object in my 10- inch reflector with a 
power of 60. I watched it for more than an hour for tfluces of 
motion, but detected none, so I assume it was not a comet. 
Since October 19 we have had clouded skies, an^ I have had 
no opportunity to re-observe the object. • 

Bristol, October 24. W. F. Denning. 

a 

, Extraordinary Flight of Leaves. 

The pa-<itoral farm of Dalgonar is situated near the source of 
the Skarr Water, in the parish of Penpont, Dumfriesshire. The 
ridge of hills on the farm as per Ordnance Survey is 1580 feet 
above sea- level. There are only five trees on the farm — two 
ash and three larch. An extraordinary occurrence presented 
itself to the eyes of Mr. Wright, my informant, at the end of 
October 1889, on this farm, which has been narrated to me in a 
letter received from him, as follows : — 

“ I was struck by a strange appearance in the atmosphere, 
which I at first mistook for a flock of birds, but as I saw them 
falling to the earth my curiosiQr was quickened. Filing my 
eyes on one of the larger of them, and running about lOO yards 
up the hill until directly underneath, I awaited its arrival, when 
I found it to be an oak leaf. I.iOoking upwards the air was thick 
with thui), and as they descended in an almost vertical direction, 
oscillating, and glittering in the sunshine, the spectacle was as 
beautiful as rare. The wind was from the north, blowing a 
very gentle breeze, and there were occasional showers of rain. 

**On examination of the hills after the leaves had fallen, it 
was found that they covered a tract of about a mile wide and 
two miles long. •The leaves were wholly those of the oak. No 
oak trees grow in clumps together nearer than eight miles. The 
aged shepherd, who has been on the farm since 1826, never 
witnessed a similar occurrence.'* James Shaw. 

Tynron School, Dumfriesshire, October 21. 


On the Soaring of Birds. 

In answer to my criticism (Nature, September 4, p. 457)# 
Mr. Blix refers (October 16, p. 593) to an article in the Skand. 
Arch./. Physiologic^ in which he has given “an account of the 
weighty reasons ** leading him “ to suppose that soaring birds are 
able to undertake successive alterations of direction with very 
little loss of vis vivaP To bring forward reasons, however, tend- 
ing to show that birds can do certain things is no answer to an 
objection with regard to how they do them. 

Mr. Blix has thought it superfluous to point out “that the 
manoeuvre of the bird is the same, and the loss of energy 
thereby equally the same, whether the bird turns in a calm or 
in a uniform wind," from which it is to be inferred that he had 
thoroughly grasped the truth of this himself. Why did then, 
propound a theory foundec^ upon what is directly contrary to his 
own conviction ? 

It is not cAsy to see what has led Mr. Blix to suppose that I 
hold any other opinion, since my letter was written with the 
intention ^f pointing out this fact to him. 

19 Well Walk, Hampstead, C. O. Bartrum. 

October 23. 


MANNERS AND CUSTOMS OF THE TORRES 

^STRAITS ISLANDERS.^ 

• 

I T is not my intention this evening to attempt a.special 
study of any particular institution or series of customs, 
nor even to discuss the ethnological affinities of the natives 
inhabiting the islai^s of Torres Straits. 

X Friday Evening I..ecture delivered at the Royal Institution, by Prof, Alfred 
C. Haddon, on May 23, 1890. 
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The comparative study of institutions and customs has 
led to brilhant suggestions, and has especially thrown 
light upon obscure facts in our own culture, and given a 
new significance to observances which, becalUse they are 
of every-day occurrence, are passed by without comment. 
This field of inquiry is one which has only recently 
been systematically tilled, but it promises a rich harvest 
of unexpected results. 

The detailed study of a single tribe or natural assem- 
blage of 'people has great interest, as it puts one in touch 
with such varied subjects as the physica;!, mental, and 
moral' characters of the people ; and the tracing out of 
their affinities requires wide study and careful comparisons. 
A patient research of this kind always opens up questions 
of wider import than the initial inquiry. 

Neither of these methods will occupy us to-night, as I 
wish to presenf'before you as vivid a conception as I can 
of some of the manners and customs of a people small in 
number but rich in interest. We will consider, therefore, 
neither a composite image of savages in general, nor of 
rude customs, but the particular habits of a disappearing 
people, who thirty years ago were naked, unknown 
savages, who to-day are British subjects, and who in a 
very few years will have lost the last remnants of their in- 
dividuality, and possibly ere long will practically cease to 
exist — at all events as a distinct people. The dissolving 
views which I shall exhibit this evening are a fit emblem 
of the facts which they illustrate. 

My ^thropological inquiries in Torres Straits may not 
inaptly be compared with the methods of the palaeonto- 
logist, especially in his study of the more recent fossils. 
Amongst such fossils we find some representatnes of' 
existing forms, others slightly different from those we are 
accustomed to, others again which are quite dissimilar, and 
often of these only disconnected fragments may remain, 
and it takes great patience and careful piecing together to 
restore the latter into any semblance of their former 
selves ; nor should surprise be felt if mistakes are 
occasionally made in the attempt. 

A similar experience occurs to those] who study an 
isolated people which is rapidly becoming modified and 
is dying out at the same time. Some facts collected 
from legend and myth precisely resemblb the present 
habits of the na^tives ; others have only lately fallen into 
desuetude. Lastly, some customs are so dissimilar from 
anything in our own country, that it is difficult to 
thoroughly understand them under favourable circum- 
stances ; but when these customs are no longer practiced, 
and but imperfectly remembered, when they have to be 
described through the unsatisfactory medium of Jargon 
English, and when one bears in mind the great difference 
in the mental conceptions of narrator and listener, what 
wonder is there that disconnected narratives are recorded, 
or that errors creep in ? 

Happy is that traveller who has the opportunity of 
studying existing habits. It was my lot to recover 
recently lost or fast dying-out customs ; our archaeologists \ 
grapple with the problems of the past ; it is the object of 
all to assist towards a complete History of Man. 

Torres Straits, as you are aware, separate New Guinea, 
the largest island in the world, from Austiulia, the 
smallest continent. Although the Straits are eighty miles 
wide in their narrowest part, yet, owing to the presence 
of islands and of numerous and often extensive coral 
reefs, there is only one channel suitable for ocean-going 
steamers, and that averages a mile in width, and in places 
is much less. 

The islands in Tories Straits maybe divided into three 
geological groups by the lines of longitude 142” 48' £. 
and 143® 30' E. 

^ The islands to the west are composed of old igneous 
iplcks, and are surrounded by fringing reefs. These 
\slands may in fact be regarded as disconnected portions 
of Northern Queensland. 'They are fertile, but. there is 
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no particularly luxuriant vegetation ; doubtless irrigation 
and' cultivation would greatly improve their produc- 
tiveness. 

The centra^l group of islands is composed of low coral 
islets formed by wind and wave action ; the soil is poor, 
and supports only a scrubby vegetation. Coco-palms 
grow on some of the islands, and- there are occasional 
mangrove swamps. 

The eastern islands, Uga, Erub, and the Murray 
Islands, are of volcanic origin, and are also fringed with 
coral reefs. In these the soil is rich and vegetation 
luxuriant, Uga and a great part of Mer being simply 
large gardens of coco-palms, bananas, and yams. 

It is interesting to find that the inhabitants of the vol- 
canic islands form one tribe, which 1 term the Eastern 
Tribe ; the Western Tribe occupying., all the remaining 
islands. The^customs of the two tribes are different and 
their languages distinct, so much so that there are only 
a few words in common, and these are mainly trade words. 
Four subdivisions of the Western Tribe can be dis- 
tinguished, the members of each of which inhabit certain 
intermarrying groups of islands. 

Independently of the above-mentioned subdivisions, 
the islanders were divided into clans, each clan having 
some animal for its augfid or “ totem.” For example, in 
the -Western Tribe there were the dugong, turtle, dog, 
cassowary, snake, shark clans, and so forth. There ‘was 
supposed to be some relation between the clans and their 
respective augitd, “ all same [/.t’. similar to] family,” as 
it was expressed to me. A do^-man, for instance, was 
credited with understanding the habits and feelings of 
dogs, or a cassowary-man prided himself on having thin 
shanks like a cassowary, which would enable him to run 
quickly through the grass. With the exception of the 
first two clans, no one was allowed to kill or eat the 
totem of his own clan ; if he did, his other clansmen 
would probably kill him for sacrilege. On a dugong ex- 
pedition, no dugong-man might keep the first dugong he 
captured, but he might partake of the rest ; the same 
restriction applied also to the turtle and the turtle clan. 
If only one dugong or turtle was caught on the first day, 
the dugong- or turtle-man had to relinquish it ; supposing 
only one was caught on the succeeding day, the account 
was, so to speak, “ carried forward,” and there was no 
sadi {tabu) on it. The dugong and turt]p were too im- 
portant articles - of food for the clan members to be 
entirely deprived from partaking of their augiid. 

The women, or at all events some of them, used to have 
a representation of their augiid cut on the small of the 
back. I made inquiries on this point on most of the 
islands in the Straits, but could only find ^four old women 
who had them ; these I sketched, and two of them I also 
photographed. 

[Various photographs illustrating the appearance of the 
natives were then thrown on the screen.] 

I have alluded to the fact that different customs cha- 
racterize the Eastetn and Western Tribes ; as an example 
of this I may mention that in the latter tribe the girls 
proposed ifiarriage to the men, while in the Eastern Tribe 
the more usual course was adopted. 

It might be some time before a lad had an offer ; but 
should he be a fine dancer, with goodly calves, and dance 
with sprightliness and energy at the festive dances, he 
would not lack admirers. 

Should there still be a peticence on the part of his 
female acquaintances, the young man might win the heart 
of a girl by robbing a man of his head. Our adventurous 
youth could join in some foray ; it mattered not to him 
what was the equity of the quarrel, or whether' there was 
any enmity at all between his people and the attacked. 
So long as he killed someone — man, woman, or child — 
and brought the head baek, it was not of much conse- 
quence to him whose head it was. Possibly a man killed 
would redound to his greater glory, but any skull was 
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etter than none, and its possession was recognised as an 
. idet of merit. How much more distinction would a man 
he,,'»uld boast of a whole trophy of skulls ‘I 
^ .j-fThe girl’s heart being won by prowess, dancing skill, 
;«0r* fine appearance, she would plait a string armlet, 
ururuj' this she intrusted to a mutual friend, prefer- 
libly the chosen one’s sister.' ‘ On the first suitable oppor- 
Mnity the sister said ’to her brother, “ Brother; I have 
-Sbme good news for you. A woman likes you.” On 
hearing her name, and after some conversation, if he was 
willing to go on with the affair, he told his sister to ask 
the girl to keep some appointment with him in the bush. 
When the message was delivered, the enamoured dam- 
; sel informed her parents that she was going into the bush 
to get some wood or food, or made some sueb ejJcuse. 

In due course the couple met, sat down and talked, the 
proposal being made with perfect decorum. 

The following conversation is given in the^ctual words 
used by my informant, Maino, the chief of Tud. 

Opening the conversation, the man said, “ You like me 
proper ? ” * 

“ Yes,” she replied, “ I like you proper with my heart 
inside. Kye along my heart sec you — you my man.” 

Unwilling to give himself away rashly, he askeU, “ How 
you like me ? ” 

“ I like your fine leg — you got fine .body- -youa skin 
good — I like you altogether,” replied the girl. • 

After matters had proceeded satisfactori>y, the girl, 
anxious to clench the matter, asked when they were to 
be married. The man said, “ To-morrow, if you like.” 

They both went home apd told their respective relatives. 
Then the girl’s people fought the man’s folk, “ For girl 
more big [/>. of more consequence] than boy ; ” but the 
fighting was not of a serious character, it being part of 
the programme of a marriage. 

“ Swapping ” sisters was the usual method of getting a 
wife. If a man had no sisters he might remain un- 
married, unless he was rich enough to pay for a wife with 
a shell armlet {wat 7 vi) or a canoe, or sojiicthing of equal 
value. If a youth was “ hard up,” an uncle might take 
compassion on him and give one of his own daughters in 
exchange for a wife for his nephew. 

This exchange of girls- -a sister for a sister, or female 
cousin for another man’s sister — was an economical 
method of getting a wife, as one was .a set-off against 
the other. The usual feasting occurred, but the presents 
were dispensed with, or at all events the purchase-money 
was saved, and probably there would be no fighting. 

When a young man of the Eastern Tribe arrived at an 
understanding with a girl, he put his (“ law,” t.e. 

tabu) on her, and made arrangements to fetch her away. 
She kept awake ,on the appointed night, listening for the 
preconcerted Signal, and they quietly stole away to his 
parents’ house, and the next morning he sent a messenger 
to say where the girl was. The girl’s friends armed them- 
selves with bows and arrows, sharks’ teeth fastened on’to 
sticks, and other weapons, and prdceeded to the other 
village ; but the fight was not a serious affair. On the 
same day the girl would be painted red by her future 
mother-in-law, and clothed with a large number of leaf 
petticoats ; and numerous ornaments would be suspended 
on her back, these made a clanking sound whenever the 
girl moved. For some months she remained in the house, 
and under thef constant supervision of her future mother- 
in-law, the young man residing elsewhere. After say three 
months, negotiations •would ^commence between the two 
families, and the girl’s relations would come to taaugwat 
(or scrape hands), and presents would be exchanged, and 
some alteration made in the decking of the girl. After a 
further probation period of a few months, some friend, in ; 
the secret, would engage the young man in conversation, 
and the bride would steal up behind him with some food 
she had previously cookea, and, while still behind his | 
back, would thrust it by his side.0 He, looking round, I 
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exclaimed, “ Why, that’s my woman ! ” and then hung 
down bis heqd* in. shame. Being informed that all was. 
duly performed. according to old usage, the couple ate 
food together^ this being the ratification of the contract 
It appears that in the Eastern Tribe marriage was re- 
garded as a state of tabu, the man isolating one woman 
as his exclusive property, for he had powers of life and 
death over his wife. For several reasons I suspect that 
the Eastern Tribe has arrived at a slightly higher stage 
in the evolution of the family than the Western, as the 
man has a more independent •position, and does ‘not live 
more or less with his wife’s people after marriage, as is 
the custom among the Western Tribe. In both tribes a 
wife had to be paid for ; a canoe, dugong-harpoon, shell- 
armlet, or articles of equal exchange value, 'being the 
usual price. 

Manhood is with us a gradual developrjjent of youth ; 
with nearly all savages it is a state of privilege, the full 
advantages of which can be gained only by the observance 
of special ceremonies. 

The growth of hair on the face warned the father that 
his boy was growing up, and he consulted with other 
fathers who had sons of about the same age. 

“ Good thing,” he might have remarked ; “ boy no stop 
along woman now : he got hair, time we make him man 
now ; ” and arrangements would be duly made. 

The following information, respecting the former initia- 
tion ceremonies, was gained at TucL (usually known as 
Warrior Island), the nativqg ®f which island wer^ prob- 
ably the most warlike of all the Western Islanders : — 

The lads were handed over to their uncles, or to some 
old man, by their fathers, who then ceased to have any 
‘intcrcoiH’se with them. They were conducted to the 
Taiiok'wod, or open space sacred to the men, where no 
woman or child ever ventured, and which henceforth had 
for them many deep-rooted associations. The uncles 
washed the youths with water and then rubbed charcoal 
into the skin ; t]jis being d.aily repeated till the probation 
period was ever. The lads were covered with mats 
doubled up like a tent with closed ends, and there they 
sat the livelong day in groups, without moving, playing, 
or even speaking. Four large mats stretched across the 
Taiiok'wod, the mats belonging respectively to the Sam 
(cassowary ), Uviai (dog), Kodal (crocodile), and Baidam 
(shark) clans. For each mat there was a fireplace, the 
fire being tended by the young men of their respective 
clans. The old men sat on their appropriate mats, in 
the centre were the drums, and the dance-masks were 
placed along one side. Opposite the centre was a small 
mat, on which sat the chief of the island ; for, contrary to 
the general custom of the tribe, this island had a recog- 
nized chief, the result, probably, of their belligerent habits. 
By the side of where the chief used to sit, a large ovoid 
stone was pointed out to me ; it had a dire significance, 
for long ago four boys, tired of the irksomeness of the dis- 
cipline, broke hounds, and meeting their mothers in the 
bush, asked for food. They were recaptured, ai\^ were 
all killed by the old men»with that stone, which was then 
placed in its present position, as a warning to other 
'youths. The boys of the cassowary and dog clans sat at 
the end beyond the shark fireplace, and the crocodile 
and sharK boys were placed at the opposite end of the 
clearing. 

Their instructors watched the lads, and communicated 
to them tfie traditions of the tribe, rules of conduct were 
laid down, information in all branches of native lore 
taught, and thus, generation after generatidn, the things 
of the fathers «vere transmitted to the sons. 

The following are some of thrf rules which I was 
informed were imparted to the youths by the “ old 
en ” ; — 

“ You no steal.” 

"If you see foodebelong another man, you no take it, 
or you dead.” 
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“ You no take thing belong another man .without leave ; 
if you see a- fish-spear and take it, s’pos6 you' break it and 
you no got spear, how you pay man } ” 

“ S’pose you see a dugong-harpoon in a camoe and take 
it, and man he no savvy, then you lose it or break it, how 
you pay him ? You no got dugong-harpoon.” 

“ You no play with boy and girl now ; you a man now, 
and no boy.” 

“ You no play with small play-canoe, or with toy- spear ; 
that all finish now.” , 

“ You no like girl first ; if you do, girl laugh at you 
and call you a woman.” [That is, the young man must 
not propose marriage to a girl, but must wait for her to 
as^ first.] 

“ You no marry the sister of your mate, or by and by 
you will be ashamed ; mates all same as brothers.” [But 
“ mates ” may 9 narry two sisters.] 

“ You no marry your cousin ; she all same as sister.’’ 

“ If anyone asks for food, or water, or anything, you 
give something ; if you have a little, you give a little ; if 
you have plenty, give half.” 

“ Look after your mother and father ; never mind if 
you and your wife go without.” 

“ Don’t speak bad word to mother.” 

“ Give half of all your fish to your parents ; don’t be 
mean.” 

“ Father and mother all along same as food in belly ; 
when they die you f&l hungry and empty.” 

“ Mifrd your uncles, too, and cousins.” 

“ If woman walk along, you no follow ;”by and by man 
look, he call you bad name.” « 

“ If a canoe is going to another place, you go in,panoe ; 
no stop behind to steal woman.” 

“ If your brother is going out to fight, you help him ; 
don’t let him go first, but go together.” 

Who will say, after this, that the Torres Straits 
Islanders were degraded savages? 

At length the month of isolation expired, and for the 
last time the uncle washed the lad ; he then rubbed him 
with scented leaves, and polished him up with oil. Then 
he was decorated with armlets and Icglets, breast- 
ornaments, and possibly a belt, his ears ornamented, and 
a shell-skewer passed through his nose ; bright-coloured 
leaves would be inserted in his armlets, and his hair 
rolled into the approved string-like ringlets. So they 
“ make him flash— flash like hell — that boy.” 

The afternoon of the eventful day was occupied in this 
congenial task, and at nightfall all the lads who were 
being initiated were marshalled by their uncles behind a 
large mat, which was held vertically. In this wise they 
marched to the village until they arrived at an open , 
space where a mat was spread on the ground before a 
circle of friends and relatives. When the approaching 
party reached this mat the lads seated themselves upon 
it, and then the screening mat was lowered. Suddenly, 
for thf, first time for a month, the fathers and female 
relatives saw the boys, and great were the crying and 
shouting and exclamations of delight at the brave show. 
With tears the mothers cried out, “ My boy ! my boy ! ” 
and they and other elderly female relatives riished up to 
them and fondled and caressed them, and the* mothers 
surreptitiously put dainty morsels by their boys. 

Sitting with legs crossed under them and down-turned 
faces, the boys neither moved nor exhibited /.he least 
emotion, for now they were men. 

Less precise is my information respecting the corre- 
sponding rites of the Eastern Tribe. So far as I could 
gather, there were ' in Mer, the largest of the Murray 
Islands, tjvp important ceremonies, which we may term 
the initiafim and recognition ceremonies. For the first 
the lads were assembled near a sacred round house, or 
ftelak, in which the awe-inspiring ma^ks were kept The 
ceremony was conducted by three zogole, or sacred men, 
land their , tdmileb, or attendants. The latter .arranged 
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themselves in a double row, from the pelak to the place ' 
where the boys were assembled, and, holding long sticks, 
performed certain movements. Slowly the dread appari- 
tion advanced ; the chief zogole came first, wearing a 
hu§e mask with human features and a beard of jaw- 
bones ; the second steadied this mask with a rope ; 

the third sogole wore o long mask, shaped like a shark. 
Then for the first time the names of these masks were 
revealed to the lads — Bomai and Malu. 7 'hese were 
the sacred names which it was not lawful to communi- 
cate to the outsider, death to both being the penalty. 
Their collective name of Agud was, however, known 
to all. 

I can only .allude to the customary food-offering pre- 
! sented to thd zogole, and the course of instruction instilled 
j into the youths, one item of which was the narration of 
the legend of Main, and must pass on to the recognition 
ceremony. 'Hiis function took place in the afternoon on 
the sand beach outside the village of Las. A great con- 
I course of people was assembled — men, women, and 
' children — the newly initiated lads occupying the front 
row. 

First four men of the dog-clan played about in pairs. 

(I may here parenthetically remark that it took me a 
fortnight’s work to glean what little information I have 
resp'“cling these two ceremonies. On one occasion I 
induced a nymber of men to rehearse some of the dances 
for me on the actual spot where they were originally per- 
formed, in order that 1 might gain a clear comprehension 
of them. One of my photographic “studies” I now 
throw on the screen.) The dog-men were followed by 
pigeon-men, who danced and beat their chests ; later, 
whirling along the strand, came a body of dancers, 
circling from left to right as they advanced, an outer ring 
with sticks, an inner ring brandishing stone clubs, and 
possibly some drum players in the centre. Lastly, the 
three zogole appeared, completely covered with white 
feathers, and each carrying five wands. Although seen 
by the women, their identity was supposed to be 
unknown. 

This was the final function, and was followed by the 
ever-recurring feast. Thenceforth the lads took standing 
as men. 

Strangely enough, at neither Tud nor Mer could I dis- 
I cover that the bull-roarer was employed at these cere- 
monies. The widespread use and sacred character of 
this simple instrument has been emphasized by Mr. Lang 
in one of his charming essays. Knowing its universal 
distribution in Australia, I was not surprised to find that 
in Muralug, or Prince of Wales Island, which lies close 
to Cape York, its use was associated with the initiation of 
the lads. It was only by speaking in a low voice to the 
chief of the island and his son Georgie, whose photograph 
you have already seen, and by assuming more knowledge 
thtin I actually possessed, that I could induce them to 
admit of its being employed. Cautiously looking round 
to see that no one was near, its name, wanes, was 
whispered to me. After much persuasion, a model of 
one was made for me, on the express understanding that 
I should not show it to any woman oh the island ; and I 
did not. It is now in the British Museum. All that I 
could gather was that it was whirled in the bush and then 
shown to the lads. Death was the penalty to both if a 
man exhibited it to a woman, or to anyonfi who had not 
been initiated. 

Great was my surprise when, shortly afterwards, I saw 
the Saibai boys who were staying at the mission station 
on Mer, playing with bull-roarers identical with the one 
with which I had been so secretly intrusted. . The most 
sacred emblem in one island was a toy in another. In 
case some of you may not be acquainted with this most 
interesting implement, I have brought one of these bull- 
roarers. 

From these imponant initiation ceremonies , we may 
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pass to others which had a less sacred significance. All 
the native ceremonies were associated with processions, 
or with movements of a less regular character, the per- 
formers of which were invariably specially dressed for the 
occasion — usually there was a special costume f<ft- a 
particular rite, one distinguishing feature of which was 
the' wearing of masks or head-dresses. It is convenient 
to describe these functions as dances ; and a series can 
be traced extending from the most sacred initiation ‘and 
funeral dances on the one hand, through the seasonal 
dances to the war and ordinary festive dances on the 
other. 

Profanation of the initiation or of the funeral ceremonies 
was punished witMf immediate death. In some«instances, 
at all events, *dance-masks could only be*worn at the 
appropriate festival ; even the casual putting on of one 
was supposed to tause slow but certain death. It was 
my good fortune to witness a seasonal dance at Thurs- 
day Island. This was anticipatory of the fishing season 
during the north-west monsoon. , 

The men were clothed with a petticoat made of the 
shredded sprouting leaves of the coco-palm, and adornerf 
with various armlets and leglets ; but the striking part of 
the costume was the mask, of which the lower portion 
represented a conventional crocodile’s head, surmounted 
by a human face; above this was a representatiAuof a 
sa\u-fisb, some five feet in length, and overtopping all was 
a long red triangular erection decked with feathers. “The 
ceremony was called the Wniitutu kap, or “saw-fish 
dance.” The actual dance consisted of two men at a 
time coming out from behind a screen and going through 
their simple evolutions to the monotonous accompaniment 
of the drum and a lugubrious chant. 

More varied was the costume of the secular dance. 
All their bravery was donned. The effective head-dress 
of egret’s feathers, or the cassowary coronet, framed the 
face, a shell skewer pierced the nose, breast ornaments, 
coco-palm leaf petticoats, armlets, leglets, ornaments or 
implements carried in the hand, all went to make up a 
picture of savage finery. Here, too, the women were 
occasionally allowed to participate, though of course both 
sexes never danced together. When women were allowed 
to be present at the more important dances, they were 
merely spectators. 

The large canoes of the Torres .Straits Islander of 
former times must have been very imposing objects when 
painted with red, white, and black, and decorated with 
white shells, black feathers, and flying streamers ; and 
not less so when actively paddled by a noisy, gesticulating, 
naked crew, adorned with cassowary coronets, shell orna- 
ments, and other native finery ; or swiftly sailing, scudding 
before the wipekwith mat sails erect. 

The body of a canoe is a simple dug-out, on to the 
sides of which gunwale boards are lashed. There is a 
central platform supported on a double outrigger, yhe 
thwart poles of the outriggers are usually six feet apart, 
and extend to some ten feet beyond the stem of the 
canoe ; a doubly-pointed float is attached to the ends of 
the thwart poles on each side. Receptacles are built 
into each side of the platform for the storage of bows 
and arrows, fishing gear, water-bottles, and other 
belongings. 

The sails are two in number, and are oblong erections 
of matting plSced in the bows, some twelve feet in height, 
and each about five feet wide. The mats are skewered 
on to two long barrtboos, which support the sails along 
their length ; a bamboo stay also serves to keep the sail 
upright. 

The longest canoe I measured was nearly sixty-eight 
feet in length. A stone lashed on to a rope is kept in the 
bow for an anchor. When sailing, a man stands in the 
stern holding the steering board. 

The canoes are made at the mouth of the Fly River, in 
New Guinea, and are fitted with but a single outrigger, 
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as theirs is oiily river navigation.^ I was informed that it 
was at Saiba’i that the canoes were re-fitted, this time 
with two outriggers, and an attempt at decoration was 
made, but the latter having a purely commeroial sighi- 
ficance was rather scant. ‘The ultimate purchasers orna- 
mented their canoes according to their fancy, as they 
usually prided themselves on having fine canoes. 

I was much puzzled when I first went to Torres Straits 
by occasionally seeing a canoe with a single outrigger. 
I afterwards found it belonged to a native of Ware (one 
of the New Hebrides) residhig at Mabuiag, and that he 
had re-outrigged a native canoe according to the fashion of 
his own people. When I was staying at Mabuiag some 
natives of that island were fitting up a canoe jn imitation 
of this one. Here a foreign custom is being copied ; how 
far it will spread among the Western Tribe it is impos- 
sible to say ; but, strangely enough, theeEastern Tribe 
has entirely adopted an introduced fashion, and I did 
nbt see a solitary canoe with a double outrigger. It 
would, be tedious to enter into a comparison between 
these various canoes. In the Eastern Islands the plat- 
form baskets are absent, and European sails are in 
universal use — mainsail, foresail, and jib. Among the 
Western Tribe, European sails have not yet quite sup- 
planted the original mat sails. Throughout the Straits 
the canoes are not decorated in the old style. It was in 
Mabuiag alone that I found two canoes which were more 
or less decorated. Utilitarian ideas are now two widely 
spread for the aesthetic faculty to be indulged in. • 

I have dwelt at some length on this subject, as it is 
important, to record all transitions. As an example of 
how rapidly and completely some changes occasionally 
come libout, I may mention that at Mer, one of the 
Eastern Islands, some, at all events, of the young men 
did not appear to know that there had been a change in 
the rig of their canoes. 

But, after all, the most interesting feature in connection 
with the canoes is the method by which they are pur- 
chased. I Iiave previously mentioned that they were 
made on the mainland of New Guinea on the banks of 
the Fly River. Supposing a native of Muralug (Prince 
of Wales Island, the island which is nearest to Cape 
York) wants a canoe. He sends word, say, to a relation 
of his in Moa, for the inhabitants of these two islands 
often intermarry. The latter sends a message to the 
next island of Badu. A Badu man passes on the word 
to Mabuiag (these two also were intermarrying islands) ; 
the Mabuiag native informs a friend in Saibai, who in 
turn delivers the message at Mowat, on the mainland of 
New Guinea, or Daudai, as the islanders call it, thence 
the word passes along the coast till it reaches the canoe 
makers. As soon as the canoe is ready it retraverses the 
route of the order, being handed on from place to place, 
and island to island, until it at length reaches its 
destination. Should, however, there be a new canoe 
for sale on any of the intermediate stations, this might be 
sold, and thus obviate the tedious delay of waiflng for 
one to be made to order! Another trade route is through 
Nagir and Tud to Mowat. The Murray Islanders send 
to Erub, and the natives of the latter island trade 
directly ^ith Parem and the mouth of the Fly River. 
The most remarkable feature in these transactions is that 
payment is usually extended over three years ; in fact, 
that canoes are purchased on the three years’ hire system. 
This method of purchase, though but recently adopted 
by ourselves, has for an unknown period been practised 
by the naked islanders. The mere fact of its existence 
demonstrates' a high level of comnjercial morality, for if 
the debts were often repudiated, the whole system^ would 
long ago have collapsed. 

This commercial morality corroborates to a considerable 
extent the ethical standard said to be imparted to the 
youths during initiation. Nor would 1 like to say that 
they acted less up to their standard than we up to ours.: 
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I doubt whether we be much the .gainers by a 

comparison,. In making this statement* it must be dis- 
tinctly understood that I am only comparing their lives 
with theio own ideals, and not judging them by the ethical 
standards of other races. It is true they were treacherous, 
often murdered strangers, and were head-hunters ; that 
their ideas of sexual morality differed from ours, but 
these “ crimes ” were not prohibited by public conscience, 
and there was therefore no wrong in their committing 
them. 

Our higher civilization has swept over these poor 
people 'like a flood, and denuded them of more than 
their barbarous customs ; the old morality has largely 
gone too. * . 


o 

FRENCH POLICE PHOTOGRAPHY. 

M ALPHONSE BERTILLON, who has so com- 
' pfetely demonstrated the futility of the photograph 
as a means of judicial identification on any extended 
scale (see my description of M. Bertillon’s system of 
police anthropometry in the Fortnightly Review for 
-March last), when a mere mass of photographs is ac- 
cumulated with no scientific scheme to aid them, has 
himself, nevertheless, .done more than anyone else to 
develop and demonstrate the proper subordinate use of 
the photograph as an agen^ oj the law. M. Bertillon’s 
studies on the subject are not only most valuable to the 
members of the public administration, but are intensely 
interesting and instructive to the general reader, and the 
general scientific student especially, as will be fcadily 
acknowledged on a perusal of the young French official’s 
latest publication. “ He has not only offered me the privi- 
lege of making such extracts as I please from this work, but 
has kindly furnished me with some of the diagrams in 
the text. T'his new volume has already attracted con- 
siderable attention in France, and will doubtless be re- 
ceived with as much interest in England as have M. 
Bertillon’s previous studies in the domain of anthropology, 
so that an account of the work in the columns of Nature 
seems most opportune. 

M. Bertillon begins by describing the sharp distinction 
between ordinary photography and judicial photography. 
Artistic and commercial photographs are subordinate to 
considerations of taste and fashion — not by any means 
for the purpose of recognizing the subjects of the photo- 
graphs when met with in after time. The judicial photo- 
graph, on the other hand, takes no heed of artistic pose, 
but must conform to rules which enable the skilled eye 
to recognize the subject under the most unfavourable cir- 
cumstances. It relates to various classes of subjects, 
some known and to be recognized hereafter, such as 
dangerous criminals ; and some unknown and to be, if 
possible, identified by distant witnesses at the present 
time, s\.'ch as suspected persons under arrest, corpses at 
the Mprgue, the wandering insanf, lost children, subjects 
of paralytic shocks, and innumerable human mysteries 
constantly falling into the hands of the police. The 
police are thus obliged to be constantly circulating photo- 
graphs of their own manufacture, and it is of thj utmost 
importance that such photographs should be taken upon 
the most scientific lines for accomplishing the object in 
view. Above all, in collecting vast numbers of judicial pho- 
tographs for future reference — the photographic archives, 
“ cantly ” known in English as the “ Rogues’ Gallery " 
(though by no means confined to rogues ip the eyes of 
the law) — it is import&nt that the portraits should be taken 

* Further information as to customs and legends of the Torres Straits 
Islanders will be found in the Journal of the Anthropological Institute^ 
vol. xix. z8^, and in Eolk-iore^ vol. i. tSgo. 

'* La Phoiographie Judiaaire, avec un appendice sur la classification et 
ridentification anthropom^triques/^ Par Alphonse bertillon* Chef du Service 
dTdentiftcation de la Prefecture de Police. (Paris : Gauthier- Villars et fits. 
•1890.) 
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with uniformity, the questions of full face or profile, full 
length or bust, &c., being decided beforehand, a fixed 
scale being adopted. Otherwise two photographs will be 
often of little use for purposes of comparison. 

There is but one object to be attained, and that is 
easily analyzed — to produce the most perfect likeness, or 
rather to produce the likeness easiest to recognize, the 
one most easily identified with the original. The problem 
in this shape depends on a new factor : Under what cir- 
cumstances and aspects did those who will be called upon 
to give an opinion on our photograph know pur subject ? 
and leads to this further question : What is the object 
sought by the judicial inquiry ? 

If it is 9 question of taking a sort of print of the in- 
dividual whieh, together with his description and judicial 
record, will enable him to be identified after the lapse of 
many years, then above all things it is necessary to have 
recourse to the most lasting features of the human body, 
and to consult the natural sciences, more especially an- 
thropology. ^ If, on the other hand, it is a question of 
identification with the past — that is, that our photograph is 
destined to be compared with others that have been pre- 
served in jails or police offices — the solution is very simple, 
and consists, above all other considerations, in repro- 
ducing the pose, the light, the size, and scale of reduction 
used./n the archives to which our portrait is to be sent. 

In regard ^to the important subject of light M. Ber- 
tillou speaks as follows: — “Absolute similarity is un- 
fortunately unattainable. The aspect of the studio, the 
hour of sitting, the state, more or less cloudy, of the sky, 
will always betray themselves h.y the difference in the 
direction, and the greater or less intensity, of the shadows. 
We ought first of all to reject, as too complicated, all 
artistic or fantastic lights. For the full face the light 
should come principally from the left, a little in front. 
The pose chair and the apparatus being fixed to the 
floor at an unchangeable distance, we have for the profile 
but the. direct front or back light to choose from. The 
light from behind gives more accentuation to the full face, 
and a more artistic tone. But the interior folds of the 
ear are necessarily in the sh;^dc, and the silhouette does 
not stand out so clearly as with a front light. The 
necessity of our profiles being taken with a front light, 
together with the early hour at which they are taken 
(so as not to interfere with the magistrates, whose work 
commences at 12), forces us to take the right profile 
to the exclusion of the left. In fact, the photograph 
studios generally facing north, and the sun being south- 
east between 10 and 1 1 o’clock, the left profile can only 
be lighted by a counter light to the camera. In a judicial 
studio, therefore, thus lighted from the north, the appa- 
ratus would be placed on the east sido and the pose 
chair on the west, the work being done in the morning. 
By a curious coincidence, and no doubt from analogous 
caujies, the greater number of ethnographic photographs 
of profile, especially those which compose the superb 
collection of Prince Roland Bonaparte, are taken from the 
right side.” 

The author next discusses the scale to be employed, 
advocating the necessity of including the shoulders, . 
to show on occasion t^ crook-backed carpenter, or 
stiff Briton or Prussian (presumably contrasted with the 
supple Frenchman), pr«erring a reduction of i in 7 
and a distance of 2*56 metres, various technical details 
being given for the benefit of the artist. 

In his second chapter, M. 'Bertillon takes up the ques- 
tion of the use of the judicial photograph after it is 
obtained — firstly, as regards identification of two photo- 
graphs ; secondly, identification of a photograph with a 

i ierson in custody ; thirdly, with a person at liberty ; 
astly (the operation most familiar to the public), identi- 
fication with a recollection in some one’s mind. Of 
course, it is for this latter object that police portraits are 
strewn broadcast for the eve of the community at large. 
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Btt t the chief exercise of this function in the ranks of the 
i Bie e themselves is the search among their store of por- 
Ups for a person of whom they receive a description,* 
By crucial points in this description being, set out, %nd 
Ipxially the dangers to be avoided. Thus certain colours 
and complexion make photographs almost un- 
■Kogniizable, and peculiarities of gesture and movement 
so characteristic of some persons as to make mere 
immobile portraits little suggestive even to familiar 
acquaintances. As regards comparison between two 
photographs, the author calls attention to the points 
which should prevent two apparently dissimilar com- 
mercial photograpths from being pronounced different 
subjects ; and, ®n the other hand, the striking fahiily like- 
nesses which should make one careful in declaring two 
similar portraits the same person. M. Bertillon gives the 
clue to the physiological data which should^ govern judg- 
ment on these occasions. He illustrates a clever con- 
trivance (but lately borrowed from their French brethren 
by the English police) by which a newly-takert portrait of 
a person in custody and an old portrait are compared om 
e<iual terms by a covering up of all but the unchangeable 
portions of the face — hair, beard, and moustaches being 
obliterated. M. Bertillon makes his most daring specu- 
lations, however, in relation to identification of a person 
at large from a photograph in hand. He says, ev^ as 
the word “ chime ” is not conveyed to the brain withqut a 
sensation not only of sight of the bells but the sound as 
well of its ring, so identification should come from certain 
clue characters of personal appearance, suggesting the 
absolute identity. It is*of no use to sit down and study 
in detail a photograph which probably tallies in few 
points with the same person as he is likely to be encoun- 
tered abroad ; but the unchangeable individual data 
must be seized upon by the trained mind versed in the 
language of anthropology, so that an encounter with the 
desired object will never fail to tell the secret. Thus, in 
the frequent necessity of stopping persons on embarka- 
tion at a sea-port, the profile is, of course, the thing to be 
kept before the inspecting eye ; but even this must be 
understood in relation to the disguise of bearing, ex- 
pression, &c., all of which must be considered — not the 
mere photograph taken under far different circum- 
stances. M. Bertillon concludes this interesting section 
as follows : — “ The officer charged with so difficult a 
mission as the search for, and arrest of, a criminal by the 
aid of a photograph, should be able to repeat and write 
from memory the description of the face of the man he is 
in search of. It is the best means of provin^f to his 
chiefs that he has at heart the task confided to him. The 
reader will seq later the special terminology which a 
knowledge of the subject necessitates. More than one of 
our readers will be surprised to see that police science 
borrows some of its methods from natural histpry and 
mathematics. We think that this descriptive study of 
the human frame will interest the portrait photographer 
as much as it will the judicial inquirer. Are not both 
scrutinizers of the human physiognomy, though truly 
from a different point of view ? ” ’ ' 

The author’s third chapter is devoted to other applica- 
tions of photography to judicial purposes. Here he refers 
to the notorious pocket cameras, which he puts aside m 
rarely of much use for police purposes, it being at a criti- 
cal moment more of an object to capture a malefactor 
than to photograph }iim. f}|;ill, he admits an occasional 
value for this kind of photography, and gives a startling 
example of the scene of a most dramatic murder in the 
suburbs of Paris at the instant of its discovery, before 
anything 6f the surroundings had been disturbed. This, 
M. Bertillon contends, would naturally be most valuable 
in the hands of the prosecution. Numerous other uses 
of photography are mentioned, such as cases of mine 
accidents, traces in the snow before it melts, and other 
matters of future judicial investigation. Many objects 
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connected with crime may beconu; the subject of photo- 
graphy, such ks we'apons and portims of dress ; and photo-' 
chromography comes in opportunely to spread abroa^i 
not only the form but the cqlour of the articles coftsidered 
important in tracing a criminal, so that evidence as to 
such articles may be forthcoming. 

In his appendix, M. Bertillon gives an interesting sum- 
mary analysis of the human figure, based on the studies 
of Qudtelet ; but as this is only indirectly connected with 
the subject in hand, I will on]y refer to the two features on 
the importance of which in judicial investigation the author 
lays the greatest emphasis — namely, the nose and the ear. 
That important and delicate subject over which so much 
concern is evinced in the social circle and the domain 
of literature — the human nose — M. Bertillon considers 
equally worthy of prominence in anatomical study and* 
police practice. He offers a scheme whei^by noses may 
bq studied with profit to the judicial mind, discarding the 
considerations which chiefly appeal to the ordinary eye 
in comparisons — colour, size, and general shape — and con- 
fining the classification to the line profile pure and simple,, 
apart from all other elements. M. Bertillon makes 
fifteen classes, into which all noses, even the most eccen- 
tric probosces, may be sorted : firstly, three grand divi- 
sions — the elevated^ the horizontal^ and the drooping^ 
according to the nature of the base-line ; each of these to 
be again divided by the bridge line into concave^ straight^ 
convex (or curved), and, lastly^ undulating (wavy, broken, 
or irregular in outline), 'rtie detective or judiciafl func- 
tionary, when called upon to say whether a face under 
his surveillance corresponds with a photograph in ques- 
tion, will find great help in a thorough nasal analysis for . 
two noses are never exactly alike. 

Yet more important is the ear, which, M. Bertillon 
insists, should always be shown in the portrait. His 
remarks on this feature are so valuable that I will con- 
clude my summary of his unique little volume by an 
abstract from this portion, illustrated by the accompany- 
ing diagrams, the use of which has been so kindly allowed 
me by the author : — 

“ We will close our examination of the profile by study- 
ing the ear, which, thanks to the projections and depres- 
sions with which it abounds, is the most important factor 
in the problem of identification. It is all but impossible 
to find two ears identically similar in all their parts, and 
the variations in the conformation which this organ pre- 
sents appear to remain without modification from birth 
until death. We believe that the registration at birth of 
certain peculiarities in the ear would render any substitu- 
tion of persons, even when adults, impossible. From 
birth unchangeable in its form, uninfluenced by sur- 
roundings or education, this organ remains throughout 
life like the untangible legacy of heredity and interuterine 
life. Nevertheless, on account of its immobility itself, 
which prevents its taking any part in the play of features, 
no part of the face less attracts the attention of ^e pro- 
fane. Our eye is as littje accustomed to notice if as our 
tongue is to describe it. In fact, the denominations’ of the 
principal p,arts of which it is composed have been but very 
summarily described in most of the anatomical treatises. 

** It wHl be sufficient for us to confine ourselves to the 
prominences which border the depressions, to give a good 
idea of the latter, and it will enable us to shorten our 
description by one-half. The prominences are five in 
number. 

“ (i) The border of the ear, or helix, a semicircular pro- 
jection comnuncing at A (Fig. i) in the middle of the ear, 
above the auditopr passage, reaching to the periphery, and 
bordering two-thirds of the upper ear. • 

'*(2) Where it ceases, the lobe commences soft and 
rounded, terminating at the base the circumference of 
the ear. • 

“ (3) Then the tragus — small, flat, triangular, cartilagin- 
ous prominence — placed outside in front of the auditory 
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passage. It^ shape presents but few individual varia- 
tions “ . . 

. “ (4) Opposite, separated by the auditory passage, is the 
antitra^s, less prominent than the tragus, but of far 
greater descriptive value. 

“ (5) Finally, above it the fold of the anthelix, which, after 
rising about i centimetre, bifurcates in two branches, the 
upper and the 'horizontal, the latter rejoining the helix 
above its original starting-point. 

“ The above order of enumeration enables us to draw^the 
different contours of the ear without raising our pencil, 
starting from point A, and finishing at point M ; this 
course of the pencil is shown on Fig. i by the alphabetical 
order of the capital letters, which separate each of the 
subdivisions, of which we are about to describe the most 
characteristic morphologic variations. 

“The border may be divided into four parts — the 
starting-point, A B ; the anti-superior part, B c ; the pos- 
terior, C D ; and the final, D E. Each of these parts may 
vary independently— :that is to say, may be small, 
medium, or large. It also happens pretty frequently that 
the beginning and ending portions (a B or D e) are alto- 
gether missing ; at other times the portion c D is more 
fully developed than the superior or upper part, or less 
so. The irregularities of contour that result therefrom 
are very characteristic. Lastly, the final part, i) E, may 



be very much developed and continue round the lobe to 
the cheek. 

“ The lobe should be considered — 

“ (czj^The outline of its free edge, E F, which may ter- 
minate in a descending ^int, aud attached to the cheek, 
or squared, or in rounded ellipsoid. 

(^) “ Its degree of adherence to the cheek, f if, which we 
called ‘ fused,’ or it may be joined by a membranous fold, 
which only becomes visible when the ear is Stretched 
from the cheek. Finally, it may be entirely separated 
from the cheek. 

“ (r) Of the shape of the anti-exterior surface, <0, which 
may be traversed by the prolongation of the helix, level 
or mammilated. 

“ (^d) Of its dimensions in height, which 4;nay be small, 
medium, or large. 

“ The antitragus presents a general line of direction, the 
inclination of which may vary from horizontal (the head 
bein^ in its normal position) to obliquity of 4|°. In 
relation to this line, represented in the drawing by 
^^e dottefl line h i, the antitragus can profile in line with 
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an upper concavity, or rectilinearly, or slightly sinuous, 
or projecting. Finally, the antitragus (especially its free 
extremity) may be inverted outwards or straight. Putting 
as’de all questions of shape, the antitragus may vary also 
with reference to its indefinite dimensions. 

“ The parts l K and L of the fold of the anthelix may each 
separately be small, medium, or large. When the anthelix, 
and specially the upper branch, K L, is littleaccentuated, the 
ear stands out /rom the head, and takes a shape which 
resembles the ear of the mammifer. The horizontal por- 
tion, K M, of the anthelix has a bearing sometimes truly 
horizontal, sometimes oblique, sometimes intermediate. 



I It .. 2.-^Ear shewing all the charac- F lo. 3. — Ear showing all the charac- 
teristics at a minimum. teristics at a maximum. 



Fig. 4. Fig. 5. 


Figs. 4 and 5.— Eari hhowing the corresponding peculiarities altetnately at 
a minimum and at a maximum. 

i 

“ The whole ear, including the lobe, may equally deflect 
from the head ; hence the shape called “ peduncular ” by 
some authors. In other cases the deflection is most 
noticeable in the posterior part, or upper, or even in the 
lower part of the ear. We must also notice the presence 
of a prominence in a certain, pumbeti of ears, between the 
points C and D. This protuberance is called * the tubercle 
of Darwin,’ after the celebrated English naturalist, who 
saw in it a survival of the pointed ear of certmn monkeys 
(Fig. 5 ).” '• 

It is to be hoped that M. Bertillon’s work will be seen 
in English, for I have given but a fragment of the choice, 
fresh matter in the littw volume. 

Edmund R. Spearman. 
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THE CJNQUEMANI “ CHRONOLOGET 

^T^HIS is a very singular and interesting contrivance. • It 
is a clock with only one toothed wheel, yet it*Bhows 
the hours, minutes, days of the week, &c., and strikes the 
hours and quarters at each quar^jer of an hour. Moreover, 
r-there is an arrangement for repeating the hours and 
quarters at will. The single toothed wheel spoken of is 
the escape-wheel, and this propels a pair of pallets and 
pendulum in the ordinary way. The rest of the work is 
done in the fall of a small leaden ball, a long chain of 
these balls being intermittingly elevated, and one of them 
discharged ovei a revolving drum each quarter of an 
hour. We will follow one of these balls !hrough the 
course of its multifarious duties. It first enters a sling in 
a tape wound over the escape-wheel axle, and we notice 
that it is the weight of this and three ot^er balls (which 
have been previously deposited in preceding slings) which 
is keeping the escape-w'heel going. As the wheel turns 
round, the balls descend, and after a quarter of an hour 
the lowest will have arrived .nt a fun n el-shaped openiifj^, 
where it will get liberated from its’ll^g, and fall. It 
first strikes a lever which enables the drum'to move on 
and discharge another ball into a sling upon the escape- 
wheel tape. Then rushing down a tube it enters % zigzag. 
It is within this zigzag that the striking of the quarters is 
performed, for at each of its angles a bell is^laced, against 
which the ball strikes sharply as it passes them. After 
leaving this zigzag, the ball is projected down another, 
where it strikes the hours. As the number of blows to be 
struck is regulated by*a similar contrivance at each zig- 
zag, we will confine our attention to that for the hours? 
The channel down which the ball passes is vertical to the 
face of the zigzag. Now the front or zigzag side of this 
channel is a moving tape, which carries a little trap. As 
the tape is always moving, the position of the trap depends 
upon the time, and the position of the trap also determines 
the stage of the zigzag upon which the ball w-ill be pro- 
jected. Thus, when the trap is opposite the sixth stage 
of the zigzag, the ball will encounter six corners upon its 
way down, and consequently six blows will be sounded. 
When the trap is at the top, twelve blows are sounded ; 
and when the trap is at the bottom, no blows are sounded. 
When the ball leaves the zigzag, it enters a sling at the 
lowest part of the chain first spoken of, and is intermittingly 
carried up again to begin its work over again. For re- 
peating the hours and quarters at will, there is a separate 
reservoir of smaller balls ; and by pulling a handle one of 
these can be discharged above the first zigzag, and when 
it has done its work it disappears through a hole, which 
the regular balls cannot penetrate, back to its own 
reservoir, k may be mentioned that, in lieu of bells, the 
hour zigzag has a single vertical sonorous tube for each 
set of comers. The time, days of the week, &c., are 
shown by means of tapes carrying pointers suspended 
over the escape-wheel and another axle. The inventor, 
the Rev. Canon Cinquemani, maintains that the simplicity 
and precision, by reason of the constant force on the es- 
capement of his **chronologe’' (which he ha’s patented),* 
render it peculiarly advantageous for missionary and 
other distant stations, where the assistance of professional 
clockmakers is not readily procurable. H. D. G. 

THE NEW AUSTRALIAN MAMMAL. 

I N vol. xxxviii. of*NATU*® (p. 588), Dr. E. C. Stirling. 

of Adelaide University, described as a “new Aus- 
tralian mammal” a small mole-like animal which had 
been obtained in Central Australia near the telegraph 
line between Adelaide and Port Darwin. The same 
descri{>tion, with some additions, was afterwards pub- 
lished in the Transactions and Proceedings of the Ro^al 
Society of South Australia, vol. x p. 2i. But no decision 
was arrived at as to the exact affinities of this animal — not 
even whether it is a Marsupial or a Monotreme — nor has 
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any name* been given to it. On behalf of 'the zoologists 
of this country, who have waited patiently tu^ years for 
further information, I ngw venture to urge DiT Stirling to. 
send one of his specimens of this extraordinary creature 
(in a letter subsequently addressed to me he speaks o£ 
having received two additional examples) to London, and 
allow us to endeavour to decide what it really is.^ I need 
not point out the extraordinary interest of this discovery. 
Jf a Monotreme, as seems probable, it will be the third 
known form of this very peculiar type of mammjil-Iife ; if 
a Marsupial, it is quite different from all known members 
of that group ; and if it turns out to be a Placental 
Mammal, it will revolutionize our canons* of zoolomcal 
geography. On behalf of the Zoological Society of Lon- 
don, I think I may promise that the^ specimen, if for- 
warded, shall be submitted for examination to our very 
^best authorities on the subject, and shall be fully de- 
scribed and illustrated in our scientific publications. 
Such a grand discovery should certainly not be concealed 
from the world’s knowledge any longer. 

P. L. Sc LATER. 


RICHARD BURTON. 

W E have already announced the not unexpected death, 
at the age of 69, of Sir Richard Burton, one of 
the most versatile geniuses find exfensive explorers of any 
time, and one who, so far as Africa is concerned, deserves 
to be ranked with Stanley and Livingstone. He was born 
on March 19, 1821, at Barham House, Herts, of old fami- 
lies on both sides, and with a heritage of fighting and 
wandering propensities. It is curious now to think that 
Burton was sent to Oxford with a view to taking orders. 
He soon destroyed all prospects of any such career by 
getting himself rusticated. He succeeded in obtaining an 
appointment in an Indian regiment, and, while yet little 
more than»a*boy, his restless wanderings began. For 
half a century Burton lived a life of the fiercest intensity 
— equal to the lives of three ordinary men. Before his 
famous journey to Mecca he had published more than 
one book on his travels in India and neighbouring coun- 
tries. Before attempting the h.azardous enterprise to the 
holy city of the Moslems, in 1852, he took every precau- 
tion to delude his fellow-pilgrims into the belief that he 
was one of the faithful. His extraordinary gift of picking 
up languages made this easy ; and whether his disguise 
was or was not penetrated, he succeeded in getting inside, 
and, better still, outside Mecca, to tell an expectant world 
of mysteries practically unrevealed before. This journey 
would certainly have made his name famous ; but he 
meant to do even greater things. At that time it was as 
dangerous to attempt to enter fanatical Harrar as it was 
for a Christian to join the Haj. But Burton did it, and 
lived to tell the world the story of it ; though he and 
Speke had a narrow escape when, the following year 
(1855), they attempte^i to reach the Nile throqgh the 
Somali country. 

A preliminary trip to Zanzibar produced a learned 
and interesting book on that island and its people. We 
say preliminary, because by this time, 1856, Burton had 
something much more important in view. Livingstone, 
it should be remembered, had been at work in Africa for 
many years ; in 1856 he returned to England to tell the 
full story of his crossing of the continent. Through 
Livingstone, through Krapf and Rebmann, and others, 
rumours had been for a long time coming out of great lakes 
in the interior. Before D’Anville, Ih the end of last cen- 
tury, made a clean sweep of all the crowded features on 
the map of Central Africa which had accumulated since the 
end of the sixteenth century, there were lakes in plenty, 
scattered over thn centre of the continent, and great 
rivers and mountain ranges, some of them an inheritance 
from th^ days of Ptolemy. But no one ’knew how these 
features ever came there. The hydrography they_^Ih- 
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dicated was -impossible and there w.ts no evidence 
that any white traveller had ever seen thenl. The prob- 
ability is that these lakes and rivers were put down from 
the reports of natives who had communications with the 
interior. Much of the existing geography of Africa 
rests on no better foundation ; but then we know 
better how to sift native reports now than our pre- 
decessors did 200 years ago. At all events, as some 
of us who were at school ^ then may remember, the 
map of Africa, in 1856, had the word “Unexplored” 
spread dll over its centre. As has been said, Krapf and 
Rebmann, the missionaries, who had seen Kilimanjaro, 
and^thought they got a glimpse of Mount Kenia afar off, 
had "heard of great lakes in the heart of Africa. It was to 
seek these lakes that Burton, accompanied by Captain 
Speke, set out fr8m Zanzibar in June 1857. The expedition 
was under the auspices of the Government and of the 
Royal Geographical Society. Before leaving Zanzibaf 
Burton wrote home that he was about to set out in 
search of “ the Gi eat Lake.” His eyes were gladdened 
by the sight of the waters of Tanganyika, at 
Ujiji, on February 14, 1S58. It is scarcely pos- 
sible for us to realize what this meant at the 
time. The route, now so well known, from Zanzibar to 
Ujiji had never before been trodden by the feet of white 
men. The difficulties which beset this pioneer expedition 
were disheartening. Before it set out, there was no Tan- 
ganyika? no Victoria Nyanzaf no Albert Nyanza, no 
Bangweolo on the map, and only the lower 200 miles of 
the Congo. Burton’s discovery of Lake Tanganyika 
may be regarded as the centre from which all suc- 
ceeding discoveries in Central Africa have radiated. 
It is the great central lake round which all others arc 
grouped. Indeed Burton’s companion, .Speke, as we 
know, made a run to the north on the homeward route, 
and discovered that other great lake, the Victoria Nyanza, 
which he rightly surmised to be the source* qf the White 
Nile. Of the unhappy relations between Burton and 
Speke this is not the place to write, even if we had any 
inclination to revive a bitter controversy that ought to be 
allowed to lie in the grave where it was placed many 
years ago. That Burton’s bitterness against Speke 
blinded him to the importance of his companion’s dis- 
covery all will admit. That Burton was of a rough type, 
given, like other great and successful men, to carrying 
out his purposes at any cost to themselves and others, 
there can be no doubt. The big things in the world have 
generally been accomplished by such men. 

Burton’s discovery gained him the medal of the Royal 
Geographical Society, but hardly anything else. After a 
run to America, he, in 1861, with his newly-married wife, 
went as Consul to the White Man’s Grave — Fernando 
Po. From here he explored the Cameroons, the Gorilla 
country, and Dahomey. A few years later a Consulate 
in BradI gave him the opportunity of exploring the high- 
lands of that country. After a short stay at Damascus, 
’’’urtoh was appointed Consul at 'frieste in 1872, and there 
he was allowed to vegetate till his death, with no greater 
reward for all his valuable services to sciedee than a 
K.C.M.G., given him four years ago. Visits tOr^celand, 
to Midian, and to the Gold Coast, produced several volumes 
to add to the many he had already published ; probably 
no traveller has ever been so prolific in books.,. It says 
little for the intelligence and enterprise of a Government 
that could find no better use for the services of a man of 
such power as Richard Burton than to give him the 
charge of a third-rate Consulate. Of Burron’s versatile 
schoianship and its published results we need not speak in 
detail. He was one of the few survivors of the old type 
of adventurer of which our country has been so prolific — 
men who have been the makers of our Empire and the 
founders of modern knowledge. Saence is bound to 
remember him ‘as one of her pioneers into the great 
#ikiiown. K. 
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. PROFESSOR HEINRICH WILL. 

•^HE sad announcement of the death of this well-known 
tfchemist from heart disease, on the 15th of this 
month, is made in the Chemiker Zeitung of the 22nd 
j inst. Dr. Will was for thirty years Professor of Chemis- 
I try and Director of the Laboratories at the University of 
; Giessen. He was born on December 8 in the memorable 
I year 1812, at Weinheim, where his father held an im- 
i portant official position. After completing his studies at 
! the High School of his native town, he devoted himself 
for a time to pharmacy. But in 1834 he entered the 
University of Heidelberg, and in the same year under- 
^ took the pbsi^jon of assistant in the laboratory under 
: Prof. Geiger, and after that eminent chemist’s decease, in 
I 1836, under the celebrated Prof. L. Gme,lin. In 1837, at 
i the request of Prof, von Liebig, he removed to Giessen, 

1 where he occupied the position of assistant until his 
I graduation as Doctor in 1839. He then habilitated him- 
! self at the Uftiversity as Pri vat-docent of Chemistry, his 
: dissertation consisting of a description of his “ Investiga- 
1 tion of the Constitution of the Ethereal Oil of Black 
I Mustard.” ^ In 1842, Dr. Will undertook the direction of 
j the newly-founded Filialslaboratorium, and in 1846 he 
1 received a call to the then recently inaugurated laboratory 
! of th(? College of Chemistry in London. He, however, 

I declined the offer, and was shortly afterwards appointed 
i extraordinary Professor in the University of Giessen, 
j After Prof, von Liebig’s departure for Munich, in 1852, 

! Dr. Will became ordinary Professor of Chemistry and 
] Director of the Chemical Laboratories of the University. 

I 'During the session 1869-70, Prof. Will occupied the dis- 
tinguished post of Rector of the University, and his in- 
augural address was a memorable one, treating of the 
relations between matter and force considered from the 
chemical standpoint. After forty years’ unceasing labour 
as a teacher and an investigator he retired, at his own 
request; in October 1882. 

As an original investigator Prof. Will was character- 
ized by his precision and the acuteness of his observation. 
He was also a most excellent teacher, understanding as 
few others of his time the art of explaining to students that 
which was so clear to himself. What, however, most struck 
those who had the good fortune to listen to his lectures, 
was the deep earnestness which he threw into his subject, 
and the manner in which he used to carry his students 
along with him through the most intricate branches of 
chemistry. His powerfully energetic character was even 
more apparent if possible in the laboratory, as he passed 
from student to student, speaking the right word of 
help and encouragement to each, and inculcating habita 
of work and thought which raised many of those students 
to positions of honour and usefulness in the chemical 
world. His especial htness for the leadership of a 
laboratory is very manifest from a perusal of his text- 
book, “ Anleitung zur chemischen Analyse,” which ap- 
peared in its twelfth edition in 1883, and has been 
translated into several languages. A. E. T. 


NOTES. 

The Queen has been pleased to command that the Govern- 
ment institution now known as the Normal School of Science 
and Royal School of Mines shall in future be celled the Royal 
College of Science, London. 

The President of the Institution of Electrical Engineers and 
Mrs. John Ilopkinson will give a eonversaziom in Jhe galleries 
of the Royal Institute of Painters in Water Colours on Wed- 
nesday evening, November 19. 

The death of Robert M’Cormick, F.R.C.S., R.N., Deputy 
Inspector-General of Hos^tals and Fleets, is announced. He 
was one of the oldest and most eminent officers of the medical 
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profession in the Royal Navy. He accompanied Sir E. Parry 
inH.M.S. Hecla in his attempt to reach the North Pole, and 

1839 joined the Erebus^ which, in company with the Terror^ 
employed in the- expedition for magnetic observatiog and 
discovery in the South Polar regions. During this voyage, which 
lasted four years, he discharged, in adjjition to his medical work, 
duties of geologist and zoologist. In 1847 he called the 
attention of the Admiralty to the fate of Sir John Franklin; and 
laid before the Board plans of search for the missing vessels. 
His plans were accepted in 1852, and in the course of his subse- 
quent exploration he settled various geographical questions. 
In 1857 he received the Arctic medal. Among his writings 
are: ^'Geology, of Tasmania, New Zealand, Antarctic Con- 
tinent, and Isles of the South,” “Voyages of Discovery in the 
Arctic and Antarctjp Seas,” and “Round the World, with 
an Open Boat Expedition, in the Forlorn Ihtey in Search of 
Franklin.” 

We have to record the death of Mr. E. C. Nicholson, F.C. S., 
who was well known as a manufacturing chemist. He died oft 
the 23rd inst., at the age of sixty-three. 

A SCIENTIFIC and commercial expedition to the West Coast 
of Africa, under the auspices of the British Governgient, is 
about to leave London. Commander V. Lovett CaraerAi has 
bee^ appointed chief of the staff, the whole c.^edition Joeing 
under the superintendence of Mr. James Bennett, of the firm of 
E. C. Bennett and Co. 

Studen'I’S of Egyptian rfrchjeology will be gl&d to learn that 
(he Catalogue of the Gizeh Museum will be imblishedin January. 

There have been some unpleasant rumours lately about the 
destruction of the Pyramids for building material. The Cairo 
correspondent of the Times says there is no truth in these re- 
ports. The real facts are that the loose stones accumulated at 
the base are being removed, which will lay bare th<S lowest 
courses and display the Pyramids to greater advantage. The 
work is being conduced under the superintendence of the 
Museum authorities. 

The botanical explorer, Mr. C. C. Pringle, was engaged, 
during the early part of this year, in investigating the high land 
between Mexico and Tarupico ; he has made large collections, 
including, as he believes, many new species. 

Dr. R. von Wettstein returned in July from his botanical 
expedition to Tuzla, Zwornik, Vlasenica, and Srebrenica in 
Eastern Bosnia. He has obtained interesting results, which 
will be published Jn the Oesterreichische botanische Zeitschrift. 

On October 16, Prof. Wallace delivered the inaugural address | 
to the class of agriculture and rural economy at the Heriot-^yatt 
College, Edinburgh. He chose as his subject dairy practice. 
The address has now been published. 

The October number of the Auk^ which copnpletes the 
seventh volume of thftt publication, is a somewhat bulky part, 
and besides the usual excellent papers on North American 
ornithology, it contains some essays by European naturalists. Dr. 
A. B. Meyer describes a new species of Humming Bird {Erio- 
4:nemis aurea) from Colombia. Mr. Eagle Clark gives an 
account of a collection of birds made by Dr. Gillespie at Fort 
Churchill, Hudson's fiay, and* presented to the Edinburgh 
Museum in 1845. Mr, J. A. Allen describes a new Icterus 
from Andros Island in the Bahamas, as Icterus northropi. Mr. 
D. G. Elliot* also publishes the first portion of his description of 
a collection of birds obtained by Mr. C. F. Adams at Sandakan 
in North-Eastern Borneo. This paper contains many errors, 
and the author is evidently not acquainted with the recent 
literature on the subject. Copsychw adamsi^ sp. n., is cer- j 

NO. 1096, VOL. 42"] 


tainly C. ni^ef^ of Wardlaw Rams^ (P.Z.S., 1886, p. 123). 
Mr. Seebohfhi, not Mr, Sharpe, the author- of the fifth 
volume of the ^‘Catalogue of Birds,” and he will probably, be 
interested in* the occurrence, of Gcocickla interpres fn Borneo, 
which is here recorded for the first time. Pitta venusta of Mr. 
Elliot's paper will assuredly prove to be Pitta nosheri^ already 
recorded from Sandakan, by Mr. Bowdler Sharpe, in the Pro- 
ceedings of the Zoological Society for 1881, a paper which 
seems to have escaped Mr, Elliot's notice. He wjll also find 
Mr. Alfred Everett's “List ot the Birds of Borneo” of great 
use to him in his future studies. * 

The authorities of the Government Central Museum, Madras, 
j are having an index collection made on the same principre as 
' that adopted in the British Museum (Natural History). This 
is noted in the Administration Report of the Museum for the year 
1889-90. The index collection, in its complete state, should 
teach the most important points in the structure of the principal 
types bf animal and plant life, and the terms used in describing 
them. The series exhibited during the past year illustrated, by 
means of specimens with descriptive labels, arranged in wall 
I and table cases, the outer covering or integument of mammals 
• and its modification into hair, nails, claws, hoofs, horns, antlers, 
&c. Other series are in”course of preparation, illustrating the 
I dentition and osteology of mammals,; the external characters and 
osteology of birds, the structure and ftrms of shells, mimicry, 
&c. The exhibition of these series, the Superintendent hopes, 

' will be of use both to those who arc engaged in teaching, and 
to student*? in Madras, and bring the Museum more into touch 
with th# Educational Department than it has been hitherto. 

Soundings have lately been carried on in the Straits of 
Dover, in connection with the proposal for the construction of 
a bridge across the English Channel. According to a telegram 
sent through Reuter's Agency from Paris, the result of the sur- 
veys made sh<fws that the route which has been investigated is a 
little shorter than was expected, that it presents every guarantee 
as regards solidity and stability, and that the depths are not 
quite so great as was anticipated. M. Renaud, a hydrographic 
engineer, who was designated for the work by the French 
Minister of Marine, is of opinion that if the Bridge Company 
went a little further north a perfectly straight route could be 
obtained with a better foundation and less depth of water. This 
route would be four kilometres shorter, and would therefore 
considerably decrease the cost of construction. It also appears 
to be less exposed to the wind, which >ould prove a great 
advantage, especially during the progress of the works. 

The U.S. National Museum has issued its Thirty-eighth 
Bulletin. The work consists of a valuable contribution, by 
Prof. J. B. Smith, towards a monograph of the insects of the 
Lepidopterous family Noctuidm, of Temperate North America. 

Some time ago a memorial on the decimal system ^as pre- 
sented to the London School Board by the Decimal Association. 
The Board l^ave now informed the Association that, on the re- 
commendation of the School Management Committee, they have 
asked ihe*Education Department to modify Schedule i of the 
new Code, so that decimal fractions shall be taught in the 
fourth standard at latest, and the metric system of measurement 
and weiglft be included in the teaching of the fourth and upper 
tandards. The School Management Committee of the Board 
have also decided that models illustrating the metric system 
(hall be added fo the Board's requisition •list in the event of the 
Education Department accepting the proposal of the Board. 

Messrs. J. B. BAUXifeRE et Fils are issuing, in weekly 
parts, a work on the various races of mankind (“ Les Raqes 
Humaines”), by Dr. tl. Verneau. It will complete the work 
entitled “ Mcrvcilles de la Nature,” for which *Brehm wrote the 
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Vie des Animaux/’ The wst part of the new work has been 
sent to us. l'*he author arrases his facts clearly, and there are 
some good illustrations. 

Mr. Fisher Unwin has published an interesting volume on 
^ “ Teneriffe/' by George W. Strettell. It is an expansion of a 
paper read by the author before the Congress at Brighton last 
August. Mr. Strettell records his personal experiences, and in 
describing Teneriffe as a health resort, avoids, with equal care, 
extravagant ' laudation on the one diand, and undue depreciation 
on the other. 

The new volume of the “Minerva Library consists of re- 
prints of Darwin’s “ Structure and Distribution of Coral Reefs” ; 
his “ Volcanic Islands” ; and his “ Geological Observations on 
South America.” ;«Prof. J. W. Judd contributes a critical in- 
troduction to each work. 

A CORRESPONDENT inquires as to the titles of any works in 
the nature of scientific guide-books to Switzerland and the 
neighbouring countries, and to the usual tourist resorts for I 
health, &c. — which deal with their chief features of botany, 
zoology, geology, ethnology, &c. The books should not exceed 
the size or cost of ordinary guide-books, and may be French 
or English. We shall be glad to print any titles that may be 
sent to us. 

A SOMEWHAT severe s^ock of earthquake occurred at Tlech- 
ingen on October 14, at 2.30 a.m. At Ncxo, on the Island of 
Bornholm, a slight rumbling of earthquake was noticeable for I 
almost an hour on October 8, the same day on which several 
shocks were felt in Norway. | 

The formation of icebergs was watched, this last summer, by 
Mr. H. B. Loomis and Prof. Muir, while staying seven weeks 
near the Muir Glacier {Amer, Journ. of Science), The falling of 
blocks from the terminal wall was very irregular; at times, about 
every five minutes ; while at other times the observer might wait 
an hour without seeing one fall. One day, in twelve hours, 129 
thundering reports from the falling bergs were heard at camp, 
about a mile off. In heavy rain, especially, it seemed as if a 
thunderstorm or cannonade were going on. Sometimes a block, 
breaking off, bursts into fragments, and falls like a cataract. 
Again, an enormous block will sink unbroken into the water, 
then rise, perhaps 250 feet, even with the top of the glacier, the 
water pouring off it ; then topple on its side with a heavy thun- 
dering roar, scattering spray in all directions, and wallow about j 
among other icebergs like a huge monster. 1 

A PAMPHLET on “The Law of Storms,” considered with 
special reference to the North Atlantic, has been sent to us by 
the author, Mr. Everett Hayden. It is an abstract of a paper 
read by him before the National Geographic Society in 
November last. Hurricanes are most frequent in the summer 
months iii each hemisphere. Originating in the tropics they move 
westward, then poleward, and finally dkslward in higher latitudes, 
gradually receding from the equator. Between hurricanes north 
and south of the line the essential difference is that in the 
northern hemisphere the rotation of the cyclonic whirk is against 
the hands of a watch and in the southern with them. The ■ 
author goes on to say that the noted hurricane regions are the ' 
West Indies, coast of China and Japan, Bay of Bengal (especially 
in May and October at the time of the change of the monsoons), 
and the South Indian Ocean (about Mauritius). In the brief 
statements and descriptions regarding hurricanes and storms, 
including some of the latest hurricanes that have occurred in the 
last two or three years, the most recent, most important, and 
best established facts, which every navigator ought to know, 
have Vicen written concisely and intellig^ly. Accompanying 
these descriptions are charts which illustrate clearly the wind 
qurrents axtd barometric depressions. To explain the great 

" NO 1096, VOL. 42] 


cloud bank, ‘and the storm wave or general elevation of the sea 
caused, by the spirally in- blowing winds and low barometer, the 
author has given a very neat little sketch in cross-section, and a 
second sketch is added to convey a clear mental conception of 
the actual motions of the particles of air as they flow inwfirds 
from below, their whirl up,wards and flow outwards at the top. 

In a paper on moles, lately read before the Bristol Naturalists^ 
Society, and now printed in its Proceedings, Mr. C. I. Trusted 
calls attention to the fact that there are said to be no moles in 
Ireland. He has never seen a mole-hill in that country, and an 
acquaintance of his at Belfast — “a good and observant natural- 
ist” — says, “ It w a fact that moles do not'-exist in Ireland.” 
Yet, as Mr. Triftted points out, there are in mdny parts of Ire- 
land wide districts which seem to be well suited to the mole’s 
habits. 

The Department of Public Instruction, in New South Wales, 
have printed iij their technical education series a valuable paper 
on wattles and wattle-barks, by J. H. Maiden. In an intro- 
ductory note the Minister for Public Instruction says that ex- 
periments in wattle-culture in Victoria and South x\ustralia 
have resulted in a practical success. He knows of no souna 
reason why similar enterprise should not be equally profitable in 
New South Wales, which has, in many parts, soil and climate 
well adapted fc^ this industry. 

Some persons digging peat near the village of Fochterloo, 
Friesland, lately came across a sunken forest of trees with enor- 
mous trunks. The trees are lying on' a sandy soil, in the direc- 
tion from north-west to south-east ; it is not yet decided to what 
species they belong. The exteriors resemble oak, but the 
insides are brittle, and burn like tinder. 

We have received the third edition, just published, of r 
general list of observatories, astronomers, astronomical societies, 
and astronomical reviews, prepared by Mr. A. Lancaster, 
librarian of the Royal Observatory of Brussels. Under the 
heading of each observatory will be found its latitude and 
longitude, the names of all those who compose its staff, and its 
yearly publications. Under astronomical societies the informa- 
tion given relates to the following ; date of foundation, object, 
memoirs published, and names of the president, secretary, and 
treasurer. The next part is headed, “Institutions diverses,” 
and includes — among other institutions — the Bureau of Longi- 
tudes of France at Paris, Bureau of the Nautical Almanac at 
London, Bureau of the Nautical Almanac at Washington, Solar 
Physics Committee, &c. The staff employed or members in 
each of these institutions is given, together^ with the yearly 
publications. The fourth section deals with astronomical re- 
views and journals, and the information that is brought 
toge^jher mentions the name of the editor, the price, the fre- 
quency of publication, and the date of first appearance. The 
fifth and sixth sections consist of alphabetical lists, with adilresses, 
of astronomers and instrument makers. With the help of the 
good general' alphabetical table that is added at the end, the 
book will be sure to be found very handy and useful for 
reference. 

R. Friedlander and Son, Berlin N.W., ii Carlstr^se, 
have issued part xxiii. of their “Catalogues of Bool^^.” It contains 
titles of a large number of important works dealing with every 
branch of astronomical science,' hence irwill be of great use to 
those in search of rare books, and also to the general biblio- 
grapher. 

We have received the sixth fascicule of the “Works of the 
Aral-Caspian Expedition,” which contains the geological diary 
of Prof. Barbot de Marny during the Expedition. This diary, 
which unhappily remained unpublished for thirteen years after 
the Professor^s death, ia rich * in accurate observations, which 
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^bave lost none of their value, notwithstanding subsequent ex- fluoride, ig’05-i9*09. As bariun/ fluoride is not so regularly 
, i|iioration ; and the whole gives a vivid description of the explored decomposed Ijy sulphuric acid as^odium and calcium fluorides, 
rStegion, from the Caspian Sea, over the Ust-Urt plateau, •to M, Moissan considers that the nearest approxiination to the 


he mouth of the Amu-daria and to Samarkand, ©f the 

nany short notes scattered in the diary we may select 
ffione in which it is mentioned that Barbot de Maruy has 
had the opportunity of finally ascertaining that the so- 
called bugry of the Caspian shore are simply due to denuda- 
tion. The layers of clay and sand of which they consist are 
mostly horizontal, and, when they are not sd, the strati- 
fication has no relation whatever to the exterior shape 
of these elongatecj low ridges. The next contribution to the 
same fascicule is by M. Andrusoff. It is full oj geological data, 
and its conclusions are very interesting, the author never failing 
to discriminate belhveen what is already proved and what still 
belongs to the domain of hypothesis. His rynarks about the 
Caspian Sea and its present fauna being remains of a Miocene 
sea, and the enumeration of the geological problems in connec- 
tion with that fact which remain yet unsettled, will be read Jiy 
geologists with interest, the more so as the substance of this 
paper has been given in German in the yahrlRtch der k^k, 
Gcologischen Reichsanstalt^ vol. xxxviii. 

The following are the arrangements for Tuesda^ evening 
lectures at the Royal Victoria Hall during Novepiber Novem- 
ber 4, Mr. Arnold Mitchell, “ Old Buildings and the Story they 
telH'; November ii, Mr. A. H. Gilkes, “Columbus” ; Novem- 
ber 18, Mr. A. P. Laurie, “Air and Water,” with experiments; 
November 25, Mr. Hilliafd Atteridge, “The I^ew Divisions of 
Africa.” The oxy hydrogen lantern will be used with all thesi 
lectures. 

In our note on the Rev. J. A, Galbraith, on October 23, the 
^ ast three lines should have been printed as follows : — “ In 1854 
he was chosen Erasmus Smith Professor of Experimental Philo- 
sophy. Along with Dr. Haughton, Prof. Galbraith was the 
author of various excellent scientific manuals.” 

In a communication to the current number of the Comptes 
rendus^ M. Moissan announces the result of his redetermination 
of the atomic weight of fluorine. The method adopted consisted 
in converting a known weight of sodium, calcium, or barium 
fluoride, prepared in a manner specially devised by M. Moissan 
in order to exclude impurities, into sulphate by repeated ignition 
with pure sulphuric acid in a small jdatinum retort. The 
process for obtaining pure sodium fluoride was as follows. 
An already fairly pure specimen of sodium chloride was freed 
from the last traces of potassium by a large number of fractional 
crystallizations. * This was then converted into bicarbonate, of 
soda by saturating its aqueous solution succes.sively with am- 
monium and carbon dioxide. The precipitated bicarbonate, after 
repeated washing, was converted into the normal carbonSte by 
boiling its solution in water, and the crystals which separated 
on evaporation were freed from traces of chloride by repeated 
partial crystallizatioii. The carbonate was next converted intp 
fluoride by treatment with redistilled hydrofluoric acid origin- 
ally prepared by distillation of hydrogen potassium fluoride, 
HF . KF. The sodium fluoride thus obtained, after ignition 
at a red heal, was probably the purest specimen which has 
ever been obtained. As the result of five ignitions with 
sulphuric acid, the values obtained for the atomic weight of 
fluorine ranged from 19*04 to 19*08, when Na = 23*05 (Stas), 

S =: 32*07 (Stas), and O = 16. The calcium and barium 
fluorides eunployed in the second and third series of deter- 
minations were obtained in microscopic crystals by precipitating 
potassium fluoride with calcium or barium chloride in dilute 
solutions of particular strengths. The values obtained in the 
case of four experiments with calcium fluoride varied from 19*02 
to 19*08, and as the result of five determinations with barium j 
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truth is afforded by taking *the mean of the experiments with the 
the two latter fluorides. This value is 19*05. Hence the atomic 
weight of fluorine may be considered, as has previously bee» 
supposed, to be practically represented by the whole number 19* 

The additions to the Zoological Society’s Gardens during the 
past week include a Diana Monkey dtana 9 ) from 

West Africa, presented by Mr. Howard V. Henry ; ‘a Spotted 
Ichneumon {Iferpestes nepalensis) from Nepal, presented by Mr. 
J. Percy Leith, F.Z.S. ; a Polecat {MuUela ptUoHtis)^ B/ilish, 
presented by Mr. F. D. Lea Smith ; two Laughing Kingfishers 
{Dacelo gigaitUa) from Australia, presented by Mr. W. B. 
Phillips ; two Pomatorhine Skuas (SUrcc^rarius pomaiorhinus\ 
•British, presented by Mr. T. E. Gunn ; a Cashmere Monkey 
(Afa^acus pelops 9 ) from Cashmere, deposited ; two Common 
Squirrels {Sciurus vulgaris)^ two Reed Buntings {Emberiza 
scha'uiclus)^ two Redpolls {Lifiota rufescens)^ British, purchased ; 
an Angora Goat (Capra hircus 9 var.), received in exchange; 
two Vinaceous Turtle Doves {Turtur vinaceus)^ bred in the 
Gardens. 


OUR ASTROVdMICAL COLUMPf. 

Objects for the Spectroscope. 


Sidereal Time at Greenwich at 10 p.m. on October 30 » 
oh. 36m. 39s. 


Name. 

Mag. 

Colour. 

R.A. 1890. 

Deck 1890. 

• 



h. in. s. 

• / 

(1) G.C. 105 

— 

— 

0 34 23 

+ 41 5 

(2) G.C, 117 ... 

— 

— . 

36 4 3 

+40 16 

(3) 6 Pi!?ciuiu 

4 

YclIowish-red. 

0 42 58 

+ 6 59 

(4) Tf Ccti 

3 

Yellowish-white. 

I 2 31 

— lo ^9 

(5) 9 Cell 

3 

Whitish^yellow. 

I x8 30 

- 3 45 

(6) a Andromedse 

I 

While. 

0 2 43 

4-28 20 

(7) 3 Schj 

8 

Deep red. 

0 14 5 

+ 44 6 

(8) R Vulpeculae 

Var. 

Y cllowish-red. 

< 20 59 30 

+ 23 23 


Remarks^ 

(1) The spectrum of this bright nebula has not yet been 
recorded. The G.C. description is: “Very bright; very 
large ; much extended in the direction 165'' ; very gradually 
very much brighter in the middle.” 

(2) This is the companion to the Great Nebula in Andromeda,, 
which is described by Herschel as “ exceptionally bright 
large ; round ; pretty suddenly much brighter in the middle to 
a nucleus.” With reference to the spectrum. Dr. Huggins 
notes: “This small but very bright companion of the Great 
Nebula of Andromeda presents a spectrum exactly%iroilar to 
that of 31 M (the Great Nebula). The spectrum appears to end 
abruptly in the orange, and throughout its length is not uniform, 
but is evidently crossed either by lines of absorption or by bright 
lines.” Referring to the Great Nebula, the same observer 
wrote:** The spectrum could be traced from about D to F. 
The light appeared to cease very abruptly in the orange ; . . . 
no indications of the bright lines.” A comparison of the two- 
descriptions would lead one to suppose that the spectrum of the 
companion is the more discontinuous of the two, and, if this be 
the case, measurements of the positions of the brightne^^ses in 
the spectrum may teach us a good deal about the nebulse which 
have so-call8d “ continuous ” spectra. After such a definite 
statement by Dr. Huggins as to the existence of irr^ularities, 
it is highly desirable that further observations and measurements 
should be made. Carbon comparisons (spirit-lamp flame) are 
suggested. 

(3) A star of Gfoup II., with bands 2, 3, 5, 7, 8 so narrow 
that Duner describes them as “little more than lines.” Narrow 
bands are cemmon to both the early and late species of the 

% 
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^roup, but in the former c^e the bright carlx>n (lutings are 
strongly developed, whilst in vhe latter they are bafely visible. 
Another characteristic of the later species is* the addition 
of ahsorptioh-lines to the narrow bands. The observations of 
Mr. W. J. l.ockyer and myself show that 5 Piscium represents 
a late stage of the group, there being little or no carbon 
radiatiod. 

(4» 5) ^^tars of the solar type. The usual diSeremial observa- 
tions are required. 

(6) A star of Group IV. Observations of the relative thick- 
nesses of the'hydrogen and additional lines should be made, and 
the characters and positions of the latter noted. It appears that 
in some of these stars the added lines are similar to those seen 
Jn a Cygni, whilst others are solar. 

(7) , In this star of Group VI. the blue zone is very pale, the 
carbon band X 564 is very wide and dark, and band 4 is sus- 
pected (Duncr). 

(8) There will bfc*a maximum of this variable on October 31. 
The period is alx>ut 138 days, and the range from 7‘5-8’S to 

2’S-i3*o. According to Duncr, the spectrum is one of Group 
L, but excessively weak. More details may possibly be obtained 
if the spectrum be observed at maximum. A. FowuER. 

SPECTRoscoric Observations (Sawerthae’s Comet 
1881 L, AND 3 Lyr/E) Or. Nicolaus von Konkoly, the Di- 
rector of the Astro- physical Observatory in O’Gyalla (Hungary) 
has issued the volumes containing his observations made during 
1888 -89. He not<is, with respect to Sawerthal's comet (1881 I.): — 

** I have observed the spectrum with a Merz universal spectro- 
scopehaving one prism imposition. This gave a dispersion of 
8® (H to D), which was more than sufficient for my purpose. 
I was obliged to use this instrument, because the deviation it 
gave suited the focussing arrangement of the Kartaler .refractor. 
The telescope of the spectroscope magnified seven times. 

The continuous spectrum was not very bright, and ^aded 
away slowly at each end. I thought that I could distinguish 
the D line (dark). It was so weak, however, that I could not 
iix its position with the micrometer. The continuous spectrum 
extended from 673 /u to 435 fi. Besides this I was able to 
recognize five hydrocarbon bands which I have located five 
times. From these measurements I have deduced the follow- 
ing mean values: I. 561*46 /i, II. 546*25^1, III. 515*88 IV. 
513*26 M, V. 472*5^ M- 

“The lines were not sharply defined on either side, and were 
much widened near the continuous spectrum. The measure- 
ments given above are of the middle of the maximum light- 
intensity of the bands, which could be easily distinguished,'^ 

0 Lyrse was spectroscopically observed on January i, 1889, 
and it is recorded : — “ The C line was bright and could be 
easily seen, and a dark band was visible at a slight distance from 
it. D3 was distinguished in a similar manner. Near it, in the 
green, some fine lines could be perceived. F was suspected, 
but it was almost invisible." 

Dr. Konkoly gives an extended account of his observations of 
Jupiter from 1885 to 1889, and accompanies it with a series of 
fourteen drawings of the planet. Several drawings of Sawer- 
thal’s comet are also given. 

Spectroscopy at Paris Observatory. — M. Deslandres 
has charge of the spectroscopic section just created at Paris 
Observatory, and in the current number of Co/nftes rendus 
(October 20) he gives an account of Uie instruments to be used 
with the great equatorial (1*20 metres aperture). Those who 
have tried to obtain photographs of star spectra by^means of a 
slit spectroscope on a large telescope, know how difficult it is to 
adjust a star on the slit, and, when there, to keep it ii position 
for a sufficiently long time. To enable this to be done during a 
long exposure, M. Deslandres has arranged a total refiecting 
prism near the dark slide, so that the red end of the spectrum 
may be seen whilst the blue end is being photographed. In 
this way he has obtained many photographs of stellar spectra in 
juxtaposition with comparison spectra. To adjust the instru- 
ment for observing, the spectrum of a star, a<*^small mirror, 
having a hole in the centre about the same diameter as the 
length oi the slit, has been fixed in front of the slit at an inclina- 
tion of 45®. llie image of a star is thus reflected to the side of 
the instrument, and after another reflection reaches a small tele- 
scope fixed at the specluposcope. This (telescope, therefore, 
gives the image of a star in the plane of the slit, and constitutes 
^ a veritable finder for use with the spectroscope. 
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ON THE' LATER PHYSIOGRAPHJCAL GEO- 
LOGY OF THE ROCKY MOUNTAIN REGION 
IN CANADA, WITH SPECIAL REFERENCE 
TO CHANGES IN ELEVATION AND TO THE 
HISTORY OF THE GLACIAL PERIOD! 

. G. M. DAWSON ,has been engaged continuously for 
seventeen years in geological exploration of the Western 
Territories of Canada, including the countiy from I.ake Superior 
to the Pacific ; and in the paper above named he summarizes the 
history of the successive deposits and carth-movemenis which 
have built up* the mountain ranges of the West, and the relations 
of these to the geology of the great plains to the eastward. He 
devotes special attention to the Glacial age, and concludes that 
the drift phenomena of the plains belong to a period of sub- 
mergence, and tfiat in the extreme period of glaciation there 
were great glacier.^ on the Cordillera on the west, and the I.au- 
rentian axis on the east, with a vast internal sea between. He 
is thus entirely of^posed, as far as North America is concerned, 
to the idea of a Polar ice-cap or a great continental glacier 
flowing down the interior plateau of the continent, and he re- 
solves the phenomena of the ice age into the operation of huge 
mountain glaciers and floating ice. 

The leading points of the memoir may he summarized, with 
the aid of a few extracts, in such a manner as to convey a gene- 
ral view of the history of the great Cordilleran belt, which 
stretches along the west coast of America from Behring Straits 
to Cap/^ llorn, and more especially to indicate that of its more 
northern portioi^ 

The general structure of the country may be defined as 
follows : — 

“ At the present day, the western border region of the con- 
tinent is formed by a series of more or less nearly parallel 
mountain systems, with an average breadth in British Columbia 
of about 400 miles. The trend of the.se systems is north-west 
and south-east, or similar to that of the corresponding portion 
of the Pacific shore-line, the position of which, in fact, depends 
upon that of these orographic featurc.s. I'his generally moun- 
tainous zone of country is often referred to as the Rocky Moun- 
tain region, but is more appropriately named the Cordillera 
belt, the Rocky Mountains proper constituting only its north- 
ea.stcrn marginal range. In traversing it from east to west, in 
the southern part of the province of British Columbia, four 
distinct mountain-systems are crossed : (i) the Rocky Mountains 
proper, (2) mountains which may be classed together as the 
Gold Ranges, (3) the Coast Ranges, (4) an irregular mountain- 
system which in its unsubmerged parts constitutes Vancouver 
Island and the Queen Charlotte Islands, and which may be 
designated the Vancouver system. Between the second and 
third of the.se mountain-systems is a region without important 
mountain ranges, which is referred to as the Interior Plateau of 
British Columbia. 

“ To simplify our conception of the main features of this part 
of the Cordillera for our present purpose, we may, however, 
regard it broadly as being outlined on the north-east and south- 
west sides by the Rocky Mountains proper and by the Coast 
Mountains, as dominant ranges. This view is justified by the 
remarkable constancy of these two ranges and their relative 
importance. The intervening region may then be described as 
comj^rising the Interior Plateau together with the various ranges 
wliich have been grouped together under the name of the Gold 
Ranges, as well as other detached mountains and irregular 
mountainous tracts." 

The geological history of British Columbia begins, like that 
of many other parts of the world, with that primitive crumpling 
of the earth's crust which produced the i.aurentian gneisses. 
These exist principally inUhe Gold Ranges, and are in this region 
neither greatly extended nor of great elevation. In the Palaeo- 
zoic age there were sea-bottoms receiving sediment, but apparently 
little mountain-making. 

“ Omitting, then, from consideration the imperfectly-known 
progress of events in the earlier stages of the geological history 
of the region, we may endeavour to picture to ourselves its con- 
dition in the Triassic or first stage in the Mesozoic division of 
geological time. The central region of the continent was at 
this time occupied by a very extensive, though shallow, medi- 
terranean sea, which was either entirely cut off from the ocean 

* By Dr. G. M. Dawson, F.G.S., Assistant Director of the Geological 
Survey of Canada. Transactions of the Royal Society of Canada, x89o. 
73 pages quarto, with 4 maps. 
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! * had only occasional and brief connection with it, and in 
hich red beds with occasional layers of gypsum and sah were 
ring deposited.^ Rocks which represent a portion of the bed 
this inland sea enter into the composition of the !g:ocky 
ountain Range near the forty-ninth paralfel, but are not 
lown to occur to the north of that parallel for a distance of 
ore than thirty or forty miles. 'Po the west, they are not 
found in ^ the Selkirk- or Purcell Mountains. We appear, in 
fact, to discover in this vicinity the northern end of the mland 
Triassic sea. To the west of the Gold Ranges (under which 
term it will be remembered that the Selkirk, Purcell, and other 
mountains are grouped), deposits, also referable to the Triassic 
period, and more particularly to its upper part, are again found. 
These occur both 0 on the mainland of what is now British 
Columbia and on Vancouver Island and the Que%n Charlotte 
Islands. They contain truly marine fossils, ana consist largely 
of materials of vojcanic origin, which give evidence of con- 
temporaneous volcanic activity on a great scale. To the north, 
in the Peace River country, and to the east of «4ie present posi- 
tion of the Rocky Mountains, rocks holding the same marine 
forms are found, and they have quite recently again been dis- 
covered by Mr. McConnell in a similar position, still further 
north, on the Liard River. 

^'It would thus appear that in Triassic times the eastern 
border of the Pacific washed the western slopes of the Gold 
Ranges, and that where this mountain-system became inter- 
rupted, in its northern part, the sea was continued across its 
line, and covered a large tract of country to the east of the fJrcsent 
position of the Cordillera belt. a 

‘‘ Precisely how far to the east the shore of this northe*rn ex- 
pansion of the Pacific was situated has not yet been determined. 
The region between it and the northern end of the inland sea 
previously referred to must have been a land area, which separated 
the open ocean of the north from the Mediterranean on the south., 
The Rocky Mountains proper had not yet been formed, nor is 
there any evidence of mountain ranges in the region of the Coast 
and Vancouver systems of to-day, though the volcanic action 
there in progress may have produced insular volcanic peaks. 
The deposits of the inland Triassic sea, including as they do 
beds of salt and gypsum, appear to prove the existence of a very 
dry clirnate in the area occupied by it ; and as the laml barrier 
separating it from the moisture-bearing westerly winds of the 
Pacific cannot have been wide, it must have been high. It is 
thus probable that the mountains of the Gold system formed at 
this time a lofty sierra, which was continued to the south of the 
forty-ninth parallel by the Cabinet, Cour D’Alaine, Bitter Root, 
and other mountains at least as far as the Wahsatch Range in 
Utah. 

“ The Triassic period was closed by one of those epochs of 
folding and dislocation of strata which "are found to be recurrent 
in geological time, and which are generally attributed to the 
secular contraction of the earth’s crust. The evidence of this 
time of change has been examined in greatest detail in the 
vicinity of the present coast-line, where it resulted apparently 
in outlining the Vancouver and Coast Ranges, and was accom- 
panied by the jSroduction or extravasation of great masses of 
granitic rocks. ^ It is highly probable that some corrugation 
along the line of the Rocky Mountains occurred at the same 
period, as, in the next succeeding Earlier Cretaceous stjfata, 
without further evidence of disturbance, conglomerates are 
found to be composed of fragments of many varieties of the 
older rocks, which could scarcely otherwise have been rendered 
subject to denudation. Though much remains to be discovered 
respecting this post-Triassic epoch of disturbance*, it was evi-* 
dently an important one, and its results were wide-spread in the 
Cordillera region. It is guite possible that it was accompanied 
by, or resulted in producing, a general elevation of this entire 
region above tjie sea-level, os no rocks distinctly referable to the 
Jurassic or next succeeding period have yet been distinctly re- 
cognized either in British Columbia or in its bordering regions.* 

It must be borne in nrind, heWever, that a portion of tne red 

. * Note on die Triassic of the Rocky Mountains and British Colum* 
bia, Transactions of the Royal Society of Canada, vol. i , Section iv., 
p. M|. 

» Cf. ** Report of Progress, Geological Survey of Canada,'* i8f8-79, pp. 

46 Bf 4® B ; “ Report of Progress, Geological Survey of Canada," 1886, 
p. i 5 ^B. 

3 Certain rocks, from which fossils supposed at the time to be Jurassic 
since been found to belong to the Earlier Cretaceous. 
SrJl, of Progress, Geological Survey of Canada," 1876-77, p. 150; 

" Mesozoic Fossils, *Wol. i. p. 258. 
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beds of the inland described {^Triassic, extend upward 

into the Jurassic period, and that The marine Tmssic fossils of' 
the western and northern sea are referable to the later stages of 
the Triassic,* or * Alpine Trjos ' of the Cordillera /Igion, com-^ 
parable with the St. Cassian and Hallstadt beds of the Alps in 
Europe; while the beds of the Cretaceous next found are,^ 
according to European analogies, near the base of that forma- 
tion.” 

** The next distinct record of the physical conditions of the 
r^ion under discussion is afforded by the Earlier Cretaceous 
rocks. These, on the evidence of contained molluscan fossils, 
are regarded as about equivalent to the Gault of England, 
though the associated remains of plants are such as to admit 
their assignment to a somewhat older date. At this time, the 
immediately post-Triassic elevation had been followed bv a. sub- 
sidence of the land, resulting in the re-occupation by tne open 
sea of the great area which had been similarly characterized in 
the Triassic. As in Triassic times, we find that this Earlier Cre- 
taceous extension of the Pacific, to the north of the fifty-fourth ' 
j^arallel, spread eastward in a more or less connected manner 
completely across the present position of the Cordillera belt, 
while the Gold Ranges, and probably also other insular areas, 
continued to exist as dry land. In this case, as in that of the 
Triassic, it has not yet been found possible to outline exactly 
the eastern limit of the sea, in consequence of the want of 
sections cutting down to the base of the Cretaceous in the area 
of the Great Plains. There are, however, reasons for believing 
that it did not c.xtend far beyond the lino of the preset foot- 
hills of the Rocky Mountains. 

‘‘ In one important particulaf, the cTmditions in this Earlier 
Cretaceous period differed ftom those of the TriassiS. There 
was at this time no isolated inland sea, and waters in connection 
with the main ocean stretched southward to the east of the Gold 
Ranges as far as the forty-ninth parallel and beyond it to a 
furthei^distance which is as yet undetermined. This extension 
of the open sea thus actually overlapped, to a considerably 
extent, the area formerly occupied by the Triassic medi- 
terranean.” 

This was followed, however, in Middle and Later Cretaceous 
times, by a great depression in which the marine beds of the 
Neobrava ani Pierre Groups were deposited. This submergence 
was succeeded by some measure of elevation or folding, leading 
to the existence of vast swampy and lacustrine flats, in which the 
lacustrine and peat deposits of the Laramie formation . of the 
great plains were formed. These deposits may be regarded as 
clo5iing the Cretaceous era, or as transitional between it and the 
Eocene. 

This state of affairs was brought to a close by another of 
the recurrent epochs of folding and dislocation of the earth’s 
crust, which was one of the greatest of those of which we find 
the results in the region under discussion, as well as the last of 
an important character to which this region was subjected. 
Under the influence of enormous pressure acting from the 
Pacific side, the nearly horizontal strata, which bordered the 
Gold Ranges on the north-east, were folded together and throwiv 
up into a dominant ridge of Alps, which finally outlined the 
Cordilleran belt on this side. A similar folding and upthrust 
affected also the western marginal mountains which have been 
referred to as the Vancouver Range, but the action was there 
probably less violent and certainly affected a narrower zone. A 
ortion of the crumpling to which the rocks of the CoaiX Ranges 
ave been subjected was dhubtless also produced at or about the 
same time, and certain granitic extrusions which cut the earlier 
Cretaceous rocks on its eastern flanks, as well as much of the 
flexure of these Cretaceous rocks, are also attributed to this 
period oMisturbance. 

••There is really no means of ascertaining what effect this 
disturbance produced in the region of the Gold Ranges, but it is 
more thit? probable that the whole width of the Cordillera then 
suffered changes and deformation of such a character that little 
if any trace of its surface contour of an older date can be found 
to-day.^ It does not, however, necessarily follow that the 

‘ In respect to this great epoch of orograpAic movement, as evidenced 
particularly in the more southern part of the Cordillera, whic)^ has now 
been somewhat closely studied, Mr. S. F. Emmons may be quoted a$ 
follows: — "It is unquestionably one of the most important events in the 
orographic history of the entire Cordilleran system. With the exception of 
the mat unconformity between the Archman and all overlying sediments, 
whi^ Is a phenomenon and altoffcther exception^, no movement 

has left suen definite evidence as that whicn follows tne deposition of the 
coal-bearing rocks to which the name Laramie has by universal consent, 
been applied." — BulUtin G00I, Soc, Amer,^ vol. i. p. 285. 
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general altitude of the (^rdillera belt was 'at this time 
materially changed. The greater part of the accumulated 
pressure a|»ears to have been relieved by folding along 
the lines ot its two bordering ranges, and it seems fo be 
not improbable, as a general proposition, that changes in eleva- 
» lion affecting wide areas are due to other causes than those pro- 
ducing mountain ranges.^ We are warranted in assuming, how- 
ever, that a certain movement in elevation was coincident, or 
nearly so, with that of the great disturbances above outlined, as 
no strata representative of the Epcenc period proper have yet 
been found anywhere in the western part of Canada. The 
entire arda of the Great Plains was thus sufficiently elevated to 
become dry land, as occurred at the same time in the Western 
States to the sputh of the international boundary.” 

Trte Eocene period thus witnessed the formation of the great 
interior table-land, which accordingly has present no aqueous 
formations of thisi^ge. In Miocene times, however, there were 
large interior lakes, with deposits rich in remains of plants and 
insects, and on the plains fluviatile gravels with mammaliai^ 
bones. 

The Pliocene period inaugurated another great continental 
elevation, which continued for a long period, and in which the 
hords and canons of the Cordillera were cut down by fluviatile 
action to the seadcvel of the period. Many local illustrations 
are given in this memoir of the curious results in regard to 
denudation which this ‘period of rest and .elevation produced. 

Thi^^eads to the glacial history of the region, the key to 
which is believed to be found in the unequal elevation whereby, 
while the great plains te* the east remained under water, the 
Cordiller^n Ranges became covered with a great glacier dis- 
charging north toward the Yukon Valley and the Arctic Sea, 
and south to Puget Sound, while glacial streams ran westward 
to the Pacific. At this time the Rocky Mountains produced 
but few and small glaciers on their eastern sides ; but ac^pss the 
wide sea which covered the plains the Laurentian Mountains 
fUpported another nSvi discharging ice in all directions. 

This was followed by what is usually called the inter-glacial 
period, when, as is believed, the plains were slightly elevated 
and the mountains depressed ; and this was succeeded by the 
second glacial period, in which the mountain glrciers were com-* 
paratively small, and the depression of the plains Svas so great 
that water borne boulders were deposited at elevations of 5000 
feet or more on the foot-hills of the Rocky Mountains. It is to 
be noted here that the present eastward slope of the western 
plains had not yet been impressed on them. The series of events 
thus indicated is illustrated by the following table, which, how- 
ever, the author regards as somewhat provisional : — 


Scheme of Correlation of the Phenomena of the 
Glacial period in the Cordilleran region and 
the region of the Great Plains. 


Cordilleran Region. 

Cordilleran zone at a high ! 
elevation. Period of most i 
severe glaciation and maxi- 
mum dejjelopment of the great 
Cordilleran glacier. 


Gradual, subsidence of the 
Cordilleran region and decay 
of the great glacier, with de- 
position of the boulder-clay of 
the Interior Plateau and the 
Yukon Basin, of the ‘ Lower 
boulder clay of the ilttoral, 
and also at a later stage (and 
with greater submergence) of 
the inter-glacial silts of the 
same region. 


' Region of the Great Plains. 

Correlative subsidence and 
submergence of the Great 
Plains, with possible contem- 
poraneous increased elevation 
of (he Laurentian axis and 
maximutn development of ice 
upon it. Deposition of the 
lower boulder-clay of the 
plains. 

Correlative elevatioi^ of (he 
western part of the Great 
Plains, which was w.probably 
more or less irregular, and 
led to the production of ex- 
tensive lakes ip which inter- 
glacial deposits, including peat, 
were formed. 


’ CC Le Coute, American Journal of Science, III. vol. xxxii. p. 178. 
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Cordilleran Region. 

Re-elevation of the Cor- 
dilleran region to a level 
probably as high as or some- 
what higher than the present. 
Maximum of second period of 
glaciation. 


Region of the Great Plains. 

Correlative subsidence of the 
plains, which (at least in the 
western part of the region) ex- 
ceeded the first subsidence, and 
extended submergence to the 
base of the Rocky Mountains 
near th€‘ forty-ninth parallel. 
Formation of second boulder- 
clay, and (at a later stage) dis- 
persion of large erratics. 


Partial subsidence of the ' Correlative elevation of the 
Cordillera legion to a level plains, or » at least of their 
about 2500 feet‘ lower than the ; western portion, resulting in 
present. Long stage of sta- ; a condition of equilibrium as 
oility. Glaciers of the second ' between the plains and the 
period considerably reduced. ; Cordillera, their relative levels 
Upper boulder-clay of the becoming nearly as at present, 
coast probably formed at this Probable formation of the 
time, though perhaps in part Missouri Coteau along a shore- 
during the last. line during this period of rest. 

Renewed*, elevation of the! Simultaneous elevation of 
Cordillera region with one j the Great Plains to about 
well-marked pause, during 1 their present level, with final 
which^ tiie littoral stood about ; exclusion of waters in con- 
200 feet lower than at present. ! nection with the sea. Lake 
Glaciers muchT reduced and I Agassiz formed and eventually 
diminishing, in consequence of drained toward the close of 
general amelioration of climate this period. This simultaneous 
toward the close of the Glacial i movement in elevation of both 
period. greit areas may probably be 

connected with the niore general 
northern elevation of land at 
the close of the Glacial period. 


Among the evidences given of the partial submergences and 
differential elevations stated in this table, reference is made to 
the “ White Silt formation ” so extensively distributed in many 
parts of* British Columbia, and indicating water action up to 
levels of about 2700 feet , to the high-level terraces ; the peculiar 
distribution of boulders from the Laurentian highlands on the 
eastern slopes of the Rocky Mountains ; the absence of glacial 
abrasion on the plains ; the chemical character of the boulder- 
clay, leading to the inference that it was formed under water ; the 
wide distribution and characters of the inter-glacial beds, the 
character and position of the Missouri Coteau, and a variety of 
other local facts. The objection that marine shells are not found 
in the Pleistocene strata is treated thus : — 

** From what has already been said with respect to the 
Cordillera region, and more particularly in connection with the 
meaning which the White Silt formation appears to have in that 
region, it seems probable that the water by which the northern 
part of the Great Plains is supposed to have been flooded was 
in connection with that of the sea.^ In discussing the results of 
my earlier investigations of the superficial deposits of this part 
of the plains, in reference to a theory of their submergence, I 
havi slated that after a certain stage the waters entering from 
the north and south must have formed an open strait between the 
Arctic Ocean and the ocean .to the south.'^ This was written, 
however, under an assumed limitation implying an equal sub- 
^ sidence of the continent ; and at the time no satisfactory informa- 
tion was available respecting the position* of the margin of the 
glacial deposits, in the corresponding western part of the United 
States, such ar-> has since been supplied by the work of Chamberlin, 
Salisbury, Todd, Wright, McGee, Upham, and others. The re- 
sult of the e new facts appears to show that, instead of cmening 
broadly southward as well as to the north, any body of water 
covering the northern part of the Great, Plains could have had 
only a tortuous and comparativefy narrow communication with 
the sea to the eastward, round the front of the great confluent 
Laurentide glacier, and that even this communication was 
probably formed only at the time during which the plains 
stood at the lowest level indicated by the spread of the drift 
deposits. If such conditions may be assumed as probably 

' It must Btill, however, be""admitted as possible, that a great lake was in 
some manner produced, in the region of the plains, with a height somewhat 
exceeding that of the sea. 

” ** Geology and Resources of the Forty*ninth Parallel/* p. 255. 
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representing the facts at the time, they go far toward explaining 
one of the greatest difficulties against the acceptance of the 
hypothesis that the waters by which the plains were floodeH were 
in communication with those of the sea. The difficulty alludftd 
to is the complete dbsence, so far as yet ascertained, ' mf the 
remains of marine organisms from the glacial deposits. While 
prolonged weathering and the action of sub-aerial waters might 
result in the removal of calcareous oF§anic remains from certain 
parts of these deposM, the condition of much of the boulder* 
clay, together with the occasional actual occurrences in it of 
fragments of Cretaceous or Laramie shells, is such as to show 
that any contemporaneous mollusks might have been preserved. 
If, however, the body of water in question, though communi- 
cating with the sea to the northward, was almost throughout 
closed to the southland in receipt of large quantities of fluvial 
water, it may •well have been in great part d>rackish, if not 
almost entirely fresh. Adding to this the conception of its 
frigid temperature due to the great abundance of ice with which 
it must have been laden, and the vast amount of fine sediment 
which must have been carried into it by sub-^cier streams, it 
will be apparent that the conditions were singularly inimical to 
the existence of life of any kind, whether that characteristic of 
salt or fresh water. Somewhat similar conditions, though on •a 
much smaller scale and without the adjunct of glacial waters or 
glaciers, occur in the southern extremity of Hudson^Bay, where, 
as Mr. A. P. Low informs me, marine life is almost entirely 
absent, the water being nearly fresh and clouded with mud 
derived from the large entering rivers and from the actfcn of the 
waves upon the shallow earthy shores.’* ^ 

*Finally the climatal conditions deducible froril the gecjogical 
facts coincide with these facts in enforcing the probability that 
the great ice age of North America depended mainly on the 
existence of high mountains, surrounded by submerged areas, 
traversed by ice-laden currents, and that we are* to imagine, not 
a continent covered with ice, but a submerged continent, withi 
snow- clad mountains rising at its margins, and forming the 
gathering grounds of great local glaciers the Cordilleran, the 
Laurentide^ and probably the Appalachian glaciers. These 
were the favouring conditions, but the author does not venture 
to deny the co-operation of other and cosmical causes. He 
concludes as follows : — 

** When the study of the superficial deposits of diffefent parts 
of Europe and America was for the first time seriously begun, 
it was endeavoured to explain the phenomena entirely by 
diluvial action, and when the evidence of ice- action became 
insuperable, icebergs and floating ice only were at first admitted 
as factors. Since that time the pendulum of opinion appears to 
have swung to the opposite extreme, and the energies of the 
majority of investigators have been extended in endeavouring to 
account for the varied facts of what has become definitely known 
as the Glacial period, almost exclusively by the action of great 
confluent glaciers. From this extreme point, the pendulum 
may now be supposed to have returned so far, as to leave the 
hypothetical North Polar ice-cap almost without an advocate, 
but at what position it may eventually come to rest time alone 
can decide. I am aware that some of those who have accepted 
what I may perliaps be pardoned for characterizing as extreme 
views as to glacier action, have more or less completely, and to 
their own satisfaction at least, solved all difficulties opposed to 
the action of land ice, such as those presented by the facta met 
with over the Great Plains, by the application to these of their 
single universal menstruum. For myself I need only say that I 
have endeavoured to approach the subject of the glaciation of 
the north-western part of the continent, here reviewed, un^ 
trammelled by a pmri theories, and with some personal fami- 
liarity in the field with nearly all parts of the remon dealt with.” 

The above is only a hurried and imperfect . immary. The 
paper itself, as containing the matured conclusions of long and 
thorough investigation by an able and ear^t expk>rer, should 
be carefully read by all interested in the structure of the Great 
Cordilleran backbone of the American continent. 

TJIE SCIENTIFIC INVESTIGATIONS OF THE 
FISHERY BOARD FOR SCOTLAND.^ 

^HE results of the scientific investigations for 1889 are given 
^ in full detail with numerous tables and two charts. It 
was found that, during the year, no increase but rather a decrease, 

* *' Eighth Annual Report of the Fishery Board for Scotland.** Part III. 
Scientific Investigations. 
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mainly {in the migratory round fishes, occurred in the closed 
waters, anddilcewise in the open /waters adjacent* the results^of 
1887 having been proved exceptional. The results 'of con- 
current investigations carried on on board the Garl§nd inio^ the 
food of fishes, their spawning, and the distri^tion of the young,, 
show that great and important differences— which must be taken 
into consideration both from a scientific and legislative point • 
of view — prevail among the various food-fishes (Section A). 

Dr. Wen^ss Fulton, in his paper on the distitbution of im* 
mature sea-nsh and their capture by various modes of fishing, 
gives the results of the investigations into this important subject. 
The fundamental question as to what an immature fish is, has 
been determined for the first time by the examiniftion and 
measurement of 13,000 fishes. The maximum size (as given in 
detailed tables) varies very much according to thjs species ; anjr 
law regulating the legal sale of fish on the principle of ^ze is 
therefore not based on scientific data. The distribution differs 
in the same way, but territorial waters serve as nurseries for the 
young fish. Tables given show the distribution of immature 
^shes at distances from the shore up to 22 miles and in various 
depths of water. Details are also given as to the proportion of 
immstture food-fishes captured by the various modes of fishing. 
Dealing practically with the wasteful destruction of immature 
food-fishes. Dr. Fulton points out the difficulty of deciding 
among the different species, and shows how difficult it will be 
to save immature fish from capture and destruction by the beam- 
trawl, as that engine is now employed. The recommendations 
briefly are : that an inquiry should be made as to the rg(ention 
of vitality by the various kinds of immature fish brought up in 
the trawl in order to ascertain the chances of survival if replaced 
in the sea ; the protectioi\,qf naiteries whose areas age capable 
of definition ; the preservation of flat-fish under a certain size ; 
and the establishment of hatcheries for sea- fish. A simple 
method i^ explained by which fishermen and trawlers might 
add tq^the fish-supply by fertilizing the ova of ripe fish when 
captured. 

Regarding this Report, it should be noted that the importance 
of this question is not «a thing which has dawned upon the Scottish 
Fishery Board since the conduct of scientific investigations was 
placed under new management (that of Dr. Fulton). In this 
paper, as in many others — indeed, everywhere in this year’s 
Report — the^willingness to ignore all that was done during the 
years that Prof. Ewart was convener of the Scientific Com- 
mittee is very evident. In the Report of 1887 it is stated that 

We have organized a series of extensive and systematic in- 
quiries into the conditions of the reproductive organs of various 
kinds of fishes throughout the entire year, with particulars as to 
their size, &c. , which will help to clear up the hitherto obscure 
problems as to the minimum size of sexually mature individuals^ 
We have certain information that the original discoveries 
which led to this Report on immature fish were made by one 
who has done more than his share to redeem the work of the 
Fishery Board. And it is only fair that the credit which is Mr. 

T. Scott’s due, and which is denied him there should be 
acknowledged here. 

Dr. Fullarton furnishes a Report, with chart, on the cockle- 
beds of Barra (in the Hebrides), which furnishes the chief 
cockle-fishing in Scotland. It is desirable — and the wish of the 
fishermen themselves — that means should be taken to prevent 
the taking of undersized cockles, and to insure the working of 
the beds in rotation. p 

Dr. Fullarton also giv^s a paper on oyster-culture fauna in 
France and Holland. It is most desirable that scientific and 
practical measures should be taken to revive the Scotch oyster- 
fishing, which has gradually declined, and these should be 
planned on known and tried lines. The same must be said of 
the cultivation of mussels, and this should be urged even more 
strongly, as their scarcity or abundance are of the utmost im- 
portance to the line- fishermen. Lobsters also call for practical 
legislativ^n and artificial cultivation. The Fishery Board are 
constructing a lobster inclosure at Brodwick, Arran, and hope 
that means will be provided for their carrying on operations at 
the recently e^tablisMd hatchery at Dunbar. 

Section B contains the biological ihvestigations. The food 
of fishes was dealt with in an elaborate Report by Mr> Ramsay 
Smith, based upon the examination of many tnousand food- 
fishes whidh prove to live chiefly upon Crustacea, Annelids, 
Eckinoderms, Mollusks, and upon one another. There are great 
differences, howevef, as to the proportion of the oiganisms 
selected as food by different fishes, and the proportions of the 
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dietary vary to some extent at difTerent places and at dificrent 
seasons. These observatiohsvwill iiltiinnltely demonstrate what 
orgi\nisms are valuable as fish-fooils and what are* not ; the pro- 
portion in vAich the various vertebrates compose the dietjyy of 
fishes ; and the po^ibility of introducing a valuable food-fish, 
such as the Englisii sole, in places where it is absent or scarce. 
•They will also show in what way the organisms forming the food 
of fishes may be protected and improved. 

In a ReptTi't* bn the spawning and spawn ^g- places of 
food-*fishes, Dr. Fulton describes the results of the observa- 
tions made during the year, many thousands of fishes having 
been examined on board the Garland all along the coast, and the 
duration of their spawning period in most instances determined. 
The duration of the spawning perio(^ varies much in different 
fish, and in some cases fully-grown adults appear not to spawn 
every year. The majority of the food-fishes congregate at the 
spawning time in immense shoals on the east coast at grounds 
lying from about c<ght to al>ovc twenty miles from shore in what 
may be termed the extra-territorial spawning zone. The young 
fishes are not, as a -rule, found at the place of spawning, the 
floating pelagic eggs being carried by the currents chiefly shore- 
wards. Dr. Fulton gives reasons for the belief that the selection 
of a particular offshore ground for spawning depends upon the 
set of the surface currents at the spawning season, these carrying 
the floating eggs during their development to the zones where 
food for the young fishes is abundant and shelter most readily 
secured. 

Prof ‘W. C. ^IcTntosh has made an elaborate study of the 
pelagic fauna of St. Andrews ♦Bay, of which the second part, 
dealing with the distribution of the invertebrate organisms which 
form the food of many larval and otb-j: fishes, is now given. 

Prof. McIntosh has also, in another paper, described the ova 
of the food-fishes and the larval and post-larval stages obtained 
in the Garland's tow- nets at various parts of the coast. These 
include the ova or larvre of plaice, lernon-sole, floundersji dabs, 
cod, haddocks, ling, whitin'jr, See., .and they constitute an indis- 
pensable part of the general study of the reproduction of the 
food -fishes. 

Mr. Thomas Seott, in his valuable additions to the fauna of* 
the Firth of Forth, gives a list of 80 species of organisms, not 
previously recognized as belonging to that loodlijy. Some of 
these are for the first time recorded from the east of Scotland ; 
some are new to Britain, and a few new to science. This paper 
is illustrated by two plates. 

Mr. Scott, in his Report on the invertebrate fauna of inland* 
waters, gives the result of the first investigations into the in- 
vertebrate organisms ])resent in .Scottish lochs and inland waters 
ever carried on in this country. 

1 )r. Fullarton’s paper on the development of the clam is one 
which would hardly have found acceptance in any scientific 
journal, liad text and plates been submitted to the judgment of 
a skilled investigator, there would have been little or nothing of 
either for publication, as both display gross inaccuracy. There j 
are many very remarkable statements in this paper, and the { 
author naively describes as normal, phenomena whose patho- 
logical nature the merest tyro ought to be able to recognize. 

Dr. John Beard, in his paper (illustrated by three plates) on 
the development of the common skate, gives the result of the | 
study of this subject, oa which very little has been written, i 
though the skate is one of the most common elasmobranch fishes 
of our sec^s. The development of the embryo as it lies within 
its “piyrse’* at the bottom of the seas occupies probably nine or ; 
ten months, being more rapid in summer than in winter. The 
eggs may be deposited throughout the year, but chiefly in March 
and April. Dr. Beard furnishes minute descriptions of the egg- ‘ 
cases or ** purses*’ of the various species of skates and.^-ays, and 
of the various stages in the development of the embryo. He i 
discusses the function of the temporary external gills, so^arac- 
terislic in advanced stages of development ; and, in opposition 
to other authorities, he gives good reason for the belief xhat they ! 
are purely respiratory in function, and are adapted to the special 1 
conditions under which the developing embryo is placed. 

Dr. Fulton, in his pa^r on the proportional numbers and 
sizes of the sexes among sea-fishes, gives the results ’ of his 
inf[uirieif, based upon the examination of 12,666 fishes. Feniale.s 
arc, as a rule, more numeroos than males ; the female is also as 
a rule larger, but the male is the largq| among the cod, haddock, 
and a few other fishes. * 

Among Uk! “Notes and Memoranda’^ will be found Mr. 
Scott’s hybridism among fish, the account of ingenious and m- 
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teresting experiments made on board the Garland on the arti- 
ficial fertilizing of the ova of certain species of sea-fishes with 
the milt of other species sometimes widely separated zoologically. 
Di-. Felton sends interesting notes on the reproduction and 
migrjirions of the common eel, and on the presence of anchovies 
in Scotch waters. Regarding the former paper, it should be 
remembered that a German zoologist recently obtained a conger- 
eel at Zanzibar with eggs ten times the size of those here 
described. There is nothing really remarkable in the reproductive 
organs of the eel obtained at Ilowietoun, eels with eggs as large 
being very often cauglit. It has usually been estimated that the 
eel produces five millions of ova. The number is here increased 
to upwards of ten millions, and the method by which this was 
! counted is not given. There i^a lamentable looseness in quoting 
j literature, e>4en that of British zoology. We are told that 
: is a protandricf hermaphrodite, and that this V.as discovered 
I by Nansen. . As a matter of fact, the discovery was made by a 
I Scotch naturalist (Cunningham), and within a short distance of 
‘ Edinburgh. If Nansen’s paper had been read as well as quoted, 

! this misstatemerft would not have been made, 
j Section C contains notes on contemporary work relating to 
! fisheries in this and other countries. We note that no mention 
isunade, however, of the very important “ Plankton ” expedition 
j of Germany of last year, which is the more to be wondered at as 
interesting accounts of the exju^dition have been published in 
Germany. 

It is much to be regretted that the Fishery Board Bill of last 
year djd^not become law. The conduct of scientific investiga- 
tions might then have been placed in diflerent hands, with the 
result,*^ among bther things, that pro[)erly-organized scientific 
, work would have been carried on by a thoroughly competent 
scientific staff, and the Government grant of £2000 a year use- 
fully and judiciously expended, instead of being, as at present, 
frittered away because the dominant (^i([ue of the Fishery Board 
•do not know what to do with it. The Scientific Department 
of the Fishery Board needs reorganization cpiile as much as the 
' Fishery Board itself. Under the control and direction of the 
i leading Scottish biologists, some adequate return ought to be 
' made for the nation^s money. To do this, however, the work 
must be properly planned and directed, and moreover the work- 
ing of the different investigations given only to men who really 
understand their subject. Government has been asked, and is 
asked in the present Report, to furnish increased funds. We 
hope and believe that the authorities will be wise enough to 
stay their hand till they can reorganize everything connected 
with the Fishery Board. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — Mr. Love, St. John’s, and Mr. Coates, 
Queens’, have been appointed Moderators, and Mr. Wallis, 
Corpus, .and Mr. Burnside, Pembroke, Examiners for the next 
Mathematical Tripos, Part I. 

Mr. L. Fletcher, Keeper of Minerals at the British Museum, 
and Mr. H. P. Gurney, of Clare College, ate nominated 
Examiners in Mineralogy for the Natural Sciences Tripos. 

Mr. 11. M. Stanley was, on October 23, admitted to the 
honorary degree of LL.D. 

The following communications were made to the Cambridge 
Philosophical Society at the annual general meeting on October 
27 : — The President, the origin and early years of the Society ; 
Mr. C. Chrec, on the vibrations of some simple systems ; Dr. A. 
Gamgce, on the principle on which Fahrenheit constructed his 
thermometrical .scale ; Mr. H. J. Sharpe, on liquid jets. 

The Harkne.ss Scholarship for Women, tenable at either 
Girton College or/vNewnham College, Cambridge, is to be 
awarded trienniall^ to the best candidate in an examination in 
geology and palaeontology, provided that sufficient proficiency 
is shown. The candidates must be resident members of Girton 
or Newnham College, in their firsf or .seciind term. The Scho- 
larship will I>c of the value of about £3$ a year for three years. 
The next award will be made in 1891. The examination will 
be held at Cambridge in the Michaelmas Term, and the award 
will be made on or before November 15, 1891. The intended 
range of examination is indicated by the following schedule : — 
General physical geography ; such geological phenomena as are 
matters of common observation ; the principal agencies which 
change or modify the earth’s surface and the life on it ; outlines 
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of the stratigraphy of the United Kingdom ; outlines of the 
classifioution of organized beings, existing and extinc* ; the 
commoner rocks and rock-forming minerals, and the commonest 
and most characteristic British fossils. Candidates imt^ send 
in their names, on or before October I2, 1891, *to Miss A. John- 
son, Llandaff Ilouse, Cambridge, from whom further information 
may be obtained. • 


SCIENTIFIC SERIALS. 

Ame?'ican Jotirnal of Science^ October 1890. — A description 
of the “ Bernardston Scries of metamorphic Upper Devonian 
roefis,’ by Prof. Ben. K. Emerson. With respect ^o this paper, 
Prof, J). Dana remarks: — ‘‘Prof. Emerson has given the 
legion a thorough investigation, in which he has removed the 
doubts as to the relations of the beds, made out, as far as pos- 
sible, the system of faults and flexures, studied the rocks as to 
their kinds and transitions, and determined th?age of the series 
to be Upper Devonian: The paper will be acce[)ted in Ame- 
^rica, and should be elsewhere, as putting the facl^ beyond doubt 
that gnei^^s, diorite, granite, and the other crystalline rocks <ie- 
Wribed are not always of Archaean or pre-Cambrian make ; that* 
granite ahd diorite are riot always of ignetjus origUl ; and these 
conclusions are made sure on the well-established criterion of 
age, that is. fossils — Crinoids, Corals, Bnichiopoth?.” — On the 
circular polarization of certain tartrate solutions, by J. fL Long. 
The author describes certain peculiarities of solutions m potas- 
sium antimony tartrate, when mixed with potassium or sodium 
carbonate, acetate, or phosphate in amounts insuflicicnt to pro- 
duce immediate precipitation. A decrease of specific rotation 
look place in the case of each of the mixtures. It is probable, 
therefore, that a tempc^-arily stalde antimony salt is formed 
with a corresponding amount of alkali tartrate. The ob> 
served rotation is due to this in conjunction with that of 
the ])otassium antimony tartrate which remained unchanged. — 
A rapid method for the dejection of iodine, bromine, and 
chlorine, in presence of one another, by F. A. Gooch and F. T. 
Brooks. — Metacinnabarite from New Almaden, California, by 
W. H. Melville.— On the Keokuk Beds at Keokuk, Iowa, by 
C. 11. Gordon. — Note on the vapour-tension of sulphuric acid, 
with the description of an accurate cathetometer microscope, by 
Dr. Ch^vs. A. .Berkin^^. The author finds that the vapouf- 
tension is not greater than about o'oi mm. at ordinary tempera- 
tures. — Experiments upon the constitution of the natural sili- 
cates, by F. W. Clarke and E. A. Schneider. — On five new 
American meteorites, by George F, Kunz. Descriptions and 
analyses are given of the group of meteorites recently discovered 
in Brenham Township, Kiowa County, Kansas ; the Winnebago 
County, Iowa, meteorite ; the meteoric stone from Ferguson, 
Haywood County, North Carolina ; the meteoric iron from 
Bridgewater, Burke County, North Carolina ; and the meteoric 
iron from Summit, Blount County, Alabama. --On the.determina- 
tion of the coefi^ciint of cubical expansion of a solid ^from the 
observation of the temperature at which water, in a vessel n^ade 
of thin solid, has the same apparent volume as it has at o® C. j 
and on the ^,oefficient of cubical expansion of a substance deter- 
mined by means of a hydrometer made of this substance, ' by 
Alfred M. Mayer. « 

The American Meteorological Jownal for October contains 
articles : — On cyclical periodicity in meteorological phenomena, 
by E. D. Archibald, in which he advocates investigations as to the 
possible connection t)etween weather and other physical agencies, 
on the following plan : (i) the collection and analysis of all pre- 
vious investigations which bear traces of any value, and their dis- 
tribution under the head of the particular element dealt with ; 
(2) the arrangement of the periods y>the Satter of length ; (3) 
the choice ofthe particular working hypothesis intended to be 
employed, and the wojjcing out of its supposed effects in different 
parts of the world ;#(4) the reduction and comparison of the 
data representing the various elements, and their comparison 
with the deductions from the hypothesis ; (5) the investigation 
of tlie causes of apparent exceptions, and the exhibition of the 
final results, both in tabular and graphic form. — On accessory 
phenomena of cyclones, by II. Faye. The author draws 
attention to the theories of Redfield and Reid, and to the 
contradictory theories of Espy and Bache, from which he ai^es 
that only one conclusion could be drawn, viz. that there were 
two entirely different kinds of .storms and tornadoes ; and he 
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refers to the adv/incc made by the study of synoptic charts^ ^tH 
as regards the. movements of cyclftnes and thunaftwtorms. The 
artic^ contains an illustration of what he asstitnes to be a tyfm^I 
figufc of a cyclone. — On temperatures in and neA forests,^ 

Prof. M; W. Harrington. The author sh^s that this sobjelet • 
admits of a much Tess.lBatisfactory solution than that of soil 
temperatures discussed in an earlier paper. The observations* 
used are from several sources over Central and refer in 

this pai^ of^the discussion to dilfcrences of temperature extremes. 
They show that the forest cuts off the mean daily maxima on 
the yearly average to the extent of 2” or 3*^ ; the effect is most 
marked in summer and*lcast in winter. The action ol^the forest 
<5n the minima of tempe|ature is also a moderating one : the 
temperature does not on the average fall as low in forests as 
outside. With long-continuecL unchanging weather the 4)ecu- 
liarities of forest climate tend to disappear. — On the Meteoro- 
logical Section of the French Association for Uie Advancement of 
Science, held at Limoges in August last, by A. L. Rotch. The 
attendance of meteorologists was not large, but some important 
matters were discussed, among which may be mentioned the use 
of stjf-rccording instruments on mountain stations, the subject 
being introduced by M. Tcisserenc de Bort, and a paper on 
the recent seismic activity of Japan, by M. Y. Wada, of Tokio. 

In the Journal of Botany for October is a very interesting 
biographical sketch, accompanied by an excellent portrait, of 
the late Mr. John Ralfs, of Penzance, whose classical work, 
“The British Desmidica?,'’ one of the most valivable moi'r^grapbs 
ever published, was brought out as long ago as 1848. The 
value of this work may be judge^ fro*i the fact that before its 
publication the number . ^ ^ecies of Desmids recorded as 
British was four. An interesting note is given on the fertiliza- 
tion of the sugar-cane, by Dr. Fressanges, President of the 
Medical ?>ocicty of Mauritius. 

The greater part of the number of the Nuovo Giornale JBo 
tanico Italiano for October is occupied by the completion of 
Signor L. Nicotra’s interesting and important paper on the flora 
of Sicily. Going through the natural orders successively, he 
describes in general terms the representation of the order in the 
flora of tlic island, and points out the contrast between the flora 
of its north Eastern and that of its south-western portion, due to 
geological causes, the former having more of a European, the 
latter -more of a North African character. Some particulars are 
added with regard to the flora of the small islands adjacent to 
Sicily. T|be remaining articles in the number are of special 
interest fWtalian botanists. 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of [Sciences, October 20. — M. Duchartre in the 
chair. — Study of the movement of a double cone which appears 
to rise, though it really descends, on an inclined plane, by M. 

Resal. A double cone placed on two guides inclined to the 
horizon, and nearer to one another at the lower than at the upper 
end, appears to ascend. The author has studied the mechanics of 
this movement. — Note on lightning-flashes which meet one an- 
other, by M. A. Trecul. On September 29, M. Trouvelot pre- 
sented a paper on the identity in the structure of lightnAg and dis- 
charges from an induction machine. The author calls attention 
to the fact that he made similar observations ten years ago. — 
Observations of Brookes’s comet (March 19, 1890), made with 
the great equatorial of Bordeaux Observatory, by MM. G. 
Rayet,'^L. Picart, and Courty. Seventy-one observations for 
positmn are given, extending from June 21 to October 12. — 
Reiimrks relative to a cause of variation of latitudes, by M. R. 
RadaUf, The movements of the sea, as well as certain meteoro- 
logical phenomena (avalanches, &c.), may give rise to small 
deviations of the axis of our globe. It is shown that a mass of 
water 2000 cubic kilometres in size could produce an effect large 
enough to b^ observed. — On the established variations in the 
obsemations of the latitude of the same place, by M. A. Gaillor. 
Observations made at Berlin, Potsdam, and Prague, inclicate that 
the latitude of a place is subject to a periodic variation, the 
maximum occurring summer, and the minimum in the 

wmter, the amplitiade 01 the oscillation about the mean value 
being ± o'' *25. M. Gaillot giups two hypotheses to account for 
this vaiciatibn, and points out the means of testing each of them» 



This attained a height df 418", but was of a much 
more# broken character than the preceding one, On certain 
kinds of surfaces, by M. Lelieuvre. — Researches on thte atomia 
weight of fluorine, by M. Henri Moissan. (See Note^ 
p. 649.) — Action 6f aromatic amines and of phenylhydrazine 
upon the iS-ketonic nitriles, by M. L. Bouveault. The author 
establishes the genef^lity of the reaction — 


R—CO-C:^ CN + II^O + R-C— ' CN. 

\R" ‘ 11 \r" 

NR'" 


— On the mode of combination of sulphuric acid in plastered 
wines, ;^nd on a method of analysis permitting the distinction 
between the amdunt of the plastering and the acidification of the 
wine b3ri5ulphuric acid, by MM. L. Roos and E. Thomas. It 
is shown, jby experimental meaa^ that the sulphuric acid intro- 
duced by the plastering exists in the^ \l 7 ine as K2SO4, and not as 
KHSO4 ; hence, on precipitation of the H3SO4 by BaClj, the 
whole of the HCl will remain in combination,^ thus :• — 
K2SO4 + BaCL2 = BaS04 + 2KCI ; and so the titrations of Cl 
by standard AgNOg, taken (a) in filtrate from the BaSQ^ made 
up to a definite volume, and (^) in a fraction of the same filtrate 
evaporated to dryness, and then made up to the same fraction 
of the definite volume, should be exactly the same if no free 
H2SO4 be present ; if free H2SO4 be present, a corresponding 
quantity of HCl will be lost to titration (A). — The saccharine 
matters in mushrooms, by M. Em. Bourquelot. — On^lhe excretory * 
apparatus of PcUmurtis vulgaris^ Gebia deliura, and Crartgon 
vulgaris^ by M. Paul Marchal. — On the primitive conformation 
of the kidney of Pelecypodse, by M. Paul Pelseneer. 


Stockholm# 

Royal Academy of Sciences, October 8. — On the spec- 
trum of absorption of bromium, by Prof. Hasselberg. — On the 
development of the Orthagoriscic, by Prof. Smilt. — A report on 
entomological researches in the south of Sweden and Iienmark, 
by Prof. Aurivillius. — Microscopical structures represented in 
coloured figures, which had been photographed by the firm 
Lumiere, at Lyons, exhibited by Prof. Gylden, — On the pro- 
perties of a combination between nitrogen and hydrogen (HN3) 
(discovered by ProL Curtius, in Kiel), which in its free state, as 
well as in its couibiinations, has a most remarkable analogy with 
the hydrogen combinations of the haloids, and in consequence 
thereof has been named hydrazoic acid, reported upon by 
Proflvlfilson. — Studies of the crystal form of the arsenupyrite, 
by .Veibutt, — Studies of naphthalene derivative.s, by Dr. 

Paul Hlflistrom. — Some observations'* on the anatomy of the 
sabtetnmean elongations of the Graminea;, by the same. — On 
the oCQirrence of Dictyophyllum Nilssoni^ Brongn., Jn the coal* 
bear 4 )([ /(Strata of China, by Prof. Nathorst.— On Ribaucour's 
cyci&. .Mftorn, by Prof. Backlund. — Derivatives of ethyliden- 
disttlj^iSk-acids 1, and on 1, 4 fluor-naphthalin-sulphop-md, by 
HerrMiolelius. — Contributions to the knowledge of tl^ mo$s 
flora of Canada, by Lector N. C. Kinberg. — Contributions to 
the theoqr of infinite determinants, by Herr H. von Kobk. — On 
the conductibility of electricity through hot, saline vapours, by 
Dr. S. Arrhenius. 


c 

; DIARY OF SOCIETIES. 

* London. . 

November 2. 

SomAY Lecture SOciETV,.at 4 .~The Order of Neture--4ts Relation to 
Human Life and Happiness : A Elley Finch. 
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THl/I^SDAV, November f>, 

LtNNEAKf SoQfBTY, at 8, — A Contribution to the Study of the Relati*. 
Kfiects of different parts of the Solar Spectrum on the AssimiIatio;i 
Plants : Rev. Prof. Henslow. 

Ckemical Society, at 8.— The Magnetic Rotation of Saline Solution-; 
Dr 4 .W. H. Perkin. — Note on Normal and Lo- propyl pa ra toluic! inc : 
Horl and H. F. Mosley. — The .iction of Ammonia and Mcthylainine 
the OxylepideusS- Dr. F. Klingemann and Dr. W. F. l.aycock.— 
dcnsaiion of Acetdne Phenanthraquinone ; G. H. WarL worth. 

® FRIDAY, November 7. 

Goologists' Association, at %,-~-Conversa:Jom, 

SATURDAY, Novrmiver 8. 

Roval Botanic Society, at 3.45. 
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